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Abstract: On March 28, 2007, DOE published a Notice of Intent (NOI) in the Federal Register (72 FR 14543)
to prepare the SPD Supplemental EIS to evaluate the potential environmental impacts at the Savannah River
Site (SRS) in South Carolina of disposition pathways for surplus weapons-usable plutonium (referred to as
“surplus plutonium”) originally planned for immobilization. The proposed actions and alternatives included
construction and operation of a new vitrification capability in K-Area, processing in H-Canyon/HB-Line and
the Defense Waste Processing Facility (DWPF), and fabricating mixed oxide (MOX) fuel in the MOX Fuel
Fabrication Facility (MFFF) currently under construction in F-Area. Before the Draft SPD Supplemental EIS
was issued, DOE decided to modify the scope of this SPD Supplemental EIS and evaluate additional
alternatives. Therefore, on July 19, 2010, and again on January 12, 2012, DOE issued amended NOIs
(75 FR 41850 and 77 FR 1920) announcing its intent to modify the scope of this SPD Supplemental EIS.
In this SPD Supplemental EIS, DOE describes the environmental impacts of alternatives for disposition of
13.1 metric tons (14.4 tons) of surplus plutonium for which a disposition path is not assigned, including
7.1 metric tons (7.8 tons) of plutonium from pits that were declared excess to national defense needs after
publication of the 2007 NOI, and 6 metric tons (6.6 tons) of surplus non-pit plutonium. The analyses also
encompass potential use of MOX fuel in reactors at the Sequoyah and Browns Ferry Nuclear Plants of TVA,
and at generic reactors.
In this SPD Supplemental EIS, DOE evaluates the No Action Alternative and four action alternatives for
disposition of 13.1 metric tons (14.4 tons) of surplus plutonium: (1) Immobilization to DWPF Alternative –
1

Vertical change bars in the margins of this Final Summary indicate revisions and new information added since the Draft Summary
was issued in July 2012. Editorial changes are not marked.
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glass can-in-canister immobilization for both surplus non-pit and disassembled and converted pit plutonium
and subsequent filling of the canister with high-level radioactive waste (HLW) at DWPF; (2) MOX Fuel
Alternative – fabrication of the disassembled and converted pit plutonium and much of the non-pit plutonium
into MOX fuel at MFFF for use in domestic commercial nuclear power reactors to generate electricity, as well
as potential disposition of the surplus non-pit plutonium that is not suitable for MFFF as contact-handled
transuranic (CH-TRU) waste at the Waste Isolation Pilot Plant (WIPP); (3) H-Canyon/HB-Line to DWPF
Alternative – processing the surplus non-pit plutonium in H-Canyon/HB-Line and subsequent vitrification with
HLW (in DWPF) and fabrication of the pit plutonium into MOX fuel at MFFF; and (4) WIPP Alternative –
preparing for potential disposal as CH-TRU waste at WIPP the surplus non-pit and disassembled and
converted pit plutonium in H-Canyon/HB-Line and the K-Area Complex at SRS, or preparing the surplus nonpit plutonium in H-Canyon/HB-Line and the K-Area Complex at SRS and preparing the surplus disassembled
and converted pit plutonium in Technical Area 55 (TA-55) facilities at Los Alamos National Laboratory
(LANL). Under all alternatives, DOE would also disposition as MOX fuel 34 metric tons (37.5 tons) of
surplus plutonium in accordance with previous decisions. The 34 metric tons (37.5 tons) of plutonium would
be fabricated into MOX fuel at MFFF for use at domestic commercial nuclear power reactors. Within each
action alternative, DOE also evaluates options for pit disassembly and conversion of plutonium metal to an
oxide form for disposition. Under three of the options, DOE would not build a stand-alone Pit Disassembly
and Conversion Facility at F-Area at SRS, which DOE had previously decided to construct (65 FR 1608).
Preferred Alternative: DOE has no Preferred Alternative at this time for the disposition of the 13.1 metric
tons (14.4 tons) of surplus plutonium that is the subject of this SPD Supplemental EIS. Also, DOE has no
Preferred Alternative regarding the sites or facilities to be used to prepare surplus plutonium metal for
disposition (i.e., pit disassembly and conversion capability). Consistent with the requirements of NEPA, once
a Preferred Alternative is identified, DOE will announce its preference in a Federal Register notice. DOE
would publish a Record of Decision no sooner than 30 days after its announcement of a preference.
This SPD Supplemental EIS evaluates disposition alternatives that include irradiation of MOX fuel in TVA
reactors, subject to appropriate amendments to the applicable licenses from the U.S. Nuclear Regulatory
Commission. TVA is a cooperating agency for this SPD Supplemental EIS and, as such, is not required to
declare a preferred alternative. TVA does not have a preferred alternative at this time regarding whether to
pursue irradiation of MOX fuel in TVA reactors and which reactors might be used for this purpose.
Public Comments: In preparing this Final SPD Supplemental EIS, DOE considered comments received
during the three scoping periods (2007, 2010, 2012), during the public comment period on the Draft
SPD Supplemental EIS (July 27 through October 10, 2012), and late comments received after the close of the
public comment period. Public hearings on the Draft SPD Supplemental EIS were held in Tanner, Alabama;
Chattanooga, Tennessee; North Augusta, South Carolina; and Carlsbad, Española, Los Alamos, and
Santa Fe, New Mexico. DOE considered every comment received at the public hearings and by U.S. mail,
email, and toll-free phone and fax lines during preparation of this Final SPD Supplemental EIS.
This Final SPD Supplemental EIS contains revisions and new information based in part on comments received
on the Draft SPD Supplemental EIS. Volume 3 contains the comments received on the Draft SPD
Supplemental EIS and DOE’s responses to the comments. DOE will use the analysis presented in this
SPD Supplemental EIS, as well as other information, in preparing a Record of Decision regarding the Surplus
Plutonium Disposition Program. Consistent with the requirements of NEPA, once a Preferred Alternative is
identified, DOE will announce its preference in a Federal Register notice. DOE would publish a Record of
Decision no sooner than 30 days after its announcement of a preference. TVA, as a cooperating agency, may
adopt this Final SPD Supplemental EIS after independently reviewing the environmental impact statement and
determining that its comments and suggestions have been satisfied.
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Note: A Foreword was added to the Final SPD Supplemental EIS. The Foreword describes two ongoing
activities that may affect the implementation of the proposed action in this SPD Supplemental EIS. These
activities are: (1) DOE’s reassessment of surplus plutonium disposition strategies; and (2) DOE’s recovery
effort at WIPP following two February 2014 incidents at the facility.
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FOREWORD
This Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement
(SPD Supplemental EIS) has been prepared to evaluate the potential environmental impacts from
disposition of 13.1 metric tons (14.4 tons) of surplus plutonium for which a disposition pathway is not yet
assigned. This SPD Supplemental EIS is being issued in parallel with two ongoing U.S. Department of
Energy (DOE) activities that may affect the implementation of the proposed action in this
SPD Supplemental EIS. These activities are: (1) DOE’s reassessment of surplus plutonium disposition
strategies; and (2) DOE’s recovery effort at the DOE Waste Isolation Pilot Plant (WIPP) following two
February 2014 incidents at the facility near Carlsbad, New Mexico. DOE issued the Draft
SPD Supplemental EIS in July 2012; issuing the Final SPD Supplemental EIS at this time enables DOE to
complete the evaluation of the environmental impacts of the disposition of the 13.1 metric tons
(14.4 tons) of surplus plutonium while neither prejudging nor impacting a separate ongoing DOE analysis
of potential plutonium disposition strategies (see below).
Evolution of DOE’s National Environmental Policy Act Decisions for Surplus Plutonium
Disposition. DOE has pursued a program for safe storage and disposition of surplus weapons-grade
plutonium since the mid-1990s. In 1996, DOE issued the Storage and Disposition of Weapons-Usable
Fissile Materials Final Programmatic Environmental Impact Statement (Storage and Disposition PEIS)
(DOE 1996), which considered a comprehensive range of 37 programmatic alternatives and
subalternatives for disposition of plutonium surplus to the Nation’s defense needs. DOE decided to
pursue a combination of disposition approaches, including fabrication of surplus plutonium into mixed
oxide (MOX) fuel for irradiation in domestic commercial nuclear reactors (62 Federal Register
[FR] 3014). Tiering from the Storage and Disposition PEIS, DOE issued the Surplus Plutonium
Disposition Environmental Impact Statement (SPD EIS) in 1999 (DOE 1999). Subsequent to the analyses
in the SPD EIS and other documents, DOE decided to disposition 34 metric tons (37.5 tons) of surplus
plutonium by fabricating it into MOX fuel in a MOX Fuel Fabrication Facility (MFFF) to be constructed
at the Savannah River Site (SRS), followed by use of the MOX fuel in domestic commercial nuclear
power reactors. DOE also decided to construct and operate a stand-alone Pit Disassembly and
Conversion Facility (PDCF) at SRS to prepare surplus plutonium for the MFFF (65 FR 1608 and
68 FR 20134). DOE began construction of MFFF in August 2007. In addition, the Agreement Between
the Government of the United States of America and the Government of the Russian Federation
Concerning the Management and Disposition of Plutonium Designated As No Longer Required for
Defense Purposes and Related Cooperation (PMDA) that entered into force in 2011 calls for the
United States and the Russian Federation to each dispose of at least 34 metric tons (37.5 tons) of
weapons-grade plutonium, by fabricating it into MOX fuel or any other method as may be agreed to by
the Parties in writing.
The purpose of this SPD Supplemental EIS is to evaluate the environmental impacts from alternatives for
safe and timely disposition of approximately 13.1 metric tons (14.4 tons) of surplus plutonium for which
a disposition pathway is not yet assigned, not to reconsider DOE’s previous decisions about pursuing the
MOX fuel approach for 34 metric tons (37.5 tons) of weapons-grade plutonium. The alternatives
addressed in this SPD Supplemental EIS for the 13.1 metric tons (14.4 tons) of surplus plutonium are the
No Action Alternative and action alternatives that entail combinations of one or more of the following
disposition technologies: glass can-in-canister immobilization and subsequent filling of the canister with
high-level radioactive waste (HLW) at the Defense Waste Processing Facility (DWPF), fabrication into
MOX fuel followed by irradiation in domestic commercial nuclear power reactors, combination with
HLW and subsequent vitrification at DWPF, and preparation as contact-handled transuranic waste for
potential disposal at WIPP. In this SPD Supplemental EIS, DOE also evaluates options for pit
disassembly and conversion in addition to a new stand-alone PDCF.
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Evaluation of Alternative Surplus Plutonium Disposition Strategies. In April 2014, DOE’s
Plutonium Disposition Working Group issued its report, Analysis of Surplus Weapon-Grade Plutonium
Disposition Options (DOE 2014), which assesses options that could potentially provide a more costeffective approach for disposition of surplus U.S. weapons-grade plutonium and provides the foundation
for further analysis and independent validation. The primary options assessed were irradiation as MOX
fuel in light water reactors (i.e., domestic commercial nuclear power reactors), irradiation in fast reactors,
immobilization with HLW, downblending and disposal, and deep borehole disposal. Variations on the
assessed options were also considered. For each option, the Working Group assessed costs; compliance
with international agreements; the time required to disposition 34 metric tons (37.5 tons) of surplus
plutonium; technical viability; and legal, regulatory, and other issues. Completion of this Final SPD
Supplemental EIS is independent of DOE’s ongoing assessment of potential plutonium disposition
strategies identified by the Plutonium Disposition Working Group.
February 2014 Incidents at WIPP. DOE has suspended operations at WIPP following two events that
occurred in February 2014. On February 5, an underground salt haul truck caught fire, leading to the
evacuation of all underground workers. Several workers were treated for smoke inhalation, but no other
injuries were sustained as a result of this incident. The fire was extinguished and the underground
operations at WIPP were suspended. On February 14, the WIPP facility experienced a second event
unrelated to the fire, when a continuous air monitor (CAM) within the mine alarmed, indicating the
presence of airborne radioactive material.
DOE has suspended waste disposal operations at WIPP and has implemented a recovery plan comprising
several steps and processes to be completed before WIPP returns to operations. Detailed information on
the status of recovery activities can be found at http://www.wipp.energy.gov/wipprecovery/recovery.html.
Pending the return of WIPP to operations, transuranic waste generated by DOE activities is being safely
stored at DOE or commercial sites.
Potential Decisions Supported by this SPD Supplemental EIS. In light of the circumstances described
above, DOE is not in a position to make decisions on the issues presented in this SPD Supplemental EIS
in the short term. On the other hand, DOE wishes to be able to move forward as rapidly as possible once
issues concerning the availability of WIPP and the future of the MFFF are clarified. By completing this
SPD Supplemental EIS, DOE will be in the best position to take actions to remove surplus plutonium
from the State of South Carolina, and to disposition 13.1 metric tons (14.4 tons) of weapon-usable
plutonium. For example, after the path for resumption of operations at WIPP is clarified, it would be
possible for DOE to issue a Record of Decision for potential disposal at WIPP of certain surplus
plutonium currently at SRS because the environmental implications of taking this step have already been
analyzed in this SPD Supplemental EIS.
DOE has no Preferred Alternative at this time. Consistent with the requirements of the National
Environmental Policy Act (NEPA), once a Preferred Alternative is identified, DOE will announce its
preference in a Federal Register notice. DOE would publish a Record of Decision no sooner than
30 days after its announcement of a Preferred Alternative.
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U.S. Environmental Protection Agency
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Finding of No Significant Impact
Federal Register
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Gross Domestic Product
GENII Environmental Dosimetry System, Version 2
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Global Threat Reduction Initiative
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Hanford Site
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HEU
HLW
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HVAC
ICRP
IPE
ISCORS
ISLOCA
JFD
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LANL
LCF
LEU
LLNL
LLW
LOCA
LPF
LTA
m3/yr
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MAR
MEI
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MLLW
MOX
MSA
MT
MWh
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NDA
NEPA
NNSA
NNSS
NOI
NPDES
NRC
NRF
NRHP
NRIA
ORNL
Pantex
PC
PCB
PDC
PDCF
xxxii

H-Canyon/HB-Line
high-efficiency particulate air
highly enriched uranium
high-level radioactive waste
Hanford Unirradiated Fuel Package
heating, ventilating, and air conditioning
International Commission on Radiological Protection
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Interagency Steering Committee on Radiation Standards
interfacing systems loss-of-coolant accident
joint frequency distribution
K-Area Material Storage capability
K-Area Interim Surveillance capability
Los Alamos National Laboratory
latent cancer fatality
low-enriched uranium
Lawrence Livermore National Laboratory
low-level radioactive waste
loss-of-coolant accident
leak path factor
lead test assembly
cubic meters per year
MELCOR Accident Consequence Code System
material at risk
maximally exposed individual
Mixed Oxide Fuel Fabrication Facility
mixed low-level radioactive waste
mixed oxide
K-Area Material Storage Area
metric ton
megawatt hours
National Ambient Air Quality Standards
nondestructive assay
National Environmental Policy Act
National Nuclear Security Administration
Nevada National Security Site
Notice of Intent
National Pollutant Discharge Elimination System
U.S. Nuclear Regulatory Commission
National Response Framework
National Register of Historic Places
Nuclear/Radiological Incident Annex
Oak Ridge National Laboratory
Pantex Plant
performance category
polychlorinated biphenyl
Pit Disassembly and Conversion capability
Pit Disassembly and Conversion Facility
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PMn
POC
PRA
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Pu
PuE
PuO2
PWR
RADTRAN
RANT
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RF
RFETS
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RLUOB
RLWTF
ROD
ROI
SAR
SASSI
SCDHEC
SEIS
SGTR
SHPO
Sequoyah
SRARP
SRS
STA
SWPPP
TA
TNT
TRAGIS
TRU
TRUPACT-II
TSCA
TVA
UFSAR
UO2
U.S.C.
VRM
WIPP
WSB
Y-12
°C
°F
μg/m3

Plutonium Facility
perimeter intrusion, detection, assessment and delay system
particulate matter less than or equal to n microns in aerodynamic diameter
pipe overpack container
probabilistic risk assessment
pounds per square inch gauge
plutonium
plutonium-239 dose equivalent
plutonium oxide
pressurized water reactor
Radioactive Material Transportation Risk Assessment computer code
Radioassay and Nondestructive Testing Facility
roentgen equivalent man
respirable fraction
Rocky Flats Environmental Technology Site
Risks and Consequences of Radioactive Material Transport computer code
Radiological Laboratory/Utility/Office Building
Radioactive Liquid Waste Treatment Facility
Record of Decision
Region of Influence
safety analysis report
A System for the Analysis of Soil-Structure Interaction
South Carolina Department of Health and Environmental Control
supplemental environmental impact statement
steam generator tube rupture
State Historic Preservation Office
Sequoyah Nuclear Plant
Savannah River Archaeological Research Program
Savannah River Site
Secure Transportation Asset
Storm Water Pollution Prevention Plan
technical area
trinitrotoluene
Transportation Routing Analysis Geographic Information System
transuranic waste
Transuranic Package Transporter Model 2
Toxic Substances Control Act
Tennessee Valley Authority
Updated Final Safety Analysis Report
uranium oxide
United States Code
Visual Resource Management
Waste Isolation Pilot Plant
Waste Solidification Building
Y-12 National Security Complex
degrees Celsius
degrees Fahrenheit
micrograms per cubic meter
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CONVERSIONS
METRIC TO ENGLISH
Multiply

ENGLISH TO METRIC

by

Area
Square meters
Square kilometers
Square kilometers
Hectares
Concentration
Kilograms/square meter
Milligrams/liter
Micrograms/liter
Micrograms/cubic meter
Density
Grams/cubic centimeter
Grams/cubic meter
Length
Centimeters
Meters
Kilometers
Radiation
Sieverts
Temperature
Absolute
Degrees C + 17.78
Relative
Degrees C
Velocity/Rate
Cubic meters/second
Grams/second
Meters/second
Volume
Liters
Liters
Liters
Cubic meters
Cubic meters
Cubic meters
Cubic meters
Weight/Mass
Grams
Kilograms
Kilograms
Metric tons

To get

Multiply

by

To get

10.764
247.1
0.3861
2.471

Square feet
Acres
Square miles
Acres

Square feet
Acres
Square miles
Acres

0.092903
0.0040469
2.59
0.40469

Square meters
Square kilometers
Square kilometers
Hectares

0.16667
1a
1a
1a

Tons/acre
Parts/million
Parts/billion
Parts/trillion

Tons/acre
Parts/million
Parts/billion
Parts/trillion

0.5999
1a
1a
1a

Kilograms/square meter
Milligrams/liter
Micrograms/liter
Micrograms/cubic meter

62.428
0.0000624

Pounds/cubic feet
Pounds/cubic feet

Pounds/cubic feet
Pounds/cubic feet

0.016018
16,018.5

Grams/cubic centimeter
Grams/cubic meter

0.3937
3.2808
0.62137

Inches
Feet
Miles

Inches
Feet
Miles

2.54
0.3048
1.6093

Centimeters
Meters
Kilometers

100

Rem

Rem

0.01

Sieverts

1.8

Degrees F

Degrees F - 32

0.55556

Degrees C

1.8

Degrees F

Degrees F

0.55556

Degrees C

2118.9
7.9366
2.237

Cubic feet/minute
Pounds/hour
Miles/hour

Cubic feet/minute
Pounds/hour
Miles/hour

0.00047195
0.126
0.44704

Cubic meters/second
Grams/second
Meters/second

0.26418
0.035316
0.001308
264.17
35.314
1.3079
0.0008107

Gallons
Cubic feet
Cubic yards
Gallons
Cubic feet
Cubic yards
Acre-feet

Gallons
Cubic feet
Cubic yards
Gallons
Cubic feet
Cubic yards
Acre-feet

3.7854
28.316
764.54
0.0037854
0.028317
0.76456
1233.49

Liters
Liters
Liters
Cubic meters
Cubic meters
Cubic meters
Cubic meters

0.035274
2.2046
0.0011023
1.1023

Ounces
Pounds
Tons (short)
Tons (short)

Ounces
Pounds
Tons (short)
Tons (short)

28.35
0.45359
907.18
0.90718

Grams
Kilograms
Kilograms
Metric tons

ENGLISH TO ENGLISH
Acre-feet
325,850.7
Gallons
Gallons
0.000003046
Acres
43,560
Square feet
Square feet
0.000022957
Square miles
640
Acres
Acres
0.0015625
a. This conversion is only valid for concentrations of contaminants (or other materials) in water.

Acre-feet
Acres
Square miles

METRIC PREFIXES
Prefix
exapetateragigamegakilodecadecicentimillimicronanopico-

xxxiv

Symbol
E
P
T
G
M
k
D
d
c
m
μ
n
p

Multiplication factor
1,000,000,000,000,000,000
1,000,000,000,000,000
1,000,000,000,000
1,000,000,000
1,000,000
1,000
10
0.1
0.01
0.001
0.000 001
0.000 000 001
0.000 000 000 001

=
=
=
=
=
=
=
=
=
=
=
=
=

1018
1015
1012
109
106
103
101
10-1
10-2
10-3
10-6
10-9
10-12
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APPENDIX A
RELATED NATIONAL ENVIRONMENTAL POLICY ACT REVIEWS
AND FEDERAL REGISTER NOTICES
Appendix A includes a description of related National Environmental Policy Act (NEPA) reviews
(Sections A.1, A.2, and A3) and includes Federal Register Notices specific to the Surplus Plutonium
Disposition Supplemental Environmental Impact Statement (SPD Supplemental EIS) and lists other
related Federal Register Notices (Section A.4).
A.1

Related NEPA Reviews – Surplus Plutonium Disposition

This section describes past NEPA reviews related to the Surplus Plutonium Disposition Program. The
Surplus Plutonium Disposition Program is a subset of activities related to the long-term storage of
weapons-usable fissile material (highly enriched uranium [HEU] and plutonium) and to the disposition of
weapons-usable plutonium that has been, or in the future may be, declared surplus to U.S. defense needs.
The NEPA documents that have been developed in support of decisions related to long-term storage and
disposition of fissile materials are described in the following paragraphs, including documents specific to
surplus plutonium disposition activities at the Savannah River Site (SRS) and Los Alamos National
Laboratory (LANL).
The section is divided into Section A.1.1, Historical NEPA Reviews, and Section A.1.2, Recent NEPA
Reviews for the Development of this Surplus Plutonium Disposition Supplemental Environmental Impact
Statement.
A.1.1

Historical NEPA Reviews

In 1996, the U.S. Department of Energy (DOE) issued the Storage and Disposition of Weapons-Usable
Fissile Materials Final Programmatic Environmental Impact Statement (Storage and Disposition PEIS)
(DOE/EIS-0229) (DOE 1996b). The Storage and Disposition PEIS evaluated the potential environmental
consequences of alternative strategies for the long-term storage and disposition of plutonium declared
surplus to U.S. defense needs.
On January 21, 1997, in the Storage and Disposition PEIS Record of Decision (ROD)
(62 Federal Register [FR] 3014), DOE announced its decision to pursue a dual-path strategy for
disposition that would allow immobilization of some or all of the surplus plutonium in glass or ceramic
material for disposal in a geologic repository, and fabrication of some surplus plutonium into mixed oxide
(MOX) fuel for irradiation in existing domestic commercial nuclear power reactors, with subsequent
disposal of the used fuel in a geologic repository. For plutonium storage, DOE decided to consolidate
part of its surplus plutonium inventory by upgrading and expanding existing and planned facilities at the
Pantex Plant (Pantex) near Amarillo, Texas (for plutonium pits), and SRS (for non-pit plutonium). These
decisions were modified by later RODs.
In 1998, DOE prepared the Supplement Analysis for Storing Plutonium in the Actinide Packaging and
Storage Facility and Building 105-K at the Savannah River Site (DOE 1998b). DOE prepared this
supplement analysis to evaluate plutonium storage in K-Area at SRS prior to completion of the Actinide
Packaging and Storage Facility. The storage option would support early closure of the Rocky Flats
Environmental Technology Site (RFETS) and early deactivation of plutonium storage facilities at the
Hanford Site (Hanford). In an amended Storage and Disposition PEIS ROD (63 FR 43386), DOE
decided to proceed with accelerated shipment of surplus non-pit plutonium from RFETS to SRS before
completion of the Actinide Packaging and Storage Facility, as well as the relocation of all Hanford
surplus non-pit plutonium to SRS, pending disposition. Consistent with the January 1997 ROD for the
Storage and Disposition PEIS (62 FR 3014), however, DOE decided to only implement the movement of
the RFETS and Hanford surplus non-pit plutonium inventories to SRS if SRS were selected as the
A-1
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immobilization site. In a 2001 ROD (66 FR 7888), DOE announced cancellation of the Actinide
Packaging and Storage Facility in an amendment to the RODs for both the Storage and Disposition PEIS
and the Final Environmental Impact Statement, Interim Management of Nuclear Materials (IMNM EIS).
In 1998, DOE issued the Final Environmental Impact Statement on Management of Certain Plutonium
Residues and Scrub Alloy Stored at the Rocky Flats Environmental Technology Site (DOE/EIS-0277F)
(DOE 1998a). In several RODs for this environmental impact statement (EIS), DOE decided to dispose
of certain plutonium scrap and residues at the Waste Isolation Pilot Plant (WIPP) near
Carlsbad, New Mexico (63 FR 66136, 64 FR 8068, 64 FR 47780, 66 FR 4803, and 68 FR 44329).1
In 1998, DOE prepared the Pit Disassembly and Conversion Demonstration Environmental Assessment
and Research and Development Activities (DOE 1998c). In this environmental assessment, DOE
analyzed a demonstration project at LANL to determine the feasibility of an integrated pit disassembly
and conversion system as part of the surplus plutonium disposition strategy. This demonstration involved
the disassembly of pits and conversion of the recovered plutonium to plutonium oxide. The
demonstration helped develop the design and operational parameters for the pit disassembly and
conversion project. The plutonium oxide produced by this program would be used in the Mixed Oxide
Fuel Fabrication Facility (MFFF). The Finding of No Significant Impact (FONSI) for this environmental
assessment was issued in August 1998 (DOE 1998d).
In 1999, DOE issued the Surplus Plutonium Disposition Environmental Impact Statement (SPD EIS)
(DOE 1999), which tiered from the Storage and Disposition PEIS. In the SPD EIS, DOE evaluated,
among other things, disposition of surplus plutonium by immobilization of the plutonium at specific DOE
sites and by fabrication of MOX fuel for use in existing domestic commercial nuclear power reactors at
specific commercial reactor sites. DOE also evaluated the construction and operation of a
Pit Disassembly and Conversion Facility (PDCF); construction and operation of an MFFF, including the
amount of plutonium that would be dispositioned by this approach; and an immobilization facility,
including the technology to be used and the amount of plutonium that would be immobilized. Four DOE
sites were considered for construction and operation of these facilities: Hanford in Washington, the Idaho
National Laboratory (at that time called the Idaho National Engineering and Environmental Laboratory)
in Idaho, Pantex in Texas, and SRS in South Carolina. Six reactors at three sites were considered for
irradiation of MOX fuel: Catawba Nuclear Station Units 1 and 2 in South Carolina, McGuire Nuclear
Station Units 1 and 2 in North Carolina, and North Anna Power Station Units 1 and 2 in Virginia.
On January 11, 2000, DOE issued a ROD for the SPD EIS (65 FR 1608), in which DOE announced its
decision to implement a hybrid approach to surplus plutonium disposition, wherein approximately
17 metric tons (19 tons) of surplus plutonium would be immobilized in a ceramic form, and up to
33 metric tons (36 tons) of surplus plutonium would be fabricated into MOX fuel and irradiated in
existing domestic commercial nuclear power reactors. The ROD also announced that the three facilities
needed to implement this approach—PDCF, MFFF, and the immobilization facility—would be
constructed and operated at SRS.
In 2002, DOE prepared the Supplement Analysis for Storage of Surplus Plutonium Materials in the
K-Area Material Storage Facility at the Savannah River Site (DOE 2002). In this supplement analysis
DOE evaluated the potential for storage beyond 10 years at the K-Area Material Storage Facility (KAMS)
(now known as the K-Area Material Storage Area), and concluded that potential impacts from the
continued storage of surplus non-pit plutonium in KAMS for up to 50 years are not substantially different
from those addressed in the original analysis of storage in the Actinide Packaging and Storage Facility
contained in the Storage and Disposition PEIS. In a 2002 amended ROD (67 FR 19432) informed by this
supplement analysis, DOE amended the Storage and Disposition PEIS and SPD EIS RODs, and made the

1

Disposition of used nuclear fuel was evaluated in DOE’s Programmatic Spent Nuclear Fuel Management and Idaho National
Engineering Laboratory Environmental Restoration and Waste Management Programs Final Environmental Impact Statement
(DOE/EIS-0203-F) (DOE1995c).
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following decisions: cancellation of the immobilization portion of the disposition strategy; selection of the
immediate implementation of consolidated long-term storage at SRS of surplus non-pit plutonium stored
separately at RFETS and SRS; and authorization of consolidated long-term storage in KAMS. These
decisions removed the basis for contingency contained in the previous RODs, which had conditioned
transport of surplus non-pit plutonium from RFETS to SRS for storage on the selection of SRS as the site
for the immobilization facilities. DOE left unchanged its prior decision to continue storage of surplus
non-pit plutonium at Hanford, Idaho National Laboratory, and LANL, pending disposition (or movement
to lag storage at a disposition facility). DOE also stated that storage of plutonium and the ultimate
disposition of that plutonium were separate actions addressed separately in the Storage and
Disposition PEIS, and that, while previous RODs combined these actions, such combination was not
required to implement either decision and served no programmatic purpose. The amended ROD also
stated that DOE was evaluating changes to the MOX fuel portion of the Surplus Plutonium Disposition
Program, including a revised strategy to dispose of 34 metric tons (37 tons) of surplus plutonium in a
MOX-only approach, to implement the 2000 Plutonium Management and Disposition Agreement.
DOE issued the Supplement Analysis and Amended Record of Decision, Changes Needed to the Surplus
Plutonium Disposition Program (DOE/EIS-0283-SA1) in April 2003 (DOE 2003b) and made the
associated determination that no additional NEPA analysis was needed to process into MOX fuel
6.5 metric tons (7.2 tons) of non-pit plutonium originally intended for immobilization (referred to as
“alternate feedstock”) or to implement the MFFF design changes identified during the detailed-design
process (68 FR 20134). The amended ROD announced DOE’s decision to disposition as MOX fuel
34 metric tons (37 tons) of surplus plutonium, including the alternate feedstock. The supplement analysis
and amended ROD did not address the remaining surplus non-pit plutonium that had been intended for
immobilization.
Since that time, most of the surplus non-pit plutonium in storage at various DOE sites around the
United States has been moved to SRS for consolidated long-term storage pending disposition, consistent
with the 2002 amended ROD; the Supplement Analysis, Storage of Surplus Plutonium Materials at the
Savannah River Site (DOE/EIS-0229-SA-4) (DOE 2007a); and an amended ROD issued in 2007
(72 FR 51807) regarding surplus plutonium from Hanford, LANL, and Lawrence Livermore National
Laboratory (LLNL). Surplus plutonium from Hanford and LLNL has been moved to SRS, whereas
material movements from LANL are ongoing.
As part of the MOX approach, DOE had analyzed, in the SPD EIS, the potential environmental impacts of
fabricating up to 10 MOX fuel lead assemblies2 at five DOE sites and irradiation of these lead assemblies
at existing domestic commercial nuclear power reactor sites, followed by postirradiation examination at
two other sites. In the SPD EIS ROD, LANL was selected as the site for lead assembly fabrication and
Oak Ridge National Laboratory was selected as the site for post-irradiation examination. Because of
schedule impacts and programmatic considerations, the Supplement Analysis for the Fabrication of Mixed
Oxide Fuel Lead Assemblies in Europe (DOE/EIS-0229-SA-3) (DOE 2003a) was prepared in 2003 and
supported a subsequent amended SPD EIS ROD (68 FR 64611) announcing the change in the lead
assembly fabrication location to existing MOX fuel fabrication facilities in Europe.
In 2005, DOE prepared the Environmental Assessment for the Safeguards and Security Upgrades for
Storage of Plutonium Materials at the Savannah River Site (DOE 2005a). DOE prepared this
environmental assessment to evaluate installation and operation of the K-Area Container Surveillance and
Storage Capability (CSSC) for non-pit plutonium surveillance and stabilization, deinventory of plutonium
from F-Area for storage in K-Area, storage of plutonium in DOE-STD-3013 containers, and installation
of safeguards and security upgrades in K-Area and the Advanced Tactical Training Area. In the resulting
FONSI, DOE determined that implementation of the proposed action was not expected to have a

2

A MOX fuel lead assembly is a prototype reactor fuel assembly containing MOX fuel that is used to test fuel performance in a
nuclear reactor.
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measurable impact on the human environment and that an EIS was not required (DOE 2005b). Since the
initial FONSI was issued on this environmental assessment, DOE has issued a revised FONSI
(DOE 2010b). In the revised FONSI, DOE explains that the features originally planned for CSSC have
been replaced by the Stabilization and Packaging Project in the K-Area Complex. This project would
provide the capability to comply with DOE-STD-3013 requirements for stabilization and long-term
storage of plutonium-bearing materials and would replace the compliance feature of CSSC. The types of
equipment, processes, and technology proposed for use in the Stabilization and Packaging Project are the
same as, or similar to, those originally proposed for CSSC.
In 2005, the U.S. Nuclear Regulatory Commission (NRC)3 prepared the Environmental Impact Statement
on the Construction and Operation of a Proposed Mixed Oxide Fuel Fabrication Facility at the Savannah
River Site, South Carolina (MFFF EIS) (NRC 2005a). In the MFFF EIS, NRC evaluated the
environmental impacts of construction and operation of MFFF to fabricate 34 metric tons (37 tons) of
surplus plutonium into MOX fuel and two connected actions, the construction and operation of PDCF and
a Waste Solidification Building (WSB). NRC made a final NEPA recommendation in the MFFF EIS,
concluding that the applicable environmental requirements and the proposed mitigation measures would
eliminate or substantially lessen any potential adverse environmental impacts associated with MFFF
(NRC 2005a).
In November 2008, DOE issued the Supplement Analysis for Construction and Operation of a Waste
Solidification Building at the Savannah River Site (DOE/EIS-0283-SA-2) (DOE 2008c). In this
supplement analysis to the SPD EIS, DOE evaluated construction and operation of a stand-alone WSB to
treat liquid low-level radioactive waste (LLW) and high-activity and stripped-uranium liquid waste
streams from MFFF and PDCF. On December 10, 2008, DOE decided to construct and operate a
stand-alone WSB in close proximity to MFFF and the planned PDCF in F-Area at SRS (73 FR 75088),
rather than incorporate the equipment to treat and solidify liquid LLW and liquid contact-handled
transuranic (CH-TRU) waste into MFFF and PDCF as was evaluated in the SPD EIS. WSB is now under
construction.
In three interim action determinations approved in December 2008, September 2009, and March 2011,
DOE decided to process approximately 0.6 metric tons (0.7 tons) of surplus non-pit plutonium through
H-Canyon/HB-Line and the Defense Waste Processing Facility (DWPF) (DOE 2008b, 2009b), and later
decided to dispose of 85 kilograms (187 pounds) of the 0.6 metric tons (0.7 tons) at WIPP (DOE 2011a).
Because of the small quantities involved relative to the 6 metric tons (6.6 tons) of non-pit plutonium to be
evaluated in this SPD Supplemental EIS, it was determined that processing this material would not affect
DOE's ultimate selection of disposition alternatives. Therefore, these actions were determined to be
allowable interim actions in accordance with DOE regulations for implementing NEPA (10 Code of
Federal Regulations [CFR] 1021.104 and 1021.211).
In an interim action determination approved in October 2011, DOE decided to process an additional
0.5 metric tons (0.55 tons) of surplus non-pit plutonium through H-Canyon/HB-Line for disposal at WIPP
(DOE 2011d). Because of the small quantities involved relative to the 6 metric tons (6.6 tons) of non-pit
plutonium being evaluated in the SPD Supplemental EIS, and because this material does not lend itself to
disposition using other alternatives, it was determined that disposal of this material as CH-TRU waste
would not affect DOE's ultimate selection of disposition alternatives. Therefore, this action was
determined to be an allowable interim action (10 CFR 1021.104 and 1021.211).
In an interim action determination approved in April 2011 (DOE 2011b), DOE evaluated modifying the
design of MFFF to provide the flexibility to manufacture a variety of fuel types, including fuel for
boiling-water reactors and next-generation light-water reactors. DOE’s evaluation shows that impacts of
modifying the design and operating the facility to manufacture a variety of fuel types are bounded by

3

The Strom Thurmond National Defense Authorization Act for Fiscal Year 1999 (42 United States Code [U.S.C.] 5842) amended
the Energy Reorganization Act of 1974 to provide NRC with regulatory and licensing authority over MFFF.
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existing safety analyses and analyses in the SPD EIS (DOE 1999), and no additional potentially adverse
impacts have been identified. The proposed modifications would have no effect on DOE’s selection of
alternative plutonium preparation or disposition alternatives following completion of this
SPD Supplemental EIS. Therefore, this action was determined to be an allowable interim action
(10 CFR 1021.104 and 1021.211).
In an interim action determination approved in June 2012 (DOE 2012a), DOE evaluated preparation of up
to 2.4 metric tons (2.6 tons) of plutonium metal and oxide as feed material for the MFFF using
H-Canyon/HB-Line at SRS. This material is a subset of the 6.5 metric tons (7.2 tons) of non-pit metal
and oxides previously determined for use as MOX fuel as decided in an Amended ROD (68 FR 20134),
described above. DOE determined that the impacts of processing these materials would be significantly
less than historical levels of operating H-Canyon/HB-Line, and that use of these facilities in the near term,
prior to selection of an option for plutonium conversion, would not limit the choice of alternatives being
evaluated in this SPD Supplemental EIS. Therefore, this action was determined to be an allowable
interim action (10 CFR 1021.104 and 1021.211).
In an interim action determination approved in April 2013, DOE decided to expand plutonium storage
into the Final Storage Area and Presentation Room of the K-Area Complex (DOE 2013c). Modifications
would require minor dismantlement and removal activities and few physical enhancements primarily for
safeguards and security systems. There would be no significant adverse impacts on the environment,
cost, schedule, or choice of alternatives by initiating construction activities for additional K-Area
plutonium storage. Therefore, this action was determined to be an allowable interim action
(10 CFR 1021.104 and 1021.211).
In October 2013, DOE amended the October 2011 interim action determination by adding a second SRS
facility to prepare surplus plutonium for disposal at WIPP (DOE 2013d). DOE would use the K-Area
Complex in addition to HB-Line to prepare approximately 0.5 metric tons (0.55 tons) of surplus
plutonium for disposal at WIPP. Use of capabilities in the K-Area Complex, in addition to HB-Line,
changes neither environmental impacts nor the choice of reasonable alternatives for this
SPD Supplemental EIS. Therefore, this action was determined to be an allowable interim action
(10 CFR 1021.104 and 10.21.211).
A.1.2

Recent NEPA Reviews for Development of this Surplus Plutonium Disposition Supplemental
Environmental Impact Statement

In 2007, DOE issued a Notice of Intent (NOI) (72 FR 14543) to prepare this SPD Supplemental EIS to
evaluate the potential environmental impacts of surplus plutonium disposition capabilities that would be
constructed and operated at SRS to provide a disposition pathway for surplus non-pit plutonium originally
planned for immobilization. In the 2007 NOI, DOE stated that its Preferred Alternative was to construct
and operate a new vitrification capability within an existing building at SRS to immobilize most of the
surplus non-pit plutonium, and to process some of the surplus non-pit plutonium in the existing
H-Canyon/HB-Line and DWPF at SRS. The NOI also stated that DOE would analyze the impacts of
fabricating some (up to approximately one-third) surplus non-pit plutonium into MOX fuel.
Subsequently, DOE decided to evaluate additional alternatives. Therefore, on July 19, 2010, DOE issued
an amended NOI (75 FR 41850) announcing its intent to modify the scope of this SPD Supplemental EIS
and to conduct additional public scoping. DOE revised the scope of this SPD Supplemental EIS to refine
the quantity and types of surplus plutonium, evaluate additional alternatives, and no longer consider in
detail one of the alternatives identified in the 2007 NOI (ceramic can-in-canister immobilization). In
addition, DOE had identified a glass can-in-canister immobilization approach as its Preferred Alternative
in the 2007 NOI for the non-pit plutonium then under consideration; the 2010 amended NOI explained
that DOE would evaluate a glass can-in-canister immobilization alternative in this SPD Supplemental EIS,
but that DOE did not have a preferred alternative.
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To evaluate additional options for pit disassembly and conversion, on January 12, 2012, DOE issued
a second amended NOI (77 FR 1920) announcing its intent to modify the scope of this
SPD Supplemental EIS and to conduct additional public scoping.
A.2

Other Related U.S. Department of Energy NEPA Reviews

Activities related to the Surplus Plutonium Disposition Program include storage of pits at Pantex,
plutonium recovery through the Global Threat Reduction Initiative (GTRI), plutonium processing at
LANL, and the management of nuclear materials at SRS. In addition, disposition of surplus plutonium
may involve the use of the DWPF and the high-level radioactive waste (HLW) management system at
SRS, waste management facilities at SRS and LANL, and WIPP. Therefore, NEPA documents related to
these facilities are described below.
A.2.1

Pit Storage at the Pantex Plant

The ROD for the Final Environmental Impact Statement for the Continued Operation of the Pantex Plant
and Associated Storage of Nuclear Weapon Components (Pantex Sitewide EIS) (DOE/EIS-0225),
published in the Federal Register on January 27, 1997 (62 FR 3880), announced DOE’s decision to
implement the Preferred Alternative evaluated in the Pantex Sitewide EIS, including storage of up to
20,000 pits at Pantex. DOE and its semiautonomous National Nuclear Security Administration (NNSA)
published five supplement analyses for the Pantex Sitewide EIS, the most recent in November 2012
(DOE 2012b). The supplement analyses indicated that the identified and projected impacts for all
resource areas, including cumulative impacts, were not substantially changed from those identified in the
Pantex Sitewide EIS and ROD, nor did they represent significant new circumstances or information
relative to environmental concerns. The SPD Supplemental EIS analyzes transportation of surplus pits
from Pantex to the pit disassembly and conversion site and relies on the Pantex Sitewide EIS and the
supplement analyses for impacts of storage of pits at Pantex.
The analysis in the most recent supplement analysis (DOE 2012b) indicates: continued operation of
Pantex, including the continued storage of pits, would not increase the potential for environmental
impacts. Stationary source emissions of air pollutants were estimated to be below levels estimated in the
Pantex Sitewide EIS (DOE 2012b:20). Potential radiological impacts from Pantex operations result from
a range of activities, including weapons assembly, weapons disassembly, and storage of pits. Potential
exposures of the public from site operations could come from releases of small amounts of tritium and
doses to any member of the public would be a small fraction of a millirem annually (DOE 2012b:24).
Worker doses from site operations, which include active weapons assembly and disassembly as well as
storage of pits, would result in average worker doses of approximately 95 millirem per year
(DOE 2012b:24). Worker doses for onsite transportation of weapons and pits were estimated to range
from 24 to 37 person-rem per year (DOE 2012b:23).
A.2.2

Transuranic Waste Disposal at the Waste Isolation Pilot Plant

Final Environmental Impact Statement for the Waste Isolation Pilot Plant (DOE/EIS-0026) and two
associated supplemental environmental impact statements (SEISs) (DOE/EIS-0026-S-1 and
DOE/EIS-0026-S-2) (DOE 1990, 1997b). In the Final Environmental Impact Statement for the Waste
Isolation Pilot Plant and two SEISs issued in 1990 and 1997, DOE analyzed the development, operation,
and transportation activities associated with WIPP, a mined repository for transuranic (TRU) waste near
Carlsbad, New Mexico. In the 1997 Waste Isolation Pilot Plant Disposal Phase Final Supplemental
Environmental Impact Statement (WIPP SEIS II), DOE analyzed the impacts from management and
operation of WIPP to support disposal of TRU waste. DOE determined that the operation of WIPP
during the period when it would be accepting waste shipments from around the DOE complex could
be accomplished safely and that WIPP would not be expected to result in any long-term (over
10,000 years) impacts on human health as long as the repository was not disturbed after
decommissioning (DOE 1997b). In the ROD associated with the 1997 WIPP SEIS II (63 FR 3624), DOE
announced its decision that WIPP would be developed and begin accepting TRU waste for disposal.
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Since then, DOE published eight supplement analyses of the 1997 WIPP SEIS II. The supplement
analyses indicated that the identified and projected impacts for all resource areas, including cumulative
impacts, were not substantially changed from those previously evaluated, nor did they represent
significant new circumstances or information relative to environmental concerns (DOE 2009a, 2010c).
For purposes of this SPD Supplemental EIS, the impacts from disposal of CH-TRU waste at WIPP would
be conservatively enveloped by the analyses in WIPP SEIS II provided that the volumes of TRU waste
projected for disposal at WIPP remain within established limits. The analysis in the WIPP SEIS II
indicates that continued operation of WIPP within its capacity, including the disposal of CH-TRU waste
for activities analyzed in this SPD Supplemental EIS, would not increase the potential for environmental
impacts. WIPP disposal operations would result in small increases (less than 2 percent) in the annual
average concentrations of criteria air pollutants; some short term concentrations could be higher, but
would not exceed the regulatory limits (DOE 1997b:5-5, 5-6). Radiological impacts from TRU waste
disposal operations at WIPP are expected to result in no LCFs (3 × 10-4) for the population within
50 miles (80 kilometers) and no LCFs (3 × 10-7) to a maximally exposed individual member of the
general public (DOE 1997b:5-28, 5-29). TRU waste disposal operations at WIPP could result in 1 LCF to
the involved worker population; no radiation-related LCFs (4 × 10-4) would be anticipated among the
noninvolved worker population (DOE 1997b:5-29 – 5-32).
A.2.3

Plutonium Recovery through the Global Threat Reduction Initiative

Environmental Assessment for the U.S. Receipt and Storage of Gap Material—Plutonium and Finding of
No Significant Impact (DOE/EA-1771) (DOE 2010a). In this environmental assessment, DOE assessed
the potential environmental impacts of transporting to SRS for storage pending final disposition up to
100 kilograms (220 pounds) of plutonium that the United States may accept from at-risk foreign locations
as part of the GTRI. A final decision on the acceptance of any particular shipment of plutonium from a
foreign country is contingent on confirmation that the material: (1) poses a threat to U.S. national
security; (2) is susceptible to being used in an improvised nuclear device; (3) presents a high risk of
terrorist threat; (4) has no other reasonable pathway to assure security from theft or diversion; and
(5) meets the acceptance criteria of the storage facility at SRS. Acceptance of material also requires
adequate storage capacity to accommodate the material at SRS. In the FONSI, DOE determined that the
impacts of implementing the proposed action are not significant (DOE 2010a). Gap material plutonium
would be dispositioned along with U.S. surplus plutonium. The disposition of plutonium materials that
are recovered through the GTRI program and brought to SRS are analyzed in this SPD Supplemental EIS.
A.2.4

Pit Disassembly and Conversion at the Los Alamos National Laboratory

Site-Wide Environmental Impact Statement for Continued Operation of Los Alamos National Laboratory,
Los Alamos, New Mexico (LANL SWEIS) (DOE/EIS-0380) (DOE 2008a). DOE prepared this sitewide
EIS to evaluate the impacts associated with the continued operation of LANL. The activities analyzed in
the LANL SWEIS include the production of plutonium oxide at LANL for use in MFFF at SRS. In the
2008 ROD for the LANL SWEIS (73 FR 55833), DOE selected the No Action Alternative, including the
ability to produce plutonium oxide on site and to ship such materials from LANL to other sites within the
DOE complex, including SRS. In the 2009 ROD (74 FR 33232), DOE decided to proceed with seismic
upgrades to the Plutonium Facility at Technical Area 55. This SPD Supplemental EIS evaluates
expanding the pit disassembly and conversion capabilities at LANL.
A.2.5

Interim Management of Nuclear Materials at Savannah River Site

Final Environmental Impact Statement, Interim Management of Nuclear Materials (IMNM EIS)
(DOE/EIS-0220) (DOE 1995b). In the IMNM EIS, DOE assessed the potential environmental impacts of
actions necessary to manage nuclear materials then stored at SRS until decisions on their ultimate
disposition were made and implemented. Construction of a new Actinide Packaging and Storage Facility
was included in the analysis. In many cases (e.g., for existing non-pit plutonium stored in vaults at SRS
and plutonium-239 solutions), analyses in the IMNM EIS assumed that material was to be stored
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until DOE made “long-term storage or disposition decisions.” In the December 19, 1995, ROD
(60 FR 65300), DOE selected stabilization methods and storage for the majority of “vulnerable” nuclear
materials at SRS, selected the facilities in F- and H-Areas (including H-Canyon/HB-Line) to be utilized,
and announced the decision to build the Actinide Packaging and Storage Facility.
In the
November 14, 1997, supplemental ROD (62 FR 61099), DOE announced its decision to implement
processing and storage for vitrification in DWPF as an additional method for managing non-pit plutonium
and uranium stored in vaults. In a 2001 ROD (66 FR 7888), DOE announced cancellation of the Actinide
Packaging and Storage Facility in an amendment to the RODs for both the Storage and Disposition PEIS
and the IMNM EIS.
A.2.6

Management of Used Nuclear Fuel at Savannah River Site

Supplement Analysis, Savannah River Site Spent Nuclear Fuel Management Environmental Impact
Statement (DOE/EIS-0279-SA-01, DOE/EIS-0218-SA-06) (DOE 2013a). In this supplement analysis
DOE evaluated the impacts of managing a limited quantity of spent (used) nuclear fuel using
conventional processing rather than the melt and dilute technology. In addition DOE evaluated the
receipt and processing of HEU target residues from the Chalk River Laboratories in Canada. DOE
concluded that the impacts of these actions were addressed in the Savannah River Site Spent Nuclear Fuel
Management Final Environmental Impact Statement (DOE/EIS-0279) (DOE 2000). On April 5, 2013,
DOE decided to manage approximately 3.3 metric tons heavy metal of spent (used) nuclear fuel using
conventional processing at H-Canyon at SRS (78 FR 20625). H-Canyon operations are included in the
baseline impacts of ongoing SRS operations.
Environmental Assessment for the Acceptance and Disposition of Used Nuclear Fuel Containing
U.S.-Origin Highly Enriched Uranium From the Federal Republic of Germany (DOE/EA–1977). On
June 4, 2014, DOE announced its intent to prepare an environmental assessment to analyze the potential
environmental impacts from a proposed project to accept used nuclear fuel from the Federal Republic of
Germany at SRS for processing and disposition (79 FR 32256). The used nuclear fuel is composed of
kernels containing thorium and approximately 900 kilograms of U.S.-origin HEU embedded in small
graphite spheres that were irradiated in nuclear reactors used for research and development purposes. This
environmental assessment is currently under preparation.
A.2.7

Vitrification of High-level Radioactive Waste at Savannah River Site

Final Environmental Impact Statement, Defense Waste Processing Facility, Savannah River Plant,
Aiken, S.C. (DWPF EIS) (DOE/EIS-0082). In the 1982 DWPF EIS, DOE evaluated alternatives for
construction and operation of DWPF at SRS. Nuclear materials production activities at SRS have
produced HLW that is stored on site in tanks. The function of DWPF is to vitrify the low-volume,
high-activity radioactive fraction of the tank waste (the sludge and salt fractions) that will be stored in
stainless steel containers on site pending a decision on their ultimate disposal. The DWPF EIS ROD
announcing DOE’s decision to proceed with the construction and operation of DWPF was
published in June 1982 (47 FR 23801). Surplus plutonium disposition activities evaluated in this
SPD Supplemental EIS include the use of DWPF to fill additional canisters with waste resulting from the
processing of surplus plutonium in H-Canyon/HB-Line, and to fill canisters containing immobilized
plutonium in can-in-canister assemblies.
Defense Waste Processing Facility Supplemental Environmental Impact Statement (DWPF
Supplemental EIS) (DOE/EIS-0082-S) (DOE 1994). In 1994, DOE issued the DWPF Supplemental EIS,
which evaluated changes in the HLW process proposed after the 1982 DWPF EIS was issued. In the
DWPF Supplemental EIS ROD, DOE announced that it would complete the construction and startup
testing of DWPF using the in-tank precipitation process to separate the high-activity fraction from the
liquid waste (60 FR 18589).
Savannah River Site Salt Processing Alternatives Final Supplemental Environmental Impact Statement
(DOE/EIS-0082-S2) (DOE 2001). In 2001, DOE prepared this SEIS to select an alternative technology
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for separating the high-activity fraction from the low-activity fraction of the radioactive salt waste after
DOE determined that in-tank precipitation could not meet production goals and safety requirements. In a
ROD for this SEIS, DOE determined that any of the alternatives evaluated could be implemented with
only small and acceptable environmental impacts, and decided to implement the caustic-side solvent
extraction process, to be housed in the Salt Waste Processing Facility (66 FR 52752).
Supplement Analysis, Salt Processing Alternatives at the Savannah River Site (DOE/EIS-0082-S2-SA-01)
(DOE 2006). In this supplement analysis, DOE evaluated the impacts of a new interim salt processing
capability to process a specified fraction of the salt waste stored in the F- and H-Area tank farms. Use of
this interim capability would allow DOE to continue removing and stabilizing the high-activity sludge
waste and would accelerate the cleanup and closure of the tanks. In a ROD for this supplement analysis,
DOE announced its decision to proceed with the use of the interim salt processing capability to continue
uninterrupted use of DWPF and to allow use of the Salt Waste Processing Facility at higher capacity as
soon as it comes on line (71 FR 3834).
A.2.8

Disposition of Surplus Highly Enriched Uranium

Disposition of Surplus Highly Enriched Uranium Final Environmental Impact Statement
(DOE/EIS-0240) (DOE 1996a). In this EIS, DOE analyzed the environmental impacts associated with
alternatives for the disposition of surplus U.S.-origin HEU (including the use of H-Canyon/HB-Line),
both to support U.S. nuclear weapons nonproliferation policy by reducing global stockpiles of excess
weapons-usable fissile materials and to recover the economic value of the materials to the extent feasible.
In the ROD for this EIS (61 FR 40619), DOE announced its decision to implement a Highly Enriched
Uranium Disposition Program, which is currently ongoing, to render surplus HEU non-weapons-usable
by blending the HEU down to low-enriched uranium (LEU). The ROD describes DOE’s plans to sell a
portion of the LEU for use as feedstock for commercial nuclear power plant fuel fabrication and to
dispose of the remaining LEU as LLW. H-Canyon/HB-Line at SRS was one of the facilities selected for
blending HEU down to LEU. HEU from pit disassembly and conversion would be recovered for
disposition in the Highly Enriched Uranium Disposition Program.
Supplement Analysis, Disposition of Surplus Highly Enriched Uranium (DOE/EIS-0240-SA1)
(DOE 2007b). DOE prepared this supplement analysis to evaluate the ongoing Highly Enriched Uranium
Disposition Program and propose new initiatives, including new end-users for existing program material,
new disposal pathways for existing discarded HEU, and downblending additional quantities of HEU
through H-Canyon/HB-Line, consistent with current activities.
Final Site-wide Environmental Impact Statement for the Y-12 National Security Complex (Y-12 SWEIS)
(DOE/EIS-0387) (DOE 2011c). As one of NNSA’s major production facilities, the Y-12 National
Security Complex (Y-12) is the primary site for enriched uranium processing and storage, and one of the
primary manufacturing facilities for maintaining the U.S. nuclear weapons stockpile. Y-12 supplies
nuclear weapons components, dismantles weapons components, safely and securely stores and manages
special nuclear material, supplies special nuclear material for use in naval and research reactors, and
dispositions surplus materials. The Y-12 SWEIS analyzes the potential environmental impacts of
reasonable alternatives for ongoing and foreseeable future operations, facilities, and activities at Y-12.
Therefore, the impacts of storage of HEU at Y-12 are covered by the analyses presented in the
Y-12 SWEIS. The Y-12 SWEIS also covers activities related to the receipt and management of surplus
HEU that will result from pit processing in PDCF or a pit disassembly and conversion capability. The
impacts of incremental shipments to Y-12 of surplus HEU from pit disassembly and conversion are
analyzed in this SPD Supplemental EIS.
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A.2.9

Waste Management

NEPA analyses related to disposal of TRU waste at WIPP are addressed in Section A.2.2. Additional
waste management NEPA documents related to the actions evaluated in this SPD Supplemental EIS are
described in this section.
Savannah River Site Waste Management Final Environmental Impact Statement (DOE/EIS-0217)
(DOE 1995a). DOE issued this EIS to provide a basis for selection of a sitewide approach to managing
present and future wastes generated at SRS. The associated ROD (60 FR 55249) stated that DOE would
configure its waste management system according to the moderate treatment alternative described in
the EIS.
Final Waste Management Programmatic Environmental Impact Statement for Managing Treatment,
Storage, and Disposal of Radioactive and Hazardous Waste (Waste Management PEIS)
(DOE/EIS-0200-F) (DOE 1997a). DOE published the Waste Management PEIS as a DOE complex–wide
study of the environmental impacts of managing five types of waste generated by past, present, and future
nuclear defense and research activities. The Waste Management PEIS provided information on the
impacts of various siting configurations that DOE used to decide at which sites to locate additional
treatment, storage, and disposal capacity for each waste type. As applicable, waste resulting from action
taken in the SPD EIS and this SPD Supplemental EIS would be treated, stored, and disposed of in
accordance with the RODs associated with the Waste Management PEIS. DOE published four RODs
associated with this programmatic EIS. In the ROD related to TRU waste and its three subsequent
revisions (63 FR 3629, 65 FR 82985, 66 FR 38646, and 67 FR 56989), DOE decided that each DOE site
that currently has or will generate TRU waste would prepare its TRU waste for disposal and store it on
site until it could be shipped to WIPP for disposal. The Waste Management PEIS stated that DOE may
approve, after NEPA review, shipments of TRU waste from sites where it may be impractical to prepare
the waste for disposal to sites where DOE has or will have the necessary capability, including SRS. In
addition, DOE approved the transfer of TRU waste from the Sandia National Laboratories in New Mexico
to LANL for storage and preparation for disposal at WIPP. In the ROD related to non-wastewater
hazardous waste (63 FR 41810), DOE decided to continue using offsite facilities for the treatment of
major portions of such waste generated at DOE sites. In the ROD related to immobilized HLW
(64 FR 46661), DOE decided to store such waste in a final form at the site of generation until transfer to
an ultimate disposition site. In the ROD related to mixed low-level radioactive waste (MLLW) and LLW
(65 FR 10061), DOE decided to perform minimal treatment of LLW at all sites and continue, to the extent
practicable, onsite disposal of LLW at a number of sites, including SRS. DOE decided to treat MLLW at
a number of sites, including SRS, with disposal at Hanford or the Nevada National Security Site
(formerly known as the Nevada Test Site). This decision regarding MLLW and LLW does not preclude
the use of commercial disposal sites.
The impacts of operation of waste management facilities at LANL are evaluated in the LANL SWEIS
(DOE 2008a).
Draft Environmental Impact Statement for the Disposal of Greater-Than-Class C (GTCC) Low-Level
Radioactive Waste and GTCC-Like Waste (Draft GTCC EIS) (DOE/EIS-0375-D) (DOE 2011f). In
February 2011, DOE issued the Draft GTCC EIS to evaluate the potential environmental impacts
associated with the proposed development, operation, and long-term management of a facility or facilities
for disposal of greater-than-Class C (GTCC) LLW and DOE GTCC-like waste. GTCC LLW has
radionuclide concentrations exceeding the limits for Class C LLW established by NRC in
10 CFR Part 61. The Draft GTCC EIS also considers DOE waste having similar characteristics.
Currently, there is no location for disposal of GTCC LLW and the Federal government is responsible
for such disposal under the Low-Level Radioactive Waste Policy Amendments Act of 1985
(Public Law 99-240). DOE is preparing this GTCC EIS pursuant to Section 631 of the Energy Policy Act
of 2005, which requires DOE to submit a report to Congress on disposal alternatives under consideration
and await Congressional action before issuing a ROD. SRS, LANL, and WIPP are three of the
six candidate DOE sites being considered for GTCC LLW disposal in the Draft GTCC EIS, which also
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include Hanford, Idaho National Laboratory, and the Nevada National Security Site. DOE is also
considering two disposal locations in the WIPP vicinity and generic commercial sites in four regions of
the country. DOE is evaluating several disposal technologies in the Draft GTCC EIS, including a
geologic repository, intermediate depth boreholes, enhanced near-surface trenches, and above-grade
vaults. Enhanced near-surface trenches and above-grade vaults are considered at SRS. Intermediate
depth boreholes, enhanced near-surface trenches, and above-grade vaults are considered at LANL and the
WIPP vicinity. A geologic repository is being considered at WIPP. Prior to implementation of any
alternative examined in the Draft GTCC EIS, follow-on site specific NEPA review would be conducted as
appropriate, to identify the location or locations within a given site for a borehole, trench, or vault facility
for the disposal of GTCC LLW and GTCC-like wastes.
Final Long-Term Management and Storage of Elemental Mercury Environmental Impact Statement
(Mercury Storage EIS) (DOE/EIS-0423) (DOE 2011e). The proposed action analyzed in this EIS is the
long-term storage of up to 10,000 metric tons (11,000 tons) of elemental mercury within either existing or
new facilities at one of seven sites throughout the United States, including SRS. At SRS, a new facility
was proposed that would occupy 7.6 acres (3.1 hectares) of the approximately 330-acre (134-hectare)
E-Area. The preferred alternative in the Mercury Storage EIS was the construction of a new facility at the
Waste Control Specialists, LLC, site located near Andrews, Texas; implementing this alternative would
result in no cumulative impacts at SRS.
Final Long-Term Management and Storage of Elemental Mercury Supplemental Environmental Impact
Statement (Final Mercury Storage Supplemental EIS) (DOE/EIS-0423-S1) (DOE 2013b). Since
publication of the Mercury Storage EIS, DOE has reconsidered the range of reasonable alternatives and
has issued the Final Mercury Storage Supplemental EIS to consider three additional locations at or near
WIPP. The preferred alternative is unchanged in the Final Mercury Storage Supplemental EIS.
A.3

Related Tennessee Valley Authority NEPA Reviews

NEPA documents related to the Tennessee Valley Authority’s (TVA’s) commercial nuclear power
reactors at the Browns Ferry and Sequoyah Nuclear Plants are summarized below.
A.3.1

Browns Ferry Nuclear Plant

Final Supplemental Environmental Impact Statement for Browns Ferry Nuclear Plant Operating License
Renewal (TVA 2002). This EIS was prepared by TVA to address the potential environmental impacts
associated with TVA’s proposal for NRC to renew the operating licenses for the extended operation of
Units 1, 2, and 3 at its Browns Ferry Nuclear Plant, located in Limestone County, Alabama. The
operating licenses were renewed by NRC on May 4, 2006 (NRC 2006). Renewal of the operating
licenses allows operation for an additional 20 years beyond the original 40-year operating license terms.
NEPA, which created the need for EISs, was signed into law in 1970. Construction of the Browns Ferry
Nuclear Plant started in 1967; therefore, its construction predated NEPA and an EIS was not prepared.
Generic Environmental Impact Statement for License Renewal of Nuclear Plants, Supplement 21,
Regarding Browns Ferry Nuclear Plant, Units 1, 2, and 3, Final Report (NUREG-1437, Supplement 21)
(NRC 2005b). This EIS was prepared by NRC in response to an application submitted to NRC by TVA
to renew the operating licenses for Browns Ferry Nuclear Plant, Units 1, 2, and 3, for an additional
20 years under 10 CFR Part 54. This EIS includes NRC’s analysis of the environmental impacts of the
proposed action, the environmental impacts of alternatives to the proposed action, and mitigation
measures available for reducing or avoiding adverse impacts. On May 4, 2006, NRC approved Browns
Ferry’s renewed licenses, allowing Units 1, 2, and 3 to operate through 2033, 2034, and 2036,
respectively (71 FR 26985).
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A.3.2

Sequoyah Nuclear Plant

Final Environmental Impact Statement for Sequoyah Nuclear Plant, Units 1 and 2 (TVA 1974). Based
on information presented in the Final Environmental Statement for Sequoyah Nuclear Plant,
Units 1 and 2, NRC approved construction and operation of the Sequoyah reactors. Construction of the
Sequoyah Nuclear Plant was completed in 1980, and operating licenses were approved for Unit 1 in 1980
and Unit 2 in 1981. Unit 1 received its full power license on September 17, 1980, and began commercial
operation on July 1, 1981. Unit 2 received its full power license on September 15, 1981, and began
commercial operation on June 1, 1982.
Final Supplemental Environmental Impact Statement for Sequoyah Nuclear Plant Units 1 and 2 License
Renewal, Hamilton County, Tennessee (TVA 2011). In June 2011, TVA issued a final SEIS to address
the potential environmental impacts associated with TVA’s application to NRC to renew the operating
licenses for the Sequoyah Nuclear Plant. This SEIS supplements the original EIS prepared in 1974. The
license renewals, if issued by NRC, would allow the plant to continue to operate for an additional
20 years beyond the current operating licenses, which would otherwise expire in 2020 (Unit 1) and
2021 (Unit 2). On August 18, 2011, the TVA Board of Directors decided to proceed with an application
to NRC to extend the operation of Sequoyah Nuclear Plant Units 1 and 2 for a period of 20 years
(76 FR 55723).
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A.4
A.4.1

Related Federal Register Notices
Federal Register Notices for the Surplus Plutonium Disposition Supplemental Environmental
Impact Statement
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A.4.2

Other Related Federal Register Notices

Surplus Plutonium Disposition
73 FR 75088, December 10, 2008
Amended Record of Decision: Surplus Plutonium Disposition; Waste Solidification Building
72 FR 51807, September 11, 2007
Amended Record of Decision: Storage of Surplus Plutonium Materials at the Savannah River Site
70 FR 6047, February 4, 2005
Nuclear Regulatory Commission; Duke Cogema Stone and Webster’s Proposed Mixed Oxide Fuel
Fabrication Facility; Notice of Availability of Final Environmental Impact Statement
68 FR 64611, November 14, 2003
Amended Record of Decision: Surplus Plutonium Disposition Program
68 FR 20134, April 24, 2003
Amended Record of Decision: Surplus Plutonium Disposition Program
67 FR 19432, April 19, 2002
Amended Record of Decision: Surplus Plutonium Disposition Program
65 FR 1608, January 11, 2000
Record of Decision for the Surplus Plutonium Disposition Final Environmental Impact Statement
63 FR 43386, August 13, 1998
Notice of Amended Record of Decision: Storage and Disposition of Weapons-Usable Fissile
Materials
62 FR 3014, January 21, 1997
Record of Decision for the Storage and Disposition of Weapons-Usable Fissile Materials Final
Programmatic Environmental Impact Statement
Defense Waste Processing Facility at the Savannah River Site
71 FR 3834, January 24, 2006
Amended Record of Decision: Savannah River Site Salt Processing Alternatives
66 FR 52752, October 17, 2001
Record of Decision: Savannah River Site Salt Processing Alternatives
60 FR 18589, April 12, 1995
Record of Decision; Defense Waste Processing Facility at the Savannah River Site,
Aiken, South Carolina
47 FR 23801, June 1, 1982
Record of Decision: Defense Waste Processing Facility, Savannah River Plant, Aiken, South Carolina
Interim Management of Nuclear Materials at the Savannah River Site
68 FR 44329, July 28, 2003
Amended Record of Decision: Interim Management of Nuclear Materials; Savannah River Site Waste
Management
67 FR 45710, July 10, 2002
Supplemental Record of Decision: Interim Management of Nuclear Materials
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66 FR 55166, November 1, 2001
Amended Record of Decision: Interim Management of Nuclear Materials
66 FR 7888, January 26, 2001
Amended Record of Decision: Interim Management of Nuclear Materials
62 FR 61099, November 14, 1997
Supplemental Record of Decision: Savannah River Operations Office; Interim Management of
Nuclear Materials at the Savannah River Site
62 FR 17790, April 11, 1997
Supplemental Record of Decision and Supplement Analysis Determination: Savannah River
Operations Office; Interim Management of Nuclear Materials at the Savannah River Site
61 FR 48474, September 13, 1996
Supplemental Record of Decision: Savannah River Operations Office; Interim Management of
Nuclear Materials at the Savannah River Site
61 FR 6633, February 21, 1996
Supplemental Record of Decision: Savannah River Operations Office; Interim Management of
Nuclear Materials at the Savannah River Site
60 FR 65300, December 19, 1995
Record of Decision and Notice of Preferred Alternatives: Savannah River Operations Office;
Interim Management of Nuclear Materials at Savannah River Site
Waste Management at the Savannah River Site
66 FR 34431, June 28, 2001
Amended Record of Decision; Savannah River Site Waste Management, Savannah River Operations
Office, Aiken, South Carolina
62 FR 27241, May 19, 1997
Supplemental Record of Decision; Savannah River Site Waste Management, Savannah River
Operations Office, Aiken, South Carolina
60 FR 55249, October 30, 1995
Record of Decision; Savannah River Site Waste Management, Savannah River Operations Office,
Aiken, SC
Plutonium Facility at the Los Alamos National Laboratory
76 FR 40352, July 8, 2011
National Nuclear Security Administration; Amended Record of Decision: Site-Wide Environmental
Impact Statement for the Continued Operation of Los Alamos National Laboratory, Los Alamos, NM
74 FR 33232, July 10, 2009
Record of Decision: Site-Wide Environmental Impact Statement for the Continued Operation of
Los Alamos National Laboratory, Los Alamos, NM
73 FR 55833, September 19, 2008
Record of Decision: Site-Wide Environmental Impact Statement for the Continued Operation of
Los Alamos National Laboratory, Los Alamos, NM
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Plutonium Storage at the Pantex Plant
73 FR 77644, December 19, 2008
Record of Decision for the Complex Transformation Supplemental Programmatic Environmental
Impact Statement-Operations Involving Plutonium, Uranium, and the Assembly and Disassembly of
Nuclear Weapons
62 FR 3880, January 27, 1997
Record of Decision: Environmental Impact Statement for the Continued Operation of the Pantex Plant
and Associated Storage of Nuclear Weapon Components
Disposition of Surplus Highly Enriched Uranium
76 FR 51358, August 18, 2011
National Nuclear Security Administration Amended Record of Decision: Disposition of Surplus Highly
Enriched Uranium Environmental Impact Statement
76 FR 43319, July 20, 2011
Record of Decision for the Continued Operation of the Y–12 National Security Complex
67 FR 11296, March 13, 2002
National Nuclear Security Administration; Record of Decision of the Final Site-Wide Environmental
Impact Statement for the Oak Ridge Y–12 National Security Complex
61 FR 40619, August 5, 1996
Record of Decision for the Disposition of Surplus Highly Enriched Uranium Final Environmental
Impact Statement
Waste Isolation Pilot Plant
69 FR 39456, June 30, 2004
Revision to the Record of Decision for the Department of Energy’s Waste Isolation Pilot Plant
Disposal Phase
67 FR 69512, November 18, 2002
Amendment to a Record of Decision: Waste Isolation Pilot Plant Disposal Phase Supplemental
Environmental Impact Statement
66 FR 4803, January 18, 2001
Amended Record of Decision: Management of Certain Plutonium Residues and Scrub Alloy Stored at
the Rocky Flats Environmental Technology Site
64 FR 47780, September 1, 1999
Amendment to a Record of Decision: Management of Certain Plutonium Residues and Scrub Alloy
Stored at the Rocky Flats Environmental Technology Site
64 FR 8068, February 18, 1999
Second Record of Decision on Management of Certain Plutonium Residues and Scrub Alloy Stored at
the Rocky Flats Environmental Technology Site
63 FR 66136, December 1, 1998
Record of Decision on Management of Certain Plutonium Residues and Scrub Alloy Stored at the
Rocky Flats Environmental Technology Site
63 FR 3624, January 23, 1998
Record of Decision for the Department of Energy’s Waste Isolation Pilot Plant Disposal Phase
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U.S. Department of Energy Programmatic Waste Management
73 FR 12401, March 7, 2008
Amendment to the Record of Decision for the Department of Energy’s Waste Management Program:
Treatment and Storage of Transuranic Waste
69 FR 39446, June 30, 2004
Revision to the Record of Decision for the Department of Energy’s Waste Management Program:
Treatment and Storage of Transuranic Waste
67 FR 56989, September 6, 2002
Revision to the Record of Decision for the Department of Energy’s Waste Management Program:
Treatment and Storage of Transuranic Waste
66 FR 38646, July 25, 2001
Revision to the Record of Decision for the Department of Energy’s Waste Management Program:
Treatment and Storage of Transuranic Waste
65 FR 82985, December 29, 2000
Revision to the Record of Decision for the Department of Energy’s Waste Management Program:
Treatment and Storage of Transuranic Waste
65 FR 10061, February 25, 2000
Record of Decision for the Department of Energy’s Waste Management Program: Treatment and
Disposal of Low-Level Waste and Mixed Low-Level Waste; Amendment of the Record of Decision for
the Nevada Test Site
64 FR 46661, August 26, 1999
Record of Decision for the Department of Energy’s Waste Management Program: Storage of HighLevel Radioactive Waste
63 FR 41810, August 5, 1998
Record of Decision for the Department of Energy’s Waste Management Program: Treatment of
Nonwastewater Hazardous Waste
63 FR 3629, January 23, 1998
Record of Decision for the Department of Energy’s Waste Management Program: Treatment and
Storage of Transuranic Waste
Tennessee Valley Authority Commercial Nuclear Power Reactors
76 FR 55723, September 8, 2011
Final Supplemental Environmental Impact Statement, Sequoyah Nuclear Plant Units 1 and 2 License
Renewal, Hamilton County, Tennessee
71 FR 26985, May 9, 2006
Tennessee Valley Authority; Browns Ferry Nuclear Plant, Units 1, 2, and 3 Notice of Issuance of
Renewed Facility Operating License Nos. DPR–33, DPR–52, and DPR–68 for an Additional 20-Year
Period
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FACILITIES DESCRIPTION
This appendix presents information about the facilities at the Savannah River Site (SRS) near Aiken,
South Carolina, Los Alamos National Laboratory (LANL) in Los Alamos, New Mexico, the Waste
Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico, and the two Tennessee Valley Authority (TVA)
nuclear power reactor sites (Browns Ferry Nuclear Plant and Sequoyah Nuclear Plant) that may be
involved in surplus plutonium disposition as evaluated in this Final Surplus Plutonium Disposition
Supplemental Environmental Impact Statement (SPD Supplemental EIS). Figure B–1 shows the
locations of these facilities.

Figure B–1 Locations of Major Facilities Evaluated in this Surplus Plutonium Disposition
Supplemental Environmental Impact Statement
Figure B–2 shows the principal areas at SRS and highlights the areas at which the facilities evaluated in
this SPD Supplemental EIS are located:


F-Area, the location of the Mixed Oxide Fuel Fabrication Facility (MFFF) (under construction),
the F/H-Laboratory, and the Waste Solidification Building (WSB) (under construction), and the
proposed location of the Pit Disassembly and Conversion Facility (PDCF)



K-Area, the location of the K-Area Complex, which houses the existing K-Area plutonium
storage and K-Area Interim Surveillance (KIS) capabilities, and the proposed location for the
plutonium immobilization capability and the K-Area Pit Disassembly and Conversion Project
(PDC)



H-Area, the location of H-Canyon/HB-Line



S-Area, the location of the Defense Waste Processing Facility (DWPF) and Glass Waste Storage
Buildings (GWSBs)



E-Area, the location of waste management operations
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Figure B–2 Savannah River Site Location and Operations Areas
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This SPD Supplemental EIS evaluates alternatives involving combinations of these SRS facilities to:


Disassemble and convert to an oxide from 27.5 to 35 metric tons (30.3 to 38.6 tons) of surplus pit
plutonium



Convert 4 metric tons (4.4 tons) of surplus non-pit plutonium to an oxide



Fabricate from 34 to 45.1 metric tons (37.5 to 49.7 tons) of surplus pit and non-pit plutonium into
mixed oxide (MOX) fuel, with subsequent irradiation in domestic commercial nuclear reactors



Prepare 7.1 metric tons (7.8 tons) of surplus pit plutonium and 6 metric tons (6.6 tons) of surplus
non-pit plutonium for disposal at WIPP, with subsequent transport to WIPP



Immobilize 13.1 metric tons (14.4 tons) of surplus pit and non-pit plutonium, with subsequent
onsite storage



Vitrify 6 metric tons (6.6 tons) of surplus non-pit plutonium with high-level radioactive waste,
with subsequent onsite storage

Currently, about 2 metric tons (2.2 tons) of plutonium oxide are being prepared for MOX feed through the
Advanced Recovery and Integrated Extraction System Program (ARIES) in the Plutonium Facility (PF-4)
at Technical Area 55 (TA-55) at LANL. The U.S. Department of Energy (DOE) is analyzing the impacts
of these activities in this SPD Supplemental EIS as well as expansion of activities at PF-4 to enable
disassembly and conversion of 35 metric tons (38.6 tons) of surplus pit plutonium. In addition, this
SPD Supplemental EIS includes a qualitative analysis to evaluate the option (under the WIPP Alternative)
of using LANL facilities in TA-55 to prepare 7.1 metric tons (7.8 tons) of surplus pit plutonium for
potential disposal at WIPP.1 Figure B–3 shows the locations of LANL and TA-55 at LANL and
Figure B–4 shows the location of PF-4 at TA-55.
Table B–1 summarizes the construction and facility modifications that may be required, depending on the
SPD Supplemental EIS alternative and the pit disassembly and conversion option. Table B–2 shows the
analyzed duration of construction and operations of the facilities under each of the alternatives. Chapter 4
of this SPD Supplemental EIS presents the impacts of the five surplus plutonium disposition alternatives,
consisting of four action alternatives and the No Action Alternative. The alternatives are composed of pit
disassembly and conversion options (Appendix F) and disposition options (Appendix G). Table B–3
shows the maximum annual and the total surplus plutonium throughput analyzed for each of the affected
facilities under each of the alternatives.
B.1

Savannah River Site

B.1.1

F-Area Facilities

F-Area at SRS is where PDCF would be built should DOE reaffirm its January 11, 2000, decision to
construct this facility (65 FR 1608). F-Area facilities also include MFFF and WSB, both of which are
under construction.
B.1.1.1

Pit Disassembly and Conversion Facility

A stand-alone PDCF would be built on a 50-acre (20-hectare) parcel near MFFF and WSB at F-Area.
Once completed, PDCF would encompass less than 23 acres (9.3 hectares). The primary mission of
PDCF would be to: (1) receive surplus weapons-usable plutonium in the form of pits and other plutonium
metals, (2) convert the plutonium metal to plutonium oxide, and (3) remove any residual classified
attributes through blending of the converted plutonium oxide. Once the plutonium oxide is blended, it
would be sealed in DOE-STD-3013 containers2 for transfer to other SRS facilities for disposition
(e.g., fabrication into MOX fuel, immobilization, or blending and packaging for potential disposal as
contact-handled transuranic [CH-TRU] waste at WIPP).
1

Use of LANL facilities to prepare pit plutonium for potential disposal at WIPP may require additional NEPA analysis.
DOE-STD-3013 containers are containers that meet the specifications in DOE Standard 3013, Stabilization, Packaging, and
Storage of Plutonium-Bearing Materials, DOE-STD-3013-2012 (DOE 2012a).
2
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Figure B–3 Los Alamos National Laboratory Location and Technical Areas
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Figure B–4 Location of Facilities in Technical Area 55
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Table B–1 Proposed Facility Construction and Modification Summarya
Facility

Description
Facility Construction

PDCF at F-Area at SRS

New facility construction would disturb approximately 50 acres.

PDC at K-Area at SRS

New facility construction would disturb approximately 30 acres.

Immobilization capability in K-Area at
SRS

New facility construction would disturb approximately 2 acres. Modifications to
the K-Area Complex would occur to support plutonium immobilization.
Facility Modification

MFFF at F-Area at SRS

Minor modification to support plutonium conversion using metal oxidation furnaces
would be internal to MFFF, which is already under construction.

K-Area glovebox at SRS

Modifications of a glovebox would be conducted within an existing facility
structure at the K-Area Complex to support pit disassembly activities.

H-Canyon/HB-Line
(dissolution to DWPF)

Some tanks or piping in H-Canyon would be changed out or reconfigured to
increase plutonium storage volume or capacity. The scrap recovery south line in
HB-Line would be reactivated and additional equipment added to implement
processes to minimize equipment corrosion and increase dissolution throughput
rates.

H-Canyon/HB-Line
(oxide production)

New equipment, including one new HB-Line glovebox, would be required to
supply plutonium oxide feed for MFFF; H-Canyon might add new, or change out or
reconfigure existing, tanks or piping to increase plutonium solutions storage and
processing capabilities.

H-Canyon/HB-Line
(preparation for WIPP)

Minor modifications would be conducted within existing structures for preparation
of surplus plutonium for potential WIPP disposal, and interim storage of pipe
overpack containers or criticality control overpacks.

DWPF at S-Area at SRS

Minor modifications to an existing structure to accommodate can-in-canisters from
the plutonium immobilization capability would include new canister storage racks,
a closed-circuit television system, a remote manipulator, and other modified
equipment.

PF-4 at TA-55 at LANL

Modifications to the existing PF-4 would be made to support an enhanced pit
disassembly and conversion capability; temporary disturbance of less than 2 acres
would occur to accommodate a construction trailer and worker parking area. b

Domestic commercial nuclear power
reactors

Use of MOX fuel is expected to require only minor modifications within existing
structures.

DWPF = Defense Waste Processing Facility; LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel
Fabrication Facility; MOX = mixed oxide; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and
Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site; TA = Technical Area; WIPP = Waste Isolation
Pilot Plant.
a
Different impacts of facility construction and modification activities may occur, depending on the particular alternative and
pit disassembly and conversion option addressed in this Surplus Plutonium Disposition Supplemental Environmental Impact
Statement.
b
Additional modifications to TA-55 facilities may be required to support preparation of surplus pit plutonium for potential
disposal at WIPP.
Note: To convert acres to hectares, multiply by 0.40469.
Source: DOE 1999; LANL 2013; SRNL 2013; SRNS 2012; WSRC 2008.
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Table B–2 Analyzed Duration of Facility Construction and Operations (years)
Alternative
Facility
Immobilization
Metal Oxidation Furnaces in MFFF a
PDCF
PDC in K-Area
H-Canyon/HB-Line (pit conversion) b
H-Canyon/HB-Line (preparation for WIPP) c
PF-4 at LANL

Immobilization
No Action
to DWPF
Construction
N/A
6
N/A
3.5
13
13
N/A
N/A
N/A
2
N/A
N/A
N/A
8
Operations

MOX Fuel

H-Canyon/
HB-Line to DWPF

WIPP

N/A
3.5
13
13
2
<2
8

N/A
3.5
13
13
2
N/A
8

N/A
3.5
13
13
2
2
8d

Pit Disassembly and Conversion
PDCF
10
12
12
12
12
PDC in K-Area
N/A
N/A
12
12
12
H-Canyon/HB-Line e
N/A
14
14
14
14
Oxidation Furnaces in MFFF
N/A
20
20
20
20
PF-4 at LANL
7
7–22 f
7–22 f
7–22 f
7–22 f
Disposition
MFFF
21
21
24
23
21
Immobilization
N/A
10
N/A
N/A
N/A
H-Canyon/HB-Line (dissolution to DWPF) g
N/A
N/A
N/A
13
N/A
H-Canyon/HB-Line g (oxide production)
N/A
N/A
6
N/A
N/A
H-Canyon/HB-Line g (preparation for WIPP)
N/A
N/A
10
N/A
13–25 h
DWPF g
N/A
10
6i
13
N/A
TA-55 at LANL (preparation for WIPP)
N/A
N/A
N/A
N/A
~22 j
Support Facilities
K-Area storage k
40
20
22
22
22
KIS k
40
15
7
10
7
WSB
21
21
24
23
21
DWPF = Defense Waste Processing Facility; Immobilization = K-Area plutonium immobilization capability; KIS = K-Area Interim
Surveillance capability; LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed
oxide; N/A = not applicable; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility;
PF-4 = Plutonium Facility; TA = Technical Area; WIPP = Waste Isolation Pilot Plant; WSB = Waste Solidification Building.
a
Installation of furnaces could take place during construction or operation of MFFF.
b
In addition, modification of the K-Area Complex to enable pit disassembly is estimated to require 2 years.
c
Modifications to support preparation of 13.1 metric tons of plutonium for potential WIPP disposal under the WIPP Alternative are
expected to require 2 years; less construction time would be required to support preparation of 2 metric tons of non-pit plutonium for
potential WIPP disposal under the MOX Fuel Alternative.
d
Optional modification of TA-55 facilities for preparation of pit plutonium for potential WIPP disposal would occur concurrently
with modification of PF-4 for an enhanced pit disassembly and conversion capability.
e
Pits would be disassembled at PF-4 at LANL or at the K-Area Complex and plutonium would be converted to plutonium oxide at
H-Canyon/HB-Line.
f
Values are for processing 2 metric tons of plutonium metal and 35 metric tons of plutonium metal.
g
The assumed operational period for H-Canyon/HB-Line and DWPF only reflects the years required to disposition surplus plutonium.
h
The first value is for preparing 6 metric tons of non-pit plutonium at H-Canyon/HB-Line for potential WIPP disposal (the remaining
7.1 metric tons of pit plutonium would be prepared at TA-55 facilities at LANL for potential WIPP disposal); the second value is for
preparing 13.1 metric tons of pit and non-pit plutonium at H-Canyon/HB-Line for potential WIPP disposal. The latter projected
operational period would be reduced to the extent that pit plutonium was prepared at LANL for potential WIPP disposal rather than
at SRS.
i
Although oxide production at H-Canyon would generate a small volume of liquid radioactive waste that would be sent to the tank
farm for storage over a period of approximately 6 years, vitrification of this waste at DWPF would result in the generation of
approximately 2 additional canisters, an activity that takes 2 days to accomplish.
j
Under the WIPP Alternative, preparation of pit plutonium at LANL for potential WIPP disposal could occur concurrently with
disassembly and conversion of pit plutonium at PF-4, and could extend the Surplus Plutonium Disposition Program at LANL by a
few years.
k
The assumed operational periods are from 2012 forward.
Note: Values have been rounded. To convert metric tons to tons, multiply by 1.1023.
Source: LANL 2013; SRNL 2013; SRNS 2012.
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Table B–3 Maximum Annual/Total Plutonium Throughput Analyzed (metric tons)
Alternative
No Action
Facility

Annual Total

Immobilization
to DWPF
Annual

Total

MOX Fuel
Annual

Total

H-Canyon/
HB-Line

WIPP

Annual

Total

Annual

Total

Pit Disassembly and Conversion
PDCF

3.5

PDC in K-Area
MFFF Oxidation
H-Canyon/HB-Line
PF-4 at LANL

28

3.5

N/A
a

b

35
N/A

3.5

35

3.5

35

3.5

35

3.5

35

3.5

35

3.5

35

N/A

3.5

35

3.5

35

3.5

35

3.5

35

N/A

1

10

1

10

1

10

1

10

2.5

35

2.5

35

2.5

35

2.5

35

0.3

2

Disposition
Immobilization
MFFF Fabrication

N/A
3.5

34

1.3

13.1

3.5

34

H-Canyon/HB-Line
(preparation for MFFF)

N/A

N/A

H-Canyon/HB-Line
(dissolution to DWPF)

N/A

N/A

H-Canyon/HB-Line
(preparation for WIPP)

N/A

N/A

DWPF

N/A

TA-55 at LANL
(preparation for WIPP)

N/A

1.3

N/A

3.5

45.1

0.7

4
N/A

0.2
13.1

N/A

N/A
3.5

N/A

41.1

3.5

N/A
0.5

2
–d

N/A

N/A
6

N/A
0.6/0.6 c

N/A
0.5

6/13.1 c

–d

6
N/A

34

0.3

7.1

DWPF = Defense Waste Processing Facility; Immobilization = K-Area plutonium immobilization capability;
LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; N/A = not
applicable; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility;
PF-4 = Plutonium Facility; TA = Technical Area; WIPP = Waste Isolation Pilot Plant.
a
Pits would be disassembled at PF-4 at LANL or at the K-Area Complex and plutonium would be converted to plutonium
oxide at H-Canyon/HB-Line.
b
The maximum annual and total throughputs for expanded pit disassembly and conversion at LANL are 2.5 and 35 metric
tons of plutonium, respectively; the maximum annual and total throughputs for the No Action Alternative and other options
where LANL is not considered for expanded pit disassembly and conversion are 0.3 and 2 metric tons of plutonium,
respectively. Production of 2 metric tons of plutonium oxide at LANL is part of the No Action Alternative and base
program regardless of the option selected.
c
The first value is for preparing 6 metric tons of non-pit plutonium at H-Canyon/HB-Line for potential WIPP disposal (the
remaining 7.1 metric tons of pit plutonium would be prepared at TA-55 facilities at LANL for potential WIPP disposal); the
second value is for preparing 13.1 metric tons of pit and non-pit plutonium at H-Canyon/HB-Line for potential WIPP
disposal.
d
No plutonium disposition using DWPF would occur, but operations at H-Canyon/HB-Line would generate waste resulting in
a small number of high-level radioactive waste canisters.
Note: Values have been rounded. To convert metric tons to tons, multiply by 1.1023.
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Since the issuance of previous National Environmental Policy Act (NEPA) analyses (DOE 1999, 2003),
DOE has instituted several design enhancements (WSRC 2008):


Added a 43,380-square-foot (4,030-square-meter) sand filter for final air treatment



Added a metal oxidation step for metallic uranium, deleted a gallium removal system, deleted a
tritium extraction furnace, changed the hydride-oxidation system to a hydride/dehydride system
with additional high-efficiency particulate air (HEPA) filtration and a hydrogen generator, and
repositioned some equipment



Added sprinklers to gloveboxes operated in a non-inert atmosphere



Added a grouting process for floor sweepings in the waste management area, glovebox
sweepings, and lab-concentrated liquids



Upgraded the security measures and design of the facility to minimize the opportunity for intruder
access



Deleted the unclassified vaults



Reduced the Plutonium Processing Building area to 153,600 square feet (14,300 square meters);
the Plutonium Processing Building includes a main process area plus loading dock, safe haven
(a location that protects workers while simultaneously restricting potential intruder access),
interstitial space, and firefighting water containment basin



Increased the total support area to 155,400 square feet (14,400 square meters), including the
Mechanical and Support Equipment Building, Utility Building, Fan House, Sand Filter Structure,
Entry Control Facility, Diesel Storage Building, and Administration Building

Figure B–5 shows PDCF material flows and processes, with MOX fuel fabrication illustrated as the
plutonium disposition pathway. Pits transported from the Pantex Plant near Amarillo, Texas, would be
disassembled and the plutonium would be separated from other materials. Other byproducts from the
disassembly process would be packaged, stored, and shipped to DOE sites. The plutonium metal that was
bonded with highly enriched uranium (HEU) and other materials would be size-reduced, then chemically
separated from these materials via a hydride/dehydride process. All mechanically and/or chemically
separated plutonium from pits or plutonium metal would be converted within metal oxidation furnaces to
plutonium oxide and used as feed for MFFF (SRNS 2012). The facility would be designed with a
nominal throughput rate of 3.5 metric tons (3.9 tons) of plutonium metal per year. The plutonium oxide
product would meet DOE-STD-3013 requirements (DOE 2012a) and would be stored in vaults and
transported within the facility using DOE-STD-3013-compliant containers (WSRC 2008).
The primary PDCF buildings include the Plutonium Processing Building, Mechanical and Support
Equipment Building, Utility Building, Fan House and Exhaust Stack, Sand Filter Structure, and
Administration Building. The Plutonium Processing Building would house the activities needed to
receive surplus weapons-usable plutonium, process pits and plutonium metal parts, and ship products to
MFFF or other locations for disposition. Areas where plutonium would be processed or stored would be
designed to survive natural phenomena hazard events and potential accidents. The Plutonium Processing
Building would be a bermed underground Nuclear Material Hazard Category 2 reinforced-concrete
structure with a total floorspace of 153,600 square feet (14,300 square meters) and more than 20 glovebox
lines. The gloveboxes would be connected by an overhead trolley system, which would be used to
transfer material between gloveboxes so that the material would remain within containment. The
Plutonium Processing Building would house industrial lathes, metal oxidation furnaces, hydride reactors,
robotic manipulators, oxide-blending equipment, and welding equipment.
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Figure B–5 Pit Disassembly and Conversion Capability in the Pit Disassembly and Conversion
Facility in F-Area or the Pit Disassembly and Conversion Project in K-Area
The Mechanical and Support Equipment Building would house service functions to support operations
that would occur at the Plutonium Processing Building, including heating, ventilating, and air
conditioning (HVAC) equipment; mechanical, control and communications, and electrical power
distribution equipment; uninterruptible power supplies; emergency generators; a facility control room;
shower and locker areas; and offices.
The Utility Building would house the standby power supply system and other electrical and mechanical
equipment for the PDCF complex. The Fan House would be designed to draw air from the Sand Filter
and then exhaust through a stack. The Fan House would house fans, required ductwork, a control room,
and a storage room. The Sand Filter would be a single-level, below-grade structure that would house
sand filter functions and a limited amount of supporting mechanical equipment. The Pedestrian and
Vehicle Portal would provide a security checkpoint for pedestrians and vehicles. The Administration
Building would be located next to the Sand Filter.
Activities involving radioactive materials or externally contaminated containers of radioactive materials
would be conducted within gloveboxes interconnected by a conveyor system to move materials between
process steps. Gloveboxes would remain sealed and operate independently, except during material
transfer, and would include inert atmospheres, where appropriate. Safety features would limit the
temperature and pressure inside the gloveboxes and ensure that operations maintain criticality safety. The
glovebox atmosphere would be kept at a lower pressure than surrounding areas, so that any leaks of gases
or suspended particulates would be contained and filtered. The ventilation system would include
HEPA filters and a sand filter and would be designed to preclude the spread of airborne radioactive
particulates or hazardous chemicals within the facility or to the environment.
PDCF would be designed to minimize waste generation and effluent discharges. Radioactive solid
wastes would be packaged in accordance with the acceptance criteria of the receiving disposal facility
and sent to E-Area for any needed additional packaging before onsite or offsite disposal. Mixed
radioactive and hazardous wastes would be sent to appropriate offsite treatment, storage, or disposal
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facilities (WSRC 2008). Solid nonhazardous wastes would be sent to the Three Rivers Regional Landfill
at SRS. Higher-activity laboratory wastes from PDCF would be transferred to WSB to be treated and
solidified, while lower-activity liquid radioactive wastes would be combined with other low-activity
liquid streams and piped to the Effluent Treatment Project (ETP) for processing.
Small quantities of radioactive isotopes, including plutonium isotopes, americium-241, and tritium gas,
may be emitted to the atmosphere. Condensate and blowdown discharge would be routed to the
SRS Central Sanitary Wastewater Treatment Facility. No direct releases of process liquids to surface
water are expected.
B.1.1.2

Mixed Oxide Fuel Fabrication Facility

Currently under construction in F-Area, MFFF will produce completed MOX fuel assemblies containing
plutonium and uranium oxides for irradiation in domestic commercial nuclear power reactors. MFFF will
operate in accordance with decisions made by DOE and announced in the January 11, 2000, Record of
Decision (ROD) for the Surplus Plutonium Disposition Environmental Impact Statement (SPD EIS)
(65 FR 1608) and the April 24, 2003, amended ROD (68 FR 20134), and pursuant to the license, when
issued by the U.S. Nuclear Regulatory Commission (NRC), which is based on analysis in the
Environmental Impact Statement on the Construction and Operation of a Proposed Mixed Oxide Fuel
Fabrication Facility at the Savannah River Site, South Carolina (MFFF EIS) (NRC 2005). DOE made
an interim action determination in April 2011 (SRS 2011) regarding modifications to MFFF to provide
the capability to manufacture fuel for pressurized-water reactors (PWRs), boiling-water reactors (BWRs),
and next-generation light-water reactors.
Since issuance of the SPD EIS (DOE 1999), enhancements to the design of MFFF have occurred because
of: (1) improvements recognized as part of the detailed design process, (2) changes in the amount of
MOX fuel to be fabricated, and (3) the decision to accept certain non-pit plutonium with higher levels of
impurities or different impurities than originally planned (alternate feedstock). Equipment has been
added to process this alternate feedstock to produce a form suitable for use as feed for MFFF
(DOE 2003). In addition, if DOE’s National Nuclear Security Administration (NNSA) makes the
decision to install a plutonium oxidation capability in MFFF, additional furnace gloveboxes and a storage
glovebox would be installed within MFFF.
MFFF is being built on an 87-acre (35-hectare) site at F-Area. After construction, MFFF will occupy
about 17 acres (6.9 hectares), and encompass about 440,000 square feet (41,000 square meters) of floor
space (DOE 2003). MFFF will receive plutonium oxide from the K-Area storage capability, PDC in
K-Area (in the event PDC is constructed), the nearby PDCF (in the event PDCF is constructed), PF-4 at
LANL, and/or H-Canyon/HB-Line (if this option is selected), and send certain liquid wastes
(i.e., high-alpha, stripped uranium) to WSB for processing. In addition, if a plutonium oxidation
capability is installed in MFFF, plutonium metal may be shipped from LANL to MFFF. Also, MFFF will
receive depleted uranium dioxide from Richland, Washington. Existing SRS infrastructure, security,
emergency services, waste management, and environmental monitoring will support the MOX fuel
fabrication mission.
MFFF’s design includes the MOX Fuel Fabrication Building and support structures, including the
Secured and Receiving Warehouses, the Administration Building, and the Technical Support and
Reagents Processing Buildings. All buildings, except for the Administration Building and the Receiving
Warehouse, will be enclosed within a double-fenced perimeter intrusion, detection, assessment system.
This protected area will encompass about 14 acres (5.7 hectares) (NRC 2005).
The MOX Fuel Fabrication Building is designed to meet structural and safety standards for storing and
processing special nuclear material. The walls, floors, and building roof will be built of reinforced
concrete. Areas that will contain plutonium are designed to survive natural phenomenon hazards, such as
earthquakes, extreme winds, floods, and tornadoes, as well as potential accidents (DOE 1999). The
MOX Fuel Fabrication Building will have three major functional areas. The MOX Processing Area
includes the blending and milling, pelletizing, sintering, grinding, fuel rod fabrication, fuel bundle
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assembly, laboratory, and storage areas. The Aqueous Polishing Area houses processes to remove
impurities from plutonium oxide feedstock. The Shipping and Receiving Area contains equipment and
facilities to handle materials entering and exiting the MOX Processing and Aqueous Polishing Areas
(NRC 2005). The MFFF design includes a ventilation system to maintain lower pressure in rooms with
higher levels of contamination. Operations having the potential to release contamination will be
performed in sealed gloveboxes. Airborne emissions from MFFF will pass through two HEPA filters in
series before discharge from a continuously monitored 120-foot (37-meter) stack.
If NNSA makes the decision to use MFFF to convert plutonium metal to plutonium oxide for use in the
MFFF, the MOX Fuel Fabrication Building would be modified with the installation of metal oxidation
furnaces and associated gloveboxes. These modifications would not change the planned footprint of the
building (SRNS 2012). No new structures would need to be constructed. Existing rooms would need
only minor modification for the installation of oxidation equipment.3
The Secured Warehouse will receive and store most of the materials, supplies, and equipment needed for
facility operations, while the Receiving Warehouse will receive and store materials not requiring special
handling in the Secured Warehouse. The Technical Support Building will provide services such as health
physics, electronics and mechanical maintenance, personnel locker rooms, and first aid. The Reagents
Processing Building will contain chemical storage areas, partitioned to prevent inadvertent chemical
interactions and equipped with spill containment systems and drip pads, and facilities for preparation of
chemical solutions used mainly in the aqueous polishing process. Chemicals will be transferred to the
Aqueous Polishing Area of the MOX Fuel Fabrication Building via piping within a below-grade concrete
trench between the two buildings (NRC 2005).
Mixed Oxide Fuel Fabrication Process
Figure B–6 illustrates the MOX fuel fabrication process, which consists of two steps: feed material
processing and fuel fabrication. The scope of subsequent processing operations for each batch of feed
would depend on its isotopic, chemical, and impurity content. Most feed materials would begin with the
aqueous polishing process to remove impurities, such as gallium, americium, aluminum, and fluorides.
This process would include: (1) dissolution of plutonium oxide in nitric acid using a silver nitrate catalyst;
(2) removal of impurities using a solvent extraction process; and (3) conversion of plutonium from a
nitrate solution to an oxide powder using an oxalate precipitation, filtration, and drying process.
A stripping step would separate and remove uranium from the plutonium solution, resulting in a stripped
uranium waste stream that would be collected and ultimately sent to WSB. Calciner offgas (nitrogen
oxide) would be routed through a treatment unit and HEPA filters before being discharged through an
exhaust stack. Filtered oxalic mother liquors (i.e., oxalic acid remaining after reacting with oxidized
plutonium to precipitate plutonium oxalate) would be concentrated, treated, and recycled. The plutonium
oxide would be evaluated to ensure that it meets fabrication specifications and transferred, as needed, to
the MOX fuel fabrication process (NRC 2005).
Since issuance of the SPD EIS in 1999, equipment has been added to the MFFF design to process some of
the impure non-pit plutonium originally destined for immobilization and referred to as “alternate
feedstock.” Equipment has been added to crush, mill, and decrease the particle size; homogenize the
alternate feedstock; characterize and determine impurity content; and remove additional impurities. As
needed, chlorides would be removed as chlorine gas, which would be converted in a scrubber to a
solution that would be disposed of after solidification as low-level radioactive waste (LLW). After
this initial processing, the alternate feedstock would be sent to the plutonium polishing unit to be
processed in the same manner as other plutonium oxide feed, and transferred as needed for MOX fuel
fabrication (DOE 2003).

3

Installation of the oxidation furnaces could be performed during MFFF construction or operation.
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Figure B–6 Mixed Oxide Fuel Fabrication Process
Figure B–7 illustrates the plutonium oxidation process that would take place if NNSA decides to add this
capability to MFFF. Metal feed from PF-4 at LANL would be stored in the K-Area Complex before
being transported to MFFF for conversion into plutonium oxide. The plutonium oxide powder would be
sent to the aqueous polishing process and transferred as needed for MOX fuel fabrication.
MOX fuel fabrication begins with blending and milling plutonium oxide powder to ensure consistency in
isotopic concentration. Then, depleted uranium oxide and plutonium oxide powders are blended and
milled to ensure uniform distribution of plutonium oxide in the MOX fuel, and to adjust the particle size
of the MOX powder. The MOX powder is pressed into pellets, sintered (i.e., baked at high temperature),
and ground to proper dimensions. Materials and pellets would be inspected at each stage, and rejected
materials would be recycled through the process. Most operations would be performed within sealed
gloveboxes with inert atmospheres. Sintering furnaces would be sealed, and offgases would be filtered
and monitored before release to the atmosphere (DOE 1999).
Finished pellets would be loaded into empty fuel rods at the fuel rod fabrication area, sealed, inspected,
decontaminated, and bundled into fuel assemblies (Figure B–8). Fuel assemblies could be prepared for
PWRs, BWRs, or next-generation light-water reactors. Fuel assemblies could consist entirely of MOX
fuel rods or a mixture of MOX and low-enriched uranium (LEU) fuel rods. For the latter design,
LEU rods would be fabricated at a commercial facility and brought to MFFF for assembly with MOX fuel
rods. Rejected fuel assemblies would be disassembled and the materials recycled. Completed fuel
assemblies would be stored pending shipment to existing domestic commercial nuclear power reactors
using NNSA’s Secure Transportation Asset (DOE 1999).
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Figure B–7 Metal Oxidation Process
A liquid americium waste stream generated by the aqueous polishing process would be combined with an
excess acid stream from the nitric acid recovery process and an alkaline wash stream into a high-alpha
activity process stream to be piped to WSB, where it would be treated and solidified for potential disposal
at WIPP as CH-TRU waste. Stripped uranium from the aqueous polishing process would be diluted with
depleted uranyl nitrate hexahydrate and transferred to WSB for further treatment. An LLW stream would
be piped to the onsite ETP for further treatment and disposal (NRC 2005).
Solid wastes from MFFF are expected to include glovebox gloves, equipment, tools, wipes, and glovebox
and HEPA filters. These materials would be transferred to a waste packaging glovebox to remove
residual plutonium. The plutonium would be recycled and the waste materials packaged, assayed, and
disposed of as CH-TRU waste or LLW, as appropriate (DOE 1999). CH-TRU waste would be transferred
to E-Area for staging and subsequent shipment to WIPP for disposal. LLW would be disposed of at
onsite or offsite DOE or commercial disposal facilities.
B.1.1.3

Waste Solidification Building

WSB is under construction on a 15-acre (6.1-hectare) site at F-Area next to the proposed PDCF site to
process two liquid waste streams from MFFF and one from PDCF operations at F-Area or PDC
operations at K-Area, assuming either of these latter two facilities is constructed.4 A stand-alone WSB
was not evaluated in the SPD EIS, but was evaluated by NRC in the MFFF EIS (NRC 2005), and by DOE
in the Storage and Disposition of Weapons-Usable Fissile Materials Final Programmatic Environmental
Impact Statement (Storage and Disposition PEIS) (DOE 1996) and in a supplement analysis to the
SPD EIS (DOE 2008b).

4

WSB was originally proposed to treat five MFFF and PDCF waste streams, but an evaluation of options to use existing SRS
waste management facilities showed that treating minimally contaminated wastewater from MFFF and PDCF at ETP rather
than at WSB would be optimal (Cantey 2008).
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Figure B–8 Typical Reactor Fuel Assembly
WSB will occupy about 9 acres (3.6 hectares). The WSB design includes a Process Building; a covered
staging area for interim storage of waste containers; an exhaust stack; and additional support facilities,
including office trailers, a truck unloading area, a caustic and acid tank area, and a diesel generator. The
Process Building will be a two-story reinforced-concrete structure, with a first level covering
about 33,000 square feet (3,100 square meters) and a total floorspace of about 38,000 square feet
(3,500 square meters). The Process Building will be located at grade and contain waste concentration and
cementation equipment for processing low-activity and high-activity liquid waste, an analytical
laboratory, control room, and some plant services. Liquid wastes will be solidified directly in drums
inside dedicated enclosures. Secondary containment features, such as dikes, tanks, sumps, and jackets
with associated leak detection or monitoring equipment, will be provided for areas with the potential for
spills. Non-shielded areas will be dedicated to cold chemical feeds, steam generation, administration,
electrical feeds, diesel electrical generation, the exhaust stack, floor drain collection, and drum receipt and
storage (DOE 2008b).
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WSB will receive two waste streams transferred from MFFF through underground, double-walled
stainless steel lines: a high-activity (high-alpha) waste stream and a low-activity (stripped uranium) waste
stream. WSB may also receive a low-activity laboratory waste stream either transferred through
underground, double-walled stainless steel lines from PDCF or shipped in trucks from PDC. Waste
streams will be stored at WSB in tanks pending subsequent treatment, including neutralization, volume
reduction by evaporation, and cementation. Condensed overheads from the evaporators will be either
transferred through a lift station and piping to ETP if the overheads meet the waste acceptance criteria for
that facility or routed back through WSB processes for further treatment prior to discharge through a
permitted outfall (DOE 2008b).
Waste acceptance criteria are being developed for incoming liquid waste, including strict requirements on
contaminants of concern, to ensure that these contaminants would not pose a hazard to WSB workers or
necessitate additional treatment processes to meet waste acceptance criteria of subsequent treatment or
disposal facilities. Liquid waste streams will be processed in WSB into solid LLW and CH-TRU waste
forms acceptable for disposal. Solid TRU wastes will be shipped to WIPP. Solid LLW will be sent to
onsite disposal facilities such as the E-Area facilities, or to offsite Federal or commercial disposal
facilities. Any mixed low-level radioactive waste (MLLW) will be disposed of at offsite facilities.
Sanitary wastewater from WSB will be transferred to the SRS Central Sanitary Waste Water Treatment
System (DOE 2008b).
Major pieces of process equipment include tanks, pipes, evaporators, cementation equipment, agitators,
and pumps. The WSB design includes a ventilation system to maintain lower pressure in rooms that have
the potential for higher levels of contamination. Air exhausted from different process areas, gloveboxes,
and certain process vessels would be routed through HEPA filters before being discharged from the WSB
stack. The 50-foot- (15-meter-) high stack would have an internal diameter of about 5 feet (1.5 meters)
and carry an exhaust flow of about 60,000 cubic feet (1,700 cubic meters) per minute. WSB is designed
to provide radiation shielding for workers and confinement of airborne contamination, in accordance with
appropriate natural phenomenon and other hazard criteria (e.g., high-activity process piping and vessels
would be isolated by automatic values should a seismic event be detected). The process facility includes
fire detection and alarm systems, as well as an automatic fire suppression system. A standby diesel
generator provides backup power, if needed (DOE 2008b).
Minor design changes to WSB would be needed if DOE decides, following completion of this
SPD Supplemental EIS, to proceed with construction of PDC at K-Area. Rather than constructing a
pipeline to carry laboratory waste from PDCF, DOE would construct and operate the capability needed at
WSB to receive and store liquid waste delivered in trucks from PDC operations.
B.1.1.4

F/H-Laboratory

The F/H-Laboratory at SRS is a large complex designed to accommodate a variety of missions. The
facility was designed to be flexible and adaptable to changing needs and missions, and would provide an
analytical support capability for new facilities, such as PDC if it is constructed, as well as continue to
provide analytical support services for currently operating SRS facilities, such as H-Canyon/HB-Line.
Minor modifications may be needed at F/H-Laboratory if PDC is constructed and operated or if
H-Canyon/HB-Line is used to support conversion of pit plutonium to plutonium oxide. Samples analyzed
at the F/H-Laboratory in support of plutonium management activities would account for only a small
fraction of the overall activities performed there (SRNL 2013; SRNS 2012).
B.1.2

K-Area Complex

K-Reactor was constructed in the 1950s in K-Area to produce tritium and plutonium. K-Reactor was
initially shut down in 1988 and then underwent seismic and structural upgrades for its restart in 1991.
K-Reactor was operated for the last time in 1992, placed in a cold-standby condition in 1993, shut down
in 1996, and subsequently deactivated. Nuclear fuel and equipment needed for reactor operation were
removed, as were irradiated materials stored in the Disassembly Basin (deinventoried in 2002). The
building was later modified for nuclear material storage (DNFSB 2003).
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Structures and security at the K-Area Complex have been upgraded to house plutonium storage and
surveillance capabilities, including K-Area storage and KIS. The physical security protection strategy for
the K-Area Complex is based on a graded and layered approach supported by a guard force trained to
detect, deter, and neutralize adversary activities. Facilities are protected by staffed and automated access
control systems, barriers, surveillance systems, and intrusion detection systems (DOE 2007b).
B.1.2.1

Immobilization Capability

The immobilization capability proposed under the
Immobilization to DWPF Alternative would convert
surplus plutonium to an oxide form, as needed, and then
immobilize the plutonium oxide within a glass matrix.
The immobilized plutonium would be sealed in cans,
loaded into magazines, placed inside DWPF canisters
(Figure B–9), and transferred to DWPF to be filled with
vitrified HLW. The filled canisters would be sealed and
transferred to S-Area at SRS for storage pending final
disposition.
Immobilization Capability Construction
An immobilization capability would be constructed in
K-Area. Existing equipment and piping currently installed
in several areas at K-Area would be removed to
accommodate the new facility, decontaminated as
necessary, and properly recycled or disposed of. As
needed to minimize the potential for airborne emissions,
work would be performed within a temporary enclosure,
with exhaust routed to the reactor building ventilation
system and main stack discharge. In addition, the Cooling
Water Reservoir would be drained and the remaining
sludge removed and disposed of, and the Cooling Water
Pumphouse would be removed. Solid radioactive wastes
are expected to include LLW and MLLW. Some
hazardous, polychlorinated biphenyl (PCB), and asbestos
wastes may be generated, as well as some radioactive and
nonradioactive liquid wastes (SRS 2006; WSRC 2008).
Support operations would be housed at K-Area in existing
adjacent buildings or in new construction. Approximately
2 acres (0.8 hectares) of land in previously disturbed
portions of K-Area would be disturbed during
construction.

Figure B–9 Cutaway of Can-in-Canister

Plutonium conversion and immobilization operations would
be carried out in a series of gloveboxes; confinement barriers would separate the immobilization
capability into zones to control the spread of possible airborne contamination. As needed, operations
within gloveboxes would be conducted in inert atmospheres. The exhaust from gloveboxes would be
passed through HEPA filters and a sand filter before discharge to the stack. A fire protection system with
automatic fire detection and suppression capability would be included in gloveboxes (except for
gloveboxes with inert atmospheres). General area coverage would be provided by an automatic fire
detection and sprinkler system, with the locations and depths of possible standing water controlled to
ensure criticality safety. Fire-rated walls would be constructed to ensure personnel safety. An HVAC
system would be installed, as would compressed gas systems providing dry, breathing, and instrument air;
and helium, argon, and other gases. Public address and telecommunications systems and health and
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safety monitoring systems, such as nuclear incident and continuous air monitors, would be installed. An
uninterruptible power supply and standby generators would provide backup power to ensure that critical
systems would remain operational during any power interruptions. New domestic, process, cooling
water, and sanitary sewer lines would be installed and supported by existing infrastructure at K-Area
(DOE 1999; SRS 2007b, 2007c, 2007k, 2007l, 2007m, 2007n, 2007o; WSRC 2008).
Site work would include investigation of site conditions; temporary and permanent erosion and
sedimentation controls; site preparation, excavation, and backfill; installation of access walkways,
driveways, and parking areas; installation of utilities (i.e., process water, domestic water, sanitary sewer,
electrical); and final grading and provision of stormwater drainage and ground cover. Some existing
utility lines would require removal or relocation (SRS 2007j).
Immobilization Capability Operations
Figure B–10 shows a flow diagram of the glass can-in-canister immobilization capability. As indicated
in the figure, immobilization activities would occur at both the K-Area immobilization capability and
DWPF. The immobilization capability would generate about 82 can-in-canisters per year, with each
canister assumed to contain about 16 kilograms (35 pounds) of immobilized plutonium in 28 cans. This
would result in an annual plutonium throughput of about 1.3 metric tons (1.4 tons).

Figure B–10 Immobilization Capability
Non-pit plutonium would be brought to the immobilization capability from K-Area storage, while pit
plutonium in oxide form would be brought to the immobilization capability from PDCF,
H-Canyon/HB-Line, or LANL. Plutonium oxide would be removed from the Type B shipping packages
and transferred to a glovebox for inspection. Clean oxides not requiring conversion would be stored
pending immobilization. Metals and alloys would be converted to oxide in one of two metal oxidation
furnaces housed within gloveboxes. The cladding from the Fast Flux Test Facility (FFTF) fuel would be
removed and the fuel pellets sorted according to fissile material content. Pellets containing plutonium or
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enriched uranium would be ground to an acceptable particle size for proper mixing with glass frit (small
glass particles) (DOE 1999, 2007a; SRS 2007d, 2007h, 2007p).
Plutonium oxide feed would be prepared to produce individual batches with the desired composition, and
then milled to reduce the size of the oxide powder to achieve faster and more-uniform distribution
during the subsequent melting process. The milled oxide would be blended with borosilicate glass frit
containing neutron absorbers (e.g., gadolinium, boron, hafnium). The mixture would be melted in a
platinum/rhodium melter vessel and drained into stainless steel cans. The cans would be sealed,
leak-tested, assayed, and transferred out of the immobilization system within bagless cans using a bagless
transfer system.5 The cans may be temporarily stored or placed directly into magazines that would
be inserted through the throat of the DWPF HLW canister and locked into a framework inside the
canister. A temporary closure plug would be installed in the opening in the top of the canister
and, following leak testing, the canister would be loaded into a shielded transportation box for transport in
a specialized vehicle, the Shielded Canister Transporter, to DWPF (DOE 1999, 2007a; SRS 2007a,
2007e, 2007f, 2007g). The loaded DWPF canisters could be temporarily stored at the GWSBs pending
collection of a sufficient number for a campaign at DWPF.
Immobilization operations are expected to generate CH-TRU waste, LLW, MLLW, hazardous waste, and
nonhazardous solid waste. Waste would be generated, staged, assayed, packaged, and temporarily stored
in several rooms located throughout the facility. CH-TRU waste could include metal cladding from fuel
elements, spent filters, contaminated beryllium pieces and cuttings, used containers and equipment, paper
and cloth wipes, analytical and quality-control samples, and solidified inorganic solutions. CH-TRU
waste would be treated, packaged, and certified as compliant with WIPP waste acceptance criteria before
shipment. LLW would be disposed of in onsite or offsite disposal facilities, while MLLW and hazardous
wastes would be sent off site for appropriate treatment before disposal in permitted offsite facilities.
Solid nonhazardous wastes would be sent to the Three Rivers Regional Landfill at SRS. DOE does not
expect that liquid LLW would be generated during normal operations (DOE 1999; SRS 2006).
Immobilization operations would result in airborne emissions of small quantities of nonradioactive
pollutants, such as fluorides, hydrochloric acid, nickel and nickel oxides, beryllium and beryllium oxides,
nitrogen oxides, volatile organic compounds, or particulate matter. Small quantities of uranium,
plutonium, neptunium, and americium isotopes could also be released (WSRC 2008). The exceedingly
small emissions from facility gloveboxes would pass through HEPA filters and a sand filter before being
discharged from the stack (SRS 2007k).
B.1.2.2

Pit Disassembly and Conversion Project at K-Area

PDC may be constructed and operated in K-Area at SRS. Pits would be disassembled and pit plutonium
would be processed into physical and chemical forms suitable for disposition by MOX fuel fabrication.
Pit disassembly and conversion processes at PDC would be similar to those described for PDCF
(Section B.1.1.1). The analysis for PDC in this SPD Supplemental EIS includes the impacts from
possible operations where surplus plutonium would be prepared for MOX fuel fabrication at MFFF or
prepared for potential disposal as CH-TRU waste at WIPP, using the same processes as those described
for H-Canyon/HB-Line (Section B.1.3). Preparation of plutonium for potential WIPP disposal could also
occur using the K-Area Interim Surveillance capability (see Section B.1.2.4).
Gloveboxes and other equipment required for safe pit disassembly and conversion would be installed
within the K-Area Complex following removal of unneeded equipment, rerouting of piping, and any
needed decontamination. Some support systems, such as a fanhouse, exhaust tunnel, stack, and diesel
generator building, would be constructed within K-Area. Approximately 30 acres (12 hectares) of land
would be disturbed. PDC operations would require the provision of additional support systems in the
project area, including filtered ventilation systems independent of existing building ventilation. The
5

The bagless transfer system allows for contamination-free removal of the filled cans from the immobilization system without
compromising the integrity of the glovebox.
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ventilation systems would be seismically qualified with emergency diesel generators and redundantly
designed to maintain process areas at a negative air pressure relative to the atmosphere. Exhaust from the
process gloveboxes would be routed through HEPA filtration and then through the main building exhaust
system.
A storage capability for pit and non-pit plutonium may be provided at PDC, including container storage
racks and drum storage. Oxidation, material stabilization, and packaging would include equipment such
as a can puncture device, multi-can cutter, furnace, material weighing and transfer equipment, a bagless
transfer system, and an outer can welder with leak detection capability.
The process for preparation of pit plutonium would be essentially the same as that described in
Section B.1.1.1 for PDCF (see Figure B–5). The plutonium pits would be disassembled and the
plutonium and other materials recovered, with the plutonium being converted to a plutonium oxide
powder for subsequent disposition (e.g., fabrication into MOX fuel or blending and packaging for
potential disposal as CH-TRU waste at WIPP). In addition, non-pit plutonium would be prepared for
subsequent disposition using the same processes as those described for H-Canyon/HB-Line
(Section B.1.3).
Pit plutonium would be processed at a design throughput of 3.5 metric tons (3.9 tons) of plutonium per
year. The process would be designed to minimize waste generation and effluents. Construction activities
may generate LLW and MLLW; TRU waste; hazardous and nonhazardous waste; and asbestos, PCB, and
mixed PCB wastes. Radioactive wastes, asbestos, and PCB wastes would be generated during removal of
old facilities and equipment and decontamination of building surfaces. LLW would be packaged in
accordance with the acceptance criteria of the receiving disposal facility and sent to E-Area for any
needed additional packaging before onsite or offsite disposal. Mixed radioactive and hazardous wastes
would be sent to appropriate offsite treatment, storage, and disposal facilities (WSRC 2008). Some liquid
waste may be sent to WSB for treatment. Toxic Substances Control Act (TSCA) and mixed TSCA
wastes would be sent to offsite facilities for treatment and disposal. Solid nonhazardous wastes would be
sent to the Three Rivers Regional Landfill at SRS.
PDC would provide for filtration and monitoring of the ventilation exhaust to minimize releases of
radioactive isotopes to the atmosphere. Sanitary wastewater would be routed to the Central Sanitary
Wastewater Treatment Facility at G-Area for processing before discharge from a permitted outfall. No
direct releases of process liquids to surface water are expected (SRNS 2012).
B.1.2.3

K-Area Storage

The principal SRS facility for plutonium storage is located in the K-Area Complex.6 The former reactor
confinement area and adjacent areas were modified to form a large warehouse called the K-Area Material
Storage Area (MSA). The K-Area MSA consists of two structurally independent buildings: the Process
Building and the Stack Building. These buildings and adjacent buildings are separated by expansion
joints that allow independent movement and would minimize the interaction of structures during a seismic
event. Plutonium is stored in the K-Area MSA in DOE-STD-3013 or other approved containers nested
within Type B transportation packages. This is a robust packaging configuration that serves as
confinement against possible release of contamination during transportation and storage (DNFSB 2003;
DOE 2002). The K-Area MSA is also used for receiving and storing plutonium in DOE-STD-3013
containers from offsite locations, including plutonium oxide produced at LANL to provide feed to MFFF.
B.1.2.4

K-Area Interim Surveillance

Operating since 2007, KIS provides the capability for destructive and nondestructive examination of
stored plutonium materials. Nondestructive examination capabilities include weight verification, visual
inspections, digital radiography, and gamma ray analysis, while destructive capabilities include can
6

In a September 11, 2007, amended ROD, DOE announced its decision to consolidate storage of surplus plutonium from several
DOE sites at the K-Area MSA, then called the K-Area Material Storage facility, or KAMS (72 FR 51807).
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puncturing and can cutting for oxide sampling. Interim repackaging capabilities are available for safe
storage of the material pending eventual disposition. Building modifications made to accommodate KIS
included installation of a glovebox and associated equipment; upgrades of ventilation, filtration, and fire
protection systems; and the addition of backup power capability (DOE 2005c).
KIS gloveboxes may also be used to prepare surplus plutonium for potential disposal as CH-TRU waste
at WIPP. Plutonium would be prepared for potential WIPP disposal as CH-TRU waste using the same
processes as those described for H-Canyon/HB-Line (Section B.1.3). Minor modifications to the K-Area
Complex may be needed to provide this capability.
B.1.2.5

K-Area Pit Disassembly Glovebox

If DOE/NNSA decides to use H-Canyon/HB-Line for processing pit plutonium, the existing KIS
glovebox, or a similar existing or new glovebox, would be modified or installed within the K-Area
Complex to be used for pit disassembly. Equipment for opening pits and size-reducing pit materials
would be installed in the glovebox. A nuclear incident monitoring system and control access system
upgrades would be installed in the facility (SRNL 2013). After disassembly, pit components would be
size-reduced, packaged into dissolvable containers, and shipped to H-Area (see Figure B–11).

Figure B–11 H-Canyon/HB-Line Plutonium Processing for Mixed Oxide Fuel
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B.1.3

H-Area Facilities – H-Canyon/HB-Line

H-Area is the location of H-Canyon/HB-Line, which is being evaluated in this SPD Supplemental EIS for
processing pit and non-pit plutonium for disposition. H-Canyon was built in the 1950s and has been
operating since 1955, using a solvent extraction process for recovery of uranium from used nuclear fuel
(also known as spent nuclear fuel) primarily from SRS nuclear reactors, although several modifications
were made to recover other strategic materials. HB-Line, located on top of H-Canyon, was built in the
early 1980s to support production of plutonium-238 for deep space missions and to recover legacy
materials stored at H-Canyon. In 1992, DOE decided to phase out chemical processing for defense
purposes at H-Canyon/HB-Line, and the H-Canyon/HB-Line mission transitioned to stabilization of
nuclear materials, including nuclear reactor fuels, plutonium-238 and neptunium-237, and plutonium-239
solutions (WSRC 2007b).
H-Canyon is a large, reinforced-concrete structure named for the two parallel processing areas
(i.e., canyons) in the structure that house the series of tanks, process vessels, and other equipment used in
the chemical separations process. The canyons are 560 feet (170 meters) long, an average of 20 feet
(6.1 meters) wide, and 66 feet (20 meters) high. Processing operations involving high radiation levels
occur in the hot canyon, and processing operations involving lower radiation levels occur in the warm
canyon. A center section between the canyons houses offices, a control room, and support equipment
(e.g., HVAC equipment). H-Canyon/HB-Line operations use steam to heat process vessels in H-Canyon
and to transfer solutions through process cycles, electricity for powering lights and equipment and heating
HB-Line dissolvers and process vessels, compressed air to provide pressure for process monitoring
systems and to power some control systems, and process water for process cooling and other purposes
(DOE 1995b). These operations are supported by several additional H-Area facilities, including a
building for receipt, storage, and distribution of bulk chemicals; acid recovery; water and solvent
handling; and liquid evaporation.
Material processed in H-Canyon is dissolved in nitric acid before entering the solvent extraction process.
Process preparation includes removal of solid impurities and chemical adjustment. The first cycle of the
solvent extraction process separates the solution into a product stream and a raffinate stream. The product
stream from the first cycle is sent to subsequent solvent extraction cycles for further purification.
A solvent recovery operation washes the solvent to remove impurities, which are treated as a low-activity
waste stream, and to recover and recycle the solvent. Liquids from these processes are reduced in volume
and eventually neutralized for rejection as waste to the H-Area liquid radioactive waste tanks.
Separate ventilation systems serve areas in H-Canyon/HB-Line that contain radioactive processing
equipment. These systems maintain the air pressure at levels below the pressure of the outside air or
areas occupied by workers so that air always flows into the process areas. Air from the process areas is
treated and filtered before being released to the atmosphere through a 200-foot- (61-meter-) tall stack
(DOE 1995b). Offgases from the H-Canyon dissolvers are passed through condensers and a silver nitrate
reactor to remove iodine before further filtration by fiberglass filters and discharge through the stack.
Emissions from other H-Canyon areas may be passed through HEPA or fiberglass filters before discharge
to the sand filters and stack, while air from liquid process areas in the Support Building is sent to the sand
filter and discharged from the stack. The original sand filters for H-Canyon are 100-foot- (30-meter-)
long by 240-foot- (73-meter-) wide by 25-foot- (7.6-meter-) deep concrete structures with 8-foot(2.4-meter-) deep beds made of coarse stone and succeeding layers of increasingly finer gravel and sand.
Newer sand filters constructed in 1976 operate in parallel with the original filters and are similarly
constructed, but have design enhancements (ERDA 1977).
The separations process generates high-activity (high-alpha) aqueous acid waste streams containing most
of the radioactive decay products and chemical salts used in processing, plus several low-activity aqueous
waste streams. These waste streams are sent to evaporators to reduce their volumes. The feed to the
evaporators in the hot canyon originates from the primary separation process. The evaporator overheads,
containing most of the water and acid and very little of the radioactive decay products and chemicals, are
transferred to tanks for acid recovery and recycling. The fission products and chemicals in the evaporator
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concentrate are neutralized and sent to the H-Area liquid radioactive waste tanks for storage pending
vitrification in DWPF (DOE 1995b).
Solid LLW and CH-TRU waste streams generated from H-Canyon/HB-Line operations are treated and
packaged for disposal. LLW may be shipped to onsite or offsite disposal facilities; CH-TRU waste is
disposed of at WIPP.
There are two primary pathways for liquid effluents (DOE 1995a). In the first pathway, condensates from
evaporators containing low levels of radionuclides flow to ETP for further treatment, if necessary, before
discharge through a permitted outfall. In the second pathway, canyon cooling water passes through coils
inside the vessels, flows back out of the canyon, and is cooled and recirculated or released to a permitted
outfall. If radioactivity is detected in this cooling water, it is diverted to retention basins, then
treated/cleaned by ETP prior to release through a permitted outfall.
For processing pit plutonium (Figure B–11), dissolvable cans containing plutonium metal would be
received at H-Canyon from HB-Line or the K-Area Complex and discharged into a canyon dissolver.
The dissolved solutions would be transferred to the separations process, during which any uranium
present in the material would be recovered or discarded to the high-level waste system. Dissolved
plutonium solution would be converted to plutonium oxide in HB-Line, packaged, and sent to the K-Area
Complex for storage until processing for disposition by immobilization or through MFFF..
H-Canyon/HB-Line is being considered for processing surplus non-pit plutonium into plutonium oxide
for MOX fuel fabrication at MFFF. Plutonium processing in H-Canyon/HB-Line would start with
dissolution of the majority of the material that is in oxide form in HB-Line, and dissolution of most of the
metals in H-Canyon. If required, treatment at H-Canyon/HB-Line using vacuum salt distillation and
sodium peroxide fusion would separate plutonium from chloride and fluoride salts. The dissolved
solutions would then be transferred to the separations process, during which any uranium present in the
material would be recovered or discarded to the high-level waste system. Plutonium would be converted
to plutonium oxide at HB-Line, packaged, and sent to the K-Area Complex for storage until processing
for disposition at MFFF.
H-Canyon/HB-Line is also being considered for disposition of non-pit plutonium via dissolution followed
by transfer to DWPF for vitrification with HLW. Dissolution of plutonium oxide at H-Canyon/HB-Line
may include treatment using vacuum salt distillation and sodium peroxide fusion. The plutonium
solutions would be transferred primarily to the DWPF sludge feed tank in the liquid radioactive waste
tank farm pending vitrification at DWPF. Administrative and engineered controls defined in the safety
basis documentation and Technical Safety Requirements for H-Canyon/HB-Line would ensure subcritical
nuclear conditions during all processing operations.
H-Canyon/HB-Line could also be used to prepare surplus plutonium for potential disposal at WIPP.
Figure B–12 illustrates the process that would be used for non-pit plutonium. Transportation packages
(e.g., 9975 packages) containing DOE-STD-3013 containers would be transferred from K-Area storage to
HB-Line, where the containers would be cut open in an existing glovebox. Metals would be converted to
an oxide using an existing or new furnace. Oxide would be repackaged into suitable containers,
mixed/blended with inert material as part of termination of safeguards requirements, and loaded into pipe
overpack containers (POCs) or criticality control overpacks (CCOs), where CCOs may contain more
nuclear material than POCs.7 The inert material would be added to reduce the plutonium content to less
than 10 percent by weight and inhibit plutonium material recovery and could include dry mixtures of
commercially available materials. Loaded POCs or CCOs would then be transferred to E-Area, where
WIPP characterization activities would be performed. These characterization activities include

7

POCs are limited to 200 fissile gram equivalents (FGEs) per container, while CCOs are limited to 380 FGEs per container.
Because of material characterization uncertainties, it is expected that less material would be shipped per POC or CCO than
authorized. For purposes of analyses in this SPD Supplemental EIS, it was assumed each POC would contain 150 FGEs and
each CCO would contain 350 FGEs.
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nondestructive assay and digital radiography for each POC or CCO to be shipped to WIPP. Once POCs
or CCOs have successfully passed the characterization process and meet WIPP waste acceptance criteria
they would be shipped to WIPP in Transuranic Package Transporter Model 2 (TRUPACT-II)
transportation packages.

Figure B–12 HB-Line Repackaging of Non-Pit Plutonium for Waste Isolation Pilot Plant Disposal
The process for pit plutonium would be similar to that shown in Figure B–12 for non-pit plutonium
except that the pit plutonium would be transferred as an oxide, rather than a potential mixture of metal
and oxide, to HB-Line for preparation for WIPP disposal in POCs or CCOs.
If unirradiated FFTF fuel cannot be disposed of by direct disposal to WIPP, the unirradiated FFTF fuel
would be disassembled and could be prepared for disposal through H-Canyon/HB-Line and vitrification
at DWPF or disposal at WIPP. Disposition of unirradiated FFTF materials through H-Canyon/HB-Line
to DWPF would require disassembly of the fuel pins and repackaging into carbon steel containers suitable
for dissolution in H-Canyon. The WIPP Disposal Option would require installation of an additional
glovebox or laboratory-type hood to remove the fuel pellets from the fuel pins and load them into suitable
transfer containers. Gloveboxes in HB-Line could be used to house operations to crush the pellets into a
powder, load the powder into suitable cans, mix/blend with inert material, assay, package the loaded cans
into POCs or CCOs, and transfer to E-Area before shipment to WIPP.
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Minor upgrades are being considered that would enhance processing of surplus pit and non-pit plutonium
in H-Canyon/HB-Line. These upgrades may include changeout or reconfiguration of some existing tanks
and/or piping in H-Canyon plus an additional glovebox and some additional equipment in HB-Line.8 For
purposes of analysis in this SPD Supplemental EIS, it was assumed that H-Canyon/HB-Line would
operate through 2021 to support the MOX Fuel Alternative, through 2026 to support the H-Canyon/HBLine to DWPF Alternative or to convert pit plutonium to an oxide for MOX fuel fabrication, or through
approximately 2037 to prepare 13.1 metric tons (14.4 tons) of surplus plutonium for potential WIPP
disposal.
B.1.4

S-Area Facilities

B.1.4.1

Defense Waste Processing Facility

DWPF was built in S-Area to vitrify several million gallons of liquid HLW stored in large underground
tanks.
Canister filling, the final process step of both the proposed immobilization and
H-Canyon/HB-Line dissolution processes, would occur at DWPF. The DWPF complex consists of the
Vitrification Facility and support structures, including GWSBs.
Liquid wastes from the SRS separations facilities are stored in tank farms where the liquids are processed
to reduce the volume of the waste and separate it into sludge and salt components. These processing steps
generate a low-activity liquid waste stream that is treated at ETP before being discharged to the
environment through a permitted outfall. Before vitrification in DWPF, sludge and salt components go
through separate pretreatment steps that, in the case of salt waste, produce a high-activity (high-alpha)
stream that is vitrified at DWPF, and a low-activity stream that is disposed of in the Saltstone Facility
adjacent to DWPF. Within the Vitrification Facility, sludge from the Extended Sludge Washing Facility
is treated with nitric acid, and any mercury in the sludge is recovered (WSRC 2008). The sludge is mixed
with borosilicate glass frit and used as feed for the melter, where the mixture is heated to form molten
glass. Canisters of vitrified waste from DWPF are transferred to GWSBs.
Until recently, the HLW vitrified in DWPF consisted of sludge waste pretreated in the Extended Waste
Processing Facility. The current waste feed vitrified in DWPF is composed of treated sludge and slurry
from a salt pretreatment process. Salt pretreatment includes an actinide removal process and modular
caustic-side solvent extraction system that separates the salt waste into a high-activity (high-alpha) stream
for vitrification in DWPF and a low-activity stream to be processed at the Saltstone Facility. DOE also
plans to augment the current pretreatment system using a newly constructed Salt Waste Processing
Facility (DOE 2007c; SRR 2009; SRS 2007i; 71 FR 3834). As discussed in the description of the
Immobilization to DWPF Alternative in Chapter 2, Section 2.3.2, of this SPD Supplemental EIS, any
plutonium going to DWPF must be received in accordance with DOE’s program for HLW vitrification.
Vitrification of Plutonium with High-Level Radioactive Waste in Standard Canisters
Vitrification and canister-filling operations at DWPF would be the same for plutonium-bearing solutions
processed through H-Canyon/HB-Line (see Section B.1.3) as operations for the other HLW sludge
vitrified at DWPF. Upon receipt at DWPF, empty canisters are moved individually through an inspection
area to the melt cell. Borosilicate glass frit is mixed with liquid waste and the mixture is sent to the
melter, where the mixture is heated until it is molten. The molten glass waste mixture is slowly poured
into the canisters, requiring about a day to fill each canister. Any contamination on the outside surface of
the canister is removed, and the canister is plugged, welded closed, and inspected. A Shielded Canister
Transporter moves each filled and sealed canister to a nearby GWSB for storage (DOE 1999;
WSRC 2007a). Canisters measure about 2 feet (0.6 meters) in diameter by 10 feet (3 meters) long
(Figure B–9). Individual canisters weigh about 1,000 pounds (450 kilograms) when empty and about
5,000 pounds (2,300 kilograms) when filled with vitrified HLW.

8

A third dissolver will be installed at H-Canyon independent of surplus plutonium processing (SRNL 2013).
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Processing surplus plutonium through H-Canyon/HB-Line would increase the number of HLW canisters
to be generated and stored. The number of additional HLW canisters would depend on the quantity of
surplus plutonium processed through H-Canyon/HB-Line and DWPF and on the plutonium concentration
within the feed material. Processing 6 metric tons (6.6 tons) of surplus plutonium is estimated to generate
20 to 48 additional canisters. A range in the number of additional canisters is contemplated because DOE
is developing options for increasing the plutonium loading from the current level of 897 grams of
plutonium per cubic meter (0.06 pounds per cubic foot) to approximately 6,000 grams of plutonium
per cubic meter (0.37 pounds per cubic foot) (SRNL 2013). The addition of gadolinium in the plutonium
stream to absorb neutrons, thus ensuring criticality safety during DWPF processing, would minimize the
plutonium waste mass and HLW canister generation (SRNL 2013).
Minor modifications, such as installation of a dedicated transfer line, may be made to the H-Area tank
farm to support the quantity of non-pit plutonium being considered under the H-Canyon/HB-Line to
DWPF Alternative (SRNL 2013).
Vitrification of Immobilized Plutonium Can-in-Canisters
Canister-filling operations in DWPF for can-in-canisters containing immobilized plutonium from the
K-Area immobilization capability (see Section B.1.2.1) would be essentially the same as those for
canisters that would be filled with the plutonium processed through H-Canyon/HB-Line, as described
above. The canisters from the K-Area immobilization capability would be heavier than the empty
canisters usually processed in DWPF, and would have higher radiation fields (DOE 1999, 2007a:11).
To minimize the physical and radiological impacts on facility operation, these canisters would be
transferred to the melter through the normal exit route for the poured canisters. Minor modifications to
DWPF to accommodate these canisters would include new canister storage racks, a closed-circuit
television system, a remote manipulator, and other modified equipment (WSRC 2008).
Each filled can-in-canister would weigh approximately 6,120 pounds (2,800 kilograms), about
1,100 pounds (500 kilograms) heavier than a standard HLW canister (WSRC 2008). The number of
canisters to be generated and stored at S-Area would depend on the amount of surplus plutonium
processed and the amount of plutonium per can. About 12 percent of the glass can-in-canister volume
would be taken up by the cans of immobilized plutonium and structural internals. Because the cans of
immobilized plutonium and internals would displace a similar volume of vitrified HLW, implementing
the Immobilization to DWPF Alternative would increase the number of HLW canisters to be generated
and stored by about 95 HLW canisters.
B.1.4.2

Glass Waste Storage Buildings

The Defense Waste Processing Facility Supplemental Environmental Impact Statement (DOE 1994)
addressed the environmental impacts associated with constructing one or more GWSBs with a total
capacity of 10,000 HLW canisters. To date, two GWSBs have been constructed and are operating in
S-Area. The first storage building is a below-grade, seismically qualified vault containing vertical
storage. The vault is equipped with forced ventilation cooling to remove radioactive decay heat from the
canisters. An industrial-steel-frame building encloses the operating area directly above the storage vault,
and a 5-foot- (1.5-meter-) thick concrete floor separates the storage vault from the operating area. The
second storage building is 200 by 200 feet (61 by 61 meters) and is similar in design to the first storage
building, but, among other differences, does not require forced ventilation for canister cooling
(DOE 2006; SRS CAB 2004). The estimated storage capacity for the two storage buildings is
approximately 4,590 canisters (SRR 2013). DOE is planning for additional canister storage capacity.
This additional capacity could entail use of dry storage casks on an S-Area pad.
Filled containers of vitrified waste would be transported from DWPF, one canister at a time, using the
Shielded Canister Transporter, to one of the GWSBs (DOE 2005a). At the storage building, the shielding
plug of a storage vault would be removed, the waste canister would be lowered from the Shielded
Canister Transporter to the storage vault, and the shielding plug replaced. The GWSBs may also be used
for temporary storage of can-in-canisters of immobilized plutonium from K-Area pending collection of a
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sufficient number for a vitrification campaign in DWPF. Canisters would be stored until a disposition
path for HLW is determined.
B.1.5

E-Area Waste Management Facilities

Existing facilities in E-Area at SRS would be used for storage, staging, and shipping of CH-TRU waste,
LLW, and MLLW generated by surplus plutonium disposition activities. E-Area is located in the
Industrial Core Management Area between F-Area and H-Area (see Figure B–2). It consists of
approximately 330 acres (134 hectares) and includes the TRU Waste Storage Pads, LLW Disposal
Vaults, Low-Activity Waste Vaults, Intermediate-Level Waste Vaults, Engineered Trenches, and
Very-Low-Activity Waste Disposal Trenches (slit trenches) (DOE 2005b; WSRC 2004). The TRU Waste
Storage Pads would be used for accumulation of TRU waste, MLLW, and hazardous waste before
shipment offsite for disposal.
Because the CH-TRU waste would be certified to be in compliance with WIPP waste acceptance criteria
at the generating facilities, additional extensive pre-shipment characterization would generally not be
required at E-Area. CH-TRU waste would be loaded into TRUPACT-II (Figure B–13) or HalfPACT
transportation packages. These packagings are NRC-licensed Type B casks designed specifically for the
transport of TRU waste. They have undergone extensive testing to demonstrate the ability to provide safe
containment of TRU waste. The TRUPACT-II cask is 8 feet (2.4 meters) wide and 10 feet (3.0 meters)
high and can hold up to fourteen 55-gallon drums or two standard waste boxes, each having a capacity of
1.8 cubic meters (63 cubic feet)
(DOE 2012b). The HalfPACT cask is
8 feet (2.4 meters) wide and 7.5 feet
(2.3 meters) high and can hold up to
seven drums (DOE 2012b). Up to
three TRUPACT-II packages could be
loaded on a truck; however, shipments
must meet weight restrictions and
some shipments use a smaller cask.
Each truck would be tracked by
emergency
response and
law
enforcement officials via the satellite
TRANSCOM,
DOE’s unclassified
Tracking
and
Communications
System (DOE 2013).
LLW may be disposed of at E-Area in
the Low-Activity Waste Vaults,
Figure B–13 Transuranic Package Transporter Model 2
Intermediate-Level Waste Vaults,
Engineered Trenches, or Very-LowActivity Waste Disposal Trenches (slit trenches). LLW may also be shipped off site for disposal at
Federal or commercial disposal facilities, as would all MLLW. Shipments would use licensed
commercial carriers and would be performed in compliance with applicable Federal and state regulations.
Hazardous waste could be shipped off site for treatment and disposal directly from the generating facility
if it is logistically advantageous to do so instead of first transporting it to E-Area. Nonhazardous waste
would be shipped directly from the generating facility to onsite disposal facilities. Appendix E provides
additional information on transportation of waste to disposal facilities.
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B.2

Los Alamos National Laboratory

B.2.1

Plutonium Facility

DOE/NNSA proposes to use PF-4 at LANL for disassembly and conversion of some or all plutonium pits
addressed in this SPD Supplemental EIS. LANL was originally established in 1943 as “Project Y” of the
Manhattan Project in northern New Mexico, within what is now the Incorporated County of Los Alamos.
Project Y had a single national defense mission—to build the world’s first nuclear weapon. After
World War II ended, Project Y was designated a permanent research and development laboratory, the
Los Alamos Scientific Laboratory. It was renamed LANL in the 1980s, when its mission was expanded
from defense and related research and development to incorporate a wide variety of new assignments in
support of Federal Government and private sector programs. LANL is now a multidisciplinary,
multipurpose institution primarily engaged in theoretical and experimental research and development.
LANL occupies about 40 square miles (104 square kilometers) of land on the eastern flank of the
Jemez Mountains along the area known as the Pajarito Plateau. The terrain in the LANL area consists of
mesa tops and canyon bottoms that trend in a west-to-east manner, with the canyons intersecting the
Rio Grande to the east of LANL. LANL operations occur within numerous facilities located
over 47 designated technical areas within the LANL boundaries and at other leased properties situated
near LANL (see Figure B–3). PF-4 is located in TA-55, in the west-central portion of LANL,
approximately 1.1 miles (1.8 kilometers) south of the Los Alamos townsite. TA-55 facilities provide
research and applications in chemical and metallurgical processes for recovering, purifying, and
converting plutonium and other actinides into many compounds and forms, as well as research into
material properties and fabrication of parts for research and stockpile applications. A perimeter intrusion,
detection, assessment and delay system (PIDADS) surrounds all nuclear facilities in TA-55.
The ARIES line at PF-4 is operating at demonstration capacity (based on single-shift operation) to
produce 2 metric tons (2.2 tons) of plutonium oxide as early feed material for MFFF. These operations
would continue under all alternatives analyzed in the SPD Supplemental EIS. Under some of the pit
disassembly and conversion options under the action alternatives, the LANL ARIES program could be
expanded to produce 35 metric tons (38.6 tons) of plutonium feed for MFFF.
Upgrades are currently being implemented at the existing ARIES Program and are included in the 2008
Final Site-Wide Environmental Impact Statement for the Continued Operation of the Los Alamos
National Laboratory, Los Alamos, New Mexico (DOE 2008a). These upgrades include:


Modifications to a pit disassembly lathe, already operating in PF-4, that will be used by LANL’s
existing ARIES program



Installation of hydride/dehydride equipment



Acquisition and installation of a second plutonium metal oxidation furnace



Installation of a second mill/blend machine



Installation of four new safes in the basement



Installation of new storage boxes in two gloveboxes

If DOE decides to expand the ARIES capabilities, PF-4 would be equipped with the capability to handle
full production of plutonium metal and plutonium oxide. The projected increased production rate would
require additional modifications to PF-4, including modifications and reconfigurations of rooms, vaults,
and gloveboxes where pit disassembly and conversion equipment and operations would be placed.
Twenty gloveboxes would be decontaminated and decommissioned, 18 gloveboxes modified, and 18 new
gloveboxes installed. The current ARIES program uses about 4,500 square feet (420 square meters) and
the expansion would require another 3,000 square feet (280 square meters) for a total of 7,500 square feet
(700 square meters). Construction work would last approximately 8 years. A double-wide construction
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trailer and temporary parking for up to 60 employees would be required. The total disturbed area outside
PF-4 would be less than 2 acres (0.8 hectares) (LANL 2013).
The pit disassembly and conversion capability at PF-4 would be similar to the capability at SRS
illustrated in Figure B–5. Pits would be shipped from the Pantex Plant to PF-4. After disassembly and
processing, the plutonium oxide and plutonium metal may be shipped to SRS (also see below).
Plutonium oxide would be directly available for disposition (e.g., fabrication into MOX fuel,
immobilization, or blending and packaging for disposition as CH-TRU waste at WIPP), while metallic
plutonium would be converted to plutonium oxide at H-Canyon/HB-Line or in oxidation furnaces
installed at MFFF. This plutonium oxide would then be available for disposition.
Under the WIPP Alternative, rather than shipping 7.1 metric tons (7.8 tons) of pit plutonium to SRS for
preparation at H-Canyon/HB-Line for potential WIPP disposal, some or all of this pit plutonium could be
prepared at LANL for potential WIPP disposal. The process for preparation of pit plutonium at LANL for
potential WIPP disposal would be the same as that described in Section B.1.3 for H-Canyon/HB-Line.
Plutonium in oxide form would be blended with inert material, placed within POCs or CCOs, and
transferred to TA-54 or TA-63 for staging for shipment to WIPP for disposal (see Section B.2.2). The
process steps required to blend and package plutonium are well understood and currently being performed
at LANL on a smaller scale in support of other programs, but some changes would be necessary to
expand the capabilities to accommodate a larger volume. It is expected that these changes or
modifications would occur within the footprint of existing TA-55 facilities such as PF-4, and concurrently
with those required for an enhanced pit disassembly and conversion capability at PF-4. Activities to
prepare pit plutonium for potential WIPP disposal could occur concurrently with pit disassembly and
conversion operations at PF-4, and could extend the Surplus Plutonium Disposition Program at LANL by
a few years.
There is minimal storage capacity for wastes at TA-55, so timely management of wastes generated by
TA-55 activities is essential for maintaining facility capacity. Before a new activity or change to an
existing activity can be performed in PF-4, it must be vetted through an approval process that considers
its potential impact on waste management, including the types and volumes of waste to be generated.
Before any waste can be generated, the waste originator must work with the TA-55 Waste Management
Coordinator to plan the life cycle for the wastes. The TA-55 Waste Management Coordinator works with
waste originators to complete documentation that characterizes all waste streams to ensure compliance
with treatment, storage, and disposal facility waste acceptance criteria. Waste management sites
throughout TA-55, including treatment and storage sites, produce waste packages that meet LANL, state,
and Federal criteria for handling and storage, and ensure waste items or packages meet TA-54 LLW
disposal and offsite waste acceptance criteria. Radioactive liquid waste discharges would be piped to the
TA-50 Radioactive Liquid Waste Treatment Facility (RLWTF). Solid LLW may be disposed of on site,
shipped directly to an offsite permitted disposal site, or sent to TA-54 for staging before shipment off site.
MLLW and hazardous waste would be transported to TA-54 for staging before shipment off site for
treatment and disposal. TRU waste would be characterized, certified for WIPP disposal, and staged for
shipment to WIPP (see Section B.2.2) (LANL 2013).
B.2.2

Los Alamos National Laboratory Support Facilities

Pit disassembly and conversion work at PF-4 would be supported by laboratory analyses at the
Chemistry and Metallurgy Research Building9 in TA-3 (Figure B–3) and the Radiological
Laboratory/Utility/Office Building (RLUOB) at TA-55 (Figure B–4) (LANL 2013:031512). The
Chemistry and Metallurgy Research Building is a nuclear facility that was constructed as an actinide
chemistry and metallurgy research facility between 1949 and 1952. Its current missions include
analytical chemistry and materials characterization, destructive and nondestructive analyses, and actinide
9

DOE has developed a strategy for transferring analytical chemistry and materials characterization capabilities to existing
space in RLUOB and PF-4. Implementation of the strategy supports plans to cease programmatic operations in the old
Chemistry and Metallurgy Research Building by about 2019.
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research and processing. RLUOB is a newly constructed administrative and support function building
adjacent to PF-4. In addition to office space, utilities, and training classrooms, RLUOB contains
radiological laboratory space (DOE 2011:2-6, 2-9).
The principal facility for treating radioactive liquid waste at LANL is RLWTF, located in TA-50.
RLWTF consists of the treatment facility, support buildings, and liquid and chemical storage tanks, and
receives liquid waste from various sites across LANL. Several upgrades to RLWTF have been
implemented in recent years to upgrade the tank farm, install new ultrafiltration and reverse osmosis
equipment, and install new nitrate reduction equipment. RLWTF Outfall Number 051 discharges into
Mortandad Canyon. RLWTF is slated for replacement with a new facility in accordance with the
2008 Final Site-Wide Environmental Impact Statement for Continued Operation of Los Alamos National
Laboratory, Los Alamos, New Mexico (LANL SWEIS) ROD (73 FR 55833); this new facility is being
planned with an evaporation unit to eliminate liquid discharges into the environment (DOE 2011:3-66).
TA-54 is the location of most of LANL’s solid radioactive waste and chemical waste capabilities. LLW
generated at LANL may be disposed at Area G in TA-54 or staged therein before being shipped off site.
Other waste types such as MLLW and hazardous waste are staged at Area G for offsite treatment and/or
disposal. TRU waste is currently characterized at Area G before it is transported to the Radioassay and
Nondestructive Testing Facility (RANT), also located in TA-54, and loaded into TRUPACT packages for
shipment to WIPP (LANL 2013).
Because of the requirements in a 2005 Compliance Order on Consent between DOE/NNSA and the
New Mexico Environment Department (DOE 2008a:2-9), the waste management capabilities in Area G
are being transitioned to other locations along the Pajarito Road corridor (i.e., other locations on the same
mesa as TA-54). Consequently, it is expected that characterization of TRU waste from pit disassembly
and conversion activities at PF-4 would shift from G Area to the RANT facility where TRUPACT-II
loading would also occur. After it becomes operational, management of TRU waste from pit disassembly
and conversion activities could also occur at the new TRU Waste Facility planned for construction in
TA-63. LLW, MLLW, and hazardous waste management capabilities would be transitioned to other
locations in TA-54. DOE decided to transition the waste management capabilities at LANL
(73 FR 55833), including construction of the new TRU Waste Facility in TA-63, based on the analysis in
the LANL SWEIS (DOE 2008a).
As discussed in Section B.2.1, under the WIPP Alternative, some pit plutonium could be prepared at
LANL for potential disposal at WIPP, rather than being shipped to SRS for preparation for potential
WIPP disposal. In this event, the TRU Waste Facility to be constructed in TA-63 may require additional
equipment or additional storage capacity, as well as additional staffing. Loading operations at RANT
might require additional staffing or shifts to accommodate the additional shipments to WIPP.
B.3

Waste Isolation Pilot Plant

WIPP, near Carlsbad, New Mexico, is the only facility authorized to dispose of TRU waste generated by
defense activities. The WIPP repository is located in thick, stable, and ancient salt beds, 2,150 feet
(655 meters) below the ground surface. The Waste Isolation Pilot Plant Land Withdrawal Act (Public
Law No. 102-579) authorized the disposal of up to 175,600 cubic meters (6.2 million cubic feet) of TRU
waste generated by the Nation’s atomic energy defense activities. TRU waste is waste that contains alpha
particle-emitting radionuclides with atomic numbers greater than uranium (92) and half-lives greater than
20 years in concentrations greater than 100 nanocuries per gram of waste.
In 1997, DOE issued the Waste Isolation Pilot Plant Disposal Phase Final Supplemental Environmental
Impact Statement (WIPP SEIS-II) (DOE 1997), which addressed the management of TRU waste at DOE
sites and the management and disposal of TRU waste at WIPP. The January 23, 1998, ROD
(63 FR 3624) for the WIPP SEIS-II announced DOE’s decision to dispose of up to 175,600 cubic meters
(6.2 million cubic feet) of TRU waste generated by defense activities at WIPP after preparation to meet
the WIPP waste acceptance criteria. This waste included TRU waste generated since 1970 and TRU
waste that DOE would generate over the next 35 years. DOE’s total TRU waste inventory at its sites
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(stored TRU waste and projected generation of TRU waste through 2033) in the WIPP SEIS-II was
170,000 cubic meters (6 million cubic feet). This inventory is referred to as the basic inventory. DOE
recognized that additional TRU waste not included in the WIPP SEIS-II site inventory might be
identified that would be suitable for disposal at WIPP. For that reason, DOE assumed an additional
5,600 cubic meters (198,000 cubic feet) of projected TRU waste and analyzed the transportation and
disposal of 175,600 cubic meters (6.2 million cubic feet) of TRU waste under the Proposed Action in the
WIPP SEIS-II. DOE also analyzed a larger quantity of waste taking into account other sources of waste
such as TRU waste that was not generated from defense activities (DOE 1997).
The 1996 Storage and Disposition PEIS (DOE 1996) considered, but dismissed, an option that would
have allowed for the disposal of the Nation’s entire inventory, at the time estimated at 50 metric tons
(55 tons), of surplus plutonium at WIPP. The Storage and Disposition PEIS stated that this option would
exceed WIPP’s capacity. It also stated that this option would likely require amendment of the Waste
Isolation Pilot Plant Land Withdrawal Act, associated regulations, draft or pending regulatory compliance
documents, and the planning basis for WIPP waste acceptance criteria, among other things (DOE 1996).
Because a much smaller amount of surplus plutonium (13.1 metric tons [14.4 tons]) is now being
considered for potential disposal at WIPP, DOE now considers this to be a reasonable alternative that
should be evaluated in this SPD Supplemental EIS.
For disposition of surplus plutonium by disposal at WIPP, the volumes and corresponding numbers of
shipments of TRU waste transported to WIPP would depend on the quantity of surplus plutonium
contained within the disposal containers (the POCs or CCOs). POCs are limited to 200 fissile gram
equivalents per container, while CCOs are limited to 380 fissile gram equivalents per container. The
larger limit within CCOs would approximately halve the volumes of TRU waste generated from
processing the surplus plutonium, and halve the number of waste shipments to WIPP (also see
Footnote 6). For the purposes of this SPD Supplemental EIS, both POCs and CCOs are analyzed
(Appendix E). In addition, shipping FFTF fuel directly in its current packaging (Hanford Unirradiated
Fuel Package, or HUFP), instead of repackaging the fuel into POCs or CCOs, would reduce the number
of containers and the number of shipments.
B.4

Reactor Sites Using Mixed Oxide Fuel

Most commercial nuclear power reactors currently operating in the United States could use MOX fuel. It
is not expected that a reactor’s operations would need to change significantly to allow it to use MOX fuel.
Prior to being allowed to use MOX fuel, the reactor operator would be required to obtain a license
amendment from NRC. Assuming a reactor operator is granted such a license amendment by NRC to
allow it to use MOX fuel in one or more of its reactors, MOX fuel would be shipped from SRS to the
reactor sites using NNSA’s Secure Transportation Asset. After an acceptance inspection at the reactor
site, the MOX fuel would be stored in a secure location at the reactor site until it was loaded into the
reactor during one of its standard refueling outages. Fresh MOX fuel presents a slightly higher risk of
higher doses to workers due to the presence of plutonium and other actinides compared to LEU fuel.
Worker doses would be required to continue to meet Federal regulatory dose limits and any reactor
proposing to use MOX fuel would be required by NRC to take steps within its as low as reasonably
achievable (ALARA) program to limit any increase in doses to workers that may occur from use of
MOX fuel.
From the storage location, both MOX and LEU fuel assemblies would be loaded into the reactor. This
SPD Supplemental EIS analyzes the use of a reactor core with 40 percent MOX fuel. MOX fuel
assemblies would remain in the reactor in accordance with the utility’s operating plan. When the MOX
fuel completes its fuel cycle, it would be withdrawn from the reactor in accordance with the reactor’s
refueling procedures and placed in the reactor’s used fuel storage pool for cooling alongside other used
fuel. No major changes are expected in the reactor’s used fuel storage plans to accommodate the used
MOX fuel. After sufficient cooling, the used fuel may be transferred to dry cask storage, a storage
configuration requiring no water to cool the used fuel. The amount of decay heat would be slightly higher
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in used MOX fuel rods than in LEU used fuel rods and this small difference would be expected to be
managed using standard used fuel pool and dry cask practices.
The TVA reactors evaluated in this SPD Supplemental EIS are licensed to store used nuclear fuel in dry
storage casks (NRC 2012). As of January 2013, 40 casks had been filled and placed in storage at the
Browns Ferry Nuclear Plant and 32 casks had been filled and placed in storage at the Sequoyah Nuclear
Plant. TVA plans to transfer additional used fuel to dry storage casks over the operating lives of these
plants, taking into account lessons learned from the accident at the Fukushima Dai-ichi Nuclear Plant in
Japan (TVA 2013) (see Appendix J, Section J.3.3.3).
Appendix I, Section I.1, of this SPD Supplemental EIS, discusses the potential environmental impacts
associated with using MOX fuel in reactors at TVA’s Browns Ferry and Sequoyah Nuclear Plants, in
Alabama and Tennessee, respectively. Section I.2 discusses the potential environmental impacts
associated with using MOX fuel in other commercial nuclear power reactors at other locations in the
United States (generic reactors). Appendix J presents a discussion of the impacts of postulated accidents
in commercial reactors operating with a partial MOX core compared to the impacts with an LEU core.
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APPENDIX C
EVALUATION OF HUMAN HEALTH EFFECTS FROM
NORMAL OPERATIONS
C.1

Introduction

This appendix presents detailed information on the potential impacts on humans associated with
incident-free (normal) releases of radioactivity from the U.S. Department of Energy (DOE) facilities
proposed in this Surplus Plutonium Disposition Supplemental Environmental Impact Statement
(SPD Supplemental EIS) to be used for the disposition of surplus plutonium. This appendix also presents
information on the calculation of worker doses that would be received as a result of performing
facility modifications and processing plutonium materials for disposition.
Chapter 2 of this
SPD Supplemental EIS presents descriptions of the alternatives, the pit disassembly and conversion
options, and the plutonium disposition options that contribute to the doses evaluated in this appendix.
Appendix B provides descriptions of the facilities that support the plutonium disposition activities. The
analysis in this appendix supports the human health risk assessments described in Chapter 4,
Section 4.1.2, and Appendices F, G, and H of this SPD Supplemental EIS. Site-specific input data used in
the evaluation of these human health impacts are provided or referenced, as appropriate. Resulting
impacts can be compared to criteria invoked in DOE Order 458.1 for protection of the public (10 millirem
per year from airborne pathways and 100 millirem per year total from all pathways); and Title 10 of the
Code of Federal Regulations (CFR), Part 835, for protection of workers at Savannah River Site (SRS)
and Los Alamos National Laboratory (LANL) (5,000 millirem per year). Worker doses would be
monitored and controlled below the regulatory limit to ensure that individual doses are less than
2,000 millirem per year and as low as reasonably achievable (ALARA).
The rest of this section provides information to aid the reader in understanding the impacts from the
radiological dose assessments. The text box on the following page presents basic information about the
sources, types, and nature of radiation and units of measurement. Subsequent subsections address the
sources of radiation protection guidelines, radiation exposure limits applicable to DOE operations, and the
assessment of health effects from exposure to radiation.
C.1.1

Radiation Protection Guides

Various organizations have issued radiation protection guides. The responsibilities of the main radiation
safety organizations, particularly those that affect policies in the United States, are summarized below.
International Commission on Radiological Protection (ICRP). The ICRP is responsible for providing
guidance in matters of radiation safety. The operating policy of this organization is to prepare
recommendations that address basic principles of radiation protection, leaving to the various national
protection committees the responsibility to prepare detailed technical regulations, recommendations, or
codes of practice that are best suited to the needs of their countries.
National Council on Radiation Protection and Measurements. In the United States, this council is the
national organization that formulates and disseminates guidance and recommendations on radiation
protection and measurements that represent the consensus of leading scientific thinking. The council
consists of technical experts who are specialists in radiation protection and scientists who are experts in
disciplines that form the basis for radiation protection.
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Radiation Basics
What is radiation? Radiation is energy emitted from unstable (radioactive) atoms in the form of atomic particles or
electromagnetic waves. This type of radiation is also known as ionizing radiation because it can produce charged
particles (ions) in matter.
What is radioactivity? Radioactivity is produced by the process of radioactive atoms trying to become stable, a
process termed “decay.” Radiation is emitted in the process. In the United States, radioactivity is commonly measured
in units called curies, where 1 curie is equal to 3.7 × 1010 disintegrations (decay transformations) per second.
Internationally, radioactivity is generally measured in units called becquerels, where 1 becquerel is equal to
1 disintegration per second (1 curie = 3.7 × 1010 becquerels).
What is radioactive material? Radioactive material is any material containing unstable atoms that emit radiation.
What are the four basic types of ionizing radiation?
Alpha particles — Alpha particles consist of two protons and two neutrons. They can travel only a few centimeters
in air and can be stopped easily by a sheet of paper or by the skin’s surface.
Beta particles — Beta particles are smaller and lighter than alpha particles and have the mass of a single electron.
A high-energy beta particle can travel a few meters in the air. Beta particles can pass through a sheet of paper, but
may be stopped by a thin sheet of aluminum foil or glass.
Gamma rays — Gamma rays (and x-rays), unlike alpha or beta particles, are waves of pure energy. Gamma
radiation is very penetrating and can travel several hundred feet in the air. Gamma radiation requires a thick wall of
concrete, lead, or steel to stop it.
Neutrons — A neutron is an atomic particle that has about one-quarter the weight of an alpha particle. Like
gamma radiation, it can easily travel several hundred feet in the air. Neutron radiation is most effectively stopped
by materials with high hydrogen content, such as water or plastic.
What are the sources of radiation?
Natural sources of radiation — Sources include cosmic radiation from the sun and outer space; natural
radioactive elements in the Earth’s crust; natural radioactive elements in the human body; and radon gas from the
radioactive decay of uranium that is naturally present in the soil.
Manmade sources of radiation — Sources include medical radiation (x-rays, medical isotopes); consumer
products (TVs, luminous dial watches, smoke detectors); nuclear technology (nuclear power plants, industrial x-ray
machines); and worldwide fallout from past nuclear weapons tests or accidents.
What is radiation dose? Radiation dose is the amount of energy in the form of ionizing radiation absorbed per unit
mass of any material. For people, radiation dose is the amount of energy absorbed in human tissue. In the
United States, radiation dose is commonly measured in units called rads or rem; a smaller fraction of the rem is the
millirem (1/1,000 of 1 rem). Internationally, radiation dose is generally measured in units called grays or sieverts, where
1 rad = 0.01 grays and 1 rem = 0.01 sieverts.
Person-rem (or person-sievert) is a unit of collective radiation dose applied to populations or groups of individuals; it is
the sum of the doses received by all the individuals of a specified population.
What is the average annual radiation dose from natural and manmade sources? Globally, humans are exposed
constantly to radiation from the solar system and the Earth’s rocks and soil. This natural radiation contributes to the
natural background radiation that always surrounds us. Manmade sources of radiation also exist, including medical and
dental x-rays, household smoke detectors, and materials released from nuclear and coal-fired power plants. The
average individual in the United States annually receives about 620 millirem of radiation dose from all background
sources, of which about half is received from natural sources such as cosmic and terrestrial radiation and radon-220
and -222 in homes. Most of the remaining radiation dose is received from diagnostic x-rays and nuclear medicine
(NCRP 2009).
What are the effects of radiation on humans? Radiation can cause a variety of adverse health effects in humans.
Health impacts of radiation exposure, whether from external or internal sources, generally are identified as somatic
(i.e., affecting the exposed individual) or genetic (i.e., affecting descendants of the exposed individual). Radiation is
more likely to produce somatic than genetic effects. The somatic risks of most importance are induced cancers. Except
for leukemia, which can have an induction period (time between exposure to the carcinogen and cancer diagnosis) of
2 to 7 years, most cancers have an induction period of more than 20 years.
For uniform irradiation of the body, cancer incidence varies among organs and tissues; the thyroid and skin demonstrate
a greater sensitivity than other organs. Such cancers, however, also produce relatively low mortality rates because they
are relatively amenable to medical treatment. Because fatal cancer is the most serious effect of environmental and
occupational radiation exposures, estimates of cancer fatalities, rather than cancer incidence, are presented as a
measure of impact in this document. These estimates are referred to as “latent cancer fatalities” (LCFs) because the
cancer may take many years to develop.
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National Research Council/National Academy of Sciences. The National Research Council, which
functions under the auspices of the National Academy of Sciences, integrates the broad science and
technology community with the Academy’s mission to further knowledge and advise the Federal
Government. The National Research Council’s Committee on the Biological Effects of Ionizing
Radiation (BEIR Committee) prepares reports to advise the Federal Government on the health
consequences of radiation exposure.
U.S. Environmental Protection Agency (EPA). EPA has published a series of documents under the
title Radiation Protection Guidance to Federal Agencies. This guidance is used as a benchmark by a
number of Federal agencies, including DOE and the National Nuclear Security Administration
(DOE/NNSA), for the purpose of ensuring that regulation of public and occupational workforce
exposures is protective, reflects the best available scientific information, and is carried out in a consistent
manner.
U.S. Nuclear Regulatory Commission (NRC). NRC regulates nuclear power plants and the use of
source materials, special nuclear materials, and byproduct materials by commercial and certain
governmental entities. NRC has promulgated “Standards for Protection Against Radiation” in
10 CFR Part 20, which apply to NRC licensees.
U.S. Department of Energy (DOE). DOE establishes requirements for radiological protection at
DOE sites in regulations and orders. Requirements for worker protection are included in “Occupational
Radiation Protection” (10 CFR Part 835). Radiological protection of the public and environment is
addressed in Radiation Protection of the Public and the Environment (DOE Order 458.1).
C.1.2

Radiation Exposure Limits

Radiation exposure limits for members of the public and radiation workers are derived from ICRP
recommendations. EPA considers National Council on Radiation Protection and Measurements and
ICRP recommendations in setting specific annual exposure limits (usually lower than those specified by
the ICRP) in its radiation protection guidance to Federal agencies. Each regulatory organization then
establishes its own set of radiation standards. The various exposure limits set by DOE and EPA for
radiation workers and members of the public are given in Table C–1.
Table C–1 Radiation Exposure Limits for Members of the Public and Radiation Workers
Regulation/DOE Order/Standard
(Organization)
10 CFR Part 835 (DOE)
DOE-STD-1098-2008
DOE Order 458.1 (DOE)

c

40 CFR Part 61, Subpart H (EPA)
40 CFR Part 141 (EPA) d

d

Public Exposure Limits at the Site Boundary

Worker Exposure Limits

–

5,000 millirem per year a

–

2,000 millirem per year b

100 millirem per year (all pathways)

–

10 millirem per year (all air pathways)

–

4 millirem per year (drinking-water pathway)

–

CFR = Code of Federal Regulations; EPA = U.S. Environmental Protection Agency.
a
Although this measurement is a limit (or level) that is enforced by DOE, worker doses must be managed in accordance
with as low as reasonably achievable principles. Refer to footnote b.
b
This is an administrative control level; exceeding this level generally requires approval of senior management. DOE
established this level to assist in achieving its goal of maintaining radiation doses as low as reasonably achievable. DOE
recommends that facilities adopt a more limiting Administrative Control Level (DOE 2009). Facility operators must make
reasonable attempts to maintain individual worker doses below these levels.
c
Consistent with 10 CFR Part 20.
d
DOE Order 458.1 invokes the requirements of 40 CFR Part 61, Subpart H, and 40 CFR Part 141 for the air pathway and
drinking water, respectively.
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C.1.3

Human Health Effects Due to Exposure to Radiation

To provide the background for discussions of impacts, this section explains the basic concepts used in the
evaluation of radiation effects. Radiation can cause a variety of damaging health effects in humans. The
most significant effects are induced cancer fatalities, called latent cancer fatalities (LCFs) because the
onset of cancer may take many years to develop after the radiation dose is received. In this
SPD Supplemental EIS, LCFs are used to measure the estimated risk due to radiation exposure.
Cancer is a group of diseases characterized by the uncontrolled growth and spread of abnormal cells.
Cancer is caused by both external factors (tobacco, infectious organisms, chemicals, and radiation) and
internal factors (inherited mutations, hormones, immune conditions, and mutations that occur from
metabolism). For the U.S. population of about 310 million, the American Cancer Society estimated that,
in 2010, about 1,529,560 new cancer cases would be diagnosed and about 569,490 cancer deaths would
occur. Approximately one-third of U.S. cancer deaths are estimated to be caused by tobacco use and
about one-third are related to excess weight or obesity, physical inactivity, and poor nutrition. The
average U.S. resident has about 4 chances in 10 of developing an invasive cancer over his or her lifetime
(44 percent probability for males, 38 percent for females). Nearly 25 percent of all deaths in the
United States are due to cancer (American Cancer Society 2010).
The National Research Council’s BEIR Committee has prepared a series of reports to advise the Federal
Government on the health consequences of radiation exposure. Based on its 1990 report, Health Effects
of Exposure to Low Levels of Ionizing Radiation, BEIR V (National Research Council 1990), the former
Committee on Interagency Radiation Research and Policy Coordination recommended cancer risk factors
of 0.0005 per rem for the public and 0.0004 per rem for working-age populations (CIRRPC 1992).
In 2002, the Interagency Steering Committee on Radiation Standards (ISCORS) recommended that
Federal agencies use conversion factors of 0.0006 fatal cancers per rem for mortality and 0.0008 cancers
per rem for morbidity when making qualitative or semi-quantitative estimates of risk from radiation
exposure to members of the general public. No separate values were recommended for workers. The
DOE Office of Environmental and Policy Guidance subsequently recommended that DOE personnel and
contractors use the risk factors recommended by ISCORS, stating that, for most purposes, the value for
the general population (0.0006 fatal cancers per rem) could be used for both workers and members of the
public in National Environmental Policy Act (NEPA) analyses (DOE 2003a).
Recent publications by both the BEIR Committee and the ICRP support the continued use of the
ISCORS-recommended risk values. Health Risks from Exposure to Low Levels of Ionizing Radiation:
BEIR VII Phase 2 (National Research Council 2006) reported fatal cancer risk factors of 0.00048 per rem
for males and 0.00066 per rem for females in a population with an age distribution similar to that of the
entire U.S. population (average value of 0.00057 per rem for a population with equal numbers of males
and females). ICRP Publication 103 (Valentin 2007) recommends nominal cancer risk coefficients of
0.00041 and 0.00055 per rem for adults and the general population, respectively, and estimates the risk
from heritable effects to be about 3 to 4 percent of the nominal fatal cancer risk (see Table C–2).
Accordingly, a risk factor of 0.0006 LCFs per rem was used in this SPD Supplemental EIS to estimate
risk due to radiation doses from normal operations and accidents. For high, acute individual doses
(greater than or equal to 20 rem), the health risk factor was multiplied by 2 (NCRP 1993). The
presentation of risks from radiation exposure associated with SPD Supplemental EIS activities are the
increased risks of developing a cancer; that is, they are in addition to the risk of cancer from all other
causes.
Using the risk factors discussed above, a calculated dose can be used to estimate the risk of an LCF. For
example, if each member of a population of 100,000 people were exposed to a one-time dose of
100 millirem (0.1 rem), the collective dose would be 10,000 person-rem (100,000 persons times 0.1 rem).
Using the risk factor of 0.0006 LCFs per person-rem, this collective dose is expected to cause 6 additional
LCFs in this population (10,000 person-rem times 0.0006 LCFs per person-rem).
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Table C–2 Nominal Health Risk Estimators Associated with Exposure to Ionizing Radiation a
Exposed Population
Worker (adult)

c

Whole

Cancer

b

Genetic Effects

Total

0.00041

0.00001

0.00042

0.00055

0.00002

0.00057

a

Risk per rem (individual dose) or person-rem (population dose). For acute individual doses equal to or greater than 20 rem,
the health risk estimators are multiplied by 2.
b
Risk of all cancers, adjusted for lethality and quality-of-life impacts.
c
Ages 18–64 years.
Source: Valentin 2007:Table A.4.4.

Calculations of the number of LCFs sometimes do not yield whole numbers and may yield a number less
than 1. For example, if each individual of a population of 100,000 people were to receive an annual dose
of 1 millirem (0.001 rem), the collective dose would be 100 person-rem, and the corresponding risk of an
LCF would be 0.06 (100,000 persons times 0.001 rem times 0.0006 LCFs per person-rem). A fractional
result should be interpreted as a statistical estimate. That is, 0.06 is the average number of LCFs expected
if many groups of 100,000 people were to experience the same radiation exposure situation. For most
groups, no LCFs would occur; in a few groups, 1 LCF would occur; in a very small number of groups,
2 or more LCFs would occur. The average number of LCFs over all of the groups would be 0.06
(just like the average of 0, 0, 0, and 1 is 1 divided by 4, or 0.25). In the preceding example, the most
likely outcome for any single group would be 0 LCFs. In this SPD Supplemental EIS, LCFs calculated
for a population are presented as both the rounded whole number, representing the most likely outcome
for that population, and the calculated statistical estimate of risk, which is presented in parentheses.
The numerical estimates of LCFs presented in this SPD Supplemental EIS were obtained using a linear
extrapolation from the nominal risk estimated for lifetime total cancer mortality resulting from a dose of
0.1 grays (10 rad). Other methods of extrapolation to the low-dose region could yield higher or lower
numerical estimates of LCFs. Studies of human populations exposed to low doses are inadequate to
demonstrate the actual level of risk. There is scientific uncertainty about cancer risk in the low-dose
region below the range of epidemiologic observation. However, a comprehensive review of available
biological and biophysical data supports a “linear no-threshold” risk model in which the risk of cancer
proceeds in a linear fashion at lower doses without a threshold and the smallest dose has the potential to
cause a small increase in risk to humans (National Research Council 2006).
C.2

Assessment Approach

The dose assessments performed for this SPD Supplemental EIS were based on site-specific
environmental data, facility-specific data, and assumptions related to various exposure parameters.
Appendix F, Section F.10, of the Surplus Plutonium Disposition Final Environmental Impact Statement
(SPD EIS) (DOE 1999) describes the methods that were used for the assessments for this
SPD Supplemental EIS. The GENII Version 2 (GENII Environmental Dosimetry System, Version 2]
computer code (Version 2.10) was used to calculate the projected doses from normal operations at SRS
and LANL. The GENII computer code was developed under quality assurance plans based on the
American National Standards Institute Standard NQA-1, is one of the toolbox models that meets
DOE Order 414.1C, and is overseen by DOE’s Office of Quality Assurance Policy and Assistance.
All steps of code development were documented and tested, and hand calculations verified the code’s
implementation of major transport and exposure pathways for a subset of the radionuclide library.
The code was reviewed by the EPA Science Advisory Board and a separate, EPA-sponsored, independent
peer review panel. The quality assurance of GENII Version 2 has been reviewed by DOE (DOE 2003c)
and continues to be rigorously reviewed with each updated version released by Pacific Northwest
National Laboratory, the developer of the code.
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C.2.1

Meteorological Data

The meteorological data used in the SRS and LANL dose assessments were created from joint frequency
distribution (JFD) files. A JFD file is a table listing the percentage of time the wind blows in a certain
direction, within a certain range of speeds, and within a certain stability class. JFD data for SRS were
based on measurements taken at the nearby Vogtle Nuclear Power Plant over a 5-year period
(1998 through 2002) at a height of 33 feet (10 meters); JFD data for LANL were based on measurements
taken at Technical Area 6 (TA-6) over a 9-year period (1991 through 1999) at a height of 36.7 feet
(11.2 meters). Average annual rainfall, meteorological station parameters, and windspeed midpoints were
used in the normal operational assessments. Tables C–3 and C–4 present the JFD data used in the SRS
and LANL analyses.
Table C–3 Savannah River Site Joint Frequency Distribution Data
Average
Direction in Which the Wind Blows
Windspeed Stability
(m/s)
Class
S
SSW SW WSW W WNW NW NNW N NNE NE ENE
E
ESE SE SSE
Vogtle Nuclear Power Plant: 10-Meter Height, Based on 1998 through 2002 Meteorological Data
0.01
0.01 0.01
0.01 0.01
0.01 0.01
0.01 0.02
0.01 0.02
0.02 0.01
0.01 0.01 0.01
0.94
A
0.01
0 0.01
0.01 0.01
0.01 0.02
0.01 0.01
0 0.01
0 0.01
0
0
0
B
0.01
0.03
0
0.02 0.02
0.02 0.03
0.02 0.01
0.02 0.02
0.02 0.01
0.01 0.01 0.02
C
0.17
0.18 0.17
0.12 0.18
0.14 0.13
0.17 0.17
0.15 0.18
0.18 0.14
0.15 0.15 0.13
D
0.28
0.29
0.29
0.3
0.34
0.36
0.37
0.44
0.64
0.41
0.48
0.46
0.41
0.31 0.31 0.19
E
0.25
0.29 0.28
0.29 0.42
0.35 0.32
0.33 0.45
0.45 0.42
0.49
0.5
0.32 0.23 0.18
F
0.4
0.27 0.41
0.37 0.44
0.46
0.3
0.32 0.28
0.42 0.55
0.64 0.61
0.39 0.33 0.37
G
0.02
0.05 0.02
0.03 0.04
0.04 0.02
0.02 0.06
0.04 0.05
0.06 0.04
0.02 0.03 0.01
1.66
A
0.03
0.04 0.03
0.03 0.01
0.03 0.03
0.05 0.03
0.04 0.05
0.02 0.02
0.02 0.02 0.03
B
0.07
0.03
0.03
0.04
0.06
0.04
0.05
0.03
0.08
0.06
0.06
0.06
0.08
0.06 0.05 0.04
C
0.36
0.28
0.26
0.26
0.28
0.19
0.22
0.27
0.32
0.25
0.33
0.37
0.33
0.31 0.26 0.27
D
0.26
0.26 0.32
0.39 0.41
0.48 0.49
0.71 0.68
0.55 0.68
0.66 0.41
0.33
0.3 0.22
E
0.18
0.13 0.18
0.24 0.33
0.31 0.32
0.3 0.39
0.38 0.66
0.65 0.42
0.33 0.19 0.16
F
0.13
0.04 0.07
0.18 0.24
0.15 0.14
0.11 0.14
0.3 0.54
0.49 0.41
0.17 0.07
0.1
G
0.07
0.09 0.08
0.15 0.15
0.12
0.1
0.07 0.09
0.13 0.13
0.14 0.16
0.06 0.04 0.05
2.35
A
0.07
0.07 0.08
0.11 0.09
0.06 0.05
0.04 0.07
0.11 0.11
0.12 0.13
0.06 0.06 0.08
B
0.15
0.15
0.12
0.15
0.11
0.11
0.09
0.07
0.15
0.13
0.15
0.19
0.22
0.12 0.14 0.15
C
0.71
0.58 0.67
0.62 0.57
0.36 0.27
0.41 0.52
0.5 0.57
0.61 0.57
0.46 0.46 0.51
D
0.34
0.46 0.71
0.68 0.73
0.58 0.63
0.72 0.62
0.62 0.74
0.6 0.59
0.45 0.31
0.3
E
0.14
0.15 0.24
0.38 0.29
0.18 0.14
0.18 0.14
0.24 0.27
0.29 0.16
0.13 0.08 0.09
F
0.04
0.03 0.03
0.08 0.07
0.04 0.04
0.04 0.06
0.11 0.17
0.13 0.12
0.04 0.01 0.05
G
0.11
0.07
0.08
0.17
0.24
0.13
0.09
0.05
0.1
0.17
0.2
0.25
0.21
0.13
0.1 0.11
3.30
A
0.1
0.07 0.08
0.09 0.09
0.04 0.03
0.04 0.05
0.11 0.12
0.1 0.14
0.11 0.09 0.14
B
0.16
0.13 0.14
0.16 0.18
0.1 0.07
0.08
0.1
0.17 0.21
0.17 0.22
0.09 0.12 0.16
C
0.4
0.45
0.8
0.71 0.39
0.23 0.32
0.25 0.26
0.42 0.43
0.43 0.51
0.46 0.24 0.33
D
0.25
0.29 0.53
0.44 0.27
0.18 0.34
0.24 0.18
0.29 0.39
0.2 0.37
0.35 0.17 0.16
E
0.05
0.05
0.06
0.09
0.02
0.01
0.01
0.02
0.01
0.04
0.02
0
0.02
0.01 0.01 0.03
F
0.01
0
0
0
0
0
0.01
0
0
0.02
0
0
0
0
0
0
G
0.06
0.04 0.13
0.15
0.1
0.03 0.03
0.04 0.04
0.08 0.11
0.18 0.19
0.1 0.06 0.03
4.35
A
0.07
0.03 0.05
0.09 0.08
0.03 0.03
0.01 0.03
0.04 0.08
0.08 0.11
0.09 0.03 0.04
B
0.07
0.07 0.06
0.13
0.1
0.03 0.04
0.03 0.04
0.07 0.13
0.1 0.15
0.09 0.06 0.03
C
0.22
0.13 0.54
0.48 0.21
0.1 0.12
0.16 0.11
0.16 0.21
0.24 0.37
0.29 0.11 0.12
D
0.05
0.06
0.23
0.17
0.09
0.06
0.11
0.06
0.05
0.11
0.11
0.06
0.12
0.16 0.08 0.04
E
0
0.02
0.02
0.01
0
0
0
0
0
0
0
0
0.01
0.02
0
0
F
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
G
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Average
Windspeed Stability
(m/s)
Class
5.87
A
B
C
D
E
F
G

Direction in Which the Wind Blows
S

SSW

SW

WSW

W

WNW

NW NNW

N

NNE

NE

ENE

E

ESE

SE

SSE

0.01

0.03

0.03

0.07

0.02

0

0.01

0.01

0.01

0.03

0.05

0.06

0.05

0.04

0.04

0

0.01

0.02

0.02

0.05

0.02

0.01

0

0

0.01

0.02

0.05

0.05

0.05

0.08

0.03

0.01

0.01

0.01

0.03

0.04

0

0

0.01

0.03

0.01

0.02

0.05

0.05

0.1

0.11

0.04

0

0.06

0.08

0.16

0.22

0.05

0.02

0.1

0.04

0.02

0.09

0.1

0.13

0.21

0.21

0.08

0.04

0.03

0.03

0.06

0.1

0.05

0.03

0.02

0.02

0.02

0.04

0.03

0.02

0.03

0.07

0.02

0.02

0

0

0.01

0

0

0

0

0

0

0

0

0

0

0.01

0

0

0

0

0

0

0

0

0.01

0

0

0

0

0

0

0

0

0

m/s = meters per second.
Note: To convert meters per second to miles per hour, multiply by 2.237; meters to feet, by 3.2808.

Table C–4 Los Alamos National Laboratory Joint Frequency Distribution Data
Average
Windspeed
(m/s)

Direction in Which the Wind Blows
Stability
Class

S

SSW

SW

WSW

W

WNW

NW

NNW

N

NNE

NE

ENE

E

ESE

SE

SSE

Technical Area 6: 11.2-Meter Height, Based on 1991 through 1999 Meteorological Data
0.78

2.45

4.47

6.93

9.61

A
B
C
D
E
F
A
B
C
D
E
F
A
B
C
D
E
F
A
B
C
D
E
F
A
B
C
D
E
F

0.11

0.2

0.42

0.73

0.83

0.69

0.75

0.59

0.33

0.17

0.11

0.06

0.06

0.06

0.07

0.07

0.03

0.07

0.13

0.2

0.19

0.13

0.13

0.14

0.11

0.06

0.04

0.02

0.02

0.02

0.02

0.02

0.07

0.14

0.16

0.21

0.23

0.14

0.11

0.16

0.19

0.13

0.07

0.04

0.03

0.03

0.03

0.04

0.75

0.63

0.51

0.39

0.4

0.36

0.36

0.48

0.77

0.78

0.7

0.57

0.52

0.49

0.62

0.65

0.4

0.24

0.15

0.08

0.07

0.08

0.09

0.13

0.24

0.39

0.47

0.41

0.33

0.33

0.41

0.45

0.36

0.2

0.12

0.04

0.05

0.05

0.06

0.07

0.12

0.21

0.39

0.49

0.69

0.61

0.64

0.48

0.07

0.1

0.26

0.4

0.53

0.79

1.16

1.14

0.63

0.22

0.11

0.07

0.07

0.06

0.08

0.07

0.06

0.13

0.32

0.38

0.4

0.43

0.53

0.96

0.82

0.36

0.16

0.1

0.07

0.07

0.09

0.07

0.15

0.42

0.57

0.43

0.51

0.44

0.28

0.98

1.73

0.9

0.47

0.26

0.18

0.16

0.23

0.12

0.92

0.89

0.47

0.17

0.22

0.23

0.13

0.45

1.49

2.51

2.39

1.58

1.32

1.31

1.67

0.93

0.29

0.12

0.05

0.01

0.01

0.02

0.02

0.04

0.14

0.45

0.97

1.86

1.5

1.23

2.66

0.84

0.11

0.04

0

0

0

0

0.01

0.01

0.03

0.04

0.14

0.76

3.12

3.3

1.15

0.3

0.01

0

0

0

0

0

0.01

0.02

0.03

0.03

0.02

0.01

0.01

0.01

0.01

0.01

0.02

0.02

0.02

0

0

0

0.03

0.16

0.33

0.25

0.18

0.08

0.03

0.02

0.05

0.04

0.06

0.2

0.16

0.02

0.01

0.02

0.03

0.56

1.55

1.01

0.62

0.63

0.38

0.27

0.36

0.08

0.07

0.23

0.05

0.01

0.01

0.01

0

0.11

0.25

0.63

0.61

0.75

1.62

1.74

0.86

0.1

0

0

0

0

0

0

0

0

0

0

0.01

0.03

0.2

0.45

0.05

0

0

0

0

0

0

0

0

0

0

0

0

0

0.11

0.18

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.01

0.01

0

0

0

0

0

0

0.01

0

0

0

0

0

0.01

0.04

0.06

0.05

0.06

0.02

0.02

0.03

0

0.01

0.04

0

0

0

0

0

0.02

0.06

0.16

0.15

0.33

0.88

1.1

0.22

0.01

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.01

0.02

0.12

0.29

0.03

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

m/s = meters per second.
Note: To convert meters per second to miles per hour, multiply by 2.237; meters to feet, by 3.2808.
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C.2.2

Population Data

The SRS and LANL population distributions were based on data from the 2010 census (Census 2010) for
areas within 50 miles (80 kilometers) of the locations for the proposed facilities. The 2010 populations
derived from the census were projected to the year 2020, which was selected as the representative year for
full-scale operations, by calculating a linear trend developed using data from the 1990, 2000, and 2010
decennial censuses (Census 1990, 2001, 2010). The populations were spatially distributed on a circular
grid with 16 directions and 10 radial distances out to 50 miles (80 kilometers). The grids were centered in
F-Area, K-Area, and H-Canyon/S-Area, the locations from which radionuclides were assumed to be
released during incident-free operations at SRS, and in TA-55 (the location of the Plutonium
Facility [PF-4]) at LANL. During the population distribution allocation process, those individuals who
were geographically situated within a sector that was entirely on SRS or LANL property were moved
(for the analysis) to an adjoining sector to ensure that no individuals were assessed as if they were living
on DOE property. Tables C–5, C–6, C–7, and C–8 present the population data used for the dose
assessments.
Potential maximally exposed individual (MEI) locations at the SRS site boundary for all 16 compass
directions were evaluated to determine the boundary location that yielded the highest aggregate total
effective dose for all facilities associated with the alternatives evaluated in this SPD Supplemental EIS.
It was determined that an SRS site boundary location west-southwest of F-Area yielded the highest
annual MEI dose for all alternatives. The distances and compass directions to this MEI location used in
the GENII Version 2 modeling were 9.6 kilometers (6.0 miles) to the west-southwest for F-Area
emissions; 12.9 kilometers (8.0 miles) to the west for H-Area emissions; and 12.3 kilometers (7.6 miles)
to the west-northwest for K-Area emissions. For LANL, the MEI was 1 kilometer (0.6 miles) north of
PF-4. This is the location of an onsite trailer park just inside the site boundary and yields the highest dose
to an individual of any site boundary location around LANL.
Table C–5 Estimated Population Surrounding the Savannah River Site F-Area in the Year 2020
Distance (miles)
Direction
0–1
1–2
2–3
3–4
4–5
5–10
10–20
20–30
30–40
40–50
NNE
0
0
0
0
0
656
4,800
3,518
7,694
42,519
NE
0
0
0
0
0
83
3,061
3,636
7,593
29,767
ENE
0
0
0
0
0
0
3,751
4,703
5,559
36,655
E
0
0
0
0
0
0
4,179
5,841
10,017
7,181
ESE
0
0
0
0
0
0
3,827
3,897
2,222
3,072
SE
0
0
0
0
0
0
847
2,813
5,720
11,984
SSE
0
0
0
0
0
0
540
696
1,641
4,168
S
0
0
0
0
0
0
561
1,520
6,420
5,071
SSW
0
0
0
0
0
0
849
2,389
4,894
3,053
SW
0
0
0
0
0
129
1,511
6,768
2,023
2,042
WSW
0
0
0
0
0
185
2,370
4,786
2,493
6,240
W
0
0
0
0
0
417
8,852
15,191
6,868
8,114
WNW
0
0
0
0
0
1,810
6,446
162,172
76,799
17,746
NW
0
0
0
0
0
1,432
18,907
99,702
28,091
4,320
NNW
0
0
0
0
0
1,701
30,484
17,430
12,366
3,588
N
0
0
0
0
0
2,599
35,691
11,508
8,609
11,894
Total Population
868,681
Note: Centered on 33.2865 degrees latitude, 81.6776 degrees longitude; to convert miles to kilometers, multiply by 1.6093.
Source: Census 1990, 2001, 2010.
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Table C–6 Estimated Population Surrounding the Savannah River Site K-Area in the Year 2020
Distance (miles)
Direction
0–1
1–2
2–3
3–4
4–5
5–10
10–20
20–30
30–40
40–50
NNE
0
0
0
0
0
0
2,902
4,316
6,368
21,981
NE
0
0
0
0
0
0
2,615
4,595
4,887
15,086
ENE
0
0
0
0
0
0
3,025
6,005
7,184
25,043
E
0
0
0
0
0
0
6,221
4,117
6,807
4,402
ESE
0
0
0
0
0
70
1,377
3,243
3,169
4,542
SE
0
0
0
0
0
101
573
3,255
6,388
9,070
SSE
0
0
0
0
0
137
437
789
2,642
2,842
S
0
0
0
0
0
105
735
2,577
6,685
7,785
SSW
0
0
0
0
0
130
1,458
2,140
3,934
5,861
SW
0
0
0
0
0
195
1,111
2,202
1,973
2,369
WSW
0
0
0
0
0
255
2,676
7,619
1,830
6,902
W
0
0
0
0
0
199
2,871
5,430
5,251
5,888
WNW
0
0
0
0
0
168
5,136
74,953
46,827
17,351
NW
0
0
0
0
0
102
5,820
126,058
128,104
7,723
NNW
0
0
0
0
0
0
9,829
44,403
16,769
7,836
N
0
0
0
0
0
0
12,539
40,535
7,792
15,063
Total Population
809,378
Note: Centered on 33.2113 degrees latitude, 81.6648 degrees longitude; to convert miles to kilometers, multiply by 1.6093.
Source: Census 1990, 2001, 2010.

Table C–7 Estimated Population Surrounding the Savannah River Site
H-Canyon/S-Area in the Year 2020
Distance (miles)
Direction
0–1
1–2
2–3
3–4
4–5
5–10
10–20
20–30
30–40
40–50
NNE
0
0
0
0
0
540
3,856
3,583
8,771
49,916
NE
0
0
0
0
0
106
3,071
3,576
7,862
29,112
ENE
0
0
0
0
0
0
4,461
4,026
6,763
46,879
E
0
0
0
0
0
90
5,025
5,504
9,170
6,300
ESE
0
0
0
0
0
95
5,214
2,923
2,358
3,069
SE
0
0
0
0
0
0
1,207
3,931
5,313
11,442
SSE
0
0
0
0
0
0
531
790
2,003
4,788
S
0
0
0
0
0
0
576
1,028
6,318
4,899
SSW
0
0
0
0
0
0
639
2,573
4,883
3,089
SW
0
0
0
0
0
29
1,152
4,688
2,343
1,963
WSW
0
0
0
0
0
24
1,623
7,431
2,512
6,110
W
0
0
0
0
0
211
5,205
20,875
7,684
8,718
WNW
0
0
0
0
0
1,542
4,871
154,496 116,020
15,646
NW
0
0
0
0
0
910
14,490
77,733
27,595
3,876
NNW
0
0
0
0
0
2,460
41,140
22,390
13,315
4,999
N
0
0
0
0
0
1,051
14,991
9,559
7,835
14,500
Total Population
886,267
Note: Centered on 33.2913 degrees latitude, 81.6403 degrees longitude; to convert miles to kilometers, multiply by 1.6093.
Source: Census 1990, 2001, 2010.
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Table C–8 Estimated Population Surrounding the Los Alamos National Laboratory
Plutonium Facility in the Year 2020
Distance (miles)
4–5
5–10
0
120
101
396
37
295
31
327
18
5,611
0
444
3
73
3
31
4
32
2
36
1
36
0
62
0
56
0
32
0
49
0
73

Direction
0–1
1–2
2–3
3–4
10–20
20–30
30–40
40–50
NNE
21
1,114
762
130
997
1,658
364
249
NE
7
302
888
593
6,077
6,108
1,644
3,724
ENE
0
0
363
247
19,447
4,459
2,442
3,801
E
0
0
58
26
6,413
2,883
1,259
1,944
ESE
0
4
0
10
2,607
51,893
2,926
3,003
SE
0
0
0
0
2,155
65,473
8,134
552
SSE
0
0
0
0
927
1,657
1,403
878
S
0
0
0
0
755
3,230
2,016
9,380
SSW
0
0
0
1
488
2,704
14,870 142,556
SW
0
0
0
1
153
880
2,867
32,582
WSW
0
0
0
0
209
809
1,493
274
W
0
0
0
0
292
457
416
769
WNW
0
0
30
0
249
269
1,567
341
NW
0
898
1,610
21
125
153
155
181
NNW
11
1,158
1,960
229
157
198
140
159
N
84
782
857
52
421
485
385
187
Total Population
447,541
Note: Centered on 35.8817 degrees latitude, 106.2983 degrees longitude; to convert miles to kilometers, multiply by 1.6093.
Source: Census 1990, 2001, 2010.

C.2.3

Agricultural Data

Ingestion exposures from atmospheric transport include ingestion of farm products and inadvertent
ingestion of soil. Farm products include leafy vegetables, other vegetables, cereal grains, fruit, cow’s
milk, beef, poultry, and eggs. The concentration in plants at the time of harvest was evaluated as the sum
of contributions from deposition onto plant surfaces, as well as uptake through the roots. Pathways by
which animal products may become contaminated include animal ingestion of contaminated plants, water,
and soil. The human consumption rates used in the dose assessments for the MEI and average exposed
individual in the surrounding population were those provided in NRC Regulatory Guide 1.109,
Calculation of Annual Doses to Man From Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance With 10 CFR 50, Appendix I (NRC 1977).
C.2.4

Source Term Data

Table C–9 presents the stack parameters for SRS and LANL facilities. Stack heights and release
locations were provided in the responses to the facility data requests supporting this
SPD Supplemental EIS (DOE/NNSA 2012; LANL 2013; SRNS 2012a; WSRC 2008), and the SPD EIS
(DOE 1999).
Table C–9 Stack Parameters
Immobilization H-Canyon/
Stack Parameter
KIS
PDC
Capability
HB-Line
MFFF a
PDCF
WSB
LANL PF-4
Height (meters)
15.2
24.4
28.0
59.4
36.6
36.6
15.2
9.5
Area (square meters) 0.073
4.7
3.6
14.9
5.3
5.9
1.8
0.679
KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication
Facility; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility;
PF-4 = Plutonium Facility; WSB = Waste Solidification Building.
a
The same stack would be used for potential releases from fuel fabrication activities at MFFF as well as potential releases
from metal oxidation furnaces if they are installed at MFFF.
Note: To convert meters to feet, multiply by 3.2808; square meters to square feet, by 10.764
Source: DOE 1999; DOE/NNSA 2012; LANL 2013; SRNS 2012a; WSRC 2008.
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Tables C–10 through C–15, respectively, present the estimated incident-free radiological releases, based
on plutonium-239 dose equivalents, associated with operations at the following SRS facilities: K-Area
Interim Surveillance (KIS), the K-Area immobilization capability, H-Canyon/HB-Line processing to the
Defense Waste Processing Facility (DWPF), the Mixed Oxide Fuel Fabrication Facility (MFFF) at
F-Area, the Pit Disassembly and Conversion Facility (PDCF) at F-Area and the Pit Disassembly and
Conversion Project (PDC) at K-Area, the Waste Solidification Building (WSB) at F-Area, and metal
oxidation at MFFF. Table C–16 presents estimated incident-free radiological releases from pit
disassembly and conversion activities at LANL’s PF-4. Plutonium-equivalent source term estimates were
derived using Federal Guidance Report 13 (EPA 1999) dose factors. The source terms were either
provided directly or derived from empirical source term data conveyed in responses to facility data
requests supporting this SPD Supplemental EIS (DOE/NNSA 2012; LANL 2013; SRNS 2012a) and the
SPD EIS (DOE 1999). Source terms were not provided in the data responses for the H-Canyon/HB-Line
activities addressed in this SPD Supplemental EIS (i.e., processing plutonium metal to an oxide for
transfer to MFFF, processing non-pit plutonium for fabrication into mixed oxide [MOX] fuel at MFFF,
processing non-pit plutonium for transfer to DWPF, and processing pit and non-pit plutonium for disposal
at the Waste Isolation Pilot Plant [WIPP]); rather, dose estimates were provided.
Table C–10 Annual Radiological Releases from K-Area Interim Surveillance Capability Activities
Isotope (curies per year)
All Alternatives
Plutonium-239 dose equivalent
1.6 × 10-7
Note: Radionuclide releases converted to a plutonium-239-dose-equivalent release using Federal Guidance Report 13 dose
factors (EPA 1999).
Source: SRNS 2012a.

Table C–11 Annual Radiological Releases from the Immobilization Capability
Isotope (curies per year)
Immobilization to DWPF Alternative
Plutonium-239 dose equivalent
1.8 × 10-6
DWPF = Defense Waste Processing Facility.
Note: Radionuclide releases converted to a plutonium-239-dose-equivalent release using Federal Guidance Report 13 dose
factors (EPA 1999).
Source: SRNS 2012a.

Table C–12 Annual Radiological Releases from the Mixed Oxide Fuel Fabrication Facility
Alternative
Isotope
No Action and Immobilization
H-Canyon/HB-Line to DWPF and
MOX Fuel
(curies per year)
to DWPF Alternatives
WIPP Alternatives
Alternative
Plutonium-239 dose
1.0 × 10-4
1.1 × 10-4
1.2 × 10-4
equivalent
DWPF = Defense Waste Processing Facility; MOX = mixed oxide; WIPP = Waste Isolation Pilot Plant.
Note: Radionuclide releases converted to a plutonium-239-dose-equivalent release using Federal Guidance Report 13 dose
factors (EPA 1999).
Source: SRNS 2012a; WSRC 2008.

Table C–13 Annual Radiological Releases from the Pit Disassembly and Conversion Facility and
the Pit Disassembly and Conversion Project at K-Area
Alternative
Isotope
PDCF
PDC at K-Area (MOX Fuel, H-Canyon/HB-Line to
(curies per year)
(All Alternatives)
DWPF, and WIPP Alternatives)
Plutonium-239 dose
3.1 × 10-3
4.0 × 10-3
equivalent
DWPF = Defense Waste Processing Facility; MOX = mixed oxide; PDC = Pit Disassembly and Conversion Project;
PDCF = Pit Disassembly and Conversion Facility; WIPP = Waste Isolation Pilot Plant.
Note: Radionuclide releases converted to a plutonium-239-dose-equivalent release using Federal Guidance Report 13 dose
factors (EPA 1999).
Source: SRNS 2012a.
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Table C–14 Annual Radiological Releases from the Waste Solidification Building
Isotope (curies per year)
All Alternatives
Plutonium-239 dose equivalent
9.3 × 10-5
Note: Radionuclide releases converted to a plutonium-239-dose-equivalent release using Federal Guidance Report 13 dose
factors (EPA 1999).
Source: SRNS 2012a.

Table C–15 Annual Radiological Releases from Metal Oxidation at the Mixed Oxide Fuel
Fabrication Facility
Alternative
Isotope
Immobilization to DWPF, MOX Fuel, H-Canyon/HB-Line to DWPF, and
(curies per year)
WIPP Alternatives
Plutonium-239 dose equivalent
8.3 × 10-4
DWPF = Defense Waste Processing Facility; MOX = mixed oxide; WIPP = Waste Isolation Pilot Plant.
Note: Radionuclide releases converted to a plutonium-239-dose-equivalent release using Federal Guidance Report 13 dose
factors (EPA 1999).
Source: SRNS 2011a.

Table C–16 Annual Radiological Releases from Pit Disassembly and Conversion Activities at the
Los Alamos National Laboratory Plutonium Facility
Alternative
No Action, Immobilization to DWPF,
Immobilization to DWPF, MOX
MOX Fuel, H-Canyon/HB-Line to DWPF,
Fuel, H-Canyon/HB-Line to DWPF,
and WIPP Alternatives
and WIPP Alternatives

Isotope
(curies per year)
(process 2 metric tons)
(process 35 metric tons)
Plutonium-239 dose equivalent
2.4 × 10-4
2.0 × 10-3
DWPF = Defense Waste Processing Facility; MOX = mixed oxide; WIPP = Waste Isolation Pilot Plant.
Note: Radionuclide releases converted to a plutonium-239-dose-equivalent release using Federal Guidance Report 13 dose
factors (EPA 1999). To convert metric tons to tons, multiply by 1.1023.
Source: LANL 2013.

Because activities associated with the K-Area storage only involve receipt, storage, and shipping of
materials within certified shipping containers, no airborne radiological emissions would result from these
activities.
Under the H-Canyon/HB-Line to DWPF Alternative, DWPF would vitrify surplus plutonium dissolved at
H-Canyon/HB-Line with liquid high-level radioactive waste (HLW). Filled canisters of vitrified HLW
would be stored at the S-Area Glass Waste Storage Buildings pending their ultimate disposition. It was
estimated that the additional production would require an increase in DWPF operations by a range of
2 weeks to 3 months. The plutonium mixed with the HLW would not add any significant contribution
to the DWPF normal release source term. Similarly, no plutonium would be released from the
can-in-canisters containing immobilized plutonium that would be vitrified at DWPF under the
Immobilization to DWPF Alternative. Therefore, no incremental increases in normal releases or impacts
on onsite or offsite receptors from DWPF or the Glass Waste Storage Buildings are expected
(SRNS 2012a; WSRC 2008).
C.2.5

Other Calculation Assumptions

To estimate the radiological impacts of incident-free operation of the plutonium facilities at SRS and
LANL, the following additional assumptions and factors were considered, in accordance with the
guidelines established in NRC Regulatory Guide 1.109 (NRC 1977):
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Receptors were assumed to be exposed to radioactive material deposited on the ground from
facility emissions. Exposure pathways include direct exposure, inhalation, and translocation
through the food chain.
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The annual external exposure time to the plume and soil contamination was assumed to be
0.7 years for the MEI.



The annual external exposure time to the plume and soil contamination was assumed to be
0.5 years for the population.



The annual inhalation exposure time to the plume was assumed to be 1 year for the MEI and
general population.



The exposed individual and population were assumed to have the characteristics and habits
(e.g., inhalation and ingestion rates) of adult humans.



A finite plume (i.e., Gaussian) model was assumed for air immersion doses. Other pathways
evaluated were ground exposure, inhalation, ingestion of food crops, and ingestion of animal
products.



The calculated doses were assumed to be 50-year committed effective doses from 1 year of
intake.

In addition to the calculation assumptions listed above, a risk estimator of 0.0006 latent cancer deaths
per rem or person-rem (600 cancer deaths per 1 million rem or person-rem) received by workers or
members of the public was used in the impact assessments (DOE 2003a).
C.3

Savannah River Site

The following subsections present the potential incident-free radiological impacts that could occur from
each of the separate facilities/processes at SRS. Human health risks from construction and normal
operations were evaluated for several individual and population groups, including facility workers,
a hypothetical MEI at the site boundary, and the regional population.
For the purposes of this SPD Supplemental EIS, a worker is a facility worker who is directly or indirectly
involved with operations at a facility and might receive an occupational radiation exposure due to direct
radiation (neutron, x-ray, beta, or gamma) or through radionuclides released as a part of normal
operations. Direct radiation exposure from plutonium materials or contaminants in the material
(e.g., americium-241) and residual amounts of similar material (contamination) within the facility would
dominate the potential occupational exposure to onsite workers. Noninvolved workers outside of the
facility would not be subject to direct radiation exposure due to building shielding and appreciable
distances between operational facilities, but could be exposed to operational releases.
Workers at SRS may receive radiation doses slightly above those received by an individual at an offsite
location. The 5-year average dose measured using thermoluminescent dosimeters near the burial grounds
at the center of the site (E-Area) was 126 millirem; the 5-year average dose at an offsite control location
(Highway 301) was 87 millirem. Because the onsite location is near active radioactive waste
management operations, the dose may be conservatively high and not representative of other locations at
the site. The 5-year average dose at another onsite monitoring location (D-Area) was 74 millirem, lower
than the offsite location (SRNS 2009, 2010, 2011b; 2012b; WSRC 2008). This implies that there could
be no significant difference between doses at onsite and offsite locations. Using the higher onsite location
as a basis and adjusting the doses for a 2080-hour work-year, a worker could receive an annual dose of
about 9 millirem from being employed at SRS. A 9 millirem dose is an increase of about 3 percent over
the average annual dose one would receive from all sources of natural background radiation. The
additional dose results in an increased annual risk of a latent fatal cancer of 5 × 10-6 or 1 chance
in 200,000.
For this SPD Supplemental EIS, all of the materials released due to plutonium operations would be
hydrogen-3 (tritium) and particulates (primarily plutonium isotopes and americium-241) that would be
released through tall stacks. Particulates would be filtered through high-efficiency particulate air filters,
sand filters, or both, before being released. These filter systems are designed to protect the onsite
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workforce and the public from normal and accidental releases. Normal releases are very small—in the
microcurie to millicurie-per-year range in most cases. Monitoring results for SRS are reported in the
annual site environmental reports, which indicate that the doses to the onsite populations are primarily
from natural background radiation. During some past operations periods, airborne releases from reactor
and used fuel operations have occurred, including releases of tritium, noble gases, iodine, and fission
products. During recent operations, airborne releases of tritium from tritium operations and fission
products from used fuel processing have occurred. As indicated in the annual site environmental reports,
normal concentrations of plutonium in the air are very small and are at a level similar to those in other
parts of the country.
As indicated by the results for the offsite MEI, the annual potential doses from normal releases
(on the order of 0.01 millirem) are small fractions (approximately 0.003 percent) of the natural
background radiation dose of 311 millirem per year (see Chapter 3, Section 3.1.6.1). A conservative
estimate of the dose to a noninvolved onsite SRS worker was calculated using the GENII Version 2
computer code. Assuming no shielding, a location 1,000 meters (3,300 feet) from the SRS facility that
would result in the highest offsite MEI dose, and 2,080 hours per year of exposure, the noninvolved
worker would receive an incremental annual dose of about 0.010 millirem. This dose is small and
comparable to the dose received by the MEI. The small doses to noninvolved workers from normal
facility operations were not evaluated any further in this SPD Supplemental EIS. Doses to the offsite
MEI, the offsite population, and the noninvolved worker under accident conditions were evaluated, as
described in Appendix D of this SPD Supplemental EIS.
C.3.1

K-Area Storage, K-Area Interim Surveillance Capability, K-Area Pit Disassembly and
Conversion Project, and Pit Disassembly in a K-Area Complex Glovebox

C.3.1.1 Construction
There would be no radiological risk to members of the public from potential construction or modification
at K-Area facilities associated with storage, surveillance, or pit disassembly and conversion. Construction
worker exposures to radiation derived from other activities at the site, past or present, would be kept
ALARA. Construction workers would be monitored (badged), as appropriate. Limited demolition,
removal, and decontamination actions at K-Area were completed in January 2008; however, it is
possible that new construction to support PDC or a pit disassembly capability could take place within
areas that nevertheless exhibit residual contamination levels. PDC construction activities would include
2 years of decontamination and equipment removal from K-Area. The 28 PDC workers involved in
decontamination and equipment removal would receive an average annual dose of 18 millirem. This
would result in a collective worker dose of 0.5 person-rem per year and a total dose of 1.0 person-rem
over the anticipated 2-year construction period (SRNS 2012a).
To enable pit disassembly, the existing KIS glovebox, or a similar existing or new glovebox, would be
modified or installed at the K-Area Complex. There would be an average annual dose of 100 millirem to
20 construction workers. This would result in a collective worker dose of 2.0 person-rem per year and
4.0 person-rem over the anticipated 2-year construction period (SRNL 2013).
C.3.1.2 Operations
Under the No Action Alternative, surplus plutonium disposition operations would continue at SRS largely
as described and evaluated in the SPD EIS (DOE 1999) and subsequent supplement analyses, as well as
the Environmental Impact Statement on the Construction and Operation of a Proposed Mixed Oxide Fuel
Fabrication Facility at the Savannah River Site, South Carolina (MFFF EIS) (NRC 2005). Where
planned operations have changed substantially and might affect potential worker radiological exposures,
they are noted.
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Program activities under the No Action Alternative that would result in doses to workers include the
following:


K-Area Storage. Storage of non-pit plutonium in the K-Area Complex and gradual transfer to
MFFF were previously evaluated in the first supplement analysis for the SPD EIS (SPD EIS
SA-1) (DOE 2003b); the Storage and Disposition of Weapons-Usable Fissile Materials Final
Programmatic Environmental Impact Statement (Storage and Disposition PEIS) (DOE 1996),
including its first (SA-1) (DOE 1998), second (SA-2) (DOE 2002), and fourth (SA-4)
(DOE 2007) supplement analyses; and the Environmental Assessment for the Safeguards and
Security Upgrades for Storage of Plutonium Materials at the Savannah River Site (Safeguards
and Security EA) (DOE 2005). Material storage in the K-Area Complex in support of the surplus
plutonium disposition program would continue for about 40 years.1



KIS. Operation of KIS would support the ongoing plutonium storage container surveillance
mission (DOE 2005). KIS operations would continue for about 40 years.

Under the Immobilization to DWPF Alternative, the following possible program activities would result in
worker doses:


K-Area Storage. Activities at this area would be similar to those as discussed under the
No Action Alternative, including removal of shipping containers from storage for transport to
other onsite facilities. Worker impacts would be similar to those from current and recent
container receipt and placement activities in storage locations. No net increase in worker impacts
is expected. K-Area storage operations in support of the surplus plutonium disposition program
would continue for 20 years.



KIS. Operation of KIS would support plutonium storage container surveillance (DOE 2005).
KIS operations would continue for 15 years.



Pit disassembly. Under the PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS Option for
pit disassembly and conversion, plutonium pits would be disassembled within a K-Area Complex
glovebox with the plutonium being transferred to H-Canyon/HB-Line for oxidation. Pit
disassembly operations would continue for 14 years.

Under the MOX Fuel Alternative, the following program activities would result in worker doses:

1



K-Area Storage. K-Area storage operations in support of the surplus plutonium disposition
program, as discussed under the No Action Alternative, would continue for 22 years.



KIS. Operation of KIS would be the same as under the Immobilization to DWPF Alternative.
KIS operations would continue for about 7 years.



PDC. Under the option to construct PDC at K-Area to carry out the pit disassembly and
conversion function, this facility would operate for a period of 12 years.



Pit disassembly. Pit disassembly would be the same as under the Immobilization to DWPF
Alternative, operating for 14 years.

The K-Area Material Storage Area is the principal capability at the K-Area Complex for plutonium storage.
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Under the H-Canyon/HB-Line to DWPF Alternative, the following program activities would result in
worker doses:


K-Area Storage. K-Area storage operations in support of the surplus plutonium disposition
program, as discussed under the No Action Alternative, would continue for 22 years.



KIS. Operation of KIS would be the same as under the Immobilization to DWPF Alternative.
KIS operations would continue for about 10 years.



PDC. Operation of PDC at K-Area would be the same as under the MOX Fuel Alternative,
operating for a period of 12 years.



Pit disassembly. Pit disassembly would be the same as under the Immobilization to DWPF
Alternative, operating for 14 years.

Under the WIPP Alternative, program activities that would result in worker doses include the following:


K-Area Storage. K-Area storage operations in support of the surplus plutonium disposition
program, as discussed under the No Action Alternative, would continue for 22 years.



KIS. Operation of KIS would be the same as under the Immobilization to DWPF Alternative.
KIS operations would continue for about 7 years.



PDC. Operation of PDC at K-Area would be the same as under the MOX Fuel Alternative,
operating for a period of 12 years.



Pit disassembly. Pit disassembly would be the same as under the Immobilization to DWPF
Alternative, operating for 14 years.

Under all alternatives, because surplus plutonium activities for K-Area storage only involve receipt,
storage, and shipping of materials within certified transportation packages that are not opened, no
airborne radiological emissions would occur from these activities during normal operations. At KIS, the
transportation packages would be opened and the DOE-STD-3013 containers (DOE 2012) would be
opened within a glovebox. Small amounts of plutonium could become airborne within the glovebox and
be transported through high-efficiency particulate air filters and a stack to the atmosphere. Workers
performing these activities would be exposed to direct gamma and neutron radiation from plutonium in
shipping packages, DOE-STD-3013 containers, and gloveboxes. At PDC, it is expected that workers
would be exposed to direct gamma and neutron radiation from the handling of pit material. Small
amounts of plutonium could become airborne from metal oxidation and be transported through highefficiency particulate air filters and a stack to the atmosphere. For disassembly of pits within a K-Area
Complex glovebox, workers would be exposed to direct gamma and neutron radiation from plutonium.
For the option of disassembling pits in a K-Area Complex glovebox, oxidation of the pit metal would
occur in H-Canyon/HB-Line. No emissions of offsite consequence are expected from K-Area glovebox
pit disassembly activities.
Table C–17 presents the projected incident-free radiological impacts on workers from storage operations
at the K-Area Complex. The total numbers of projected LCFs are also reported for the differing periods
of operation per alternative. As indicated above, no impacts to the public are expected due to the absence
of airborne emissions.
Tables C–18 through C–22 present the projected incident-free radiological impacts on workers and the
public from operations at KIS and PDC and from pit disassembly activities in K-Area Complex
gloveboxes (SRNS 2012a; WSRC 2008). The total numbers of projected LCFs are also reported for the
differing periods of operation per alternative.
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Table C–17 Radiological Impacts on Workers from K-Area Storage Operations
Alternative
Impact Area

No
Action

Immobilization
to DWPF

MOX Fuel

H-Canyon/
HB-Line to DWPF

WIPP

Operational Years for K-Area Storage

40

20

22

22

22

Total Workforce
Number of radiation workers

24

24

24

24

24

Collective dose (person-rem per year)

8.9

8.9

8.9

8.9

8.9

0 (0.005)

0 (0.005)

0 (0.005)

0 (0.005)

0 (0.005)

0 (0.2)

0 (0.1)

0 (0.1)

0 (0.1)

0 (0.1)

370

370

370

370

370

Annual LCF risk

0.0002

0.0002

0.0002

0.0002

0.0002

Life-of-Project LCF risk

0.009

0.004

0.005

0.005

0.005

Annual LCFs a
Life-of-Project LCFs

a

Average Worker
Dose (millirem per year)

b

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; WIPP = Waste Isolation Pilot
Plant.
a

Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.

b

Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: DOE 1998; SRNS 2012a.

Table C–18 Radiological Impacts on the Public from Operation of the
K-Area Interim Surveillance Capability
Alternative
Impact Area
Operational Years for KIS

No Action

Immobilization
to DWPF

MOX Fuel

H-Canyon/
HB-Line to DWPF

WIPP

40

15

7

10

7

Population within 50 Miles (80 kilometers)
Annual dose (person-rem)

4.3 × 10-5

4.3 × 10-5

4.3 × 10-5

4.3 × 10-5

4.3 × 10-5

Percent of natural background
radiation a

1.7 × 10-8

1.7 × 10-8

1.7 × 10-8

1.7 × 10-8

1.7 × 10-8

0 (3 × 10-8)

0 (3 × 10-8)

0 (3 × 10-8)

0 (3 × 10-8)

0 (3 × 10-8)

Annual LCFs b
Life-of-Project LCFs

b

-6

-7

-7

0 (1 × 10 )

0 (4 × 10 )

0 (2 × 10 )

0 (3 × 10-7)

0 (2 × 10-7)

Annual dose (millirem)

8.5 × 10-7

8.5 × 10-7

8.5 × 10-7

8.5 × 10-7

8.5 × 10-7

Percent of natural background
radiation a

2.7 × 10-7

2.7 × 10-7

2.7 × 10-7

2.7 × 10-7

2.7 × 10-7

Annual LCF risk

5 × 10-13

5 × 10-13

5 × 10-13

5 × 10-13

5 × 10-13

-11

-12

-12

-12

4 × 10-12

Maximally Exposed Individual

Life-of-Project LCF risk

2 × 10

8 × 10

4 × 10

5 × 10

Average Exposed Individual within 50 Miles (80 kilometers) c
Annual dose (millirem)

5.3 × 10-8

5.3 × 10-8

5.3 × 10-8

5.3 × 10-8

5.3 × 10-8

Annual LCF risk

3 × 10-14

3 × 10-14

3 × 10-14

3 × 10-14

3 × 10-14

-12

-13

-13

-13

2 × 10-13

Life-of-Project LCF risk

1 × 10

5 × 10

2 × 10

3 × 10

DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LCF = latent cancer fatality; MOX = mixed
oxide; WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of K-Area in 2020 would receive a dose of about 252,000 person-rem.
b

Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.

c

Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facilities in 2020 (approximately 809,000 for K-Area).
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Table C–19 Radiological Impacts on Workers from Operation of the
K-Area Interim Surveillance Capability
Alternative
Impact Area

No Action

Immobilization
to DWPF

MOX
Fuel

H-Canyon/
HB-Line to DWPF

WIPP

40

15

7

10

7

40

40

40

40

40

Operational Years for KIS
Total Workforce
Number of radiation workers
Collective dose (person-rem per year)

25

25

25

25

25

Annual LCFs a

0 (0.02)

0 (0.02)

0 (0.02)

0 (0.02)

0 (0.02)

Life-of-Project LCFs a

1 (0.6)

0 (0.2)

0 (0.1)

0 (0.2)

0 (0.1)

Average Worker
Dose (millirem per year) b
Annual LCF risk
Life-of-Project LCF risk

630

630

630

630

630

0.0004

0.0004

0.0004

0.0004

0.0004

0.02

0.006

0.003

0.004

0.003

DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LCF = latent cancer fatality; MOX = mixed
oxide; WIPP = Waste Isolation Pilot Plant.
a

Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.

b

Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNS 2012a; WSRC 2008.

Table C–20 Radiological Impacts on the Public from Operation of the Pit Disassembly and
Conversion Project in K-Area
Alternative
Impact Area
Operational Years for PDC

No Action

Immobilization
to DWPF

MOX Fuel

H-Canyon/
HB-Line to DWPF

WIPP

N/A

N/A

12

12

12

Population within 50 Miles (80 kilometers)
Annual dose (person-rem)

N/A

N/A

0.44

0.44

0.44

Percent of natural background
radiation a

N/A

N/A

0.00017

0.00017

0.00017

Annual LCFs b

N/A

N/A

0 (0.0003)

0 (0.0003)

0 (0.0003)

Life-of-Project LCFs b

N/A

N/A

0 (0.003)

0 (0.003)

0 (0.003)

Annual dose (millirem)

N/A

N/A

0.0061

0.0061

0.0061

Percent of natural background
radiation a

N/A

N/A

0.0020

0.0020

0.0020

Annual LCF risk

N/A

N/A

4 × 10-9

4 × 10-9

4 × 10-9

N/A

-8

-8

4 × 10-8

Maximally Exposed Individual

Life-of-Project LCF risk

N/A

4 × 10

4 × 10

Average Exposed Individual within 50 Miles (80 kilometers) c
Annual dose (millirem)

N/A

N/A

0.00054

0.00054

0.00054

-10

-10

3× 10-10

4 × 10-9

4 × 10-9

Annual LCF risk

N/A

N/A

3 × 10

Life-of-Project LCF risk

N/A

N/A

4 × 10-9

3 × 10

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
PDC = Pit Disassembly and Conversion Project; WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of K-Area in 2020 would receive a dose of about 252,000 person-rem.
b

Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.

c

Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facilities in 2020 (approximately 809,000 for K-Area).
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Table C–21 Radiological Impacts on Workers from Operation of the Pit Disassembly and
Conversion Project in K-Area
Alternative

MOX Fuel

H-Canyon/
HB-Line to
DWPF

WIPP

N/A

12

12

12

N/A

N/A

383

383

383

N/A

N/A

190

190

190

N/A

N/A

0 (0.1)

0 (0.1)

0 (0.1)

N/A

N/A

1 (1.4)

1 (1.4)

1 (1.4)

Dose (millirem per year) b

N/A

N/A

500

500

500

Annual LCF risk

N/A

N/A

0.0003

0.0003

0.0003

Life-of-Project LCF risk

N/A

N/A

0.004

0.004

0.004

No Action

Immobilization
to DWPF

N/A

Number of radiation workers
Collective dose (person-rem per year)

Impact Area
Operational Years for PDC
Total Workforce

Annual LCFs

a

Life-of-Project LCFs
Average Worker

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
PDC = Pit Disassembly and Conversion Project; WIPP = Waste Isolation Pilot Plant.
a

Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.

b

Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNS 2012a; WSRC 2008.

Table C–22 Radiological Impacts on Workers from Pit Disassembly Activities
in K-Area Complex Gloveboxes
Alternative

No Action

Immobilization
to DWPF

MOX
Fuel

H-Canyon/
HB-Line to
DWPF

WIPP

N/A

14

14

14

14

Number of radiation workers

N/A

50

50

50

50

Collective dose (person-rem per year)

N/A

28

28

28

28

N/A

0 (0.02)

0 (0.02)

0 (0.02)

0 (0.02)

N/A

0 (0.2)

0 (0.2)

0 (0.2)

0 (0.2)

Dose (millirem per year) b

N/A

560

560

560

560

Annual LCF risk

N/A

0.0003

0.0003

0.0003

0.0003

Life-of-Project LCF risk

N/A

0.005

0.005

0.005

0.005

Impact Area
Operational Years for Pit Disassembly
Activities in K-Area Complex Gloveboxes
Total Workforce

Annual LCFs

a

Life-of-Project LCFs a
Average Worker

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
WIPP = Waste Isolation Pilot Plant.
a

Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.

b

Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNL 2013; WSRC 2008.
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C.3.2

Immobilization Capability in K-Area

C.3.2.1 Construction
There would be no radiological risk to members of the public from the construction of a new
immobilization capability at K-Area. The majority of the construction activities would occur in areas
where dose rates would be close to background radiation levels, and there would be a limited amount of
equipment in place that would require decontamination and removal. Due to the nature of contamination,
the external dose rates from this equipment would be low. Total dose rates for the 2 years of
decontamination and equipment removal during the construction phase would be about 3.3 person-rem
per year; the average estimated dose rate would be about 46 millirem per worker per year for a member of
the exposed construction workforce of 72 workers (SRNS 2012a). The total construction workforce dose
would be 6.6 person-rem over the 2-year period. Construction worker exposures to radiation derived
from other activities at the site, past or present, would be kept ALARA. Construction workers would be
monitored (badged) as appropriate.
C.3.2.2 Operations
Under the Immobilization to DWPF Alternative, program activities that would result in worker and
potentially offsite population doses are the processing of 13.1 metric tons (14.4 tons) of surplus plutonium
in a new immobilization capability within K-Area. Processing this material is anticipated to require about
10 years of operation. This period of operation was used for projecting potential total numbers of latent
cancers. Tables C–23 and C–24 present the projected incident-free radiological impacts of operation of
the new immobilization capability.
Table C–23 Radiological Impacts on the Public from Operation of the K-Area
Immobilization Capability
Alternative

MOX Fuel
N/A

H-Canyon/
HB-Line to
DWPF
N/A

WIPP
N/A

0.00062
2.5 × 10-7
0 (4 × 10-7)
0 (4 × 10-6)

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A

7.5 × 10-6
2.4 × 10-6
5 × 10-12

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A

5 × 10-11

N/A

N/A

N/A

Impact Area
No Action
Operational Years for Immobilization
N/A
Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
N/A
a
Percent of natural background radiation
N/A
Annual LCFs
N/A
Life-of-Project LCFs b
N/A
Maximally Exposed Individual
Annual dose (millirem)
Percent of natural background radiation a
Annual LCF risk
Life-of-Project LCF risk

Immobilization
to DWPF
10

c

Average Exposed Individual within 50 Miles (80 kilometers)
Annual dose (millirem)
N/A
7.7 × 10-7
N/A
N/A
N/A
Annual LCF risk
N/A
5 × 10-13
N/A
N/A
N/A
-12
Life-of-Project LCF risk
N/A
5 × 10
N/A
N/A
N/A
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of K-Area in 2020 would receive a dose of about 252,000 person-rem.
b

Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.

c

Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facility in 2020 (approximately 809,000 for K-Area).
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Table C–24 Radiological Impacts on Workers from Operation of the K-Area
Immobilization Capability
Alternative
Immobilization
to DWPF
10

H-Canyon/
HB-Line to
DWPF
N/A

Impact Area
No Action
MOX Fuel
WIPP
Operational Years for Immobilization
N/A
N/A
N/A
Total Workforce
Number of radiation workers
N/A
314
N/A
N/A
N/A
Collective dose (person-rem per year)
N/A
310
N/A
N/A
N/A
Annual LCFs a
N/A
0 (0.2)
N/A
N/A
N/A
Life-of-Project LCFs a
N/A
2 (1.9)
N/A
N/A
N/A
Average Worker
Dose (millirem per year) b
N/A
1,000
N/A
N/A
N/A
Annual LCF risk
N/A
0.0006
N/A
N/A
N/A
Life-of-Project LCF risk
N/A
0.006
N/A
N/A
N/A
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
WIPP = Waste Isolation Pilot Plant.
a

Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.

b

Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNS 2012a.

C.3.3

H-Canyon/HB-Line

C.3.3.1 Construction
Under any of the action alternatives, implementation of the PF-4, H-Canyon/HB-Line, and MFFF Option
for pit disassembly and conversion would require modifications at the H-Canyon/HB-Line to support
dissolution of metal and conversion to plutonium oxide feed for MFFF (pit disassembly would occur in a
K-Area Complex glovebox; see Section C.3.1). Modification activities may result in construction
workforce doses (an average dose of 100 millirem per worker per year) to 10 workers. Annual workforce
doses are not expected to exceed 1.0 person-rem per year; over the 2 years required for these
modifications, the workforce would receive a collective dose of 2.0 person-rem (SRNL 2013).
No significant modifications to H-Canyon/HB-Line would be needed to enable processing of surplus
plutonium to prepare it for vitrification at DWPF under the H-Canyon/HB-Line to DWPF Alternative
(SRNL 2013). Any equipment modifications or piping realignments would be conducted as part of
normal operations.
Under the WIPP Alternative, construction workforce doses (an average dose of 58 millirem per worker
per year) to 10 workers may result from modifications at the H-Canyon/HB-Line to support preparation
of 13.1 metric tons (14.4 tons) of surplus plutonium for potential disposal at WIPP. A total potential
construction workforce dose of 1.2 person-rem would occur over the estimated 2-year modification
duration (SRNL 2013; WSRC 2008).
Under the MOX Fuel Alternative, H-Canyon/HB-Line may require modifications to dissolve and prepare
4 metric tons (4.4 tons) of non-pit plutonium as feed for MOX fuel fabrication and/or prepare
2 metric tons (2.2 tons) of surplus plutonium for potential WIPP disposal. The amount of modification
work needed to accommodate these actions would depend on the planned processing rate. Modifications
would range from minor modifications that would be made as part of normal operations to the level of
modifications referred to above for preparation of 13.1 metric tons (14.4 tons) of plutonium for potential
WIPP disposal.
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There would be no radiological risks to members of the public from any of the potential modification
scenarios of H-Canyon/HB-Line.
C.3.3.2 Operations
Processing 6 metric tons of non-pit plutonium for transfer to DWPF. Under the H-Canyon/HB-Line to
DWPF Alternative, 6 metric tons (6.6 tons) of surplus non-pit plutonium could be dissolved, processed,
and transferred to the liquid radioactive waste tank farm to become part of the feed to the HLW
vitrification system at DWPF. No changes are expected in air or liquid emissions and discharges under
this processing option. Dissolution, storage, and transfer of surplus plutonium are currently being
performed under existing permits (WSRC 2008).
No changes in worker radiological exposure rates at H-Canyon are expected due to this processing option
versus other materials normally handled at H-Canyon. H-Canyon missions currently include dissolution,
storage, and transfer of surplus plutonium, and controls are in place for limiting personnel doses.
Projected doses are estimated for each material type prior to the start of a campaign. Activities related to
plutonium processing operations on HB-Line would result in an increase in worker exposure. It is
estimated that 14 radiation workers would receive an average annual dose of 500 millirem as a result of
these operations (SRNL 2013). Processing this material is expected to require about 13 years of operation
under the H-Canyon/HB-Line to DWPF Alternative. This period of operation was used to project the
total numbers of LCFs for all receptors. Processing this material is expected to require about 13 years of
operation under the H-Canyon/HB-Line to DWPF Alternative. This period of operation was used to
project the total numbers of LCFs for all receptors.
Processing 10 metric tons of pit and metallic plutonium for transfer to MFFF. Under all of the action
alternatives, if the PF-4, H-Canyon/HB-Line, and MFFF Option for pit disassembly and conversion were
implemented, 10 metric tons (11 tons) of surplus plutonium could be processed through the
H-Canyon/HB-Line and sent to MFFF. Processing this material is expected to require about 14 years of
operation under all action alternatives. This period of operation was used to project the total numbers of
LCFs for all receptors.
Processing 4 metric tons of non-pit plutonium for transfer to MFFF. Under the MOX Fuel Alternative,
4 metric tons (4.4 tons) of non-pit plutonium would be processed through H-Canyon/HB-Line and sent to
MFFF for MOX fuel. Processing this material is expected to require about 6 years.
Processing non-pit and pit plutonium for shipment to WIPP. Under the MOX Fuel Alternative, 2 metric
tons (2.2 tons) of surplus plutonium could be processed through H-Canyon/HB-Line in preparation for
ultimate transport to WIPP. Under the WIPP Alternative, 6 metric tons (6.6 tons) of non-pit plutonium
would be processed through H-Canyon/HB-Line, and 7.1 metric tons (7.8 tons) of pit plutonium could be
processed through H-Canyon/HB-Line. Processing this material is expected to require about 10 years of
operation under the MOX Fuel Alternative and 25 total years under the WIPP Alternative. These periods
of operation were used to project the estimated numbers of LCFs for all receptors. As an option to
processing pit plutonium through H-Canyon/HB-Line at SRS for potential disposal at WIPP, these
activities could be performed in TA-55 facilities at LANL, such as PF-4. Processing all or a portion of
the 7.1 metric tons (7.8 tons) of pit plutonium at TA-55 facilities would reduce the operational period for
this activity in H-Canyon/HB-Line by up to 12 years. Any reduction in the amount of material processed
and operational period would result in a corresponding reduction to total public and worker impacts.
Tables C–25 through C–30 present the projected incident-free radiological impacts at H-Canyon/
HB-Line for all three processing scenarios discussed above.
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Table C–25 Radiological Impacts on the Public from Operation of H-Canyon/HB-Line –
Processing Surplus Non-Pit Plutonium for Transfer to the Defense Waste Processing Facility
Alternative
No
Action
N/A

H-Canyon/
Impact Area
MOX Fuel
HB-Line to DWPF
WIPP
Operational Years for H-Canyon/
N/A
13
N/A
HB-Line Processing to DWPF
Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
N/A
N/A
N/A
0.26
N/A
Percent of natural background
N/A
N/A
N/A
9.4 × 10-5
N/A
radiation a
Annual LCFs b
N/A
N/A
N/A
0 (0.0002)
N/A
Life-of-Project LCFs b
N/A
N/A
N/A
0 (0.002)
N/A
Maximally Exposed Individual
Annual dose (millirem)
N/A
N/A
N/A
0.0024
N/A
Percent of natural background
N/A
N/A
N/A
0.00077
N/A
radiation a
Annual LCF risk
N/A
N/A
N/A
1 × 10-9
N/A
Life-of-Project LCF risk
N/A
N/A
N/A
2 × 10-8
N/A
Average Exposed Individual within 50 Miles (80 kilometers) c
Annual dose (millirem)
N/A
N/A
N/A
0.00029
N/A
Annual LCF risk
N/A
N/A
N/A
2 × 10-10
N/A
Life-of-Project LCF risk
N/A
N/A
N/A
2 × 10-9
N/A
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of H-Area in 2020 would receive a dose of about 276,000 person-rem.
b

Immobilization
to DWPF
N/A

Numbers of LCFs in the population are whole numbers; the statistically calculated value is provided in parentheses.

c

Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facility in 2020 (approximately 886,000 for H-Area).
Source: SRNL 2013.

Table C–26 Radiological Impacts on Workers from Operation of H-Canyon/HB-Line – Processing
Surplus Non-Pit Plutonium for Transfer to the Defense Waste Processing Facility
No
Action
N/A

Immobilization
to DWPF
N/A

Alternative
MOX
H-Canyon/
Fuel
HB-Line to DWPF
N/A
13

Impact Area
WIPP
Operational Years for H-Canyon/
N/A
HB-Line Processing to DWPF
Total Workforce
Number of radiation workers a
N/A
N/A
N/A
14
N/A
Collective dose (person-rem per year)
N/A
N/A
N/A
7.0
N/A
b
Annual LCFs
N/A
N/A
N/A
0 (0.004)
N/A
Life-of-Project LCFs b
N/A
N/A
N/A
0 (0.05)
N/A
Average Worker
Dose (millirem per year) c
N/A
N/A
N/A
500
N/A
Annual LCF risk
N/A
N/A
N/A
0.0003
N/A
Life-of-Project LCF risk
N/A
N/A
N/A
0.004
N/A
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
WIPP = Waste Isolation Pilot Plant.
a
It was estimated that no more than 30 percent of the 46 radiation workers at H-Canyon would be involved with plutonium
processing activities under the H-Canyon/HB-Line to DWPF Alternative (i.e., 14 radiation workers).
b

Numbers of LCFs in the worker population are whole numbers; the statistically calculated value is provided in parentheses.

c

Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNL 2013.
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Table C–27 Radiological Impacts on the Public from Operation of H-Canyon/HB-Line – Pit and
Metal Conversion to Oxide for Mixed Oxide Fuel Fabrication
Alternative
No
Action
N/A

H-Canyon/
Impact Area
MOX Fuel
HB-Line to DWPF
WIPP
Operational Years for H-Canyon/
14
14
14
HB-Line Processing to MFFF
Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
N/A
0.26
0.26
0.26
0.26
Percent of natural background
N/A
9.4 × 10-5
9.4 × 10-5
9.4 × 10-5
9.4 × 10-5
radiation a
Annual LCFs b
N/A
0 (0.0002)
0 (0.0002)
0 (0.0002)
0 (0.0002)
Life-of-Project LCFs b
N/A
0 (0.002)
0 (0.002)
0 (0.002)
0 (0.002)
Maximally Exposed Individual
Annual dose (millirem)
N/A
0.0024
0.0024
0.0024
0.0024
Percent of natural background
N/A
0.00077
0.00077
0.00077
0.00077
radiation a
Annual LCF risk
N/A
1 × 10-9
1 × 10-9
1 × 10-9
1 × 10-9
-8
-8
-8
Life-of-Project LCF risk
N/A
2 × 10
2 × 10
2 × 10
2 × 10-8
c
Average Exposed Individual within 50 Miles (80 kilometers)
Annual dose (millirem)
N/A
0.00029
0.00029
0.00029
0.00029
Annual LCF risk
N/A
2 × 10-10
2 × 10-10
2 × 10-10
2 × 10-10
Life-of-Project LCF risk
N/A
2 × 10-9
2 × 10-9
2 × 10-9
2 × 10-9
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility;
MOX = mixed oxide; N/A = not applicable; WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of H-Area in 2020 would receive a dose of about 276,000 person-rem.
b

Immobilization
to DWPF
14

Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.

c

Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facility in 2020 (approximately 886,000 for H-Area).
Note: Potential public impacts from the separate processing of 4 metric tons (4.4 tons) of non-pit plutonium for feed to MFFF
(applicable under the MOX Fuel Alternative only) would be subsumed within the values provided in the MOX Fuel column.
Source: SRNL 2013.

Table C–28 Radiological Impacts on Workers from Operation of H-Canyon/HB-Line – Pit and
Metal Conversion to Oxide for Mixed Oxide Fuel Fabrication
Alternative
Immobilization
to DWPF
14

H-Canyon/
Impact Area
No Action
MOX Fuel
HB-Line to DWPF
WIPP
Operational Years for H-Canyon/
N/A
14
14
14
HB-Line Processing to MFFF
Total Workforce
Number of radiation workers
N/A
100
100
100
100
Collective dose (person-rem per year)
N/A
29
29
29
29
Annual LCFs a
N/A
0 (0.02)
0 (0.02)
0 (0.02)
0 (0.02)
Life-of-Project LCFs a
N/A
0 (0.2)
0 (0.2)
0 (0.2)
0 (0.2)
Average Worker
Dose (millirem per year) b
N/A
290
290
290
290
Annual LCF risk
N/A
0.0002
0.0002
0.0002
0.0002
Life-of-Project LCF risk
N/A
0.002
0.002
0.002
0.002
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility;
MOX = mixed oxide; N/A = not applicable; WIPP = Waste Isolation Pilot Plant.
a
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in
parentheses.
b
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Note: Potential worker impacts from the separate processing of 4 metric tons (4.4 tons) of non-pit plutonium for feed to
MFFF (applicable under the MOX Fuel Alternative only) would be subsumed within the values provided in the MOX Fuel
column.
Source: SRNL 2013.
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Table C–29 Radiological Impacts on the Public from Operation of H-Canyon/HB-Line –
Processing to the Waste Isolation Pilot Plant
Alternative
Immobilization
to DWPF
N/A

H-Canyon/
MOX Fuel a
WIPP a
Impact Area
No Action
HB-Line to DWPF
Operational Years for H-Canyon/
N/A
10
N/A
25
HB-Line Processing to WIPP
Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
N/A
N/A
0.26
N/A
0.26
Percent of natural background
N/A
N/A
9.4 × 10-5
N/A
9.4 × 10-5
radiation b
Annual LCFs c
N/A
N/A
0 (0.0002)
N/A
0 (0.0002)
Life-of-Project LCFs c
N/A
N/A
0 (0.002)
N/A
0 (0.004)
Maximally Exposed Individual
Annual dose (millirem)
N/A
N/A
0.0024
N/A
0.0024
Percent of natural background
N/A
N/A
0.00077
N/A
0.00077
radiation b
Annual LCF risk
N/A
N/A
1 × 10-9
N/A
1 × 10-9
-8
Life-of-Project LCF risk
N/A
N/A
1 × 10
N/A
4 × 10-8
d
Average Exposed Individual within 50 Miles (80 kilometers)
Annual dose (millirem)
N/A
N/A
0.00029
N/A
0.00029
Annual LCF risk
N/A
N/A
2 × 10-10
N/A
2 × 10-10
Life-of-Project LCF risk
N/A
N/A
2 × 10-9
N/A
4 × 10-9
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable; WIPP = Waste
Isolation Pilot Plant.
a
Under the MOX Fuel Alternative, 2 metric tons (2.2 tons) of material would be processed; under the WIPP Alternative, 6 metric
tons (6.6 tons) of non-pit material would be processed and 7.1 metric tons (7.8 tons) of pit material could be processed.
b
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population within
50 miles (80 kilometers) of H-Area in 2020 would receive a dose of about 276,000 person-rem.
c
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.
d
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the SRS
facility in 2020 (approximately 886,000 for H-Area).
Source: SRNL 2013.

Table C–30 Radiological Impacts on Workers from Operation of H-Canyon/HB-Line –
Processing to the Waste Isolation Pilot Plant
Immobilization
to DWPF
N/A

Alternative
MOX
H-Canyon/
Fuel a
HB-Line to DWPF
10
N/A

WIPP a
Impact Area
No Action
Operational Years for H-Canyon/
N/A
25
HB-Line Processing to WIPP
Total Workforce
Number of radiation workers
N/A
N/A
130
N/A
130
Collective dose (person-rem per year)
N/A
N/A
20
N/A
60
Annual LCFs b
N/A
N/A
0 (0.01)
N/A
0 (0.04)
Life-of-Project LCFs b
N/A
N/A
0 (0.1)
N/A
1 (0.9)
Average Worker
Dose (millirem per year) c
N/A
N/A
150
N/A
460
Annual LCF risk
N/A
N/A
0.00009
N/A
0.0003
Life-of-Project LCF risk
N/A
N/A
0.0009
N/A
0.007
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable; WIPP = Waste
Isolation Pilot Plant.
a
Under the MOX Fuel Alternative, 2 metric tons (2.2 tons) of material would be processed; under the WIPP Alternative, 6 metric
tons (6.6 tons) of non-pit material would be processed and 7.1 metric tons (7.8 tons) of pit material could be processed.
b
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.
c
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem per year
and as low as reasonably achievable (DOE 2009).
Source: SRNL 2013.
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C.3.4

Mixed Oxide Fuel Fabrication Facility (including metal oxidation)

C.3.4.1 Construction
MFFF is already under construction and the only potential modifications to MFFF would be the
installation of metal oxidation furnaces under any of the action alternatives. Approximately
140 construction workers would be involved in this activity over an estimated 3.5-year timeframe. Metal
oxidation furnaces would be installed in an area set aside in MFFF (i.e., separate from the fuel fabrication
operations), so construction workers would not be expected to receive any occupation radiation doses.
There would be no radiological risk to members of the public from these construction activities at MFFF.
C.3.4.2 Operations
Under the No Action Alternative, surplus plutonium disposition operations would continue at SRS largely
as described and evaluated in the SPD EIS (DOE 1999), the first supplement analysis to the SPD EIS
(DOE 2003b), and the MFFF EIS (NRC 2005). Where planned operations have changed substantially
and might affect potential worker radiological exposures, they are noted. Program activities under the
No Action Alternative that would result in worker doses include fabrication of 34 metric tons (37.5 tons)
of surplus plutonium into MOX fuel at MFFF. This is expected to require about 21 years of operation.
The same MFFF throughput and operational time frame apply under the Immobilization to DWPF and
WIPP Alternatives.
Under the H-Canyon/HB-Line to DWPF Alternative, operational activities that would result in worker
doses at MFFF include processing 34 metric tons (37.5 tons) of surplus plutonium, as previously
evaluated, as well as processing 7.1 metric tons (7.8 tons) of additional surplus pit plutonium
(not previously analyzed). Processing operations associated with the additional 7.1 metric tons (7.8 tons)
of pit plutonium would be similar to those for the other material previously evaluated and would extend
the operating life of MFFF by 2 years, to a total of 23 years. Annual worker exposures would be similar
to those previously analyzed, but the total exposures would increase in proportion to the extension of the
facility’s operating life.
Under the MOX Fuel Alternative, operational activities that would result in worker doses at MFFF
include processing 34 metric tons (37.5 tons) of surplus plutonium (previously analyzed); an additional
7.1 metric tons (7.8 tons) of surplus pit plutonium (not previously analyzed); and an additional
4 metric tons (4.4 tons) of surplus non-pit plutonium (not previously analyzed), or a total of
45.1 metric tons (49.7 tons) of surplus plutonium. Impacts from MOX fuel fabrication of the additional
7.1 metric tons (7.8 tons) of pit plutonium would be similar to the impacts of processing other material
previously evaluated. The impacts of MOX fuel fabrication of 4 metric tons (4.4 tons) of non-pit
plutonium after initial preparation of the material at H-Canyon/HB-Line would likewise be similar to the
impacts of processing other material previously evaluated. The net effect of processing the additional
plutonium under the MOX Fuel Alternative would be to increase the operating life of MFFF to a total of
24 years. Annual worker exposures would be similar to those previously analyzed, but the cumulative
exposures would increase in proportion to the extension of the facility’s operating life.
Under any of the action alternatives, two of the options for pit disassembly and conversion include the use
of metal oxidations furnaces installed in MFFF for converting 35 metric tons (38.6 tons) of surplus
plutonium to plutonium oxide over an estimated operational period of 20 years. This value is the
upper-range for MFFF oxidation furnaces and could be correspondingly reduced (along with associated
human health impacts) by any quantity of surplus plutonium which undergoes the oxidation process at
another facility, such as PF-4 at LANL.
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Tables C–31 and C–32 present the projected incident-free radiological impacts of MFFF operations.
Tables C–33 and C–34 present the projected incident-free radiological impacts from operation of metal
oxidation furnaces at MFFF.
Table C–31 Radiological Impacts on the Public from Operation of the
Mixed Oxide Fuel Fabrication Facility
Alternative
Immobilization
to DWPF
21

H-Canyon/
Impact Area
No Action
MOX Fuel
HB-Line to DWPF
WIPP
Operational Years for MFFF
21
24
23
21
Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
0.045
0.045
0.052
0.050
0.045
Percent of natural background
1.7 × 10-5
1.7 × 10-5
1.9 × 10-5
1.9 × 10-5
1.7 × 10-5
radiation a
Annual LCFs b
0 (3 × 10-5)
0 (3 × 10-5)
0 (3 × 10-5)
0 (3 × 10-5)
0 (3 × 10-5)
b
Life-of-Project LCFs
0 (0.0006)
0 (0.0006)
0 (0.0007)
0 (0.0007)
0 (0.0006)
Maximally Exposed Individual
Annual dose (millirem)
0.00050
0.00050
0.00058
0.00055
0.00050
Percent of natural background
0.00016
0.00016
0.00019
0.00018
0.00016
radiation a
Annual LCF risk
3 × 10-10
3 × 10-10
3 × 10-10
3 × 10-10
3 × 10-10
-9
-9
-9
-9
Life-of-Project LCF risk
6 × 10
6 × 10
8 × 10
8 × 10
6 × 10-9
c
Average Exposed Individual within 50 Miles (80 kilometers)
Annual dose (millirem)
5.2 × 10-5
5.2 × 10-5
6.0 × 10-5
5.8 × 10-5
5.2 × 10-5
-11
-11
-11
-11
Annual LCF risk
3 × 10
3 × 10
4 × 10
3 × 10
3 × 10-11
-10
-10
-10
-10
Life-of-Project LCF risk
7 × 10
7 × 10
9 × 10
8 × 10
7 × 10-10
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility;
MOX = mixed oxide; WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of F-Area in 2020 would receive a dose of about 270,000 person-rem.
b
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.
c
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facilities in 2020 (approximately 869,000 for F-Area).

Table C–32 Radiological Impacts on Workers from Operation of the
Mixed Oxide Fuel Fabrication Facility
Alternative
No
Action
21

Immobilization
to DWPF
21

H-Canyon/
Impact Area
MOX Fuel
HB-Line to DWPF
WIPP
Operational Years for MFFF
24
23
21
Total Workforce
Number of radiation workers
450
450
450
450
450
Collective dose (person-rem per year)
51
51
51
51
51
Annual LCFs a
0 (0.03)
0 (0.03)
0 (0.03)
0 (0.03)
0 (0.03)
Life-of-Project LCFs a
1 (0.6)
1 (0.6)
1 (0.7)
1 (0.7)
1 (0.6)
Average Worker
Dose (millirem per year) b
110
110
110
110
110
Annual LCF risk
0.00007
0.00007
0.00007
0.00007
0.00007
Life-of-Project LCF risk
0.001
0.001
0.002
0.002
0.001
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility;
MOX = mixed oxide; WIPP = Waste Isolation Pilot Plant.
a
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in
parentheses.
b
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNS 2012a.
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Table C–33 Radiological Impacts on the Public from Operation of Metal Oxidation Furnaces
at the Mixed Oxide Fuel Fabrication Facility
Alternative

Impact Area
Operational Years for Oxidation at MFFF
Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
Percent of natural background radiation a
Annual LCFs b
Life-of-Project LCFs b
Maximally Exposed Individual
Annual dose (millirem)
Percent of natural background radiation a
Annual LCF risk
Life-of-Project LCF risk

MOX Fuel
20

H-Canyon/
HB-Line to
DWPF
20

WIPP
20

0.37
0.00014
0 (0.0002)
0 (0.004)

0.37
0.00014
0 (0.0002)
0 (0.004)

0.37
0.00014
0 (0.0002)
0 (0.004)

0.37
0.00014
0 (0.0002)
0 (0.004)

N/A
N/A

0.0041
0.0013

0.0041
0.0013

0.0041
0.0013

0.0041
0.0013

N/A
N/A

2 × 10-9
5 × 10-8

2 × 10-9
5 × 10-8

2 × 10-9
5 × 10-8

2 × 10-9
5 × 10-8

No Action
N/A

Immobilization
to DWPF
20

N/A
N/A
N/A
N/A

Average Exposed Individual within 50 Miles (80 kilometers) c
Annual dose (millirem)
N/A
0.00043
0.00043
0.00043
0.00043
Annual LCF risk
N/A
3 × 10-10
3 × 10-10
3 × 10-10
3 × 10-10
Life-of-Project LCF risk
N/A
5 × 10-9
5 × 10-9
5 × 10-9
5 × 10-9
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility;
MOX = mixed oxide; N/A = not applicable; WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of F-Area in 2020 would receive a dose of about 270,000 person-rem.
b
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.
c
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facilities in 2020 (approximately 869,000 for F-Area).

Table C–34 Radiological Impacts on Workers from Operation of Metal Oxidation Furnaces
at the Mixed Oxide Fuel Fabrication Facility
Alternative

Impact Area
Operational Years for Oxidation at MFFF
Total Workforce
Number of radiation workers
Collective dose (person-rem per year)
Annual LCFs a
Life-of-Project LCFs a
Average Worker
Dose (millirem per year) b
Annual LCF risk

MOX Fuel
20

H-Canyon/
HB-Line to
DWPF
20

WIPP
20

35
2.3
0 (0.001)
0 (0.03)

35
2.3
0 (0.001)
0 (0.03)

35
2.3
0 (0.001)
0 (0.03)

35
2.3
0 (0.001)
0 (0.03)

65
0.00004

65
0.00004

65
0.00004

65
0.00004

No Action
N/A

Immobilization
to DWPF
20

N/A
N/A
N/A
N/A
N/A
N/A

Life-of-Project LCF risk
N/A
0.0008
0.0008
0.0008
0.0008
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility;
MOX = mixed oxide; N/A = not applicable; WIPP = Waste Isolation Pilot Plant.
a
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in
parentheses.
b
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNS 2012a.
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C.3.5

Pit Disassembly and Conversion Facility in F-Area

C.3.5.1 Construction
There would be no radiological risk to the public from the construction of PDCF. Construction worker
exposures to radiation derived from other activities at the site, past or present, would also be kept within
ALARA levels. Construction workers would be monitored (badged) as appropriate.
C.3.5.2 Operations
Under the No Action Alternative, surplus plutonium disposition operations would proceed at SRS largely
as described and evaluated in the SPD EIS (DOE 1999), SPD EIS SA-1 (DOE 2003b), and
MFFF EIS (NRC 2005). Program activities under the No Action Alternative that would result in worker
doses and radiological emissions include processing surplus plutonium at PDCF over a period of
10 years, as evaluated in the SPD EIS SA-1 (DOE 2003b) and the MFFF EIS (NRC 2005), with transfer
of the liquid wastes to WSB.
Under the Immobilization to DWPF, MOX Fuel, H-Canyon/HB-Line to DWPF, and WIPP Alternatives,
processing additional pit plutonium would extend the operating life to a total of 12 years (for example, see
Chapter 2, Section 2.3). Annual worker and public exposures would be similar to those previously
analyzed, but the cumulative exposures would increase in proportion to the extension of the facility’s
operating life. Tables C–35 and C–36 present the projected incident-free radiological impacts of PDCF
operations.
Table C–35 Radiological Impacts on the Public from Operation
of the Pit Disassembly and Conversion Facility in F-Area
Alternative
No Action

Immobilization
to DWPF

MOX Fuel

H-Canyon/
HB-Line to DWPF

WIPP

10

12

12

12

12

0.46

0.46

0.46

0.46

0.46

0.00017

0.00017

0.00017

0.00017

0.00017

0 (0.0003)

0 (0.0003)

0 (0.0003)

0 (0.0003)

0 (0.0003)

0 (0.003)

0 (0.003)

0 (0.003)

0 (0.003)

0 (0.003)

Annual dose (millirem)

0.0055

0.0055

0.0055

0.0055

0.0055

Percent of natural background
radiation a

0.0018

0.0018

0.0018

0.0018

0.0018

Annual LCF risk

3 × 10-9

3 × 10-9

3 × 10-9

3 × 10-9

3 × 10-9

Life-of-Project LCF risk

3 × 10-8

4 × 10-8

4 × 10-8

4 × 10-8

4 × 10-8

Impact Area
Operational Years for PDCF

Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
Percent of natural background
radiation a
Annual LCFs b
Life-of-Project LCFs

b

Maximally Exposed Individual

Average Exposed Individual within 50 Miles (80 kilometers)
Annual dose (millirem)
Annual LCF risk
Life-of-Project LCF risk

c

0.00053

0.00053

0.00053

0.00053

0.00053

-10

-10

-10

-10

3 × 10-10

-9

4 × 10-9

3 × 10

3 × 10

-9

3 × 10

4 × 10

-9

3 × 10

4 × 10

-9

3 × 10

4 × 10

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; PDCF = Pit Disassembly and
Conversion Facility; WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of F-Area in 2020 would receive a dose of about 270,000 person-rem.
b
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.
c
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facilities in 2020 (approximately 869,000 for F-Area).
Source: SRNS 2012a.
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Table C–36 Radiological Impacts on Workers from Operation of the
Pit Disassembly and Conversion Facility in F-Area
Alternative

MOX Fuel

H-Canyon/
HB-Line to
DWPF

WIPP

12

12

12

12

383

383

383

383

383

190

190

190

190

190

0 (0.1)

0 (0.1)

0 (0.1)

0 (0.1)

0 (0.1)

1 (1.4)

1 (1.4)

1 (1.4)

1 (1.4)

1 (1.4)

500

500

500

500

500

Annual LCF risk

0.0003

0.0003

0.0003

0.0003

0.0003

Life-of-Project LCF risk

0.003

0.004

0.004

0.004

0.004

No Action

Immobilization
to DWPF

10

Number of radiation workers
Collective dose (person-rem per year)

Impact Area
Operational Years for PDCF
Total Workforce

Annual LCFs

a

Life-of-Project LCFs a
Average Worker
Dose (millirem per year) b

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; PDCF = Pit Disassembly and
Conversion Facility; WIPP = Waste Isolation Pilot Plant.
a
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in
parentheses.
b
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNL 2013.

C.3.6

Waste Solidification Building

C.3.6.1 Construction
Potential impacts associated with the construction of WSB were previously analyzed (DOE 2008). No
addition construction or modifications are evaluated in the SPD Supplemental EIS.
C.3.6.2 Operations
Under all alternatives, surplus plutonium disposition operations would proceed at SRS largely as
described and evaluated in the SPD EIS (DOE 1999), SPD EIS SA-1 (DOE 2003b), and the MFFF EIS
(NRC 2005). Program activities under all alternatives, including processing liquid wastes from MFFF
and PDCF, would result in worker doses and radiological air emissions. Tables C–37 and C–38 present
the projected incident-free radiological impacts of WSB operations.
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Table C–37 Radiological Impacts on the Public from Operation of the
Waste Solidification Building
Alternative

Impact Area
Operational Years for WSB

No Action

Immobilization
to DWPF

21

21

MOX Fuel

H-Canyon/
HB-Line to
DWPF

WIPP

24

23

21

Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
Percent of natural background radiation a
Annual LCFs b
Life-of-Project LCFs

b

0.031

0.031

0.031

0.031

0.031

1.1 × 10-5

1.1 × 10-5

1.1 × 10-5

1.1 × 10-5

1.1 × 10-5

0 (2 × 10-5)

0 (2 × 10-5)

0 (2 × 10-5)

0 (2 × 10-5)

0 (2 × 10-5)

0 (0.0004)

0 (0.0004)

0 (0.0004)

0 (0.0004)

0 (0.0004)

0.00063

0.00063

0.00063

0.00063

0.00063

0.00020

0.00020

0.00020

0.00020

0.00020

-10

-10

-10

-10

4 × 10-10

-9

8 × 10-9

Maximally Exposed Individual
Annual dose (millirem)
Percent of natural background radiation
Annual LCF risk
Life-of-Project LCF risk

a

4 × 10

8 × 10

4 × 10

-9

8 × 10

-9

4 × 10

9 × 10

-9

4 × 10

9 × 10

Average Exposed Individual within 50 Miles (80 kilometers) c
Annual dose (millirem)

3.6 × 10-5

3.6 × 10-5

3.6 × 10-5

3.6 × 10-5

3.6 × 10-5

Annual LCF risk

2 × 10-11

2 × 10-11

2 × 10-11

2 × 10-11

2 × 10-11

-10

-10

-10

-10

5 × 10-10

Life-of-Project LCF risk

5 × 10

5 × 10

5 × 10

5 × 10

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; WIPP = Waste Isolation Pilot
Plant; WSB = Waste Solidification Building.
a
The annual natural background radiation dose assumed for SRS is 311 millirem for the average individual; the population
within 50 miles (80 kilometers) of F-Area in 2020 would receive a dose of about 270,000 person-rem.
b
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.
c
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the
SRS facilities in 2020 (approximately 869,000 for F-Area).

Table C–38 Radiological Impacts on Workers from Operation of the Waste Solidification Building
Alternative

Impact Area
Operational Years for WSB

No Action

Immobilization
to DWPF

21

21

50

50

MOX Fuel

H-Canyon/
HB-Line to
DWPF

WIPP

24

23

21

50

50

50

Total Workforce
Number of radiation workers
Collective dose (person-rem per year)

25

25

25

25

25

Annual LCFs a

0 (0.02)

0 (0.02)

0 (0.02)

0 (0.02)

0 (0.02)

Life-of-Project LCFs a

0 (0.3)

0 (0.3)

0 (0.4)

0 (0.3)

0 (0.3)

500

500

500

500

500

Annual LCF risk

0.0003

0.0003

0.0003

0.0003

0.0003

Life-of-Project LCF risk

0.006

0.006

0.007

0.007

0.006

Average Worker
Dose (millirem per year) b

DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; WIPP = Waste Isolation Pilot
Plant; WSB = Waste Solidification Building.
a
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in
parentheses.
b
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: SRNS 2012a.
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C.3.7

Defense Waste Processing Facility

C.3.7.1 Construction
There would be no radiological risk to the public from modifications to DWPF. Construction worker
exposures to radiation derived from other activities at the site, past or present, would be kept ALARA.
Construction workers would be monitored (badged) as appropriate. Doses associated with modifications
would be minimal, resulting in less than 0.1 person-rem to the workforce. DWPF modifications are only
expected under the Immobilization to DWPF Alternative (SRNS 2012a; WSRC 2008).
C.3.7.2 Operations
All action alternatives, with the exception of the WIPP Alternative, would rely on DWPF to handle the
additional material processed through H-Canyon/HB-Line or the immobilization capability. Annual
worker exposures would be similar to those previously analyzed in the Final Environmental Impact
Statement, Defense Waste Processing Facility, Savannah River Plant (DOE/EIS-0082) and the
Final Supplemental Environmental Impact Statement, Defense Waste Processing Facility (DOE 1994).
The cumulative exposures would increase in proportion to the extension of the facility’s operating life.
Under the Immobilization to DWPF Alternative, 13.1 metric tons (14.4 tons) of surplus plutonium in cans
would be transferred to DWPF to be encapsulated in canisters of HLW. Although additional HLW
canisters would be generated (see Chapter 2, Section 2.2.1), no additional glass would be poured. Glass
would simply be poured into additional canisters due to the 12 percent reduction in space for vitrified
HLW within the 790 can-in-canister assemblies. No plutonium would be released from the canisters that
would be processed at DWPF, so there would be no net increase in normal atmospheric radiological
releases from DWPF (SRNS 2012a; WSRC 2008).
Under the MOX Fuel Alternative, 4 metric tons (4.4 tons) of non-pit plutonium would be processed at
H-Canyon/HB-Line, creating waste that would generate approximately 2 additional canisters; under all
action alternatives however, it is possible to process 10 metric tons (11 tons) of pit and metallic plutonium
at H-Canyon/HB-Line, resulting in waste generating approximately 5 additional canisters.
Under the H-Canyon/HB-Line to DWPF Alternative, 6 metric tons (6.6 tons) of surplus plutonium from
H-Canyon/HB-Line would be transferred for vitrification with HLW at DWPF. The plutonium mixed
with the HLW would not contribute substantially to the DWPF normal release source term, so no
incremental normal releases from DWPF are expected from these alternatives (SRNS 2012a;
WSRC 2008). Therefore, no incremental normal releases from DWPF are expected under any of the
alternatives (SRNS 2012a; WSRC 2008). Table C–39 presents the projected incident-free radiological
impacts on workers from DWPF operations.
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Table C–39 Potential Incremental Radiological Impacts on Workers from Operation of the
Defense Waste Processing Facility
Alternative
Immobilization
to DWPF
10

H-Canyon/
Impact Area
No Action
MOX Fuel
HB-Line to DWPF
WIPP
Operational Years for DWPF
N/A
6
13
N/A
Total Workforce
Number of radiation workers a
N/A
25
5
8
N/A
Collective dose (person-rem per year)
N/A
5.9
1.2
1.9
N/A
Annual LCFs b
N/A
0 (0.004)
0 (0.0007)
0 (0.001)
N/A
Life-of-Project LCFs b
N/A
0 (0.04)
0 (0.004)
0 (0.01)
N/A
Average Worker
Dose (millirem per year) c
N/A
240
240
240
N/A
Annual LCF risk
N/A
0.0001
0.0001
0.0001
N/A
Life-of-Project LCF risk
N/A
0.001
0.0009
0.002
N/A
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable;
WIPP = Waste Isolation Pilot Plant.
a
Numbers represent full-time-equivalent workers based on an estimate that no more than 1 to 5 percent of the dose to the
500 badged workers at DWPF would be due to plutonium processing activities (plutonium canister handling, vitrification of
additional plutonium-canister material, and handling/staging of plutonium-vitrified material for transport to the Glass Waste
Storage Building).
b
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in
parentheses.
c
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Source: DOE 1994: Section 4.1.11.2; SRNS 2012a; WSRC 2008.

C.4
C.4.1

Los Alamos National Laboratory
Los Alamos National Laboratory Plutonium Facility

C.4.1.1 Construction
There would be no radiological risk to the public from any potential modification activities
(e.g., glovebox installations/modifications/decontamination and decommissioning (D&D) and installation
of equipment) at PF-4. Construction worker doses are expected; however, they were estimated not to
exceed an annual workforce dose of 18 person-rem per year to 60 workers (about 40 full-time equivalent
workers) (LANL 2013), which is equal to an average construction worker dose of 300 millirem per year.
This equates to a total potential construction workforce dose of 140 person-rem over the estimated 8 years
of facility modifications. This workforce would be monitored (badged).
C.4.1.2 Operations
Under all alternatives analyzed in this SPD Supplemental EIS, some level of pit disassembly and
conversion processing would occur at PF-4. For all alternatives, under the PDCF Option for pit
disassembly and conversion, and for the MOX, H-Canyon/HB-Line, and WIPP Alternatives, under the
PDC Option for pit disassembly and conversion, 2 metric tons (2.2 tons) of plutonium would be
processed at PF-4. For all action alternatives under the PF-4 and MFFF Option and the PF-4,
H-Canyon/HB-Line, and MFFF Option for pit disassembly and conversion, 35 metric tons (38.6 tons) of
plutonium could be processed at PF-4. The impacts presented in Tables C–40 and C–41 are for pit
disassembly and conversion of 35 metric tons (38.6 tons) of plutonium at PF-4 and preparing it for
shipment to SRS. However, there are processing variations that could result in reduced levels of activity
or reduced quantities of plutonium processed at LANL. Under the PF-4 and MFFF Option and the PF-4,
H-Canyon/HB-Line, and MFFF Option for pit disassembly and conversion, a reduced level of activity
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may occur if plutonium from pit disassembly is packaged as a metal and shipped to SRS for conversion in
metal oxidation furnaces in MFFF. Under the PF-4, H-Canyon/HB-Line, and MFFF Option, some of the
pit plutonium may be disassembled and oxidized using SRS facilities; for example, 10 metric tons
(11 tons) of pit material could be processed at SRS through the K-Area Complex and
H-Canyon/HB-Line. Under the WIPP Alternative, in lieu of sending material from PF-4 at LANL to SRS
for oxidation and/or blending with inert material and packaging for potential WIPP disposal, preparation
for WIPP disposal could be performed at TA-55 facilities at LANL, such as PF-4, in a manner similar to
that described for H-Canyon/HB-Line (see Appendix B, Section B.1.3). It is assumed that incremental
changes in worker impacts from blending and packaging at TA-55 facilities would be comparable to those
for performing these activities at H-Canyon/HB-Line. Performing these activities at LANL would result
in small increases in the public and worker impact estimates presented in Tables C–40 and C–41.
Table C–40 Potential Radiological Impacts on the Public from Pit Disassembly and Conversion
Operations at the Los Alamos National Laboratory Plutonium Facility
Alternative
Impact Area
Operational Years for
Processing at LANL PF-4
(2 MT Case/35 MT Case)

No Action

Immobilization
to DWPF

MOX Fuel

H-Canyon/
HB-Line to DWPF

WIPP

7

7/22

7/22

7/22

7/22

Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
Percent of natural background
radiation a
Annual LCFs b
Life-of-Project LCFs

0.025

0.025/0.21

1.2 × 10

-5

0 (2 × 10-5)
b

-4

0.025/0.21

-5

1.2 × 10 / 1.0 × 10

-4

0 (2×10-5 / 1×10-4)
-4

-3

0.025/0.21

-5

1.2 × 10 / 1.0 × 10

-4

0.025/0.21

-5

1.2 × 10 / 1.0 × 10

-4

1.2 × 10-5 / 1.0 × 10-4

0 (2 × 10-5 / 1 × 10-4) 0 (2 × 10-5 / 1 × 10-4) 0 (2 × 10-5 / 1 × 10-4)
0 (1 × 10-4 / 3 × 10-3 ) 0 (1 × 10-4 / 3 × 10-3 ) 0 (1 × 10-4 / 3 × 10-3 )

0 (1 × 10 )

0 (1×10 / 3×10 )

Annual dose (millirem)

0.0097

0.0097/0.081

0.0097/0.081

0.0097/0.081

0.0097/0.081

Percent of natural background
radiation a

0.0021

0.0021/0.017

0.0021/0.017

0.0021/0.017

0.0021/0.017

Annual LCF risk

6 × 10-9

6 × 10-9 / 5 × 10-8

Maximally Exposed Individual

Life-of-Project LCF risk

4 × 10

-8

-8

4 × 10 / 1 × 10

-6

6 × 10-9 / 5 × 10-8
-8

4 × 10 / 1 × 10

-6

6 × 10-9 / 5 × 10-8
-8

4 × 10 / 1 × 10

-6

6 × 10-9 / 5 × 10-8
4 × 10-8 / 1 × 10-6

Average Exposed Individual within 50 Miles (80 kilometers) c
Annual dose (millirem)

5.6 × 10-5

5.6 × 10-5 / 4.7 × 10-4 5.6 × 10-5 / 4.7 × 10-4 5.6 × 10-5 / 4.7 × 10-4 5.6 × 10-5 / 4.7 × 10-4

Annual LCF risk

3 × 10-11

3 × 10-11 / 3 × 10-10

Life-of-Project LCF risk

2 × 10

-10

2 × 10

-10

/ 6 × 10

-9

3 × 10-11 / 3 × 10-10
2 × 10

-10

/ 6 × 10

-9

3 × 10-11 / 3 × 10-10
2 × 10

-10

/ 6 × 10

-9

3 × 10-11 / 3 × 10-10
2 × 10-10 / 6 × 10-9

DWPF = Defense Waste Processing Facility; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MOX = mixed
oxide; MT = metric tons; PF-4 = Plutonium Facility; WIPP = Waste Isolation Pilot Plant.
a
The annual natural background radiation dose at LANL is 469 millirem for the average individual; the population within 50 miles
(80 kilometers) in 2020 would receive a dose of about 210,000 person-rem.
b
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses.
c
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of LANL PF-4
in 2020 (approximately 448,000).
Note: To convert metric tons to tons, multiply by 1.1023.
Source: LANL 2013.
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Table C–41 Potential Radiological Impacts on Workers from Pit Disassembly and Conversion
Operations at the Los Alamos National Laboratory Plutonium Facility
Alternative

Impact Area
Operational Years for Processing at LANL
PF-4 (2 MT Case/35 MT Case)
Total Workforce
Number of radiation workers
Collective dose (person-rem per year)
Annual LCFs a
Life-of-Project LCFs a

MOX Fuel
7/22

H-Canyon/
HB-Line to
DWPF
7/22

WIPP
7/22

85/345

85/345

85/345

85/345

29/190
0 (0.02/0.1)
0 (0.1)/3 (2.5)

29/190
0 (0.02/0.1)
0 (0.1)/3 (2.5)

29/190
0 (0.02/0.1)
0 (0.1)/3 (2.5)

29/190
0 (0.02/0.1)
0 (0.1)/3 (2.5)

No
Action
7

Immobilization
to DWPF
7/22

85
29
0 (0.02)
0 (0.1)

Average Worker
Dose (millirem per year) b
340
340/560
340/560
340/560
340/560
Annual LCF risk
0.0002 0.0002/0.0003 0.0002/0.0003 0.0002/0.0003 0.0002/0.0003
Life-of-Project LCF risk
0.001
0.001/0.007
0.001/0.007
0.001/0.007
0.001/0.007
DWPF = Defense Waste Processing Facility; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality;
MOX = mixed oxide; MT = metric tons; PF-4 = Plutonium Facility; WIPP = Waste Isolation Pilot Plant.
a
Numbers of LCFs in the worker population are whole numbers; the statistically calculated value is provided in parentheses.
b
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable (DOE 2009).
Note: To convert metric tons to tons, multiply by 1.1023.
Source: LANL 2013.

C.5
C.5.1

Combined Impacts Under Each Alternative
No Action Alternative

Construction. Construction workers would be monitored (badged), as appropriate. The impacts of
construction of PDCF at F-Area would be the same under all alternatives. The only potential dose to
workers would be from background radiation levels at SRS (see Section C.3). None of these exposures
are expected to result in any additional LCFs to construction workforces.
Because there is no ground surface contamination in F-Area where PDCF would be constructed, there
would be no additional radiological releases to the environment or impacts on the general population from
ground disturbing construction activities at this location (DOE 1999; NRC 2005:4-7).
Operations. Tables C–42 and C–43 summarize the potential radiological impacts on workers and the
general public, respectively, under the No Action Alternative. To facilitate comparison of the potential
impacts of the alternatives, the estimated annual doses and LCF risks over the life of each facility are
presented. The impacts over each facility's operating time frame were determined by multiplying the
annual impacts by each facility’s projected operating period.
Waste management activities would be conducted in support of surplus plutonium activities under this
alternative at E-Area at SRS and principally at TA-54 at LANL. These activities are expected to result in
negligible incremental impacts to both workers and the public from the staging of transuranic (TRU)
waste awaiting shipment to WIPP, from potential storage of mixed low-level radioactive waste (MLLW)
pending offsite shipment, or from storage or disposal of low-level radioactive waste (LLW).
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Table C–42 Radiological Impacts on Workers from Operations Under the No Action Alternative
SRS

Impact Area
Total Workforce
Number of radiation workers
Collective dose (person-rem per
year)
Annual LCFs a

Life-of-Project LCFs

a

Support Facilities
K-Area Storage
KIS

WSB

Pit Disassembly
and Conversion
PDCF

Disposition
MFFF

LANL
Pit Disassembly
and Conversion
PF-4

24
8.9

40
25

50
25

383
192

450
51

85
29

0 (0.005)
0 (0.2)

0 (0.02)
1 (0.6)

0 (0.02)
0 (0.3)

0 (0.1)
1

0 (0.03)
0 (0.6)

0 (0.02)
0 (0.1)

Average Worker
Dose (millirem per year) b
Annual LCF risk

370
630
500
500
113
340
0.0002
0.0004
0.0003
0.0003
0.00007
0.0002
0.009
0.02
0.006
0.003
0.001
0.001
Life-of-Project LCF risk
KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide
Fuel Fabrication Facility; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site;
WSB = Waste Solidification Building.
a
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.
b
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem per year
and as low as reasonably achievable (DOE 2009).

Table C–43 Radiological Impacts on the Public from Operations Under the No Action Alternative
SRS
Principal Support Facilities
K-Area
Storage a
Impact Area
KIS
WSB
Population within 50 Miles (80 kilometers)
Annual dose (person-rem)
0
4.3 × 10-5
0.031
Percent of natural
0
1.7 × 10-8
1.1 × 10-5
background radiation b
Annual LCFs
0
0 (3 × 10-8)
0 (2 × 10-5)
0
0 (1 × 10-6)
0 (0.0004)
Life-of-Project LCFs c

Pit Disassembly and
Conversion Option

Disposition

LANL
Pit Disassembly and
Conversion Option

PDCF

MFFF

PF-4

0.46
0.00017

0.045
1.7 × 10-5

0.025
1.2 × 10-5

0 (0.0003)
0 (0.003)

0 (3 × 10-5)
0 (0.0006)

0 (2 × 10-5)
0 (1 × 10-4)

Maximally Exposed Individual
Annual dose (millirem)
0
8.5 × 10-7
0.00063
0.00050
0.0097
0.0055
Percent of natural
0
2.7 × 10-7
0.00020
0.00016
0.0021
0.0018
background radiation b
Annual LCF risk
0
5 × 10-13
4 × 10-10
3 × 10-10
6 × 10-9
3 × 10-9
-11
-9
-8
-9
Life-of-Project LCF risk
0
2 × 10
8 × 10
3 × 10
6 × 10
4 × 10-8
d
Average Exposed Individual within 50 Miles (80 kilometers)
Annual dose (millirem)
0
5.3 × 10-8
3.6 × 10-5
0.00053
0.000052
5.6 × 10-5
-14
-11
-11
-10
Annual LCF risk
0
3 × 10
2 × 10
3 × 10
3 × 10-11
3 × 10
Life-of-Project LCF risk
0
1 × 10-12
5 × 10-10
3 × 10-9
7 × 10-10
2 × 10-10
KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide
Fuel Fabrication Facility; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site;
WSB = Waste Solidification Building.
a
There would be no releases to the atmosphere resulting from storage of plutonium at the K-Area Complex and, therefore, no
resulting public impacts.
b
To provide perspective, doses can be compared to the estimated doses these same receptors would receive from natural background
radiation (311 millirem per year assumed for SRS and 469 millirem per year at LANL for the average individual).
c
Total number of LCFs in the population is a whole number; the statistically calculated total values are provided in parentheses.
d
Obtained by dividing the SRS population dose by the number of people projected to live within 50 miles (80 kilometers) of the SRS
facilities in 2020 (approximately 809,000 for K-Area, 869,000 for F-Area, and 886,000 for H-Area), as well as by dividing the
LANL population dose by the number of people projected to live within 50 miles (80 kilometers) of LANL PF-4 in 2020
(approximately 448,000).

C-36

Appendix C – Evaluation of Human Health Effects from Normal Operations

C.5.2

Immobilization to DWPF Alternative

Construction. Construction workers would be monitored (badged) as appropriate. Under the
Immobilization to DWPF Alternative, construction of the new immobilization capability at K-Area and
minor modifications to DWPF to accommodate receipt of can-in-canisters from the immobilization
capability would be required. The majority of the construction activities would occur in areas with dose
rates close to background radiation levels, although there would be existing equipment that would require
decontamination and removal. The total construction workforce dose would be 6.6 person-rem over the
estimated 2 years during which decontamination and equipment removal would occur (see
Section C.3.2.1).
Under the PF-4, H-Canyon/HB-Line, and MFFF Option, construction workforce doses would result from
glovebox-related modifications at H-Canyon/HB-Line and glovebox installation or modification at the
K-Area Complex. A total construction workforce dose of 2.0 person-rem could occur during the 2 years
of modifications at H-Canyon/HB-Line (see Section C.3.3.1) A total construction workforce dose of
4.0 person-rem could occur during the 2 years of decontamination and equipment removal that would be
required to support modifications in the K-Area Complex (see Section C.3.1.1).
The impacts of construction of PDCF at F-Area would be the same under all alternatives. The only
potential dose to workers would be from background radiation levels at SRS (see Section C.3). Under the
PF-4 and MFFF Option or the PF-4, H-Canyon/HB-Line, and MFFF Option, construction workers
involved in the installation of metal oxidation furnaces at MFFF would likely receive doses only from
background radiation levels at SRS.
At LANL PF-4, potential construction activities (e.g., glovebox installations, modifications, D&D, and
installation of equipment) would be necessary to allow pit disassembly and conversion of 35 metric tons
(38.6 tons) of plutonium. This could result in a total construction workforce dose of 140 person-rem over
the estimated 8-year construction duration at the facility (see Section C.4.1.1).
None of these exposures is expected to result in any additional LCFs in construction workforces.
Construction of PDCF would not result in radiological impacts on the general population at the site
boundary and beyond. Similarly, installation of metal oxidation furnaces in MFFF would not result in
radiological impacts on the public. Construction of the immobilization capability at K-Area would
involve decontamination, demolition, construction, and modification activities, including removal of
contaminated equipment and piping. No radiological impacts on the public from these activities are
expected, however, because all operations involving radioactive materials would occur within the K-Area
reactor building and would be subject to strict controls (WSRC 2008). Releases of radioactive materials
to the environment caused by modifications to DWPF to accommodate the can-in-canisters are not
expected. In addition, no impacts on the public would result from modifications to H-Canyon/HB-Line or
the K-Area Complex.
Operations. Tables C–44 and C–45 summarize the potential radiological impacts on workers and the
general public, respectively, under the Immobilization to DWPF Alternative. To facilitate comparison of
the potential impacts of the alternatives, the estimated annual doses and LCF risks over the life of each
facility are presented. The impacts over each facility's operating timeframe were determined by
multiplying the annual impacts by each facility’s projected operating period.
Activities at E-Area in support of the Immobilization to DWPF Alternative are expected to result in
negligible incremental impacts on both workers and the public from the staging of TRU waste awaiting
shipment to WIPP, from potential storage of MLLW pending offsite shipment, and from storage or
disposal of LLW. Similarly, at LANL, no incremental impacts on either workers or the public are
expected from operations at the waste management facilities.
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Table C–44 Radiological Impacts on Workers from Operations Under the Immobilization to DWPF Alternative
Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
MFFF a at SRS

Disposition

PF-4 at LANL and H-Canyon/HB-Line and
MFFF a at SRS
SRS

KIS

WSB

PDCF

Number of
radiation workers

24

40

50

383

35

85 / 345

100 / 50

35

85 / 345

314

25

450

Collective dose
(person-rem
per year)

8.9

25

25

192

2.3

29 / 190

29 / 28

2.3

29 / 190

314

5.9

51

Annual LCFs c

0 (0.005)

0 (0.02)

0 (0.02)

0 (0.1)

0 (0.001)

0 (0.02 / 0.1)

0 (0.02 / 0.02)

0 (0.001)

0 (0.02 / 0.1)

0 (0.2)

0 (0.004)

0 (0.03)

Life-of-Project

0 (0.1)

0 (0.2)

0 (0.3)

1

0 (0.03)

0 (0.1) / 3

0 (0.3) / 0 (0.2)

0 (0.03)

0 (0.1) / 3

2

0 (0.04)

1 (0.6)

Dose (millirem per
year) d

370

630

500

500

65

340 / 560

290 / 560

65

340 / 560

1,000

236

113

Annual LCF Risk

0.0002

0.0004

0.0003

0.0003

0.00004

0.0002 /
0.0003

0.0002 / 0.0003

0.00004

0.0002 /
0.0003

0.0006

0.0001

0.00007

Life-of-Project

0.004

0.006

0.006

0.004

0.0008

0.001 /
0.007

0.002 / 0.005

0.0008

0.001 / 0.007

0.006

0.001

0.001

Impact Area

PF-4
(2 MT Case/
35 MT Case)

H-Canyon/
HB-Line/
K-Area Complex
Glovebox b

Metal
Oxidation
Furnaces
at MFFF

PF-4
(2 MT Case/
35 MT Case)

Immobilization
Capability

DWPF

MFFF

Total Workforce

LCFs c

LCF Risk

DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel
Fabrication Facility; MT = metric tons; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site; WSB = Waste Solidification Building;
a
At SRS, pit conversion would be carried out at MFFF using metal oxidation furnaces and/or at H-Canyon/HB-Line.
b
At SRS, conversion of plutonium metal in H-Canyon/HB-Line would complement pit disassembly occurring in a K-Area Complex glovebox.
c
Numbers of LCFs in the worker population are whole numbers; the statistically calculated values are provided in parentheses.
d
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem per year and as low as reasonably achievable (DOE 2009).
Note: To convert metric tons to tons, multiply by 1.1023.
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K-Area
Storage

Metal
Oxidation
Furnaces
at MFFF

Table C–45 Radiological Impacts on the Public from Operations Under the Immobilization to DWPF Alternative
Support Facilities

Pit Disassembly and Conversion Options

PF-4 at LANL and
MFFF a at SRS

Disposition

PF-4 at LANL and H-Canyon/HB-Line and
MFFF a at SRS
SRS

Metal

Metal
PF-4
(2 MT Case/
35 MT Case)

Immobilization
Capability

DWPF c

MFFF

0.37

0.025/0.21

0.00062

0

0.045

0.00014

1.2 × 10-5 /
1.0 × 10-4

2.5 × 10-7

0

1.7 × 10-5

0 (3 × 10-8) 0 (2 × 10-5) 0 (0.0003) 0 (0.0002)

0 (0.0002)

0 (4 × 10-7)

0

0 (3 × 10-5)

0 (4 × 10-7) 0 (0.0004) 0 (0.003)

0 (0.004)

0 (2 × 10-5 /
1 × 10-4)
0 (1 × 10-4 /
3 × 10-3)

0 (4 × 10-6)

0

0 (0.0006)

0.0041

0.0097/0.081

7.5 × 10-6

0

0.00050

0.0013

0.0021/0.017

2.4 × 10-8

0

0.00016

6 × 10-9 / 5 × 10-8

5 × 10-12

0

3 × 10-10

4 × 10-8 / 1 × 10-6

5 × 10-11

0

6 × 10-9

K-Area
Storage a

KIS

WSB

PDCF

Annual dose
(person-rem)
Percent of natural
background radiation d
Annual LCFs c

0

4.3 × 10-5

0.031

0.46

0.37

0.025/0.21

0.26

0

1.7 × 10-8

1.1 × 10-5

0.00017

0.00014

1.2 × 10-5 /
1.0 × 10-4

9.6×10-5

Life-of-Project LCFs e

0/0

Annual dose (millirem)

0

8.5 × 10-7

0.00063

0.0055

0.0041

0.0097/0.081

0.0024

Percent of natural
background radiation d
Annual LCF risk

0

2.7 × 10-7

0.00020

0.0018

0.0013

0.0021/0.017

0.00077

0

5 × 10-13

4 × 10-10

3 × 10-9

2 × 10-9

Life-of-Project LCF risk

0/0

8 × 10-12

8 × 10-9

5.3 × 10-8

3.6 × 10-5

Impact Area

0

0 (2 × 10-5 /
0 (0.0002)
1 × 10-4)
0 (0.004)
0 (1 × 10-4 /
0 (0.002)
3 × 10-3)
Maximally Exposed Individual

6 × 10-9 /
1 × 10-9
2 × 10-9
5 × 10-8
4 × 10-8
5 × 10-8
4 × 10-8 /
2 × 10-8
5 × 10-8
1 × 10-6
Average Exposed Individual within 50 Miles (80 kilometers) f

5.6 × 10-5 /
0.00029
0.00043
5.6 × 10-5 /
7.7 × 10-7
0
5.2 × 10-5
4.7 × 10-4
4.7 × 10-4
Annual LCF risk
0
3 × 10-14
2 × 10-11 3 × 10-10
3 × 10-10
3 × 10-11 /
2 × 10-10
3 × 10-10
3 × 10-11 / 3 × 10-10
5 × 10-13
0
3 × 10-11
3 × 10-10
Life-of-Project LCF risk
0/0
5 × 10-13
5 × 10-10
4 × 10-9
5 × 10-9
2 × 10-10 /
2 × 10-9
5 × 10-9
2 × 10-10 / 6 × 10-9
5 × 10-12
0
7 × 10-10
-9
6 × 10
DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication
Facility; MT = metric tons; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site; WSB = Waste Solidification Building.
a
There would be no releases to the atmosphere from K-Area Complex storage activities and, therefore, no resulting public impacts.
b
Potential doses to members of the public from pit disassembly activities in K-Area Complex gloveboxes would be extremely small due to de minimis releases from such activities and would be
expected to be a fraction of those from the K-Area Interim Surveillance Capability (SRNS 2012a).
c
There would be no additional releases to the atmosphere from DWPF facility operations associated with this alternative and therefore no resulting public impacts.
d
To provide perspective, doses can be compared to the estimated doses these same receptors would receive from natural background radiation (311 millirem per year assumed for SRS and
469 millirem per year at LANL for the average individual).
e
The number of LCFs in the population is a whole number; the statistically calculated total values are provided in parentheses.
f
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the SRS facilities and LANL PF-4 in 2020 (approximately 809,000 for
K-Area, 869,000 for F-Area, and 886,000 for H-Area; 448,000 for LANL PF-4).
Note: To convert metric tons to tons, multiply by 1.1023.
Annual dose (millirem)

0

0.00053

0.00043
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Oxidation
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C.5.3

MOX Fuel Alternative

Construction. Under the PDC Option, construction of PDC at K-Area would entail decontamination and
removal of existing equipment. The total workforce dose over the 2 years required for decontamination
and equipment removal in support of PDC construction would be 1.0 person-rem (see Section C.3.1.1).
Under the PF-4, H-Canyon/HB-Line, and MFFF Option, construction worker doses would be the same as
discussed for the Immobilization to DWPF Alternative. A total construction workforce dose
of 2.0 person-rem could occur during the 2 years of modifications at H-Canyon/HB-Line
(see Section C.3.3.1). A total construction workforce dose of 4.0 person-rem could occur during the
2 years of decontamination and equipment removal that would be required to support modifications in the
K-Area Complex (see Section C.3.1.1).
H-Canyon/HB-Line may require modifications to dissolve and prepare 4 metric tons (4.4 tons) of non-pit
plutonium as feed for MOX fuel fabrication and/or prepare 2 metric tons (2.2 tons) of surplus plutonium
for potential WIPP disposal. Depending on the throughput rate selected, modifications would range from
minor modifications that would be made as part of normal operations to modifications resulting in a
workforce dose of 1.2 person-rem over a 2-year period (see Section C.3.3.1).
The impacts of construction of PDCF at F-Area would be the same under all alternatives. The only
potential dose to workers would be from background radiation levels at SRS (see Section C.3). Under the
PF-4 and MFFF Option or the PF-4, H-Canyon/HB-Line, and MFFF Option, construction workers
involved in the installation of metal oxidation furnaces at MFFF would likely receive doses only from
background radiation levels at SRS.
At LANL PF-4, construction activities would be the same as discussed under the Immobilization to
DWPF Alternative for pit disassembly and conversion of 35 metric tons (38.6 tons) of plutonium. This
could result in a total construction workforce dose of 140 person-rem over the estimated 8-year
construction duration at the facility (see Section C.4.1.1).
None of these exposures is expected to result in any additional LCFs in construction workforces.
Construction of PDCF would not result in radiological impacts on the general population at the site
boundary and beyond. Similarly, potential PDC construction activities would not be expected to result in
any radiological impacts on the public. In addition, no impacts on the public would result from
modification to H-Canyon/HB-Line or the K-Area Complex. Any other potential construction activities,
such as at MFFF (e.g., installation of metal oxidation furnaces), would not result in radiological impacts
on the public. Similarly, PF-4 construction activities at LANL would not result in any radiological
impacts on the public.
Operations. Tables C–46 and C–47 summarize the potential radiological impacts on workers and the
general public, respectively, under the MOX Fuel Alternative. To facilitate comparison of the potential
impacts of the alternatives, the estimated annual doses and LCF risks over the life of each facility are
presented. The impacts over each facility's operating timeframe were determined by multiplying the
annual impacts by each facility’s projected operating period.
Activities at E-Area, in support of the MOX Fuel Alternative are expected to result in negligible
incremental impacts on both workers and the public from the staging of TRU waste awaiting shipment to
WIPP or any potential MLLW pending offsite shipment, as well as storage/disposal of LLW. Similarly,
at LANL, no incremental impacts on either workers or the public are expected from operations at the
waste management support facilities.
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Table C–46 Radiological Impacts on Workers from Operations Under the MOX Fuel Alternative
Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
PF-4 at LANL and H-Canyon/HB-Line
MFFF a at SRS
and MFFF a at SRS

Disposition

SRS

Number of radiation
workers
Collective dose
(person-rem per year)
Annual LCFs c
Life-of-Project
LCFs c

K-Area
Storage

KIS

WSB

PDCF /
PDC

24

40

50

383 / 383

35

85 / 345

100 / 50

35

85 / 345

5

450

130

8.9

25

25

192 / 192

2.3

29 / 190

29 / 28

2.3

29 / 190

1.2

51

20

0 (0.02 / 0.02)

0 (0.0010)

0 (0.02 / 0.1)

0 (0.0007)

0 (0.03)

0 (0.01)

0 (0.03)

0 (0.1) / 3

0 (0.004)

1 (0.7)

0 (0.1)

0 (0.005) 0 (0.02) 0 (0.02)

PF-4
H-Canyon/
(2 MT Case/
HB-Line/K-Area
35 MT Case) Complex Glovebox b
Total Workforce

Metal
Oxidation
Furnaces
at MFFF

PF-4
(2 MT Case/
35 MT Case)

DWPF

MFFF

H-Canyon/
HB-Line
Preparation
for WIPP

0 (0.1 / 0.1)

0 (0.001)

0 (0.02 / 0.1)

0 (0.1)

0 (0.1)

0 (0.4)

1/1

0 (0.03)

0 (0.1) / 3

370

630

500

500 / 500

65

340 / 560

290 / 560

65

340 / 560

236

113

150

0.0002

0.0004

0.0003

0.0003 /
0.0003
0.004 / 0.004

0.00004

0.0002 /
0.0003
0.001 / 0.007

0.0002 / 0.0003

0.00004

0.0002 /
0.0003
0.001 / 0.007

0.0001

0.00007

0.00009

0 (0.2) / 0 (0.2)

Average Worker
Dose
(millirem per year) d
Annual LCF Risk

0.005
0.003
0.007
0.0008
0.002 / 0.005
0.0008
0.0008
0.002
0.0009
Life-of-Project
LCF Risk
DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel
Fabrication Facility; MOX = mixed oxide; MT = metric tons; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium
Facility; SRS = Savannah River Site; WIPP = Waste Isolation Pilot Plant; WSB = Waste Solidification Building.
a
At SRS, pit conversion would be carried out at MFFF using metal oxidation furnaces and/or at H-Canyon/HB-Line.
b
At SRS, conversion of plutonium metal in H-Canyon/HB-Line would complement pit disassembly occurring in a K-Area Complex glovebox.
c
The numbers of LCFs in the worker population are whole numbers; statistically calculated values are provided in parentheses.
d
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem per year and as low as reasonably achievable (DOE 2009).
Note: To convert metric tons to tons, multiply by 1.1023.
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Impact Area

Metal
Oxidation
Furnaces
at MFFF
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Table C–47 Radiological Impacts on the Public from Operations Under the MOX Fuel Alternative
Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
MFFF a at SRS

Disposition

PF-4 at LANL and H-Canyon/HB-Line
and M`FFF a at SRS
SRS

K-Area
Storage a

KIS

WSB

PDCF / PDC

PF-4
(2 MT Case/
35 MT Case)

H-Canyon/
HB-Line b

Metal
Oxidation
Furnaces at
MFFF

PF-4
(2 MT Case/
35 MT Case)

DWPF c

MFFF d

H-Canyon/
HB-Line
Preparation
for WIPP

Population within 50 Miles (80 kilometers)
Annual dose
(person-rem)

0

4.3 × 10

Percent of natural
background radiation e

0

Annual LCFs f
Life-of-Project
LCFs f

-5

0.031

0.46 / 0.44

0.37

0.025 /
0.21

0.26

0.37

0.025 / 0.21

0

0.052

0.26

1.7 × 10-8

1.1 × 10-5

0.00017 /
0.00018

0.00014

1.2 × 10-5 /
1.0 × 10-4

9.6 × 10-5

0.00014

1.2 × 10-5 /
1.0 × 10-4

0

1.9 × 10-5

9.6 × 10-5

0

0 (3 × 10-8)

0 (2 × 10-5)

0 (0.0003 /
0.0003)

0 (0.0002)

0 (2 × 10-5 /
1 × 10-4)

0 (0.0002)

0 (0.0002)

0 (2 × 10-5 /
1 × 10-4)

0

0 (3 × 10-5)

0 (0.0002)

0

0 (2 × 10-7)

0 (0.0005)

0 (0.003) /
0 (0.003)

0 (0.004)

0 (1 × 10-4 /
3 × 10-3)

0 (0.002)

0 (0.004)

0 (1 × 10-4 /
3 × 10-3)

0

0 (0.0007)

0 (0.002)

Maximally Exposed Individual
-7

0.00063

0.0055 /
0.0061

0.0041

0.0097 /
0.081

0.0024

0.0041

0.0097/0.081

0

0.00058

0.0024

Annual dose
(millirem)

0

8.5 × 10

Percent of natural
background radiation e

0

2.7 × 10-7

0.00020

0.0018 /
0.0020

0.0013

0.0021 /
0.017

0.00077

0.0013

0.0021/0.017

0

0.00019

0.00077

Annual LCF risk

0

5 × 10-13

4 × 10-10

3 × 10-9 /
4 × 10-9

2 × 10-9

6 × 10-9 /
5 × 10-8

1 × 10-9

2 × 10-9

6 × 10-9 /
5 × 10-8

0

4 × 10-10

1 × 10-9

Life-of-Project
LCF risk

0

4 × 10-12

9 × 10-9

4 × 10-8 /
4 × 10-8

5 × 10-8

4 × 10-8 /
1 × 10-6

2 × 10-8

5 × 10-8

4 × 10-8 /
1 × 10-6

0

8 × 10-9

1 × 10-8

Average Exposed Individual within 50 Miles (80 kilometers) g
-8

Annual dose
(millirem)

0

5.3 × 10

Annual LCF risk

0

3 × 10-14

Life-of-Project
LCF risk

0

2 × 10-13

0.00053 /
0.00055

0.00043

5.6 × 10-5 /
4.7 × 10-4

0.00029

0.00043

5.6 × 10-5 /
4.7 × 10-4

0

6.0 × 10-5

0.00029

2 × 10-11

3 × 10-10/
3 × 10-10

3 × 10-10

3 × 10-11 /
3 × 10-10

2 × 10-10

3 × 10-10

3 × 10-11 /
3 × 10-10

0

4 × 10-11

2 × 10-10

5 × 10-10

4 × 10-9/
4 × 10-9

5 × 10-9

2 × 10-10 /
6 × 10-9

2 × 10-9

5 × 10-9

2 × 10-10 /
6 × 10-9

0

9 × 10-10

2 × 10-9

3.6 × 10

-5

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

Impact Area

Metal
Oxidation
Furnaces
at MFFF

Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
MFFF a at SRS

Disposition

PF-4 at LANL and H-Canyon/HB-Line
and M`FFF a at SRS
SRS

Impact Area

K-Area
Storage a

KIS

WSB

PDCF / PDC

Metal
Oxidation
Furnaces
at MFFF

PF-4
(2 MT Case/
35 MT Case)

H-Canyon/
HB-Line b

Metal
Oxidation
Furnaces at
MFFF

PF-4
(2 MT Case/
35 MT Case)

DWPF c

MFFF d

H-Canyon/
HB-Line
Preparation
for WIPP

Appendix C – Evaluation of Human Health Effects from Normal Operations

DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication
Facility; MOX = mixed oxide; MT = metric tons; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah
River Site; WIPP = Waste Isolation Pilot Plant; WSB = Waste Solidification Building.
a
There would be no releases to the atmosphere from storage of plutonium at the K-Area Complex and, therefore, no public impacts.
b
Potential doses to members of the public from pit disassembly activities in K-Area Complex gloveboxes would be extremely small due to de minimis releases from such activities, and would be
expected to be a fraction of those from the K-Area Interim Surveillance Capability (SRNS 2012a).
c
There would be no additional releases to the atmosphere from DWPF facility operations associated with this alternative and, therefore, no resulting public impacts.
d
At MFFF, 45.1 metric tons of plutonium would be processed over a 24-year period; this would result in an estimated annual throughput rate difference of about 15 percent over the duration of the
No Action Alternative (34 metric tons over 21 years).
e
To provide perspective, doses can be compared to the estimated doses these same receptors would receive from natural background radiation (311 millirem per year at SRS and 469 millirem
per year at LANL for the average individual).
f
The number of LCFs in the population is a whole number; the statistically calculated total values are provided in parentheses.
g
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the SRS facilities and LANL PF-4 in 2020 (approximately 809,000 for
K-Area, 869,000 for F-Area, and 886,000 for H-Area; 448,000 for LANL PF-4).
Note: To convert metric tons to tons, multiply by 1.1023.
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C.5.4 H-Canyon/HB-Line to DWPF Alternative
Construction. The impacts of construction activities under the H-Canyon/HB-Line to DWPF Alternative
would be the same as those under the MOX Fuel Alternative for all potential facilities and functions at
F-, K-, or H-Area at SRS, as well as at PF-4 at LANL.
As an additional note under this alternative, however, there could likely be minor modifications at
H-Canyon/HB-Line to prepare non-pit plutonium for DWPF vitrification. Operators may change out or
reconfigure some tanks and/or piping to increase plutonium storage capacity. Furthermore, HB-Line may
reactivate its scrap recovery south line and change out some unused equipment and add additional
equipment to implement vacuum salt distillation and sodium peroxide fusion in the effort to minimize
equipment corrosion and increase dissolving-throughput-rates. However, no incremental doses to such
construction/modification workers carrying out such functions would be expected.
In all cases, no construction worker exposures are expected to result in additional LCFs to construction
workforces.
As is the case in the alternatives discussed above, none of the construction would result in any
radiological impacts to the public.
Operations. Tables C–48 and C–49 summarize the potential radiological impacts on workers and the
general public, respectively, under the H-Canyon/HB-Line to DWPF Alternative. To facilitate
comparison of the potential impacts of the alternatives, the estimated annual doses and LCF risks over the
life of each facility are presented. The impacts over each facility’s operating time frame were determined
by multiplying the annual impacts by each facility’s projected operating period.
Activities at E-Area in support of the H-Canyon/HB-Line to DWPF Alternative are expected to result in
negligible incremental impacts to both workers and the public from the staging of TRU waste awaiting
shipment to WIPP or any potential MLLW pending offsite shipment, as well as storage/disposal of LLW.
Similarly, at LANL, no incremental impacts on either workers or the public are expected from operations
at the waste management facilities.
C.5.5 WIPP Alternative
Construction. The impacts of construction discussed under the MOX Fuel Alternative would also apply
to the WIPP Alternative. In addition, to prepare 13.1 metric tons (14.4 tons) of surplus plutonium for
potential disposal at WIPP, modifications would be required at H-Canyon/HB-Line. The total
construction workforce dose of 1.2 person-rem would occur over the estimated 2 years required for
modifications (see C.3.3.1).
In all cases, no construction worker exposures are expected to result in additional LCFs in construction
workforces.
As is the case in the alternatives discussed above, none of the construction would result in any
radiological impacts on the public.
Operations. Tables C–50 and C–51 summarize the potential radiological impacts on workers and the
general public, respectively, under the WIPP Alternative; impacts are presented for preparing 6 metric
tons (6.6 tons) of non-pit and 7.1 metric tons (7.8 tons) of pit plutonium in H-Canyon/HB-Line at SRS.
To facilitate comparison of the potential impacts of the alternatives, the estimated annual doses and LCF
risks over the life of each facility are presented. The impacts over each facility's operating timeframe
were determined by multiplying the annual impacts by each facility’s projected operating period.
Activities at E-Area in support of the WIPP Alternative are expected to result in negligible incremental
impacts on both workers and the public from the staging of TRU waste awaiting shipment to WIPP or any
potential MLLW pending offsite shipment, as well as storage/disposal of LLW. Similarly, at LANL, only
negligible incremental impacts on either workers or the public are expected from operations at the waste
management facilities.
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Table C–48 Radiological Impacts on Workers from Operations Under the H-Canyon/HB-Line to DWPF Alternative
Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
MFFF a at SRS

Disposition

PF-4 at LANL and H-Canyon/HB-Line and
MFFF a at SRS
SRS

K-Area
Storage

KIS

WSB

PDCF/PDC

PF-4
(2 MT Case/
35 MT Case)

H-Canyon/
HB-Line/
K-Area Complex
Glovebox b

Metal
Oxidation
Furnaces
at MFFF

PF-4
(2 MT Case/
35 MT Case)

DWPF

MFFF

H-Canyon/
HB-Line
(Dissolution
to DWPF)

Total Workforce
Number of radiation
workers

24

40

50

383 / 383

35

85 / 345

100 / 50

35

85 / 345

8

450

14

Collective dose
(person-rem per year)

8.9

25

25

192 / 192

2.3

29 / 190

29 / 28

2.3

29 / 190

1.9

51

7.0

Annual LCFs c

0 (0.005)

0 (0.02)

0 (0.02)

0 (0.1 / 0.1)

0 (0.001)

0 (0.02 / 0.1)

0 (0.02 / 0.02)

0 (0.001)

0 (0.02 / 0.1)

0 (0.001)

0 (0.03)

0 (0.004)

Life-of-Project
LCFs c

0 (0.1)

0 (0.2)

0 (0.3)

1/1

0 (0.03)

0 (0.1) / 3

0 (0.2) / 0 (0.2)

0 (0.03)

0 (0.1) / 3

0 (0.02)

1 (0.7)

0 (0.06)

Average Worker
Dose
(millirem per year) d

370

630

500

500 / 500

65

340 / 560

290 / 560

65

340 / 560

236

113

500

Annual LCF Risk

0.0002

0.0004

0.0003

0.0003 /
0.0003

0.00004

0.0002 /
0.0003

0.0002 /
0.0003

0.00004

0.0002 /
0.0003

0.0001

0.00007

0.0003

Life-of-Project
LCF Risk

0.005

0.004

0.007

0.004 / 0.004

0.0008

0.001 / 0.007

0.002 / 0.005

0.0008

0.001 / 0.007

0.002

0.002

0.004

DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel
Fabrication Facility; MT = metric tons; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah
River Site; WSB = Waste Solidification Building.
a
At SRS, pit conversion would be carried out at MFFF using metal oxidation furnaces and/or at H-Canyon/HB-Line.
b
At SRS, conversion of plutonium metal in H-Canyon/HB-Line would complement pit disassembly occurring in a K-Area Complex glovebox.
c
The numbers of LCFs in the worker population are whole numbers; statistically calculated values are provided in parentheses.
d
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem per year and as low as reasonably achievable (DOE 2009).
Note: To convert metric tons to tons, multiply by 1.1023.
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Impact Area

Metal
Oxidation
Furnaces
at MFFF
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Table C–49 Radiological Impacts on the Public from Operations Under the H-Canyon/HB-Line to DWPF Alternative
Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
MFFF a at SRS

Disposition

PF-4 at LANL and H-Canyon/HB-Line and
MFFF a at SRS
SRS

PF-4
(2 MT Case/
35 MT Case)

PF-4
(2 MT Case/
35 MT Case)

DWPF c

MFFF d

H-Canyon/
HB-Line
Dissolution
to DWPF

K-Area
Storage a

KIS

WSB

PDCF/PDC

Annual dose
(person-rem)

0

4.3 × 10-5

0.031

0.46 / 0.44

0.37

0.025/0.21

0.26

0.37

0.025/0.21

0

0.050

0.26

Percent of natural
background
radiation e

0

1.7 × 10-8

1.1 × 10-5

0.00017 /
0.00018

0.00014

1.2 × 10-5 /
1.0 × 10-4

9.6×10-5

0.00014

1.2 × 10-5 /
1.0 × 10-4

0

1.9 × 10-5

9.6 × 10-5

Annual LCFs f

0

0 (3 × 10-8)

0 (2 × 10-5)

0 (0.0003 /
0.0003)

0 (0.0002)

0 (2 × 10-5 /
1 × 10-4)

0 (0.0002)

0 (0.0002)

0 (2 × 10-5 /
1 × 10-4)

0

0 (3 × 10-5)

0 (0.0002)

Life-of-Project
LCFs f

0/0

0 (2 × 10-7)

0 (0.0005)

0 (0.003) /
0 (0.003)

0 (0.004)

0 (1 × 10-4 /
3 × 10-3)

0 (0.002)

0 (0.004)

0 (1 × 10-4 /
3 × 10-3)

0

0 (0.0007)

0 (0.002)

Impact Area

H-Canyon/
HB-Line b

Metal
Oxidation
Furnaces
at MFFF)

Population within 50 Miles (80 kilometers)

Maximally Exposed Individual
-7

0.00063

0.0055 / 0.0061

0.0041

0.0097/0.081

0.0024

0.0041

0.0097/0.081

0

0.00055

0.0024

Annual dose
(millirem)

0

8.5 × 10

Percent of natural
background
radiation e

0

2.7 × 10-7

0.00020

0.0018 / 0.0020

0.0013

0.0021/0.017

0.00077

0.0013

0.0021/0.017

0

0.00018

0.00077

Annual LCF risk

0

5 × 10-13

4 × 10-10

3 × 10-9 /
4 × 10-9

2 × 10-9

6 × 10-9 /
5 × 10-8

1 × 10-9

2 × 10-9

6 × 10-9 /
5 × 10-8

0

3 × 10-10

1 × 10-9

0/0

4 × 10-12

9 × 10-9

4 × 10-8 /
4 × 10-8

5 × 10-8

4 × 10-8 /
1 × 10-6

2 × 10-8

5 × 10-8

4 × 10-8 /
1 × 10-6

0

8 × 10-9

2 × 10-8

Life-of-Project
LCF risk

Average Exposed Individual within 50 Miles (80 kilometers) g
-8

Annual dose
(millirem)

0

5.3 × 10

Annual LCF risk

0

3 × 10-14

0/0

2 × 10-13

Life-of-Project
LCF risk

0.00053 /
0.00055

0.00043

5.6 × 10-5 /
4.7 × 10-4

0.00029

0.00043

5.6 × 10-5 /
4.7 × 10-4

0

5.7 × 10-5

0.00029

2 × 10-11

3 × 10-10/
3 × 10-10

3 × 10-10

3 × 10-11 /
3 × 10-10

2 × 10-10

3 × 10-10

3 × 10-11 /
3 × 10-10

0

3 × 10-11

2 × 10-10

5 × 10-10

4 × 10-9/
4 × 10-9

5 × 10-9

2 × 10-10 /
6 × 10-9

2 × 10-9

5 × 10-9

2 × 10-10 /
6 × 10-9

0

8 × 10-10

2 × 10-9

3.6 × 10
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Metal
Oxidation
Furnaces
at MFFF)

Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
MFFF a at SRS

Disposition

PF-4 at LANL and H-Canyon/HB-Line and
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Appendix C – Evaluation of Human Health Effects from Normal Operations

DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication
Facility; MT = metric tons; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site; WSB = Waste
Solidification Building.
a
There would be no releases to the atmosphere from storage of plutonium at the K-Area Complex and, therefore, no resulting public impacts for either of the cases presented.
b
Potential doses to members of the public from pit disassembly activities in K-Area Complex gloveboxes would be extremely small due to de minimis releases from such activities, and would be
expected to be a fraction of those from the K-Area Interim Surveillance Capability (SRNS 2012a).
c
There would be no additional releases to the atmosphere from DWPF facility operations associated with this alternative and, therefore, no resulting public impacts.
d
At MFFF, 41.1 metric tons of plutonium would be processed over a 23-year period; this would result in an estimated annual throughput rate difference of about 10 percent over the duration of the
No Action Alternative (34 metric tons over 21 years).
e
To provide perspective, doses can be compared to the estimated doses these same receptors would receive from natural background radiation (311 millirem per year assumed for SRS and
469 millirem per year at LANL for the average individual).
f
The number of LCFs in the population is a whole number; the statistically calculated total values are provided in parentheses.
g
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the SRS facilities and LANL PF-4 in 2020 (approximately 809,000 for
K-Area, 869,000 for F-Area, and 886,000 for H-Area; 448,000 for LANL PF-4).
Note: To convert metric tons to tons, multiply by 1.1023.
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Table C–50 Potential Radiological Impacts on Workers from Operations Under the WIPP Alternative
Support Facilities

Number of radiation
workers
Collective dose
(person-rem per year)
Annual LCFs c
Life-of-Project
LCFs c
Dose (millirem per
year) d
Annual LCF Risk

MFFF

H-Canyon/
HB-Line
Preparation
for WIPP

450

130

29 / 190

51

60

0 (0.001)
0 (0.03)

0 (0.02 / 0.1)
0 (0.1) / 3

0 (0.03)
1 (0.6)

0 (0.04)
1 (0.9)

290 / 560

65

340 / 560

110

460

0.0002 / 0.0003

0.00004

0.0002 /
0.0003
0.001 / 0.007

0.00007

0.0003

K-Area
Storage

KIS

WSB

PDCF / PDC

24

40

50

383 / 383

8.9

25

25

190 / 190

2.3

29 / 190

29 / 28

2.3

0 (0.005)
0 (0.1)

0 (0.02)
0 (0.1)

0 (0.02)
0 (0.3)

0 (0.1 / 0.1)
1/1

0 (0.001)
0 (0.03)

0 (0.02 / 0.1)
0 (0.1) / 3

0 (0.02 / 0.02)
0 (0.2) / 0 (0.2)

370

630

500

500 / 500

0.0002

0.0004

0.0003

0.0003 /
0.0003
0.004 / 0.004

Average Worker
65
340 / 560
0.00004

0.0002 /
0.0003
0.001 / 0.007

Disposition

Life-of-Project
0.005
0.003
0.006
0.0008
0.002 / 0.005
0.0008
0.001
0.007
LCF Risk
KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility; MT = metric tons; PDC = Pit
Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site; WIPP = Waste Isolation Pilot Plant;
WSB = Waste Solidification Building.
a
At SRS, pit conversion would be carried out at MFFF using metal oxidation furnaces and/or H-Canyon/HB-Line.
b
At SRS, conversion of plutonium metal in H-Canyon/HB-Line would complement pit disassembly occurring in a K-Area Complex glovebox.
c
The numbers of LCFs in the worker population are whole numbers; statistically calculated values are provided in parentheses.
d
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem per year and as low as reasonably achievable (DOE 2009).
Note: To convert metric tons to tons, multiply by 1.1023.
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Impact Area

Pit Disassembly and Conversion Options
PF-4 at LANL and
PF-4 at LANL and H-Canyon/HB-Line and
MFFF a at SRS
MFFF a at SRS
SRS
Metal
H-Canyon/
Metal
Oxidation
PF-4
HB-Line /
Oxidation
PF-4
Furnaces at (2 MT Case/ K-Area Complex Furnaces at
(2 MT Case/
b
Glovebox
MFFF
35 MT Case)
MFFF
35 MT Case)
Total Workforce
35
85 / 345
100 / 50
35
85 / 345

Table C–51 Radiological Impacts on the Public from Operations Under the WIPP Alternative
Support Facilities

Pit Disassembly and Conversion Options
PF-4 at LANL and
PF-4 at LANL and H-Canyon/HB-Line
MFFF a at SRS
and MFFF a at SRS

Disposition

SRS

Metal
Oxidation
Furnaces
at MFFF

PF-4
(2 MT Case/
35 MT Case)

DWPF c

MFFF

H-Canyon/
HB-Line
Preparation
for WIPP

K-Area
Storage a

KIS

WSB

0

4.3 × 10-5

0.031

0.46 / 0.44

0.37

0.025 / 0.21

0.26

0.37

0.025 / 0.21

0

0.045

0.26

0

1.7 × 10-8

1.1 × 10-5

0.00017 /
0.00018

0.00014

1.2 × 10-5 / 1.0 × 10-4

9.6×10-5

0.00014

1.2 × 10-5 /
1.0 × 10-4

0

1.7 × 10-5

9.6 × 10-5

Annual LCFs e

0

0 (3 × 10-8)

0 (2 × 10-5)

0 (0.0002)

0 (2 × 10-5 / 1 × 10-4)

0 (0.0002)

0 (0.0002)

0 (2 × 10-7)

0 (0.0004)

0 (0.004)

0 (1 × 10-4 / 3 × 10-3)

0 (0.002)

0 (0.004)

0

0
(3 × 10-5)
0 (0.0006)

0 (0.0002)

0/0

0 (2 × 10-5 /
1 × 10-4)
0 (1 × 10-4 /
3 × 10-3)

0

Life-of-Project
LCFs e

0 (0.0003 /
0.0003)
0 (0.003) /
0 (0.003)

0

8.5 × 10-7

0.00063

0.0055 / 0.0061

0.0041

0.0097/0.081

0.0024

0.0041

0.0097/0.081

0

0.00050

0.0024

0

2.7 × 10-7

0.00020

0.0018 / 0.0020

0.0013

0.0021/0.017

0.00077

0.0013

0.0021/0.017

0

0.00016

0.00077

0

5 × 10-13

4 × 10-10

3 × 10-9 / 4 × 10-9

2 × 10-9

6 × 10-9 / 5 × 10-8

1×10-9

2 × 10-9

6 × 10-9 / 5 × 10-8

0

3 × 10-10

1 × 10-9

0/0

4 × 10-12

8 × 10-9

4 × 10-8 / 4 × 10-8

5 × 10-8

4 × 10-8 / 1 × 10-6

2×10-8

5 × 10-8

4 × 10-8 / 1 × 10-6

0

6 × 10-9

4 × 10-8

Impact Area
Annual dose
(person-rem)
Percent of natural
background

radiation d
0 (0.004)

Maximally Exposed Individual
Annual dose
(millirem)
Percent of natural
background

radiation d
Annual LCF risk
Life-of-Project
LCF risk

Average Exposed Individual within 50 Miles (80 kilometers) f
Annual dose
(millirem)
Annual LCF risk
Life-of-Project
LCF risk

-8

0

5.3 × 10

0

3 × 10-14

0/0

2 × 10-13

3.6 × 10

-5

2 × 10-11
5 × 10-10

0.00053 /
0.00055

0.00043

5.6 × 10-5 / 4.7 × 10-4

0.00029

0.00043

5.6 × 10-5 /
4.7 × 10-4

0

5.2 × 10-5

0.00029

3 × 10-10/
3 × 10-10
4 × 10-9/
4 × 10-9

3 × 10-10

3 × 10-11 / 3 × 10-10

2×10-10

3 × 10-10

3 × 10-11 / 3 × 10-

0

3 × 10-11

2 × 10-10

0

7 × 10-10

4 × 10-9

10

5 × 10-9

2 × 10-10 / 6 × 10-9

2×10-9

5 × 10-9

2 × 10-10 / 6 × 10-9
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HB-Line b
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SRS
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Metal
Metal
H-Canyon/
Oxidation
PF-4
HOxidation
PF-4
HB-Line
K-Area
Furnaces
(2 MT Case/
Canyon/
Furnaces
(2 MT Case/
Preparation
HB-Line b at MFFF
Impact Area
Storage a
KIS
WSB
PDCF / PDC at MFFF
35 MT Case)
35 MT Case)
DWPF c MFFF
for WIPP
DWPF = Defense Waste Processing Facility; KIS = K-Area Interim Surveillance; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel
Fabrication Facility; MT = metric tons; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah
River Site; WIPP = Waste Isolation Pilot Plant; WSB = Waste Solidification Building.
a
There would be no releases to the atmosphere from K-Area Complex storage and, therefore, no resulting public impacts for either of the cases presented.
b
Potential doses to members of the public from pit disassembly activities in K-Area Complex gloveboxes would be extremely small due to de minimis releases from such activities, and
would be expected to be a fraction of those from the K-Area Interim Surveillance Capability (SRNS 2012a).
c
There would be no additional releases to the atmosphere from DWPF facility operations associated with this alternative and, therefore, no resulting public impacts.
d
To provide perspective, doses can be compared to the estimated doses these same receptors would receive from natural background radiation (311 millirem per year assumed for SRS and
469 millirem per year at LANL for the average individual).
e
The number of LCFs in the population is a whole number; the statistically calculated total values are provided in parentheses.
f
Obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the SRS facilities and LANL PF-4 in 2020 (approximately
809,000 for K-Area, 869,000 for F-Area, and 886,000 for H-Area; 448,000 for LANL PF-4).
Note: To convert metric tons to tons, multiply by 1.1023.
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APPENDIX D
EVALUATION OF HUMAN HEALTH EFFECTS FROM
FACILITY ACCIDENTS
Appendix D presents an evaluation of the effects on human health from accidents associated with the
disposition of surplus plutonium at facilities at the Savannah River Site (SRS) and Los Alamos National
Laboratory (LANL). Section D.1 presents the basic methodologies used to identify and evaluate the
potential accidents associated with facilities at SRS and LANL that would be used under the options and
alternatives, including the No Action Alternative. Detailed accident scenarios and potential source terms
are developed in Section D.1.5 for the SRS and LANL facilities. In many cases, if a facility could be
used under different alternatives or options, there is little difference in the bounding accidents that might
be associated with that facility. More typically, the only real change in the accident risks associated with
the different surplus plutonium disposition alternatives or options at a facility would be the length of time
that the facility might operate. Where it is reasonable to identify how options might change the type of
accidents or their magnitude at a facility, those changes are identified. For example, accidents and source
terms associated with the addition of metal oxidation operations at the Mixed Oxide Fuel Fabrication
Facility (MFFF) and changes in the amount of pits processed at LANL between the No Action and action
alternatives are explicitly identified in the appropriate sections to help the reader understand how the
potential options and alternatives might change accident risks at a specific facility.
The potential radiological impacts for each of the SRS and LANL facilities that might be used for surplus
plutonium disposition are identified in Section D.2. Section D.3 discusses the potential impacts of
chemical accidents at these facilities and finds that, because of the nature of the operations, the impacts of
accidents associated with the use of chemicals are generally limited to the immediate vicinity of the
accident and present negligible risks to the public.
D.1
D.1.1

Impact Assessment Methods for Facility Accidents
Introduction

The potential for facility accidents and the magnitude of their consequences are important factors for
making reasonable choices among the various surplus plutonium disposition alternatives in this Final
Surplus Plutonium Disposition Supplemental Environmental Impact Statement (SPD Supplemental EIS
or SEIS). Guidance on the implementation of Title 40 of the Code of Federal Regulations
(CFR) 1502.22, as amended (40 CFR 1502.22), requires the evaluation of impacts that have a low
frequency of occurrence, but large consequences. Further, public comments received during the scoping
process indicate the public’s concern with facility safety and health risks and the need to address these
concerns in the decisionmaking process.
Potential accidents are defined in existing facility documentation, such as safety analysis reports (SARs),
documented safety analyses (DSAs), hazards assessment documents, and National Environmental Policy
Act (NEPA) documents. The accidents include radiological and chemical accidents that have a low
frequency of occurrence, but large consequences, and a spectrum of other accidents that have higher
frequencies of occurrence and smaller consequences. The data in these documents include accident
scenarios, materials at risk (MAR), source terms (quantities of hazardous materials released to the
environment), and consequences.
In determining the potential impacts associated with facility accidents, this SPD Supplemental EIS
considers two important concepts in the presentation of results: (1) consequences and (2) uncertainties
and conservatism.
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D.1.1.1 Consequences and Risks
Metrics commonly used in environmental impact statements (EISs) to present the potential impacts of
accidents are consequences and risks. The consequences are the potential impacts that would result if the
accident were to occur. Accident consequences may be presented as impacts on individuals or a specified
population (e.g., residents within 50 miles [80 kilometers] of an accident and in terms of dose (e.g., rem
or person-rem) or health effects (e.g., latent cancer fatalities [LCFs]). Risk is usually defined as the
product of the consequences and estimated frequency of a given accident. The accident frequency is the
number of times the accident is expected to occur over a given period of time (e.g., per year). In general,
the frequency of design-basis and beyond-design-basis accidents is much lower than 1 per year and,
therefore, is approximately equal to the probability of the accident over 1 year. If an accident is expected
to occur once every 1,000 years (i.e., a frequency of 0.0010 per year) and the consequence of the accident
is 5 LCFs, then the risk is 0.001 × 5 = 0.005 LCFs per year.
A number of specific types of risk can be directly calculated from the results of the MACCS2 [MELCOR
Accident Consequence Code System] computer code (NRC 1990, 1998). The risk to a maximally
exposed member of the public (MEI) can be calculated. The MACCS2 computer code yields a dose to
the MEI; using the risk factor of 0.0006 LCFs per rem, the consequence in terms of the likelihood of an
LCF can be calculated. The risk to this hypothetical individual is calculated by multiplying the
consequence in terms of an LCF by the estimated accident frequency. For example, if an accident has an
estimated frequency of 0.001 per year and the MEI dose from the accident is 1 rem, the risk to the MEI is
0.001 × (1 × 0.0006) = 6 × 10-7 LCFs per year.
It is also possible to calculate population risk, which is the product of the total consequences experienced
by the population and accident frequency.1 For example, if an accident has a frequency of 0.001 per year
and the consequence of the accident is 5 LCFs, then the population risk is 0.001 × 5 = 0.005 LCFs
per year. Population risk is a measure of the expected number of LCFs experienced by the population as
a whole over the course of a year.
D.1.1.2 Uncertainties and Conservatism
The analyses of accidents are based on calculations relevant to hypothetical sequences of events and
models of their effects. The models provide estimates of the frequencies, source terms, pathways for
dispersion, exposures, and effects on human health and the environment that are as realistic as possible
within the scope of the analysis. In many cases, minimal experience with the postulated accidents leads
to uncertainty in the calculation of their consequences and frequencies. This fact has prompted the use of
models or input values that yield conservative estimates of consequence and frequency. All alternatives
have been evaluated using uniform methods and data, allowing for a fair comparison of all alternatives.
Although average individual and population risks can be calculated from the information in this
SPD Supplemental EIS, the equations for such calculations involve accident frequency, a parameter
whose calculation is subject to considerable uncertainty. The uncertainty in estimates of the frequency of
highly unlikely events can vary over several orders of magnitude. This is the reason accident frequencies
are reported in this SPD Supplemental EIS qualitatively, in terms of broad frequency bins, as opposed to
numerically. Similarly, any metric that includes frequency as a factor has at least as much, and generally
more, uncertainty associated with it. Therefore, the consequence metrics have been preserved as the
primary accident analysis results, and accident frequencies have been identified qualitatively, to provide a
perspective on risk that does not imply an unjustified level of precision.

1

Population data for each facility considered in this SPD Supplemental EIS can be found in Appendix C.
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D.1.2

Safety Strategy

D.1.2.1 General Safety Strategy for Plutonium Facilities
For general plutonium facilities like those evaluated in this SPD Supplemental EIS, the general safety
strategy requires the following:


Plutonium materials to be contained at all times with multiple layers of confinement that prevent
the materials from reaching the environment.



Energy sources large enough to disperse the plutonium and threaten confinement to be
minimized.

This basic strategy means that operational accidents, including spills, impacts, fires, and operator errors,
never have sufficient energy available to threaten the multiple levels of confinement that are always
present within a plutonium facility. The final layer of confinement is the reinforced-concrete structure
and the system of barriers and multiple stages of high-efficiency particulate air (HEPA) filters or, in some
cases, an additional sand filter, that limit the amount of material that could be released to the environment
even in the worst realistic internal events.
The operational events that present the greatest threats to confinement are large-scale internal fires that, if
they did occur, could present heat and smoke loads that threaten the building’s HEPA filter systems. For
modern plutonium facilities, the safety strategy is (1) to prevent large internal fires by limiting energy
sources, such as flammable gases and other combustible materials, to the point that a wide-scale,
propagating fire is not physically possible and (2) to defeat smaller internal fires with fire-suppression
systems.
Modern plutonium operations are designed and operated such that the estimated frequency of any large
fire within the facility would fall into the “extremely unlikely” category and would require multiple
violations of safety procedures to introduce sufficient flammable materials into the facility to support such
a fire. Any postulated large-scale fire in a modern plutonium facility that would be expected to result in
severe consequences if it occurred would be categorized as a “beyond-design-basis” event and would fall
into the “beyond extremely unlikely” category.
Earthquakes present the greatest design challenges for these facilities due to the requirement to prevent
substantial releases of radioactive materials to the environment during and after a severe earthquake. For
safety analysis purposes, it is often assumed that, after a very severe earthquake that exceeds the design
loading levels of the facility equipment, enclosures, and building structure and confinement, a substantial
release of radioactive material within the facility would occur. This assumption allows designers and
safety analysts to determine the additional design features that may be needed to ensure greater
containment and confinement of the radioactive MAR, even in an earthquake so severe that major damage
to a new, reinforced-concrete facility could occur. In these safety analyses, it is often assumed that major
safety systems are not in place, such that estimates of the mitigation effectiveness of each of the safety
systems (or controls) can be estimated.
The accident scenarios selected for inclusion in this SPD Supplemental EIS are those that would present
the greatest risk of radiological exposure to members of the public. Because of the reinforced nature of
the surplus plutonium disposition facilities, these scenarios all require substantial additions of energy,
either from a widespread internal fire or through a severe natural disaster such as an earthquake so severe
that building safety systems exceed their design limits and confinement of the plutonium materials within
the building is lost. Thus, any of the accidents presented in this SPD Supplemental EIS with frequencies
of 1 in 10,000 per year or less would fall into the “beyond-design-basis” category and have probabilities
that would fall into the “extremely unlikely” or “beyond extremely unlikely” category. None of these
postulated events is expected to occur during the life of the facilities.
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D.1.2.2 Design Process
The proposed surplus plutonium disposition facilities would be designed to comply with current Federal,
state, and local laws; U.S. Department of Energy (DOE) Orders; and industrial codes and standards. This
would result in a plant that is highly resistant to the effects of natural phenomena, including earthquakes,
floods, tornadoes, and high winds, as well as credible events as appropriate to the site, such as fire,
explosions, and manmade threats.
The design process for the proposed facilities would comply with the current DOE or U.S. Nuclear
Regulatory Commission (NRC) requirements for safety analysis and evaluation, such as those presented
in DOE Order 420.1B or 420.1C (as applicable), (DOE 2005b, 2012e) and DOE-STD-1189-2008
(DOE 2008a), as applicable. These documents require the safety assessment to be an integral part of the
design process to ensure compliance with all DOE construction and operation safety criteria by the time
the facilities are constructed and in operation.
The safety analysis process begins early in the conceptual design with the identification of hazards that
could produce unintended adverse safety consequences for workers or the public. As the design develops,
hazard analyses are performed to identify events that could result in a release of hazardous material. The
kinds of events considered include equipment failures, spills, human errors, fires, explosions, criticality,
earthquakes, electrical storms, tornadoes, floods, and aircraft crashes. These postulated events become
focal points for design changes or improvements to prevent unacceptable accidents. The analyses
continue as the design progresses, their objective being to assess the need for safety equipment and the
performance of such equipment. Eventually, the safety analyses are formally documented in safety-basis
documents.
D.1.3

U.S. Department of Energy Facility Accident Identification and Quantification

D.1.3.1 Background
Identification of accident scenarios for the proposed facilities is fairly straightforward. The proposed
facilities are straightforward and well understood, and their processes have been used in other facilities
for other purposes. From an accident identification and quantification perspective, therefore, these
processes are well known and understood. Very few of the proposed activities would differ from
activities at other facilities.
New facilities would likely be designed, constructed, and operated to provide an even lower accident risk
than other facilities that have been used for these types of processes. The new facilities would benefit
from lessons learned in the operation of similar processes. They would be designed to surpass existing
plutonium facilities in their ability to reduce the frequency of accidents and mitigate any associated
consequences.
A large experience base exists for the design of the proposed facilities and processes. Because the
principal hazard for workers and the public from plutonium is the inhalation of very small particles, the
safety management approach that has evolved is centered on control of those particles. The control
approach is to perform all operations that could release airborne plutonium particles in gloveboxes. A
glovebox protects workers from inhalation of the particles and provides a convenient means for filters to
collect any particle that becomes airborne. Air from gloveboxes, operating areas, and buildings is
exhausted through multiple stages of HEPA filters (and possibly sand filters) and monitored for
radioactivity prior to release from the building. These exhaust systems are designed for effective
performance even under the severe conditions of design-basis accidents, such as major fires involving an
entire process line.
While the new processes and facilities would be designed to reduce the risks of a wide range of possible
accidents to a level deemed acceptable, some risks would remain. As with all engineered structures—
e.g., houses, bridges, dams—there is some level of earthquake or high wind that the structure could not
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survive. While new plutonium facilities must be designed to very high standards—for instance, they must
survive, with little plutonium release, a 1-in-10,000-years earthquake—an accident more severe than the
design-basis can always be postulated. Current DOE standards require new facilities to be designed to
prevent, to the extent possible, all credible process-related accidents, as well as to withstand, control, and
mitigate such accidents should they occur. For safety analysis purposes, credible accidents are generally
defined as accidents with frequencies greater than 1 in 1 million per year, including such natural
phenomena as earthquakes, high winds, and flooding. The accidents considered in the design,
construction, and operation of these facilities are generally called design-basis accidents.
In addition to the accident risks from the design-basis accidents, the new facilities would face risks from
beyond-design-basis accidents. For most plutonium facilities, the design-basis accidents include all types
of process-related accidents that have occurred in past operations, such as major spills, leaks, transfer
errors, process-related fires, explosions, and nuclear criticalities. Certain natural-phenomenon-initiated
accidents also meet the DOE design-basis criteria. For example, these facilities are designed to survive a
design-basis earthquake as discussed above. However, all new plutonium facilities, as manmade
structures, could collapse under the influence of a strong enough earthquake. Such an earthquake would
be considered a beyond-design-basis earthquake and its frequency would be considered to range from
“extremely unlikely” to “beyond extremely unlikely.” For most new plutonium facilities, the worst
possible accident would be a beyond-design-basis earthquake that results in partial or total collapse of the
structure, followed by spills, possibly fires, and loss of confinement of the plutonium powder. External
events, such as the crash of a large aircraft into the structure with an ensuing fuel-fed fire, are also
conceivable. At most locations away from major airports, however, the likelihood of a large aircraft crash
is less than 1 in 10 million per year.
The accident analysis reported in the SPD EIS is less detailed than a formal probabilistic risk assessment
or facility safety analysis because it addresses bounding accidents (accidents with a low frequency of
occurrence and large consequences), as well as a representative spectrum of possible operational
accidents (accidents with a high frequency of occurrence and small consequences). The technical
approach for the selection of accidents is consistent with the DOE Office of NEPA Oversight’s
Recommendations for the Preparation of Environmental Assessments and Environmental Impact
Statements (DOE 2004b), which recommends consideration of two major categories of accidents:
design-basis accidents and beyond-design-basis accidents.
D.1.3.2 Identification of Accident Scenarios and Frequencies
A range of design-basis and beyond-design-basis accident scenarios has been identified for each of the
surplus plutonium disposition technologies (DOE 1999). For each technology, the process-related
accidents possible during construction and operation of the facility have been evaluated to ensure that
either their consequences are small or their frequency of occurrence is extremely low.
All of the analyzed accidents would involve a release of small, respirable plutonium particles or direct
gamma and neutron radiation and, to a lesser extent, fission products from a nuclear criticality. Analyses
of each proposed operation for accidents involving hazardous chemicals are reflected in the data reports
supporting the SPD EIS. However, because the quantities of hazardous chemicals to be handled are small
relative to those of many industrial facilities, no major chemical accidents were identified. The general
categories of process-related accidents considered include the following:


Drops or spills of materials within and outside the gloveboxes



Fires involving process equipment or materials, as well as room or building fires



Explosions initiated by the process equipment or materials or by conditions or events external to
the process



Nuclear criticalities
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The analyses considered synergistic effects and
determined that the only significant source of such
effects would be a seismic event (i.e., a design-basis
seismic event or a seismically induced total collapse).
The synergy would be due to the common-cause
initiator (i.e., seismic ground motion).
This was
accounted for by summing population doses and LCFs
for alternatives in which facilities would be located at
the same site. Doses to the MEI were not summed
because an individual would only receive a summed
dose if the MEI were located along the line connecting
the release points from two facilities and the wind were
blowing along the same line at the time of the accident.
The likelihood of this happening is very small.
For each of these accident categories, a conservative
preliminary assessment of consequence was made and,
where consequences were significant, one or more
bounding accident scenarios were postulated. The
building confinement and fire-suppression systems
would be adequate to reduce the risks of most spills and
minor fires. The systems would be designed to prevent,
to the extent practicable, larger fires and explosions.
Great efforts have always been made to prevent nuclear
criticalities, which have the potential to kill workers in
their immediate vicinity. In all cases, implementation
of a Criticality Safety Program and standard practices
are expected to keep the frequency of accidental
nuclear criticalities as low as possible.
The proposed surplus plutonium disposition facilities
are expected to meet or exceed the requirements of
DOE Order 420.1B or 420.1C (as applicable), Facility
Safety (DOE 2005b, 2012e), or the requirements of
10 CFR Part 70, Domestic Licensing of Special Nuclear
Material, if the proposed facility is licensed by NRC.
Because DOE and, if applicable, NRC design criteria
require that new plutonium-processing buildings be of
very robust, reinforced-concrete construction, very few
events outside the building would have sufficient
energy to threaten the building confinement. The
principal concern would be the crash of a large
commercial or military aircraft into the facility. Such
an event, however, is highly unlikely. Only those
crashes with a frequency greater than 1 × 10-7 per year
are addressed in the SPD EIS and this
SPD Supplemental EIS.
Although this background discussion concerns DOE
facilities which are not subject to NRC licensing, NRC has similar requirements for NRC-licensed
facilities, such as the MFFF. The analyses used in this appendix for the purposes of this
SPD Supplemental EIS may differ in some respects from the analyses used to support license or license
amendment applications submitted to the NRC in compliance with NRC licensing requirements.
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Design-basis and beyond-design-basis natural-phenomenon-initiated accidents are also considered.
Because of the robust nature of the construction of new plutonium facilities, the only design-basis
natural-phenomenon-initiated accidents with the potential to affect the facility interior are seismic events.
Similarly, seismic events also bound the consequences and risks posed by beyond-design-basis natural
phenomena.
The suite of generic accidents in the Storage and Disposition of Weapons-Usable Fissile Materials Final
Programmatic Environmental Impact Statement (Storage and Disposition PEIS) (DOE 1996) was
considered in the analysis of accidents for the SPD EIS. However, the more-detailed design information
in the surplus plutonium disposition data reports was the primary basis for the identification of accidents
because it most accurately represents the expected facility configuration. The fire on the loading dock
and the oxyacetylene explosion in a process cell were unsupported by this information, so they were not
included in the SPD EIS.
Since publication of the SPD EIS, a number of the facilities that are evaluated in this
SPD Supplemental EIS have had DSAs prepared. The purposes of the DSAs under the current DOE
practices are well defined, but differ in fundamental ways from some of the past DOE safety analysis
practices.
A central focus of the DSA process is to demonstrate that sufficient safety controls have been put in
place, as opposed to quantifying an absolute value of risk. In general, DSAs do not attempt to establish
best estimates of the probabilities or consequences of potential accidents. Consistent with their purpose,
source terms and other assumptions used for bounding DSA frequency and consequence estimates are
conservative. In other words, the DSA process accounts for the inherent uncertainties associated with
quantifying risk by requiring that conservative assumptions are made to ensure that the final safety
control set is comprehensive and adequate. In reality, the actual risk of the scenarios may be much lower
than portrayed in DSAs.
This situation presents a challenge for the selection of accidents for this SPD Supplemental EIS and
reporting their likelihood and consequences, because the goal of the accident analysis in this
SPD Supplemental EIS is to present consistent estimates of accident risks between facilities so that fair
comparisons can be made among alternatives. If, for example, the accident risks between facilities or
alternatives are based on differing levels of conservatism, balanced comparisons are not possible. For the
SPD Supplemental EIS, attempts were made to ensure consistent assumptions across facilities and sites
such that whatever differences do exist in the analyses presented herein are not important.
The design-basis accidents descriptions and source terms that were reported in recent facility DSAs were
based on unmitigated design-basis accidents. Each of the facilities has been designed and would be
operated to reduce the likelihood of these accidents to the extent practicable. Design features and
operating practices would also limit the extent of any accidents and mitigate the consequences for the
workers, public, and environment if they occurred. As with all facilities, it is expected that the safety
controls would be sufficient such that the likelihood of any of these accidents occurring would be
“extremely unlikely,” and if the accidents occurred, the likelihood of consequences of the magnitude
reported in the draft DSA and this SPD Supplemental EIS are probably “beyond extremely unlikely” and,
therefore, are not credible.
Accident frequencies are generally grouped into the bins of “anticipated,” “unlikely,” “extremely
unlikely,” and “beyond extremely unlikely,” with estimated frequencies of greater than 1 × 10-2, 1 × 10-2
to 1 × 10-4, 1 × 10-4 to 1 × 10-6, and less than 1 × 10-6 per year, respectively. The accidents evaluated
represent a spectrum of accident frequencies and consequences ranging from low-frequency/highconsequence to high-frequency/low-consequence events. However, given the preliminary nature of some
of the designs under consideration, it was not possible to quantitatively assess the frequency of occurrence
of all the events addressed. The evaluation does not indicate the total risk of operating the facility, but
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does provide information on high-risk events that could be used to develop an accident risk ranking of the
various alternatives.
D.1.3.3 Identification of Material at Risk
For each accident scenario, the MAR—generally plutonium—was identified. Plutonium has a wide range
of chemical and isotopic forms. The sources of plutonium vary among the various candidate facilities
and, for specific facilities, among various alternatives. The vulnerability of material generally depends on
the form of that material, the degree and robustness of containment, and the energetics of the potential
accident scenario (DOE 1999). For example, plutonium stored in strong, tight storage containers is not
generally vulnerable to simple drops or spills, but may be vulnerable in a total collapse earthquake
scenario. The isotopic composition of the MAR will vary, depending on the feed source. The assumed
isotopic compositions used in the SPD EIS have been updated for this SPD Supplemental EIS, now that
more-recent information is available on the potential feeds. For the K-Area facilities, including the
immobilization capability, a worst-case composition for a DOE-STD-3013-2012 (DOE 2012a) container
(also called a 3013 container or 3013 can) was assumed that is about 88 percent plutonium-239,
0.04 percent plutonium-238, and 6.25 percent americium-241 by weight (DOE/NNSA 2012).
For HB-Line and H-Canyon, the same types of materials were assumed to be processed, so the same
composition was used. For the Waste Solidification Building (WSB), the bounding composition from the
Waste Solidification Building Preliminary Documented Safety Analysis (WSB DSA) (WSRC 2009) was
used. For all others, compositions used in the SPD EIS (DOE 1999) were used.
At some of the facilities, highly enriched uranium (HEU) is also present. For these analyses, the weight
fraction for uranium-234, uranium-235, uranium-236, and uranium-238 were assumed to be 0.01, 0.931,
0.005, and 0.054 (DOE/NNSA 2012). For the accidents considered in this SPD Supplemental EIS, the
contribution to dose from HEU releases are negligible when released in conjunction with plutonium.
Tritium (hydrogen-3, a radioactive isotope of hydrogen) could also be present in some of these facilities.
It would typically be stored on a “getter” bed that requires electrical heating to drive off the tritium. For
these accident analyses, the tritium is assumed to be released as tritiated water vapor, which is more
biologically important than tritium gas.
Plutonium-239 dose equivalents: For some facilities, the exact quantities for MAR, including plutonium,
HEU, and tritium, as well as the isotopic composition of some forms of plutonium, are sensitive from a
security perspective. The exact quantities and locations are typically classified for security reasons.
Many safety analyses have adopted the strategy of using a convenient surrogate, plutonium-239 dose
equivalents, for the actual quantities, forms, and isotopic composition of the materials. With this
approach, the masses or activities of certain quantities of material, such as weapons-grade plutonium
(or a mixture of various types of plutonium, HEU, and tritium), can be expressed in terms of the amount
of plutonium-239 that would result in the same radiological dose upon inhalation.
For plutonium isotopes, the relative inhalation hazard is similar for plutonium-238, -239, -240, and -242.
Plutonium-241 is less hazardous. Plutonium decays with time and americium-241 builds up. The relative
inhalation hazard of americium-241 is higher than that of plutonium-239. As a result, the relative hazard
of plutonium (and americium-241) materials is highly dependent on the composition of the plutonium
isotopes, and more importantly, on the amount of americium-241 in the mixture. For example, the dose
from inhalation of 1 gram of weapons-grade plutonium, such as the mixture assumed for the Pit
Disassembly and Conversion Facility (PDCF) in F-Area (92.35 percent plutonium-239 and 1 percent
americium-241), would have the same dose as inhalation of 2.086 grams (0.0736 ounces) of
plutonium-239 (DOE/NNSA 2012). For K-Area Material Storage Area (MSA)/K-Area Interim
Surveillance (KIS)-type plutonium (87.8 percent plutonium-239 and 6.25 percent americium-241), the
effect of the much higher americium-241 is large, and inhalation of 1 gram (0.0353 ounces) of KIS
plutonium would have the same dose as inhalation of 6.475 grams (0.228 ounces) of plutonium-239
(DOE/NNSA 2012). Quantities of other materials, such as HEU and tritium, can also be expressed in
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terms of plutonium-239 dose equivalents. For example, the dose from inhalation of 1 gram
(0.0353 ounces) of HEU (of a particular enrichment) would have the same dose as inhalation of
0.000446 grams (1.57 × 10-5 ounces) of plutonium-239, and the inhalation (including skin adsorption) of
1 gram (0.0353 ounces) of tritium as tritiated water vapor would have the same dose as inhalation of
0.0486 grams (0.0017 ounces) of plutonium-239 (DOE/NNSA 2012).
Hazardous chemicals: On an industrial scale, the quantities of hazardous chemicals are generally small.
The occupational risks are generally limited to material handling and are managed under a required
Industrial Hygiene Program. While some facilities, such as H-Canyon, have larger tanks of materials
such as nitric acid, these quantities are still small relative to quantities at most industrial facilities and only
represent a local worker hazard. No substantial hazardous chemical releases are expected.
D.1.3.4 Identification of Material Potentially Released to the Environment
The amount and particle size distribution of material aerosolized in an accident generally depends on the
form of that material, the degree and robustness of containment, and the energetics of the potential
accident scenario. Once the material is aerosolized, it must still travel through building confinement and
filtration systems or bypass the systems before being released to the environment.
A standard DOE formula was used to estimate the source term for each accident at each of the proposed
surplus plutonium facilities:
Source Term = MAR × DR × ARF × RF × LPF
where:
MAR = material at risk (curies or grams)
DR = damage ratio
ARF = airborne release fraction
RF = respirable fraction2
LPF = leak path factor
The MAR is the amount of radionuclides (in curies of radioactivity or grams of each radionuclide)
available for release when acted upon by a given physical stress or accident. The MAR is specific to a
given process in the facility of interest. It is not necessarily the total quantity of material present; rather, it
is that amount of material in the scenario of interest postulated to be available for release.
The damage ratio (DR) is the fraction of MAR exposed to the effects of the energy, force, or stress
generated by the postulated event. For the accident scenarios discussed in this analysis, the value of the
DR varies depending on the details of the accident scenario, but can range up to 1.0.
The airborne release fraction (ARF) is the fraction of material that becomes airborne due to the accident.
The respirable fraction (RF) is the fraction of the material with a particulate aerodynamic diameter less
than or equal to 10 microns (0.0004 inches) that could be retained in the respiratory system following
inhalation. The value of each of these factors depends on the details of the specific accident scenario
postulated. ARFs and RFs were estimated according to reference material in Airborne Release
Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities (DOE 1994).
The leak path factor (LPF) accounts for the action of removal mechanisms (e.g., containment systems,
filtration, and deposition) to reduce the amount of airborne radioactivity ultimately released to occupied
spaces in the facility or the environment.
No accident scenarios were identified that would result in a substantial release of plutonium or other
radionuclides via liquid pathways.

2

Respirable fractions are not applied in the assessment of doses based on noninhalation pathways, such as criticality.

D-9

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

D.1.4

Evaluation of Accident Consequences

D.1.4.1 Potential Receptors
For each potential accident, information is provided on accident consequences and frequencies for three
types of receptors: (1) a noninvolved worker, (2) the maximally exposed member of the public, and
(3) the offsite population. The first receptor, a noninvolved worker, is a hypothetical individual working
on site, but not involved in the proposed activity. Consistent with the SPD EIS, the noninvolved worker
at SRS was assumed to be downwind at a point 1,000 meters (3,280 feet) from the accident. Such a
person outside of the area was assumed to be unaware of the accident, and so the emergency actions
needed for protection, and to remain in the plume for the entire passage. Workers within the area would
be trained to respond to an emergency and are expected to take proper actions to limit their exposure to a
radioactive plume. If they failed to take proper actions, they could receive higher doses. For the
accidents addressed in this SPD Supplemental EIS, accidental releases would be through medium-to-tall
stacks for all design-basis accidents. Maximum doses within the area where the plume first touches down
could be 1.4 to 2.9 times higher than the doses at 1,000 meters (3,280 feet). At LANL, because of
differences in the geography of the area, the noninvolved worker was conservatively assumed to be
exposed to the full release, without any protection, at the technical area boundaries, and within a distance
of about 220 meters (about 720 feet) of Technical Area 55 (TA-55).
The second receptor, a maximally exposed member of the public, is a hypothetical individual assumed to
be at a location along the site boundary where he or she would receive the largest dose. Exposures
received by this individual are intended to represent the highest doses to a member of the public.
The third receptor, the offsite population, comprises all members of the public within 50 miles
(80 kilometers) of the accident location.
Consequences for workers directly involved in the processes under consideration are addressed
generically, without attempt at a scenario-specific quantification of consequences. The uncertainties
involved in quantifying accident consequences become overwhelming for most radiological accidents due
to the high sensitivity of dose values to assumptions about the details of the release and the location and
behavior of the affected worker. Consequences for potential receptors as a result of plume passage were
determined without regard for emergency response measures and, thus, are more conservative than would
be expected if evacuation, sheltering, or other measures to reduce or prevent impacts to the public were
explicitly modeled. Instead, it was assumed that potential receptors would be fully exposed in fixed
positions for the duration of plume passage, thereby maximizing their exposure to the plume.
As discussed in Section D.1.4.2, a conservative estimate of total consequences was obtained by assuming
that all released radionuclides contributed to the inhalation dose as opposed to removal of some of them
from the plume by surface deposition; surface deposition is a less significant contributor to overall risk
and is controllable through interdiction.
D.1.4.2

Modeling of Dispersion of Releases to the Environment

The MACCS2 computer code (version 1.13.1) was used to estimate the consequences of accidents for the
proposed facilities. A detailed description of the MACCS2 model is available in NRC documents
NUREG/CR-4691 (NRC 1990) and NUREG/CR-6613 (NRC 1998). Originally developed to model the
radiological consequences of nuclear reactor accidents, this code has been used for the analysis of
accidents in many EISs and other safety documentation and is considered applicable to the analysis of
accidents associated with the disposition of plutonium.
MACCS2 models the offsite consequences of an accident that releases a plume of radioactive materials
into the atmosphere; specifically, the degree of dispersion versus distance as a function of historical wind
direction, speed, and atmospheric conditions. Were such an accidental release to occur, the radioactive
gases and aerosols in the plume would be transported by the prevailing wind and dispersed in the
atmosphere, and the population would be exposed to radiation. MACCS2 generates the distribution of
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downwind doses at specified distances, as well as the distribution of population doses out to 50 miles
(80 kilometers).
For tritium releases, the tritium (as tritiated water vapor) inhalation dose conversion factor used in this
SPD Supplemental EIS is 50 percent greater than the Federal Guidance Report 11 (EPA 1988) inhalation
dose conversion factor used in MACCS2. This change incorporates the recommendation in the DOE
MACCS2 guidance to account for the dose due to absorption of tritiated water vapor through the
skin (DOE 2004a).
For other isotopes, the standard MACCS2 dose library was used. This library is based on Federal
Guidance Report 11 (EPA 1988) inhalation dose conversion factors. For exposure to plutonium oxides
and metal, the dominant pathway for exposure is inhalation of very small, respirable particles. Unlike
tritiated water vapor, absorption through the skin is not a significant pathway for plutonium dose. For
accidents involving release of plutonium, more-recent dose conversion factors, based on Federal
Guidance Report 13 (EPA 1999), would result in estimated doses of about 15 to 43 percent of the values
reported in this SPD Supplemental EIS, depending on the assumed form of the plutonium inhaled.
Overall, the values reported in this SPD Supplemental EIS are both conservative and internally consistent.
The uncertainties in the estimated source terms far outweigh the differences in the modeling and dose
conversion factor models used in this SPD Supplemental EIS.
As implemented in this SPD Supplemental EIS for accidents at DOE facilities, the MACCS2 model
evaluates doses due to inhalation of aerosols such as respirable plutonium, as well as exposure to the
passing plume. This represents the major portion of the dose that a noninvolved worker or member of the
public would receive as a result of a plutonium disposition facility accident. The longer-term effects of
plutonium deposited on the ground and surface waters after the accident, including through resuspension
and inhalation of plutonium and ingestion of contaminated crops, were not modeled for accidents
involving DOE facilities in this SPD Supplemental EIS. These pathways have been studied and found not
to contribute as significantly to dosage as inhalation, and they are controllable through interdiction.
Instead, the deposition velocity of the radioactive material was set to zero, so that material that might
otherwise be deposited on surfaces remains airborne and available for inhalation. This adds conservatism
to inhalation doses that can become considerable at large distances (as much as two orders of
magnitude of conservatism at the 50-mile [80-kilometer] limit). Thus, the method used in this
SPD Supplemental EIS is conservative compared with the dose results that would be obtained if
deposition and resuspension were taken into account.
Longer-term effects of fission products released during a nuclear criticality accident have been
extensively studied. The principal concern is ingestion of iodine-131 via milk that becomes contaminated
due to the ingestion of contaminated feed by milk cows. This pathway can be controlled and, in terms of
the effects of an accidental criticality, doses from this pathway would be small.
The region around the facility is divided by a polar-coordinate grid centered on the facility itself. The
user specifies the number of radial divisions and their endpoint distances. The angular divisions used to
define the spatial grid correspond to the 16 directions of the compass.
Dose distributions were calculated in a probabilistic manner. Releases during each of the 8,760 hours of
the year were simulated, resulting in a distribution of dose reflecting variations in weather conditions at
the time of the postulated accidental release. The code outputs the conditional probability of exceeding
an individual or population dose as a function of distance. The mean consequences are analyzed in this
SPD Supplemental EIS.
Radiological consequences may vary somewhat as a result of variations in the duration of release. For
longer releases, there is a greater chance of plume meander (i.e., variations in wind direction over the
duration of release). MACCS2 models plume meander by increasing the lateral dispersion coefficient of
the plume for longer release durations, thus lowering the dose. For perspective, doses from a
homogenous 1-hour release would be 30 percent lower than those of a 10-minute release as a result of
plume meander; doses from a 2-hour release would be 46 percent lower. The other effect of longer
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release durations is involvement of a greater variety of meteorological conditions in a given release,
which reduces the variance of the resulting dose distributions. This would tend to lower high-percentile
doses, raise low-percentile doses, and have no effect on the mean dose.
For this SPD Supplemental EIS accident analysis, a duration of 10 minutes was assumed for all SRS
facility accident releases. This is consistent with the accident phenomenology expected for all scenarios,
with the possible exception of fire. Depending on the circumstances, the time between fire ignition and
extinction may be considerably longer, particularly for the larger beyond-design-basis fires. However,
even in a fire of long duration, it is possible to release substantial fractions of the total radiological source
term in fairly short periods as the fire consumes areas of high MAR concentrations. The assumption of
a 10-minute release duration for fire is intended to generically account for this circumstance.
The approaches for dispersion and consequence analyses for the LANL site were similar to those used for
the SRS site. The approaches and evaluation for the LANL accidents also follow the methods used in the
recent Final Supplemental Environmental Impact Statement for the Nuclear Facility Portion of the
Chemistry and Metallurgy Research Building Replacement Project at Los Alamos National Laboratory,
Los Alamos, New Mexico (DOE 2011a) and the earlier Final Site-Wide Environmental Impact Statement
for Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico (LANL SWEIS),
DOE/EIS-0380 (DOE 2008b).
D.1.4.3 Modeling of Consequences of Releases to the Environment
The probability coefficients for determining the likelihood of fatal cancer, given a dose, are taken from
the 1990 Recommendations of the International Commission on Radiological Protection (ICRP 1991) and
DOE guidance (DOE 2004b). For low doses or low dose rates, probability coefficients of 6.0 × 10-4 fatal
cancers per rem and person-rem are applied for workers and the general public (DOE 2003). For cases
where the individual dose would be equal to or greater than 20 rem, the LCF risk was doubled
(NCRP 1993). Additional information about radiation and its effects on humans is provided in
Appendix C.
D.1.5

Accident Scenarios for Surplus Plutonium Disposition Facilities

Bounding design-basis and beyond-design-basis accident scenarios have been developed from accident
scenarios presented in the SPD EIS, previous NEPA analyses, data call responses from SRS and LANL,
and current safety analyses for the facilities (DOE 1999; SRNS 2010, 2011a, 2011b, 2012a, 2012b;
WSRC 2006, 2007a, 2007b, 2007c, 2007d, 2007e, 2007f, 2007g, 2008, 2009). These scenarios are
discussed in detail in these documents, along with specific assumptions for each facility and site.
D.1.5.1 Accident Scenario Consistency
In preparing the accident analysis for this SPD Supplemental EIS, the primary objective was to ensure
consistency between the data reports so that the results of the analyses for the proposed surplus plutonium
disposition alternatives could be compared. In spite of efforts by all parties, some inconsistencies exist
between the data reports. This does not imply technical inaccuracy in any analysis; it merely reflects the
uncertainties and reliance on conventions that are generally inherent in accident analyses. To provide a
consistent analytical basis, information in the data reports was modified or augmented as described in this
section.
Aircraft crash. It was decided early in the process of developing accident scenarios for the original
SPD EIS that aircraft crash scenarios would not be provided in the data reports, but would be developed,
as appropriate, directly for the SPD EIS. This practice was continued for this SPD Supplemental EIS.
Frequencies of an aircraft crash into each facility evaluated in this SPD Supplemental EIS under each
alternative were taken from individual facility safety basis documents. These frequency estimates were
developed in accordance with the Accident Analysis for Aircraft Crash into Hazardous
Facilities (DOE 2006b). Facility-specific safety analyses indicate that the frequency of crashes involving
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aircraft capable of penetrating the subject facility (assumed to be all aircraft except those in general
aviation) would generally be below 1.0 × 10-7 per year for all facilities.
Of the variety of impact conditions accounted for in the above frequency values (e.g., impact angle,
direction, lateral distance from building center, and speed), only a fraction would have the potential to
produce consequences comparable to those reported in the SPD EIS, while other impacts (grazing impacts
and impacts on office areas) would not result in significant radiological impacts.
For facilities for which an SAR or DSA was available, that information was used to determine whether an
aircraft crash coupled with a release of material was credible. In most cases, the building would provide
sufficient structural strength and shielding such that a release of radioactive material would not be likely.
Criticality. The source term for this criticality is based on a fission yield of 1.0 × 1019 fissions, which was
used for all facilities. The source term was based on that given in DOE Handbook 3010-94 (DOE 1994).
The estimated frequency of “extremely unlikely” (i.e., 1 × 10-6 to 1 × 10-4 per year) was also used because
it is the bounding estimate.
Design-basis earthquake.
earthquake.

Safety analyses for each facility present an analysis of a design-basis

All the existing facilities that were considered in the SPD EIS have had seismic evaluations demonstrating
that they meet the seismic evaluation requirements for a design-basis earthquake.
Beyond-design-basis earthquake. All of the proposed operations would be in either existing or new
facilities that are expected to meet or exceed the applicable requirements of DOE Order 420.1B or 420.1C
(as applicable), (DOE 2005b, 2012e) and DOE-STD-1020, Natural Phenomena Hazards Design and
Evaluation Criteria for Department of Energy Facilities (DOE 2002a, 2012f), as applicable, for reducing
the risks associated with natural phenomenon hazards. The proposed facilities would be characterized as
Performance Category 3 (PC-3) facilities.3 Such facilities would have to be designed or evaluated for a
design-basis earthquake with a mean annual exceedance probability of 4 × 10-4, corresponding to a return
period of 2,500 years.
The numerical seismic design requirements detailed in DOE-STD-1020 are structured such that there is
assurance that specific performance goals would be met. For PC-3 plutonium facilities, the performance
goal is to ensure occupant safety, continued operation, and hazard confinement for earthquakes with an
annual probability exceeding approximately 1 × 10-4. There is sufficient conservatism in the design of the
buildings and the structures, systems, and components that are important to safety that this goal should be
met, given that they are designed to withstand earthquakes with an estimated mean annual probability
of 4 × 10-4.
By contrast, nonnuclear structures at these sites and the surrounding community would be constructed to
the regional standards of the Uniform Building Code at the time of construction. These peak acceleration
values are 50 to 82 percent of the peak acceleration design requirements for plutonium facilities in the
same area and correspond approximately to DOE PC-1 facilities with 500-year return intervals. During
major earthquakes, structures built to these Uniform Building Code requirements are expected to suffer
significantly more damage than reinforced-concrete structures designed for plutonium operations. At
sites far from tectonic plate boundaries, deterministic techniques such as those used by NRC in evaluating
safe-shutdown earthquakes for the siting of nuclear reactors have also been used to determine the
maximum seismic ground motion requirements for facility designs. These techniques involve estimating
the ground acceleration at the proposed facility by either assuming the largest historical earthquake within
3

Each structure, system, and component in a DOE facility is assigned to one of five performance categories, depending on its
safety importance. PC-3 structures, systems, and components are those for which failure to perform their safety function could
pose a potential hazard to public health, safety, and the environment from release of radioactive or toxic materials. Design
considerations for this category are to limit facility damage as a result of design-basis natural phenomena events (for example,
an earthquake) so that hazardous materials can be controlled and confined, occupants are protected, and the functioning of the
facility is not interrupted (DOE 2002a).
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the tectonic province or by assessing the maximum earthquake potential of the appropriate tectonic
structure or capable fault closest to the facility. For NRC-licensed reactors, this technique resulted in
safe-shutdown earthquakes with estimated return periods in the 1,000- to 100,000-year range
(DOE 2002a).
The magnitude of potential earthquakes with return periods greater than 10,000 years is highly uncertain.
For purposes of the SPD EIS, it was assumed that, at all the candidate sites, earthquakes with return
periods in the 100,000- to 10-million-year range might result in sufficient ground motion to cause major
damage to even a modern, well-engineered, and well-constructed plutonium facility. Therefore, in the
absence of convincing evidence otherwise, a total collapse of the plutonium facilities was assumed to be
scientifically credible and within the rule of reason for return intervals in this range.
The frequency of all beyond-design-basis earthquakes for all facilities is reported in the SPD EIS as
“extremely unlikely to beyond extremely unlikely” (the PDCF data report estimated a frequency of less
than 1 × 10-6 per year). They are reported as such because the uncertainties inherent in associating
damage levels with earthquake frequencies become overwhelming below frequencies of about 1.0 × 10-5
per year.
Filtration efficiency. In the SPD EIS, the exhaust from most facilities, including the MFFF, PDCF, and
the immobilization facilities, was assumed to be directed through two stages of testable HEPA filters to a
stack. A building LPF of 1.0 × 10-5 was used for particulate releases with HEPA filters unless otherwise
noted (DOE 1999). Several of the existing facilities and some of the proposed facilities would use a
stand-alone sand filter as the primary filter system for exhaust that leaves the main process area building.
In most cases, exhaust air from a glovebox or process room would first be filtered by one or more sets of
testable HEPA filters that would be designated Safety Significant or Safety Class and expected to
continue functioning during and after design-basis accidents. The more recent Plutonium Vitrification
Facility Consolidated Hazard Analysis (U) (WSRC 2007a) indicates that the heating, ventilating, and air
conditioning (HVAC) exhaust would go through a duct to the sand filter and a new stack.
For facilities with sand filters, the recent SRS safety analyses have only taken credit for the sand filter
with its stated efficiency of 99.51 percent (or a penetration factor of 4.9 × 10-3). For facilities with sand
filters as the final safety system, this SPD Supplemental EIS follows SRS practice and only takes credit
for that filter for design-basis accidents unless otherwise noted. In most cases, multiple HEPA filters
within the building would likely provide significant filtration of particulates released during an accident
before they were transported through the exhaust system to the sand filter and stack.
For the hypothetical Beyond-Design-Basis Earthquake and Fire, a consistent LPF was assumed across the
facilities evaluated. In the SPD EIS, the beyond-design-basis earthquake accidents are hypothetical, are
not based on detailed analysis, and are postulated simply to show a bounding level of impacts should the
safety design and operational controls fail. For NEPA purposes, the goal is to show the impacts of
realistic, physically possible events even if it is believed their probability is extremely low.
For comparison purposes, it is postulated that:
 The hypothetical beyond-design-basis accident is assumed to be an earthquake that exceeds the

design-basis earthquake (PC-3) by a sufficient margin that gloveboxes fail, fire suppression systems
fail, power fails, and some building confinement is lost. It is further assumed that a room-wide fire
or multiple local fires might occur. The overall probability of the event, considering the conditional
probabilities of fires following a beyond-design-basis earthquake, is expected to be in the 1 × 10-6
to 1 × 10 -7 per year range.
 For new facilities and significantly upgraded facilities, it is assumed that they would be designed to

fail gracefully. A building LPF of 0.1 is assumed and expected to be conservative. This factor
should adequately represent an LPF for cracks in the building or transport through rubble.
 For older, existing facilities that have not been or are not planned to be upgraded, it is not generally

known how they might fail in a beyond-design-basis earthquake but an LPF of 1 is considered
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unrealistic because even a rubble pile in a total building collapse offers some impediment to
particulates being released to the environment. Therefore, this SPD Supplemental EIS assumes an
LPF of 0.25 for these facilities even though the LPF could be several times lower than this.
 For all facilities, an LPF of 1.0 was assumed for tritium or gaseous releases.

D.1.5.2 Facility Accident Scenarios
D.1.5.2.1 Existing K-Area Material Storage Area/K-Area Interim Surveillance
The K-Area MSA and KIS area have materials and activities that are common to several of the facilities
and, hence potential accidents that have some common characteristics. Each of the facilities handles
containers of plutonium metal or oxide that protect the materials inside from a wide range of accidents.
K-Area MSA. The K-Area MSA is an area inside the decommissioned K-Area reactor building that was
modified to store surplus plutonium. The K-Area MSA is within a robust structure and is designated a
Hazard Category 2 Nuclear Facility. The area used for the K-Area MSA primarily consists of
reinforced-concrete walls with solid concrete floor slabs. Plutonium is stored in the K-Area MSA
in DOE-STD-3013-2012 or other approved containers nested inside DOE-certified Type B shipping
packages. This robust packaging configuration serves as confinement against possible release of
contamination. Within the K-Area MSA, the 3013 cans or other approved containers are required to
remain in approved shipping containers at all times and, therefore, are not vulnerable to routine accidents.
For example, a 9975 Type B shipping package consists of a stainless steel outer drum assembly,
CelotexTM insulation, lead shielding, a secondary containment vessel, and a primary containment vessel.
Plutonium metal or oxide is stabilized and packaged according to DOE-STD-3013-2012. Type B
shipping packages are designed to withstand fires with temperatures as high as 1,475 degrees
Fahrenheit (°F) (800 degrees Celsius [°C]) for 30 minutes, as well as a wide spectrum of very severe
transportation accidents. The environmental impacts of potential accidents associated with the K-Area
MSA operations were discussed previously in the Supplement Analysis for Storage of Surplus Plutonium
Materials in the K-Area Material Storage Facility at the Savannah River Site (DOE 2002b), as well as the
Supplement Analysis, Storage of Surplus Plutonium Materials at the Savannah River Site (DOE 2007),
and were found to be very small due to the robust packaging.
The K-Area Complex Documented Safety Analysis (K-Area DSA) (SRNS 2012b) evaluates the storage of
surplus plutonium, as well as other materials, in the existing K-Area reactor building. A range of
potential hazards and accidents was evaluated in the K-Area DSA. That evaluation indicates that, because
all of the plutonium is stored in 3013 cans that are then stored in Type B shipping packages, none of the
design-basis accidents would release plutonium from the confinement of the 3013 cans and the Type B
shipping packages. The combination of the 3013 cans and the Type B shipping packages provides
sufficient protection from a range of fires, explosions, overpressurizations, external events, and natural
phenomenon-initiated events, such that any event that would potentially result in a release was designated
“beyond extremely unlikely” and was not evaluated in detail. As a result, the K-Area MSA is not
required to have criticality accident alarms or a building confinement system.
None of the credible accidents identified, including all of the design-basis accidents, threatened the
integrity of the packages. The K-Area DSA (SRNS 2012b) did identify potential releases from a
hypothetical, bounding, beyond-design-basis earthquake followed by a fire in the K-Area MSA. The
likelihood of a beyond-design-basis earthquake that could collapse the K-Area Complex and release
radioactive material from the drums stored in the MSA is estimated to be 5 × 10 -7 per year or
less (SRNS 2012b). The likelihood of subsequent fires of sufficient magnitude and duration to threaten
3013 containers within the shipping containers makes the likelihood of this accident even lower. The
hypothetical event postulates collapse of the Actuator Tower through the roof of the building onto a
storage array of Type B shipping packages. Debris from the collapse was assumed to crush the shipping
packages, or some sharp object could penetrate them. The K-Area DSA assumed that as many as
190 shipping package drums could be damaged in this beyond-design-basis earthquake, with about
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45 experiencing a direct release of plutonium due to the heavy impact of debris on the drum, and about
23 releasing plutonium material under high pressure when a secondary fire, caused by the earthquake,
ignites CelotexTM in each drum and creates a severe localized fire. The worst-case release would be from
impact stress on the shipping package, which could be modeled as a high-pressure (277.6 pounds per
square inch) venting of plutonium oxide, and could release as much as 58 grams (2.0 ounces) of oxide
per drum (SRNS 2012b). The releases due to secondary fires was modeled as a very high-pressure
(1000 pounds per square inch) venting of plutonium oxide with a potential release of 142 grams
(5 ounces) per drum. The total release from 45 drums experiencing high pressure releases due to direct
impacts and 23 drums experiencing very high pressure releases due to subsequent fires would be
5,880 grams (207 ounces) [58 grams per drum × 45 drums + 142 grams per drum × 23 drums]
(SRNS 2012b). This is a hypothetical, bounding scenario and more realistic assumptions would result in
much lower releases.
The probability of an event of this magnitude with this large a release is extremely small, as it requires the
initiating event, a significantly beyond-design-basis earthquake, to cause the collapse; a collapse at the
right location, a collapse onto 190 shipping containers designed to withstand very severe transportation
accidents; a crash onto shipping containers containing oxide instead of metal; and damage and pressurized
release from containers. This scenario/release combination is not considered credible for analysis
purposes in this SPD Supplemental EIS.
KIS. KIS became operational in 2007 and provides interim capability for nondestructive and destructive
examination of plutonium materials. Nondestructive capabilities include weight verification, visual
inspections, digital radiography, and prompt gamma analysis; destructive capabilities include can
puncturing for headspace gas sampling and can cutting for oxide sampling. Repackaging capabilities are
available at other facilities for safe storage of the material pending its eventual disposition. The K-Area
Complex was modified to add equipment and tools to unload and reload DOE-STD-3013-2012 containers
from DOE-certified Type B shipping packages; weigh and perform examinations of containers and
shipping packages; and perform assays.
Potential accidents at KIS. The environmental impacts of potential accidents associated with KIS
operations were discussed in the Environmental Assessment for the Safeguards and Security Upgrades for
Storage of Plutonium Materials at the Savannah River Site (DOE 2005a), as well as the Supplement
Analysis, Storage of Surplus Plutonium Materials at the Savannah River Site (DOE 2007), and were
found to be very small due to the robust packaging and limited operations.
The environmental impacts of KIS operations have been evaluated in detail for KIS and the previously
planned Container Surveillance and Storage Capability. These operations would be conducted in a
glovebox and would involve one 3013 container at a time. Thus, the MAR for most operational accidents
would be one container.
The Environmental Assessment for the Safeguards and Security Upgrades for Storage of Plutonium
Materials at the Savannah River Site (DOE 2005a) states: “Implementing the surveillance program
would require the loading and unloading of 9975 shipping packages, visual examination of a
3013 container, and the opening of 3013 containers. Opening the 3013 containers would be performed
inside of a credited glovebox, which would protect the worker from exposure to the plutonium bearing
materials. Although the processing of the plutonium introduces the possibility of different accidents, such
as criticality, the scenario most likely to generate a significant release is still the design-basis fire.
Safety features to prevent or mitigate this, and other credible accidents, include building design,
engineered fire-suppression and detection systems, filtered ventilation systems, and procedural controls to
preclude mishandling of the material.” This environmental assessment also states: “As the authorization
basis documentation for the proposed activity is in preliminary form, consequence analysis for the
bounding event is estimated based on the mitigated release of five maximally loaded plutonium
containers. The estimated mitigated dose to a maximally exposed individual at the Site boundary
associated with a pressurized release of five plutonium containers is less than 1,000 millirem.”
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The consequences of radiological accidents in KIS and similar operations in the Container Surveillance
and Storage Capability have subsequently been evaluated. The Washington Safety Management
Solutions engineering calculation S-CLC-K-00208, from The Consequences of Releases from Potential
Accidents in the 105-K Slug Vault (WSMS 2006), evaluates a range of potential accidents involving KIS
operations, including fires involving transuranic (TRU) waste containers and pressurized releases from a
single 3013 container containing less than 4.5 kilograms (9.9 pounds) of plutonium or 5.0 kilograms
(11 pounds) of plutonium oxide with worst-case isotopic composition. This calculation was used for the
accident analyses reported in the KIS DSA Addendum (WSRC 2006) to the K-Area DSA (SRNS 2012b).
The KIS DSA Addendum (WSRC 2006) technical safety requirement mandates that at least one stage of
HEPA filters should be functioning during design-basis accidents, with an efficiency of at least
99.5 percent, or a building LPF of 0.005.
Analysis of the 3013 container surveillance operations for KIS identified the following broad categories
of accidents: design-basis fire, design-basis explosion, design-basis loss of containment/confinement,
design-basis nuclear criticality, design-basis external hazard, and design-basis natural phenomena. Based
on the KIS DSA Addendum (WSRC 2006) results of credible, mitigated accidents, several accidents were
selected for presentation in this SPD Supplemental EIS to represent the bounding credible design-basis
and beyond-design-basis accidents. Basic characteristics of each of these postulated accidents are
described in this section. Additional discussion of scenario development based on consistency concerns
was presented earlier in this appendix.
Fires. The bounding mitigated fire event is a postulated occurrence fire in the KIS vault that causes both
a collapse of the KIS vault and pressurized release of 7 kilograms (15 pounds) of plutonium oxide at
1,000 pounds per square inch gauge (psig). The Fire Protection Program, fire-suppression system, fire
doors, and structural design should limit any fire and prevent the fire from heating 3013 containers to the
point that a pressurized release would occur. For a pressure of 1,000 psig, the expected ARF × RF is
0.0284, which corresponds to approximately 175 grams (6.2 ounces), and was indicated as released to the
building exhaust system, where the building HEPA filters would reduce the amount released to the stack.
A building LPF of 5.0 × 10-3 was assumed for one stage of HEPA filters. Therefore, the mitigated release
to the environment through the stack would be approximately 0.88 grams (0.031 ounces) of plutonium. A
release of this magnitude would fall into the “extremely unlikely to beyond extremely unlikely” category.
Explosions. The bounding mitigated explosion event is a postulated deflagration or detonation in the
glovebox that occurs just as a 3013 container is being punctured for sampling purposes. The KIS DSA
Addendum (WSRC 2006) indicates that the internal pressure should be within the 3013 container design
rupture limit of 700 psig unless subjected to an external fire. For a pressure of 700 psig, the expected
ARF × RF is 0.022, which corresponds to approximately 99 grams (3.5 ounces) from a drum containing
4,500 grams (160 ounces) of plutonium that is released to the building exhaust system, where the building
HEPA filters would reduce the amount released to the stack. A building LPF of 5.0 × 10-3 was assumed
for one stage of HEPA filters. Therefore, the mitigated release to the environment through the stack
would be approximately 0.50 grams (0.018 ounces) of plutonium. A release of this magnitude would fall
in the “extremely unlikely to beyond extremely unlikely” category.
Design-basis earthquake. The bounding design-basis earthquake was postulated to collapse the KIS vault
and cause a fire that results in a pressurized release of 7 kilograms (15 pounds) of plutonium oxide to the
room. Without a fire, no release is expected. Large, seismically induced fires that could start in the KIS
vault or propagate into the KIS vault (PC-3, 3-hour-fire-rated barrier) from other areas are unlikely, even
assuming an earthquake. A building LPF of 5.0 × 10-3 was assumed for one stage of HEPA filters.
Therefore, the mitigated release to the environment through the stack would be approximately
0.031 grams (0.0011 ounces) of plutonium (WSRC 2006). A release of this magnitude would fall in the
“unlikely” category, with the estimated return interval for a design-basis earthquake of 2,500 years.
Realistically, the conditional probability of a fire with sufficient magnitude and duration to cause a release
would make this scenario even less likely.
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Beyond-design-basis fire. A beyond-design-basis fire has been postulated in the K-Area Complex that
would involve an unmitigated transuranic waste drum fire on the loading dock that burns with sufficient
intensity and duration that all of the material in the drum is consumed. The expected ARF × RF is
0.0005, which corresponds to approximately 0.2 grams (0.007 ounces) of plutonium from a drum
containing 450 grams (16 ounces) of plutonium oxide. Because this fire is postulated to occur outside the
building a LPF of 1 was assumed. This accident was conservatively estimated to have a total frequency
of 1 × 10-6 per year or lower.
Beyond-design-basis earthquake with fire. The bounding seismic event is a postulated seismic event that
causes a fire in the KIS vault that burns with sufficient intensity and duration that a very high (1,000 psig)
pressurized release of 7 kilograms (15 pounds) of plutonium oxide occurs. This accident is expected to
result in much-higher releases than any credible accident. Consistent with the general assumptions for
beyond-design-basis accident LPFs presented in Section D.1.5.1 for an older existing facility, a building
LPF of 0.25 was assumed, although a more realistic value is likely to be at least a factor of several lower.
The safety documents also consider a large, seismically induced fire that could start in the KIS vault or
propagate into the KIS vault (PC-3, 3-hour-fire-rated barrier) from other areas. This accident was
conservatively estimated to have a total frequency of 7.2 × 10-7 per year or lower (WSRC 2006) and,
hence, was not analyzed in the safety documents.
Table D–1 presents the postulated bounding accident scenarios. The unmitigated accidents were
developed to determine the type of safety controls needed to prevent the accidents from happening and to
reduce the potential consequences if the safety prevention systems failed. The postulated unmitigated
accidents assumed bounding material inventories and bounding release mechanisms, with no credit taken
for mitigation features such as building structure and filtration systems. With safety controls in place, the
consequences of these bounding accidents would be substantially reduced by the building filtration
systems, which would be designed to mitigate these accidents. Based on an LPF of 5.0 × 10-3 for a single
HEPA filter, a stack release would reduce the quantities released to the environment with the exception of
the beyond-design-basis accidents discussed above.
Table D–1 Accident Scenarios and Source Terms for the K-Area Material Storage Area/
K-Area Interim Surveillance Capability
Accident
Criticality
Fire in KIS vault with 3013 can rupture at
1,000 psig
Explosion (deflagration of 3013 can
during puncturing; can assumed to be at
700 psig)
Design-basis earthquake

Frequency (per year)
Not credible
1 × 10-5 to 1 × 10-7
(extremely unlikely to
beyond extremely unlikely)
1 × 10-5 to 1 × 10-7
(extremely unlikely to
beyond extremely unlikely)
0.0004 (unlikely)

Release
(grams)
–
0.88 Pu
5.7 PuE

MAR (grams)
–
6,173 Pu
(7,000 PuO2)

DR
–
1

ARF×RF
–
0.0284

LPF
–
0.005

4,500 Pu
(5,000 PuO2)

1

0.022

0.005

0.50 Pu
3.2 PuE

6,173 Pu
(7,000 PuO2)
396 Pu
(450 PuO2)
6,173 Pu
(7,000 PuO2)

1

0.001

0.005

0.031 Pu
0.20 PuE
0.20 Pu
1.3 PuE
44 Pu
280 PuE

Beyond-design-basis fire (unmitigated
< 1 × 10-6
1
0.0005
1
transuranic waste drum fire)
(beyond extremely unlikely)
Beyond-design-basis earthquake with fire
< 1 × 10-6
1
0.0284
0.25
(bounded by unmitigated pressurized
(beyond extremely unlikely)
3013 can rupture due to an external fire
and vault release [1,000 psig])
ARF = airborne release fraction; DR = damage ratio; KIS = K-Area Interim Surveillance; LPF = leak path factor; MAR = material at
risk; psig = pounds per square inch gauge; Pu = plutonium; PuE = plutonium-239 dose equivalent; PuO2 = plutonium dioxide;
RF = respirable fraction.
Note: To convert grams to ounces, multiply by 0.035274.
Source: SRNS 2012b; WSMS 2006; WSRC 2006.

Although both pit and non-pit plutonium could be handled in support of surplus plutonium disposition
activities in K-Area, all of the plutonium involved is assumed to be non-pit plutonium. This is consistent
with the safety analyses for these facilities and bounds the potential impacts of accidents. This material is
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assumed to have an americium-241 content of 6.25 percent. The relative inhalation hazard of this
material is 6.47 times higher than plutonium-239 and about 3.1 times more hazardous than weapons-grade
plutonium. The plutonium-239 dose equivalents for each source term are also included in Table D–1.
D.1.5.2.2 Pit Disassembly and Conversion Facility at F-Area
A wide range of potential accident scenarios was considered for PDCF. These scenarios are considered in
detail in the SPD EIS (DOE 1999), as well as the ongoing safety analysis process as the facility is being
designed, and are summarized for purposes of this SPD Supplemental EIS in the NEPA Source Document
for Pit Disassembly and Conversion Project (PDC NEPA Source Document) (DOE/NNSA 2012). Under
all of the alternatives being considered in this SPD Supplemental EIS, PDCF could process pits and other
plutonium metal (see Appendix B, Section B.1.1.1). PDCF would be designed and built to withstand
design-basis natural phenomenon hazards such as earthquakes, winds, tornadoes, and floods, such that no
unfiltered releases are expected.
Analysis of the proposed process operations for PDCF identified the following broad categories of
accidents: design-basis fire, design-basis explosion, design-basis loss of containment/confinement,
design-basis nuclear criticality, design-basis external hazard, and design-basis natural phenomenon.
Based on the review of the safety documents of credible, mitigated accidents, several accidents were
selected for presentation in this SPD Supplemental EIS to represent the bounding credible design-basis
and beyond-design-basis accidents. Basic characteristics of each of these postulated accidents are
described in this section. Additional discussion of scenario development based on consistency concerns
was presented earlier in this appendix.
Aircraft crash.
A crash of a large, heavy commercial or military aircraft directly into a
reinforced-concrete facility could damage the structure sufficiently to breach confinement and disperse
material into the environment. A subsequent fuel-fed fire could provide energy to further damage
structures and equipment, aerosolize material, and drive materials into the environment. Source terms are
highly speculative, but could exceed those from the beyond-design-basis earthquake. The frequency of
such a crash is below 1 × 10-7 per year and was not evaluated.
Criticality. This accident was identified as “unlikely” (with a frequency greater than or equal to 10-4 and
less than 10-2) without preventive controls. The scenario represents a metal criticality. The metal was
postulated to soften, resulting in a 100 percent release of fission products generated in the criticality.
However, no aerosolized, respirable metal fragments were predicted to be released. Engineered and
administrative controls should be available to ensure that the double-contingency principles4 are in place
for all portions of the process. It was assumed that human error results in multiple failures, leading to an
inadvertent nuclear criticality. The estimated frequency of this accident is in the range of 1 × 10-4 to
1 × 10-6 per year (“extremely unlikely”). A bounding source term resulting from 1 × 1019 fissions was
assumed.
Explosion. The bounding radiological explosion is bounded by the postulated overpressurization of
multiple oxide storage cans due to out-of-specification oxide product, as discussed below.
Fires. The safety analyses evaluated a range of fire scenarios, including glovebox fires, process fires,
room fires, maintenance-related fires, dock fires, and fires associated with material transfer. The controls
included in the facility design are expected to prevent or reduce the frequency of fires and to limit their
severity. In most cases, when the planned controls are considered, the fire events identified in the hazards
analysis have negligible risk.

4

DOE criticality standards require that process designs incorporate sufficient factors of safety to require at least two unlikely,
independent, and concurrent changes in process conditions before a criticality accident is possible. This is known as the
double-contingency principle.
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Several fire scenarios were considered in more detail.
The PDC NEPA Source Document
(DOE/NNSA 2012) indicates that a fire in the product nondestructive assay module could release
3.4 grams (0.12 ounces) of plutonium-239 dose equivalents from the stack. A direct metal oxidation
glovebox fire could release 2.4 grams (0.085 ounces) of plutonium-239 dose equivalents from the stack.
A multi-room fire could release 15 grams (0.53 ounces) of plutonium-239 dose equivalents from the
stack. This bounding fire event is marginally in the “extremely unlikely” frequency bin and approaches
the “beyond extremely unlikely” frequency bin when planned controls are considered.
Leaks or spills of nuclear material. The safety analyses evaluate a range of loss of containment or
confinement scenarios, including those due to loss of cooling, excessive moisture, helium atmosphere
problems, operator error, material transfer failures, and container defects. Several types of events could
potentially lead to overpressurization of containers and rupture. Other events might involve operator
mishandling events that result in dropping or impacting containers. The rigorous controls imposed on
containers should prevent or mitigate most of these types of events. The bounding loss of containment
event involves the overpressurization of six 3013 cans due to out-of-specification oxide products that are
outside of a glovebox confinement/ventilation (DOE/NNSA 2012). This accident assumes that moisture
significantly in excess of specifications remains in the cans and the radioactive heating of the water
overpressurizes the container to the point of rupture. For this accident, 30 kilograms (66 pounds) of
plutonium oxide were assumed to be MAR and a DR of 1.0 was assumed. The ARF for a high-pressure
burst associated with a 3013 can was estimated at 0.108, with an RF of 0.7. Thus, about 2.3 kilograms
(5.1 pounds) of oxide would be released to the room. The release to the environment would be limited by
the Safety Class processing building confinement structure and the HVAC confinement ventilation
system. The release would be filtered by the sand filter and released through the stack. A bounding
release of 9.8 grams (0.35 ounces) of plutonium, or 20 grams (0.71 ounces) of plutonium-239-doseequivalent material, was postulated. This accident’s frequency is categorized as “extremely unlikely to
beyond extremely unlikely” because out-of-specification cans of oxide should not be present at PDCF and
tests have demonstrated that the 3013 cans to be used at PDCF significantly exceed the performance
requirements of DOE-STD-3013-2012 (DOE 2012a).
Tornado. The PDC NEPA Source Document (DOE/NNSA 2012) considers a tornado-initiated accident
that results in a tornado-generated missile impacting two Type B shipping packages of plutonium oxide.
This scenario would result in a release of 0.37 grams (0.013 ounces) of plutonium-239-dose-equivalent
material to the environment. This event is considered “extremely unlikely.” The risks from this event are
bounded by the seismically induced fire, so it was not evaluated further.
Design-basis earthquake with fire. The PDC NEPA Source Document (DOE/NNSA 2012) also
postulates a limited seismically induced fire in the Plutonium Processing Building, resulting in the release
of all MAR inventory in the affected processing rooms. The fire was postulated to occur in the direct
metal oxidation and canning areas. As specified in DOE-STD-1020 (DOE 2002a, 2012f), the mean
probability of exceedance of a PC-3 design-basis earthquake is 1 in 2,500 years (4.0 × 10-4 per year).
Furthermore, the conditional probability of a large, wide-scale full-facility fire threatening most of the
material in a facility being induced by the design-basis earthquake was estimated as 8.67 × 10-3 in the fire
risk analysis. The initiating frequency for a seismically induced facility fire is the product of these two
frequencies, or 3.5 × 10-6 per year (8.67 × 10-3 × 4.0 × 10-4), resulting in the categorization of a
seismically induced fire as an “extremely unlikely” event. Considering the conditional probability of a
fire spreading beyond the direct metal oxidation and canning segments of the central processing area, the
fire risk analysis concludes that a larger fire involving additional MAR is an “extremely unlikely to
beyond extremely unlikely” event. This event was estimated to result in release of plutonium and tritium
through the sand filter and stack, with the dose equivalent to 7.7 grams (0.27 ounces) of plutonium-239.
Beyond-design-basis earthquake with fire. The postulated beyond-design-basis earthquake was assumed
to be of sufficient magnitude to initiate a facility-wide fire. This accident was postulated to result in loss
of the PDCF fire-suppression system, as well as other controls, and to result in pressurizing the process
building and releasing radioactive materials through the sand filter and the building confinement
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structure. As with the design-basis earthquake scenario, seismically induced glovebox failure was
assumed to occur. Consistent with the general assumptions for beyond-design-basis accident LPFs
presented in Section D.1.5.1 for a new facility, a LPF of 0.1 was assumed for the plutonium materials
and 1 for tritium. These assumptions lead to the release of about 650 grams (23 ounces) of
plutonium-239-dose-equivalent materials to the environment during the beyond-design-basis earthquake
with fire. The estimated frequency of this accident is in the range of 1 × 10-5 to 1 × 10-7 per year or lower
(“extremely unlikely to beyond extremely unlikely”).
Accident scenarios and source terms assumed for PDCF under all of the alternatives are presented in
Table D–2.
Table D–2 Accident Scenarios and Source Terms for the Pit Disassembly and
Conversion Facility at F-Area
Accident
Criticality
Product NDA room
fire
Multi-room fire

Fire in direct metal
oxidation glovebox

Frequency (per year)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)

MAR (grams)
–

DR
–

ARF
–

RF
–

LPF
–

3.3 × 105 PuE

Varies

0.108

0.7

0.0049

2.6 × 105 PuE

Varies

Varies

Varies

Varies

Varies

Varies

0.0049
(particulates)
1 (tritium)
0.0049
(particulates)
1 (tritium)
0.0049

39,000 PuE

Release
(grams)
1 × 1019
fissions
3.4 PuE
15 PuE

2.4 PuE

1 × 10-4 to 1 × 10-6
30,000 Pu oxide
1
0.108
0.7
20 PuE
(extremely unlikely)
55,000 PuE
1 × 10-5 to 1 × 10-7
2.8 × 105 PuE
Varies
Varies Varies
0.0049
7.7 PuE
(extremely unlikely to
(particulates)
beyond extremely unlikely)
1 (tritium)
1 × 10-5 to 1 × 10-7
1.6 × 106 PuE
1
Varies Varies
0.1
650 PuE
(extremely unlikely to
(particulates)
beyond extremely unlikely)
1 (tritium)
ARF = airborne release fraction; DR = damage ratio; LPF = leak path factor; MAR = material at risk; NDA = nondestructive assay;
Pu = plutonium; PuE = plutonium-239 dose equivalent; RF = respirable fraction.
Note: To convert grams to ounces, multiply by 0.035274.
Source: DOE/NNSA 2012.
Overpressurization
of oxide storage cans
Design-basis
earthquake with fire
(limited)
Beyond-design-basis
earthquake with fire

D.1.5.2.3 Pit Disassembly and Conversion Capability at K-Area
Under the mixed oxide (MOX) Fuel, H-Canyon/HB-Line to the Defense Waste Processing Facility
(DWPF), and Waste Isolation Pilot Plant (WIPP) Alternatives, the K-Area Pit Disassembly and
Conversion Project (PDC) could process pits and other plutonium metal (see Appendix B,
Section B.1.2.2). PDC is at an early state of safety analysis. Potential accidents associated with PDC are
expected to be similar to those identified for PDCF in Section D.1.5.2.2.
An early evaluation of potential accidents for PDC was developed based on facility-specific safety
analyses, and representative accidents were selected for inclusion in this SPD Supplemental EIS
(DOE/NNSA 2012).
A wide range of potential accident scenarios was considered for PDC
(DOE/NNSA 2012). The analyses assumed that the K-Area PDC would be designed and built to
withstand design-basis natural phenomenon hazards such as earthquakes, winds, tornadoes, and floods,
such that no unfiltered releases are expected.
Aircraft crash.
A crash of a large, heavy commercial or military aircraft directly into a
reinforced-concrete facility could damage the structure sufficiently to breach confinement and disperse
material into the environment. A subsequent fuel-fed fire could provide energy to further damage
structures and equipment, aerosolize material, and drive materials into the environment. Source terms are
highly speculative, but could exceed those of the beyond-design-basis earthquake. The frequency of such
a crash is below 1 × 10-7 per year and was not evaluated.
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Criticality. This accident was identified as “unlikely” (with a frequency in the range of 1 × 10-2 to
1 × 10-4 per year) when unmitigated. The scenario represents a metal criticality. The metal was
postulated to soften, resulting in a 100 percent release of fission products generated in the criticality.
However, no aerosolized respirable metal fragments were predicted to be released. Engineered and
administrative controls should be available to ensure that the double-contingency principles are in place
for all portions of the process. It was assumed that human error results in multiple failures, leading to an
inadvertent nuclear criticality. With the engineered and administrative controls, the estimated frequency
of this accident is in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”). A bounding source
term resulting from 1 × 1019 fissions was assumed.
Explosion. The bounding radiological explosion is bounded by the postulated overpressurization of
multiple oxide storage cans due to out-of-specification oxide product, as discussed below.
Fires. The safety analyses evaluate a range of fire scenarios, including glovebox fires, process fires, room
fires, maintenance-related fires, dock fires, and fires associated with material transfer. The controls
included in the facility design are expected to prevent or reduce the frequency of fires and limit their
severity. In most cases, when the planned controls are considered, the fire events identified in the hazards
analysis have negligible risk.
Several fire scenarios were considered in more detail.
The PDC NEPA Source Document
(DOE/NNSA 2012) indicates that a fire in the product nondestructive assay module could release material
with the plutonium-239 dose equivalent of 2.1 grams (0.074 ounces) if it involved pit plutonium from the
stack. A multi-room fire could release 5.3 grams (0.19 ounces) of plutonium-239-dose-equivalent
materials from the 150-foot (45.7-meter) stack. This bounding fire event is marginally in the “extremely
unlikely” frequency bin and approaches the “beyond extremely unlikely” frequency bin when planned
controls are considered.
In addition, a scenario involving fire in a direct metal oxidation glovebox was developed for this
SPD Supplemental EIS (DOE/NNSA 2012). This scenario is a glovebox fire involving bounding
quantities of plutonium oxide and tritium in the direct metal oxidation glovebox at risk. In this accident, a
safety-class fire-suppression system would detect and extinguish an incipient fire, and no significant
release is expected. A building LPF of 3.0 × 10-3 was assumed for the HEPA filter. Therefore, the
mitigated release to the environment through the stack would be approximately 2.0 grams (0.071 ounces)
of plutonium-239-dose-equivalent materials. For analysis purposes, this accident was assumed to fall in
the “extremely unlikely” category; however, more realistically, a release of this magnitude would fall into
the “extremely unlikely to beyond extremely unlikely” category.
Leaks or spills of nuclear material. The safety analyses evaluate a range of loss of containment or
confinement scenarios, including those due to loss of cooling, excessive moisture, helium atmosphere
problems, operator error, material transfer failures, and container defects. Several types of events could
potentially lead to overpressurization of containers and rupture. Other events might involve operator
mishandling events that result in dropping or impacting containers. The rigorous controls imposed on
containers should prevent or mitigate most of these types of events. Fires were found to bound any leak
or spill accident scenarios (DOE/NNSA 2012).
The bounding loss of containment event involves the overpressurization of six 3013 cans due to
out-of-specification oxide products that are outside of glovebox confinement/ventilation
(DOE/NNSA 2012). This accident assumes that moisture significantly in excess of specifications
remains in the cans and the radioactive heating of the water overpressurizes the container to the point of
rupture. For this accident, 30 kilograms (66 pounds) of plutonium oxide were assumed to be MAR, and a
DR of 1.0 was assumed. The ARF for a high-pressure burst associated with a 3013 can was estimated at
0.108, with an RF of 0.7. Thus, about 2.3 kilograms (5.1 pounds) of oxide would be released to the room.
The release to the environment would be limited by the Safety Class processing building
confinement structure and the HVAC confinement ventilation system. The release would be filtered by
the HEPA filter and released through the stack. A bounding release of 12 grams (0.42 ounces) of
plutonium-239-dose-equivalent material was postulated. This accident’s frequency is categorized as
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“extremely unlikely to beyond extremely unlikely” because out-of-specification cans of oxide should not
be present at PDC and tests have demonstrated that the 3013 cans to be used at PDC significantly exceed
the performance requirements of DOE-STD-3013-2012 (DOE 2012a).
Design-basis earthquake with fire. The PDC NEPA Source Document (DOE/NNSA 2012) also
postulates a limited seismically induced fire resulting in the release of all MAR inventory in the affected
processing rooms. The fire was postulated to involve the stabilization and packaging, canning, pit
disassembly, and special recovery line areas. This event is categorized as an “extremely unlikely” event.
Considering the conditional probability of a fire spreading beyond the direct metal oxidation and canning
segments of the central processing area, it is reasonable to conclude that a larger fire involving additional
MAR is an “extremely unlikely to beyond extremely unlikely” event. This event was estimated to release
plutonium and tritium through the HEPA filters and stack, with the dose equivalent to 6.5 grams
(0.23 ounces) of plutonium-239.
Tornado. The PDC NEPA Source Document (DOE/NNSA 2012) identifies a tornado-generated missile
impacting two Type B shipping packages of plutonium oxide. This scenario would result in a release of
0.50 grams (0.018 ounces) of plutonium-239-dose-equivalent material to the environment. This event is
considered “extremely unlikely.” The risks from this event are bounded by the seismically induced fire,
so it was not evaluated further.
Beyond-design-basis earthquake with fire. The postulated beyond-design-basis earthquake was assumed
to be of sufficient magnitude to initiate a facility-wide fire. This accident was postulated to result in loss
of the PDC fire-suppression system, as well as other controls, and to result in pressurizing the process
building and releasing radioactive materials through pathways that bypass the HEPA filter and the
building confinement structure. Similar to the design-basis earthquake scenario, seismically induced
glovebox failure was assumed to occur. Consistent with the general assumptions for beyond-design-basis
accident LPFs presented in Section D.1.5.1 for an existing facility that is significantly upgraded, a LPF of
0.1 was assumed for the plutonium materials and 1 for tritium. Based on these assumptions, materials
equivalent to about 690 grams (24 ounces) of plutonium-239 would be released to the environment by the
beyond-design-basis earthquake with fire. The estimated frequency of this accident is in the range of
1 × 10-5 to 1 × 10-7 per year or lower (“extremely unlikely to beyond extremely unlikely”).
Accident scenarios and source terms for the PDC are presented in Table D–3.
Table D–3 Accident Scenarios and Source Terms for the Pit Disassembly and Conversion
Project at K-Area
Accident
Criticality

Frequency (per year)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)

MAR (grams)
–

DR
–

ARF
–

RF
–

LPF
–

310,000 PuE

Varies

0.108

0.7

0.003

260,000 PuE

Varies

Varies

Varies

Fire in direct metal
oxidation glovebox

1 × 10-4 to 1 × 10-6
(extremely unlikely)

64,000 PuE

Varies

Varies

Varies

Overpressurization of
oxide storage cans
Design-basis
earthquake with fire

1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)

30,000 Pu oxide
55,000 PuE
4.1 × 105 PuE

1

0.108

0.7

0.003
(particulates)
1 (tritium)
0.003
(particulates)
1 (tritium)
0.003

Varies

Varies

Varies

Product NDA room
fire
Multi-room fire

Release
(grams)
1 × 1019
fissions
2.1 PuE
5.3 PuE

2.0 PuE

12 PuE

0.003
6.5 PuE
(particulates)
1 (tritium)
Beyond-design-basis
1 × 10-5 to 1 × 10-7
2.2 × 106 PuE
Varies
Varies
Varies
0.1
690 PuE
earthquake with fire
(extremely unlikely to
(particulates)
beyond extremely unlikely)
1 tritium
ARF = airborne release fraction; DR = damage ratio; LPF = leak path factor; MAR = material at risk; NDA = nondestructive assay;
Pu = plutonium; PuE = plutonium-239 dose equivalent; RF = respirable fraction.
Note: To convert grams to ounces, multiply by 0.035274.
Source: DOE/NNSA 2012.
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D.1.5.2.4 Pit Disassembly Capability in a K-Area Complex Glovebox
Under the Immobilization to WIPP, MOX Fuel, H-Canyon/HB-Line to DWPF, and WIPP Alternatives,
pits could be disassembled, resized, and packaged in a K-Area Complex glovebox, with subsequent
plutonium processing at H-Canyon/HB-Line (see Appendix B, Section B.1.2.5).
At this early stage of planning, it is assumed that the disassembly operations would occur either in the
existing KIS glovebox or a similar existing or new glovebox in the K-Area Complex and that existing
infrastructure and building confinement would be used. It is further assumed that the pits to be
disassembled could be mechanically disassembled within a K-Area glovebox and that none of the
disassembled components would contain tritium. It is also assumed that the disassembled pieces would
be placed in transfer containers similar to those proposed for interim lag storage of similar components in
PDC and then shipped to H-Area in accordance with SRS procedures. It is assumed that only one pit
would be disassembled at a time within the glovebox. It is assumed that one or more pits would be in
temporary storage awaiting disassembly, but if stored outside of a vault, they would be in an approved
shipping container. As this activity is at an early stage of design, the amount of plutonium and uranium
outside of the shipping container and considered MAR is expected to be a fraction of that identified in the
K-Area PDC safety analyses. For analysis purposes, the material in interim storage that is at risk is
assumed to be proportional to the processing rate at KIS, compared with PDC, or about 20 percent of that
identified for PDC.
The accident scenarios for these limited operations would be a subset of those identified for the PDC
operations in K-Area or PDCF in F-Area. As the final product from the K-Area disassembly would be
metal pieces, no substantial inventory of oxide would be produced other than small amounts associated
with TRU waste generated during the handling and disassembly operations. When compared with the
conversion operations, there would be limited opportunities for release of materials from the glovebox
other than through fires and a criticality. The following discussion identifies the potential changes and
source terms associated with the limited pit disassembly operations proposed under this option.
Criticality. A criticality accident for pit disassembly operations similar to that identified for the K-Area
PDC was postulated. This accident was identified as unlikely (with a frequency greater than or equal to
10-4 and less than 10-2) when unmitigated. The scenario represents a metal criticality. The metal was
postulated to soften, resulting in a 100 percent release of fission products generated in the criticality.
However, no aerosolized respirable metal fragments were predicted to be released. Engineered and
administrative controls should be available to ensure that the double-contingency principles are in place
for all portions of the process. It was assumed that human error results in multiple failures, leading to an
inadvertent nuclear criticality. The estimated frequency of this accident is in the range of 1 × 10-4 to
1 × 10-6 per year (“extremely unlikely”). A bounding source term resulting from 1 × 1019 fissions
was assumed.
Explosion. No events were identified in the pit disassembly operations that would result in an explosion
or release (DOE/NNSA 2012). A bounding explosion from a postulated overpressurization of multiple
oxide storage cans due to out-of-specification oxide product was not considered credible for the materials
under consideration.
Fires. The safety analyses evaluate a range of fire scenarios, including glovebox fires, process fires, room
fires, maintenance-related fires, dock fires, and fires associated with material transfer. The controls
included in the facility design are expected to prevent or reduce the frequency of fires and limit their
severity. In most cases, when the planned controls are considered, the fire events identified in the hazards
analysis have negligible risk.
Several fire scenarios were considered in more detail.
The PDC NEPA Source Document
(DOE/NNSA 2012) indicates that the source term associated with metal is generally a few percent of the
source term associated with oxide releases. A bounding multi-room fire with a MAR of 8 kilograms
(18 pounds) of metal pieces was assumed. It was conservatively assumed that 25 percent of the
plutonium metal MAR is involved in a fire. No tritium was assumed to be at risk. A building LPF
D-24

Appendix D – Evaluation of Human Health Effects from Facility Accidents

of 5.0 × 10-3 was assumed for a single existing HEPA filter with the existing 50-foot (15.2-meter) KIS
stack. Therefore, the mitigated release to the environment from the stack would be 0.0025 grams
(8.82 × 10-5 ounces) of pit plutonium, or 0.0052 grams (0.00018 ounces) of plutonium-239 dose
equivalents. For analysis purposes, this accident was assumed to fall in the “extremely unlikely”
category; however, more realistically, a release of this magnitude would fall into the “extremely unlikely
to beyond extremely unlikely” category.
Leaks or spills of nuclear material. No events were identified in the pit disassembly operations that
would result in a leak or spill release.
Design-basis earthquake with fire. The PDC NEPA Source Document (DOE/NNSA 2012) also
postulates a limited seismically induced fire resulting in the release of all MAR inventory in the affected
processing rooms. The fire was postulated to involve transfer containers containing plutonium metal
pieces from the pit disassembly operations. A bounding estimate of the plutonium metal at risk is
16.4 kilograms (36.2 pounds), or 20 percent of the 82 kilograms (181 pounds) assumed to be at risk for
the similar accident scenario for the K-Area PDC, although the actual MAR may be smaller with the
limited disassembly operations postulated. This event is categorized as an “extremely unlikely” event.
Considering the conditional probability of a fire spreading beyond the disassembly glovebox, it is
reasonable to conclude that a larger fire involving additional MAR is an “extremely unlikely to beyond
extremely unlikely” event. This event was estimated to release 0.0051 grams (0.000181 ounces) of
plutonium, or 0.011 grams (0.00039 ounces) of plutonium-239 dose equivalents, through the HEPA filter
and stack.
Tornado. The PDC NEPA Source Document (DOE/NNSA 2012) identifies a tornado-generated missile
impacting two Type B shipping packages. With the pit disassembly operations at KIS, no substantial
quantities of oxide would be generated and the releases from shipping packages with metal pieces would
be negligible. The risks from this event are therefore bounded by the seismically induced fire, so it was
not evaluated further.
Beyond-design-basis earthquake with fire. The postulated beyond-design-basis earthquake was assumed
to be of sufficient magnitude to initiate a facility-wide fire. This accident was postulated to result in loss
of the pit disassembly area fire-suppression system, as well as other controls, including building
confinement. Similar to the design-basis earthquake scenario, seismically induced glovebox failure was
assumed to occur. The fire was postulated to involve transfer containers containing plutonium metal
pieces from the pit disassembly operations. A bounding estimate of the plutonium metal at risk is
26.8 kilograms (59.1 pounds), or 20 percent of the 134 kilograms (295 pounds) assumed to be at risk, and
32 kilograms (70.5 pounds) of HEU, or 25 percent of the HEU metal (160 kilograms or 353 pounds) in
transfer containers assumed to be at risk for the similar accident scenario for the K-Area PDC, although
the actual MAR may be much smaller with the limited disassembly operations postulated. Based on this
release scenario, about 1.7 grams (0.060 ounces) of weapons-grade plutonium and 8.0 grams
(0.282 ounces) of HEU were assumed to be released to the room for the beyond-design-basis earthquake.
Consistent with the general assumptions for beyond-design-basis accident LPFs presented in
Section D.1.5.1 for older existing facilities, a building LPF of 0.25 was assumed, although a more
realistic value is likely to be at least a factor of several lower. A release of plutonium and HEU of this
magnitude would be equivalent to releasing 0.88 grams (0.031 ounces) of plutonium-239. The estimated
frequency of this accident is in the range of 1 × 10-5 to 1 × 10-7 per year or lower (“extremely unlikely to
beyond extremely unlikely”).
Accident scenarios and source terms for the K-Area Complex pit disassembly capability are presented in
Table D–4.

D-25

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

Table D–4 Accident Scenarios and Source Terms for the Pit Disassembly Capability in a
K-Area Complex Glovebox
Accident
Criticality
Multi-room fire

Frequency (per year)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)

MAR (grams)
–

DR
–

ARF
–

RF
–

LPF
–

8,000
WG Pu metal

0.25

0.0005

0.5

0.005

Release (grams)
1 × 1019 fissions

0.0025 Pu
or
0.0052 PuE
Design-basis
1 × 10-4 to 1 × 10-6
16,400
0.25 0.0005 0.5
0.005
0.0051 Pu
earthquake with
(extremely unlikely)
WG Pu metal
or
fire (limited)
0.011 PuE
Beyond-design1 × 10-5 to 1 × 10-7
26,800 WG Pu
0.25 0.0005 0.5
0.25
0.42 Pu, 2.0 HEU
basis earthquake
(extremely unlikely to
metal
or
with fire
beyond extremely unlikely) 32,000 HEU metal 0.25
0.001
1
0.25
0.88 PuE
ARF = airborne release fraction; DR = damage ratio; HEU = highly enriched uranium; LPF = leak path factor;
MAR = material at risk; Pu = plutonium; PuE = plutonium-239 dose equivalent; RF = respirable fraction; WG = weaponsgrade.
Note: To convert grams to ounces, multiply by 0.035274.
Source: DOE/NNSA 2012.

D.1.5.2.5 Immobilization Capability at K-Area
Under the Immobilization to DWPF Alternative, an immobilization capability would be installed in
K-Area which would convert surplus plutonium to an oxide and then immobilize the oxide within a glass
matrix (see Appendix B, Section B.1.2.1). A wide range of potential accident scenarios are reflected in
the immobilization facility data reports developed for the SPD EIS (DOE 1999) and the more recent
Plutonium Vitrification Facility Consolidated Hazard Analysis (WSRC 2007a) and K-Area Complex
Plutonium Vitrification Nuclear Criticality Safety Design Guidance Document (WSRC 2007b). The
analyses assumed that the immobilization capability is located in a new or upgraded existing building
designed to withstand design-basis natural phenomenon hazards such as earthquakes, winds, tornadoes,
and floods, such that no unfiltered releases are expected. Additional discussion of scenario development
based on consistency concerns can be found in Section D.1.5.1.
A DSA has not been performed for the proposed immobilization capability. The latest safety-related
documents include the Plutonium Vitrification Facility Consolidated Hazard Analysis (WSRC 2007a),
the K-Area Complex Plutonium Vitrification Nuclear Criticality Safety Design Guidance Document
(WSRC 2007b), the Conceptual Safety Design Report for Plutonium Vitrification Project in K-Area
(WSRC 2007c), and the PDC NEPA Source Document (DOE/NNSA 2012). These documents identify
the basic process steps, material flows and inventories, and potential unmitigated hazards. The hazards
analysis identifies the potential hazards or accidents and makes a preliminary selection of controls to
reduce or eliminate these risks. If this alternative were selected, a detailed evaluation of the bounding
accidents with release fractions and source terms would not be available until the DSA is performed.
This SPD Supplemental EIS presents a selection of bounding accidents that were identified in the
SPD EIS for a generic immobilization facility, but with modifications to those scenarios to
reflect the current proposed location and design as described in the hazards analysis. Thus, this
SPD Supplemental EIS reflects, to the extent practicable, the immobilization capability design changes
that have occurred since the SPD EIS was prepared in 1999. The design changes include changes in the
process operations, building design, and safety controls. As a result, some of the bounding accident
scenarios identified in the SPD EIS are no longer applicable. For example, the plutonium conversion
process has changed from the “HYDOX” [hydride/oxidation] process, which required heating of the
plutonium metal and hydrogen, to a metal oxidation process that does not use hydrogen and keeps the
plutonium metal below the melting temperature. In addition, the current design is intended to reduce the
likelihood and consequences of all of the accidents that have been identified.
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In the SPD EIS, the exhaust from the immobilization facility was assumed to be directed through two
stages of testable HEPA filters to a stack. The more recent Plutonium Vitrification Facility Consolidated
Hazard Analysis (WSRC 2007a) indicates that the HVAC exhaust would go through a duct to the sand
filter and a new stack. Thus, for the purposes of this SPD Supplemental EIS, the building exhaust was
assumed to be filtered through a sand filter.
Analysis of the proposed process operations identified specific scenarios for the conversion process and
the canister-handling portion of the process. Design-basis and beyond-design-basis earthquakes were
identified for the overall facility in the SPD EIS (DOE 1999). Identified accidents specific to the
plutonium conversion processes are similar to those identified for the metal oxidation processes in PDCF
and include a criticality, an explosion in a direct metal oxidation furnace, and a direct metal oxidation
furnace glovebox fire. Identified accidents in the immobilization area include a melter eruption and a
melter spill. All of the scenarios identified with the canister-handling phase at DWPF were negligible
compared with the conversion and immobilization scenarios.
Plutonium Conversion Operations
Criticality. Review of the possibility of accidents attributable to plutonium conversion operations
indicated that the principal processes of concern include the direct metal oxidation furnace and the
sorting/unpacking glovebox. Engineered and administrative controls should be available to ensure that
double-contingency principles are in place for all portions of the process. It was assumed that human
error could result in multiple failures leading to an inadvertent nuclear criticality. The estimated
frequency of this accident is in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”).
A bounding source term resulting from 1 × 1019 fissions was assumed.
Explosion in the direct metal oxidation furnace. The bounding radiological explosion for direct metal
oxidation is expected to be a steam explosion due to a cooling water leak into the furnace. As with the
PDCF steam explosion, cooling water was assumed to leak into the furnace and make contact with heated
plutonium. The maximum MAR of 4.4 kilograms (9.7 pounds) of plutonium metal, which is the
criticality safety limit within a single furnace, was assumed (WSRC 2007b). The water leak was assumed
to enter the furnace at the worst possible time, when the material is near-molten. The DR was
conservatively assumed to be 1.0. The initial plutonium present in the furnace was assumed to be molten
metal. If the explosion event is treated as a liquid metal/steam explosion, the ARF can be conservatively
assumed to be 1.0 with an RF of 0.5. The explosive energy would be sufficient to damage glovebox
windows, but insufficient to threaten the building confinement or the HVAC filter system. Both the
confinement structure and the HVAC confinement system would be designated as Safety Class and are
expected to function as designed throughout this event. A building LPF of 4.9 × 10-3 was assumed for the
sand filter. Therefore, the mitigated release to the environment through the sand filter stack would be
approximately 10.8 grams (0.38 ounces) of plutonium. Because the direct metal oxidation furnace and
cooling water system designs would be designated as “safety significant,” and the metal temperatures
normally would be far below those required to melt the plutonium. This accident is not expected to occur
in the life of the plant, and the initiating event frequency is “extremely unlikely to beyond extremely
unlikely.”
Furnace-initiated glovebox fire (direct metal oxidation furnace). It was assumed that a fault in the direct
metal oxidation furnace results in the ignition of any combustibles (e.g., bags) left inside the glovebox.
The fire would be self-limiting, but could cause suspension of the radioactive material. It was also
assumed that the glovebox (including the window) maintains its structural integrity, but the internal
glovebox HEPA filter fails. All of the loose surface contamination within the glovebox, assumed to be
10 percent of the daily inventory of 4.5 kilograms (9.9 pounds) of plutonium in the direct metal oxidation
furnace, was assumed to be involved. Based on an ARF of 6 × 10-3, an RF of 0.01, and an LPF of
4.9 × 10-3 for the sand filter, a stack release of 1.3 × 10-4 grams (4.6 × 10-6 ounces) of plutonium was
postulated. The estimated frequency of this accident is in the range of 1 × 10-4 to 1 × 10-6 per year
(“extremely unlikely”).
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Immobilization Activities
Melter eruption. A melter eruption could result from the buildup of impurities in or addition of impurities
to the glass frit or melt. Impurities range from water, which could cause a steam eruption, to chemical
contaminants, which could react at elevated temperatures to produce a highly exothermic
reaction (eruption or deflagration).
The resulting sudden pressure increase could propel the
fissile-material-bearing melt liquid into the processing glovebox structure. However, the energy release
would likely be insufficient to challenge the glovebox structure. It was assumed that the entire contents
of the melter, about 1.4 kilograms (3.1 pounds) of plutonium, are ejected into the glovebox. Based on an
ARF of 4 × 10-4, an RF of 1, and an LPF of 4.9 × 10-3 for the sand filter, a stack release of 2.7 × 10-3
grams (9.5 × 10-5 ounces) of plutonium was postulated. The estimated frequency of this accident is
approximately 2.5 × 10-3 per year, which is in the “unlikely” range.
Melter spill. A melter spill into the glovebox could occur due to improper alignment of the product glass
cans during pouring operations. The melter glovebox enclosure and the offgas exhaust ventilation system
would confine radioactive material released in the spill. The glovebox structure and its associated filtered
exhaust ventilation system would not be affected by this event. It was assumed that the entire contents of
the melter, about 1.4 kilograms (3.1 pounds) of plutonium, are spilled into the glovebox. On the basis of
an ARF of 2.4 × 10-4, an RF of 1, and an LPF of 4.9 × 10-3 for the sand filter, a stack release of
1.7 × 10-3 grams (6.0 × 10-5 ounces) of plutonium was postulated. The estimated frequency of this
accident is approximately 3 × 10-3 per year, in the “unlikely” range.
Design-basis earthquake. The principal design-basis natural phenomenon event that could release
material to the environment is the design-basis earthquake. While the major safety systems, including
building confinement and the building HEPA filtration system, should continue to function, the vibratory
motion is expected to suspend loose plutonium powder within gloveboxes and cause some minor spills.
Particulates would be picked up by the ventilation system and filtered by the HEPA filters before release
from the building. Most material storage containers were assumed to be engineered to withstand
design-basis earthquakes without failing. For plutonium conversion, it was assumed that, at the time of
the event, the entire day’s inventory (25 kilograms [55 pounds]) of plutonium is present in the form of
oxide powder. For the glass immobilization portion, this includes oxide inventories from the rotary
splitter, oxide grinding, blend melter, and feed storage. Although the source term is highly uncertain,
an assessment of the MAR, ARF, and RF for each of the process areas indicated a potential for the release
of 33 grams (1.2 ounces) of plutonium to the still-functioning building ventilation system and
1.7 × 10-1 grams (6.0 × 10-3 ounces) from the stack. The nominal frequency estimate for a design-basis
earthquake affecting new DOE plutonium facilities is 4 × 10-3 per year, which is in the “unlikely” range.
Beyond-design-basis earthquake. The postulated beyond-design-basis earthquake was assumed to be of
sufficient magnitude to cause total collapse of the process equipment, building walls, roof, and floors, as
well as loss of the containment function of the building. The material in the building was assumed to be
driven airborne by the seismic vibrations, free fall during the collapse, and impact. Material in storage
containers in vault storage would be adequately protected from the scenario energetics. Consistent with
the general assumptions for beyond-design-basis accident LPFs presented in Section D.1.5.1 for a
significantly upgraded facility, a LPF of 0.1 was assumed for the plutonium materials with the release at
ground level. Although the source term is highly uncertain, an assessment of the MAR, ARF, and RF for
each of the process areas indicated a potential for the release of 17 grams (0.6 ounces) of plutonium to the
facility with 1.7 grams (0.06 ounces) being released to the environment. The estimated frequency of this
accident is in the range of 1 × 10-5 to 1 × 10-7 per year or lower (“extremely unlikely to beyond extremely
unlikely”).
Can-in-Canister Operations at the Immobilization Capability
Can-handling accident (before shipment to DWPF). A can-handling accident would involve a can
containing a vitrified glass log of plutonium material. Studies supporting DWPF (DOE 1999) indicate
that the source term resulting from dropping or tipping a log of vitrified waste, even without credit for the
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steel canister, would be negligible. The surplus plutonium immobilization technology results in a form
with a durability that is comparable to that of the DWPF vitrified waste form. Consequently, no
postulated can-handling event would result in a radioactive release to the environment.
Accident scenarios and source terms for the Immobilization to DWPF Alternative are presented in
Table D–5. The immobilization capability could be used for pit or non-pit plutonium. For purposes of
ensuring a conservative accident analysis, the plutonium is assumed to be non-pit plutonium. This
material is assumed to have an americium-241 content of 6.25 percent. The relative inhalation hazard
of this material is 6.47 times higher than plutonium-239 and about 3.1 times more hazardous than
weapons-grade plutonium. The plutonium-239 dose equivalents for each source term are also included in
Table D–5. If the accidents involved pit plutonium instead of non-pit plutonium, the plutonium-239dose-equivalent MAR, doses, and risks would be about a factor of 3.1 lower.
Table D–5 Accident Scenarios and Source Terms for the Immobilization Capability Under the
Immobilization to DWPF Alternative
Accident
Criticality
Explosion in the
direct metal
oxidation furnace
Glovebox fire
(direct metal
oxidation furnace)
Melter eruption

Frequency
(per year)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-5 to 1 × 10-7
(extremely unlikely to
beyond extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)

MAR
(grams)
–

DR
–

ARF
–

RF
–

LPF a
–

4,400 Pu

1

1

0.5

0.0049

450 Pu

1

0.006

0.01

0.0049

0.0025 (unlikely)

1,400 Pu

1

0.0004

1

0.0049

Release
(grams)
1 × 1019
fissions
10.8 Pu
70 PuE
0.00013 Pu
0.00084 PuE

0.0027 Pu
0.018 PuE
Melter spill
0.003 (unlikely)
1,400 Pu
1
0.00024
1
0.0049
0.0016 Pu
0.011 PuE
Design-basis
0.0004 (unlikely)
Varies
Varies
Varies
Varies
0.0049
0.17 Pu
earthquake
1.1 PuE
Beyond-design1 × 10-5 to 1 × 10-7
Varies
Varies
Varies
Varies
0.1
1.7 Pu
basis earthquake
(extremely unlikely to
11 PuE
beyond extremely unlikely)
(ground level)
ARF = airborne release fraction; DR = damage ratio; DWPF = Defense Waste Processing Facility; LPF = leak path factor;
MAR = material at risk; Pu = plutonium; PuE = plutonium-239 dose equivalent; RF = respirable fraction.
Note: To convert grams to ounces, multiply by 0.035274.
Source: DOE 1999.

D.1.5.2.6 Mixed Oxide Fuel Fabrication Facility
Under all of the alternatives considered in this SPD Supplemental EIS, the MFFF being constructed in
F-Area would take feed material from the various facilities that may be involved with pit disassembly and
conversion and use this material to produce MOX fuel for use in commercial light water reactors
(see Appendix B, Section B.1.1.2). A wide range of potential accident scenarios was considered in the
analysis reflected in the SPD EIS (DOE 1999) and supporting analyses, including the Environmental
Impact Statement on the Construction and Operation of a Proposed Mixed Oxide Fuel Fabrication
Facility at the Savannah River Site, South Carolina (MFFF EIS) (NRC 2005). The MFFF is located in a
new building designed to withstand design-basis natural phenomenon hazards such as earthquakes, winds,
tornadoes, and floods, such that no unfiltered releases are expected. That facility is under construction,
must be licensed by the NRC, and must meet all NRC safety requirements.
Analysis of the proposed process operations for MFFF identified the following broad categories of
accidents: aircraft crash, criticality, design-basis earthquake, beyond-design-basis earthquake, explosion
in sintering furnace, fire, and beyond-design-basis fire. Basic characteristics of each of these postulated
accidents are described in this section. Additional discussion of scenario development based on
consistency concerns can be found in Section D.1.5.1.
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Aircraft crash.
A crash of a large, heavy commercial or military aircraft directly into a
reinforced-concrete facility could damage the structure sufficiently to breach confinement and disperse
material into the environment. A subsequent fuel-fed fire could provide energy to further damage
structures and equipment, aerosolize material, and drive materials into the environment. Source terms are
highly speculative, but could exceed those of the beyond-design-basis earthquake. The frequency of such
a crash is below 1 × 10-7 per year (“beyond extremely unlikely”) and was not evaluated.
Criticality. Review of the possibility of accidents at MFFF indicated no undue criticality risk associated
with the proposed operations. Engineered and administrative controls would be available to ensure that
double-contingency principles are in place for all portions of the process. It was assumed that human
error could result in multiple failures, leading to an inadvertent nuclear criticality. The estimated
frequency of this accident is in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”). A
bounding source term resulting from 1 × 1019 fissions in solution was assumed.
Explosion in sintering furnace. The several furnaces proposed for the MOX fuel fabrication process all
use nonexplosive mixtures of 5 percent hydrogen and 95 percent argon. Given the physical controls on
the piping for nonexplosive and explosive gas mixtures, operating procedures, and other engineered
safety controls, accidental use of an explosive gas is “extremely unlikely,” though not impossible. A
bounding explosion or deflagration was postulated to occur in one of the two sintering furnaces in MFFF.
Multiple equipment failures and operator errors would be required to lead to a buildup of hydrogen and an
inflow of oxygen into the inert furnace atmosphere. As much as 5.6 kilograms (12.3 pounds) of
plutonium in the form of MOX powder would be at risk, and a bounding ARF of 0.01 and RF of 1.0 were
assumed. Based on an LPF of 1.0 × 10-5 for two HEPA filters, a stack release of 5.6 × 10-4 grams
(2.0 × 10-5 ounces) of plutonium (in the form of MOX powder) was postulated. It was estimated that the
frequency of this accident is in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”).
Fire. It was assumed that the liquid organic solvent containing the maximum plutonium concentration
leaks as a spray into the glovebox, builds to a flammable concentration, and is contacted by an ignition
source. The combined ARF and RF value for this scenario is 1.0 × 10-2 for quiescent burning to
self-extinguishment. Based on an LPF of 1.0 × 10-5 for two HEPA filters, a stack release of
4.0 × 10-6 grams (1.41 × 10-7 ounces) of plutonium was postulated. The frequency of this accident is in
the “unlikely” range (1 × 10-2 to 1 × 10-4 per year).
Spill. Leakage of liquids from process equipment must be considered as an anticipated event. However,
with multiple containment barriers, a release from the process room would be “extremely unlikely”
(1 × 10-4 to 1 × 10-6 per year). A bounding scenario involves a liquid spill of concentrated aqueous
plutonium solution, with 13.2 gallons (50 liters) accumulating before the leak is stopped. The ARF and
RF values used for this scenario are 2.0 × 10-4 and 0.5, respectively. Based on an LPF of 1.0 × 10-5 for
two HEPA filters, a stack release of 5.0 × 10-6 grams (1.76 × 10-7 ounces) of plutonium was postulated.
Design-basis earthquake. The principal design-basis natural phenomenon event that could release
material to the environment is the design-basis earthquake. While the major safety systems, including
building confinement and the building HEPA filtration system, should continue to function, the vibratory
motion is expected to resuspend loose plutonium powder within gloveboxes and cause some minor spills.
Particulates would be picked up by the ventilation system and filtered by the HEPA filters before release
from the building. Material storage containers, including cans, hoppers, and bulk storage vessels, were
assumed to be engineered to withstand design-basis earthquakes without failing. Although the source
term is highly uncertain, an assessment of the MAR, ARF, and RF for each of the process areas indicated
a potential for the release of 7.9 grams (0.28 ounces) of plutonium (in the form of MOX powder) to the
still-functioning building ventilation system and 7.9 × 10-5 grams (2.8 × 10-6 ounces) from the stack. The
nominal frequency estimate for a design-basis earthquake for new DOE plutonium facilities is 4 × 10-4 per
year, which is in the “unlikely” range.
Beyond-design-basis fire. MFFF would be built and operated such that there would be insufficient
combustible materials to support a large fire. To bound the possible consequences of a major fire, a large
quantity of combustible materials was assumed to be introduced into the process area near the blending
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area, which contains a fairly large amount of plutonium. A major fire was assumed to occur that causes
the building ventilation and filtration systems to fail, possibly due to clogged HEPA filters. A total of
11 kilograms (24 pounds) of plutonium in the form of MOX powder was assumed to be at risk. Based on
an ARF of 6 × 10-3, an RF of 0.01, and an LPF of 0.1 for two damaged, clogged HEPA filters, a
ground-level release of 6.0 × 10-2 grams (2.1 × 10-3 ounces) of plutonium (in the form of MOX powder)
was postulated. It was estimated that the frequency of this accident is less than 1 × 10-6 per year, which is
in the “beyond extremely unlikely” range.
Beyond-design-basis earthquake. The postulated beyond-design-basis earthquake was assumed to be of
sufficient magnitude to cause loss of the containment function of the building. Although the source term
is highly uncertain, an assessment of the MAR, ARF, and RF for each of the process areas indicated a
potential for the release of 95 grams (3.4 ounces) of plutonium (in the form of MOX powder) to the room
is predicted. Consistent with the general assumptions for beyond-design-basis accident LPFs presented in
Section D.1.5.1 for new facilities, a LPF of 0.1 was assumed for the plutonium materials with the release
at ground level. The estimated frequency of this accident is in the range of 1 × 10-5 to 1 × 10-7 per year or
lower (“extremely unlikely to beyond extremely unlikely”).
Plutonium metal oxidation capability at MFFF. In addition to the previously evaluated mission activities,
under some options, MFFF would receive plutonium metal from pit disassembly operations and convert it
to oxide. Plutonium metal oxidation technology and associated systems and equipment would be
installed in MFFF to convert metal to oxide suitable for subsequent processing. The equipment,
operations, and throughput were assumed to be similar to the operation evaluated for PDCF. For
purposes of this analysis, it is assumed that plutonium metal oxidation is accomplished using direct metal
oxidation furnaces. Under this option, the accident scenarios associated with PDCF plutonium metal
oxidation operations would be added to the MFFF scenarios. It is expected that the overall inventories
within MFFF outside of the metal oxidation technology would not change significantly, as metal
oxidation just adds another source of feed for the other MFFF processes. The source term for the
beyond-design-basis fire would be increased if the fire heated the cans and equipment within the metal
oxidation capability.
The principal accident scenario associated with the metal oxidation operations is a severe fire in a metal
oxidation glovebox. Based on the PDC NEPA Source Document (DOE/NNSA 2012), it was assumed
that a direct metal oxidation glovebox fire could have about 15 kilograms (33 pounds) of plutonium as
oxide in cans at risk under a fire scenario, as well as 6 kilograms (13 pounds) of plutonium as oxide
within equipment. A DR of 0.25 was assumed for all. The cans of oxide were assumed to become
moderately pressurized and to release oxide to the confinement system with an ARF of 0.1 and
an RF of 0.7. For the oxide assumed to be within the equipment, an ARF of 0.005 and an RF of 0.4 were
assumed. The overall release from the direct metal oxidation glovebox to the confinement would be
about 266 grams (9.38 ounces) of plutonium. Based on an LPF of 1.0 × 10-5 for two HEPA filters, a stack
release of 0.00266 grams (9.38 × 10-5 ounces) of plutonium was postulated. It was estimated that the
frequency of this accident is in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”).
Beyond-Design-Basis Fire – Direct Metal Oxidation Addition. It was assumed that a beyond-design-basis
fire would also encompass the direct metal oxidation glovebox and result in a release similar to that
postulated for that event. Again assuming that a major fire might cause the building ventilation and
filtration systems to fail, possibly due to clogged HEPA filters, an LPF of 0.1 for two damaged, clogged
HEPA filters was assumed. Therefore, a ground-level release of 26.3 grams (0.928 ounces) of plutonium
was postulated. It was estimated that the frequency of this accident is less than 1 × 10-6 per year, which is
in the “beyond extremely unlikely” range.
Accident scenarios and source terms for MFFF under all SPD Supplemental EIS alternatives are presented
in Table D–6. The additional accident scenarios associated with conversion of plutonium metal to oxide
in the optional direct metal oxidation furnaces are also noted. For this facility, all of the plutonium
involved was assumed to be plutonium suitable for use in MOX fuel and to have an americium-241
content of 1 percent, which is expected to bound the hazards associated with such plutonium. The
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relative inhalation hazard of this material is 2.086 times higher than pure plutonium-239.
plutonium-239 dose equivalents for each source term are also included in Table D–6.

The

Table D–6 Accident Scenarios and Source Terms for the Mixed Oxide Fuel Fabrication Facility
Under All Alternatives
Accident
Criticality
Explosion in sintering
furnace
Fire

Frequency (per year)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)
1 × 10-2 to 1 × 10-4
(unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)

MAR
(grams)
–

DR
–

ARF
–

RF
–

LPF
–

5,600 Pu

1

0.01

1

0.00001

–

–

–

–

0.00001

50 liters

–

0.0002

0.5

0.00001

Release
(grams)
1 × 1019 fissions

Metal oxidation capability
only: Fire in direct metal
oxidation glovebox
causing pressurized
release of oxide from cans
and equipment a
Design-basis earthquake

1 × 10-4 to 1 × 10-6
(extremely unlikely)

15,000 Pu as
oxide in cans

0.25

0.1
cans

0.7
cans

0.00001

0.00056 Pu
0.0012 PuE
4.0 × 10-6 Pu
8.3 × 10-6 PuE
5.0 × 10-6 Pu
1.0 × 10-5 PuE
0.00263 Pu

0.25

0.005
equip.

0.4
equip.

0.00001

3.0 × 10-5 Pu

0.0004 (unlikely)

6,000 Pu as
oxide in
equipment
–

–

–

–

0.00001

Beyond-design-basis fire

< 1 × 10-6
(beyond extremely
unlikely)

11,000
mixed oxide
fuel powder

1

0.006

0.01

0.1

Beyond-design-basis
fire – additional metal
oxidation contribution

< 1 × 10-6
(beyond extremely
unlikely)

Additional
15,000 Pu as
oxide in cans
and 6,000 Pu
as oxide in
equipment
Varies

0.25

0.1
cans

0.7
cans

0.1

26 Pu

0.25

0.005
equip.

0.4
equip.

0.1

0.30 Pu

Spill

Total: 0.0056 PuE
0.000079 Pu
0.00017 PuE
0.06 Pu
0.13 PuE

Total: 55 PuE
1 × 10-5 to 1 × 10-7
Varies Varies Varies
0.1
9.5 Pu
(extremely unlikely to
20 PuE
beyond extremely unlikely)
(ground level)
ARF = airborne release fraction; DR = damage ratio; equip. = equipment; LPF = leak path factor; MAR = material at risk;
MFFF = Mixed Oxide Fuel Fabrication Facility; Pu = plutonium; PuE = plutonium-239 dose equivalent; RF = respirable fraction.
a
Scenario parameters for the metal oxidation capability are from DOE/NNSA 2012.
Note: To convert grams to ounces, multiply by 0.035274.
Source: DOE 1999, NRC 2005, DOE/NNSA 2012.
Beyond-design-basis
earthquake (MFFF only)

D.1.5.2.7 Waste Solidification Building
Under all of the alternatives considered in this SPD Supplemental EIS, the WSB being constructed in
F-Area would process liquid radioactive waste in support of surplus plutonium disposition activities at
SRS (see Appendix B, Section B.1.1.3). A wide range of potential accident scenarios were considered for
the initial design of WSB in the Environmental Report for MFFF (DCS 2002) and the MFFF EIS
(NRC 2005). The WSB DSA (WSRC 2009) confirms that the initial accident scenarios, source terms, and
impacts are bounding. The analyses demonstrate that WSB can withstand design-basis natural
phenomenon hazards such as earthquakes, winds, tornadoes, and floods, such that no unfiltered releases
are expected.
Analysis of the proposed process operations for the plutonium dissolution operations in WSB identified
the following broad categories of accidents: aircraft crash, criticality, design-basis earthquake,
beyond-design-basis earthquake, explosion, fire, and leaks or spills. Basic characteristics of each of these
postulated accidents are described in this section. Additional discussion of scenario development based
on consistency concerns can be found in Section D.1.5.1.
WSB processes high-activity waste and low-activity waste from MFFF and PDCF. The dominant
radionuclide hazard in WSB is americium-241 in the high-activity waste. In the high-activity waste and
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total building inventory, americium-241 would represent over 99.9 percent of the alpha activity and
radionuclide hazard if released to the environment. Therefore, the WSB inventory is normalized to
americium-241 for identification of the MAR and source terms.
The following design-basis accident descriptions and source terms were based on the unmitigated
design-basis accidents analyzed in the current WSB DSA. WSB has been designed and would be operated
to reduce the likelihood of these accidents to the extent practicable. The design features and operating
practices would also limit the extent of any accident and mitigate the consequences for the workers,
public, and environment if an accident occurred. As with all new SRS facilities, it is expected that the
safety controls would be sufficient, such that the likelihood of any of these accidents happening is
“extremely unlikely” or lower and that, if an accident were initiated, the source term and consequences
reported in the facility DSAs and this SPD Supplemental EIS would be conservative.
Criticality. A criticality is not considered credible at WSB (WSRC 2009).
High-Activity Waste Process Room fire. It was postulated that a small fire starts within the High-Activity
Waste Process Room or propagates from another location in the high-activity waste area. The fire
propagates through the High-Activity Waste Process Room and heats high-activity waste solution in the
high-activity waste tanks. The process solutions in the tanks are heated to boiling. The boiling action
entrains radiological material, which is swept into the process vessel vent system and ultimately out the
WSB stack. In this bounding scenario, no credit is taken for in-line process vessel vent system demisters
or other design features that should reduce the severity of the accident. Further, because the process tanks
are only separated by partitions extending halfway to the ceiling, it was conservatively assumed that all
high-activity waste vessels may be involved as the fire progresses. Without safety controls, the release
mechanism in this accident could be vigorous boiling in the high-activity waste tanks, which would
entrain radiological material in the tanks.
The MAR for this scenario is the dose equivalent of 18.3 kilograms (40 pounds) of americium-241.
The DR was assumed to be 1, so all of the MAR was assumed to be involved. A bounding ARF of
2.0 × 10-3 and an RF of 1 were applied for a boiling solution (DOE 1994) to determine the unmitigated
source term, assuming fire mitigation controls fail. Therefore, the unmitigated source term is
18,300 grams × 2 × 10-3 = 36.3 grams (1.28 ounces) of americium-241 dose equivalent. With the
proposed controls including fire-suppression and low-combustion design, there should be insufficient heat
to cause vigorous boiling. If there were insufficient heat to vigorously boil the vessel contents, the
ARF × RF value could be as low as 3.0 × 10-5, resulting in a much lower source term and consequences
(WSRC 2009). Because this is considered a design-basis accident in the WSB DSA, it is appropriate to
assume these fire-limiting controls function in order to develop a realistic source term. Therefore, the
mitigated source term is 18,300 grams × 3 × 10-5 = 0.55 grams (0.019 ounces) of americium-241 dose
equivalent.
This scenario would be mitigated by design features that should limit the spread of the fire, such as the
in-line process vessel vent system demisters (for which no credit is taken), HEPA filters, and elevated
release from the stack. With a conservative HEPA filter penetration factor of 1 × 10-5, the amount
released from the stack is conservatively bounded by 5.5 × 10-6 grams (1.9 × 10-7 ounces) of
americium-241 dose equivalent.
High-activity waste process vessel hydrogen explosion. The high-activity waste tanks contain high
concentrations of TRU radionuclides dissolved in an aqueous nitric acid solution. Hydrogen is
abundantly produced through radiolytic decomposition of hydrogenous material (i.e., water) within the
high-activity waste process vessels and removed through the process vessel vent system. With a loss of
flow through the process vessel vent system, hydrogen can reach the lower flammable limit within a few
hours, conservatively ignoring nitrates. The loss of exhaust flow in the process vessel vent system could
be caused by loss of power, operator error, mechanical failure of the fans, line breaks, vent path plugging,
or natural phenomenon hazard events. Once above the lower flammability limit, an ignition source from
either static or electrical shorts could ignite the flammable gas.
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The unmitigated source term (WSRC 2009) was derived using the method described in the DOE
Handbook, Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities
(DOE 1994), for a vapor explosion in an enclosed space above the solution, equating the mass of
respirable solution made airborne to the energy released and expressed in terms of equivalent mass of
TNT [trinitrotoluene]. That analysis concluded that, with a stoichiometric hydrogen/air mixture of
10,000 liters (350 cubic feet), a vapor explosion would result in an airborne release of 13.8 grams
(0.487 ounces) of americium-241 through the process vessel vent systems to demisters, HEPA filters, and
the stack.
This scenario would be mitigated by design features that should maintain flow through the process vessel
vent system. In addition, there should be sufficient time to take corrective actions before the hydrogen
levels reach the lower flammable limit. With no credit taken for the in-line process vessel vent system
demisters and a conservative HEPA filter penetration factor of 1 × 10-5, the amount released from the
stack is conservatively bounded by 1.38 × 10-4 grams (4.87 × 10-6 ounces) of americium-241 dose
equivalent.
Red oil explosion. A “red oil” explosion was included in the WSB DSA and the engineered controls
associated with this process would be sufficient to realistically prevent this accident (WSRC 2009). The
accident is included in this SPD Supplemental EIS as a bounding, beyond-design-basis accident because
of public interest in the accident and its potential consequences.
The designs of PDCF and MFFF indicate that organic compounds that would be required to initiate a red
oil explosion would only be present in the WSB feed in trace amounts. Because the red oil explosion is
only possible at higher organic concentrations, this scenario was not considered as part of the WSB
design-basis accident analysis, but is included as a beyond-design-basis accident (WSRC 2009).
If high concentrations of organics were present in the WSB feed, an explosion could potentially occur in
the high-activity waste evaporator. A red oil explosion is the product of a chemical reaction between
nitric acid and tributyl phosphate at high temperatures in the presence of heavy metal solutions, producing
pressure and explosive gases. Tributyl phosphate is used in the solvent extraction process in MFFF,
which is the source of the waste streams to WSB. Such an explosion would result in the release of the
contents of the evaporator to the High-Activity Waste Process Room.
The high-activity waste evaporator was assumed to hold 6.0 kilograms (13 pounds) of americium-241, as
well as other radionuclides, and all were assumed to be released to the High-Activity Waste Process
Room. A bounding ARF of 0.1 and an RF of 0.7 for superheated liquid (DOE 1994) were assumed to
determine the unmitigated amount released to the room. Therefore, the unmitigated source term for a
high-pressure release to the room is 6,000 grams × 7 × 10-2 = 420 grams (15 ounces) of americium-241
dose equivalent (WSRC 2009).
This scenario would be made “beyond extremely unlikely” by design features in PDCF and MFFF that
should ensure the WSB feed contains only very low concentrations of organics. The engineered controls
associated with this process would be sufficient to prevent this accident (WSRC 2009). The impacts of a
red oil explosion would be mitigated by the HEPA filters and elevated release from the stack. With a
conservative HEPA filter penetration factor of 1 × 10-5, the amount released from the stack is
conservatively bounded by 4.2 × 10-3 grams (1.5 × 10-4 ounces) of americium-241 dose equivalent.
Leaks/spills from high-activity waste process vessels and piping. A high-activity waste process vessel
could leak due to loss of integrity due to corrosion, poor maintenance, or an operational error such as
overfilling. The bounding MAR for any single leak or spill was assumed to be the entire inventory of the
worst-case high-activity waste vessel, equivalent to 6.0 kilograms (13 pounds) of americium-241.
Splashing and entrainment of process liquid were considered. The bounding ARF (3 × 10-3) and RF (0.4)
were derived from the DOE Handbook (DOE 1994), assuming a free fall spill of aqueous solutions with a
9.1-meter (30-foot) fall distance.
Therefore, the unmitigated source term from the spill is
6,000 grams × 3 × 10-3 × 0.4 = 7.2 grams (0.25 ounces) of americium-241 dose equivalent.

D-34

Appendix D – Evaluation of Human Health Effects from Facility Accidents

This scenario is considered to be in the “unlikely” category, but would fall into the “extremely unlikely”
category with consideration of design features and operating practices that should limit the amount of
material leaked or spilled. The impacts of a leak or spill would be mitigated by the HEPA filters and
elevated release from the stack. Assuming a conservative HEPA filter penetration factor of 1 × 10-5, the
amount released from the stack is conservatively bounded by 6.0 × 10-6 grams (2.1 × 10-7 ounces) of
americium-241 dose equivalent.
Aircraft crash. The WSB DSA evaluates an aircraft crash as an unmitigated event in which an aircraft
operating in the vicinity of WSB loses control and crashes into the building. The aircraft does not crash
directly into the high-activity waste process area. The safety analysis (WSRC 2009) concluded that it was
not credible for an aircraft to directly affect the reduced area of concern associated with the high-activity
waste process area. Rather, the aircraft was assumed to impact another portion of the building and break
apart upon impact, resulting in fuel spills, missiles, and burning debris.
The WSB DSA did not credit the structure of the building or fire barriers between the high-activity waste
process area and the rest of the building. Multiple fires were assumed to occur as a result of the fuel spill,
resulting in a large propagating fire. This fire would eventually involve the high-activity waste process
vessels and vigorously boil the liquid in the tanks. The major contributor to the dose would be the
high-activity waste liquid inventory in the High-Activity Waste Process Room. Lesser contributors
would include the high-activity waste liquid in the Cementation Area, the low-activity waste inventory,
and the F/H Area Laboratory inventory.
The MAR involved in this scenario is 18.3 kilograms (40 pounds) of americium-241 and other associated
radionuclides. The DR was assumed to be 1. A bounding ARF of 2.0 × 10-3 and an RF of 1 were applied
for a boiling solution in the fire following the event to determine the unmitigated source term associated
with thermal stress on liquids. The LPF was set equal to 1; therefore, the unmitigated source term is
18,300 grams × 2 × 10-3 = 36.6 grams (1.29 ounces) of americium-241 dose equivalent (WSRC 2009).
If credit were taken for the building structure and fire barriers between the high-activity waste process
area and the rest of the building, a fire of this magnitude could not occur and the source term and
probability would be much lower. If there were insufficient heat to vigorously boil the vessel contents,
the ARF × RF value could be as low as 3.0 × 10-5, resulting in much less severe consequences
(WSRC 2009). Because this is considered a design-basis accident in the WSB DSA, it is appropriate to
assume these fire-limiting controls function in order to develop a realistic source term. Therefore, the
mitigated source term is 18,300 grams × 3 × 10-5 = 0.55 grams (0.019 ounces) of americium-241 dose
equivalent.
Because the frequency of a small aircraft crash into the building is extremely low, the probability of an
aircraft crash followed by a fire of this magnitude is probably in the “beyond extremely unlikely”
frequency category.
Design-basis earthquake. In this scenario, it was postulated that, during a seismic event, power to WSB
is lost. Support systems such as electrical systems, electrical power to the facility, and building
ventilation systems may fail to function either during or after a seismic event. It was assumed that, upon
a loss of power and/or damage incurred from the seismic event, the process vessel vent system fails. This
would allow hydrogen generated by radiolytic decomposition of the aqueous solution in the high-activity
waste process solution tanks to begin to accumulate. Under worst-case conditions, the hydrogen level in a
high-activity waste vessel could exceed the lower flammability limit in a few hours, conservatively
ignoring nitrates. Additionally, a fire was assumed to start in either a maintenance area or laboratory area
due to the presence of flammable materials and a relatively high combustible loading.
The WSB structure, process vessels, and pipes are designed to Natural Phenomena Hazard PC-3+
(seismic) criteria; therefore, the building structure, process tanks, and piping would remain intact during
and after the design-basis seismic event.
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The high-activity waste area is not routinely accessed, is designed with a low combustible loading, and is
isolated by a seismically rated fire barrier. Though the possibility of electrical sparking and incipient fires
cannot be ruled out in the high-activity waste area, a fire of sufficient intensity to release material from
the high-activity waste area was not postulated. The potential for large post-seismic event fires in areas
designed with low combustible loads and isolated by seismically qualified fire barriers is addressed in the
beyond-design-basis earthquake evaluation.
A seismic event was assumed to disable the process vessel vent system and initiate a propagating fire in a
laboratory or maintenance area. Hydrogen would accumulate in a high-activity waste process tank above
the lower flammability limit. Hydrogen was conservatively assumed to accumulate in a 10,000-liter
(350-cubic-foot) volume above the americium-241 solution. Conservatively ignoring nitrates in the
americium-241 solution, a tank containing a maximum of 6 kilograms (13 pounds) of americium-241
would require almost 14 days to accumulate to a stoichiometric hydrogen/air mixture in this volume. If
this mixture ignited, a vapor explosion in the headspace of the tank could occur, similar to that evaluated
for the hydrogen explosion accident scenario.
Concurrently with this event, a fire was postulated to start in a laboratory or maintenance area and involve
the radiological inventory outside the High-Activity Waste Process Room. This inventory is very small
relative to the high-activity waste and represents a negligible dose potential to the MEI.
The source term for this event is similar to the source term developed for the bounding hydrogen
explosion in a high-activity waste process tank. The mass of respirable solution made airborne due to the
energy released by the vapor explosion was conservatively assumed to be equivalent to the mass released
that would result from the same amount of energy produced by detonation of an equivalent mass of TNT.
The unmitigated source term was derived (WSRC 2009) using the method described in the DOE
Handbook (DOE 1994) for a vapor explosion in an enclosed space above the solution, equating the mass
of respirable solution made airborne to the energy released, expressed in terms of equivalent mass of
TNT. That analysis concluded that, with a stoichiometric hydrogen/air mixture of 10,000 liters
(350 cubic feet), a vapor explosion would result in an airborne release of 13.8 grams (0.487 ounces) of
americium-241 through the process vessel vent system to demisters, HEPA filters, and the stack.
This scenario would be mitigated by design features that should maintain flow through the process vessel
vent system. In addition, there should be sufficient time to take corrective actions before the hydrogen
levels reach the lower flammable limit. Assuming no credit for the in-line process vessel vent system
demisters and a conservative HEPA filter penetration factor of 1 × 10-5, the amount released from the
stack is conservatively bounded by 1.38 × 10-4 grams (4.87 × 10-6 ounces) of americium-241 dose
equivalent.
Beyond-design-basis earthquake. WSB structural components, including process vessels and pipes, are
qualified to Natural Phenomena Hazard PC-3+ (seismic) criteria. However, a more energetic seismic
event could fail key WSB safety controls, such as high-activity waste vessels and fire walls, and initiate
propagating fires.
In this accident scenario, a severe seismic event was postulated to occur in the immediate vicinity of
WSB. The ground acceleration would be more severe than the natural phenomenon hazard PC-3+
(seismic) site criteria established for the facility. The resultant force would result in significant damage to
load-bearing walls, including the 18-inch (46-centimeter) fire wall surrounding the High-Activity Waste
Process Room. Further, the structural supports for high-activity waste tanks and piping would fail,
resulting in a large spill of high-activity waste solution. For a seismically initiated fire to occur inside the
process room with sufficient intensity to result in a significant release of high-activity waste solution, an
ignition source must be present and sufficient combustibles must be available to fuel a large and intense
fire that could boil the high-activity waste solution. The High-Activity Waste Process Room is designed
with a low combustible loading, limited ignition sources, and no flammable gases or liquids that
are typical potential initiators for post-seismic event fires.
Therefore, for purposes of this
SPD Supplemental EIS, a widespread post-seismic event fire is not considered credible.
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For purposes of this SPD Supplemental EIS, the entire high-activity waste inventory was assumed to spill.
The high-activity waste process MAR was assumed to be the maximum facility inventory, which
is 18.3 kilograms (40 pounds) of americium-241 and other associated radionuclides. The DR was
assumed to be 1. A bounding ARF of 2 × 10-4 and RF of 0.5 were applied to impact (spill) stresses.
Consistent with the general assumptions for beyond-design-basis accident LPFs presented in
Section D.1.5.1 for new facilities, a LPF of 0.1 was assumed. Therefore, the unmitigated source term is
18,300 grams × 2 × 10-4 × 0.5 × 0.1 = 0.183 grams (0.0065 ounces) americium-241 dose equivalent.
Accident scenarios and source terms for WSB under the No Action, Immobilization to DWPF, MOX
Fuel, H-Canyon/HB-Line to DWPF, and WIPP Alternatives are presented in Table D–7.
No new substantial accident risks from the proposed new activities in this SPD Supplemental EIS have
been identified (WSRC 2008).
Table D–7 Accident Scenarios and Source Terms for the Waste Solidification Building
Accident
Criticality
High-activity waste
process vessel hydrogen
explosion
High-Activity Waste
Process Room fire
Leak or spill
Design-basis earthquake
Aircraft crash

Frequency
(per year)
Not credible
1 × 10-4 to 1 × 10-6
(extremely unlikely)

MAR (grams
americium-241
dose equivalent)
–
13.8

DR
–
1

ARF
–
–

RF
–
–

LPF
–
0.00001

Release (grams
americium-241
dose equivalent)
–
0.00014

1 × 10-4 to 1 × 10-6
18,300
1
0.00003
0.00001
5.5 × 10-6
(extremely unlikely)
Unlikely
6,000
1
0.003
0.4
0.00001
7.2 × 10-5
0.0004 (unlikely)
13.8
1
–
–
0.00001
0.00014
< 1 × 10-7
18,300
1
0.00003
1
0.55
(beyond extremely
unlikely)
Beyond-design-basis red
< 1 × 10-6
6,000
1
0.1
0.7
0.00001
0.0042
oil explosion
(beyond extremely
unlikely)
Beyond-design-basis
1 × 10-5 to 1 × 10-7
18,300
1
0.0002
0.5
0.1
0.18
earthquake
(extremely unlikely to
beyond extremely unlikely)
ARF = airborne release fraction; DR = damage ratio; LPF = leak path factor; MAR = material at risk; RF = respirable fraction.
Note: To convert grams to ounces, multiply by 0.035274.
Source: WSRC 2009.

D.1.5.2.8 H-Canyon/HB-Line
Under the Immobilization to DWPF, MOX Fuel, H-Canyon/HB-Line to DWPF, and WIPP Alternatives
considered in this SPD Supplemental EIS, H-Canyon/HB-Line could be used to support various surplus
plutonium disposition activities (see Appendix B, Section B.1.3). As a result, a wide range of potential
accident scenarios were considered for H-Canyon/HB-Line. These scenarios are considered in detail in
the safety analyses and NEPA analyses for H-Canyon/HB-Line. The analyses demonstrate that
H-Canyon/HB-Line can withstand design-basis natural phenomenon hazards such as earthquakes, winds,
tornadoes, and floods, such that no unfiltered releases are expected.
Three options would use the H-Canyon/HB-Line processing capabilities to convert plutonium metal and
oxides into a form suitable for oxide feed at MFFF, a blended oxide suitable for onsite shipment to
E-Area and then on to WIPP, or a nitrate solution for vitrification with high-level radioactive waste in
DWPF. The types of operations are similar to either ongoing or recent operations in the
H-Canyon/HB-Line complex and would not introduce any new types of accidents into the facilities or
substantially change the frequencies for the accidents analyzed. The operations proposed under the three
options are well within H-Canyon/HB-Line capabilities, and existing safety systems would ensure the
operations would be conducted safely. Because all of the operations involve dissolving metal and oxides
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and then handling and processing similar quantities of dispersible plutonium oxides, the bounding
accidents, such as failure of cans of oxide and large fires, would be similar. The three options identified
for use of H-Canyon/HB-Line are as follows:
Process plutonium for MFFF feed. Under this option, H-Canyon and HB-Line would be utilized in the
following ways:


H-Canyon would dissolve plutonium sent to it for processing.



H-Canyon would store dissolved plutonium solution and provide it as feed to HB-Line.



HB-Line would convert dissolved plutonium to plutonium oxide in the Phase II portion of the
HB-Line5 for MFFF feed.



H-Canyon would process HB-Line column raffinate and precipitator filtrate waste to recover
plutonium for recycle or disposition at the Liquid Waste Tank Farm.

The surplus plutonium disposition-related MAR in HB-Line would be up to 50 kilograms (110 pounds) of
plutonium oxide. The H-Canyon surplus plutonium disposition-related MAR would include the dissolved
plutonium inventory, which should be bounded by an inventory of 1,000 kilograms (2,200 pounds) of
plutonium-239 in an aqueous nitrate solution spread over several tanks.
Process non-pit plutonium for DWPF. Under this option, H-Canyon and HB-Line would dissolve surplus
non-pit plutonium metal and oxide for subsequent vitrification with high-level radioactive waste in
DWPF. Dissolution of the majority of the material in oxide form would occur in HB-Line, while the
dissolution of most of the metals would occur in H-Canyon. The dissolved solutions would then be
transferred to the separations process, during which any uranium present in the material would be
recovered. The plutonium solutions would be transferred primarily to the DWPF sludge feed tank in the
liquid radioactive waste tank farm pending vitrification at DWPF.
Process non-pit plutonium for WIPP. Under this option, plutonium would be processed utilizing the
existing H-Canyon and HB-Line facilities to prepare the plutonium for subsequent disposition at WIPP.
HB-Line would install new equipment in existing gloveboxes to open DOE-STD-3013 containers,
remove the plutonium contents, blend the plutonium with materials to terminate safeguards, and package
the result in Pipe Overpack Containers (POCs). H-Canyon would support HB-Line by providing
temporary or interim storage of loaded POCs prior to their shipment to E-Area, if required. Once the
POCs are loaded and ready for shipping, they would be transported to E-Area for storage,
characterization, and shipment to WIPP. The addition of a muffle furnace to one of the glovebox lines
would also be required to convert some metal to oxide prior to blending with termination-of-safeguards
material.
If unirradiated Fast Flux Test Facility (FFTF) fuel cannot be dispositioned by direct disposal at WIPP,
then the unirradiated FFTF fuel would have to be disassembled and could be disposed of at WIPP through
processing at H-Canyon/HB-Line. Existing gloveboxes in HB-Line would be used to perform the
operations to crush the pellets into a powder, load the powder into suitable containers, mix/blend the
powder with inert material, assay the resulting material, package the loaded containers into POCs, and
transfer the POCs to E-Area.
Because processing the oxides would occur primarily in HB-Line and would be a dry activity, the
associated accident scenarios would primarily involve HB-Line operations. No changes would be
expected in liquid process waste generation from either H-Canyon or HB-Line as a result of performing
this mission. H-Canyon would provide support to HB-Line by providing temporary or interim storage of
loaded POCs prior to shipment to E-Area if required. Thus, the potential accidents associated with

5

Phase II is the production line for plutonium and neptunium oxides.
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ongoing H-Canyon operations would dominate any additional accident risks associated with this surplus
plutonium disposition option.
Bounding accidents. The material processing and throughputs associated with any of the options for
H-Canyon and HB-Line are not expected to add any new accident types. Accident scenarios and source
terms are not expected to change. With longer periods of operation, the accident risks would continue for
a longer period.
Analysis of the proposed process operations for plutonium dissolution operations in H-Canyon/HB-Line
identified the following broad categories of accidents: aircraft crash, criticality, design-basis earthquake,
beyond-design-basis earthquake, explosion, fire, and leaks or spills. Because H-Canyon and HB-Line are
very robust structures and provide a high degree of inherent confinement, releases from almost all
accidents would be confined within the structure and would be filtered through the sand filter prior to
release to the environment. Of all of the accidents considered in the safety documents, accidents that
result in room-wide fires present the greatest risks. The basic characteristics of each of these postulated
accidents are described in this section. Additional discussion of scenario development based on
consistency concerns can be found in Section D.1.5.1.
The potential for accidents and the potential accident consequences for workers and the environment from
processing of the proposed surplus plutonium disposition materials is well within the scope of the
accident scenarios, MARs, and consequences evaluated in the existing safety documents for H-Canyon
(SRNS 2011a) and HB-Line (SRNS 2011b). These existing and prior safety documents have evaluated
processing of both plutonium-239 and plutonium-238 materials; the latter material has a curie content of
about a factor of 100 greater than that proposed for the Surplus Plutonium Disposition Program.
Both the H-Canyon and the HB-Line safety documents identify a range of accidents, including nuclear
criticalities, spills, fires, explosions, natural phenomena such as earthquakes, and external events such as
potential bounding accidents. For HB-Line, the dominant operational scenarios include explosions
associated with the dissolvers in Phase I portion of the HB-Line,6 localized or widespread fires, and
criticalities.
The HB-Line safety documents evaluate the consequences for a range of accidents using the actual
inventories associated with ongoing processing campaigns at the time of the safety document preparation,
which included dissolution of low-assay plutonium in Phase I dissolvers. The safety documents also
evaluated a range of fires involving legacy materials in the old HB-Line, which would not be used for
surplus plutonium disposition materials.
Although the current safety analysis for HB-Line (SRNS 2011b) is for somewhat different processing
operations than those projected for the surplus plutonium disposition mission, the current safety basis,
including accident scenarios and building MAR limits (SRNS 2011b, Table 5.5.7-1), would support the
proposed surplus plutonium disposition operations.
Based on the current safety documents for HB-Line (SRNS 2011b), the most severe accidents include
rupture of a 3013 container due to impact, a fifth- or sixth-level facility fire, and an earthquake with
subsequent fire and post-seismic event hydrogen explosions in the process vessels. In each of these
accidents, the HB-Line structure and containment system, including the sand filters, are expected to
continue to function.
Both the H-Canyon and HB-Line safety analyses evaluated the potential for an inadvertent nuclear
criticality, particularly in the dissolvers, and identified appropriate controls.
The H-Canyon safety analyses also evaluated a potential explosion–hydrogen deflagration due to
radiolysis in the dissolvers and identified the controls necessary to dissolve plutonium materials. The
6

Phase I is the Scrap Recovery Line, which is used to dissolve and dispose of legacy plutonium materials.

D-39

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

potential accident risks for this type of accident are much less than the postulated hydrogen deflagration
uncontrolled reaction and the tributyl phosphate/nitric acid explosions evaluated for other portions of the
H-Canyon processes that are not associated with surplus plutonium disposition operations. The bounding
explosion in the H-Canyon safety documents is a hydrogen explosion involving high-activity waste
derived primarily from the processing of used nuclear fuel. This accident bounds any of the accidents
associated with plutonium metal dissolution.
Because the dissolvers do not contain solvents, a fire would not be likely in that area. Fire events
considered included a pyrophoric fire occurring in the crane vestibule or the H-Canyon material area,
which could result from spontaneous ignition of plutonium metal, dropped dissolvable containers,
defective can crimp seals, or operator error. This fire could involve the DOE-STD-3013-2012 limit of
4,400 grams (160 ounces) of plutonium. Based on an ARF of 6 × 10-3, an RF of 0.01 and an LPF of
4.9 × 10-3 for the sand filter system, a stack release of 1.3 × 10-3 grams (4.6 × 10-5 ounces) of plutonium
was postulated. The estimated frequency of this accident is in the range of 1 × 10-4 to 1 × 10-6 per year
(“extremely unlikely”). Fires that result in a pressurized release of oxide would bound these metal fires.
Aircraft crash.
A crash of a large, heavy commercial or military aircraft directly into a
reinforced-concrete facility could damage the structure sufficiently to breach confinement and disperse
material into the environment. A subsequent fuel-fed fire could provide energy to further damage
structures and equipment, aerosolize material, and drive materials into the environment. Source terms are
highly speculative, but could exceed those of the beyond-design-basis earthquake. At all SRS sites, the
frequency of such a crash is below 1 × 10-7 per year, and so was not evaluated.
Criticality.
Engineered and administrative controls should be available to ensure that the
double-contingency principles are in place for all portions of the process. It was assumed that human
error results in multiple failures, leading to an inadvertent nuclear criticality. The estimated frequency of
this accident is in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”). A bounding source
term resulting from 1 × 1019 fissions was assumed.
Explosions. The bounding explosion associated with surplus plutonium disposition material was assumed
to be a hydrogen deflagration in a process vessel with plutonium liquid. A bounding quantity of
150,000 grams (5,300 ounces) of plutonium in solution was assumed to be at risk. Based on an ARF of
6 × 10-3, an RF of 0.01, and an LPF of 4.9 × 10-3 for the sand filter system, a stack release of 0.044 grams
(0.0016 ounces) of plutonium was postulated. The estimated frequency of this accident is in the range of
1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”).
Within the portion of HB-Line that would be used for surplus plutonium disposition material dissolution
and processing, the bounding explosion is a hydrogen explosion in a dissolver. A similar MAR or smaller
is expected. The impacts of an explosion in HB-Line would be bounded by the H-Canyon explosion.
Fire. The bounding fire in H-Canyon involving surplus plutonium disposition plutonium metal was
assumed to be a pyrophoric fire. This fire could involve the MAR limit of 4,400 grams (160 ounces) in a
single 3013 container. The analysis also assumed an ARF of 5.0 × 10-4 and an RF of 0.5. Based on an
LPF of 4.9 × 10-3 for the sand filter system, a stack release of 5.4 × 10-3 grams (1.9 × 10-4 ounces) was
postulated. The estimated frequency of this accident is in the range of 1 × 10-2 to 1 × 10-4 per year
(“unlikely”). This event is bounded by fires involving oxides and TRU waste in HB-Line.
A bounding fire event for HB-Line is described in the current safety analyses (SRNS 2011b).
A large-scale fire, although unlikely, would have the potential to result in high-pressure releases of oxides
from 3013 cans and lower-pressure releases of oxides from other, less robust containers or gloveboxes.
Current safety analyses for HB-Line (SRNS 2011b) evaluate this accident with the current and legacy
inventory of materials within the HB-Line rooms. Although the current analysis addressed somewhat
different processing operations than those projected for the surplus plutonium disposition mission, the
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accident scenarios and building MAR limits (SRNS 2011b, Table 5.5.7-1) would support the proposed
surplus plutonium disposition operations.
With the proposed surplus plutonium disposition operations in HB-Line, the bounding MAR for a
level-wide fire in HB-Line would be 4,400 grams (160 ounces) of plutonium oxide in a single
3013 container, 50,000 grams (1,800 ounces) of non-pit plutonium as oxide in process (including WIPP
material), 100,000 grams (3,500 ounces) of plutonium in solution in process, and 10,000 grams
(350 ounces) of plutonium-239 dose equivalent as TRU waste.
Using the assumptions for response to these materials in a bounding fire event identified in the Savannah
River Site, H-Canyon & Outside Facilities, H-Area, Documented Safety Analysis (HB-Line DSA)
(SRNS 2011b, Table 3.4-1), including a bounding DR of 1 for most materials, the total release to the
building would be as follows:


Heating and overpressurization of 3013 container – Assuming a release at 1,000 psig due to
overpressurization of a 3013 container with 4,400 grams (160 ounces) of plutonium resulting
from a surrounding fire, a DR of 1, and an ARF × RF of 0.113, about 500 grams (18 ounces)
would be released to the building.



Heating oxide in process – Assuming a less than 25 psig release due to thermal stress of
50,000 grams (1,800 ounces) of plutonium as oxide, a DR of 1, and an ARF × RF of 0.002,
100 grams (3.5 ounces) of plutonium would be released to the building.



Heating solution in process – Assuming boiling due to thermal stress of 100,000 grams
(3,500 ounces) of plutonium in solution in process, a DR of 1, and an ARF × RF of 0.002,
200 grams (7.1 ounces) of plutonium would be released to the building.



Burning TRU waste – Assuming that 20 percent of the 10,000 grams (350 ounces) is unconfined
and subject to open burning with an ARF × RF of 0.01, 20 grams (0.71 ounces) of plutonium-239
dose equivalent would be released to the building. Assuming the remaining 80 percent is
confined and subject to confined burning with an ARF × RF of 0.0005, 4 grams (0.14 ounces) of
plutonium-239 dose equivalent would be released to the building.

Thus, for the bounding fire event, approximately 800 grams (28 ounces) of plutonium and 24 grams
(0.85 ounces) of plutonium-239 dose equivalent could be released to the building. The building structure
and confinement are expected to continue to function during this design-basis event so the release would
be filtered through the sand filter system. Based on an LPF of 4.9 × 10-3 for the sand filter system, a stack
release of 3.9 grams (0.14 ounces) of plutonium plus 0.12 grams (0.0042 ounces) of plutonium-239 dose
equivalent was postulated. The nominal frequency estimate for the combination of a severe fire following
a design-basis earthquake would be in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”).
Leaks or spills of nuclear material. The bounding spill was assumed to be a breach of a dissolvable
container. It was assumed that 2.0 kilograms (4.4 pounds) of plutonium-239 dose equivalent were MAR.
Because the material would be in metal form, no substantial release is expected.
Once the plutonium is dissolved, a spill of the solution is possible and would bound any oxide spills. The
spill or transfer error of plutonium solution was analyzed in the H-Canyon DSA (SRNS 2011a).
Concerning the proposed surplus plutonium disposition operations in H-Canyon and HB-Line, the
bounding MAR would be a spill of 320,000 grams (11,000 ounces) of plutonium as solution from the
largest storage tank. Based on an ARF of 2 × 10-4, an RF of 0.5, and an LPF of 4.9 × 10-3 for the sand
filter system, a stack release of 0.16 grams (5.6 × 10-3 ounces) of plutonium was postulated. This accident
has an estimated frequency in the range of 1 × 10-2 to 1 × 10-4 per year (“unlikely”).
Design-basis earthquake with fire. The design-basis event that presents the highest potential for release
of material to the environment is a design-basis earthquake followed by a major fire. While the major
safety systems, including building confinement and the building sand filter system, should continue to
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function, the vibratory motion is expected to result in spills of solution or low-energy spills of oxide and
perhaps a pyrophoric fire, as described earlier.
H-Canyon. With the proposed surplus plutonium disposition operations in H-Canyon, the bounding
MAR for an earthquake and fire in H-Canyon would be 8,800 grams (310 ounces) of plutonium as metal
and 50,000 grams (1,800 ounces) of plutonium as oxide stored in Pipe Overpack Containers (Type B-like
shipping containers). The H-Canyon DSA (SRNS 2011a, Section 3.4.2.1) shows no credible scenarios for
solutions subject to fires. The plutonium metal would be subject to burning if it were uncontained and
exposed to transient fires associated with the seismic event and subsequent fires. A bounding DR of 1
with an ARF of 0.0005 and RF of 0.5 was assumed (SRNS 2011a, Table 3.4-10). Thus, a release of
2.2 grams (0.078 ounces) to the building was postulated.
The oxide stored in Type B-like shipping containers that are expected to survive severe transportation
accidents is not expected to be vulnerable to the postulated fires and no release is expected.
Based on an LPF of 4.9 × 10-3 for the sand filter system, a stack release of 0.011 grams (0.00039 ounces)
was postulated. The nominal frequency estimate for the combination of a severe fire following
a design-basis earthquake would be in the range of 1 × 10-4 to 1 × 10-6 per year (“extremely unlikely”).
HB-Line. A subsequent large-scale fire, although unlikely, would have the potential to result in
high-pressure releases of oxides from 3013 cans and lower-pressure releases of oxides from other, less
robust containers or gloveboxes. Current safety analyses for HB-Line (SRNS 2011b) evaluate this
accident with the current and legacy inventory of materials within the HB-Line rooms. That analysis
(SRNS 2011b, Tables 3.4-15 and 3.4-16) indicates that the subsequent fire would be the dominant
contributor to the overall source term and the release, which would be due to the seismic vibration and
impacts only, would contribute about 1 percent to the overall source term. Thus, for purposes of this
SPD Supplemental EIS, the vibration, impacts, and spill contribution would be negligible.
Although the current analysis is for somewhat different processing operations than those projected for the
surplus plutonium disposition mission, the accident scenarios and building MAR limits (SRNS 2011b,
Table 5.5.7-1) would support the proposed surplus plutonium disposition operations.
Concerning the proposed surplus plutonium disposition operations in HB-Line, the bounding MAR for a
level-wide fire in HB-Line would be 4,400 grams (160 ounces) of plutonium oxide in a single
3013 container; 50,000 grams (1,800 ounces) of plutonium as oxide in process (including WIPP
material); 100,000 grams (3,500 ounces) of plutonium in solution in process; and 10,000 grams
(350 ounces) of plutonium equivalent as TRU waste. This is the same MAR identified for the bounding
fire event. Because the releases due to the seismic motion, spills, and subsequent impacts can be
neglected, the total release due to the seismic release and subsequent fire can be approximated by the
bounding level-wide fire in HB-Line evaluated earlier. Thus, the total fire contribution would be about
800 grams (28 ounces) of plutonium and 24 grams (0.85 ounces) of plutonium-239 dose equivalent
released to the building.
The building structure and confinement are expected to continue to function during this design-basis
event, so the release would be filtered through the sand filter system. Based on an LPF of 4.9 × 10-3 for
the sand filter system, a stack release of 3.9 grams (0.14 ounces) of non-pit plutonium plus 0.12 grams
(0.0042 ounces) of plutonium-239 dose equivalent was postulated. The nominal frequency estimate for
the combination of a severe fire following a design-basis earthquake would be in the range of 1 × 10-4 to
1 × 10-6 per year (“extremely unlikely”).
Beyond-design-basis earthquake with fire. The postulated beyond-design-basis earthquake was assumed
to be of sufficient magnitude to cause collapse of the process equipment, initiation of widespread fires,
and loss of the containment function of the building. For purposes of this SPD Supplemental EIS, the
Surplus Plutonium Disposition Program materials released are expected to be bounded by the postulated
source terms associated with the design basis earthquake with fire for H-Canyon and HB-Line. As
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indicated for those accidents, the dominant contribution would come from the postulated fires in HB-Line
that could overpressurize 3013 containers and heat oxides and solutions. For the bounding fire events, the
release to the building due to proposed surplus plutonium activities was estimated at 2.2 grams
(0.078 ounces) for H-Canyon and 800 grams (28 ounces) of plutonium plus 24 grams (0.85 ounces) of
plutonium-239 dose equivalent from HB-Line activities. Concerning the beyond-design-basis event, the
building confinement was assumed to have failed and releases were postulated at ground level.
Consistent with the general assumptions for beyond-design-basis accident LPFs presented in
Section D.1.5.1 for older facilities, a building LPF of 0.25 was assumed, although a more realistic value is
likely to be at least a factor of several lower. The estimated frequency of this accident is in the range of
1 × 10-5 to 1 × 10-7 per year or lower (“extremely unlikely to beyond extremely unlikely”).
Accident scenarios and source terms for H-Canyon/HB-Line under the disposition alternatives are
presented in Table D–8. These scenarios indicate that, for any of the surplus plutonium disposition
options for use of H-Canyon/HB-Line, the accident releases are dominated by fires that result in the
high-pressure rupture of 3013 cans of oxide or lower-pressure venting of other containers of oxide.
Plutonium metal dissolution activities in H-Canyon present a much smaller accident risk than past used
fuel dissolution involving large quantities of fission products and would not result in a significant
radiological dose to the public. For purposes of analysis for this facility, all of the plutonium involved is
assumed to be non-pit plutonium, with an assumed americium-241 content of 6.25 percent. The relative
inhalation hazard of this material is 6.47 times higher than plutonium-239 and about 3.1 times more
hazardous than weapons-grade plutonium. The plutonium-239 equivalents for each source term are also
included in Table D–8. If the accidents involved pit plutonium instead of non-pit plutonium, the
plutonium-239-dose-equivalent MAR, doses, and risks would be about a factor of 3.1 lower.
D.1.5.2.9 Defense Waste Processing Facility
Under the Immobilization to DWPF and H-Canyon/HB-Line to DWPF Alternatives considered in this
SPD Supplemental EIS, DWPF in S-Area could be used to support various surplus plutonium disposition
activities (see Appendix B, Section B.1.4.1).
Defense Waste Processing Facility Can-in-Canister Operations
Can-handling accidents and DWPF accidents were considered in the SPD EIS (DOE 1999), and no
releases to the environment were predicted for vitrified plutonium canisters. The following accidents
were considered:
Can-handling accident (before shipment to DWPF). A can-handling accident would involve a framework
loaded with small cans containing vitrified plutonium material. Studies supporting the DWPF safety
analyses indicate that the source term resulting from dropping vitrified waste, even without credit for the
steel canister, would be negligible. The surplus plutonium immobilization technology would produce a
waste form with a durability comparable to that of the DWPF vitrified waste form. Consequently, no
postulated can-handling event would result in a radioactive release to the environment.
Melter spill (melt pour at DWPF). Analysis of a spill of melt material was included in studies performed
in support of the DWPF safety analyses. According to that analysis, the source term resulting from
dropping or tipping a log of vitrified waste, even without credit for the steel canister, would be negligible.
Both surplus plutonium immobilization technologies (ceramic and glass) would produce a waste form
with a durability comparable to that of the DWPF vitrified waste form. Consequently, it was postulated
that no melter spill event would result in a radioactive release to the environment.
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Table D–8 Accident Scenarios and Source Terms for the H-Canyon/HB-Line
Under All Alternatives
Accident a

Frequency
(per year)
-4

MAR (grams)

DR

ARF

RF

LPF

Release a (grams)

Criticality

1 × 10 to 1 × 10
(extremely unlikely)

–

–

–

–

–

1 × 1019 fissions

Hydrogen explosion in
H-Canyon dissolver

1 × 10-4 to 1 × 10-6
(extremely unlikely)

150,000 Pu in
solution

1

0.006

0.01

0.0049

0.044 Pu
0.29 PuE

Fire (level-wide in
HB-Line)

Leaks/spills of nuclear
material (H-Canyon)
Design-basis
earthquake with fire
(H-Canyon)

Design-basis
earthquake with fire
(HB-Line)

-6

1 × 10-4 to 1 × 10-6
(extremely unlikely)

1 × 10-2 to 1 × 10-4
(unlikely)
1 × 10-4 to 1 × 10-6
(extremely unlikely)

1 × 10-4 to 1 × 10-6
(extremely unlikely)

4,400 Pu in 3013

1

0.113

0.0049

2.4 Pu

50,000 Non-pit Pu
as oxide in process

1

0.002

0.0049

0.49 Pu

100,000 Pu in
solution in process

1

0.002

0.0049

0.98 Pu

10,000 PuE as
TRU waste

0.2
0.8

0.01
0.0005

0.0049
0.0049

0.098 PuE
0.020 PuE

Total

–

–

–

–

3.9 Pu + 0.12 PuE
or
Total: 26 PuE

320,000 Pu as
solution

1

0.0002

0.5

0.0049

0.16 Pu
1.0 PuE

8,800 Pu metal

1

0.0005

0.5

0.0049

0.011 Pu

50,000 Pu in
shipping
containers

0

-

-

0.0049

0

4,400 Pu in 3013

1

0.113

0.0049

2.4 Pu

50,000 Non-pit Pu
as oxide in process

1

0.002

0.0049

0.49 Pu

100,000 Pu in
solution in process

1

0.002

0.0049

0.98 Pu

10,000 PuE TRU
waste

0.2
0.8

0.01
0.0005

0.0049
0.0049

0.098 PuE
0.020 PuE

Total

–

–

–

–

3.9 Pu + 0.12 PuE
or

8,800 Pu metal

1

0.0005

0.5

0.25

0.55 Pu

4,400 Pu in 3013

1

0.113

0.25

124 Pu

50,000 Non-pit Pu
as oxide in process

1

0.002

0.25

25 Pu

100,000 Pu in
solution in process

1

0.002

0.25

50 Pu

10,000 PuE TRU
waste

0.2
0.8

0.01
0.0005

0.25
0.25

5.0 PuE
1.0 PuE

Total

–

–

200 Pu + 6.0 PuE
or
1,300 PuE

26 PuE

Beyond-design-basis
earthquake with fire

1 × 10-5 to 1 × 10-7
(extremely unlikely
to beyond extremely
unlikely)

–

–

ARF = airborne release fraction; DR = damage ratio; LPF = leak path factor; MAR = material at risk; Pu = plutonium;
PuE = plutonium-239 dose equivalent; RF = respirable fraction; TRU=transuranic.
a

These scenarios and source terms were developed for surplus plutonium processing activities only and do not reflect other
H-Canyon and HB-Line activities, including plutonium-238 activities and legacy contamination activities.

Note: To convert grams to ounces, multiply by 0.035274.
Source: SRNS 2011a, 2011b.
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Canister-handling accident (after melt pour at DWPF). Analysis of events involving the handling and
storage of vitrified waste canisters was included in studies performed in support of the DWPF safety
analyses. Results of that analysis indicate that the source term resulting from the dropping or tipping of a
log of vitrified waste, even without credit for the steel canister, would be negligible. The surplus
plutonium immobilization technology would produce a waste form with a durability comparable to that of
the DWPF vitrified waste form. Consequently, it was postulated that no canister-handling event would
result in a radioactive release to the environment.
No new substantial accident risks from the proposed new activities in this SPD Supplemental EIS have
been identified (WSRC 2008).
D.1.5.2.10 Glass Waste Storage Buildings
Under the Immobilization to DWPF and H-Canyon/HB-Line to DWPF Alternatives considered in this
SPD Supplemental EIS, Glass Waste Storage Buildings in S-Area could be used to store vitrified waste
containing surplus plutonium (see Appendix B, Section B.1.4.2). Vitrified waste canister-handling
accidents at the Glass Waste Storage Buildings were considered in the SPD EIS (DOE 1999), and no
releases to the environment were predicted for canister-handling accidents. The following accident was
considered:
Canister-handling accident (after melt pour at DWPF). Analysis of events involving the handling and
storage of vitrified waste canisters was included in studies performed in support of the DWPF SAR.
Results of that analysis indicate that the source term resulting from the dropping or tipping of a log of
vitrified waste, even without credit for the steel canister, would be negligible. The surplus plutonium
immobilization technology would produce a waste form with a durability comparable to that of the
DWPF vitrified waste form. Consequently, it was postulated that no canister-handling event would result
in a radioactive release to the environment.
D.1.5.2.11 Los Alamos National Laboratory Plutonium Facility
Under all alternatives, the LANL Plutonium Facility (PF-4) would process pits and other plutonium metal
(see Appendix B, Section B.2.1). Accident analyses of PF-4 for this SPD Supplemental EIS were based
on recent safety documents for TA-55, as summarized in the data report prepared to support this
SPD Supplemental EIS (LANL 2013). Approaches to evaluation of these accidents follow the methods
used in the Final Supplemental Environmental Impact Statement for the Nuclear Facility Portion of the
Chemistry and Metallurgy Research Building Replacement Project at Los Alamos National Laboratory,
Los Alamos, New Mexico (DOE 2011a) and the earlier LANL SWEIS (DOE 2008b).
DOE has committed to seismic upgrades to PF-4 that would result in an updated safety-basis estimate for
a seismically induced fire. Proposed future improvements that will be incorporated into PF-4 include
fire-rated containers, seismically qualified fire-suppression systems, and seismically qualified portions of
the confinement ventilation system. This SPD Supplemental EIS takes into consideration these
improvements and incorporates information from the LANL safety-basis documents in force as of
March 2013.
The TA-55 safety-basis documents use a hazards analysis process based on guidance provided by DOE
Standard 3009-2006 (DOE 2006a). This process ranks the risk of each hazard based on the estimated
frequency of occurrence and potential consequences to screen out low-risk hazards. Based on this
process, a spectrum of accidents was selected. The selection process included, but was not limited to:
(1) consideration of the impacts on the public and workers of high-frequency/small-consequence
accidents and low-frequency/large-consequence accidents; (2) selection of the highest-impact accident
in each accident category to envelope the impacts of all potential accidents; and (3) consideration
of reasonably foreseeable accidents. The hazards and accident analyses considered the potential for
accidents initiated by external events (e.g., aircraft crash, explosions in collocated facilities) and natural
phenomena (e.g., wildfires, external flooding, earthquake, extreme winds with wind-blown projectiles).
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Accident scenarios initiated by human error were also
evaluated. The safety-basis documents also include
evaluation of low-frequency/large-consequence accidents
that are considered to be beyond-design-basis accidents.
One purpose of the TA-55 safety-basis documents is to
demonstrate that, under design-basis accident conditions,
the safety of the public can be assured, even with the
building ventilation in a “passive” state. Thus, the safetybasis documents do not take credit in the unmitigated
analysis for the building ventilation system, including
multiple stages of HEPA filters, continuing to function
during these design-basis accidents. Furthermore, the
safety-basis documents assume that exit doors and key
internal doors are open, a wind blows through the building,
and 5 percent of the material made airborne from spills and
18 percent made airborne in fires is transported from the
rooms within the building to the outside atmosphere.
Demonstrating that the public is protected, even under
these extreme conditions, provides a wide margin of
safety, but does not provide a realistic estimate of how
small the public consequences would be, should these
accidents occur.
Over the last several years, the independent Defense
Nuclear Facilities Safety Board (DNFSB) has expressed
concerns to DOE related to the vulnerabilities of the PF-4
structure and components in a severe earthquake (DNFSB
2009, 2012a, 2012b, 2013a, 2013b, 2013d). The DNFSB
has recently indicated in its Twenty-Third Annual Report
to Congress that “the risk posed by the Plutonium Facility
(PF-4) at Los Alamos National Laboratory remains among
the Board’s greatest concerns. An earthquake resulting in
collapse of the facility would likely result in very high
radiological doses to the public in nearby towns. The
Board continues to urge senior leaders at DOE to take
meaningful, near-term action to mitigate this risk”
(DNFSB 2013b). This SPD Supplemental SEIS discusses
the DNFSB concerns and DOE responses related to a
seismic event affecting PF-4 as reflected in official
correspondence as of August 2014.
The accident analyses for PF-4 included in this
SPD Supplemental EIS are based on the most recent
DOE-approved safety basis, which reflects ongoing safety
upgrades. The 2011 DOE-approved safety basis addressed
safety concerns that were identified by DNFSB prior to
2012 (DNFSB 2009; DOE 2011b, 2012b). These include
improvements in the fire-suppression systems and the
ability of the facility structure and confinement system to
withstand design-basis earthquakes.
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DNFSB subsequently sent letters to DOE on June 18 and July 18, 2012 addressing additional concerns
related to seismic safety at PF-4 (DNFSB 2012a, 2012b). The first letter concerned the adequacy of
certain aspects of the 2011 safety-basis analysis of a seismically induced fire accident in PF-4. In
particular, the letter indicated a concern with non-conservative deficiencies in DOE analysis and
concluded that DNFSB’s estimate of the seismically induced fire accident dose consequence was in
excess of 100 rem (compared to an Evaluation Guideline of 25 rem [DOE 2006a]). The second letter
requested technical information regarding the modeling being performed to characterize the PF-4
structural response to large earthquake ground motions.
DOE responded to each of the concerns raised by DNFSB in letters on September 28 and
November 5, 2012 (DOE 2012c, 2012d). The DOE letter on September 28, 2012 provided information
about the technical approach to the structural analysis, including key assumption and parameters. In
response to DNFSB’s concern that the post-seismic fire could result in mitigated dose consequences to
the public exceeding 100 rem total effective dose equivalent (DNFSB 2012a), thereby requiring
additional safety controls, DOE’s November 5, 2012 letter discussed the conservatisms built into the
approved 2011 DSA.
In responding to DNFSB’s concern that the post-seismic fire analysis was deficient, DOE indicated that it
considered the post-seismic fire accident analysis in the 2011 DSA reasonably conservative for the
following reasons (DOE 2012d, Enclosure 1):











PF-4 has extensive safety controls that reduce the probability and consequences of this accident
scenario. These include, but are not limited to, passive confinement, robust plutonium storage
systems, reduced MAR limits, and seismic switches that would isolate non-vital laboratory
electrical loads, thereby eliminating key fire ignition sources. PF-4 has also dramatically reduced
combustibles since 2009; implemented stringent combustible controls, ignition source controls,
and fire barrier upgrades and maintenance; and made other relevant improvements.
Previous seismic evaluations indicated laboratory rooms would maintain the configuration
assumed in the DSA following a major earthquake. The PF-4 structure is being re-evaluated to
consider recent seismic upgrades. Results show that, if the interior laboratory walls of PF-4
failed after a seismic event and a fire started, a lower temperature fire would result than if the
walls were intact. Thus, assuming that the interior laboratory walls remain standing is both
conservative and consistent with these walls meeting PC-3 seismic criteria.
The 2011 DSA made conservative assumptions regarding internal and external door openings,
fire heat release rates, and the assumed forces that would propel plutonium out of the building
main floor following an earthquake.
The 2011 DSA assumed that several fires would be ignited following an earthquake and would
occur in the worst possible locations in the building.
While the bounding LPF is derived by considering fire in only a few rooms, it is applied to all
MAR in all of the rooms on the main floor for the fire portion of the source term. The analysis
also assumes that all gloveboxes topple, breach, and spill plutonium.
The 2011 DSA assumes bounding ARFs and RFs.

DOE also indicated that in its approval of the 2011 DSA, it had directed a number of further
improvements to be made by September 2014. Those improvements include, but are not limited to, the
following (DOE 2012d, Enclosure 1):




Improved process descriptions to improve hazard identification;
Improved safety system descriptions, including relevant information to improve system
operability determinations;
Re-evaluated process hazard analyses to ensure that a comprehensive accident spectrum is
evaluated, the hazards identified, and appropriate safety controls are selected;
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Re-evaluated selection of bounding, representative, and unique accidents to ensure appropriate
accident scenarios are selected for detailed analysis;
Improved safety control selection process to ensure that preferences for the hierarchy of controls
described in DOE-STD-3009, Preparation Guide for U.S. Department of Energy Nonreactor
Nuclear Facility Safety Analysis Reports (DOE 2006a), have been applied and appropriate safety
controls are traceable to the hazard analysis;
Closure of comments in the fire hazard analysis; and
A periodically updated project management mechanism to track the status of and ensure priority
for planned nuclear safety facility improvements.

On January 3, 2013, the DNFSB sent a letter to DOE expressing its concern over the vulnerability of PF-4
to a collapse pending completion of seismic upgrades and the potential for very high offsite dose
consequences (DNFSB 2013a). In particular, the DNFSB observed that recent analysis performed by
LANL demonstrates that the PF-4 is vulnerable to structural collapse following a large, rare earthquake
(i.e., once in 8,300 years); the large plutonium inventory, coupled with the facility’s proximity to the
public, creates the potential for very high consequences if the building were to collapse; and structural
upgrades are currently projected to take several years to complete. The DNFSB urged DOE to take
near-term actions to reduce the potential consequences of a seismically induced collapse until the
acknowledged seismic problems are fixed.
DOE responded to the January 3, 2013 DNFSB letter on March 27, 2013 (DOE 2013a). Secretary Chu
indicated that DOE has taken significant actions to reduce PF-4 seismic-related risk including installing
significant structural upgrades, removing combustible material, and repackaging and disposing of
hundreds of kilograms of plutonium (DOE 2013a). Secretary Chu also indicated that DOE is continuing
to take further actions to reduce the amount of plutonium at PF-4 and to improve the facility’s seismic
capabilities. Since PF-4 can provide its confinement safety function based on DOE’s current seismic
analysis and the identified near-term risk reduction measures will further reduce potential consequences,
Secretary Chu concluded that PF-4 can continue to operate safely while longer-term structural
modifications are completed (DOE 2013a).
On July 17, 2013, the DNFSB responded to former Secretary Chu’s March 27, 2013 letter assessing
public and worker protection for a seismic collapse scenario at PF-4 and indicated that the Board did not
agree with the methodology used by the LANL contractor for seismic analysis upon which Secretary Chu
based his conclusions (DNFSB 2013d). The letter also indicated that the Board did not agree with the
DOE conclusion that the modeling demonstrated compliance with DOE standards for confinement
integrity following a design-basis earthquake. The Board indicated that it was encouraged that DOE was
performing an “alternate” seismic analysis.
On September 3, 2013, DOE responded and provided the DNFSB a status update on the alternate seismic
analysis and a schedule for its completion (DOE 2013c). DOE indicated that the alternate analysis would
be helpful in understanding further the seismic integrity of the PF-4 facility and providing assurance that
all of its structural elements that require updating are identified.
Modifications currently in design are anticipated to increase the facility’s seismic safety margin to
collapse. Both the Draft and this Final SPD Supplemental EIS consider scenarios that result in significant
damage to the building and evaluate the potential consequences of the event.
In order to better understand the potential impacts if a large, rare earthquake occurred, LANL prepared an
addendum to the current DSA. The analyses in the addendum assume an earthquake would cause major
structural damage to PF-4, including collapse of the roof onto the first floor and collapse of the first floor
into the basement. The analyses assume that radioactive materials within PF-4 are subjected to spills,
impacts from falling structural materials, and a subsequent major fire. The analyses evaluate two cases:
1) the hypothetical, bounding case in which it is assumed everything is damaged by spills, impacts, and
fires (that is, a DR of 1); the maximum amount of damaged materials is made airborne in a respirable size
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(that is, a bounding ARF × RF); and that all respirable material released within the building is transported
through the debris to the atmosphere (that is, an LPF of 1); and 2) a more realistic case that is still
expected to bound the potential impacts but relies on more reasonable assumptions regarding the amounts
of materials that could be damaged in spills, impacts, and fires; the amount of that damaged materials that
might be made airborne in a respirable size; and the fraction that could be transported through the debris
to the atmosphere. The results of the analyses in the addendum and their application to the surplus
plutonium disposition activities at PF-4 are evaluated in this SPD Supplemental EIS and the Revised Final
Report, Data Call to Support the Surplus Plutonium Disposition Supplemental Environmental Impact
Statement (LANL 2013).
The DSA addendum was prepared specifically to address circumstances that could occur after a seismic
collapse of PF-4 and a post-seismic fire. The 2011 DSA included an earthquake plus fire accident
scenario with a bounding consequence of 23 rem (LANL 2013). The 2011 DSA assumed the facility
remained standing and provided its credited safety containment, but it also assumed highly conservative
ARF × RF values and 95th percentile meteorology. Consequences of structural collapse calculated in the
DSA addendum range from less than a fourth of the bounding DSA design-basis earthquake with spill
plus fire impacts for the more realistic case (which assumed mean values for ARF × RF and
50th percentile meteorology) to a factor of 40 higher for the hypothetical extreme bounding case
(LANL 2013).
In response to these analyses, DOE has adopted several near-term measures to increase the margin of
PF-4 safety. Two of the measures are structural modifications that would reduce the probability of
collapse and are projected to be completed by early 2016. The third measure is to reduce the source term
by lowering MAR to further reduce the risk at PF-4 (DOE 2013a). Three near-term measures are
scheduled to be completed 30 days after the DSA Addendum has been approved: reducing the first floor
plutonium inventory limit (from 2,600 kilograms [5,700 pounds] to 1,800 kilograms [4,000 pounds]);
lowering vault MAR; and implementing a new safety-class container for heat-source plutonium which is
primarily plutonium-238 (DOE 2013a, LANL 2013). In addition, removal of 1 kilogram of heat-source
plutonium from the PF-4 first floor is scheduled to be completed in calendar year 2013 (DOE 2013a).
The estimated reduction of the bounding dose consequence as a result of such MAR reductions is
30 to 60 percent (LANL 2013).
The DNFSB staff performed a review of the Criticality Safety Program at LANL in May 2013 and
identified specific non-compliances with applicable DOE requirements and industry standards in the
implementation of the program. In addition, the review identified criticality safety concerns stemming
from weaknesses in conduct of operations at PF-4 and noted that some of the deficiencies were long
standing and indicate flaws in Federal oversight and contractor assurance systems (DNFSB 2013c).
On August 15, 2013, DOE responded, indicating the corrective actions being taken at LANL to
incorporate criticality safety controls into procedures and to improve procedures, procedure use, criticality
safety postings, and criticality safety support of operations (DOE 2013b). In addition, DOE committed to
determining the root causes of the problems and making improvements in Federal oversight and
contractor assurance systems to improve criticality safety at LANL in general and PF-4 in particular. In a
December 6, 2013, letter to the DNFSB, DOE described the process for and status of resuming PF-4
programmatic operations; the conclusions of an external review and causal analysis review chartered by
the Director; two improvement plans addressing the outcomes of these reviews and prior assessments; and
the nexus of the improvement plans with the LANL contractor assurance system (DOE 2013d). The
improvement efforts resulted in revision of the LANL program management plans for improved
performance in Nuclear Criticality Safety and Conduct of Operations.
The LANL Director paused PF-4 programmatic operations as a precautionary measure. Addressing
DNFSB concerns (DNFSB 2014), DOE is employing a deliberate approach to authorize resumption of
operations. Federal readiness assessments are required prior to restarting high-risk operations at PF-4.
These assessments will validate that criticality safety controls are identified and implemented to ensure
operations are conducted safely.
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In addition to the safety basis analyses prepared for PF-4, which are conservative and provide a basis for
establishing safety controls, this SPD Supplemental EIS also evaluates the key accident scenarios using
more-realistic accident assumptions that are consistent with those used for other facilities where surplus
plutonium disposition activities are being considered.
Accident Scenario Selection
The safety basis for PF-4 starts with hazard evaluations that systematically consider a wide range of
potential hazards and identifies the controls needed to prevent the accidents from occurring or to mitigate
the potential consequences should an accident occur. Accidents that could result in larger consequences
or higher accident risks are further evaluated to identify the potential radiological consequences if the
accident were to occur, as well as to identify controls to reduce the likelihood of the accident occurring
and the potential radiological consequences to the extent practicable.
For facilities like PF-4, the general safety strategy requires the following:


Plutonium materials must be contained in a glovebox (if in use) or in a container at all times,
with multiple layers of confinement that prevent the materials from reaching the environment.



Energy sources that are large enough to disperse the plutonium and threaten confinement must be
minimized.

This basic strategy means that operational accidents, including spills, impacts, fires, and operator errors,
never have sufficient energy to threaten the multiple levels of confinement that are always present within
a plutonium facility. For PF-4, the final layer of confinement is the reinforced-concrete structure and the
system of barriers, controls, and multiple stages of HEPA filters that limit the amount of material that
could be released to the environment even in the case of severe internal events.
The operational events that present the greatest threats to confinement are large-scale internal fires,
which, if they did occur, could present heat and smoke loads that threaten the building’s ventilation
system and HEPA filters. For modern plutonium facilities, the safety strategy is to prevent large internal
fires by limiting the energy sources, such as flammable gases and other combustible materials, to the
point that a wide-scale, propagating fire is not physically possible and to defeat smaller internal fires with
safety-class or safety-significant fire-suppression systems.
Plutonium facilities, such as PF-4, are designed and operated such that the estimated frequency of any
large fire within the facility would fall into the “extremely unlikely” category and would require multiple
violations of safety procedures to introduce sufficient flammable materials into the facility to support such
a fire. Any postulated large-scale fire in a plutonium facility such as PF-4 would be categorized as a
“beyond-design-basis” event and is not expected to occur during the life of the facility.
Earthquakes present the greatest design challenges for these facilities due to the requirement to prevent
substantial releases of radioactive materials to the environment during and after a severe earthquake. For
safety analysis purposes, it is often assumed that after a very severe earthquake that exceeds the design
loading levels of the facility equipment, enclosures, and building structure and confinement, a substantial
release of radioactive material occurs within the facility. This allows designers and safety analysts to
determine which additional design features may be needed to ensure greater containment and confinement
of the radioactive MAR, even in a severe earthquake that could result in major damage to a
reinforced-concrete facility. In these safety analyses, it is often assumed that major safety systems are not
in place (unmitigated analyses) to enable estimation of the mitigation effectiveness of each of the
individual safety systems or controls (mitigated analyses).
The accident scenarios selected for inclusion in this SPD Supplemental EIS are the ones that would
present the greatest risk of radiological exposure to members of the public. Because PF-4 is a reinforced
concrete facility, most of these scenarios would require substantial amounts of additional energy, either
from a widespread internal fire or through a severe natural disaster such as an earthquake so severe that
building safety system design limits are exceeded and confinement of the plutonium materials within the
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building is lost. Thus, any of the accidents presented in this SPD Supplemental EIS with frequencies of
1 in 10,000 per year or less would fall into the “beyond-design-basis” category and have probabilities that
would fall into the “extremely unlikely” or “beyond extremely unlikely” category. None of these
postulated events is expected to occur during the life of the facility.
Because the specific isotopic composition of some of the nuclear materials are classified, the MAR
inventories for the accident scenarios have been converted to dose-equivalent amounts of plutonium, that
is, a particular, defined mixture of plutonium and americium isotopes as used in the safety-basis analyses
for PF-4. When the source terms are calculated, the plutonium equivalent releases have been converted to
a dose-equivalent amount of plutonium-239 (plutonium-239 equivalent). The conversions are on a
constant-consequence basis, so that the consequences calculated in the accident analyses are equivalent to
what they would be if actual material inventories were used.
The following sections describe the selected accident scenarios and corresponding source terms for the
alternatives.
For the selected accident scenarios, two sets of source terms are presented. First, the conservative,
bounding source term estimates developed in the safety-basis process at LANL for the purpose of
identifying the controls necessary to protect the public are presented. These are referred to as
“Safety-Basis Scenarios”7 in the following descriptions and analyses. In general, these source term
estimates take little, if any, credit for the integrity of containers or building confinement under severe
accident conditions and assume a DR of 1, meaning that all containers and material at risk would be
subjected to near-worst-case conditions. The LPF accounts for the action of removal mechanisms
(e.g., containment systems, filtration, and deposition) to reduce the amount of airborne radioactivity
ultimately released to occupied spaces in the facility or to the environment. LPFs are assigned in accident
scenarios involving a major failure of confinement barriers. The safety-basis evaluations generally
assume an LPF of 1 for the unmitigated case, meaning that all of the material that is made airborne and
respirable within the building or process enclosure is released to the environment. For the mitigated case,
the LANL safety-basis analyses only take credit for the PF-4 building operating in a passive mode, with
the doors open and the building confinement system and HEPA filters not functioning, and assumes a
lower LPF, generally 0.05.
For the purposes of this SPD Supplemental EIS, a second set of accident source terms was developed that
attempts to present more-realistic, but still conservative, estimates of source terms. These source term
estimates take into account a range of responses of facility features and materials containers and typical
operating practices employed at DOE’s plutonium facilities. For design-basis-type accidents, a DR of 1
would not normally be realistic if the required safety systems function as expected during the accident and
operational procedures are followed. Similarly, the building confinement, including HEPA filters, is
expected to continue functioning, although perhaps at a degraded level, during and after the accident.
This SPD Supplemental EIS uses the term “SEIS Scenario” to identify these accident scenarios. The
SEIS Scenarios use conservative, but more realistic assumptions regarding the potential release of
radioactive material to the environment compared to those used in the Safety-Basis Scenarios; for
example, they take limited credit for some containers surviving an accident and for some airborne
material being captured by an air filtration system. Both the Safety-Basis and the SEIS Scenarios use
conservative ARFs and RFs from DOE Handbook 3010, Airborne Release Fractions/Rates and
Respirable Fractions for Nonreactor Nuclear Facilities (DOE 1994).
These SEIS Scenario source terms are developed in a manner consistent with those for the SRS facilities
being considered for surplus plutonium disposition activities to help facilitate the comparison of the
7

This SPD Supplemental EIS uses the term “Safety-Basis Scenario” to identify accident scenarios that use conservative
assumptions regarding the potential release of radioactive material to the environment. For example, no credit is taken for some
containers surviving an accident or for some airborne material being captured by an air filtration system even though this would
likely be the case. The safety-basis process is used to identify the controls needed to mitigate the impacts of accidents to meet
established guidelines for protection of the public and workers.
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potential radiological impacts of severe design-basis and beyond-design-basis accidents among the
various surplus plutonium disposition pit disassembly and conversion options.
The accident scenarios associated with the proposed surplus plutonium disposition activities at LANL’s
PF-4 include the following:
Criticality. The potential for a criticality exists whenever there is a sufficient quantity of special nuclear
material in an unsafe configuration. Although a criticality could affect the public, its effects would be
primarily associated with workers near the accident. The Safety-Basis and SEIS Scenarios are identical
for a criticality accident.
This accident is identified as “unlikely” (with a frequency in the range of 1 × 10-2 to 1 × 10-4) without
preventive controls. The bounding criticality accident was assumed to occur in a plutonium solution. The
process representing the criticality accident scenario was considered to occur in a glovebox that also
contains a deep well that has a sufficiently large volume to support a realistic and credible accident
scenario.
Engineered and administrative controls would be available to ensure that the
double-contingency principles are in place for all portions of the process. It was assumed that human
error results in multiple failures, leading to an inadvertent nuclear criticality. With these engineered and
administrative controls, the estimated frequency of this accident is in the range of 1 × 10-4 to 1 × 10-6
per year (“extremely unlikely”). A bounding source term resulting from 1 × 1019 fissions was assumed.
Spills. Spills of radioactive and/or chemical materials could be initiated by failure of process equipment
and/or human error, natural phenomena, or external events. Radioactive and chemical material spills
typically involve laboratory room quantities of materials that are relatively small compared to releases
caused by fires and explosions. Laboratory room spills could affect members of the public, but represent
a more serious risk to the laboratory room workers. Larger spills involving vault-size quantities are also
possible.
Safety-Basis Spill Scenario. The surplus plutonium disposition operations at PF-4 would use the
Advanced Recovery and Integrated Extraction System (ARIES) facilities within PF-4. Accidents
identified in the safety-basis documents include spills of oxide, with a MAR of 4,500 grams (159 ounces)
of plutonium, in the ARIES canning module, the ARIES nondestructive assay area, or the ARIES
integrated packaging system. For these spills, a DR of 1, an ARF of 0.002, and an RF of 0.3 were
estimated, resulting in a release of 2.7 grams (0.0952 ounces) to the building. LANL safety-basis
documents conservatively assign an LPF of 0.05 to account for the potential for open doors during
evacuation of the building. Using this LPF would result in a release of 0.14 grams (0.0049 ounces) of
plutonium to the environment.
SEIS Spill Scenario. As with the Safety-Basis Scenario, a spill of oxide in the ARIES facilities within
PF-4 was postulated. The SEIS Spill Scenario would be the same as the Safety-Basis Scenario, with the
exception that such a spill would not be expected to threaten the integrity of the building confinement
system or the HEPA filters; for the SEIS Scenario, an LPF of 0.005 was estimated. Using this LPF would
result in a release of 0.014 grams (0.00049 ounces) of plutonium to the environment.
A spill of molten metal that then rapidly oxidizes or burns within the ARIES metal oxidation glovebox
was also postulated as an SEIS Spill Scenario. For this accident, a MAR of 4,500 grams (159 ounces)
plutonium, a DR of 1, an ARF of 0.0005, and an RF of 0.5 were estimated, which would result in a
release of 1.1 grams (0.039 ounces) to the building. This spill would not be expected to threaten the
integrity of the building confinement system or the HEPA filters, so an LPF of 0.005 was estimated.
Using this LPF would result in a release of 0.0055 grams (0.00019 ounces) of plutonium to the
environment. The impacts of this accident would be bounded by a spill of a container of oxide, as
discussed above.
Fires. Fires that occur in the facility could lead to the release of radioactive materials with potential
impacts on workers and the public. Initiating events may include internal process and human error
events; natural phenomena, such as an earthquake; or external events, such as an airplane crash into the
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facility. Combustibles near an ignition source could be ignited in a laboratory room containing the largest
amounts of radioactive material. The fire may be confined to the laboratory room, propagate uncontrolled
and without suppression to adjacent laboratory areas, or lead to a major fire. A fire or deflagration in a
HEPA filter could also occur due to an exothermic reaction involving reactive salts and other materials.
External fires (i.e., wildfires) were also considered. Though unlikely, a wildfire could directly affect the
facility, in which case the scenario would be similar to fires initiated by the other means discussed above.
A wildfire could also affect the infrastructure in the vicinity of LANL. Wildfires are discussed in more
detail below.
Safety-Basis Fire Scenarios. The bounding glovebox fire identified in safety-basis documents that would
directly involve surplus plutonium disposition operations is a glovebox fire in the pyrochemical metal
preparation area (LANL 2013). For this accident, a MAR of 9,000 grams (317 ounces) of plutonium in
salt form was assumed. For the fire with plutonium in a salt form, a DR of 1, an ARF of 0.0005, and an
RF of 0.5 were estimated, which would result in a release of 2.25 grams (0.0794 ounces) to the building.
LANL safety-basis documents conservatively assign an LPF of 0.1 to account for the potential for an
open door from the laboratory room to the corridor and open exit doors during evacuation of the building
(although the doors have automatic closers that are specifically credited as part of the confinement
system). Using this LPF would result in a release of 0.22 grams (0.0078 ounces) of plutonium to the
environment.
The bounding fire for the facility identified in the safety-basis documents is a large fire within the TA-55
vault (LANL 2013). For this accident to occur and progress to a large fire, the combustible limits for the
vault (2.3 kilograms [5 pounds]) must be greatly exceeded and the sprinkler system must fail to
extinguish the fire. For this accident, a MAR of 1,500 kilograms (3,310 pounds) of plutonium as metal or
oxide was assumed. For the fire with burning plutonium metal, a DR of 1, an ARF of 0.0005, and an RF
of 0.5 were estimated, resulting in a release of 375 grams (13 ounces) to the building. An LPF of 0.05
was assigned, which conservatively assumes that multiple sets of interior doors (from the vault, in
basement hallways, to stairwells, and in upstairs hallways) remain open and exit doors are open during
evacuation (although the doors have automatic closers that are specifically credited as part of the
confinement system). Using this LPF would result in a release of 19 grams (0.67 ounces) of plutonium to
the environment.
SEIS Fire Scenarios. As with the Safety-Basis Scenario, the bounding glovebox fire scenario is a
glovebox fire in the pyrochemical metal preparation area involving plutonium salt (LANL 2013). The
SEIS Scenario parameters for a glovebox fire would be the same as those for the Safety-Basis Scenario,
with the exception that this accident would not be expected to threaten the integrity of the building
confinement system or the HEPA filters, so an LPF of 0.005 was estimated. Using this LPF would result
in a release of 0.011 grams (0.00039 ounces) of plutonium to the environment.
A spill of molten metal that then rapidly oxidizes or burns within the ARIES metal oxidation glovebox
was also postulated. Such an accident has a lower MAR and proportionally lower impacts that would be
bounded by the impacts of the above glovebox fire.
As with the Safety-Basis Scenario, the bounding fire for the facility is a large fire within the TA-55 vault
(LANL 2013). For this accident to occur and progress to a large fire, the combustible limits for the vault
(2.3 kilograms [5 pounds]) must be greatly exceeded and the sprinkler system must fail to extinguish the
fire. For this accident scenario, a MAR of 1,500 kilograms (3,310 pounds) of plutonium metal was
assumed. Because this material is generally double-contained in metal containers, a reasonably
conservative DR of 0.1 was assumed, although realistically it would be even lower. For the fire with
burning plutonium metal, an ARF of 0.0005 and an RF of 0.5 were estimated, resulting in a release of
37.5 grams (1.32 ounces) to the building. The corresponding values for oxide powder, if it was assumed
that oxide was present instead of metal, are given as an ARF of 0.006 and an RF of 0.01, resulting in a
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release of 9 grams (0.32 ounces) to the building. Because the respirable release fraction (ARF × RF) for
the metal is higher, it was conservatively assumed that all material in the vault is metal. This design-basis
accident is not expected to seriously threaten the integrity of the building confinement system or the
HEPA filters, which are designed to continue to provide their safety function throughout such an accident.
Therefore, an LPF of 0.005 was assumed. Using these factors would result in a release of 0.19 grams
(0.0067 ounces) of plutonium to the environment for a fire involving plutonium metal and a release of
0.045 grams (0.0016 ounces) for a fire involving plutonium oxide. Realistically, a lower LPF would be
expected. The PF-4 structure, filter plenums, HEPA filters, and ductwork for the plenums are designated
as safety-class and would be expected to function during and after such a fire. In addition, the sprinkler
system should be highly effective in limiting the fire.
Explosion. Explosions that could occur in the facility could lead to the release of radioactive materials,
with potential impacts on workers and the public. Initiating events may include internal process and
human error events; natural phenomena, such as an earthquake; or external events, such as an explosive
gas transportation accident. Explosions could both disperse nuclear material and initiate fires that could
propagate throughout the facility. An explosion of methane gas followed by a fire in a laboratory area
could potentially propagate to other laboratory areas and affect the entire facility.
Safety-Basis Explosion Scenario. The bounding explosion identified in the safety-basis documents is a
hydrogen deflagration resulting from the dissolution of plutonium metal (LANL 2013). For this accident,
the MAR is 1,040 grams (36.7 ounces) of plutonium as a salt or oxide. For the deflagration with
plutonium in a salt form, a DR of 1, an ARF of 0.2, and an RF of 1.0 were estimated, which would result
in a release of 208 grams (7.34 ounces) to the building. For the deflagration with plutonium in an oxide
form, a DR of 1, an ARF of 0.005, and an RF of 0.3 were estimated, which would result in a release of
1.6 grams (0.055 ounces) to the building. LANL safety-basis documents assign an LPF of 0.05, which is
considered conservative and bounding (the calculated LPF value is 0.012) taking into account the
potential for open doors during evacuation of the building, even though the doors have automatic closers
that are specifically credited as a safety system (LANL 2013). Using this LPF would result in a release of
about 10 grams (0.37 ounces) of plutonium to the environment for plutonium in a salt form and
0.078 grams (0.0028 ounces) for plutonium in an oxide form.
SEIS Explosion Scenario. The SEIS Explosion Scenario would be the same as the Safety-Basis Scenario,
with the exception that this accident would not be expected to threaten the integrity of the building
confinement system or the HEPA filters, so an LPF of 0.005 was estimated. Using this LPF would result
in a release of 1.0 gram (0.035 ounces) of plutonium to the environment for plutonium in a salt form and
0.0078 grams (0.00028 ounces) for plutonium in an oxide form.
Natural Phenomena. The potential accidents associated with natural phenomena include wildfires,
earthquakes, high winds, flooding, and similar naturally occurring events. For PF-4, a severe earthquake
could lead to the release of radioactive materials and exposure of workers and the public, as well as cause
the partial collapse of facility structures, falling debris, and failure of gloveboxes and nuclear materials
storage facilities. An earthquake could also initiate a fire that propagates throughout the facility and
results in an unfiltered release of radioactive material to the environment. In addition to the potential
exposure of workers and the public to radioactive and chemical materials, an accident could cause human
injuries and fatalities from the force of the event, such as falling debris during an earthquake or the
thermal effects of a fire.
Design-Basis Earthquake with Spill. The analysis of impacts of a severe, design-basis earthquake have
been revised in the current safety-basis documents for PF-4 in an attempt to provide a more realistic, yet
conservative, estimate of the potential impacts. These analyses have established limits for the MAR
within the facility that ensure that, in all design-basis events, including a seismically induced spill plus
fire, the impacts on the maximally exposed offsite individual would be below the 25-rem safety goal in
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the DOE Evaluation Guideline described in the Preparation Guide for U.S. Department of Energy
Nonreactor Nuclear Facility Documented Safety Analyses (DOE Standard 3009) (DOE 2006a). In
conjunction with engineered controls, keeping the MAR below the facility limit is effected by
administrative controls and technical safety requirements. According to current safety-basis documents,
the MAR limit for the first floor of PF-4, which contains the main laboratory areas, is 2,600 kilograms
(5,730 pounds) of plutonium. All of this material was assumed to be at risk during the design-basis
seismic event, and a DR of 1.0 was assigned in the LANL safety-basis documents for this event. This is
quite conservative in that spillage outside of the confinement of a glovebox is not expected in a
design-basis earthquake because the gloveboxes are expected to survive such an earthquake.
Other material stored in the PF-4 basement in robust containers, shipping containers, and in vaults is
expected to survive extreme conditions, including the design-basis seismic event. Whereas this material
might be affected in a beyond-design-basis accident initiated by an earthquake, it is not considered to be
at risk in a design-basis event and would not be expected to contribute to the overall dose. Therefore, this
material was excluded from the calculations. As discussed below, these materials are considered at risk in
a beyond-design-basis accident initiated by an earthquake that results in a building collapse.
Under the proposed expansion of surplus plutonium disposition operations, the mix of MAR is expected
to change to accommodate the new activities. The MAR associated with the proposed higher throughput
for the surplus plutonium disposition mission includes bulk plutonium dioxide powder, bulk metal,
molten metal in casting furnaces, and tritium in getters8 (LANL 2013). Other ongoing work within the
facility, including work with plutonium-238 heat-source material, would continue with typical or
illustrative forms and quantities provided in the current safety-basis documents. However, while the
makeup of the plutonium could change, the MAR limit of 2,600 kilograms (5,730 pounds) of plutonium
material on the first floor would not change. The mix of MAR within this limit would be managed to
meet the DOE Evaluation Guide dose due to an accident of 25 rem at the nearest offsite location in
accordance with DOE Standard 3009. Accordingly, some of the material now on the floor and in
gloveboxes may have to be moved to robust storage to accommodate the expanded surplus plutonium
disposition glovebox activities.9
Safety-Basis Design-Basis Earthquake with Spill Scenario. The LANL safety-basis documents assume
that, for the design-basis earthquake with a spill, all of the surplus plutonium in various forms would be at
risk, and a DR of 1.0 is assigned. This means that all of the MAR would be available for dispersal, even
though a large portion of the MAR would be in robust containers that have been demonstrated via
challenging engineering tests to be leak-tight under such accident conditions (DOE 2012b). This is
judged to be quite conservative because spills outside of glovebox confinement are not expected.
Standard bounding ARFs and RFs for spills were applied to each material type (DOE 1994).
The LANL safety-basis documents indicate that the predicted LPF for the design-basis spill could vary
depending on the location within the building, but a general LPF of 0.05 was found to be bounding, even
with key doors open and the building ventilation system off. This value was used in safety-basis analyses
for all releases except for the seismically induced fire. More realistically, the building confinement
system should still work, including fans and HEPA filters, and the LPF would be much lower
(LANL 2013). Using an LPF of 0.05 would result in a release to the environment of 82 grams
(2.9 ounces) of plutonium-239 equivalent under the lower PF-4 throughput case and 121 grams

8

A tritium getter is a material that absorbs free tritium and chemically binds it within its own structure.
At the time this SPD Supplemental EIS was prepared, the safety-basis documents for PF-4 had an established MAR limit of
2,600 kilograms of plutonium. As discussed earlier in the introduction to this section of this appendix, DOE has proposed
several near-term measures to increase the margin of PF-4 safety; one of these measures is to reduce the MAR on the first floor
of PF-4 to 1,800 kilograms.
9
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(4.3 ounces) under the higher PF-4 throughput case.10 Approximately 50 percent of the overall release
would be due to surplus plutonium disposition materials under the lower throughput case and 74 percent
under the higher throughput case.
SEIS Design-Basis Earthquake with Spill Scenario. For the Safety-Basis design-basis earthquake with a
spill, all of the surplus plutonium in various forms was assumed to be at risk of damage. For the purposes
of this SPD Supplemental EIS analysis, a DR of 0.25 was assumed because some of the MAR would be in
robust containers and would not be damaged by an earthquake. This is still considered to be quite
conservative because spills outside of glovebox confinement would not be expected. No changes to the
Safety-Basis Scenario ARFs and RRFs for spills of each material type were assumed for the SEIS
Design-Basis Earthquake with Spill Scenario. The building confinement system should still work after a
design-basis accident, including fans and HEPA filters, because these are considered safety systems and
are seismically qualified. Therefore, for the SEIS Scenario, an LPF of 0.005 was assumed. Using these
factors would result in a release to the environment of 2.0 grams (0.071 ounces) of plutonium-239
equivalent under the lower throughput case and 3.0 grams (0.11 ounces) under the higher throughput case.
Approximately 50 percent of the overall release would be due to surplus plutonium disposition materials
under the lower throughput case and 74 percent under the higher throughput case.
Design-Basis Earthquake with Spill plus Fire. The safety analyses for PF-4 also address the potential
impacts of a design-basis earthquake followed by a fire. The spill-only scenario is described above. The
fire scenario includes the initiation of a fire that contributes to the potential release of nuclear material
from the facility. Although a seismic event is not expected to start a fire because of the very low
combustible loading in the facility, the potential for a fire is considered a credible scenario, given that
ignition sources are present as part of normal operations. Therefore, the impact of a seismically induced
fire was evaluated, along with a spill release caused by a seismic event. For the purposes of determining
the impacts of this bounding seismic event, the spill was assumed to occur first and to contribute to the
fire scenario source term.
Safety-Basis Design-Basis Earthquake with Spill plus Fire Scenario. The safety-basis documents make
conservative assumptions about internal and external door openings, fire heat release rates, and the
assumed forces that would propel radioactive material out of the building main floor following an
earthquake. The forces that would propel radioactive material out of the building were assumed to have
the following two key components:


Fires in laboratory rooms would cause air to flow out of the laboratories into the main corridors;
the laboratory doors are assumed to be open for the duration of the event. That air flow would
entrain airborne materials and increase pressure in the corridors. The increased pressure causes
plutonium contaminated air to flow out of the building exits at the ends of the two main corridors.



The main floor exit doors (five doors per corridor) were all assumed to be open for the first five
minutes of the accident. The analysis assumed a 2-meter-per-second wind flows down the
corridor, further propelling contaminated air from PF-4; the wind speed was based on a
computational fluid dynamics analysis that considered 48 combinations of outside wind speeds
and directions and ignored adjacent buildings. In particular, the effectiveness of the adjacent
building (PF-3) at blocking this air flow was ignored (DOE 2012d, Enclosure 1:6).

The LANL safety-basis documents assumed that, for the design-basis earthquake with a spill plus fire, all
of the LANL plutonium in various forms is at risk and assigned a DR of 1.0, even though a large portion
of the MAR would be in robust containers. The MAR due to surplus plutonium disposition operations
10

The lower PF-4 throughput case corresponds to the disassembly and conversion of 2 metric tons (2.2 tons) of pit plutonium
over a 7-year period; the higher PF-4 throughput case corresponds to the disassembly and conversion of 35 metric tons
(38.6 tons) of pit plutonium over a 22-year period.
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and other ongoing activities was assumed to be similar to that of the Safety-Basis Design-Basis
Earthquake with Spill Scenario, with the same amounts and types of MAR and DRs. The ARFs and RFs
for the fire event would be different than those for spills and were assumed to be the bounding values
from DOE Handbook 3010 (DOE 1994). The safety-basis documents indicate that the predicted LPF for
a fire following a design-basis earthquake could vary, depending on the location within the building, but a
general LPF of 0.18 was found to be bounding. Using an LPF of 0.18 would result in a release to the
environment of 169 grams (6.0 ounces) of plutonium-239 equivalent under the lower throughput case and
306 grams (11 ounces) under the higher throughput case for the fire contribution.
Together, the spill contribution plus the fire contribution would result in a release to the building. Using
an LPF of 0.05 for the spill and 0.18 for the fire would result in a combined spill plus fire release to the
environment of 250 grams (8.8 ounces) of plutonium-239 equivalent under the lower throughput case and
427 grams (15 ounces) under the higher throughput case. Approximately 47 percent of the overall release
would be due to surplus plutonium disposition materials under the lower throughput case and 72 percent
under the higher throughput case.
SEIS Design-Basis Earthquake with Spill plus Fire Scenario. For this SPD Supplemental EIS, a DR of
0.25 was assumed because much of the MAR would be in robust containers and not damaged by the fires.
This is still considered to be conservative because fires are expected to be very localized, such that most
of the material in containers or spilled would not be subjected to the direct fire effects of heat and air
movement that might aerosolize additional material in excess of that volatilized as a direct result of the
spills.
DOE has indicated to the DNFSB that:
PF-4 has extensive safety controls that reduce the probability and consequences for this accident
scenario. These include, but are not limited to, passive confinement; robust plutonium storage
systems; reduced material-at-risk limits; and seismic switches that would isolate non-vital laboratory
electrical loads, thereby eliminating key fire ignition sources. PF-4 has also dramatically reduced
combustibles since 2009, and implemented stringent combustible controls, ignition source controls,
fire barrier upgrades and maintenance, and other relevant improvements (DOE 2012d, Enclosure 1:6).
Collectively, these features, which are not credited in the safety-basis documents, reduce the likelihood of
post-seismic fires, the potential magnitude of those fires, and the amount of material that might be
released. The SEIS seismic scenario assumes an LPF associated with the fire contribution of 0.005,
consistent with the degraded but continued functioning of the building confinement system and HEPA
filters.
For the SEIS Scenario seismically-initiated fire, a DR of 0.25 is assumed and the Safety-Basis Scenario
bounding ARFs and RFs for fires were applied to each material type. Recognizing that the LPF varies for
different materials and locations, that the fire hazard analysis indicates that only a few rooms are
susceptible to a fire, that the exterior doors would be closed (except during evacuation), and that the
building confinement and ventilation systems, though degraded, would continue to function, an LPF of
0.005 was assumed. Using an LPF of 0.005 for the SEIS Scenario would result in a release to the
environment of 1.8 grams (0.063 ounces) of plutonium-239 equivalent under the lower throughput case
and 3.0 grams (0.11 ounces) of plutonium-239 equivalent under the higher throughput case for the fire
contribution from the design-basis earthquake accident. The spill contribution would be the same as
presented in the SEIS Design-Basis Earthquake with Spill Scenario above.
Together, the spill contribution plus the fire contribution would result in a bounding source term for the
SEIS Design-Basis Earthquake Spill plus Fire Scenario. Using an LPF of 0.005 for the spill and an
overall LPF of 0.005 for the fire would result in a combined spill plus fire release to the environment of
3.8 grams (0.13 ounces) of plutonium-239 equivalent under the lower throughput case and 6.0 grams
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(0.21 ounces) under the higher throughput case. Approximately 44 percent of the overall release would
be due to surplus plutonium disposition materials under the lower throughput case and 68 percent under
the higher throughput case.
The frequency of the accident, an earthquake coupled with a seismically induced fire, was estimated to be
on the order of 1 in 10,000 years. The facility is expected to perform its structural and safety confinement
functions adequately in the LANL design-basis earthquake (estimated peak horizontal and vertical ground
accelerations of 0.47 g and 0.51 g,11 respectively, with a return interval of about 2,500 years).
Beyond-Design-Basis Accident – Earthquake-Induced Collapse plus Fire.12 This SPD Supplemental
EIS also evaluates the potential radiological impacts of an earthquake so severe that it would cause major
structural damage to the heavily reinforced PF-4. This earthquake was assumed to damage the internal
structures causing the collapse of the roof onto the first floor and collapse of the first floor into the
basement. The analyses assume that radioactive materials within PF-4 are subjected to spills, impacts
from falling structural materials, and a major fire. This accident scenario postulates an earthquake that is
of greater intensity than the LANL design-basis earthquake. The assumed extent of damage is highly
unlikely even in an earthquake with ground motion much higher than the design-basis earthquake.
Although there could be a substantial release of radioactive material following such an earthquake
accompanied by a major fire, loss of life within the facility and within the region due to seismic damage,
not a release of radiation from the damaged PF-4, would be the predominant impact of such an
earthquake.
For this beyond-design-basis event, the MAR would include that estimated for the design-basis events
plus additional material in the basement and vaults that could be affected by falling debris and fires. The
MAR assumed for this beyond-design-basis accident was 12,000 kilograms (26,000 pounds) of plutonium
material.
Safety-Basis Beyond-Design-Basis Accident – Earthquake-Induced Collapse plus Fire Scenario.
Although a source term for a beyond-design-basis accident scenario is not typically calculated in the
safety-basis analyses, LANL has prepared an addendum to the safety-basis documents for the PF-4
facility that addresses a hypothetical total collapse and subsequent fire (LANL 2013). The analyses
include two cases – a bounding case and a more realistic case. The bounding case, performed to ensure
the maximum potential impacts had been evaluated, uses extremely conservative, near-worst-case
parameters. In the bounding case analysis, the DR for all material on the first floor was assumed to be 1,
for material in the basement it was assumed to range from 0.1 to 1, and for the remainder of the material
(in vaults and other locations) it was assumed to range from 0.01 to 1. The LPF for the bounding case,
regardless of the location of the material or release mechanism was assumed to be 1. The source terms
and consequences calculated using the bounding parameters were 31 to 34 times higher than those
discussed below using more realistic parameters. This analysis represents a bounding case, but is not
sufficiently realistic for planning purposes.
The more realistic case is conservative and likely over-estimates the potential releases, but uses more
realistic parameters. That case makes differing assumptions depending on the location and type of MAR,

11

g = acceleration relative to free fall.
For purposes of this SPD Supplemental EIS, a seismically initiated collapse of the roof and first floor of the PF-4 building,
with widespread damage to containers causing spills and impacts from debris, followed by widespread fires involving much of
the MAR on the first floor, basement, and vaults is identified as the “Beyond-Design-Basis Accident – Earthquake-Induced
Collapse plus Fire” scenario. Until ongoing seismic upgrades to the PF-4 structures are completed (scheduled for early 2016),
an earthquake with a return interval of about 1 in 8,300 years might initiate structural damage to the facility. Although the
earthquake by itself is not a beyond-design-basis event, the level of damage, spills, impacts, and fires postulated for this scenario
is estimated to decrease the probability of releases of the magnitude considered by a factor of 10 to 100; hence, the overall event
is extremely unlikely. Once seismic upgrades are completed, the overall probability of a seismically initiated event of this
magnitude is expected to be extremely unlikely to beyond extremely unlikely (greater than 1 in 100,000 years).
12
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but considers a DR of 0.1 for the oxide and metal from spills and fires and 0.5 from impacts on both the
main floor and basement of PF-4. For some of the other more volatile materials, DRs of 1 are assumed.
Since a wide range of materials were assumed to be vulnerable to spills, impacts from falling debris, and
long-burning external fires, median or average ARFs and RFs from the DOE Handbook 3010
(DOE 1994) were assumed. Extremely high LPFs were also assumed. For releases due to spills, an LPF
of 0.3 was assumed. For releases due to impacts and fires, an LPF of 0.5 was assumed. Estimated
releases to the atmosphere for this case are 321 grams (11 ounces) of plutonium-239 equivalent under the
lower throughput case, and 362 grams (13 ounces) of plutonium-239 equivalent under the higher
throughput case. Of these releases, materials associated with the Surplus Plutonium Disposition Program
would account for approximately 18 percent of the release under the lower throughput case and
32 percent under the higher throughput case.
The frequency of an earthquake that results in wide-scale damage and loss of confinement for the
building, coupled with a widespread seismically initiated fire, was estimated to be in the range of 1 × 10-5
to 1 × 10-7 per year or lower (extremely unlikely to beyond extremely unlikely) (see footnote 12).
SEIS Beyond-Design-Basis Accident – Earthquake-Induced Collapse plus Fire Scenario. The SEIS
Scenario relies on the more realistic total collapse scenario analyzed in the addendum to the current DSA.
While some of the key factors used for the PF-4 analysis are higher and others lower than those used for
the SRS facilities, the overall level of conservatism is similar. Therefore, the more realistic analysis in the
DSA addendum discussed for the Safety Basis Beyond-Design-Basis Accident – Earthquake-Induced
Collapse plus Fire Scenario is also used as the basis for the SEIS Beyond-Design-Basis Accident –
Earthquake-Induced Collapse plus Fire Scenario in the current analysis.
Wildfires. The potential impacts of wildfires on LANL were evaluated in Appendix D of the
2008 LANL SWEIS (DOE 2008b). Wildfires are a reasonably expected event in the region; in the
LANL SWEIS, the annual frequency of occurrence was estimated to be 0.05 (once every 20 years). The
evaluation included in the LANL SWEIS identified the facilities most at risk of radiological release in the
event of a wildfire and did not include any buildings in TA-55. Wildfires such as the Las Conchas fire of
June 2011 and Cerro Grande fire of May 2000 are not expected to threaten these facilities because the
shells of these facilities are constructed of noncombustible materials and a buffer area free of combustible
materials is maintained around them. In recognition of the hazards of wildfire, forests are thinned as part
of the ongoing Wildfire Mitigation Program at LANL. The purpose of the thinning is to reduce the fuel
load available in the event of a fire.
A wildfire in the LANL region could indirectly affect operations at LANL by interrupting electrical
services and limiting access to roadways. In the event of a wildfire, the LANL emergency operations
center would be activated and, as with the Las Conchas fire, if determined to be necessary, LANL and the
townsite would be preemptively evacuated. If a regional wildfire disrupted the power provided to PF-4,
emergency backup power would be provided locally to maintain the most important systems. Emergency
backup power would be provided to PF-4 by the TA-3 power plant. Emergency backup generators
dedicated to PF-4 would provide power to that facility. Plutonium materials stored within LANL
plutonium facilities or in ongoing operations are generally stable in their configuration and would not
require active cooling systems to keep them stable. Therefore, maintenance of power is not necessary to
prevent significant releases to the environment.
Volcanism. A preliminary evaluation of volcanic hazards at LANL was reported in the Preliminary
Volcanic Hazards Evaluation for Los Alamos National Laboratory Facilities and Operations
(Keating et al. 2010). Based on an evaluation of information on the volcanic history of the region
surrounding LANL, the report described the potential volcanic hazards to LANL from future eruptions in
the region. The preliminary calculation of the recurrence rate for silicic eruptions is about 1 × 10-5 per
year in the Valles caldera study region. Similarly, the preliminary calculation of the recurrence rate for
basaltic eruptions along the Rio Grande rift is 2 × 10-5 per year. These recurrence rates were calculated
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by dividing the number of eruptive events by the active eruption period. The estimates of past
recurrences rate are not the same as the probability of future eruptions that might affect a given facility.
Although it cannot be ruled out, volcanism in the vicinity of TA-55 within the lifetime of the PF-4
operations is unlikely (Keating 2011).
DOE Standard: Natural Phenomena Hazards Site Characterization Criteria (DOE-STD-1022-94)
identifies the potential hazards associated with volcanoes, including lava flows, ballistic projections, ash
falls, pyroclastic flows and debris avalanches, mud flows and flooding, seismic activity, ground
deformation, tsunami, atmospheric effects, and acid rains and gases (DOE 2002c). The primary hazard to
PF-4 from a silicic eruption would likely be fallout of volcanic ash and pumice from a silicic volcanic
eruption plume. Based on the areal distribution of the deposits from past eruptions, the high terrain of the
caldera rim to the west of LANL is expected to limit the eastward extent of lava flows and pyroclastic
flows. Hazards from ballistic projections, ground deformation, and volcanic gases are also expected to be
limited to a similar area within the topographic rim of the Valles caldera to the west of LANL. In the
absence of local bodies of surface water, tsunamis are not expected to pose a hazard to TA-55.
Atmospheric effects (volcanogenic thunderstorms with lightning) and acid rains may affect facilities at
TA-55, but are not expected to result in acute effects on operations and materials within the confines
of PF-4.
Ash fall may produce roof loading; loadings associated with ash fall may be sufficient to exceed design
load limits for the TA-55 facilities. In that event, structural failure could occur. In such case, vaults and
interior rooms should remain relatively intact. A related hazard would be secondary mobilization of ash
fall by rain, forming mudflows. This possible hazard would be naturally mitigated by the relatively low
slopes at TA-55 and the presence of deep canyons that would channel flows from the Jemez Mountains
west of Los Alamos.
Lava flows may engulf or bury surface infrastructure and buildings. Basaltic lava flows may extend
several kilometers from a vent and be up to several meters thick, with a temperature of 1,652 to 2,192 °F
(900 to 1,200 °C). Explosions and surges may damage surface and subsurface facilities within several
hundred meters of a vent. Because ash falls have the potential to affect large areas, the probability of
volcanism producing an eruptive vent, explosions and surges, or lava flows near the area of TA-55 likely
would be lower than the probability of ash fall affecting TA-55.
Based on the expected similarities between the facility impacts of a seismically induced spill plus fire
event and the volcanic ash fall event, it is expected that the seismically induced event would result in
consequences and risks similar to or greater than those for the volcanic ash fall event. The PF-4 seismic
scenarios conservatively assumed that the following mechanisms would be available for release: powder
spills such as those associated with the seismically initiated building collapse; localized fire-induced
pressurized releases of powder from storage containers; and localized fires such as those associated with
the fire scenario. Localized fire-induced pressurized releases of powder from a limited number of storage
containers were assumed to occur. Typical temperatures of ash falls, as indicated by the Pinatubo and
Mount St. Helens eruptions are relatively cool (less than 86 °F [30 °C]) (Keating 2011) and should not
significantly impact the probability of fires associated with structural failures.
Because the release associated with structural failure resulting from ash fall loads is driven by the same
physical phenomena, the MAR and the release mechanisms should be similar to those for the analyzed
seismic events. Thus, conservative DRs and respirable release fractions applied to the material released
as a result of impact or thermal stress for seismic events are applicable to the volcanic ash fall event.
The building LPF conservatively assumed for the seismic analysis is expected to be the same as or higher
than the LPF associated with volcanic ash fall events because the ash would contribute to the tortuousness
of the leak path.
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The frequency of the earthquake that results in wide-scale damage and loss of confinement for the
building (on the order of once in 100,000 years), coupled with a widespread seismically initiated fire, was
conservatively assumed to be 0.00001 per year for risk calculation purposes. This is expected to be the
same order of magnitude as the upper limit for the volcanic events described above.
Airplane crash. The potential release of radioactive materials from an unintentional airplane crash into a
building was considered in the safety documents. In accordance with DOE Standard 3014, an aircraft
impact analysis was performed for PF-4 (LANL 2013). This analysis concluded that the largest aircraft
that would exceed the DOE Standard 3014 evaluation guideline of 10-6 (1 chance in 1 million) per year
for an aircraft crash into PF-4 would be a general aviation aircraft (LANL 2013). The overall probability
of an aircraft crashing into PF-4 in a given year was calculated to be 5.6 × 10-6. Accident impacts from
larger aircraft were not considered further in this SPD Supplemental EIS. The impacts of a general
aviation aircraft crash into PF-4 were evaluated and the facility structure and interior gloveboxes and
containers are robust enough that only minor interior spills, but no substantial release from the building,
are expected. This accident is bounded by other accidents addressed in this SPD Supplemental EIS.
Accident scenarios and source terms for pit disassembly and conversion capability in PF-4 are presented
in Table D–9.
Table D–9 Accident Scenarios and Source Terms for the Los Alamos National Laboratory
Plutonium Facility Pit Disassembly and Conversion Capability
Accident
Frequency (per year)

Scenario

MAR
(grams Pu) a

DR

ARF

RF

LPF

Release
(grams) a

Criticality
1 × 10-4 to 1 × 10-6
(extremely unlikely)

Safety-Basis
& SEIS
Scenario

–

–

–

–

–

1 × 1019
fissions

Spill in ARIES
1 × 10-4 to 1 × 10-6
(extremely unlikely)

Safety-Basis
Scenario

4,500

1

0.002

0.3

0.05

0.14 Pu
0.28 PuE

SEIS
Scenario

4,500

1

0.002

0.3

0.005

0.014 Pu
0.028 PuE

Glovebox fire in the pyrochemical metal preparation
1 × 10-4 to 1 × 10-6
(extremely unlikely)

Safety-Basis
Scenario

9,000

1

0.0005

0.5

0.1

0.22 Pu
0.48 PuE

SEIS
Scenario

9,000

1

0.0005

0.5

0.005

0.011 Pu
0.024 PuE

Fire in TA-55 vault
1 × 10-5 to 1 × 10-7
(extremely unlikely to beyond
extremely unlikely)

Safety-Basis
Scenario

1.5 × 106

1

0.0005

0.5

0.05

19 Pu
39 PuE

SEIS
Scenario

1.5 × 106

0.1

0.0005

0.5

0.005

0.19 Pu
0.39 PuE

Hydrogen deflagration
resulting from the dissolution
of plutonium metal
1 × 10-5 to 1 × 10-7
(extremely unlikely to beyond
extremely unlikely)

Safety-Basis
Scenario

1,040 in salts

1

0.2

1

0.05

1,040 in PuO2

1

0.005

0.3

0.05

10 Pu
22 PuE
0.078 Pu
0.16 PuE

1,040 in salts

1

0.2

1

0.005

1,040 in PuO2

1

0.005

0.3

0.005

SEIS
Scenario

1.0 Pu
2.2 PuE
0.0078 Pu
0.016 PuE
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Accident
Frequency (per year)
Design-basis earthquake with
spill (spill contribution only) a
1 × 10-4 to 1 × 10-6
(extremely unlikely)

Design-basis earthquake with
fire (fire contribution only) a
1 × 10-4 to 1 × 10-6
(extremely unlikely)

Design-basis earthquake with
spill plus fire b
1 × 10-4 to 1 × 10-6
(extremely unlikely)

Beyond-design-basis
accident – earthquakeinduced collapse plus fire c
1 × 10-5 to 1 × 10-7
(extremely unlikely to beyond
extremely unlikely)

Scenario
Bounding
Safety-Basis
Scenario

MAR
(grams Pu) a
2.6 × 106 in metal
oxides and salts,
including 3.8 × 105
to 6.4 × 105 for SPD

DR
1

ARF
Varies

RF
Varies

LPF
0.05 Pu
1 tritium

Release
(grams) a
82 PuE
(2 MT case)
121 PuE
(35 MT case)

SEIS
Scenario

2.6 × 106 in metal
oxides and salts,
including 3.8 × 105
to 6.4 × 105 for SPD

0.25

Varies

Varies

0.005 Pu
1 tritium

2.0 PuE
(2 MT case)
3.0 PuE
(35 MT case)

Bounding
Safety-Basis
Scenario

2.6 × 106 in metal
oxides and salts,
including 3.8 × 105
to 6.4 × 105 for SPD

1

Varies

Varies

0.18 Pu
1 tritium

169 PuE
(2 MT case)
306 PuE
(35 MT case)

SEIS
Scenario

2.6 × 106 in metal
oxides and salts,
including 3.8 × 105
to 6.4 × 105 for SPD

0.25

Varies

Varies

0.005 Pu
1 tritium

1.8 PuE
(2 MT case)
3.0 PuE
(35 MT case)

Bounding
Safety-Basis
Scenario

2.6 × 106 in metal
oxides and salts,
including 3.8 × 105
to 6.4 × 105 for SPD

1

Varies

Varies

SEIS
Scenario

2.6 × 106 in metal
oxides and salts,
including 3.8 × 105
to 6.4 × 105 for SPD

0.25

Varies

Varies

Varies

Varies 0.3 to 0.5 Pu
1 tritium

Safety-Basis
Addendum
and SEIS
Scenario

1.2 × 107 in metal Varies
oxides and salts,
including 3.8 × 105
to 6.4 × 105 for SPD

Spill
250 PuE
portion: 0.05 (2 MT case)
Pu
427 PuE
Fire portion: (35 MT case)
0.18 Pu
1 tritium
0.005 Pu
1 tritium

3.8 PuE
(2 MT case)
6.0 PuE
(35 MT case)
321 PuE
(2 MT case)
362 PuE
(35 MT case)

ARIES = Advanced Recovery and Integrated Extraction System; ARF = airborne release fraction; DR = damage ratio;
LPF = leak path factor; MAR = material at risk; MT = metric tons; Pu = plutonium; PuE = plutonium-239 dose equivalent;
PuO2 = plutonium dioxide; RF = respirable fraction; SEIS = Supplemental Environmental Impact Statement; SPD = surplus
plutonium disposition; TA = technical area.
a
The material at risk for facility process accidents included only material associated with the Surplus Plutonium Disposition
Program; the specific mix of isotopes is classified so this material is presented as plutonium (Pu) in this table. After the
release was calculated, this material was converted to a dose-consequence equivalent amount of plutonium-239 (PuE) for
impacts analysis. The releases associated with natural phenomena-initiated accidents were based on a range of different
plutonium mixtures and are presented only as plutonium-239 equivalents.
b
Reported releases are for 2,600 kilograms of material at risk on the first floor of PF-4. Materials associated with the Surplus
Plutonium Disposition Program would account for approximately 37 to 50 percent of the release for the lower throughput
(2 metric tons) case and 63 to 74 percent for the higher throughput (35 metric tons) case.
c
Reported releases are for the entire quantity of material at risk in PF-4. Materials associated with the Surplus Plutonium
Disposition Program would account for approximately 18 percent of the release for the lower throughput (2 metric tons) case
and 32 percent for the higher throughput (35 metric tons) case. Releases associated with this scenario reflect use of more
realistic parameters, particularly for the ARF and RF, than those assumed for the bounding safety-basis scenario; releases for
the bounding safety-basis scenario would be a factor of 31 to 34 higher.
Note: To convert grams to ounces, multiply by 0.035274.
Source: LANL 2013.
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D.2
D.2.1

Radiological Impacts of Facility Accidents
K-Area Storage/K-Area Interim Surveillance Capability

Table D–10 summarizes the impacts related to various accident scenarios for K-Area storage and the KIS
capability based on the source terms from Table D–1. Because only limited materials would be present at
KIS, and there are few sources of energy, the likelihood of a major accident is very remote. Most
incidents would not involve much energy, and any spill would be confined to the glovebox, with no
radiological impact. For the bounding accidents identified in the KIS DSA Addendum (WSRC 2006),
radiological impacts on workers in the immediate vicinity of the incident and on those exposed to released
material could be relatively high. The radiological impacts from beyond-design-basis earthquakes on
involved and noninvolved workers could be high as well, but these seismic events would be of sufficient
magnitude that the workers also would be at substantial risk of injury or death due to falling structural
materials.
D.2.2

Pit Disassembly and Conversion Facility at F-Area

The potential source terms and consequences of postulated bounding facility accidents for PDCF are
presented in Table D–11. These scenarios and source terms were identified in Table D–2 and are based
on accident scenarios and source terms summarized for purposes of this SPD Supplemental EIS in the
PDC NEPA Source Document (DOE/NNSA 2012). For several scenarios, the accident sequences and
source terms developed in the safety analyses did not take credit for designated safety controls that are
expected to continue functioning during and after design-basis accidents. For these bounding accidents,
the source terms developed may not be credible, and these accident frequencies are considered “extremely
unlikely to beyond extremely unlikely.”
D.2.3

Pit Disassembly and Conversion Project at K-Area

The potential source terms and consequences of postulated bounding facility accidents for PDC are
presented in Table D–12. These scenarios and source terms were identified in Table D–3 and are based
on accident scenarios summarized for purposes of this SPD Supplemental EIS in the PDC NEPA Source
Document (DOE/NNSA 2012). For several scenarios, the accident sequences and source terms developed
in the safety analyses did not take credit for designated safety controls that are expected to continue
functioning during and after design-basis accidents. For these bounding accidents, the source terms
developed may not be credible, and these accident frequencies are considered “extremely unlikely to
beyond extremely unlikely.”
D.2.4

Pit Disassembly Capability at the K-Area Complex

The potential source terms and consequences of postulated bounding facility accidents for pit disassembly
are presented in Table D–13. These scenarios and source terms were identified in Table D–4 and are
based on accident scenarios summarized for purposes of this SPD Supplemental EIS in the PDC NEPA
Source Document (DOE/NNSA 2012). For several scenarios, the accident sequences and source terms
developed in the safety analyses did not take credit for designated safety controls that are expected to
continue functioning during and after design-basis accidents. For these bounding accidents, the source
terms developed may not be credible, and these accident frequencies are considered “extremely unlikely
to beyond extremely unlikely.”
D.2.5

Immobilization Capability at K-Area

The potential source terms and consequences of postulated bounding facility accidents for the K-Area
immobilization capability that were identified in Table D–5 are presented in Table D–14. For this
facility, all of the plutonium involved is assumed to be non-pit plutonium. This material is assumed to
have an americium-241 content of 6.25 percent. The relative inhalation hazard of this material is
6.47 times higher than that of plutonium-239 and about 3.1 times more hazardous than weapons-grade
plutonium. If the accidents involved pit plutonium instead of non-pit plutonium, the plutonium-239-doseequivalent MAR, doses, and risks would be about a factor of 3.1 lower than those reported in Table D–14.
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Table D–10 Accident Impacts for the K-Area Storage/K-Area Interim Surveillance
Impacts on
Noninvolved Worker
Accident

Source Term a
(grams)

Frequency
(per year)

Dose
(rem)

Probability of
an LCF c

Impacts on an MEI at the
Site Boundary b
Dose
(rem)

Probability of
an LCF c

Impacts on Population within
50 Miles
Dose
(person-rem)

LCFs d

Not credible

–

–

–

–

–

–

5.7 PuE

Extremely unlikely to
beyond extremely unlikely

4.5

3 × 10-3

0.18

1 × 10-4

52

0 (0.03)

Explosion (deflagration of 3013 can
during puncturing; can assumed to be
at 700 psig)

3.2 PuE

Extremely unlikely to
beyond extremely unlikely

2.5

2 × 10-3

0.10

6 × 10-5

29

0 (0.02)

Design-basis earthquake-vibration
release

0.20 PuE

Unlikely

0.16

9 × 10-5

0.0063

4 × 10-6

1.8

0 (0.001)

Beyond-design-basis fire
(unmitigated transuranic waste drum
fire)

1.3 PuE

Beyond extremely unlikely

1.4

9 × 10-4

0.042

3 × 10-5

12

0 (0.007)

Beyond-design-basis earthquake with
fire (bounded by unmitigated
pressurized 3013 can due to an
external fire and vault release
[1,000 psig])

280 PuE

Beyond extremely unlikely

310

0.4

9.1

5 × 10-3

2,500

2

KIS = K-Area Interim Surveillance; LCF = latent cancer fatality; MEI = maximally exposed individual; psig = pounds per square inch gauge; PuE = plutonium-239 dose equivalent;
rem = roentgen equivalent man.
a
Calculated using the source terms in Table D–1.
b
A site boundary distance of 5.5 miles was used.
c
For hypothetical individual doses equal to or greater than 20 rem, the probability of a latent cancer fatality was doubled.
d
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers by 1.6093.
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–-

Fire in KIS vault with 3013 can
rupture at 1,000 psig

Criticality

Table D–11 Accident Impacts for the Pit Disassembly and Conversion Facility at F-Area
Impacts on Noninvolved Worker

Impacts on an MEI at the Site
Boundary b

Impacts on Population
within 50 Miles
Dose
(personLCFs d
rem)
1.5
0 (0.0009)
40
0 (0.02)

Frequency
(per year)
Extremely unlikely
Extremely unlikely

Dose
(rem)
0.073
0.77

Probability of
an LCF c
4 × 10-5
5 × 10-4

Dose
(rem)
0.0051
0.088

Probability of
an LCF
3 × 10-6
5 × 10-5

Multi-room fire

15 PuE

Extremely unlikely

3.4

2 × 10-3

0.039

2 × 10-4

180

0 (0.1)

Direct metal oxidation
glovebox fire

2.4 PuE

Extremely unlikely

0.54

3 × 10-4

0.062

4 × 10-5

28

0 (0.02)

Overpressurization of oxide
storage cans

20 PuE

Extremely unlikely

4.5

3 × 10-3

0.52

3 × 10-4

240

0 (0.1)

Accident
Criticality
Product NDA room fire

Extremely unlikely to
1.7
1 × 10-3
0.20
1 × 10-4
91
beyond extremely
unlikely
Beyond-design-basis
650 PuE
Extremely unlikely to
720
1
19
1 × 10-2
7,900
earthquake with fire
beyond extremely
unlikely
LCF = latent cancer fatality; MEI = maximally exposed individual; NDA = nondestructive assay; PuE = plutonium-239 dose equivalent; rem = roentgen equivalent man.
a
Calculated using the source terms in Table D–2.
b
A site boundary distance of 5.85 miles was used.
c
Individual doses in excess of 400 to 450 rem are assumed to result in a fatality.
d
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers, by 1.6093.
Design-basis earthquake with
fire (limited)

7.7 PuE

0 (0.05)
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Source Term a
(grams)
1 × 1019 fissions
3.4 PuE
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Table D–12 Accident Impacts for the Pit Disassembly and Conversion Project at K-Area
Impacts on Noninvolved Worker
Dose
Probability of
an LCF c
(rem)
0.065
4 × 10-5
0.38
2 × 10-4

Impacts on an MEI at the Site
Boundary b
Dose
Probability of
(rem)
an LCF
0.0055
3 × 10-6
0.056
3 × 10-5

Impacts on Population
within 50 Miles
Dose
LCFs d
(person-rem)
1
0 (0.0006)
18
0 (0.01)

Frequency
(per year)
Extremely unlikely
Extremely unlikely

2.1 PuE

Extremely unlikely

0.39

2 × 10-4

0.058

4 × 10-5

19

0 (0.1)

5.3 PuE

Extremely unlikely

1.0

6 × 10-4

0.15

9 × 10-5

47

0 (0.03)

Overpressurization of oxide
storage cans

12 PuE

Extremely unlikely

2.3

1 × 10-3

0.33

2 × 10-4

110

0 (0.06)

Design-basis earthquake with
fire
Beyond-design-basis
earthquake with fire

6.5 PuE

Extremely unlikely

1.2

7 × 10-4

0.18

1 × 10-4

58

0 (0.03)

Accident
Criticality
Fire in direct metal oxidation
glovebox
Product NDA room fire with
pit plutonium
Multi-room fire

Extremely unlikely to
770
1
22
3 × 10-2
6,300
4
beyond extremely
unlikely
LCF = latent cancer fatality; MEI = maximally exposed individual; NDA = nondestructive assay; PuE = plutonium-239 dose equivalent; rem = roentgen equivalent man.
a
Calculated using the source terms in Table D–3. All design-basis releases would be through a new HEPA filter and stack, assumed to be 150 feet high.
b
A site boundary distance of 5.5 miles was used.
c
For hypothetical individual doses equal to or greater than 20 rem, the probability of a latent cancer fatality was doubled. Individual doses in excess of 400 to 450 rem are assumed to
result in a fatality.
d
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers, by 1.0693.
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Source Term a
(grams)
1 × 1019 fissions
2.0 PuE

Table D–13 Accident Impacts for the Pit Disassembly Capability in the K-Area Complex
Impacts on Noninvolved Worker
Dose
Probability of
(rem)
an LCF
0.18
1 × 10-4

Impacts on an MEI at the Site
Boundary b
Dose
Probability of
(rem)
an LCF
0.0066
4 × 10-6

Impacts on Population
within 50 Miles
Dose
LCFs c
(person-rem)
1.1
0 (6 × 10-4)

Frequency
(per year)
Extremely unlikely

Multi-room fire

0.0052 PuE

Extremely unlikely

0.0041

2 × 10-6

0.00016

1 × 10-7

0.047

0 (3 × 10-5)

Design-basis earthquake with
fire (limited)

0.011 PuE

Extremely unlikely

0.0087

5 × 10-6

0.00035

2 × 10-7

0.010

0 (6 × 10-5)

8.0

0 (5 × 10-3)

Accident
Criticality

Extremely unlikely to
0.98
6 × 10-4
0.029
2 × 10-5
beyond extremely
unlikely
LCF = latent cancer fatality; MEI = maximally exposed individual; PuE = plutonium-239 dose equivalent; rem = roentgen equivalent man.
a
Calculated by using the source terms in Table D–4.
b
A site boundary distance of 5.5 miles was used.
c
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers, by 1.6093.
Beyond-design-basis
earthquake with fire

0.88 PuE
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Source Term a
(grams)
1 × 1019 fissions

D-67

D-68

Table D–14 Accident Impacts for the Can-in-Can Immobilization Capability at K-Area
Impacts on Noninvolved Worker

Impacts on an MEI at the
Site Boundary b

Impacts on Population
within 50 Miles

Frequency
(per year)

Dose
(rem)

Probability of
an LCF c

Dose
(rem)

Probability of
an LCF

Dose
(person-rem)

LCFs d

Criticality

1 × 1019
fissions

Extremely unlikely

0.1

6 × 10-5

0.0061

4 × 10-6

1.1

0 (6 × 10-4)

Explosion in direct metal
oxidation furnace

70 PuE

Extremely unlikely to
beyond extremely
unlikely

27

3 × 10-2

2.1

1 × 10-3

630

0 (4 × 10-1)

Glovebox fire (direct
metal oxidation furnace)

0.00084 PuE

Extremely unlikely

0.00033

2 × 10-7

0.000025

2 × 10-8

0.0076

0 (5 × 10-6)

Melter eruption

0.018 PuE

Unlikely

0.0070

4 × 10-6

0.00054

3 × 10-7

0.16

0 (1 × 10-4)

Melter spill

0.011 PuE

Unlikely

0.0043

3 × 10-6

0.00033

2 × 10-7

-4

Design-basis earthquake

1.1 PuE

Unlikely

0.43

3 × 10

Beyond-design-basis
earthquake

11 PuE

Extremely unlikely to
beyond extremely
unlikely

12

7 × 10-3

0.099

0 (6 × 10-5)

0.033

2 × 10

-5

9.9

0 (6 × 10-3)

0.36

2 × 10-4

100

0 (6 × 10-2)

LCF = latent cancer fatality; MEI = maximally exposed individual; PuE = plutonium-239 dose equivalent; rem = roentgen equivalent man.
a
Calculated using the source terms in Table D–5. Materials at risk are assumed to be non-pit plutonium. If accidents involved pit plutonium, the plutonium-239-dose-equivalent
materials at risk, doses, and risks would be about a factor of 3.1 lower.
b
A site boundary distance of 5.5 miles was used.
c
For hypothetical individual doses equal to or greater than 20 rem, the probability of a latent cancer fatality was doubled.
d
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers, by 1.6093.
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Source Term a
(grams)

Accident

Appendix D – Evaluation of Human Health Effects from Facility Accidents

D.2.6
Mixed Oxide Fuel Fabrication Facility
The potential source terms and consequences of postulated bounding facility accidents at MFFF are
presented in Table D–15. These scenarios and source terms were identified in Table D–6 and are based
on accident scenarios and source terms developed for the SPD EIS (DOE 1999) and the MFFF EIS
(NRC 2005) for the MFFF and the PDC NEPA Source Document (DOE/NNSA 2012) for the optional
metal oxidation process. If a metal oxidation process were added to the MFFF, the incremental and total
impacts are also listed.
D.2.7

Waste Solidification Building

The potential source terms and consequences of postulated bounding facility accidents for each facility
option are presented in Table D–16. These scenarios and source terms for WSB were identified in
Table D–7 and are based on accident scenarios and source terms developed for the WSB DSA
(WSRC 2009). For several scenarios, the accident sequences and source terms developed in the
WSB DSA did not take credit for designated safety controls that are expected to continue functioning
during and after design-basis accidents. For these bounding accidents, the source terms developed may
not be credible, and the accident frequencies for scenarios with source terms of the magnitude indicated
are likely “extremely unlikely to beyond extremely unlikely” even though the table may indicate that the
frequency of some of the accidents may be “unlikely.”
D.2.8

H-Canyon/HB-Line

The potential source terms and consequences for the postulated bounding facility accidents identified in
Table D–8 for H-Canyon and HB-Line are presented in Table D–17. These scenarios and source terms
were developed for surplus plutonium processing activities only and do not reflect other H-Canyon and
HB-Line activities, including plutonium-238 and legacy contamination activities.
The H-Canyon safety documents (SRNS 2011a) evaluated a seismic event that results in damage to
H-Canyon containment followed by fires that occur in the Hot Crane Maintenance Area, Truck Well, and
Railroad Tunnel. This event was evaluated with both building confinement and the sand filters
functioning as expected and with the hypothetical unmitigated case and a LPF of 1. For the postulated
design basis seismic event with fires, the MEI dose at the site boundary was estimated to be 0.36 rem, a
much larger value than that found for H-Canyon-related surplus plutonium procession activities. For the
unmitigated case, with a hypothetical LPF of 1, the MEI dose was found to be 12 rem. A beyond-designbasis seismic event followed by multiple fires was postulated to involve more material at risk, but was not
evaluated in detail. If a more realistic LPF of 0.25 were assumed, the MEI doses for non-SPD activities
would be similar to those for H-Canyon and HB-Line activities.
At HB-Line, the postulated surplus plutonium disposition activities MAR is similar to the administrative
limits in place for activities on the fifth and sixth levels that would support the proposed processing.
Legacy equipment and process cabinets on the third and fourth levels contain some plutonium-238
contamination, but the safety documents (SRNS 2011b) indicate that even widespread fires on those
levels with an unmitigated release would result in small offsite doses compared to the postulated process
operations. Thus, the projected impacts to the public from a beyond-design-basis earthquake that causes
failure of building confinement for H-Canyon and HB-Line are dominated by the postulated MAR
associated with processing activities in HB-Line.
D.2.9

Los Alamos National Laboratory Plutonium Facility

The potential source terms and consequences for the postulated bounding facility accidents identified in
Table D–9 for PF-4 are presented in Table D–18. These scenarios and source terms were developed for
surplus plutonium processing activities in addition to ongoing activities. The impacts correspond to the
SEIS Scenario source terms from Table D–9. The Safety-Basis Scenario source terms would yield higher
dose impacts. Those impacts can be calculated by multiplying the Table D–18 impacts by the ratio of the
Safety-Basis Scenario source term to the SEIS Scenario source term.

D-69

D-70

Table D–15 Accident Impacts for the Mixed Oxide Fuel Fabrication Facility Including the Metal Oxidation Capability
Impacts on Noninvolved Worker
Accident
Criticality

Fire
Spill

Source Term a
(grams)

Frequency
(per year)

Dose
(rem)

1 × 1019 fissions

Extremely unlikely

0.0012 PuE

Extremely unlikely

1.1 × 10

8.3 × 10-6 PuE

Unlikely

7.9 × 10-6

5 × 10-9

3.5 × 10-7

-6

-9

-7

-5

Probability of an
LCF c

Dose (rem)

2.2 × 10-1

1 × 10-4

9.4 × 10-3

6 × 10-6

-3

-7

-5

-8

7 × 10

6 × 10

5.1 × 10

4.2 × 10

Impacts on Population
within 50 Miles

Probability of an Dose (personLCF
rem)

LCFs d

1.6

0 (9 × 10-4)

0.014

0 (9 × 10-6)

2 × 10-10

0.00010

0 (6 × 10-8)

-10

0.00012

0 (7 × 10-8)

3 × 10

1.0 × 10 PuE

Extremely unlikely

9.6 × 10

3 × 10

Metal oxidation capability
only: Fire in direct metal
oxidation glovebox causing
pressurized release of oxide
from cans and equipment e

0.0056 PuE

Extremely unlikely

5.4 × 10-3

3 × 10-6

2.4 × 10-4

1 × 10-7

0.067

0 (4 × 10-5)

Design-basis earthquake

0.00017 PuE

Unlikely

1.6 × 10-4

1 × 10-7

7.2 × 10-6

4 × 10-9

0.0020

0 (1 × 10-6)

Beyond-design-basis fire

0.13 PuE

Beyond extremely
unlikely

1.4 × 10-1

9 × 10-5

5.6 × 10-3

3 × 10-6

1.6

0 (9 × 10-4)

Beyond-design-basis
earthquake induced fire –
additional metal oxidation
contribution

55 PuE

Beyond extremely
unlikely

61

7 × 10-2

2.4

1 × 10-3

670

0 (4 × 10-1)

Beyond-design-basis
earthquake (MFFF only)

20 PuE

Extremely unlikely to
beyond extremely
unlikely

22

3 × 10-2

0.86

5 × 10-4

240

0 (1 × 10-1)

Beyond-design-basis
earthquake (MFFF plus
metal oxidation in MFFF)

75 PuE

Extremely unlikely to
beyond extremely
unlikely

83

1 × 10-1

3.2

2 × 10-3

910

1 (5 × 10-1)

LCF = latent cancer fatality; MEI = maximally exposed individual; MFFF = Mixed Oxide Fuel Fabrication Facility; PuE = plutonium-239 dose equivalent;
rem = roentgen equivalent man.
a
Calculated using the source terms in Table D–6.
b
A site boundary distance of 4.67 miles was used.
c
For hypothetical individual doses equal or greater than 20 rem, probability of a latent cancer fatality was doubled.
d
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
e
Scenario parameters for the metal oxidation capability are from DOE/NNSA 2012.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers, by 1.6093.
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Explosion in sintering
furnace

Impacts on an MEI at the Site
Boundary b

Table D–16 Accident Impacts for the Waste Solidification Building

Accident

Source Term a
(grams
americium-241
dose equivalent)

Impacts on Noninvolved
Worker
Frequency
(per year)

Dose
(rem)

Probability of
an LCF c

Impacts on an MEI at the
Site Boundary b
Dose
(rem)

Probability of
an LCF

Impacts on Population
within 50 Miles
Dose
(person-rem)

LCFs d

Not credible

–

–

–

–

–

–

0.00014

Extremely unlikely

0.010

6 × 10-6

0.00046

3 × 10-7

0.13

0 (8 × 10-5)

High-Activity Waste
Process Room fire

5.5 × 10-6

Extremely unlikely

0.00042

3 × 10-7

0.000019

1 × 10-8

0.0053

0 (3 × 10-6)

Leak/spill

7.2 × 10-5

Unlikely

0.0055

3 × 10-6

0.00024

1 × 10-7

0.069

0 (4 × 10-5)

0.00046

3 × 10

-7

0.13

0 (8 × 10-5)

Design-basis earthquake
Aircraft crash
Beyond-design-basis red oil
explosion
Beyond-design-basis
earthquake

-6

0.00014

Unlikely

0.010

6 × 10

0.55

Beyond extremely
unlikely

49

6 × 10-2

1.9

1 × 10-3

530

0 (3 × 10-1)

0.0042

Beyond extremely
unlikely

0.32

2 × 10-4

0.014

8 × 10-6

4

0 (2 × 10-3)

0.18

Extremely unlikely to
beyond extremely unlikely

16

1 × 10-2

0.62

4 × 10-4

180

0 (1 × 10-1)

LCF = latent cancer fatality; MEI = maximally exposed individual; rem = roentgen equivalent man.
a
Calculated using the source terms and scenarios in Table D–7.
b
A site boundary distance of 4.67 miles was used.
c
For hypothetical individual doses equal or greater than 20 rem, probability of a latent cancer fatality was doubled.
d
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers, by 1.6093.
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-

High-activity waste process
vessel hydrogen explosion

Criticality

D-71

D-72

Table D–17 Accident Impacts for H-Canyon/HB-Line
Impacts on Noninvolved
Worker
Accident a
Criticality

Fire (level-wide in HB-Line)

Impacts on Population
within 50 Miles

Source Term b
(grams)

Frequency
(per year)

Dose
(rem)

Probability of
an LCF d

Dose (rem)

Probability of
an LCF d

Dose
(person-rem)

LCFs e

1.0 × 1019 fissions

Extremely unlikely

0.034

2 × 10-5

0.0028

2 × 10-6

1.3

0 (0.0008)

-5

0.0046

3 × 10-6

3.1

0 (0.002)

0.41

2 × 10-4

280

0 (0.2)

0.016

9 × 10-6

11

0 (0.006)

0.29 PuE

Extremely unlikely

0.017

1 × 10

26 PuE

Extremely unlikely

1.6

9 × 10-4
-5

1.0 PuE

Unlikely

0.060

4 × 10

Design-basis earthquake with
fire (H-Canyon)

0.071 PuE

Unlikely

0.0042

3 × 10-6

0.0011

7 × 10-7

0.76

0 (0.0005)

Design-basis earthquake with
fire (HB-Line)

26 PuE

Extremely unlikely

1.6

9 × 10-4

0.41

2 × 10-4

280

0 (0.2)

1,300 PuE
(ground level)

Extremely unlikely to
beyond extremely
unlikely

1,400

1

26

3 × 10-2

15,000

9

Leak/spill of nuclear material

(H-Canyon)

Beyond-design-basis
earthquake with fire

LCF = latent cancer fatality; MEI = maximally exposed individual; PuE = plutonium-239 dose equivalent; rem = roentgen equivalent man.
a
These scenarios and source terms were developed for surplus plutonium processing activities only and do not reflect other H-Canyon and HB-Line activities, including plutonium-238
and legacy contamination activities. The projected doses from these other activities are similar to or smaller than those indicated above.
b
Calculated using the scenarios and source terms in Table D–8. These scenarios and source terms were developed for surplus plutonium processing activities only and do not reflect
other H-Canyon and HB-Line activities, including plutonium-238 and legacy contamination activities.
c
A site boundary distance of 7.3 miles was used.
d
For hypothetical individual doses equal to or greater than 20 rem, the probability of a latent cancer fatality was doubled. Individual doses in excess of 400 to 450 rem are assumed to
result in a fatality.
e
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
Note: To convert grams to ounces, multiply by 0.035274; miles to kilometers, by 1.6093.
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Hydrogen explosion in
H-Canyon dissolver

Impacts on an MEI at the Site
Boundary c

Table D–18 Accident Impacts for the Los Alamos National Laboratory Plutonium Facility

Accident

Frequency
(per year)
Extremely unlikely
Extremely unlikely
Extremely unlikely

0.39 PuE

Extremely unlikely to
beyond extremely unlikely
Extremely unlikely to
beyond extremely unlikely

2.2 PuE

Impacts on an MEI at the
Site Boundary b
Dose
Probability of
an LCF c
(rem)
0.017
1 × 10-5
0.0014
9 × 10-7
0.0012
7 × 10-7

Impacts on Population within
50 Miles
Dose
LCFs d
(person-rem)
3.5
0 (0.002)
0.31
0 (0.0002)
0.28
0 (0.0002)

0.025

0.00002

0.0046

3 × 10-6

3.4

0 (0.002)

3.7

0.002

0.11

7 × 10-5

26

0 (0.02)

D-73

2.0 PuE
Extremely unlikely
3.5
0.002
0.10
6 × 10-5
24
0 (0.01)
(2 MT case)
3.0 PuE
5.1
0.003
0.15
9 × 10-5
36
0 (0.02)
(35 MT case)
Design-basis earthquake with fire
1.8 PuE
Extremely unlikely
3.0
0.002
0.088
5 × 10-5
21
0 (0.01)
(fire contribution only) e, f
(2 MT case)
3.0 PuE
5.0
0.003
0.15
9 × 10-5
35
0 (0.02)
(35 MT case)
Design-basis earthquake with spill
3.8 PuE
Extremely unlikely
6.5
0.004
0.19
1 × 10-4
45
0 (0.03)
plus fire e, f
(2 MT case)
6.0 PuE
10
0.006
0.30
2 × 10-4
71
0 (0.04)
(35 MT case)
Beyond-design-basis accident –
321 PuE
Extremely unlikely to
550
1
16
1 × 10-2
3,800
2
earthquake-induced collapse plus
(2 MT case)
beyond extremely unlikely
fire e, g
362 PuE
620
1
18
1 × 10-2
4,300
3
(35 MT case)
ARIES = Advanced Recovery and Integrated Extraction System; LCF = latent cancer fatality; MEI = maximally exposed individual; MT = metric ton; PuE = plutonium-239 dose
equivalent; rem = roentgen equivalent man; TA-55 = Technical Area 55.
a
Calculated using the SEIS Scenario source terms in Table D–9. The Safety-Basis Scenario source terms would yield higher dose impacts. Those impacts can be calculated by
multiplying the Table D–18 impacts by the ratio of the Safety-Basis Scenario source term to the SEIS Scenario source term.
b
A site boundary distance of 0.75 miles was used.
c
For hypothetical individual doses equal to or greater than 20 rem, the probability of a latent cancer fatality was doubled. Individual doses in excess of 400 to 450 rem are assumed to
result in a fatality.
d
Numbers of LCFs in the population are whole numbers; the statistically calculated values are provided in parentheses for when the reported result is 1 or less.
e
Earthquake impacts assume a 10-minute puff release. For an 8-hour release, MEI doses would be 43 percent lower, non-involved worker doses would be 43 percent lower, and
population doses would be 2 percent lower due to additional wind dispersion.
f
Reported impacts are for 2,600 kilograms of material at risk on the first floor of PF-4. Materials associated with the Surplus Plutonium Disposition Program would account for
approximately 37 to 50 percent of the impacts for the lower throughput (2 metric tons) case and 63 to 74 percent for the higher throughput (35 metric tons) case.
g
Reported impacts are for the entire quantity of material at risk in PF-4. Materials associated with the Surplus Plutonium Disposition Program would account for approximately
18 percent of the impact for the lower throughput (2 metric tons) case and 32 percent for the higher throughput (35 metric tons) case.
Note: Sums and products presented in the table may differ from those calculated from table entries due to rounding. To convert grams to ounces, multiply by 0.035274; metric tons to
tons, by 1.1023; miles to kilometers, by 1.6093.
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Criticality
Spill in ARIES
Glovebox fire in the pyrochemical
metal preparation
Fire in TA-55 vault (elevated release
due to heat from the fire)
Hydrogen deflagration resulting
from the dissolution of plutonium
metal
Design-basis earthquake with spill
(spill contribution only) e, f

Source Term a
(grams)
1 × 1019 fissions
0.028 PuE
0.024 PuE

Impacts on Noninvolved
Worker
Dose
Probability of
an LCF c
(rem)
0.33
0.0002
0.048
0.00003
0.041
0.00002
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D.2.9.1 Potential Land Contamination Following Severe Earthquakes
Seismic events that result in failure of building containment of plutonium facilities have the potential to
release substantial quantities of plutonium, leading to concerns regarding surface contamination in the
immediate vicinity of the facility. Even for severe earthquakes that could lead to major damage within
the facility and building structure and failure of confinement systems, there should not be large energy
sources to drive the materials that would typically be used in PF-4 out of the damaged building and
rubble. Seismic collapse scenarios that result primarily in spills could release plutonium materials
through the rubble, but that material generally would not travel far from the building site. Seismic
collapse scenarios that involve large fires have the potential to loft materials such that transport of
radioactive materials downwind might result in land contamination at levels that could require monitoring
or additional actions.
Land contaminated with TRU waste material at levels above some screening level would likely require
additional monitoring and evaluations to determine whether cleanup were appropriate. Estimations of
land areas that might be contaminated are highly dependent on specific accident source terms and
meteorological modeling assumptions. This is because the amount of radioactive material that may
accumulate on the ground is highly dependent on the size of the particles that get through the building
rubble and are released to the environment (which determines how fast they settle back to the ground), the
specific accident conditions (e.g., whether or not a fire occurs), and specific meteorological conditions
during the earthquake. In general, unless there is a fire that can effectively loft the plutonium particles
into the air, most of the particles would return to the ground within a few hundred meters of the
building location.
Areas with contamination at levels above some screening level would potentially need further action,
such as radiation surveys or cleanup. Costs associated with these efforts, as well as continued monitoring
activities, could vary widely depending upon the characteristics of the contaminated area and could range
in the hundreds of million dollars per square kilometer for land decontamination (NASA 2006). In
addition to the potential direct costs of radiological surveys, potential cleanup, and monitoring following
an accident, there are potential secondary societal costs associated with the mitigation from
large-consequence accidents. Those costs could include, but may not be limited to, the following:


Temporary or longer-term relocation of residents



Temporary or longer-term loss of employment



Destruction or quarantine of agricultural products



Land use restrictions (which could affect real estate values, businesses, and recreational activities)



Public health effects and medical care

D.2.9.2 Combined Impacts from TA-55 Building Collapses and Fires Resulting from a
Beyond-Design-Basis Earthquake
If a very severe earthquake were to occur in the Los Alamos area, nearby individuals could receive
impacts from several facilities that might be damaged. Individuals close to and downwind from TA-55
might receive exposure from releases at the existing PF-4, other facilities in TA-55, and facilities in
adjacent TAs such as the Radiochemistry Building in TA-48 and waste management facilities in TA-50.
PF-4 was originally designed to withstand a peak horizontal ground acceleration of about 0.33 g, but it is
in the process of being upgraded to withstand higher seismic loadings. When all upgrades are complete,
PF-4 is expected to be able to survive the current design-basis earthquake (0.47 g) with limited releases.
The upgraded PF-4 and the other facilities would have multi-layered defenses to limit releases from
storage containers, gloveboxes, equipment, vaults, and the buildings. The release mechanisms for the
PF-4 or other facilities would be similar, and the total amount of radioactive material that could be
released would depend on the form of the material, but would be roughly proportional to the amounts of
D-74
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materials that might be at risk in each facility. Other facilities in TA-55 and adjacent TAs would likely
have much less MAR in a severe seismic event than PF-4.
D.3
D.3.1

Chemical Accidents
Savannah River Site

The potential for accidents involving hazardous chemicals associated with the proposed surplus
plutonium disposition operations to affect noninvolved workers or the public is quite limited. The
potential for hazardous chemical impacts on noninvolved workers and the public has been evaluated for
many of the facilities that might use larger quantities of hazardous chemicals (SRNS 2010; WGI 2005),
and no substantial impacts were found for noninvolved workers or the public. For the proposed pit
disassembly and conversion project, potential hazardous chemicals were screened to determine whether
any of the proposed chemicals or amounts that might be used poses a threat to collocated workers
100 meters (328 feet) from a spill or to an offsite individual. All potential concentrations from spills were
found to be below the applicable protective guidelines (DOE/NNSA 2012).
Existing SRS facilities were evaluated for hazardous chemical impacts. Controls, such as inventory
controls, are in place to limit those impacts. For example, the F/H Area Laboratory SAR indicates that
chemical inventories are low enough when compared to emergency response planning guidelines to
classify the facility as a general use facility in accordance with SRS guidelines (SRNS 2010).
Inventories of hazardous chemicals are maintained for each facility. The inventories for most chemicals
are small, and the chemical accident risks are primarily to workers directly handling the chemicals. DOE
safety programs are in place to minimize the risks to workers from both routine operations and accidents
involving these materials.
Regarding risks from handling toxic or hazardous chemicals, worker safety programs at SRS are enforced
via required adherence to Federal and state laws; DOE Orders and regulations; Occupational Safety and
Health Administration and U.S. Environmental Protection Agency (EPA) guidelines; and plans and
procedures for performing work, including training, monitoring, use of personal protective equipment,
and administrative controls. Although chemical inventories have varied to a limited extent in recent
years, administrative controls continually ensure that quantities do not approach those levels that pose
undue risk due to storage, concentration, bulk quantity, or logistical factors.
Because of SRS’s remote location and large size, there is no risk of chemical exposure to the surrounding
public population resulting from normal site operations or accidents. Nevertheless, monitoring efforts
and baseline studies are regularly performed. However, certain workers at SRS are at risk of chemical
exposure depending upon their job function and proximity to various sources.
D.3.2

Los Alamos National Laboratory

The research nature of PF-4 operations requires the use, handling, and storage of a large variety of
chemicals, but in relatively small quantities (e.g., a few grams to a few hundred liters). As such, there is
an extensive list of chemicals that may be present for programmatic purposes, with quantities of regulated
chemicals far below the threshold quantities set by EPA (40 CFR 68.130). The hazards associated with
these chemicals are well understood and, because of the small quantities, can be managed using standard
hazardous material and/or chemical handling programs. They pose minimal potential hazards to public
health and the environment in an accident condition. Prior to initiating a new activity, a probabilistic
hazards analysis would be performed to ensure that no onsite inventory exceeds the screening criterion of
DOE-STD-1189, Appendix B (DOE 2008a). Accidents involving small laboratory quantities of
chemicals would primarily present a risk to the involved worker in the immediate vicinity of the accident.
There are limited quantities of bulk quantities of chemicals stored at PF-4, and no bulk quantities would
be needed to support the surplus plutonium disposition activities.
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D.4

Uncertainties

The purpose of the analysis in this appendix is to compare the potential impacts from accidents related to
alternatives for disposition of surplus plutonium, including the pit disassembly and conversion options
and plutonium disposition options that may be implemented at SRS or LANL. The analyses are based on
studies, data, and models that introduce levels of uncertainty into the analyses. The following paragraphs
address recognized uncertainties in the analyses.
In the application of the MACCS2 v1.13.1 computer code, dose conversion factors from Federal
Guidance Report 11 (EPA 1988) were used. A more recent version of dose conversion factors has been
developed and is included in Federal Guidance Report 13 (EPA 1999). Using the updated dose
conversion factors in Federal Guidance Report 13, the estimated doses from DOE facility accidents would
increase for some key isotopes and decrease for other key isotopes. Overall, these differences are
expected to be well within the much larger uncertainties associated with what might actually happen
during an accident; for example, the amount of radioactive material that might actually escape a facility or
the weather conditions at the time of the accident.
The analysis estimated the risk of a latent fatal cancer as a result of exposure to radiation by applying a
constant factor of 0.0006 LCFs per rem or person-rem to all doses (except for individual doses of 20 rem
or larger, the risk factor is doubled). This linear no-threshold extrapolation is the standard method for
determining the health consequences of an accident, but may produce a misperception that these LCFs
would actually occur. In reality, many of the individuals in the affected population could receive such a
small dose of radiation that they would not suffer any health effects from the radiation. As discussed in
Appendix C, Section C.3, a number of radiation health scientists and organizations have expressed
reservations that the currently used cancer risk conversion factors, which are based on epidemiological
studies of high doses (doses exceeding 5 to 10 rem), may not apply at low doses. In addition, because the
affected population would receive increased health monitoring in the event of the accidents considered in
this SPD Supplemental EIS, early detection of cancers may result in a lower number of cancer fatalities in
the affected population than in a similar, unmonitored population. Nevertheless, the accident human
health risk analysis in this appendix uses the linear no-threshold dose risk assumption.
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EVALUATION OF HUMAN HEALTH EFFECTS FROM
TRANSPORTATION
E.1

Introduction

Transportation of any commodity involves a risk to both transportation crew members and members of
the public. This risk results directly from transportation-related accidents and indirectly from increased
levels of pollution from vehicle emissions, regardless of the cargo. The transport of certain materials,
such as hazardous or radioactive waste, can pose an additional risk due to the unique nature of the
material itself. To permit a complete appraisal of the environmental impacts of the alternatives, the
human health risks associated with the transportation of radioactive materials and wastes, as well as
nonradioactive hazardous waste, on public highways were assessed.
This appendix provides an overview of the approach used to assess the human health risks that could
result from transportation. The topics in this appendix include the scope of the assessment, packaging and
determination of potential transportation routes, the analytical methods used for the risk assessment
(e.g., computer models), and important assessment assumptions. In addition, to aid in understanding and
interpreting the results, specific areas of uncertainty are described with an emphasis on how those
uncertainties may affect comparisons of the alternatives.
The risk assessment results are presented in this appendix in terms of “per-shipment” risk factors, as well
as the total risks for a given alternative. Per-shipment risk factors provide an estimate of the risk from a
single shipment. The total risks for a given alternative are estimated by multiplying the expected number
of shipments by the appropriate per-shipment risk factors.
E.2

Scope of Assessment

The scope of the transportation human health risk assessment, including transportation activities, potential
radiological and nonradiological impacts, transportation modes, and receptors, is described in this section.
This evaluation focuses on using offsite public highways. Additional details of the assessment are
provided in the remaining sections of this appendix.
E.2.1

Transportation-related Activities

The transportation risk assessment is limited to estimating the human health risks related to transportation
for each alternative. This includes incident-free risks related to being in the vicinity of a shipment during
transport or at stops, as well as accident risks. The impacts of increased transportation levels on local
traffic flow or infrastructure are addressed in Chapter 4, Section 4.1.3, Socioeconomics, of this Surplus
Plutonium Disposition Supplemental Environmental Impact Statement (SPD Supplemental EIS).
E.2.2

Radiological Impacts

For each alternative, radiological risks (i.e., those risks that result from the radioactive nature of the
materials) are assessed for both incident-free (normal) and accident transportation conditions. The
radiological risk associated with incident-free transportation conditions would result from the potential
exposure of people to external radiation in the vicinity of a shipment. The radiological risk from
transportation accidents would come from the potential release and dispersal of radioactive material into
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the environment during an accident and the subsequent exposure of people, or from an accident where
there is no release of radioactive material but there is external radiation exposure to the unbreached
container.
All radiological impacts are calculated in terms of radiation dose and associated health effects in the
exposed populations. The radiation dose calculated is the total effective dose equivalent (see Title 10 of
the Code of Federal Regulations [CFR], Part 20 [10 CFR Part 20]), which is the sum of the effective dose
equivalent from external radiation exposure and the 50-year committed effective dose equivalent from
internal radiation exposure. Radiation doses are presented in units of roentgen equivalent man (rem) for
individuals and person-rem for populations. The impacts are further expressed as health risks in terms of
latent cancer fatalities (LCFs) in exposed individuals or populations using dose-to-risk conversion factors
recommended by the Interagency Steering Committee on Radiation Standards guidance (DOE 2003b).
A health risk conversion factor of 0.0006 LCFs per rem or person-rem of exposure is used for both the
public and workers (DOE 2003b).
E.2.3

Nonradiological Impacts

In addition to radiological risks posed by transportation activities, vehicle-related risks are also assessed
for nonradiological causes (i.e., causes related to the transport vehicles, not the radioactive cargo). The
nonradiological transportation risks, which would be incurred for similar shipments of any commodity,
are assessed for accidents involving transport of radioactive and nonradioactive waste and construction
materials. The nonradiological accident risk refers to the potential occurrence of transportation accidents
that result in fatalities unrelated to the radioactive characteristics (e.g., radioactive nature) of the cargo.
Nonradiological risks during incident-free transportation conditions could also be caused by potential
exposure to increased vehicle exhaust emissions. As explained in Section E.6.2, these emission impacts,
in terms of excess latent mortalities, were not considered.
E.2.4

Transportation Modes

All shipments of radioactive and nonradioactive waste and construction materials are assumed to take
place by exclusive-use truck. In addition to the use of commercial shippers for transport of radioactive
waste and certain types of radioactive materials, shipment of several types of radioactive materials are
assumed to occur using the National Nuclear Security Administration’s (NNSA’s) Secure Transportation
Asset (STA), which consists of truck transport only. (No rail transport is analyzed because rail is not part
of the NNSA’s STA used to transport radioactive materials, and the radioactive wastes to be generated
would not be transported in large enough quantities to justify rail.) Onsite and offsite shipments
involving transport of special nuclear material1 such as plutonium oxide or metal are assumed to occur
using NNSA’s STA. Transport of unirradiated mixed oxide (MOX) fuel is the responsibility of NNSA
and for purposes of analysis is also assumed to occur using the STA. The NNSA Office of Secure
Transportation has determined that contractor-provided transportation configurations for mixed oxide fuel
assemblies can be conducted under the STA program using escorted, commercial trucks. See Appendix I,
Section I.1.2.5, regarding impacts associated with this transportation. Note that the analysis in this
SPD Supplemental EIS does not address the transport of used (irradiated) MOX fuel.

1

Special nuclear material – as defined in Section 11 of the Atomic Energy Act: “(1) plutonium, uranium enriched in the
isotope 233 or in the isotope 235, and any other material which the U.S. Nuclear Regulatory Commission determines to be
special nuclear material, or (2) any material artificially enriched by any of the foregoing.”
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For the purpose of transporting special nuclear material, such as plutonium oxide or metal, the STA may
use a specially designed tractor-trailer. Although details of vehicle enhancements and some operational
aspects are classified, key characteristics are as follows (DOE 1999):


Enhanced structural characteristics and a tie-down system to protect the cargo from impact



Heightened thermal resistance to protect the cargo in case of fire



Established operational and emergency plans and procedures governing the shipment of nuclear
materials



Federal agents who are armed Federal officers and have received vigorous specialized training



An armored tractor component that provides Federal agent protection against attack and contains
advanced communications equipment



Specially designed escort vehicles containing advanced communications equipment and
additional Federal agents



24-hour-a-day, real-time communications to monitor the location and status of all STA shipments



Significantly more stringent maintenance standards than those for commercial transport
equipment

E.2.5

Receptors

Transportation-related risks are calculated and presented separately for workers and members of the
general public. The workers considered are truck crew members involved in transportation and
inspection of the packages. The general public includes all persons who could be exposed to a shipment
while it is moving or stopped during transit. For incident-free operation, the affected population includes
individuals living within 800 meters (0.5 miles) of each side of the road. Potential risks are estimated for
the affected populations and the hypothetical maximally exposed individual (MEI). For incident-free
operation, the MEI would be a resident living near the highway who is exposed to all shipments
transported on the road. For accident conditions, the affected population includes individuals residing
within 80 kilometers (50 miles) of the accident, and the MEI would be an individual located 100 meters
(330 feet) directly downwind from the accident. The risk to the affected population is a measure of the
radiological risk posed to society as a whole by the alternative being considered. As such, the impact on
the affected population is used as the primary means of comparing various alternatives.
E.3

Packaging and Transportation Regulations

This section provides a high-level summary of radioactive materials packaging and transportation
regulations. The packaging and transportation of radioactive materials are highly regulated. The
U.S. Department of Transportation (DOT) and the U.S. Nuclear Regulatory Commission (NRC) have
primary responsibility for Federal regulations governing commercial radioactive materials transportation.
In addition, the U.S. Department of Energy (DOE) works with DOT and NRC in developing requirements
and standards for radioactive materials transportation. DOE, including NNSA, has broad authority under
the Atomic Energy Act of 1954, as amended, to regulate all aspects of activities involving radioactive
materials that are undertaken by DOE or on its behalf, including the transportation of radioactive
materials. However, in most cases that do not involve national security, DOE does not exercise its
authority to regulate DOE shipments and instead utilizes commercial carriers that undertake shipments of
DOE materials under the same terms and conditions as those used for commercial shipments. These
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shipments are subject to regulation by DOT and NRC. As a matter of policy, however, even in the
limited circumstances where DOE exercises its Atomic Energy Act authority for shipments, DOE
requirements mandate that all DOE shipments be undertaken in accordance with the requirements and
standards that apply to comparable commercial shipments, unless there is a determination that national
security or another critical interest requires different action.
The regulatory standards for packaging and transporting radioactive materials are designed to achieve the
following four primary objectives:


Protect persons and property from radiation emitted from packages during transportation by
specific limitations on the allowable radiation levels



Contain radioactive material in the package (achieved by packaging design requirements based on
performance-oriented packaging integrity tests and environmental criteria)



Prevent nuclear criticality (an unplanned nuclear chain reaction that could occur as a result of
concentrating too much fissile material in one place)



Provide physical protection against theft and sabotage during transit

The CFR details regulations pertaining to the transportation of radioactive materials published by DOT at
49 CFR Parts 106, 107, and 171–178; and NRC at 10 CFR Parts 20, 61, 71, and 73. For the U.S. Postal
Service, Publication 52, “Hazardous, Restricted, or Perishable Mail,” specifies the quantities of
radioactive material prohibited in surface mail. Interested readers are encouraged to visit the cited
resources for the most current regulations or to review DOT’s Radioactive Material Regulations Review
(DOT 2008) for a comprehensive discussion on radioactive material regulations.
E.3.1

Packaging Regulations

The primary regulatory approach to promote safety from radiological exposure is the specification of
standards for the packaging of radioactive materials. Packaging represents the primary barrier between
the radioactive material being transported and radiation exposure to the public, workers, and the
environment. Transportation packaging for radioactive materials must be designed, constructed, and
maintained to contain and shield its contents during normal transport conditions. For highly radioactive
material, such as high-level radioactive waste or used nuclear fuel, packaging must contain and shield the
contents in the event of severe accident conditions. The type of packaging used is determined by the total
radioactive hazard presented by the material within the packaging. Four basic types of packaging are
used: Excepted, Industrial, Type A, and Type B. Specific requirements for these packages are detailed in
49 CFR 173, Subpart I (“Class 7 [Radioactive] Materials”). All packages are designed to protect and
retain their content under normal operations.
Excepted packaging is limited to transporting materials with extremely low levels of radioactivity and
very low external radiation. Industrial packaging is used to transport materials that, because of their low
concentration of radioactive materials, present a limited hazard to the public and the environment.
Type A packaging is designed to protect and retain its contents under normal transport conditions;
because it is used to transport materials with higher radioactive content, it must maintain sufficient
shielding to limit radiation exposure to handling personnel. Type A packaging, typically a
0.21-cubic-meter (55-gallon) drum or standard waste box, is commonly used to transport radioactive
materials with higher concentrations or amounts of radioactivity than materials transported in Excepted or
Industrial packages. Type B packaging is used to transport material with the highest radioactivity levels
and is designed to protect and retain its contents under transportation accident conditions (described in
more detail in the following sections). Packaging requirements are an important consideration for
transportation risk assessment.
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Radioactive materials shipped in Type A containers, or packagings, are subject to specific radioactivity
limits identified as A1 and A2 values in 49 CFR 173.435 (“Table of A1 and A2 values for
radionuclides”). In addition, external radiation limits, as prescribed in 49 CFR 173.441 (“Radiation level
limitations and exclusive use provisions”), must be met. If the A1 or A2 limits are exceeded, the material
must be shipped in a Type B package unless it can be demonstrated that the material meets the definition
of “low specific activity.” If the material qualifies as low specific activity as defined in 10 CFR Part 71
(“Packaging and Transportation of Radioactive Material”) and 49 CFR Part 173 (“Shippers-General
Requirements for Shipments and Packagings”), it may be shipped in a shipping container such as
Industrial or Type A Packaging (49 CFR 173.427); see also DOT’s Radioactive Material Regulations
Review (DOT 2008). Type B packages, or casks, are subject to the radiation limits in 49 CFR 173.441.
Type A packaging is designed to retain its radioactive contents in normal transport. Design and test
conditions that a Type A package must withstand include the following:


Operating temperatures ranging from -40 degrees Celsius (°C) (-40 degrees Fahrenheit [°F]) to
70 °C (158 °F)



External pressures ranging from 0.25 to 1.4 kilograms per square centimeter (3.5 to 20 pounds per
square inch)



Normal vibration experienced during transportation



Simulated rainfall of 5 centimeters (2 inches) per hour for 1 hour



Free fall from 0.3 to 1.2 meters (1 to 4 feet), depending on the package weight



Water immersion tests



Impact of a 6-kilogram (13-pound) steel cylinder with rounded ends dropped from 1 meter
(3.3 feet) onto the most vulnerable surface



A compressive load of five times the mass of the gross weight of the package for 24 hours, or the
equivalent of 13 kilopascals (1.9 pounds per square inch), multiplied by the vertically projected
area of the package for 24 hours

Type B packaging is designed to retain its radioactive contents in both normal and accident conditions. In
addition to the normal conditions outlined above, a Type B package must withstand accident conditions
simulated by the following:


Free drop from 9 meters (30 feet) onto an unyielding surface in a position most likely to cause
damage



Free drop from 1 meter (3.3 feet) onto the end of a 15-centimeter (6-inch) diameter vertical steel
bar



Exposure to temperatures of 800 °C (1,475 °F) for at least 30 minutes



For all packages, immersion in at least 15 meters (50 feet) of water



For some packages, immersion in at least 0.9 meters (3 feet) of water in an orientation most likely
to result in leakage



For some packages, immersion in at least 200 meters (660 feet) of water for 1 hour

Compliance with these requirements is demonstrated by using a combination of simple calculation
methods, computer modeling techniques, or scale-model or full-scale testing of transportation packages
or casks.
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E.3.2

Transportation Regulations

DOT regulates the transportation of hazardous materials in interstate commerce by land, air, and water.
DOT specifically regulates the carriers of radioactive materials and the conditions of transport, such as
routing, handling and storage, and vehicle and driver requirements. DOT also regulates the labeling,
classification, and marking of radioactive material packagings.
NRC regulates the packaging and transportation of radioactive material for its licensees, including
commercial shippers of radioactive materials. In addition, under an agreement with DOT, NRC sets the
standards for packages containing fissile materials and Type B packagings.
DOE, through its management directives, Orders, and contractual agreements, ensures the protection of
public health and safety by imposing on its transportation activities standards that meet those of DOT and
NRC. DOT recognizes in 49 CFR 173.7(d) that packagings made by or under the direction of DOE may
be used for transporting Class 7 materials (radioactive materials) when the packages are
evaluated, approved, and certified by DOE against packaging standards equivalent to those specified in
10 CFR Part 71.
DOT also has requirements that help reduce transportation impacts. Some requirements affect drivers,
packaging, labeling, marking, and placarding. Others specifying the maximum dose rate from radioactive
material shipments help reduce incident-free transportation doses.
E.4

Emergency Response

The Department of Homeland Security (DHS) is responsible for establishing policies for, and
coordinating civil emergency management, planning, and interaction with, Federal Executive agencies
that have emergency response functions in the event of a transportation incident. In the event a
transportation incident involving nuclear material occurs, guidelines for response actions have been
outlined in the National Response Framework (NRF) (DHS 2008a).
The Federal Emergency Management Agency (FEMA), an organization within DHS, coordinates Federal
and state participation in developing emergency response plans and is responsible for the development
and the maintenance of the Nuclear/Radiological Incident Annex (NRIA) (DHS 2008b) to the NRF.
NRIA/NRF describes the policies, situations, concepts of operations, and responsibilities of the Federal
departments and agencies governing the immediate response and short-term recovery activities for
incidents involving release of radioactive materials to address the consequences of the event.
DHS has the authority to activate Nuclear Incident Response Teams, which include DOE Radiological
Assistance Program Teams that can be dispatched from regional DOE Offices in response to a
radiological incident. These teams provide first-responder radiological assistance to protect the health
and safety of the general public, responders, and the environment and to assist in the detection,
identification and analysis, and response to events involving radiological/nuclear material. Deployed
teams provide traditional field monitoring and assessment support, as well as a search capability.
DOE uses DOE Order 151.1C, Comprehensive Emergency Management System, as a basis to establish a
comprehensive emergency management program that provides detailed, hazard-specific planning and
preparedness measures to minimize the health impacts of accidents involving loss of control over
radioactive material or toxic chemicals. DOE provides technical assistance to other Federal agencies and
to state and local governments. Contractors are responsible for maintaining emergency plans and
response procedures for all facilities, operations, and activities under their jurisdiction and for
implementing those plans and procedures during emergencies. Contractor and state and local government
plans are fully coordinated and integrated. In addition, DOE established the Transportation Emergency
Preparedness Program to ensure its operating contractors and state, tribal, and local emergency responders
are prepared to respond promptly, efficiently, and effectively to accidents involving DOE shipments of
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radioactive material. This program is a component of the overall emergency management system
established by DOE Order 151.1C.
In the event of a release of radiological cargo from a shipment along a route, DOE assumes that local
emergency response personnel would be first to arrive at the accident scene. It is expected that response
actions would be taken in context of the Nuclear/Radiological Incident Annex. Based on an initial
assessment at the scene, their training, and available equipment, first responders would involve state and
Federal resources as necessary. First responders and/or state and Federal responders would initiate
actions in accordance with the DOT 2012 Emergency Response Guidebook (DOT 2012a) to isolate the
incident and perform any actions necessary to protect human health and the environment (such as
evacuations or other means to reduce or prevent impacts to the public). Cleanup actions are the
responsibility of the carrier. DOE would partner with the carrier, shipper, and applicable state and local
jurisdictions to ensure cleanup actions meet regulatory requirements.
To mitigate the possibility of an accident, DOE issued DOE Manual 460.2-1A, Radioactive Material
Transportation Practices Manual for Use with DOE O 460.2A (DOE 2008a). As specified in this
manual, carriers are expected to exercise due caution and care in dispatching shipments. According to the
manual, the carrier determines the acceptability of weather and road conditions, whether a shipment
should be held before departure, and when actions should be taken while en route. The manual
emphasizes that shipments should not be dispatched if severe weather or bad road conditions make travel
hazardous. Current weather conditions, the weather forecast, and road conditions would be considered
before dispatching a shipment. Conditions at the point of origin and along the entire route would be
considered.
E.5

Methodology

The transportation risk assessment is based on the alternatives described in Chapter 2 of the
SPD Supplemental EIS. Figure E–1 summarizes the transportation risk assessment methodology. After
the alternatives were identified and the requirements of the shipping campaign were understood, data
were collected on material characteristics, transportation routes, and accident parameters.
Transportation impacts calculated for the SPD Supplemental EIS are presented in two parts: impacts from
incident-free or routine transportation and impacts from transportation accidents. Impacts of incident-free
transportation and transportation accidents are further divided into nonradiological and radiological
impacts. Nonradiological impacts could result from transportation accidents in terms of traffic fatalities.
Radiological impacts of incident-free transportation include impacts on members of the public and crew
from radiation emanating from materials in the shipment. Radiological impacts from accident conditions
consider all foreseeable scenarios that could damage transportation packages, leading to releases of
radioactive materials to the environment.
The impact of transportation accidents is expressed in terms of probabilistic risk, which is the probability
of an accident multiplied by the consequences of that accident and summed over all reasonably
conceivable accident conditions. Hypothetical transportation accident conditions ranging from low-speed
“fender-bender” collisions to high-speed collisions with or without fires were analyzed. The frequencies
of accidents and consequences were evaluated using a method developed by NRC and originally
published in the Final Environmental Impact Statement on the Transportation of Radioactive Materials
by Air and Other Modes, NUREG-0170 (NRC 1977); Shipping Container Response to Severe Highway
and Railway Accident Conditions, NUREG/CR-4829 (NRC 1987); and Reexamination of Spent Fuel
Shipping Risk Estimates, NUREG/CR-6672 (NRC 2000). Hereafter, these reports are cited as:
Radioactive Material Transport Study, NUREG-0170; Modal Study, NUREG/CR-4829; and
Reexamination Study, NUREG/CR-6672. Radiological accident risk is expressed in terms of additional
LCFs, and nonradiological accident risk is expressed in terms of additional traffic fatalities. Incident-free
risk is also expressed in terms of additional LCFs.
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Figure E–1 Transportation Risk Assessment
Transportation-related risks are calculated and presented separately for workers and members of the
general public. The workers considered are truck crew members involved in the actual transportation.
The general public includes all persons who could be exposed to a shipment while it is moving or stopped
during transit.
The first step in the ground transportation analysis was to determine the distances and populations along
the routes. The Transportation Routing Analysis Geographic Information System (TRAGIS) computer
program (Johnson and Michelhaugh 2003) was used to identify routes and the associated distances and
populations for purposes of analysis. This information, along with the properties of the material being
shipped and route-specific accident frequencies, was entered into the Radioactive Material Transportation
Risk Assessment (RADTRAN) 6 computer code (SNL 2009), which calculates incident-free transport and
accident risks on a per-shipment basis. The risks under each alternative were determined by summing the
products of per-shipment risks for each radioactive materials shipment type by the number of shipments
of that material.
The RADTRAN 6 computer code was used for incident-free and accident risk assessments to estimate the
impacts on populations, as well as for incident-free assessments associated with MEIs. RADTRAN 6 was
developed by Sandia National Laboratories to calculate individual and population risks associated with
the transportation of radioactive materials by a variety of modes, including truck, rail, air, ship, and barge.
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The RADTRAN 6 population risk calculations include both the consequences and probabilities of
potential exposure events. The RADTRAN 6 code consequence analyses include the following exposure
pathways: cloud shine, ground shine, direct radiation (from loss of shielding), inhalation (from dispersed
materials), and resuspension (inhalation of resuspended materials) (SNL 2009). The collective population
risk is a measure of the total radiological risk posed to society as a whole by the alternative being
considered. As such, the collective population risk is used as the primary means of comparing the various
alternatives.
The Risks and Consequences of Radioactive Material Transport (RISKIND) computer code
(Yuan et al. 1995) was used to estimate the doses to MEIs and populations for the worst-case maximum
reasonably foreseeable transportation accident. The RISKIND computer code was developed for DOE’s
Office of Civilian Radioactive Waste Management to estimate potential radiological consequences and
health risks to individuals and the collective population from exposures associated with the transportation
of spent nuclear fuel; however, this code is also applicable to transportation of other cargo types, as the
code can model complex atmospheric dispersion and estimate radiation doses to MEIs near the accident.
Use of the RISKIND computer code as implemented in this SPD Supplemental EIS is consistent with
direction provided in A Resource Handbook on DOE Transportation Risk Assessment (DOE 2002b).
The RISKIND calculations were conducted to supplement the collective risk results calculated with
RADTRAN 6. Whereas the collective risk results provide a measure of the overall risks of each
alternative, the RISKIND calculations are meant to address areas of specific concern to individuals and
population subgroups. Essentially, the RISKIND analyses are meant to address “What if” questions, such
as “What if I live next to a site access road?” or “What if an accident happens near my town?”
E.5.1

Transportation Routes

To assess incident-free and transportation accident impacts, route characteristics were determined for the
following offsite shipments that would occur as part of routine operations:


Pits and associated materials from the Pantex Plant (Pantex) in Texas to the Savannah River Site
(SRS) in South Carolina and/or Los Alamos National Laboratory (LANL) in New Mexico



Plutonium materials from LANL to SRS



Contact-handled transuranic (CH-TRU) waste from SRS and LANL to the Waste Isolation Pilot
Plant (WIPP) in New Mexico



Unirradiated MOX fuel from SRS to the Browns Ferry Nuclear Plant in Alabama, Sequoyah
Nuclear Plant in Tennessee, and a generic commercial nuclear power reactor location in the
northwest United States that would envelop impacts related to shipping to other possible
commercial nuclear power reactor sites in the country.



Highly enriched uranium from SRS and LANL to the Y-12 National Security Complex (Y-12)
at the Oak Ridge Reservation in Tennessee



Pieces and parts of pits from SRS to LANL



Low-level and mixed low-level radioactive waste from SRS and LANL to offsite Federal or
commercial disposal facilities; for purposes of analysis in this SPD Supplemental EIS it was
assumed to be the Nevada National Security Site (NNSS) near Las Vegas, Nevada
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Depleted uranium hexafluoride from the Portsmouth Gaseous Diffusion Plant at Piketon, Ohio,
to the AREVA fuel fabrication plant (AREVA) at Richland, Washington2



Depleted uranium oxide and uranyl nitrate hexahydrate from AREVA to SRS2



Hazardous waste from SRS and LANL to an offsite treatment, storage, and disposal facility
(nonradiological impacts only)

These sites would constitute the locations where the majority of shipments would be transported.
For offsite transport, highway routes were determined using the routing computer program TRAGIS
(Johnson and Michelhaugh 2003). The TRAGIS computer program is a geographic information
system-based transportation analysis computer program used to identify the highway, rail, and waterway
routes for transporting radioactive materials within the United States that were used in the analysis. Both
the road and rail network are 1:100,000-scale databases, which were developed from the U.S. Geological
Survey digital line graphs and the U.S. Bureau of the Census Topological Integrated Geographic
Encoding and Referencing System. The features in TRAGIS allow users to determine routes for shipment
of radioactive materials that conform to DOT regulations as specified in 49 CFR Part 397. The
population densities along each route were derived from 2000 Census Bureau data (Johnson and
Michelhaugh 2003). State-level U.S. Census data for 2010 (Census 2010) was used in relation to the
2000 census data to project the population densities to 2020 levels.
Offsite Route Characteristics
Route characteristics that are important to the radiological risk assessment include the total shipment
distance and population distribution along the route. The specific route selected determines both the total
potentially exposed population and the expected frequency of transportation-related accidents. Route
characteristics for routes analyzed in this SPD Supplemental EIS are summarized in Table E–1. Rural,
suburban, and urban areas are characterized according to the following breakdown (Johnson and
Michelhaugh 2003):


Rural population densities range from 0 to 54 persons per square kilometer (0 to 140 persons per
square mile)



Suburban population densities range from 55 to 1,284 persons per square kilometer (140 to
3,326 persons per square mile)



Urban population densities include all population densities greater than 1,284 persons per
square kilometer (3,326 persons per square mile)

The affected population for route characterization and incident-free dose calculation includes all persons
living within 800 meters (0.5 miles) of each side of the transportation route.
Analyzed truck routes for offsite shipments of radioactive waste and materials to and from SRS, and from
the Portsmouth Gaseous Diffusion Plant to AREVA in Richland, Washington are shown in Figure E–2;
analyzed truck routes to and from LANL are shown in Figure E–3.

2

The transport of depleted uranium is analyzed because it is one of the materials used to produce mixed oxide fuel in the Mixed
Oxide Fuel Fabrication Facility (MFFF).
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Table E–1 Offsite Transport Truck Route Characteristics

Origin

Destination

Pantex, TX

SRS

Pantex, TX
SRS
LANL
SRS/LANL

Distance Traveled in Zones
(kilometers)
Rural

Suburban Urban

2,184

1,482

621

81

16.7

427.4

2,946.6

844,147

LANL

574

526

40

8

8.0

452.1

3,060.7

76,539

Y-12

633

304

292

37

25.7

481.5

3,154.8

425,642

2,372

1,848

465

59

13.5

370.6

2,866.5

587,874

2,798

2,015

683

100

14.6

429.2

2,974.9

992,627

Y-12
c

Nominal
Distance
(kilometers)

Population Density in Zone a
(number per square
Number of
kilometer)
Affected
Rural Suburban Urban Persons b

LANL/SRS

c

SRS

WIPP

2,448

1,732

651

65

17.1

409.7

2,943.4

777,585

LANL

WIPP

597

554

38

5

7.4

378.2

2,582.5

49,414

SRS

NNSS

3,879

3,003

769

107

13.3

436.6

3,007.3

1,113,816

NNSS

1,250

1,082

132

36

11.4

516.8

4,502.9

387,356

Richland,
WA e

3,768

3,053

648

67

12.9

369.3

2,611.3

726,407

Richland, WA e

SRS

4,256

3,253

885

118

13.6

424.9

2,888.7

1,218,892

SRS

Sequoyah
Nuclear Plant

508

231

240

37

26.3

523.4

3,161.5

396,561

SRS

Browns Ferry
Nuclear Plant

724

389

298

37

24.3

428.1

2,885.8

388,475

SRS

Generic
reactor f

4,405

3,372

919

114

13.3

419.1

2,897.6

1,216,999

LANL
Piketon, OH

d

LANL = Los Alamos National Laboratory; NNSS = Nevada National Security Site; OH = Ohio; Pantex = Pantex Plant;
SRS = Savannah River Site; TX = Texas; WA = Washington; WIPP = Waste Isolation Pilot Plant; Y-12 = Y-12 National
Security Complex.
a
Population densities have been projected to 2020 using state-level data from the 2010 census (Census 2010) and assuming
state population growth rates from 2000 to 2010 continue to 2020.
b
For offsite shipments, the estimated number of persons residing within 800 meters (0.5 miles) along the transportation
route, projected to 2020.
c
Shipments of plutonium materials would be made from SRS to LANL and from LANL to SRS, depending on the pit
disassembly and conversion option.
d
Shipments of depleted uranium hexafluoride may also be made from the Paducah Gaseous Diffusion Plant at Paducah,
Kentucky, but only travel from the Portsmouth Gaseous Diffusion Plant at Piketon, Ohio, was analyzed because this would
conservatively estimate the transportation impacts associated with this material.
e
The AREVA fuel fabrication plant that would convert depleted uranium hexafluoride to depleted uranium oxide is located
at Richland, Washington.
f
For purposes of analysis, it was assumed that the generic commercial nuclear power reactor would be located at the
Hanford Reservation, Washington, to maximize the distance traveled in order to envelop impacts related to shipping to
other possible commercial nuclear power reactor sites.
Note: To convert from kilometers to miles, multiply by 0.6214; to convert from number per square kilometer to number per
square mile, multiply by 2.59. Rounded to nearest kilometer.
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Figure E–2 Analyzed National and Regional Truck Routes from Savannah River Site

E-12

Figure E–3 Analyzed National and Regional Truck Routes from Los Alamos National Laboratory
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E.5.2

Radioactive Material Shipments

Transportation of all material and waste types is assumed to occur in certified or certified-equivalent
packaging on exclusive-use vehicles. Use of legal-weight heavy combination trucks is assumed in this
appendix for highway transportation. Type A packages are transported on common flatbed or covered
trailers; Type B packages are generally shipped on trailers designed specifically for the packaging being
used. For transportation by truck, the maximum payload weight is considered to be about
22,000 kilograms (about 48,000 pounds), based on the Federal gross vehicle weight limit of
36,288 kilograms (80,000 pounds) (23 CFR 658.17). While there are large numbers of multi-trailer
combinations (known as longer combination vehicles) with gross weights in excess of the Federal limit in
operation on rural roads and turnpikes in some states (DOT 2000), for evaluation purposes, the load limit
for the legal truck was based on the Federal gross vehicle weight. The width restriction is about
259 centimeters (102 inches) (23 CFR 658.15). Length restrictions vary by state, but are assumed for
purposes of analysis to be no more than 14.6 meters (48 feet).
Several types of containers would be used to transport radioactive materials and waste. The various
wastes that would be transported under the alternatives in this SPD Supplemental EIS include low-level
and mixed low-level radioactive waste, CH-TRU waste, demolition and construction debris, and
hazardous waste. Table E–2 lists the types of containers assumed for the analysis along with their
volumes and the number of containers in a shipment. A shipment is defined as the amount of waste
transported on a single truck.
Table E–2 Material or Waste Type and Associated Container Characteristics a
Material or Waste Type
Mixed low-level radioactive
waste
Low-level radioactive waste
CH-TRU waste

Container
208-liter drum

Container Volume
(cubic meters) b
0.2

Container Mass
(kilograms) c
399

B-25 Box
208-liter drum d

2.55
0.2

4,536
399

Special nuclear material
Unirradiated MOX fuel
Fast Flux Test Facility
unirradiated fuel
TRU waste associated with
processing non-pit plutonium
Depleted uranium hexafluoride

Type B package
Type B package e
HUFP

0.13 to 0.30
7.2 to 8.5
9.3

183-318
2,867 and 4,291
6,350

Criticality control
container
30B and 48G, in
overpack
208-liter drum

0.2

160

2.34 and 4.04

3,751 and 13,800

Shipment Description
80 per truck
5 per truck
14 per TRUPACT-II or 7 per
HalfPACT; with any combination
of 3 TRUPACT-IIs or HalfPACTs
per truck
1 to 30 per STA
1 transport cask per STA
1 per truck
14 per TRUPACT-II
5 per truck and 1 per truck,
respectively
72 per truck

Depleted uranium nitrate
0.2
399
hexahydrate
Construction/demolition debris Roll-on/Roll-off
15.30
Not applicable
1 per truck
Hazardous waste
208-liter drum
0.2
399
40 per truck
CH-TRU = contact-handled transuranic; HUFP = Hanford Unirradiated Fuel Package; MOX = mixed oxide; STA = secure
transportation asset; TRU = transuranic; TRUPACT-II = Transuranic Package Transporter Model 2.
a
Containers and transport packages identified in this table were used to determine the transportation impacts for purposes of analysis.
Specific Type B packages, while not identified in this table, were assumed for specific material or waste types to conduct the
analysis. Other containers and transportation packages may be used in addition to, or in lieu of, those shown.
b
Container exterior volume. To convert from cubic meters to cubic feet, multiply by 35.315; from liters to gallons, by 0.26417.
c
Filled container maximum mass. Container mass includes the mass of the container shell, its internal packaging, and the materials
within. To convert from kilograms to pounds, multiply by 2.2046.
d
TRU waste consisting of non-pit plutonium would be packaged in pipe overpack containers (POCs), which would be the same size
as a 208-liter drum.
e
Packages for transporting unirradiated MOX fuel assemblies have yet to be designed and certified. For purposes of analysis, a
pressurized water reactor package and boiling water reactor package would each contain two fuel assemblies.
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In general, the number of shipping containers per shipment was estimated on the basis of the dimensions
and weight of the shipping containers, the Transport Index,3 which is the dose rate at 1 meter (3.3 feet)
from the container, and the transport vehicle dimensions and weight limits. The various materials and
wastes were assumed to be transported on standard truck semi-trailers in a single stack.
Special nuclear material would be transported using STAs. Special nuclear material transports
include plutonium pits, plutonium oxides, enriched uranium, pieces and parts from pit disassembly,
and MOX fuel. These shipments would occur to support production of MOX fuel or to accomplish
disposition. The numbers of shipments associated with the transport of pits, plutonium oxide, highly
enriched uranium, and pieces and parts of pits were determined using up-to-date information regarding
the types of transport packages to be used and forecasted generation rates. These materials would be
transported in Type B packages. While it is assumed that a specific Type B package would be used for
each type of nuclear material being transported for purposes of analysis, more than one particular package
design could be used. Use of different Type B packages that are applicable to a particular cargo would
not significantly change the impacts presented in this analysis because the designs and shipping
configurations of the Type B packages are similar. For unirradiated MOX fuel, the number of shipments
is based on two assemblies per transport package, one transport package per shipment; however,
alternative shipment configurations are considered, as described in Appendix I, Section I.1.2.5.
Other radioactive materials would be transported by commercial carrier from the Portsmouth Gaseous
Diffusion Plant at Piketon, Ohio, to the AREVA fuel fabrication facility at Richland, Washington, and
from AREVA to SRS. Depleted uranium hexafluoride would be transported from Piketon, Ohio to
Richland Washington, while depleted uranium dioxide and depleted uranium nitrate hexahydrate would
be transported from Richland to SRS. Shipments of depleted uranium hexafluoride may also be made
from the Paducah Gaseous Diffusion Plant at Paducah, Kentucky, but only travel from the Portsmouth
Gaseous Diffusion Plant at Piketon, Ohio, was analyzed because this would conservatively estimate the
transportation impacts associated with this material (the total distance traveled and total population
exposed along the route from the Paducah Gaseous Diffusion Plant would be less than the distance
traveled and population along the route from the Portsmouth Gaseous Diffusion Plant).
For radioactive waste to be transported to a radioactive waste disposal site, it was assumed that the wastes
would meet the disposal facility’s waste acceptance criteria. For purposes of analysis, it was assumed that
some of the low-level radioactive waste generated at the Waste Solidification Building (WSB) (that
would not meet waste acceptance criteria for disposal at SRS) would be transported to NNSS for disposal,
along with all mixed low-level radioactive waste generated by plutonium disposition activities at SRS. In
addition, for purposes of analysis, it was assumed that all low-level radioactive waste and mixed lowlevel radioactive waste generated at LANL would be transported to NNSS.
Transuranic (TRU) waste would be transported to WIPP for disposal. TRU waste would consist of
secondary waste resulting from processing activities and, for the MOX and WIPP Alternatives, of surplus
plutonium materials. Under the MOX Alternative, 2 metric tons (2.2 tons) of non-pit plutonium
(Fast Flux Test Facility [FFTF] fuel and other non-pit plutonium materials) that is unsuitable for
processing at the Mixed Oxide Fuel Fabrication Facility (MFFF) could be transported to WIPP. Under
the WIPP Alternative, 7.1 metric tons (7.8 tons) of pit plutonium and 6 metric tons (6.6 tons) of non-pit
plutonium could be transported to WIPP. These materials could be packaged in pipe overpack containers
(POCs). Besides the use of POCs, other types of containers may be used, as described below:

3

The Transport Index is a dimensionless number (rounded up to the next tenth) placed on label of a package, to designate the
degree of control to be exercised by the carrier. Its value is equivalent to the maximum radiation level in millirem per hour at
1 meter (3.3 feet) from the package (10 CFR 71.4 and 49 CFR 173.403).
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FFTF fuel (for the MOX and WIPP Alternatives): transporting unirradiated FFTF fuel to WIPP in
its current transport packaging (Hanford Unirradiated Fuel Package [HUFP])
Other non-pit plutonium (for the MOX and WIPP Alternatives): (a) packaging the plutonium
material into criticality control overpacks (CCOs) at a higher concentration and transporting
42 containers per shipment, thereby reducing the number of shipments and disposal volume; or
(b) transporting the plutonium materials as currently packaged and stored in the K-Area Complex and
placing them in approved Type B packaging for transport to WIPP by STA (direct disposition
option).
Pit plutonium (for the WIPP Alternative): (a) disassembling, converting to an oxide and packaging
the plutonium material into CCOs at a higher concentration and transporting 42 containers per
shipment, thereby reducing the number of shipments and disposal volume; or (b) disassembling and
converting to an oxide and placing them in approved Type B packaging for transport to WIPP by
STA (included in the direct disposition option).
For the MOX Alternative, any combination of packaging and transport for non-pit plutonium could be
used to transport these materials to WIPP. For purposes of analysis, the results presented in Section E.8
include the base case and options for (1) FFTF fuel in HUFPs and other non-pit plutonium in CCOs, and
(2) FFTF fuel in HUFPs and direct disposition of other non-pit plutonium.
For the WIPP Alternative, for purposes of analysis, the results presented in Section E.8 include the base
case and options for (1) FFTF fuel in HUFPs and pit and non-pit plutonium in CCOs, and (2) FFTF fuel
in HUFPs and direct disposition of pit and other non-pit plutonium.
This analytical approach for the MOX and WIPP Alternatives, for the purposes of the transportation
analysis, would envelop the potential impacts associated with transport of surplus plutonium materials to
WIPP regardless of the packaging and transport method (i.e., commercial carrier versus STA) selected.
E.5.3

Radionuclide Inventories

Radionuclide inventories are used to determine accident risks associated with a release of the radioactive
or contaminated cargo. Table E–3 provides the container radionuclide inventory concentration assumed
for low-level and mixed low-level radioactive waste. It is assumed that these two waste types would have
the same radioisotopic composition, with the mixed low-level radioactive waste having a hazardous
component. The list of radionuclides in these tables is limited to those that would be expected from
disassembly and conversion operations. The composition of the waste is the average curie concentration
per radioisotope as measured in the year 2010 and received at E-Area, and this composition is assumed to
be representative of the low-level and mixed low-level radioactive waste streams generated by surplus
plutonium disposition activities.
Table E–3 Low-level and Mixed Low-level Radioactive Waste
Radionuclide Concentrations a
Nuclide

Curies per Cubic Meter

Americium-241

0.000050

Plutonium-238

0.00038

Plutonium-239

0.00011

Plutonium-240

0.000049

Plutonium-241

0.00048

Technetium-99

0.0000052

a

These isotopes are the primary isotopes to be expected in offsite shipments of low-level and mixed low-level
radioactive waste. The concentrations are representative of what historically has been generated at SRS.
Source: SRNS 2012.
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For both depleted uranium hexafluoride and depleted uranyl nitrate hexahydrate shipments, the percent
concentration of uranium-235 can vary; however, for purposes of analysis, it is assumed that the
concentration of uranium-235 is 0.25 percent by mass. For transport of pits from Pantex, Texas, to SRS
and LANL; pieces and parts of plutonium pits from SRS to LANL; plutonium oxide from LANL to SRS;
and highly enriched uranium from SRS and LANL to Y-12, it was assumed that the contents of one
Type B package would be released in the event of an accident.
Table E–4 shows the number of curies per transport package assumed for boiling water reactor (BWR)
and pressurized water reactor (PWR) unirradiated MOX fuel.
For the MOX Fuel Alternative and the WIPP Alternative, for which plutonium would be repackaged and
sent to WIPP for disposal, for purposes of analysis it was assumed there would be 150 plutonium-239
fissile gram equivalents (FGEs)4 of non-pit plutonium per POC. A shipment would consist of
two TRUPACT-II [Transuranic Package Transporter Model 2] packages and one HalfPACT package.
DOE is determining whether the number of FGEs per POC can be increased to reduce both the volume
being disposed of and the number of shipments. If the content could be increased, then the plutonium
could be packaged in CCOs instead of POCs.5 If CCOs were used, then it was assumed that a shipment
would consist of three TRUPACT II packages, each containing 14 containers. For purposes of analysis, it
was assumed that there would be 350 FGEs per CCO.
Table E–4 Radioisotopic Content of Transport Packages Containing Unirradiated Boiling Water
Reactor and Pressurized Water Reactor Fuel a
Pressurized Water Reactor
Boiling Water Reactor
Radioisotope
(curies per package)
(curies per package)
Americium-241
14.90
3.73
Plutonium-238
86.42
21.65
Plutonium-239
2,310.27
578.86
Plutonium-240
511.99
128.28
Plutonium-241
4,364.41
1,093.54
Plutonium-242
0.040
0.0099
Uranium-235
0.0047
0.0019
Uranium-238
0.29
0.12
a
While specific transport packages have yet to be designed for transporting BWR and PWR unirradiated MOX fuel, it is
assumed that the packages would each hold two assemblies.
Source: SRNS 2012.

For TRU waste generated from processing pit plutonium, it was assumed there would be
20 plutonium-239 FGE per drum. For TRU waste generated from processing non-pit plutonium, it was
assumed there would be 10 plutonium-239 FGE per drum. A shipment of TRU waste for either of these
two cases would consist of three TRUPACT-II packages.
E.6

Incident-free Transportation Risks

E.6.1

Radiological Risk

During incident-free transportation of radioactive materials, a radiological dose results from exposure to
the external radiation field that surrounds the shipping containers. The population dose is a function of
the number of people exposed, their proximity to the containers, their length of time of exposure, and the
intensity of the radiation field surrounding the containers.
4

Expressing the contents of a shipment in FGE allows the analysis to account for fissile radionuclides that may be present.
NRC has issued revised certificates of compliance authorizing use of CCOs for shipment of plutonium within TRUPACT II and
HalfPACT transportation packages (NRC 2013). CCOs have been approved for disposal of TRU waste at WIPP.
5
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Radiological impacts were determined for crew members and the general population during incident-free
transportation. For truck shipments, the crew members are the drivers of the shipment vehicle. The
general population is composed of the persons residing within 800 meters (0.50 miles) of the truck route
(off-link), persons sharing the road (on-link), and persons at stops. Exposures to workers who would load
and unload the shipments are not included in this analysis, but are included in the occupational estimates
for plant workers (see Chapter 4, Section 4.1.2, of the SPD Supplemental EIS). Exposures to inspectors
are evaluated and presented separately in this appendix.
Collective doses for the crew and general population were calculated by using the RADTRAN 6
computer code (SNL 2009). The radioactive material shipments were assigned an external dose rate
based on their radiological characteristics. Offsite transportation of the radioactive material has a defined
regulatory limit of 10 millirem per hour at 2 meters (about 6.6 feet) from the outer lateral surfaces of the
vehicle (10 CFR 71.47 and 49 CFR 173.441). If a waste container showed a high external dose rate that
could exceed this limit, it is categorized as an exclusive use shipment with further transport and dose rate
limitations as defined in these regulations, and the cargo would be transported in a Type A or Type B
shielded shipping container. The waste container dose rate at 1 meter (3.3 feet) from its surface, or its
Transport Index, is dependent on the distribution and quantities of radionuclides, waste density, shielding
provided by the packaging, and self-shielding provided by the waste mixture.
Dose rates for packages containing low-level and mixed low-level radioactive waste, highly enriched
uranium, pieces and parts of pits, and depleted uranium materials were assigned a dose rate of 2 millirem
per hour at 1 meter. The dose rate for packages containing unirradiated MOX fuel (NRC 2005) and
plutonium oxide was assumed to be 5 millirem per hour at 1 meter. The dose rate for pits and CH-TRU
waste was assumed to be 4 millirem per hour at 1 meter (DOE 1997). In all cases, the maximum external
dose rate would be less than or equal to the regulatory limit of 10 millirem per hour at 2 meters from each
container.
To calculate the collective dose, a unit risk factor was developed to estimate the impact of transporting
one shipment of radioactive material over a unit distance of travel in a given population density zone.
The unit risk factors were combined with routing information, such as the shipment distances in various
population density zones, to determine the risk for a single shipment (a shipment risk factor) between a
given origin and destination. Unit risk factors were developed on the basis of travel on interstate
highways and freeways, as required by 49 CFR Parts 171 to 178 for highway-route-controlled quantities
of radioactive material within rural, suburban, and urban population zones by using RADTRAN 6 and its
default data. In addition, it was assumed for the analysis that, for 10 percent of the time, travel through
suburban and urban zones would encounter rush-hour conditions, leading to lower average speed and
higher traffic density.
The radiological risks from transporting the waste are estimated in terms of the number of LCFs among
the crew and the exposed population. A health risk conversion factor of 0.0006 LCFs per rem or
person-rem of exposure is used for both the public and workers (DOE 2003b).
E.6.2

Nonradiological Risk

Nonradiological risks, or vehicle-related health risks, resulting from incident-free transport may be
associated with the generation of air pollutants by transport vehicles during shipment and are independent
of the radioactive nature of the shipment. The health risk associated with these emissions under
incident-free transport conditions is the excess latent mortality due to inhalation of vehicle emissions.
Unit risk factors for pollutant inhalation in terms of mortality have been developed, as described in
A Resource Handbook on DOE Transportation Risk Assessment (DOE 2002b). This analysis was not
performed for this SPD Supplemental EIS because the results cannot be placed into context by
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comparison with a standard or measured data. The amounts of vehicle emissions are estimated for each
alternative in Chapter 4, Section 4.1.1.
E.6.3

Maximally Exposed Individual Exposure Scenarios

The maximum individual doses for routine offsite transportation were estimated for transportation
workers, as well as for members of the general population.
For truck shipments, three hypothetical scenarios were evaluated to determine the MEI in the general
population. These scenarios are as follows (DOE 2002a):


A person caught in traffic and located 1.2 meters (4 feet) from the surface of the shipping
container for 30 minutes



A resident living 30 meters (98 feet) from the highway used to transport the shipping container



A service station worker at a distance of 16 meters (52 feet) from the shipping container for
50 minutes

The hypothetical MEI doses were accumulated over a single year for all transportation shipments.
However, for the scenario involving an individual caught in traffic next to a shipping container, the
radiological exposures were calculated for only one event because it was considered unlikely that the
same individual would be caught in traffic next to all containers for all shipments. For truck shipments,
the maximally exposed transportation worker would be a truck crew member who could be a
DOE employee or a driver for a commercial carrier. In addition to following DOT requirements, a DOE
employee would also need to comply with DOE regulations at 10 CFR Part 835 (“Occupational Radiation
Protection”) which limits worker radiation doses to 5 rem per year; however, DOE’s goal is to maintain
radiological exposure as low as reasonably achievable. DOE has therefore established the Administrative
Control Level of 2 rem per year (DOE-STD-1098-2008). This limit would apply to any non-TRU waste
shipment conducted by DOE personnel. Drivers of TRU waste shipments to WIPP have an
Administrative Control Level of 1 rem per year (WIPP 2006). Commercial drivers are subject to
Occupational Safety and Health Administration regulations, which limits the whole body dose to 5 rem
per year (29 CFR 1910.1996(b)), and the DOT requirement of 2 millirem per hour in the truck cab
(49 CFR 173.411). Commercial drivers typically do not transport radioactive materials that have high
dose rates external to the package; therefore, for purposes of analysis, a maximally exposed driver would
not be expected to exceed the DOE Administrative Control Level of 2 rem per year for non-TRU waste
shipments. Other workers include inspectors who would inspect the truck and its cargo along the route.
One inspector was assumed to be at a distance of 1 meter (3.3 feet) from the cargo for a duration
of 1 hour.
E.7

Transportation Accident Risks

E.7.1

Methodology

The offsite transportation accident analysis considers the impact of accidents during the transportation of
materials. Under accident conditions, impacts on human health and the environment could result from the
release and dispersal of radioactive material. Transportation accident impacts were assessed using an
accident analysis methodology developed by NRC. This section provides an overview of the
methodologies; detailed descriptions of various methodologies are found in the Radioactive Material
Transportation Study, NUREG-0170, Modal Study, NUREG/CR-4829, and Reexamination Study,
NUREG/CR-6672 (NRC 1977, 1987, 2000). Accidents that could potentially breach the shipping
container are represented by a spectrum of accident severities and radioactive release conditions.
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Historically, most transportation accidents involving radioactive materials have resulted in little or no
release of radioactive material from the shipping container. Consequently, the analysis of accident risks
takes into account a spectrum of accidents ranging from high-probability accidents of low severity to
hypothetical high-severity accidents that have a correspondingly low probability of occurrence. The
accident analysis calculates the probabilities and consequences from this spectrum of accidents.
To provide DOE and the public with a reasonable assessment of radioactive waste transportation accident
impacts, two types of analysis were performed. First, an accident risk assessment was performed that
takes into account the probabilities and consequences of a spectrum of potential accident severities using
a methodology developed by NRC (NRC 1977, 1987, 2000). For the spectrum of accidents considered in
the analysis, accident consequences in terms of collective “dose risk” to the population within
80 kilometers (50 miles) were determined using the RADTRAN 6 computer program (SNL 2009). The
RADTRAN 6 code sums the product of consequences and probability over all accident severity categories
to obtain a probability-weighted risk value referred to in this appendix as “dose risk,” which is expressed
in units of person-rem. Second, to represent the maximum reasonably foreseeable impacts to individuals
and populations should an accident occur, maximum radiological consequences were calculated in an
urban or suburban population zone for an accidental release with a likelihood of occurrence greater than
1-in-10 million per year using the RISKIND computer program (Yuan et al. 1995).
For accidents where a waste container or the cask shielding was undamaged, population and individual
radiation exposure from the waste package was evaluated for the duration that would be needed to recover
and resume shipment. The collective dose over all segments of transportation routes was evaluated for an
affected population within a distance of 800 meters (0.5 miles) from the accident location. This dose is an
external dose, and is approximately inversely proportional to the square of the distance of the affected
population from an accident. Any additional dose to those residing beyond 800 meters (0.5 miles) from
the accident would be negligible. The dose to an individual (first responder) was calculated assuming that
the individual would be located at 2 to 10 meters (6.6 to 33 feet) from the package.
E.7.2

Accident Rates

Whenever material is shipped, the possibility exists of a traffic accident that could result in vehicular
damage, injury, or death. Even when drivers are trained in defensive driving and take great care, there is
a risk of a traffic accident. DOE and its predecessor agencies have a successful 50-year history of
transporting radioactive materials. In the years of moving radioactive and hazardous materials, DOE has
not had a single fatality related to transportation of hazardous or radioactive material cargo (DOE 2009).
To calculate accident risks, vehicle accident and fatality rates were taken from data provided in
State-Level Accident Rates for Surface Freight Transportation: A Reexamination, ANL/ESD/TM-150
(Saricks and Tompkins 1999). Accident rates are generically defined as the number of accident
involvements (or fatalities) in a given year per unit of travel in that same year. Therefore, the rate is a
fractional value, with accident involvement count as the numerator of the fraction and vehicular activity
(total travel distance in truck kilometers) as its denominator. Accident rates were generally determined
for a multi-year period. For assessment purposes, the total number of expected accidents or fatalities was
calculated by multiplying the total shipment distance for a specific case by the appropriate accident or
fatality rate. No reduction in accident or fatality rates was assumed, even though radioactive material
carrier drivers are better trained and have better maintained equipment.
For truck transportation, the rates presented are specifically for heavy combination trucks involved in
interstate commerce (Saricks and Tompkins 1999). Heavy combination trucks are rigs composed of a
separable tractor unit containing the engine and one to three freight trailers connected to each other.
Heavy combination trucks are typically used for radioactive material shipments. Truck accident rates
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were computed for each state based on statistics compiled by the Federal Highway Administration, Office
of Motor Carriers, from 1994 to 1996. A fatality caused by an accident is the death of a member of the
public who is killed instantly or dies within 30 days due to the injuries sustained in the accident.
For offsite transportation of radioactive materials and wastes, separate accident rates and accident fatality
risks were used for rural, suburban, and urban population zones. The values selected were the state-level
accident and fatality rates provided in ANL/ESD/TM-150 (Saricks and Tompkins 1999) under interstate,
primary, and total categories for rural, suburban, and urban population zones along the analyzed routes,
respectively. The state-level rates were adjusted based on the distance traveled in each population zone in
each state to derive a route-specific accident and fatality rate per car-kilometer.
Review of the truck accidents and fatalities reports by the Federal Carrier Safety Administration indicated
that state-level accidents and fatalities were underreported. For the years 1994 through 1996, which
formed the bases for the analysis in the Saricks and Tompkins report, the review identified that accidents
were underreported by about 39 percent and fatalities were underreported by about 36 percent
(UMTRI 2003). Therefore, state-level truck accident and fatality rates in the Saricks and Tompkins
report were increased by factors of 1.64 and 1.57, respectively, to account for the underreporting.
For transport by STA, the DOE operational experience between 1975 and 1998 was used to determine an
accident rate of 2.7 × 10-7 accident per kilometer (4.4 × 10-7 accident per mile) (DOE 2002a). The
route-specific commercial truck accident rates were adjusted to reflect the STA accident rate. Accident
fatalities for STAs were estimated using the commercial truck transport fatality per accident ratios within
each zone.
E.7.3

Accident Severity Categories and Conditional Probabilities

Accident severity categories for potential radioactive waste transportation accidents are described in the
Radioactive Material Transportation Study (NRC 1977) for radioactive waste in general, the Modal Study
(NRC 1987), and the Reexamination Study (NRC 2000) for used nuclear fuel. The methods described in
the Modal Study and the Reexamination Study are applicable to transportation of radioactive materials in a
Type B spent fuel cask. The accident severity categories presented in the Radioactive Material
Transportation Study would be applicable to all other waste transported off site.
The Radioactive Material Transportation Study (NRC 1977) originally was used to estimate conditional
probabilities associated with accidents involving transportation of radioactive materials. The Modal
Study and the Reexamination Study (NRC 1987, 2000) are initiatives taken by NRC to refine more
precisely the analysis presented in the Radioactive Material Transportation Study for used nuclear fuel
shipment casks.
Whereas the Radioactive Material Transportation Study (NRC 1977) analysis was primarily performed
using best engineering judgments and presumptions concerning cask response, the later studies rely on
sophisticated structural and thermal engineering analysis and a probabilistic assessment of the conditions
that could be experienced in severe transportation accidents. The latter results are based on representative
used nuclear fuel casks assumed to have been designed, manufactured, operated, and maintained
according to national codes and standards. Design parameters of the representative casks were chosen to
meet the minimum test criteria specified in 10 CFR Part 71. The study is believed to provide realistic, yet
conservative, results for radiological releases under transport accident conditions.
In the Modal Study and the Reexamination Study, potential accident damage to a cask is categorized
according to the magnitude of the mechanical forces (impact) and thermal forces (fire) to which a cask
may be subjected during an accident. Because all accidents can be described in these terms, severity is
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independent of the specific accident sequence. In other words, any sequence of events that results in an
accident in which a cask is subjected to forces within a certain range of values is assigned to the accident
severity region associated with that range. The accident severity scheme is designed to take into account
all potential foreseeable transportation accidents, including accidents with low probabilities but high
consequences, and those with high probabilities but low consequences.
As discussed earlier, the accident consequence assessment considers the potential impacts of severe
transportation accidents. In terms of risk, the severity of an accident must be viewed in terms of potential
radiological consequences, which are directly proportional to the fraction of the radioactive material
within a cask that is released to the environment during the accident. Although accident severity regions
span the entire range of mechanical and thermal accident loads, they are grouped into accident categories
that can be characterized by a single set of release fractions and are, therefore, considered together in the
accident consequence assessment. The accident category severity fraction is the sum of all conditional
probabilities in that accident category.
For the accident risk assessment, accident “dose risk” was generically defined as the product of the
consequences of an accident and the probability of occurrence of that accident, an approach consistent
with the methodology used by RADTRAN 6 computer code. The RADTRAN 6 code sums the product
of consequences and probabilities over all accident categories to obtain a probability-weighted risk value
referred to in this appendix as “dose risk,” which is expressed in units of person-rem.
E.7.4

Atmospheric Conditions

Because it is impossible to predict the specific location of an offsite transportation accident, generic
atmospheric conditions were selected for the risk and consequence assessments. On the basis of
observations from National Weather Service surface meteorological stations at over 177 locations in the
United States, on an annual average, neutral conditions (Pasquill Stability Classes C and D) occur
58.5 percent of the time, and stable (Pasquill Stability Classes E, F, and G) and unstable (Pasquill
Stability Classes A and B) conditions occur 33.5 percent and 8 percent of the time, respectively
(DOE 2002a). The neutral weather conditions predominate in each season, but most frequently in the
winter (nearly 60 percent of the observations).
Neutral weather conditions (Pasquill Stability Class D) compose the most frequently occurring
atmospheric stability condition in the United States and are thus most likely to be present in the event of
an accident involving a radioactive waste shipment. Neutral weather conditions are typified by moderate
windspeeds, vertical mixing within the atmosphere, and good dispersion of atmospheric contaminants.
Stable weather conditions are typified by low windspeeds, very little vertical mixing within the
atmosphere, and poor dispersion of atmospheric contaminants. The atmospheric condition used in
RADTRAN 6 is an average weather condition that corresponds to a stability class spread between Class D
(for near distance) and Class E (for farther distance).
The accident consequences for the maximum reasonably foreseeable accident (an accident with a
likelihood of occurrence greater than 1 in 10 million per year) were assessed for both stable (Class F with
a wind speed of 1 meter [3.3 feet] per second) and neutral (Class D with a wind speed of 4 meters
[13 feet] per second) atmospheric conditions. The population dose was evaluated under neutral
atmospheric conditions and the MEI dose under stable atmospheric conditions. The MEI dose would
represent an accident under weather conditions that result in a conservative dose (i.e., a stable weather
condition, with minimum diffusion and dilution). The population dose would represent an average
weather condition.
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E.7.5

Radioactive Release Characteristics

Radiological consequences were calculated by assigning radionuclide release fractions on the basis of the
type of waste, the type of shipping container, and the accident severity category. The release fraction is
defined as the fraction of the radioactivity in the container that could be released to the atmosphere in a
given severity of accident. Release fractions vary according to the waste type and the physical or
chemical properties of the radioisotopes. Most solid radionuclides are nonvolatile and are, therefore,
relatively nondispersible.
Representative release fractions were developed for each waste and container type on the basis of DOE
and NRC reports (DOE 1994, 2002b, 2003a; NRC 1977, 2000, 2005). The severity categories and
corresponding release fractions provided in these documents cover a range of accidents from no impact
(zero speed) to impacts with speed in excess of 193 kilometers (120 miles) per hour onto an unyielding
surface. Traffic accidents that could occur at the facility would be of minor impact due to lower local
speed, with no release potential.
For radioactive wastes transported in a Type B cask, the particulate release fractions were developed
consistent with the models in the Reexamination Study (NRC 2000) and adapted in the Final West Valley
Demonstration Project Waste Management Environmental Impact Statement (DOE 2003a). For wastes
transported in Type A containers (e.g., 208-liter [55-gallon] drums and boxes), the fractions of radioactive
material released from the shipping container were based on recommended values from the Radioactive
Material Transportation Study and DOE Handbook on Airborne Release Fractions/Rates and Respirable
Fractions for Nonreactor Nuclear Facility (NRC 1977, DOE 1994). For CH-TRU and remote-handled
TRU waste, the release fractions corresponding to the Radioactive Material Transportation Study severity
categories as adapted in the Waste Isolation Pilot Plant Disposal Phase Final Supplemental
Environmental Impact Statement were used (DOE 1997).
For those accidents where the waste container or cask shielding were undamaged and no radioactive
material was released, it was assumed that it would take 12 hours to recover from the accident and resume
shipment for commercial shipments, and 6 hours for STA shipments. During this period, no individual
would remain close to the cask. A first responder was assumed to stay at a location 2 to 10 meters (6.6 to
33 feet) from the package for 1 hour (DOE 2002b).
E.7.6

Acts of Sabotage or Terrorism

In the aftermath of the tragic events of September 11, 2001, DOE is continuing to assess measures to
minimize the risk or potential consequences of radiological sabotage. While it is not possible to
determine terrorists’ motives and targets with certainty, DOE considers the threat of terrorist attack to be
real, and makes all efforts to reduce any vulnerability to this threat.
Nevertheless, DOE has evaluated the impacts of acts of sabotage and terrorism on transportation of used
nuclear fuel and high-level radioactive waste shipments (DOE 1996, 2002a). The sabotage event
evaluated in the Final Environmental Impact Statement for a Geologic Repository for the Disposal of
Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada (Yucca
Mountain EIS) was considered as the enveloping analysis for this SPD Supplemental EIS. The event was
assumed to involve either a truck or rail cask containing light water reactor used nuclear fuel. The
consequences of such an act were calculated to result in an MEI dose (at 140 meters [460 feet]) of 40 to
110 rem for events involving a rail- or truck-sized cask, respectively (DOE 2002a). DOE’s reassessment
of the potential releases in a sabotage event in the Final Supplemental Environmental Impact Statement
for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at
Yucca Mountain, Nye County, Nevada (DOE 2008b) concluded that the consequence of a sabotage event
in the Yucca Mountain EIS could be overstated by a factor of between 2.5 and 12. Considering a
minimum factor of 2 overestimation in the calculated MEI doses, and the fact that any individual dose
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above 20 rem would lead to a factor of 2 increase in the dose risk conversion factor of 0.0006 LCF
per rem, the Yucca Mountain EIS MEI dose of 40 to 110 would lead to an increase in risk of fatal cancer
to the MEI by 2 to 7 percent. The quantity of radioactive materials transported under all alternatives
considered in this SPD Supplemental EIS would be less than that considered in the Yucca Mountain EIS
analysis. Therefore, estimates of risk in the Yucca Mountain EIS envelop the risks from an act of
sabotage or terrorism involving the radioactive material transported under all alternatives considered in
this SPD Supplemental EIS.
E.8

Risk Analysis Results

Per-shipment risk factors have been calculated for the collective populations of exposed persons and for
the crew for all anticipated routes and shipment configurations. Radiological risks are presented in doses
per-shipment for each unique route, material, and container combination. Radiological risk factors
per-shipment for incident-free transportation and accident conditions are presented in Table E–5. These
factors have been adjusted to reflect the projected population in 2020. For incident-free transportation,
both dose and LCF risk factors are provided for the crew and exposed population. The radiological risks
would result from potential exposure of people to external radiation emanating from the packaged waste.
The exposed population includes the off-link public (people living along the route), on-link public
(pedestrian and car occupants along the route) and public at rest and fuel stops. LCF risk factors were
calculated by multiplying the accident dose risks by a health risk conversion factor of 0.0006 cancer
fatalities per person-rem of exposure (DOE 2003b).
For transportation accidents, the risk factors are given for both radiological impacts, in terms of potential
LCFs in the exposed population, and nonradiological impacts, in terms of number of traffic fatalities.
LCFs represent the number of additional latent fatal cancers among the exposed population. Under
accident conditions, the population would be exposed to radiation from released radioactivity if the
package were damaged and would receive a direct dose if the package is unbreached. For accidents that
had no release, the analysis conservatively assumed that it would take about 12 hours to remove the
package and/or commercial vehicle from the accident area (DOE 2002a); 6 hours was assumed for STA
shipments. The nonradiological risk factors are nonoccupational traffic fatalities resulting from
transportation accidents.
As stated earlier (see Section E.7.3), the accident dose is called “dose risk” because the values incorporate
the spectrum of accident severity probabilities and associated consequences (e.g., dose). The accident
dose risks are very low because accident severity probabilities (i.e., the likelihood of accidents leading to
confinement breach of a package or shipping cask and release of its contents) are small, and the content
and form of the wastes (i.e., solids) are such that a breach would lead to a nondispersible and mostly
noncombustible release. Although persons are residing within an 80-kilometer (50-mile) radius along the
transportation route, they are generally quite far from the route. Because RADTRAN 6 uses an
assumption of homogeneous population, it would greatly overestimate the actual doses because this
assumption theoretically places people directly adjacent to the route where the highest doses would be
present.
As indicated in Table E–5, all per-shipment risk factors are less than one. This means that no LCF or
traffic fatalities are expected to occur during each transport. For example, the risk factors to truck crew
and population for transporting one shipment of pits from Pantex to SRS are given as 3.1 × 10-5 and
3.6 × 10-5 LCFs, respectively. This risk can also be interpreted as meaning that there is a chance of 3 in
100,000 that an additional latent fatal cancer could be experienced among the exposed workers from
exposure to radiation during one shipment of this waste. Similarly, there is a chance of 4 in 100,000 that
an additional latent fatal cancer could be experienced among the exposed population residing along the
transport route due to one shipment. These chances are essentially equivalent to zero risk. It should be
noted that the maximum allowable dose rate in the truck cab is less than or equal to 2 millirem per hour.
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Table E–5 Risk Factors per Shipment of Radioactive Material and Waste
Crew
Dose
(personrem)
0.051
0.013
0.0037
0.014
0.0028
0.028

Incident-Free
Population
Crew
Dose
Risk
(person(LCF)
rem)
3.1 × 10-5
0.061
7.9 × 10-6
0.018
2.2 × 10-6
0.0057
8.1 × 10-6
0.024
1.7 × 10-6
0.0058
1.7 × 10-5
0.061

Accident
Population
Risk
(LCF)
3.6 × 10-5
1.1 × 10-5
3.4 × 10-6
1.5 × 10-5
3.5 × 10-6
3.7 × 10-5

Radiological
Risk
(LCF)
1.4 × 10-9
1.4 × 10-10
8.6 × 10-11
1.2 × 10-10
9.1 × 10-10
7.3 × 10-8

Nonradiological
Risk (traffic
fatalities)
0.000059
0.000017
0.000011
0.000083
0.000078
0.000078

Material or Wastes
Pits a, b
Pits a, b
HEU a, b
HEU a, b
Pieces-parts a, b
Plutonium oxide
powder a, b
TRU waste in POCs
containing surplus
plutonium material c
TRU Waste with
10 grams non-pit FGE
per drum d
TRU Waste with
20 grams weapons-grade
FGE per drum d
TRU Waste with
20 grams weapons-grade
FGE per drum d
TRU waste in CCOs
containing surplus
plutonium material e
Non-pit plutonium direct
disposition to WIPP a, b
HUFP f
LLW g
LLW g
MLLW h
MLLW h
DUF6 (48G container)

Origin
Pantex, TX
Pantex, TX
SRS
LANL
SRS
LANL

Transport
Destination
SRS
LANL
Y-12
Y-12
LANL
SRS

SRS

WIPP

0.094

5.7 × 10-5

0.046

2.7 × 10-5

8.4 × 10-10

0.00015

SRS

WIPP

0.094

5.7 × 10-5

0.046

2.7 × 10-5

8.4 × 10-10

0.00015

SRS

WIPP

0.094

5.7 × 10-5

0.046

2.7 × 10-5

8.4 × 10-10

0.00015

LANL

WIPP

0.023

1.4 × 10-5

0.012

7.5 × 10-6

3.0 × 10-11

0.000021

SRS

WIPP

0.094

5.7 × 10-5

0.046

2.7 × 10-5

8.4 × 10-10

0.00015

SRS

WIPP

0.073

4.4 × 10-5

0.16

9.5 × 10-5

6.5 × 10-8

0.00015

SRS
SRS
LANL
SRS
LANL
Piketon, OH i

0.013
0.078
0.025
0.093
0.030
0.0089

7.7 × 10-6
4.7 × 10-5
1.5 × 10-5
5.6 × 10-5
1.8 × 10-5
5.3 × 10-6

0.026
0.031
0.011
0.062
0.021
0.019

1.6 × 10-5
1.9 × 10-5
6.3 × 10-6
3.7 × 10-5
1.3 × 10-5
1.2 × 10-5

4.3 × 10-8
2.6 × 10-10
2.2 × 10-11
5.1 × 10-10
4.3 × 10-11
1.0 × 10-7

0.00015
0.00018
0.000024
0.00018
0.000024
0.00020

DUF6 (30B container)

Piketon, OH i

WIPP
NNSS
NNSS
NNSS
NNSS
Richland,
WA h
Richland,
WA h
SRS
SRS
BFN

0.041

2.5 × 10-5

0.061

3.7 × 10-5

8.8 × 10-8

0.00020

depleted uranium oxide
Richland, WA j
0.10
6.2 × 10-5
0.061
3.6 × 10-5
6.3 × 10-7
0.00023
j
-5
-5
DUNH
Richland, WA
0.10
6.2 × 10
0.061
3.6 × 10
3.4 × 10-6
0.00023
BWR MOX fuel
SRS
0.0073 4.4 × 10-6
0.012
7.2 × 10-6
1.6 × 10-10
0.000014
assemblies k
PWR MOX fuel
SRS
SQN
0.0058 3.5 × 10-6
0.0080
4.8 × 10-6
2.1 × 10-10
0.0000080
assemblies k
BWR MOX fuel
SRS
Generic
0.043
2.6 × 10-5
0.082
4.9 × 10-5
5.3 × 10-10
0.000091
assemblies k
Reactor
BFN = Browns Ferry Nuclear Plant; BWR = boiling water reactor; CCO = criticality control overpack; DUF6 = depleted uranium hexafluoride;
DUNH = depleted uranyl nitrate, hexahydrate; FGE = fissile gram equivalent; HEU = highly enriched uranium; HUFP = Hanford Unirradiated
Fuel Package; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; LLW = low-level radioactive waste; MLLW = mixed
low-level radioactive waste; MOX = mixed oxide; NNSS = Nevada National Security Site; OH = Ohio; Pantex = Pantex Plant; POC = pipe
overpack container; PWR = pressurized water reactor; SQN = Sequoyah Nuclear Plant; SRS = Savannah River Site; TRU = transuranic;
TX = Texas; WA = Washington; WIPP = Waste Isolation Pilot Plant; Y-12 = Y-12 National Security complex.
a
Transported in Type B packages.
b
Transported by Secure Transportation Assets (STA).
c
Transported in 208-liter (55-gallon) drums in 2 TRUPACT-IIs and 1 HalfPACT per shipment.
d
Transported in 208-liter (55-gallon) drums in 3 TRUPACT-IIs per shipment.
e
Transported in 3 TRUPACT-IIs per shipment.
f
The HUFP is a Type B package.
g
Transported in Type A B-25 boxes.
h
Transported in 208-liter (55-gallon) drums.
i
Location of the Portsmouth Gaseous Diffusion Plant.
j
Location of the AREVA fuel fabrication facility.
k
Assumed to be transported in an as-yet designed transport package that can hold two assemblies.
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To provide flexibility for potential disposition of surplus plutonium that cannot be converted into MOX
fuel, per-shipment and total transportation impacts for shipment of 6 metric tons (6.6 tons) of plutonium
to WIPP for disposal are provided in this appendix. This surplus material is assumed to be packaged in
POCs and shipped as CH-TRU waste. For purposes of analysis, it is assumed that a shipment of POCs
would consist of 2 TRUPACT II packages and a HalfPACT, with the shipment containing a total of
35 POCs. If CCOs are used, then a shipment would be comprised of 3 TRUPACT II packages containing
a total of 42 containers. If the plutonium materials undergo direct disposition to WIPP then the shipment
would be transported by STA.
Tables E–6 through E–10 show the risks of transporting radioactive materials and wastes under each
alternative. The risks are calculated by multiplying the previously given per-shipment factors by the
number of shipments over the duration of the program and, for radiological doses, by the health risk
conversion factors. The risks are for the entire period under each alternative and include both
construction and operations. The number of shipments for the different waste types was calculated using
the estimated waste volumes for each waste type as given in Chapter 4, Section 4.1.4, of the
SPD Supplemental EIS, the waste container and shipment characteristics provided in Section E.5.2 and
Table E–2, and the projected operational duration for each facility (see Appendix B, Table B–2). In each
table, the total shipments and associated impacts are provided for three groups: transports including
shipments of MOX fuel to TVA reactors, transports including shipments of MOX fuel to a generic
reactor, and transports that do not include MOX fuel shipments to reactors.
Comparison of Tables E–6 through E–10 indicates that the WIPP Alternative would have a higher
radiological risk to the population during incident-free transportation than the other alternatives due to the
greater number of shipments if transport of unirradiated MOX fuel is not considered. For all alternatives,
if transport of unirradiated MOX fuel to TVA reactors is considered, the incident-free radiological risks
would only slightly increase. If unirradiated MOX fuel is transported to other commercial nuclear power
reactors in the United States, then these shipments could comprise about 30 percent of the total incidentfree radiological risk to the population from all transports under each alternative, although there likely
would not be an LCF.
The MOX Fuel Alternative would have the greatest radiological accident risk among the alternatives
because this alternative would require the largest number of shipments of depleted uranium from the
Portsmouth Gaseous Diffusion Plant to AREVA, and from AREVA to SRS, assuming no transport of
unirradiated MOX fuel. The transport of unirradiated MOX fuel would have about the same radiological
accident risk for all of the alternatives.
Nonradiological accident risks (the potential for fatalities as a direct result of traffic accidents) present the
greatest risks, with an estimate of up to 1 fatality if transport of unirradiated MOX fuel to reactors
somewhere in the United States is included. Considering the transportation activities analyzed in this
SPD Supplemental EIS would occur over a 40-year period and the average number of traffic fatalities in
the United States is about 40,000 per year (DOT 2006), the traffic fatality risk under all alternatives
would be very small. See Section E.14.5 for further discussion of accident fatality rates.
If HUFPs were used to transport unirradiated FFTF fuel, and CCOs or other approved containers or
Type B packaging capable of transporting larger quantities of plutonium material were used to transport
plutonium materials to WIPP as TRU waste, there would be a small reduction in transportation risks for
incident-free transport for the MOX and WIPP Alternatives despite the number of shipments to WIPP
being reduced by more than half. There would be a negligible increase in radiological accident risks in
these alternatives.
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Table E–6 Risks of Transporting Radioactive Material and Waste – No Action Alternative a

Route

Transport
Mode
STA
Truck
Truck

All STA routes
LANL to WIPP
LANL to NNSS – LLW

STA
Truck
Truck

Portsmouth to AREVA
(48G containers)
Portsmouth to AREVA
(30B containers)
AREVA to SRS (DUO2)
AREVA to SRS (DUNH)
SRS to Generic Reactor d

Truck

Accident
Radiological Nonradiological
Risk b
Risk b
1  10-6
1  10-6
1  10-7

0.06
0.2
0.08

1  10-6
5  10-10
4  10-10

0.002
0.0003
0.0004

1  10-5

0.03

Truck

160

0.59

6.4

0.004

9.5

0.006

1  10-5

0.03

Truck
Truck
Truck

34
4
3,400

0.15
0.017
15

3.5
0.41
150
Totals
380

0.002
0.0002
0.09

2.1
0.24
280

0.001
0.0001
0.2

2  10-5
1  10-5
2  10-6

0.008
0.0009
0.3

With fresh MOX Fuel Shipments to
–
6,700
24
0.2
430
0.3
0.00007
0.7
a generic reactor d
Without fresh MOX Fuel Shipments
–
3,300
8.8
230
0.1
150
0.09
0.00007
0.4
AREVA = AREVA fuel fabrication facility; DUNH = depleted uranyl nitrate, hexahydrate; DUO2 = depleted uranium oxide; LANL = Los Alamos National Laboratory;
LLW = low-level radioactive waste; MOX = mixed oxide; NNSS = Nevada National Security Site; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium
Facility; SRS = Savannah River Site; STA = secure transportation asset; WIPP = Waste Isolation Pilot Plant.
a
For waste shipments, the totals include construction and operations activities.
b
Risk is expressed in terms of LCFs, except for the nonradiological risk, where it refers to the number of traffic accident fatalities. Radiological risk is calculated for one-way
travel while nonradiological risk is calculated for two-way travel. Accident dose-risk can be calculated by dividing the risk values by 0.0006 (DOE 2003b). The values are
rounded to one non-zero digit.
c
Includes impacts from MFFF operations.
d
For purposes of analysis, it was assumed that the generic commercial nuclear power reactor would be located at the Hanford Reservation, Washington, to maximize the distance
traveled in order to envelop impacts related to shipping to other possible commercial nuclear power reactor sites . Only shipments of BWR fuel are analyzed because there would be
a greater number of shipments to a BWR reactor than a PWR reactor, thus providing a conservative analysis of the distance traveled per alternative that would cover a smaller
number of PWR shipments to a generic commercial nuclear power reactor for the same amount of unirradiated MOX fuel, should shipments be made to a PWR.
Note: To convert kilometers to miles, multiply by 0.62137.
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All STA routes
SRS to WIPP
SRS to NNSS - LLW

Incident-Free
One-way
Crew
Population
Kilometers
Traveled
Dose
Dose
(million)
(person-rem)
Risk b
(person-rem)
Risk b
c
PDCF at F-Area at SRS
1,100
2.3
52
0.03
62
0.04
1,400
3.4
130
0.08
63
0.04
440
1.7
34
0.02
14
0.008
PF-4 at LANL (2 metric tons [2.2 tons] processing)
26
0.060
0.58
0.0003
1.3
0.0008
15
0.0090
0.34
0.0002
0.19
0.0001
16
0.020
0.40
0.0002
0.17
0.0001
Other Transports
140
0.52
1.2
0.0007
2.7
0.002

Number
of
Shipments
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Table E–7 Risks of Transporting Radioactive Material and Waste – Immobilization to DWPF Alternative a
E-28
Route

Transport
Mode
Truck
Truck

All STA routes
SRS to WIPP
SRS to NNSS – LLW

STA
Truck
Truck

All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW

STA
Truck
Truck
Truck
Truck

All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW

STA
Truck
Truck
Truck
Truck

All STA routes
LANL to WIPP
LANL to NNSS – LLW

STA
Truck
Truck

Portsmouth to AREVA (48G containers)
Portsmouth to AREVA (30B containers)
AREVA to SRS (DUO2)
AREVA to SRS (DUNH)
SRS to SQN
SRS to BFN
SRS to Generic Reactor f

Truck
Truck
Truck
Truck
STA
STA
STA

15
16

0.0090
0.020

140
160
34
4
430
1,700
3,400

0.52
0.59
0.15
0.017
0.22
1.2
15

0.34
0.40
Other Transports
1.2
6.4
3.5
0.41
2.5
12
150

Accident
Radiological
Risk b

Nonradiological
Risk b

5  10-7
3  10-8

0.08
0.01

2  10-6
1  10-6
1  10-7

0.08
0.2
0.08

3  10-5
9  10-9
7  10-9
1  10-6
1  10-7

0.06
0.006
0.008
0.2
0.08

2  10-5
7  10-9
6  10-9
1  10-6
1  10-7

0.06
0.005
0.006
0.2
0.08

1  10-6

0.002

0.0002
0.0002

0.19
0.17

0.0001
0.0001

5  10
4  10-10

0.0003
0.0004

0.0007
0.004
0.002
0.0002
0.001
0.007
0.09

2.7
9.5
2.1
0.24
3.4
20
280

0.002
0.006
0.001
0.0001
0.002
0.01
0.2

1  10-5
1  10-5
2  10-5
1  10-5
9  10-8
3  10-7
2  10-6

0.03
0.03
0.008
0.0009
0.003
0.02
0.3

-10
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SRS to WIPP
SRS to NNSS – MLLW

Incident-Free
One-way
Crew
Population
Number
Kilometers
of
Traveled
Dose
Dose
Risk b
Risk b
Shipments
(million)
(person-rem)
(person-rem)
Immobilization Capability
550
1.3
52
0.03
25
0.02
58
0.23
5.4
0.003
3.6
0.002
PDCF at F-Area at SRS c
1,400
2.9
65
0.04
77
0.05
1,400
3.5
130
0.08
65
0.04
440
1.7
34
0.02
14
0.008
PF-4 at LANL and MFFF at SRS d
1,700
2.0
28
0.02
47
0.03
290
0.17
6.5
0.004
3.6
0.002
320
0.40
7.9
0.005
3.3
0.002
1,200
2.9
110
0.07
54
0.03
440
1.7
34
0.02
14
0.008
PF-4 at LANL, and H-Canyon/HB-Line and MFFF at SRS e
1,600
2.1
34
0.02
50
0.03
240
0.14
5.3
0.003
2.9
0.002
260
0.33
6.5
0.004
2.7
0.002
1,200
3.0
120
0.07
56
0.03
440
1.7
34
0.02
14
0.008
PF-4 at LANL (2 metric tons [2.2 tons] processing)
26
0.060
0.58
0.0003
1.3
0.0008

Route

Number
of
Shipments

-

6,400

12

-

7,700

26

-

7,000

-

Incident-Free
Crew
Dose
(person-rem)
Totals
320

Risk b

Accident

Population
Dose
Risk b
(person-rem)

Radiological
Risk b

Nonradiological
Risk b

0.2

220

0.1

0.00007

0.6

450

0.3

480

0.3

0.00007

0.8

11

270

0.2

190

0.1

0.00009

0.5

8,300

25

400

0.2

440

0.3

0.00009

0.8

-

6,900

12

280

0.2

190

0.1

0.00008

0.5

-

8,200

25

410

0.2

450

0.3

0.00008

0.8

-

4,300
4,900
4,800

11
10
10

300
250
260

0.2
0.2
0.2

200
160
170

0.1
0.1
0.1

0.00007
0.00009
0.00008

0.5
0.5
0.5

AREVA = AREVA fuel fabrication facility; BFN = Browns Ferry Nuclear Plant; DUNH = depleted uranyl nitrate, hexahydrate; DUO2 = depleted uranium oxide; DWPF = Defense
Waste Processing Facility; LANL = Los Alamos National Laboratory; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fabrication Facility; MLLW = mixed low-level
radioactive waste; NNSS = Nevada National Security Site; PDCF = Pit Disassembly Conversion Facility; PF-4 = Plutonium Facility; SQN = Sequoyah Nuclear Plant; SRS = Savannah
River Site; STA = secure transportation asset; TVA = Tennessee Valley Authority; WIPP = Waste Isolation Pilot Plant.
a
For waste shipments, the totals include construction and operations activities.
b
Risk is expressed in terms of LCFs, except for the nonradiological risk, where it refers to the number of traffic accident fatalities. Radiological risk is calculated for one-way travel
while nonradiological risk is calculated for two-way travel. Accident dose-risk can be calculated by dividing the risk values by 0.0006 (DOE 2003b). The values are rounded to one
non-zero digit.
c
Includes impacts from WSB and MFFF operations.
d
Includes impacts from further processing at the WSB, metal oxidation at MFFF, and MFFF.
e
Includes impacts from further processing at the K-Area Complex, H-Canyon/HB-Line, WSB, metal oxidation at MFFF, and MFFF.
f
For purposes of analysis, it was assumed that the generic commercial nuclear power reactor would be located at the Hanford Reservation, Washington to maximize the distance traveled
in order to envelop impacts related to shipping to other possible commercial nuclear power reactor sites. Only shipments of BWR fuel are analyzed because there would be a greater
number of shipments to a BWR reactor than a PWR reactor, thus providing a conservative analysis of the distance traveled per alternative that would cover a smaller number of PWR
shipments to a generic commercial nuclear power reactor for the same amount of unirradiated MOX fuel, should shipments be made to a PWR.
Note: To convert kilometers to miles, multiply by 0.62137.
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Immobilization/PDCF with TVA
Reactors
Immobilization/PDCF with Generic
Reactor
Immobilization/PF-4/MFFF with TVA
Reactors
Immobilization/PF-4/MFFF with Generic
Reactor
Immobilization/PF-4/H-Canyon/
HB-Line/MFFF with TVA Reactors
Immobilization/PF-4/H-Canyon/
HB-Line/MFFF with Generic Reactor
Immobilization/PDCF
Immobilization/PF-4/MFFF
Immobilization/PF-4/H-Canyon/
HB-Line/MFFF

Transport
Mode

One-way
Kilometers
Traveled
(million)
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Table E–8 Risks of Transporting Radioactive Material and Waste – MOX Fuel Alternative a

Route

All STA routes
SRS to WIPP
SRS to NNSS – LLW
SRS to NNSS – MLLW
All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW
All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW
SRS to WIPP, including use of POCs
SRS to WIPP, including use of CCOs and HUFPs f
SRS to WIPP, direct disposition and HUFPs g
All STA routes
LANL to WIPP
LANL to NNSS – LLW
Portsmouth to AREVA (48G containers)
Portsmouth to AREVA (30B containers)
AREVA to SRS (DUO2)
AREVA to SRS (DUNH)
SRS to SQN
SRS to BFN
SRS to Generic Reactor h

Accident
Radiological
Risk b

Nonradiological
Risk b

2  10-6
1  10-6
1  10-7

0.08
0.2
0.08

2  10-6
1  10-6
1  10-7
7  10-9

0.08
0.2
0.08
0.002

3  10-5
9  10-9
7  10-9
1  10-6
1  10-7

0.06
0.006
0.008
0.2
0.08

2  10-5
7  10-9
6  10-9
1  10-6
1  10-7

0.06
0.005
0.006
0.2
0.08

4  10-7
7  10-7
2  10-6

0.08
0.04
0.005

1  10-6
5  10-10

0.002
0.0003

4  10-10

0.0004

2  10-5
2  10-5
3  10-5
2  10-5
1  10-7
4  10-7
2  10-6

0.04
0.04
0.01
0.001
0.005
0.03
0.4
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All STA routes
SRS to WIPP
SRS to NNSS – LLW

Incident-Free
One-way
Crew
Population
Number
Kilometers
Transport
of
Traveled
Dose
Dose
Mode
Shipments
(million)
(person-rem) Risk b (person-rem) Risk b
PDCF at F-Area at SRS c
STA
1,400
2.9
65
0.04
77
0.05
Truck
1,600
3.9
150
0.09
72
0.04
Truck
430
1.7
34
0.02
13
0.008
PDC c
STA
1,400
2.9
65
0.04
77
0.05
Truck
1,600
3.9
150
0.09
73
0.04
Truck
430
1.7
34
0.02
13
0.008
Truck
13
0.050
1.2
0.0007
0.81
0.0005
PF-4 at LANL and MFFF at SRS d
STA
1,700
2.0
28
0.02
47
0.03
Truck
290
0.17
6.5
0.004
3.6
0.002
Truck
320
0.40
7.9
0.005
3.3
0.002
Truck
1,400
3.3
130
0.08
62
0.04
Truck
430
1.7
34
0.02
13
0.008
PF-4 at LANL, and H-Canyon/HB-Line and MFFF at SRS e
STA
1,600
2.1
34
0.02
50
0.03
Truck
240
0.14
5.3
0.003
2.9
0.002
Truck
260
0.33
6.5
0.004
2.7
0.002
Truck
1,400
3.4
130
0.08
64
0.04
Truck
430
1.7
34
0.02
13
0.008
H-Canyon/HB-Line to WIPP – 2 Metric Tons (2.2 tons)
Truck
500
1.2
47
0.03
23
0.01
Truck
230
0.57
21
0.01
10
0.006
STA/Truck
32
0.17
1.6
0.0009
3.4
0.002
PF-4 at LANL (2 metric tons [2.2 tons] processing)
STA
26
0.060
0.58
0.0003
1.3
0.0008
Truck
15
0.0090
0.34
0.0002
0.19
0.0001
Truck
16
0.020
0.40
0.0002
0.17
0.0001
Other Transports
Truck
180
0.69
1.6
0.001
3.5
0.002
Truck
210
0.78
8.5
0.005
13
0.008
Truck
45
0.19
4.6
0.003
2.7
0.002
Truck
6
0.026
0.62
0.0004
0.36
0.0002
STA
570
0.29
3.3
0.002
4.6
0.003
STA
2,300
1.7
17
0.01
28
0.02
STA
4,500
20
190
0.1
370
0.2

Route

-

7,300
7,000
6,800
7,300
7,100
6,900
7,900
7,700
7,500

One-way
Kilometers
Traveled
(million)
Totals
13
13
12
14
13
12
12
12
11

-

7,800
7,500

-

Incident-Free
Crew

Accident

Population
Dose
(person-rem) Risk b

Radiological
Risk b

Nonradiological
Risk b

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.00009
0.00009
0.00009
0.00009
0.00009
0.00009
0.0001
0.0001
0.0001

0.6
0.6
0.5
0.6
0.6
0.5
0.6
0.5
0.5

210
190

0.1
0.1

0.0001
0.0001

0.6
0.5

0.1

190

0.1

0.0001

0.5

510
480
460
510
480
460
460
430
410

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2

580
560
560
580
570
560
540
530
520

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

0.00009
0.00009
0.00009
0.00009
0.00009
0.00009
0.0001
0.0001
0.0001

1
0.9
0.9
1
0.9
0.9
0.9
0.9
0.9

30

470

0.3

540

0.3

0.0001

0.9

9,100

30

440

0.3

530

0.3

0.0001

0.9

-

8,900

29

420

0.3

530

0.3

0.0001

0.9

-

4,400
4,200
4,000
4,500
4,200
4,000
5,000
4,800
4,600

11
11
10
12
11
11
10
9.8
9.4

320
290
270
320
290
270
270
240
220

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.1

210
190
190
210
200
190
170
160
150

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.09

0.00009
0.00009
0.00009
0.00009
0.00009
0.00009
0.0001
0.0001
0.0001

0.6
0.5
0.5
0.6
0.5
0.5
0.5
0.5
0.4

Dose
(person-rem)

Risk b

330
300
290
330
310
290
290
260
240

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1

240
230
220
240
230
220
200
190
180

13
12

290
270

0.2
0.2

7,300

11

250

-

8,900
8,700
8,500
9,000
8,700
8,500
9,500
9,300
9,100

31
31
30
31
31
30
30
30
29

-

9,400

-
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E-31

PDCF with TVA Reactors
PDCF/CCO option with TVA Reactors
PDCF/direct disposition option with TVA Reactors
PDC with TVA Reactors
PDC/CCO option with TVA Reactors
PDC/direct disposition option with TVA Reactors
PF-4/MFFF with TVA Reactors
PF-4/MFFF/CCO option with TVA Reactors
PF-4/MFFF/direct disposition option with TVA
Reactors
PF-4/H-Canyon/HB-Line/MFFF with TVA Reactors
PF-4/H-Canyon/HB-Line/MFFF/CCO option with
TVA Reactors
PF-4/H-Canyon/HB-Line/MFFF/direct disposition
option with TVA Reactors
PDCF with Generic Reactor
PDCF/CCO option with Generic Reactor
PDCF/direct disposition option with Generic Reactor
PDC with Generic Reactor
PDC/CCO option with Generic Reactor
PDC/direct disposition option with Generic Reactor
PF-4/MFFF with Generic Reactor
PF-4/MFFF/CCO option with Generic Reactor
PF-4/MFFF/direct disposition option with Generic
Reactor
PF-4/H-Canyon/HB-Line/MFFF with Generic
Reactor
PF-4/H-Canyon/HB-Line/MFFF/CCO option with
Generic Reactor
PF-4/H-Canyon/HB-Line/MFFF/direct disposition
option with Generic Reactor
PDCF
PDCF/CCO option
PDCF/direct disposition option
PDC
PDC/CCO option
PDC/direct disposition option
PF-4/MFFF
PF-4/MFFF/CCO option
PF-4/MFFF/direct disposition option

Transport
Mode

Number
of
Shipments

E-32

Transport
Mode
-

Number
of
Shipments
4,900
4,600
4,400

One-way
Kilometers
Traveled
(million)
11
9.9
9.5

Incident-Free
Crew
Dose
(person-rem)
280
250
230

Population
Dose
(person-rem) Risk b
180
0.1
160
0.1
160
0.1

Accident
Radiological
Risk b
0.0001
0.0001
0.0001

Nonradiological
Risk b
0.5
0.5
0.5
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Risk b
Route
PF-4/H-Canyon/HB-Line/MFFF
0.2
PF-4/H-Canyon/HB-Line/MFFF/CCO option
0.1
PF-4/H-Canyon/HB-Line/MFFF/direct disposition
0.1
option
AREVA = AREVA fuel fabrication facility; BFN = Browns Ferry Nuclear Plant; CCO = criticality control overpack; DUNH = depleted uranyl nitrate, hexahydrate; DUO2 = depleted
uranium oxide; HUFP = Hanford Unirradiated Fuel Package; LANL = Los Alamos National Laboratory; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fabrication Facility;
MLLW = mixed low-level radioactive waste; MOX = mixed oxide; NNSS = Nevada National Security Site; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly
Conversion Facility; PF-4 = Plutonium Facility; POCs = pipe overpack containers; SQN = Sequoyah Nuclear Plant; SRS = Savannah River Site; STA = secure transportation asset;
TVA = Tennessee Valley Authority; WIPP = Waste Isolation Pilot Plant.
a
For waste shipments, the totals include construction and operations activities.
b
Risk is expressed in terms of LCFs, except for the nonradiological risk, where it refers to the number of traffic accident fatalities. Radiological risk is calculated for one-way travel
while nonradiological risk is calculated for two-way travel. Accident dose-risk can be calculated by dividing the risk values by 0.0006 (DOE 2003b). The values are rounded to one
non-zero digit.
c
Includes impacts from WSB and MFFF operations.
d
Includes impacts from further processing at the WSB, Metal oxidation at MFFF, and MFFF.
e
Includes impacts from further processing at the K-Area Complex, H-Canyon/HB-Line, WSB, metal oxidation at MFFF, and MFFF.
f
For the use of CCOs and HUFPs, non-pit plutonium waste would be packaged in CCOs and not in POCs, reducing the number of shipments. HUFPs would be used to transport FFTF
unirradiated fuel instead of repackaging the fuel in POCs. This option is only applicable to the MOX Fuel Alternative and the WIPP Alternative.
g
For direct disposition, non-pit plutonium waste would remain in their storage containers and be transported in approved Type B packagings and transported via STA. HUFPs would be
used to transport FFTF unirradiated fuel instead of repackaging the fuel in POCs.
h
For purposes of analysis, it was assumed that the generic commercial nuclear power reactor would be located at the Hanford Reservation, Washington to maximize the distance
traveled in order to envelop impacts related to shipping to other possible commercial nuclear power reactor sites. Only shipments of BWR fuel are analyzed because there would be a
greater number of shipments to a BWR reactor than a PWR reactor, thus providing a conservative analysis of the distance traveled per alternative that would cover a smaller number of
PWR shipments to a generic commercial nuclear power reactor for the same amount of unirradiated MOX fuel, should shipments be made to a PWR.
Note: To convert kilometers to miles, multiply by 0.62137.

Table E–9 Risks of Transporting Radioactive Material and Waste – H-Canyon/HB-Line to DWPF Alternative a

Route

Transport
Mode
STA
Truck
Truck

All STA routes
SRS to WIPP
SRS to NNSS – LLW
SRS to NNSS – MLLW

STA
Truck
Truck
Truck

All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW

STA
Truck
Truck
Truck
Truck

All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW

STA
Truck
Truck
Truck
Truck

All STA routes
LANL to WIPP
LANL to NNSS – LLW

STA
Truck
Truck

16

E-33

SRS to WIPP

Truck

10

Portsmouth to AREVA (48G containers)
Portsmouth to AREVA (30B containers)
AREVA to SRS (DUO2)
AREVA to SRS (DUNH)
SRS to Sequoyah Nuclear Plant
SRS to Browns Ferry Nuclear Plant
SRS to Generic Reactor f

Truck
Truck
Truck
Truck
STA
STA
STA

170
190
41
5
500
2,100
4,100

0.020

0.40

0.0002

H-Canyon/HB-Line and DWPF
0.025
0.94
0.0006
Other Transports
0.63
1.5
0.0009
0.71
7.8
0.005
0.17
4.2
0.003
0.021
0.51
0.0003
0.25
2.9
0.002
1.5
15
0.009
18
180
0.1

Accident
Radiological
Risk b

Nonradiological
Risk b

2  10-6
1  10-6
1  10-7

0.08
0.2
0.08

2  10-6
1  10-6
1  10-7
7  10-9

0.08
0.2
0.08
0.002

3  10-5
9  10-9
7  10-9
1  10-6
1  10-7

0.06
0.006
0.008
0.2
0.08

2  10-5
7  10-9
6  10-9
1  10-6
1  10-7

0.06
0.005
0.006
0.2
0.08

1  10-6
5  10-10

0.002
0.0003

0.17

0.0001

4  10-10

0.0004

0.46

0.0003

8  10-9

0.002

3.2
12
2.5
0.30
4.0
25
340

0.002
0.007
0.001
0.0002
0.002
0.02
0.2

2  10-5
2  10-5
3  10-5
2  10-5
1  10-7
3  10-7
2  10-6

0.03
0.04
0.01
0.001
0.004
0.03
0.4
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All STA routes
SRS to WIPP
SRS to NNSS – LLW

Incident-Free
One-way
Crew
Population
Kilometers
Traveled
Dose
Dose
Risk b
Risk b
(million)
(person-rem)
(person-rem)
c
PDCF at F-Area at SRS
1,400
2.9
65
0.04
77
0.05
1,500
3.7
140
0.09
70
0.04
440
1.7
34
0.02
14
0.008
PDC c
1,400
2.9
65
0.04
77
0.05
1,500
3.8
150
0.09
71
0.04
440
1.7
34
0.02
14
0.008
13
0.050
1.2
0.0007
0.81
0.0005
PF-4 at LANL and MFFF at SRS d
1,700
2.0
28
0.02
47
0.03
290
0.17
6.5
0.004
3.6
0.002
320
0.40
7.9
0.005
3.3
0.002
1,300
3.2
120
0.07
59
0.04
440
1.7
34
0.02
14
0.008
PF-4 at LANL, and H-Canyon/HB-Line and MFFF at SRS e
1,600
2.1
34
0.02
50
0.03
240
0.14
5.3
0.003
2.9
0.002
260
0.33
6.5
0.004
2.7
0.002
1,300
3.3
130
0.08
62
0.04
440
1.7
34
0.02
14
0.008
PF-4 at LANL (2 metric tons [2.2 tons] processing)
26
0.060
0.58
0.0003
1.3
0.0008
15
0.0090
0.34
0.0002
0.19
0.0001

Number
of
Shipments

E-34
Route

Transport
Mode

Number
of
Shipments

One-way
Kilometers
Traveled
(million)

Incident-Free
Crew
Risk b

Accident
Radiological
Risk b

Nonradiological
Risk b

6,400
12
0.2
210
0.1
0.00008
0.5
PDCF with TVA Reactors
PDC with TVA Reactors
6,500
12
0.2
210
0.1
0.00008
0.5
PF-4/MFFF with TVA Reactors
7,100
11
0.1
170
0.1
0.0001
0.5
PF-4/H-Canyon/HB-Line/MFFF with
6,900
11
0.1
180
0.1
0.0001
0.5
TVA Reactors
7,900
28
440
0.3
520
0.3
0.00008
0.8
PDCF with Generic Reactor
PDC with Generic Reactor
8,000
28
440
0.3
520
0.3
0.00008
0.9
PF-4/MFFF with Generic Reactor
8,600
27
390
0.2
480
0.3
0.0001
0.8
PF-4/H-Canyon/HB-Line/MFFF with
8,400
27
400
0.2
490
0.3
0.0001
0.8
Generic Reactor
3,800
10
260
0.2
180
0.1
0.00008
0.5
PDCF
PDC
3,900
10
260
0.2
180
0.1
0.00008
0.5
PF-4/MFFF
4,500
9.0
210
0.1
140
0.09
0.0001
0.4
PF-4/H-Canyon/HB-Line/MFFF
4,300
9.1
220
0.1
150
0.09
0.0001
0.4
AREVA = AREVA fuel fabrication plant; DUNH = depleted uranyl nitrate, hexahydrate; DUO2 = depleted uranium oxide; DWPF = Defense Waste Processing Facility;
LANL = Los Alamos National Laboratory; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fabrication Facility; MLLW = mixed low-level radioactive waste; NNSS = Nevada
National Security Site; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site;
STA = secure transportation asset; TVA = Tennessee Valley Authority; WIPP = Waste Isolation Pilot Plant.
a
For waste shipments, the totals include construction and operations activities.
b
Risk is expressed in terms of LCFs, except for the nonradiological risk, where it refers to the number of traffic accident fatalities. Radiological risk is calculated for one-way travel while
nonradiological risk is calculated for two-way travel. Accident dose-risk can be calculated by dividing the risk values by 0.0006 (DOE 2003b). The values are rounded to one non-zero
digit.
c
Includes impacts from WSB and MFFF operations.
d
Includes impacts from further processing at the WSB, metal oxidation at MFFF, and MFFF.
e
Includes impacts from further processing at the K-Area Complex, H-Canyon/HB-Line, WSB, metal oxidation at MFFF, and MFFF.
f
For purposes of analysis, it was assumed that the generic commercial nuclear power reactor would be located at the Hanford Reservation, Washington to maximize the distance traveled
in order to envelop impacts related to shipping to other possible commercial nuclear power reactor sites. Only shipments of BWR fuel are analyzed because there would be a greater
number of shipments to a BWR reactor than a PWR reactor, thus providing a conservative analysis of the distance traveled per alternative that would cover a smaller number of PWR
shipments to a generic commercial nuclear power reactor for the same amount of unirradiated MOX fuel, should shipments be made to a PWR.
Note: To convert kilometers to miles, multiply by 0.62137.
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Dose
(person-rem)
Totals
280
280
230
240

Population
Dose
Risk b
(person-rem)

Table E–10 Risks of Transporting Radioactive Material and Waste – WIPP Alternative a

Route

All STA routes
SRS to WIPP
SRS to NNSS – LLW
SRS to NNSS – MLLW
All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW
All STA routes
LANL to WIPP
LANL to NNSS – LLW
SRS to WIPP
SRS to NNSS – LLW
SRS to WIPP, including use of POCs
SRS to WIPP, including use of CCOs and
HUFPs f
SRS to WIPP, direct disposition and HUFPs g
All STA routes
LANL to WIPP
LANL to NNSS – LLW

STA/Truck
STA
Truck
Truck

180
1.0
13
0.008
PF-4 at LANL (2 metric tons [2.2 tons] processing)
26
0.060
0.58
0.0003
15
0.0090
0.34
0.0002

16

0.020

0.40

0.0002

Accident
Radiological
Risk b

Nonradiological
Risk b

2  10-6
1  10-6
1  10-7

0.08
0.2
0.08

2  10-6
1  10-6
1  10-7
7  10-9

0.08
0.2
0.08
0.002

3  10-5
9  10-9
7  10-9
1  10-6
1  10-7

0.06
0.006
0.008
0.2
0.08

2  10-5
7  10-9
6  10-9
1  10-6
1  10-7

0.06
0.005
0.006
0.2
0.08

2  10-6
1  10-6

0.4
0.2

21

0.01

8  10-6

0.03

1.3
0.19

0.0008
0.0001

1  10-6
5  10-10

0.002
0.0003

0.17

0.0001

4  10-10

0.0004
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All STA routes
SRS to WIPP
SRS to NNSS – LLW

Incident-Free
One-way
Crew
Population
Number
Kilometers
Transport
of
Traveled
Dose
Dose
Risk b
Risk b
Mode
Shipments
(million)
(person-rem)
(person-rem)
c
PDCF at F-Area at SRS
STA
1,400
2.9
65
0.04
77
0.05
Truck
1,400
3.5
130
0.08
65
0.04
Truck
440
1.7
34
0.02
14
0.008
PDC c
STA
1,400
2.9
65
0.04
77
0.05
Truck
1,400
3.5
140
0.08
66
0.04
Truck
440
1.7
34
0.02
14
0.008
Truck
13
0.050
1.2
0.0007
0.81
0.0005
PF-4 at LANL and MFFF at SRS d
STA
1,700
2.0
28
0.02
47
0.03
Truck
290
0. 17
6.5
0.004
3.6
0.002
Truck
320
0.40
7.9
0.005
3.3
0.002
Truck
1,200
2.9
110
0.07
54
0.03
Truck
440
1.7
34
0.02
14
0.008
PF-4 at LANL, and H-Canyon/HB-Line and MFFF at SRS e
STA
1,600
2.1
34
0.02
50
0.03
Truck
240
0.14
5.3
0.003
2.9
0.002
Truck
260
0.33
6.5
0.004
2.7
0.002
Truck
1,200
3.0
120
0.07
56
0.03
Truck
440
1.7
34
0.02
14
0.008
H-Canyon/HB-Line to WIPP – 13.1 Metric Tons (14.4 tons)
Truck
2,800
6.7
260
0.2
130
0.08
Truck
1,000
2.6
98
0.06
48
0.03

E-35

E-36
Route

PDCF with TVA Reactors
PDCF/CCO option with TVA Reactors
PDCF/direct disposition option with TVA
Reactors
PDC with TVA Reactors
PDC/CCO option with TVA Reactors
PDC/direct disposition option with TVA Reactors
PF-4/MFFF with TVA Reactors
PF-4/MFFF/CCO option with TVA Reactors
PF-4/MFFF/direct disposition option with TVA
Reactors
PF-4/H-Canyon/HB-Line/MFFF with TVA
Reactors
PF-4/H-Canyon/HB-Line/MFFF/CCO option
with TVA Reactors
PF-4/H-Canyon/HB-Line/MFFF/direct
disposition option with TVA Reactors
PDCF with Generic Reactor
PDCF/CCO option with Generic Reactor
PDCF/direct disposition option with Generic
Reactor
PDC with Generic Reactor
PDC/CCO option with Generic Reactor
PDC/direct disposition option with Generic
Reactor
PF-4/MFFF with Generic Reactor
PF-4/MFFF/CCO option with Generic Reactor
PF-4/MFFF/direct disposition option with
Generic Reactor
PF-4/H-Canyon/HB-Line/MFFF with Generic
Reactor

Number
of
Shipments

Incident-Free

Risk b

Accident

Population
Dose
Risk b
(person-rem)

Radiological
Risk b

Nonradiological
Risk b

0.0007
0.004
0.002
0.0002
0.002
0.007
0.09

2.7
9.5
2.1
0.24
4.0
20
280

0.002
0.006
0.001
0.0001
0.002
0.01
0.2

1  10-5
1  10-5
2  10-5
1  10-5
1  10-7
3  10-7
2  10-6

0.03
0.03
0.008
0.0009
0.004
0.02
0.3

0.3
0.2
0.2

320
240
220

0.2
0.1
0.1

0.00007
0.00007
0.00008

0.9
0.6
0.5

520
360
280
470
310
230

0.3
0.2
0.2
0.3
0.2
0.1

320
240
220
290
210
180

0.2
0.1
0.1
0.2
0.1
0.1

0.00007
0.00007
0.00008
0.00009
0.00009
0.0001

0.9
0.6
0.5
0.8
0.6
0.5

17

480

0.3

290

0.2

0.00009

0.9

7,300

13

320

0.2

210

0.1

0.00008

0.6

-

6,500

11

240

0.1

190

0.1

0.00009

0.5

-

9,800
8,100
7,200

31
27
25

650
490
410

0.4
0.3
0.2

580
500
470

0.3
0.3
0.3

0.00007
0.00007
0.00008

1
0.9
0.8

-

9,800
8,100
7,300

31
27
26

650
490
410

0.4
0.3
0.2

580
500
470

0.3
0.3
0.3

0.00007
0.00007
0.00008

1
0.9
0.8

-

10,400
8,700
7,900

30
26
24

610
440
360

0.4
0.3
0.2

540
460
440

0.3
0.3
0.3

0.00009
0.00009
0.0001

1
0.9
0.7

-

10,300

30

610

0.4

550

0.3

0.00009

1

Truck
Truck
Truck
Truck
STA
STA
STA

140
160
34
4
500
1,700
3,400

-

8,500
6,800
6,000

-

8,600
6,900
6,000
9,200
7,500
6,600

18
14
12
17
12
11

-

9,000

-
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Portsmouth to AREVA (48G containers)
Portsmouth to AREVA (30B containers)
AREVA to SRS (DUO2)
AREVA to SRS (DUNH)
SRS to SQN
SRS to BFN
SRS to Generic Reactor h

Transport
Mode

One-way
Crew
Kilometers
Traveled
Dose
(million)
(person-rem)
Other Transports
0.52
1.2
0.59
6.4
0.15
3.5
0.017
0.41
0.25
2.9
1.2
12
15
150
Totals
18
520
13
360
12
270

Transport
Mode
-

Number
of
Shipments
8,700

One-way
Kilometers
Traveled
(million)
26

Incident-Free
Crew
Dose
(person-rem)
450

Population
Dose
Risk b
(person-rem)
470
0.3

Accident
Radiological
Risk b
0.00009

Nonradiological
Risk b
0.9
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Risk b
Route
PF-4/H-Canyon/HB-Line/MFFF/CCO option
0.3
with Generic Reactor
PF-4/H-Canyon/HB-Line/MFFF/direct
7,700
25
370
0.2
440
0.3
0.00009
0.7
disposition option with Generic Reactor
6,400
16
500
0.3
300
0.2
0.00007
0.9
PDCF
PDCF/CCO option
4,700
12
340
0.2
220
0.1
0.00007
0.6
PDCF/direct disposition option
3,800
10
300
0.2
190
0.1
0.00008
0.5
PDC
6,400
16
500
0.3
300
0.2
0.00007
0.9
PDC/CCO option
4,700
12
340
0.2
220
0.1
0.00007
0.6
PDC/direct disposition option
3,900
11
260
0.2
190
0.1
0.00008
0.5
PF-4/MFFF
7,000
15
460
0.3
260
0.2
0.00009
0.8
PF-4/MFFF/CCO option
5,300
11
290
0.2
180
0.1
0.00009
0.6
PF-4/MFFF/direct disposition option
4,500
9.5
210
0.1
160
0.1
0.0001
0.4
PF-4/H-Canyon/HB-Line/MFFF
6,900
15
460
0.3
270
0.2
0.00008
0.8
PF-4/H-Canyon/HB-Line/MFFF/CCO option
5,200
11
300
0.2
190
0.1
0.00008
0.6
PF-4/H-Canyon/HB-Line/MFFF/direct
4,300
9.6
220
0.1
160
0.1
0.00009
0.4
disposition option
AREVA = AREVA fuel fabrication facility; BFN = Browns Ferry Nuclear Plant; CCO = criticality control overpack; DUNH = depleted uranyl nitrate, hexahydrate; DUO2 = depleted
uranium oxide; HUFP = Hanford Unirradiated Fuel Package; LANL = Los Alamos National Laboratory; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fabrication Facility;
MLLW = mixed low-level radioactive waste; NNSS = Nevada National Security Site; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility;
PF-4 = Plutonium Facility; POC = pipe overpack container; SQN = Sequoyah Nuclear Plant; SRS = Savannah River Site; STA = secure transportation asset; TVA = Tennessee Valley
Authority; WIPP = Waste Isolation Pilot Plant.
a
For waste shipments, the totals include construction and operations activities.
b
Risk is expressed in terms of LCFs, except for the nonradiological risk, where it refers to the number of traffic accident fatalities. Radiological risk is calculated for one-way travel while
nonradiological risk is calculated for two-way travel. Accident dose-risk can be calculated by dividing the risk values by 0.0006 (DOE 2003b). The values are rounded to one non-zero
digit.
c
Includes impacts from WSB and MFFF operations.
d
Includes impacts from further processing at the WSB, metal oxidation at MFFF, and MFFF.
e
Includes impacts from further processing at the K-Area Complex, H-Canyon/HB-Line, WSB, metal oxidation at MFFF, and MFFF.
f
For the use of CCOs and HUFPs, non-pit plutonium waste would be packaged in CCOs and not in POCs, reducing the number of shipments. HUFPs would be used to transport FFTF
unirradiated fuel instead of repackaging the fuel in POCs. This option is only applicable to the MOX Fuel Alternative and the WIPP Alternative.
g
For direct disposition, 6 metric tons (6.6 tons) of non-pit plutonium waste would remain in their storage containers and be transported in approved Type B packagings via STA. HUFPs
would be used to transport FFTF unirradiated fuel instead of repackaging the fuel in POCs. In addition, 7.1 metric tons (7.8 tons) of pit plutonium would be disassembled and processed
as necessary and repackaged in approved Type B packagings and transported via STA.
h
For purposes of analysis, it was assumed that the generic commercial nuclear power reactor would be located at the Hanford Reservation, Washington to maximize the distance traveled
in order to envelop impacts related to shipping to other possible commercial nuclear power reactor sites. Only shipments of BWR fuel are analyzed because there would be a greater
number of shipments to a BWR reactor than a PWR reactor, thus providing a conservative analysis of the distance traveled per alternative that would cover a smaller number of PWR
shipments to a generic commercial nuclear power reactor for the same amount of unirradiated MOX fuel, should shipments be made to a PWR.
Note: To convert kilometers to miles, multiply by 0.62137.
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For the WIPP Alternative, if 13.1 metric tons (14.4 tons) of pit and non-pit plutonium is repackaged into a
Type B container as an oxide and transported to WIPP via STA under direct disposition, then only about
6 percent of the number of shipments would be needed as compared to the transport of POCs under the
base case, and about 17 percent of the number of shipments as compared to the transport of CCOs. The
corresponding radiological and nonradiological impacts would also be smaller. Under this alternative, all
materials to WIPP are assumed to originate from SRS.
Under the PF-4 and MFFF and PF-4, H-Canyon, and MFFF Options under the WIPP Alternative,
7.1 metric tons (7.8 tons) of pit plutonium could be prepared at LANL for potential WIPP disposal, and
then shipped directly to WIPP, instead of being transported to SRS for processing with subsequent
shipment to WIPP. In this event, there would be fewer shipments of pit plutonium from LANL to SRS,
and fewer shipments of TRU waste from SRS to WIPP, but additional shipments of TRU waste from
LANL to WIPP. The incident-free and accident impacts associated with shipments from SRS to WIPP
would envelop similar shipments from LANL to WIPP because of the longer distances traveled and the
larger total population along the route from SRS to WIPP as compared to the route from LANL to WIPP.
Therefore, the overall transportation impacts under the WIPP Alternative would be lower if plutonium
processing for potential disposal at WIPP occurred at LANL rather than SRS.
If highly enriched uranium metal were transported back to SRS from LANL for processing in the
H-Canyon/HB-Line, then the per-shipment risks for this material would be enveloped by the per-shipment
risks associated with the transport of pieces/parts from SRS to LANL and the transport of plutonium
oxide from LANL to SRS.
The risks to various exposed individuals under incident-free transportation conditions have been
estimated for the hypothetical exposure scenarios identified in Section E.6.3. The maximum estimated
doses to workers and the public MEIs are presented in Table E–11, considering all shipment types.
Doses are presented on a per-event basis (person-rem per event, per exposure, or per shipment), because it
is generally unlikely that the same person would be exposed to multiple events. For those individuals that
could have multiple exposures, the cumulative dose could be calculated. The maximum dose to a crew
member is based on the assumption that the same individual is responsible for driving every shipment for
the duration of the campaign. Note that the potential exists for larger individual exposures under onetime events of a longer duration. For example, the maximum dose to a person stuck in traffic next to a
shipment of low-level radioactive waste for 1 hour is calculated to be 0.015 rem (15 millirem). This is
generally considered a one-time event for that individual, although this individual may encounter another
exposure of a similar or longer duration in his/her lifetime. An inspector inspecting the conveyance and
its cargo would be exposed to a maximum dose rate of 0.018 rem (or 18 millirem) per hour if the
inspector stood within 1 meter of the cargo for the duration of the inspection.
A member of the public residing along the route would likely receive multiple exposures from passing
shipments. The cumulative dose to this resident is calculated by assuming all shipments pass his or her
home. The cumulative dose is calculated assuming that the resident is present for every shipment and is
unshielded at a distance of 30 meters (about 98 feet) from the route. Therefore, the cumulative dose
depends on the number of shipments passing a particular point and is independent of the actual route
being considered. If one assumes the maximum resident dose provided in Table E–11 for all waste
transport types, then the maximum dose to this resident, if all the materials were shipped via this route,
would be about 2 millirem, with a risk of developing an LCF of about 1.3  10-6. This dose corresponds
to that for truck shipments under the WIPP Alternative, which includes an estimated 9,800 shipments
over about a 40-year period.
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Table E–11 Estimated Dose to Maximally Exposed Individuals Under
Incident-Free Transportation Conditions
Receptor

Dose to Maximally Exposed Individual

Workers
Crew member (truck driver)

2 rem per year a

Inspector

0.019 rem per event per hour of inspection

Public

a

Resident (along the truck route)

2.6  10-7 rem per event

Person in traffic congestion

0.0081 rem per event per one hour stop

Person at a rest stop/gas station

0.00024 rem per event per hour of stop

Gas station attendant

0.00053 rem per event

In addition to complying with DOT requirements, a DOE employee would also need to comply with 10 CFR Part 835 that
limits worker radiation doses to 5 rem per year; however, DOE’s goal is to maintain radiological exposure as low as
reasonably achievable. DOE has therefore established the Administrative Control Level of 2 rem per year
(DOE-STD-1098-2008). Based on the number of commercial shipments and the total crew dose to 2 drivers in Tables E–6
to E–10, a commercial driver would not exceed this administrative control limit; therefore, the administrative control limit is
reflected in Table E–11 for the maximally exposed truck crew member.

The accident risk assessment and the impacts shown in Tables E–6 through E–10 takes into account the
entire spectrum of potential accidents, from the fender-bender to the extremely severe. To provide
additional insight into the severity of accidents in terms of the potential dose to a MEI and the public, an
accident consequence assessment has been performed for a maximum reasonably foreseeable hypothetical
transportation accident with a likelihood of occurrence greater than 1 in 10 million per year.
The following assumptions were used to estimate the consequences of maximum reasonably foreseeable
offsite transportation accidents:


The accident is the most severe with the highest release fraction (high-impact and
high-temperature fire accident [highest severity category]).



The individual is 100 meters (330 feet) downwind from a ground release accident.



The individual is exposed to airborne contamination for 2 hours and ground contamination for
24 hours with no interdiction or cleanup. A stable weather condition (Pasquill Stability Class F)
with a wind speed of 1 meter per second (2.2 miles per hour) is assumed.



The population is assumed to have a uniform density to a radius 80 kilometers (50 miles) and to
be exposed to the entire plume passage and 7 days of ground exposure without interdiction and
cleanup. A neutral weather condition (Pasquill Stability Class D) with a wind speed of 4 meters
per second (8.8 miles per hour) is assumed. Because the consequence is proportional to the
population density, the accident is assumed to occur in an urban6 area with the highest density
(see Table E–1).



The type and number of containers involved in the accident is listed in Table E–2. When multiple
Type B or shielded Type A shipping casks are transported in a shipment, a single cask is assumed
to have failed in the accident. It is unlikely that a severe accident would breach multiple casks.

Table E–12 provides the estimated dose and potential LCFs that could result for an individual
and population from a maximum foreseeable truck transportation accident with the highest consequences
under each alternative. (Only those accidents with a probability greater than 1 × 10 -7 per year
6

If the likelihood of an accident in an urban area is less than 1-in-10 million per year, then the accident is evaluated for a
suburban area.
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are analyzed.) The accident is assumed to involve a severe impact (collision) in conjunction with a long
fire duration. The highest consequences for the maximum foreseeable accident based on population dose
are from accidents occurring in a suburban area involving the transport of plutonium oxide powder from
LANL to SRS.
Table E–12 Estimated Dose to the Population and to Maximally Exposed Individuals
Under the Maximum Reasonably Foreseeable Accident

Transport Mode

Material or Waste in
the Accident With the
Highest Consequences

Applicable
Alternatives

Range of
Likelihood of
the Accident
(per year) a

Population b

MEI c

Population
Zone a

Dose
(personrem)

LCF

Dose
(rem)

LCF

Pits

All

5.6  10-7 to
7.0  10-7

suburban

83

0.05

0.070

4  10-5

Truck transport to Pit weapons-grade TRU
WIPP
waste in a TRUPACT II

All

3.3  10-7 to
3.4  10-7

urban

8.7

0.005

0.0011

6  10-7

Truck transport to Non-pit KIS TRU waste
WIPP
in a TRUPACT II

H-Canyon/
HB-Line to
DWPF, WIPP d

2.2  10-8 to
2.0  10-7

suburban

1.6

0.001

0.0014

9  10-7

Truck transport to Processed non-pit
WIPP
plutonium as TRU
waste in POCs

MOX Fuel,
WIPP

2.2  10-7 to
1.0  10-6

urban

180

0.1

0.022

1  10-5

Truck transport to BWR MOX Fuel
Browns Ferry

All except
No Action e

4.6  10-7 to
5.4  10-7

suburban

4.1

0.002

0.0035

2  10-6

Truck transport to BWR MOX Fuel
Generic Reactors

All

2.8  10-6 to
3.3  10-6

suburban

4.0

0.002

0.0035

2  10-6

Truck transport to LLW in B-25s
NNSS

All

4.3  10-7 to
5.0  10-7

suburban

0.015

9  10-6

0.000012

7  10-9

Truck transport to Depleted uranium
AREVA
hexafluoride in 30B
containers

All

2.1  10-7 to
2.4  10-7

suburban

620

0.4

0.64

4  10-4

Truck transport to Depleted uranium
AREVA
hexafluoride in 48G
containers

All

1.8  10-7 to
2.1  10-7

suburban

750

0.4

0.78

5  10-4

Truck transport to Processed non-pit TRU
WIPP
waste in criticality
control containers

MOX Fuel,
WIPP

7.9  10-8 to
3.7  10-7

urban

420

0.3

0.051

3  10-5

STA transport to
SRS

Plutonium oxide
powder in a Type B
package

All except
No Action e

4.3  10-8 to
2.0  10-7

suburban

6,300

4

4.3

3  10-3

STA transport to
WIPP

Non-pit TRU waste via
direct disposition

WIPP d

1.1  10-6

suburban

1,890

3

1.4

9  10-4

STA transport
from Pantex

AREVA = AREVA fuel fabrication facility; BWR = boiling water reactor; DWPF = Defense Waste Processing Facility; KIS = K-Area
Interim Surveillance; LCF = latent cancer fatality; LLW = low-level radioactive waste; MEI = maximally exposed individual; MOX = mixed
oxide fuel; NNSS = Nevada National Security Site; Pantex = Pantex Plant; POC = pipe overpack container; SRS = Savannah River Site;
STA = safeguards transporter; TRU = transuranic; TRUPACT-II = Transuranic Package Transporter Model 2; WIPP = Waste Isolation Pilot
Plant.
a
The likelihood shown is the range of likelihood estimated among the alternatives given the number of shipments over a specific time
period. If the likelihood of an accident is equal to or greater than 1 in 10 million per year for both suburban and urban population zones,
then the consequences are provided for the urban population zone.
b
Population extends at a uniform density to a radius of 80 kilometers (50 miles). The weather condition was assumed to be Pasquill
Stability Class D with a wind speed of 4 meters per second (8.8 miles per hour).
c
The MEI is assumed to be 100 meters (330 feet) downwind from the accident and exposed to the entire plume of the radioactive release.
The weather condition is assumed to be Pasquill Stability Class F with a wind speed of 1 meter per second (2.2 miles per hour).
d
While these shipments would occur under the MOX Fuel Alternative, the likelihood of an accident in a suburban area would be less than
1 in 10 million per year.
e
For the No Action Alternative, the likelihood of an accident in a suburban area would be less than 1 in 10 million per year.
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E.9

Impact of Hazardous Waste and Construction and Operational Material Transport

This section evaluates the impacts of transporting hazardous wastes, as well as materials required to
construct new facilities. For construction materials, it was assumed that these materials would be
transported 50 kilometers (31 miles) one way. Hazardous wastes were assumed to be transported about
2,000 kilometers (1,240 miles). The truck accident and fatality rates that were assumed for construction
materials were 7.69 accidents per 10 million truck-kilometers travelled and 4.08 fatalities per 100 million
truck-kilometers travelled (Saricks and Tompkins 1999; UMTRI 2003), which is reflective of
transportation in South Carolina. The truck accident and fatality rates that were assumed for transport of
hazardous materials were 5.77 accidents per 10 million truck-kilometers travelled and 2.34 fatalities per
100 million truck-kilometers travelled (Saricks and Tompkins 1999; UMTRI 2003), which is reflective of
the national mean. Tables E–13 and E–14 summarize the impacts in terms of total number of kilometers,
accidents, and fatalities for all alternatives. The results indicate that there would be a smaller risk of
traffic accidents and fatalities for the disassembly and conversion options that maximize use of current
facilities.
Table E–13 Estimated Impacts of Construction Material Transport

Alternative
No Action
Immobilization to
DWPF

MOX Fuel

Disassembly and Conversion Option
PDCF

Number of
Shipments
42,000

Total Distance
Traveled
(kilometers; twoway)
4,200,000

Number
of
Accidents
3.2

Number
of
Fatalities
0.2

PDCF

43,000

4,300,000

3.3

0.2

PF-4 and MFFF

a

1,200

120,000

0.09

0.005

PF-4, H-Canyon/HB-Line, and MFFF b

1,200

120,000

0.09

0.005

PDCF

42,000

4,200,000

3.2

0.2

PDC

43,000

4,300,000

3.3

0.2

PF-4 and MFFF a

0

0

0

0

PF-4, H-Canyon/HB-Line, and MFFF
H-Canyon/
HB-Line to DWPF

b

0

0

0

0

PDCF

42,000

4,200,000

3.2

0.2

PDC

43,000

4,300,000

3.3

0.2

PF-4 and MFFF a

0

0

0

0

PF-4, H-Canyon/HB-Line, and MFFF

b

PDCF
WIPP

PDC
PF-4 and MFFF

a

PF-4, H-Canyon/HB-Line, and MFFF b

0

0

0

0

42,000

4,200,000

3.2

0.2

43,000

4,300,000

3.3

0.2

0

0

0

0

0

0

0

0

DWPF = Defense Waste Processing Facility; MFFF = Mixed Oxide Fabrication Facility; MOX = mixed oxide; PDC = Pit
Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility;
WIPP = Waste Isolation Pilot Plant.
a
Under this option, pits would be disassembled at PF-4 at LANL. Pits disassembled at LANL would be converted to an
oxide at LANL or using H-Canyon/HB-Line or oxidation furnaces installed at MFFF at SRS.
b
Under this option, pits could be disassembled at PF-4 at LANL or at the K-Area Complex at SRS. Pits disassembled at
LANL would be converted to an oxide at LANL or using H-Canyon/HB-Line or oxidation furnaces installed at MFFF at
SRS. Pits disassembled at the K-Area Complex at SRS would be converted to an oxide at H-Canyon/HB-Line.
Note: To convert from kilometers to miles, multiply by 0.6214.

E-41

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

Table E–14 Estimated Impacts of Hazardous Waste Transport
Alternative
No Action
Immobilization
to DWPF

MOX Fuel

H-Canyon/
HB-Line to
DWPF

WIPP

Disassembly and Conversion Option
PDCF
PDCF
PF-4 and MFFF a
PF-4, H-Canyon/HB-Line, and MFFF b
PDCF
PDC
PF-4 and MFFF a
PF-4, H-Canyon/HB-Line, and MFFF b
PDCF
PDC
PF-4 and MFFF a

Number of
Shipments
11
66
61
67
9
440
4
5
9
450
4

PF-4, H-Canyon/HB-Line, and MFFF b
PDCF
PDC
PF-4 and MFFF a
PF-4, H-Canyon/HB-Line, and MFFF b

5
9
450
4
4

Total Distance
Traveled (kilometers; Number of
two-way)
Accidents
44,000
0.026
270,000
0.15
250,000
0.14
270,000
0.16
40,000
0.021
1,800,000
1.0
16,000
0.009
20,000
0.012
36,000
0.021
1,800,000
1.0
16,000
0.009
20,000
36,000
1,800,000
16,000
16,000

0.012
0.021
1.0
0.009
0.009

Number of
Fatalities
0.001
0.006
0.006
0.006
0.0009
0.04
0.0004
0.0005
0.0009
0.04
0.0004
0.0005
0.0009
0.04
0.0004
0.0004

DWPF = Defense Waste Processing Facility; MFFF = Mixed Oxide Fabrication Facility; MOX = mixed oxide; PDC = Pit
Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; WIPP = Waste
Isolation Pilot Plant.
a

Under this option, pits would be disassembled at PF-4 at LANL. Pits disassembled at LANL would be converted to an
oxide at LANL or using H-Canyon/HB-Line or oxidation furnaces installed at MFFF at SRS.
b
Under this option, pits could be disassembled at PF-4 at LANL or at the K-Area Complex at SRS. Pits disassembled at
LANL would be converted to an oxide at LANL or using H-Canyon/HB-Line or oxidation furnaces installed at MFFF at
SRS. Pits disassembled at the K-Area Complex at SRS would be converted to an oxide at H-Canyon/HB-Line.
Note: To convert from kilometers to miles, multiply by 0.6214.

E.10

Chemical Impacts

The chemical nature of depleted uranium and other hazardous chemicals does not pose cargo-related risks
to humans during routine transportation-related operations. Transportation operations are generally well
regulated with respect to packaging, such that small spills or seepages during routine transport are kept to
a minimum and do not result in exposures. Potential cargo-related health risks to humans can occur only
if the integrity of a container is compromised during an accident (i.e., if a container is breached). Under
such conditions, some chemicals may cause an immediate health threat to exposed individuals, primarily
through inhalation exposure (DOE 2004).
The risks from exposure to hazardous chemicals during transportation-related accidents can be either
acute (resulting in immediate injury or fatality) or latent (resulting in cancer that would present itself after
a latency period of several years). Acute health impacts were evaluated for the accidental release of
uranium hexafluoride and uranium dioxide in the Environmental Impact Statement on the Construction
and Operation of a Proposed Mixed Oxide Fuel Fabrication Facility at the Savannah River Site,
South Carolina (NRC 2005:C-7). Latent health impacts from accidental chemical releases were not
evaluated because these two chemicals are not considered carcinogenic. The primary exposure route of
concern with respect to accidental release of hazardous chemicals would be inhalation. The results
indicated that the potential for irreversible adverse effects from chemical exposures would be about 1 in
830 million as a result of MFFF operations. These results would be comparable to the impacts associated
with transportation activities in this SPD Supplemental EIS because the transport of depleted uranium
hexafluoride and uranium dioxide would only be associated with MFFF operations.
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Depleted uranyl nitrate hexahydrate (DUNH) would be transported in the form of a liquid in drums from
AREVA at Richland, Washington, to SRS for use in MFFF operations. DUNH contains nitric acid and is
noncombustible and mildly chemically toxic. DUNH will accelerate the burning of other combustible
materials if concentrated or if the water in the liquid evaporates. If involved in a fire, DUNH produces
toxic oxides of nitrogen and large quantities of DUNH may explode (ChemicalBook 2010); however, this
hazard would be minimized in activities related to the SPD Supplemental EIS because this chemical
would be transported in small quantities in drums.
E.11

Onsite Transports

Onsite shipment of radioactive materials and wastes at SRS would not affect any members of the public
because roads between SRS processing areas are closed to the public; therefore, shipments would only
affect onsite workers. Shipments of TRU waste and low-level and mixed low-level radioactive waste to
E-Area are currently conducted as part of site operations with no discernable impact on noninvolved
workers. The transport of radioactive materials and wastes under the alternatives is not expected to
significantly increase the risk to these workers. As shown in this appendix, the risks from incident-free
transport of radioactive waste and materials off site over long distances (hundreds to thousands of
kilometers) are very small; therefore, the risks from transporting radioactive waste and materials on site,
where distances would be less than 20 kilometers (12 miles) and sometimes less than 5 kilometers
(3 miles), would be even smaller. For NNSA STA shipments, onsite roads would be closed during
transport, further limiting the risk of noninvolved worker exposure. All involved workers (drivers and
escorts) are monitored, and the maximum annual dose to a transportation worker would be
administratively limited to 2 rem (10 CFR Part 835, DOE-STD-1098-2008). The potential for a trained
radiation worker to develop a fatal latent cancer from the maximum annual exposure is 0.0012 LCFs;
therefore, an individual transportation worker is not expected to develop a lifetime latent fatal cancer from
exposure during these activities. Impacts associated with accidents during onsite transport of radioactive
materials and wastes would be less than the impacts assessed for the bounding accident analyses for the
plutonium disposition facilities (see Section 4.1.2.2), as well as the impacts for offsite transports, because
of the much shorter distances traveled, onsite security measures, and lower onsite vehicle speeds.
Because of these reasons, the impacts of onsite transport of radioactive materials and wastes are not
analyzed further in this SPD Supplemental EIS.
The number of onsite shipments of materials and wastes is incorporated into the air quality impacts
analysis described in Chapter 4, Section 4.1.1. Onsite shipments include transports of pits, metal, and
oxides between the storage facility at the K-Area Complex and the proposed Pit Disassembly and
Conversion Facility (PDCF), Pit Disassembly and Conversion Project (PDC), H-Canyon/HB-Line, and
MFFF. SRS resources are assumed to be used to ship materials to MFFF and to and from the Analytical
Laboratories in F- and H-Areas. Material is shipped in several possible types of Type B transportation
packages loaded onto shipping pallets called either cargo pallet assemblies (CPAs) or Cargo Restraint
Transporters (CRTs).
Non-pit plutonium material is packaged in a Type B package for storage. The Type B packages are
stored in K-Area storage vaults until enough packages are accumulated for shipment to MFFF. It is
assumed that each MFFF shipment consists of 25 packages. Pit disassembly byproducts (pieces/parts) are
transported back from the disassembly facility to the K-Area Complex for storage until enough packages
are accumulated for shipment off site (assumed to be sent to LANL). It is assumed that byproducts are
shipped every time 16 packages are accumulated. Highly enriched uranium oxide is placed in a Type B
package and transported to the K-Area Complex for storage until enough containers are accumulated for
shipment off site to the Highly Enriched Uranium Disposition Program (assumed to be at Y-12). This
analysis assumes that each highly enriched uranium shipment consists of 25 containers.
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In addition to transport of plutonium, pit disassembly and conversion would produce radioactive wastes
that would be transported on site to E-Area for further management (the majority of low-level radioactive
waste would be disposed of at E-Area, while TRU waste, mixed low-level radioactive waste, and
hazardous waste would be stored at E-Area prior to offsite transport). Nonradioactive hazardous waste
would be disposed of at the Three Rivers Regional Landfill, located at SRS. TRU waste, mixed low-level
radioactive waste, and hazardous waste are assumed to be transported in 55-gallon drums, with 20 drums
per onsite shipment. Low-level radioactive waste is assumed to be transported in B-25 boxes, with
5 boxes per onsite shipment. Solid nonhazardous waste is assumed to be transported in roll-off
containers, with 1 container per onsite shipment. The number of offsite shipments is presented in
Tables E–6 through E–10.
The following subsections summarize the number of onsite shipments of materials and wastes.
E.11.1 Onsite Shipments Related to Pit Disassembly and Conversion Options
The number of onsite shipments of solid waste related to construction and operation impacts from
Disassembly and Conversion Options are presented for all applicable facilities in Tables E–15 and E–16,
while the number of shipments associated with transporting plutonium materials are presented below.
Table E–15 Average Annual Number of Onsite Waste Shipments Due to Construction and
Modifications from Disassembly and Conversion Options a
TRU Waste
LLW to
MLLW to
Hazardous Waste
Solid Nonhazardous Waste
to E-Area
E-Area
E-Area
to E-Area
to Three Rivers Landfill
PDCF
0
0
0
2
8
PDC
1
85
5
160
41
Metal oxidation at MFFF
0
0
0
0
0
H-Canyon/HB-Line
1
1
0
0
0
PF-4 to TA-54, LANL b
1
1
1
0
0c
LANL = Los Alamos National Laboratory; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fuel Fabrication
Facility; MLLW = mixed low-level radioactive waste; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly
and Conversion Facility; PF-4 = Plutonium Facility; TA = technical area; TRU = transuranic.
a
TRU waste, MLLW, and hazardous waste are assumed to be transported in 55-gallon drums, with 20 drums per shipment.
LLW is assumed to be transported in B-25 boxes, with 5 boxes per shipment. Solid nonhazardous waste is assumed to be
transported in a roll-off container, with 1 container per shipment.
b
Radioactive wastes would be transported to TA-54, not to E-Area at SRS. Solid nonhazardous would be transported off site
to a solid waste landfill located near LANL.
c
Nonhazardous waste is not tracked at the facility level. Nonhazardous waste would be transported off site from the
generating facility.
Facility

Table E–16 Pit Disassembly and Conversion Facility Average Annual Number of Onsite Waste
Shipments Due to Operations from Disassembly and Conversion Options a
TRU Waste
LLW to
MLLW to
Hazardous Waste
Solid Nonhazardous Waste
to E-Area
E-Area
E-Area
to E-Area
to Three Rivers Landfill
PDCF
44
77
0
0
130
PDC
44
77
0
0
130
Metal Oxidation at MFFF
2
1
0
0
0
H-Canyon/HB-Line
4
8
0
0
0
b
PF-4 to TA-54, LANL
27
14
1
0
0
LANL = Los Alamos National Laboratory; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fuel Fabrication
Facility; MLLW = mixed low-level radioactive waste; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly
and Conversion Facility; PF-4 = Plutonium Facility; TA = technical area; TRU = transuranic.
a
TRU waste, MLLW, and hazardous waste are assumed to be transported in 55-gallon drums, with 20 drums per shipment.
LLW is assumed to be transported in B-25 boxes, with 5 boxes per shipment. Solid nonhazardous waste is assumed to be
transported in a roll-off container, with 1 container per shipment.
b
TRU wastes would be transported to TA-54 and not to E-Area at SRS. All other waste streams would be transported off site
for disposition. Shipment values are related to action alternatives.
Facility
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PDCF in F-Area at SRS
Construction—PDCF would be constructed over an 11-year period. Construction of PDCF would
generate hazardous waste and solid nonhazardous waste. Based on Table E–15, there would be no
radioactive waste shipments and the majority of the waste would be nonhazardous (sanitary) because the
facility would be constructed on a new site.
Operations—The materials processed in PDCF at F-Area include plutonium pits, metals, and certain
alternate feedstock materials. All of these materials are stored within Type B packages. The plutonium
would be transported to PDCF, where it would be converted to oxide, packaged in Type B packages, and
transported back to the K-Area Complex for storage. Byproducts and highly enriched uranium would
also be returned to the K-Area Complex prior to being transported off site for disposition. The resulting
plutonium oxide, including alternate feedstock materials that do not require processing in PDCF, would
then be transported back to MFFF in F-Area.
There would be a total of about 280 to 350 shipments of plutonium from the K-Area Complex to PDCF in
F-Area for disassembly and conversion, depending on the alternative. About the same number of
plutonium oxide shipments would be made back to the K-Area Complex to store the plutonium oxide
prior to shipment to MFFF, along with about 25 to 30 shipments of byproducts and 130 to 170 shipments
of highly enriched uranium. About 340 to 410 shipments would subsequently be made from the K-Area
Complex to MFFF in F-Area (including all alternate feedstock materials).
Based on Table E–16, there would be annual onsite shipments of TRU waste and low-level radioactive
waste to E-Area, as well as nonhazardous waste to the Three Rivers Landfill.
PDC
Construction—PDC modifications would be accomplished over a 12-year period. Modification of PDC
would generate low-level radioactive waste, mixed low-level radioactive waste, and hazardous waste,
which would be sent to E-Area, as well as solid nonhazardous waste, which would be transported to the
Three Rivers Landfill.
Operations—Modification and operation of a new PDC at K-Area would only occur under the MOX Fuel
Alternative, H-Canyon/HB-Line to DWPF Alternative, and WIPP Alternative. The plutonium pits and
metals would be transported to PDC for conversion. There would be no intrasite shipments required
between PDC and K-Area storage because these facilities would be collocated within K-Area. There
would be about 410 plutonium oxide shipments made from K-Area storage to MFFF in F-Area (including
alternate feedstock materials).
Based on Table E–16, there would be annual onsite shipments of TRU waste, low-level radioactive waste,
and nonhazardous waste to the Three Rivers Landfill. Because PDC in K-Area would operate in a similar
manner as PDCF in F-Area, it can be assumed that the number of waste shipments would be the same
regardless of which facility is used.
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Pit Disassembly at LANL TA-55 Area (PF-4)
Construction—Modification activities at the Plutonium Facility (PF-4) would be minor in nature and
would cause some transports on site at LANL of TRU, low-level radioactive, and mixed low-level
radioactive waste to Technical Area-54 (TA-54) for storage and eventual shipment off site.
Operations—Pit disassembly at LANL’s PF-4 is another option that could occur under all alternatives,
except the No Action Alternative. There would be no onsite shipments of plutonium materials at LANL.
Tables E–6 through E–10 show the number of intersite transports that would occur from Pantex to LANL,
LANL to SRS, and LANL to Y-12. It is assumed that plutonium shipments from LANL would arrive at
the K-Area Complex for storage prior to transport to MFFF. The same number of transports from K-Area
storage to MFFF would occur under this option as presented for the PDC Option discussed above.
Onsite waste shipments at LANL would be limited to TRU waste, low-level radioactive waste, and mixed
low-level radioactive waste. The number of onsite TRU waste shipments at LANL would be about a third
of the number of the same shipments that would occur at SRS if PDC or PDCF were used.
Pit Disassembly at LANL PF-4 in Combination with H-Canyon/HB-Line at SRS and MFFF at SRS
Construction—The number of onsite shipments at LANL related to modifying PF-4 would be the same as
that identified under “Pit Disassembly at LANL TA-55 Area (PF-4)” above. If plutonium materials are
dissolved in H-Canyon/HB-Line, existing process lines could be used with few modifications. The
number of onsite shipments of waste from these modification activities would be expected to fall within
the number of onsite shipments from H-Canyon/HB-Line that currently occur. Similarly, the number of
onsite shipments from MFFF due to the addition of oxidation furnaces would not measurably increase
above what would currently be expected from construction of MFFF.
Operations—Under this option, plutonium metals would be transported to H-Canyon/HB-Line for
processing and oxidation. Pits would be disassembled and converted at LANL PF-4 and at the K-Area
Complex. Under this option, it is possible to produce highly enriched uranium oxides as the final
products in the H-Canyon/HB-Line. If the plutonium products from LANL are in metal forms, then they
would be sent to SRS for oxidation; otherwise, they would be directly sent to the K-Area storage facility
prior to being transported to MFFF. Oxidation could occur at H-Canyon/HB-Line or in furnaces at
MFFF.
No intrasite transport of plutonium materials would occur at LANL. At SRS, about 410 shipments of
plutonium materials (including certain feedstock materials) would occur from K-Area storage to MFFF.
About 60 shipments of plutonium material could be transported from K-Area storage to H-Canyon/
HB-Line for processing.
For onsite waste shipments, the total number of annual shipments can be obtained from Table E–16,
including the shipments related to metal oxidation at MFFF, H-Canyon/HB-Line, and PF-4.
E.11.2 Onsite Shipments Related to Disposition Options
The number of onsite shipments of solid waste related to construction and operation impacts are presented
for all applicable facilities in Tables E–17 and E–18, while the number of shipments associated with
transporting plutonium materials are presented in Section E.11.1.
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Table E–17 Average Annual Number of Onsite Waste Shipments Due to Construction and
Modifications for Disposition Options a
Facility

TRU Waste
to E-Area

LLW to
E-Area

MLLW to
E-Area

Hazardous
Waste to E-Area

Solid Nonhazardous Waste
to Three Rivers Landfill

Immobilization Capability to E-Area

0

33

5

5

28

DWPF to E-Area

0

0

0

0

0

MFFF to E-Area

0

0

0

0

0

H-Canyon/HB-Line to E-Area

0

0

0

0

0

H-Canyon/HB-Line to E-Area
(WIPP)

1

0

0

0

0

DWPF = Defense Waste Processing Facility; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fuel Fabrication
Facility; MLLW = mixed low-level radioactive waste; TRU = transuranic; WIPP = Waste Isolation Pilot Plant.
a
TRU waste, MLLW, and hazardous waste are assumed to be transported in 55-gallon drums, with 20 drums per shipment.
LLW is assumed to be transported in B-25 boxes, with 5 boxes per shipment. Solid nonhazardous waste is assumed to be
transported in a roll-off container, with 1 container per shipment.

Table E–18 Average Annual Number of Onsite Waste Shipments Due to Operations for
Disposition Options a
Facility

TRU Waste
to E-Area

LLW to
E-Area

MLLW to
E-Area

Hazardous
Waste to E-Area

Solid Nonhazardous
Waste to Three Rivers
Landfill

Immobilization Capability to E-Area

120

20

20

20

3

DWPF to E-Area

0

1

0

0

0

MFFF to E-Area

66

35

0

1

66

H-Canyon/HB-Line to E-Area

13

11

0

0

0

H-Canyon/HB-Line to E-Area
(WIPP)

190

6

0

0

0

DWPF = Defense Waste Processing Facility; LLW = low-level radioactive waste; MFFF = Mixed Oxide Fuel Fabrication
Facility; MLLW = mixed low-level radioactive waste; TRU = transuranic; WIPP = Waste Isolation Pilot Plant.
a
TRU waste, MLLW, and hazardous waste are assumed to be transported in 55-gallon drums, with 20 drums per shipment.
LLW is assumed to be transported in B-25 boxes, with 5 boxes per shipment. Solid nonhazardous waste is assumed to be
transported in a roll-off container, with 1 container per shipment.

Immobilization and DWPF
Construction—Low-level and mixed low-level radioactive waste and hazardous waste shipments would
be required from K-Area to E-Area. In addition, there would be shipments of nonhazardous waste to the
Three Rivers Landfill. Facility modifications at DWPF would be expected to be minimal to process
can-in-canisters; therefore, no transport of waste materials would be expected.
Operation—If 13.1 metric tons (14.4 tons) of surplus plutonium is immobilized, then a total of about
95 can-in-canisters would be generated, requiring an equal number of shipments from K-Area to DWPF.
For immobilization capability operations, TRU waste, low-level and mixed low-level radioactive waste,
and hazardous waste would require transport from K-Area to E-Area, as shown in Table E–18, while
nonhazardous waste would require shipments from K-Area to the Three Rivers Landfill. There would be
an annual shipment of low-level radioactive waste from DWPF to E-Area.
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MOX Fuel Fabrication with Use in Commercial Nuclear Power Reactors
Construction—Construction of MFFF is not considered in this SPD Supplemental EIS. Modifications in
H-Canyon/HB-Line to process plutonium material for conversion to MOX fuel at MFFF would not be
extensive and would not be expected to generate enough wastes to increase the overall number of waste
shipments from H-Canyon/HB-Line.
Operation—Annual transports of TRU and low-level radioactive waste would be required from MFFF in
F-Area to E-Area. Nonhazardous waste also would be annually transported from F-Area to the Three
Rivers Landfill.
H-Canyon/HB-Line and DWPF
Construction—There would be no construction or facility modification activities required at
H-Canyon/HB-Line and DWPF that would generate any waste types above what is currently generated.
Operation—In performing these operations under the H-Canyon/HB-Line to DWPF Alternative,
additional waste generation would be minimal and can be assumed to fall within the quantities normally
generated by operations at DWPF. From H-Canyon/HB-Line, several shipments of TRU waste and
low-level radioactive waste would occur annually to E-Area.
WIPP Disposal
Construction—A TRU waste shipment would be required annually from H-Area to E-Area due to
modifications made in H-Canyon/HB-Line to prepare plutonium material for transport to WIPP.
Operation—Use of H-Canyon/HB-Line for preparing plutonium material would generate TRU and
low-level radioactive waste.
E.11.3 Onsite Shipments Related to Support Activities
Support facilities include K-Area storage, K-Area Interim Surveillance, WSB, and E-Area. Transport of
plutonium materials from K-Area storage is described in Section E.11.1. No construction or modification
activities are considered in this SPD Supplemental EIS for the support facilities. Radioactive waste would
be generated by K-Area Interim Surveillance and WSB operations, as shown in Table E–19. There
would be no waste shipments associated with K-Area storage or E-Area.
Table E–19 Average Annual Number of Onsite Waste Shipments Due to Operations
of Support Facilities a
TRU Waste
to E-Area

LLW to
E-Area

MLLW to
E-Area

Hazardous Waste
to E-Area

Solid Nonhazardous Waste
to Three Rivers Landfill

KIS to E-Area

0

2

0

0

1

WSB to E-Area

50

25

0

0

18

Facility

KIS = K-Area Interim Surveillance; LLW = low-level radioactive waste; MLLW = mixed low-level radioactive waste;
TRU = transuranic; WSB = Waste Solidification Building.
a
TRU waste, MLLW, and hazardous waste are assumed to be transported in 55-gallon drums, 20 drums per shipment. LLW
is assumed to be transported in B-25 boxes, 5 boxes per shipment. Solid nonhazardous waste is assumed to be transported in
a roll-off container, 1 container per shipment.
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E.12

Conclusions

Based on the results presented in the previous sections, the following conclusions have been reached
(see Tables E–6 to E–10):


For all alternatives, it is unlikely that the transportation of radioactive material and waste would
cause an additional fatality as a result of radiation, either from incident-free operation or
postulated transportation accidents.



The highest risk to the public due to incident-free transportation would be under the WIPP
Alternative, where up to 10,300 truck shipments of radioactive materials, wastes, and unirradiated
MOX fuel would be transported (see Table E–10).



Transporting unirradiated FFTF fuel in HUFPs and using criticality control containers or direct
disposition to transport pit and other non-pit plutonium as TRU waste to WIPP would not
significantly change transportation risks for an alternative.



The nonradiological accident risks (the potential for fatalities as a direct result of traffic
accidents) present greater risks than the radiological accident risks. Implementation of any of the
alternatives could result in a traffic fatality, if shipment of unirradiated MOX fuel is included.



Up to one traffic fatality would be expected over the duration of the activities (which exceeds
20 years for all the alternatives) evaluated in this SPD Supplemental EIS. For comparison, in the
United States in 2010 there were over 3,900 fatalities due to crashes involving large trucks
(DOT 2012b) and over 32,000 traffic fatalities due to all vehicular crashes (DOT 2012c). The
incremental increase in risk to the general population from shipments associated with the surplus
plutonium disposition program would therefore be very small and would not substantially
contribute to cumulative impacts.

E.13

Long-term Impacts of Transportation

The Yucca Mountain EIS (DOE 2002a, 2008b) analyzed the cumulative impacts of the transportation of
radioactive material, consisting of impacts of historical shipments of radioactive waste and used nuclear
fuel, reasonably foreseeable actions that include transportation of radioactive material, and general
radioactive material transportation that is not related to a particular action. The collective dose to the
general population and workers was the measure used to quantify cumulative transportation impacts.
This measure of impact was chosen because it may be directly related to the LCFs, using a cancer risk
coefficient. Table E–20 provides a summary of the total worker and general population collective doses
from various transportation activities. The table shows that the impacts of this program are small
compared with the overall transportation impacts. The total collective worker dose from all types of
shipments (the alternatives in this SPD Supplemental EIS; historical, reasonably foreseeable actions; and
general transportation) was estimated to be about 421,000 person-rem (253 LCFs) for the period from
1943 through 2073 (131 years). The total general population collective dose was estimated to be about
436,000 person-rem (262 LCFs). The majority of the collective dose for workers and the general
population is due to the general transportation of radioactive material. Examples of these activities are
shipments of radiopharmaceuticals to nuclear medicine laboratories and shipments of commercial lowlevel radioactive waste to commercial disposal facilities. The total number of LCFs (among the workers
and the general population) estimated to result from radioactive material transportation over the period
between 1943 and 2073 is about 515, or an average of about 4 LCFs per year. Over this same period
(131 years), approximately 73 million people would die from cancer, based on National Center for Health
Statistics data. The average annual number of cancer deaths in the United States from 2004 through 2008
is about 560,000, with less than 1 percent fluctuation in the number of cancer fatalities from one year to
the next (CDC 2007, 2008a, 2008b, 2011a, 2011b).
The transportation-related LCFs would be
0.0009 percent of the total annual number of LCFs; therefore, this number is indistinguishable from the
natural fluctuation in the total annual death rate from cancer.
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Table E–20 Cumulative Transportation-related Radiological Collective Doses and
Latent Cancer Fatalities (1943 to 2073)
Category
Transportation Impacts in this SPD Supplemental EIS a

Collective Worker
Dose (person-rem)

Collective General Population
Dose (person-rem)

230 – 650

150 – 580

Other Nuclear Material Shipments b
Site-Specific Historical
Past, Present, and Reasonably Foreseeable DOE Actions
Past, Present, and Reasonably Foreseeable non-DOE Actions c
General Radioactive Material Transport (1943 to 2073)
Total Collective Dose (through 2073)

b
c

d

25
36,900

5,380

61,300

384,000

338,000

421,000

436,000

252

262

Total Latent Cancer Fatalities d
a

49
31,400

Range of values from Tables E–6 to E–10.
The values are rounded. See Chapter 4, Section 4.5.3.7, for more detail regarding how these impacts were derived.
Non-DOE activities include operation of four new nuclear fuel manufacturing facilities and operations at two new nuclear
power reactors at the Vogtle Electric Generating Plant.
Total LCFs are calculated assuming 0.0006 LCFs per rem of exposure (DOE 2003b).

E.14

Uncertainty and Conservatism in Estimated Impacts

The sequence of analyses performed to generate the estimates of radiological risk for transportation
includes: (1) determination of the inventory and characteristics, (2) estimation of shipment requirements,
(3) determination of route characteristics, (4) calculation of radiation doses to exposed individuals
(including estimating of environmental transport and uptake of radionuclides), and (5) estimation of
health effects. Uncertainties are associated with each of these steps. Uncertainties exist in the way that
the physical systems being analyzed are represented by the computational models; in the data required to
exercise the models (due to measurement errors, sampling errors, natural variability, or unknowns caused
simply by the future nature of the actions being analyzed); and in the calculations themselves
(e.g., approximate algorithms used within the computer codes).
In principle, one can estimate the uncertainty associated with each input or computational source and
predict the resultant uncertainty in each set of calculations. Thus, one can propagate the uncertainties
from one set of calculations to the next and estimate the uncertainty in the final, or absolute, result;
however, conducting such a full-scale quantitative uncertainty analysis is often impractical and sometimes
impossible, especially for actions to be initiated at an unspecified time in the future. Instead, the risk
analysis is designed to ensure, through uniform and judicious selection of scenarios, models, and input
parameters, that relative comparisons of risk among the various alternatives are meaningful. In the
transportation risk assessment, this design is accomplished by uniformly applying common input
parameters and assumptions to each alternative. Therefore, although considerable uncertainty is inherent
in the absolute magnitude of the transportation risk for each alternative, much less uncertainty is
associated with the relative differences among the alternatives in a given measure of risk.
In the following sections, areas of uncertainty are discussed for the assessment steps enumerated above.
Special emphasis is placed on identifying whether the uncertainties affect relative or absolute measures of
risk. The reality and conservatism of the assumptions are addressed. Where practical, the parameters that
most significantly affect the risk assessment results are identified.
E.14.1 Uncertainties in Material Inventory and Characterization
The inventories and the physical and radiological characteristics are important input parameters to the
transportation risk assessment. The potential number of shipments for all alternatives is primarily based
on the projected dimensions of package contents, the strength of the radiation field, and assumptions
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concerning shipment capacities. The physical and radiological characteristics are important in
determining the material released during accidents and the subsequent doses to exposed individuals
through multiple environmental exposure pathways.
Uncertainties in the inventory and characterization are reflected in the transportation risk results. If the
inventory is overestimated (or underestimated), the resulting transportation risk estimates are also
overestimated (or underestimated) by roughly the same factor. However, the same inventory estimates
are used to analyze the transportation impacts of each of the alternatives. Therefore, for comparative
purposes, the observed differences in transportation risks among the alternatives, as given in Tables E–6
through E–10, are believed to represent unbiased, reasonably accurate estimates from current information
in terms of relative risk comparisons.
E.14.2 Uncertainties in Containers, Shipment Capacities, and Number of Shipments
The transportation required for each alternative is based in part on assumptions concerning the packaging
characteristics and shipment capacities for commercial trucks. Representative shipment capacities have
been defined for assessment purposes based on probable future shipment capacities. In reality, the actual
shipment capacities may differ from the predicted capacities such that the projected number of shipments
and, consequently, the total transportation risk, would change. However, although the predicted
transportation risks would increase or decrease accordingly, the relative differences in risks among
alternatives would remain about the same.
One factor that can influence shipment capacities for TRU waste using TRUPACT II packages, and
therefore the number of shipments, is the use of dunnage. Dunnage is secured space not occupied by
waste or waste containers. Dunnage may be used to keep the entire payload from shifting position during
transit or when the payload has reached one or more shipping limits for parameters such as weight, gas
generation, radioactivity, or fissile mass (Casey 2007). Use of dunnage was factored into determining the
number of shipments of surplus plutonium and TRU waste to WIPP. The impact of dunnage on the
determination of number of shipments is highly variable among DOE sites and even among individual
waste streams; however, to give an idea as to its impact, historically dunnage has comprised less than
10 percent of the TRU waste volume transported from DOE sites to WIPP. If the number of shipments of
incidental TRU waste associated with this SPD Supplemental EIS was increased by this amount, it would
have a negligible impact on the results for each alternative. As in the case of variations in shipment
capacities addressed in the previous paragraph, incorporation of factors related to dunnage into shipment
calculations would not change the relative differences in risks among alternatives.
E.14.3 Uncertainties in Route Determination
Analyzed routes have been determined between all origin and destination sites considered in this
SPD Supplemental EIS. The routes have been determined to be consistent with current guidelines,
regulations, and practices, but may not be the actual routes that would be used in the future. In reality, the
actual routes could differ from the ones that are analyzed with regard to distances and total population
along the routes. Moreover, because materials could be transported over an extended time starting at
some time in the future, the highway infrastructure and the demographics along routes could change.
These effects have not been accounted for in the transportation assessment; however, it is not anticipated
that these changes would significantly affect relative comparisons of risk among the alternatives
considered in this SPD Supplemental EIS.
E.14.4 Uncertainties in the Calculation of Radiation Doses
The models used to calculate radiation doses from transportation activities introduce a further uncertainty
in the risk assessment process. Estimating the accuracy or absolute uncertainty of the risk assessment
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results is generally difficult. The accuracy of the calculated results is closely related to the limitations of
the computational models and to the uncertainties in each of the input parameters that the model requires.
The single greatest limitation facing users of RADTRAN, or any computer code of this type, is the
scarcity of data for certain input parameters. Populations (off-link and on-link) along the transportation
routes, shipment surface dose rates, and individuals residing near the routes are the most uncertain data in
dose calculations. In preparing these data, one makes assumptions that the off-link population is
uniformly distributed; the on-link population is proportional to the traffic density, with an assumed
occupancy of two persons per car; the shipment surface dose rate is the maximum allowed dose rate; and
a potential exists for an individual to be residing at the edge of the highway. It is clear that not all
assumptions are accurate. For example, the off-link population is mostly heterogeneous, and the on-link
traffic density varies widely within a geographic zone (i.e., urban, suburban, or rural). Finally, added to
this complexity are the assumptions regarding the expected distance between the public and the shipment
at a traffic stop, rest stop, or traffic jam and the afforded shielding.
Uncertainties associated with the computational models are reduced by using state-of-the-art computer
codes that have undergone extensive review. Because many uncertainties are recognized but difficult to
quantify, assumptions are made at each step of the risk assessment process intended to produce
conservative results (i.e., overestimate the calculated dose and radiological risk). Because parameters and
assumptions are applied consistently to all alternatives, this model bias is not expected to affect the
meaningfulness of relative comparisons of risk; however, the results may not represent risks in an
absolute sense.
E.14.5 Uncertainties in Traffic Fatality Rates
Vehicle accident and fatality rates were taken from data provided in State-Level Accident Rates for
Surface Freight Transportation: A Reexamination, ANL/ESD/TM-150 (Saricks and Tompkins 1999).
Truck and rail accident rates were computed for each state based on statistics compiled by the Federal
Highway Administration, Office of Motor Carriers and Federal Railroad Administration, from 1994
to 1996. The rates are provided per unit car-kilometers for each state, as well as national average and
mean values. In this analysis, route-specific (origin-destination) rates were used.
Finally, it should be emphasized that the analysis was based on accident data for the years 1994
through 1996. While this data may be the best available data, future accident and fatality rates may
change as a result of vehicle and highway improvements. The recent U.S. DOT national accident and
fatality statistics for large trucks and buses indicates lower accident and fatality rates for recent years
compared to those of 1994 through 1996 and earlier statistical data (DOT 2009).
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APPENDIX F
IMPACTS OF PIT DISASSEMBLY AND CONVERSION OPTIONS
This appendix to this Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement
(SPD Supplemental EIS) addresses impacts from the construction and operation of specific facilities at the
Savannah River Site (SRS) and Los Alamos National Laboratory (LANL) that may be used for pit
disassembly and conversion. The options for pit disassembly and conversion addressed in this appendix
may involve the use of multiple facilities at SRS and LANL, and are as follows:


PDCF at F-Area at SRS (PDCF Option) – Pit disassembly and conversion would principally
occur at a newly constructed Pit Disassembly and Conversion Facility (PDCF) within F-Area at
SRS. In accordance with previous U.S. Department of Energy (DOE) decisions (see below), pits
containing 2 metric tons (2.2 tons) of plutonium would be disassembled and the plutonium
converted to plutonium oxide at the Plutonium Facility (PF-4) at LANL, and shipped to SRS.



PDC at K-Area at SRS (PDC Option) – Pit disassembly and conversion would principally occur
at a newly constructed Pit Disassembly and Conversion Project (PDC) that would be installed in
existing buildings within K-Area at SRS.1 As under the PDCF Option, pits containing 2 metric
tons (2.2 tons) of plutonium would be disassembled and converted to plutonium oxide at PF-4 at
LANL, and shipped to SRS.



PF-4 at LANL and MFFF at SRS (PF-4 and MFFF Option) – Pit disassembly would occur at
PF-4 at LANL. Conversion of plutonium metal to plutonium oxide may occur at PF-4, or
plutonium metal may be shipped from LANL to the Mixed Oxide Fuel Fabrication Facility
(MFFF) at SRS, where the plutonium metal would be converted to plutonium oxide in furnaces
installed in MFFF.



PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS (PF-4, H-Canyon/HB-Line, and MFFF
Option) – Pit disassembly would occur at PF-4 at LANL and at the K-Area Complex at SRS. Pits
disassembled at LANL would be converted to plutonium oxide at PF-4, or sent to SRS in metallic
form to be converted to plutonium oxide at H-Canyon/HB-Line or in metal oxidation furnaces
installed in MFFF.
Pits disassembled at the K-Area Complex would be sent to
H-Canyon/HB-Line for conversion to plutonium oxide.

Under all four pit disassembly and conversion options, the analyses in this appendix only address those
activities and impacts attributable to pit disassembly or conversion at a given facility, and do not address
other activities such as plutonium disposition that may be performed at the same facility. For example,
the impacts presented in this appendix for MFFF are for optional conversion of pit plutonium to an oxide
using metal oxidation furnaces installed in MFFF, rather than for fabrication of plutonium oxide into
mixed oxide (MOX) fuel. Impacts from MOX fuel fabrication at MFFF are addressed in Appendix G.
Under both the PF-4 and MFFF Option and the PF-4, H-Canyon/HB-Line, and MFFF Option, metal
oxidation furnaces could be installed at MFFF during MFFF construction or during MFFF operation.
Under the PF-4, H-Canyon/HB-Line, and MFFF Option, the precise quantities of plutonium that may be
processed among the plutonium facilities at SRS and LANL are not known. Therefore, the analyses for
this option are conservatively conducted assuming maximum plutonium throughputs for each SRS and
LANL plutonium facility. This assumption results in a conservative level of impacts assessed under this
option. Appendix B, Table B–3, provides the plutonium throughputs for each facility.

1

PDC could also be used to prepare non-pit plutonium for mixed oxide fuel fabrication or surplus pit and non-pit plutonium for
disposal at the Waste Isolation Pilot Plant as contact-handled transuranic waste (see Appendix B, Section B.1.2.2).
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Details about the pit disassembly and conversion options are provided in Chapter 2, Section 2.1; details
about the plutonium disposition options are provided in Section 2.2; and details about the
SPD Supplemental EIS alternatives are provided in Section 2.3. Appendix B provides descriptions of the
SRS and LANL facilities that may be used for pit disassembly and conversion, while Appendix E
addresses the environmental impacts from shipments of radioactive and non-radioactive materials and
waste. Appendix G addresses the environmental impacts from the options for plutonium disposition;
Appendix H, the environmental impacts from the principal support facilities needed for pit disassembly
and conversion and plutonium disposition; and Appendix I, the environmental impacts from the use of
MOX fuel in commercial nuclear power reactors. Chapter 4 addresses the environmental impacts of the
SPD Supplemental EIS alternatives.
Pit disassembly and conversion of 2 metric tons (2.2 tons) of plutonium at PF-4 at LANL is ongoing,
in accordance with National Environmental Policy Act (NEPA) decisions reached through the
Final Site-Wide Environmental Impact Statement for Continued Operation of Los Alamos National
Laboratory, Los Alamos, New Mexico (DOE/EIS-0380) (LANL SWEIS) (DOE 2008a) and its Record of
Decision (ROD) (75 Federal Register [FR] 55833). The minor upgrades to PF-4 to support this activity,
currently underway, are summarized in Appendix B, Section B.2.1, and were assessed as part of the
LANL SWEIS analysis. Impacts from these upgrades are therefore not addressed further in this appendix.
Modifications to PF-4 to enable an enhanced pit disassembly and conversion capability (applicable to the
PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options), however, could involve
modification to or decontamination and decommissioning of several existing gloveboxes, as well as
installation of additional gloveboxes (LANL 2013). These modifications are expected to result in minor
environmental impacts and are addressed in this appendix. Impacts from operation of PF-4 under all pit
disassembly and conversion options are also addressed in this appendix.
F.1

Air Quality

Nonradioactive air pollutant impacts under each pit disassembly and conversion option are evaluated in
this section. Radioactive air pollutant impacts are evaluated in Section F.2.
Activities under the pit disassembly and conversion options could result in criteria, hazardous, and toxic
air pollutant emissions from facility construction and operation. Table F–1 shows estimated air pollutant
concentrations at site boundaries from construction of, or modifications to, optional pit disassembly and
conversion facilities, and compares the concentrations to applicable standards and significance levels. In
this table, columns on the left provide impacts on a facility-specific basis, while columns on the right
provide combined impacts for one or more facilities as appropriate for each pit disassembly and
conversion option.2
Significance levels are concentrations below which no further analysis is necessary for that pollutant
for the purpose of permitting. Concentrations above significance levels would need to undergo further
analysis to consider the cumulative impacts from other sources within the impact area (EPA 1990:C28;
Page 2010a, 2010b; 40 CFR 51.165(b) (2)).
Where modeling was performed for this
SPD Supplemental EIS, current U.S. Environmental Protection Agency (EPA) models were used. For
example, the EPA AERMOD dispersion model (EPA 2004) was used unless stated otherwise. As
required, updated emissions and concentrations were determined based on information provided in cited
references.

2

This format is used to present information in several tables throughout this appendix.
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Table F–1 Estimated Air Pollutant Concentrations at Site Boundary from Construction of, or Modifications to,
Pit Disassembly and Conversion Facilities

Pollutant

Significance
More
More
Level b
Stringent
Stringent
(micrograms
Averaging Standard Standard for
per cubic
Period
for SRS a
LANL a
meter)

Pit Disassembly and Conversion Options

Facilities
SRS
PDCF

PDC

LANL

HC/HBL c MFFF d PF-4 e

PDCF

PDC

PF-4 and PF-4, HC/HBL,
MFFF
and MFFF
(SRS/LANL) (SRS/LANL)

Criteria Pollutants (micrograms per cubic meter)
8 hour

10,000

7,900

500

120

73

NC

NC

23

120

73

NC / 23

NC / 23

1 hour

40,000

11,900

2,000

170

104

NC

NC

33

170

104

NC/ 33

NC / 33

Nitrogen
dioxide

Annual

100

75

1

0.19

0.01

NC

NC

3.4

0.19

0.01

NC / 3.4

NC / 3.4

1 hour

188

150

7.5

110

44

NC

NC

69

110

44

NC / 69

NC / 69

PM10

24 hour

150

150

5

14

0.17

NC

NC

1.6

14

0.17

NC / 1.6

NC / 1.6

PM2.5 f

Annual

15

15

0.3

0.17

0.0015

NC

NC

0.2

0.17

0.0015

NC / 0.2

NC / 0.2

24 hour

35

35

1.2

14

0.17

NC

NC

1.6

14

0.17

NC / 1.6

NC / 1.6

0.001

0.0002

0.001

NC / 0.0037

NC / 0.0037

Sulfur
dioxide

Annual

80

42

1

0.0002

NC

NC

0.0037

24 hour

365

209

5

0.02

0.01

NC

NC

0.03

0.02

0.01

NC / 0.03

NC / 0.03

3 hour

1,300

1,050

25

NR

NR

NC

NC

0.066

NR

NR

NC / 0.066

NC / 0.066

1 hour

197

152

7.8

0.3

0.2

NC

NC

0.074

0.3

0.2

NC / 0.074

NC / 0.074

HC/HBL = H-Canyon/HB-Line; LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; NC = no change; NR = not reported; PDC = Pit
Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; PMn = particulate matter less than or equal to n microns in
aerodynamic diameter; SRS = Savannah River Site.
a
The more stringent of the Federal and state standards is presented if both exist for the averaging period.
b
EPA 1990; Page 2010a, 2010b; 40 CFR 51.165(b) (2).
c
Optional modifications to H-Canyon/HB-Line to support plutonium conversion to an oxide form, and to the K-Area Complex to enable pit disassembly, are expected to result in
minimal additional emissions of air pollutants from these operational facilities.
d
Optional installation of metal oxidation furnaces at MFFF is expected to result in minimal air emissions.
e
The listed values are for minor modifications to PF-4 to support pit disassembly and conversion of 35 metric tons (38.6 tons) of plutonium.
f
Emissions of PM10 were used to represent PM2.5 emissions when PM2.5 emission factors were not available (SRNS 2012).
Note: Diesel construction equipment would also emit various hazardous air pollutants and lead. These emissions and resulting concentrations would be small and have not been
quantified.
Source: DOE/NNSA 2012; LANL 2013; NMAC 20.2.3; SRNL 2013; SRNS 2012; 40 CFR Part 50.
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The maximum concentration values presented in the tables of this section are the highest 1st-high
concentration calculated at a specific receptor, except for the nitrogen dioxide 1-hour values. Use of the
highest 1st-high concentration is appropriate for comparison with significance levels. However, use of the
highest 1st-high concentration is not appropriate for use with all ambient air quality standards. Ambient
air quality standards use different methods for evaluating the number of exceedances allowed before the
standard is considered not to be met. The basis for compliance with the 1-hour nitrogen dioxide standard
is a 3-year average of the 98th percentile of the daily maximum 1-hour average. EPA guidance
(EPA 2011) on demonstrating compliance with the 1-hour nitrogen dioxide National Ambient Air Quality
Standards (NAAQS) is to use the eighth-highest of the daily maximum 1-hour value (not the highest
1-hour value) as an unbiased surrogate for the 98th percentile.
Peak year air pollutant emissions from construction of, or modification to, pit disassembly and conversion
facilities at SRS are presented in Table F–2, where tabulated concentrations for PDCF are applicable
under the PDCF Option; PDC under the PDC Option; PF-4 and MFFF under the PF-4 and MFFF Option;
and PF-4, H-Canyon/HB-Line, and MFFF under the PF-4, H-Canyon/HB-Line, and MFFF Option.
Table F–2 Peak Year Air Pollutant Emissions from Construction of, or Modifications to,
Pit Disassembly and Conversion Facilities
Facilities (metric tons per year)
SRS
Pollutant

LANL
a

PF-4 at LANL c

PDCF

PDC

H-Canyon/HB-Line

Carbon monoxide

35

26

NC

NC

Nitrogen dioxide

37

20

NC

NC

0.25

PM10

32

5

NC

NC

0.015

PM2.5 d
Sulfur dioxide
Volatile organic compounds

MFFF

b

0.12

31

4.5

NC

NC

0.015

0.072

0.044

NC

NC

<0.001

7.1

4.3

NC

NC

0.034

LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; NC = no change; PDC = Pit
Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility;
PMn = particulate matter less than or equal to n microns in aerodynamic diameter; SRS = Savannah River Site.
a
Optional modifications to H-Canyon/HB-Line, and to the K-Area Complex to enable pit disassembly, are expected to result
in minimal additional emissions of air pollutants from these operational facilities.
b
Optional installation of metal oxidation furnaces at MFFF is expected to result in minimal air emissions.
c
The listed values are based on fuel use data provided in LANL 2013, associated with minor modifications to PF-4 needed to
support pit disassembly and conversion of 35 metric tons (38.6 tons) of plutonium.
d
Emissions of PM10 were used to represent PM2.5 emissions when PM2.5 emission factors were not available (SRNS 2012).
Note: To convert metric tons to tons, multiply by 1.1023.
Source: DOE/NNSA 2012; LANL 2013; SRNL 2013; SRNS 2012.

The emissions presented in Table F–2 account for fugitive emissions from earth-moving activities,
emissions from construction equipment exhaust, and onsite vehicle emissions. Emissions from
installation of metal oxidation furnaces in MFFF and modifications to H-Canyon/HB-Line are expected to
be minimal and would consist primarily of fugitive dust and nitrogen oxides from portable generators
(SRNS 2012). Emissions at LANL from preparing a 2-acre (0.8 hectare) area for a construction trailer
and additional parking are also shown in Table F–2 (LANL 2013).
Estimated air pollutant contributions to concentrations at the site boundary from facility operations are
presented in Table F–3. Sources of air pollutants associated with operations include boilers that provide
heating for plutonium management activities. The table includes the most recent estimates of
concentrations from operation of PDCF.
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Table F–3 Estimated Air Pollutant Concentrations at Site Boundary from Operation of Pit Disassembly and Conversion Facilities

Pollutant

Averaging
Period

More
Stringent
Standard
for SRS a

More
Stringent
Standard
for LANL a

Significance
Level b
(micrograms
per cubic
meter)

Pit Disassembly and Conversion Options

PDCF

PDC

HC/HBL c

MFFF d

PF-4

PDCF

PDC

Facilities
SRS

LANL

PF-4 and PF-4, HC/HBL
MFFF
and MFFF
(SRS/LANL) (SRS/LANL)

Criteria Pollutants (micrograms per cubic meter)
8 hour

10,000

7,900

500

14

12.6

NC

NC

NC

14

12.6

NC / NC

NC / NC

1 hour

40,000

11,900

2,000

67

44.7

NC

NC

NC

67

44.7

NC / NC

NC / NC

Nitrogen
dioxide

Annual

100

75

1

0.041

0.042

NC

NC

NC

0.041

0.042

NC / NC

NC / NC

1 hour

188

150

7.5

116 e

73 e

NC

NC

NC

250

170

NC / NC

NC / NC

24 hour

150

150

5

0.49

0.61

NC

NC

NC

0.49

0.61

NC / NC

NC / NC

Annual

15

15

0.3

0.001

0.001

NC

NC

NC

0.001

0.001

NC / NC

NC / NC

24 hour

35

35

1.2

0.33

0.47

NC

NC

NC

0.33

0.47

NC / NC

NC / NC

Annual

80

42

1

0.0001

0.001

NC

NC

NC

0.0001

0.001

NC / NC

NC / NC

24 hour

365

209

5

0.009

0.23

NC

NC

NC

0.009

0.23

NC / NC

NC / NC

3 hour

1,300

1,050

25

NR

NR

NC

NC

NC

NR

NR

NC / NC

NC / NC

1 hour

197

152

7.8

0.12

3.6

NC

NC

NC

0.12

3.6

NC / NC

NC / NC

PM10

f

PM2.5 g
Sulfur dioxide

HC/HBL = H-Canyon/HB-Line; LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; NC = no change; NR = not reported; PDC = Pit
Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; PMn = particulate matter less than or equal to n microns in
aerodynamic diameter; SRS = Savannah River Site.
a
The more stringent of the Federal and state standards is presented if both exist for the averaging period.
b
EPA 1990; Page 2010a, 2010b; 40 CFR 51.165(b) (2).
c
Negligible change in emissions would occur from pit disassembly at the K-Area Complex, or from conversion of plutonium at HC/HBL, from those from current operation of
either facility.
d
Plutonium metal would be converted to plutonium oxide using oxidation furnaces installed at MFFF. Emissions from operation of the furnaces would result in negligible change
in emissions from the entire MFFF which are presented in Appendix G, Table G-1.
e th
8 -highest maximum 1-hour nitrogen dioxide concentration is presented for comparison to the ambient standard.
f
The PM10 annual standard was revoked by the EPA.
g
Emissions of PM10 were used to represent PM2.5 emissions when PM2.5 emission factors were not available (SRNS 2012).
Source: DOE/NNSA 2012; LANL 2013; SRNL 2013; SRNS 2012.
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F.1.1

PDCF at F-Area at SRS

Construction—At SRS, construction-related impacts could result from nonradioactive air pollutant
emissions from construction of PDCF. PDCF construction activities would emit particulate matter and
other pollutants from operation of diesel-powered construction equipment and a concrete batch plant, as
well as vehicles. PDCF, as currently designed, would require more land for construction than that
analyzed in the Surplus Plutonium Disposition Final Environmental Impact Statement (SPD EIS)
(DOE 1999). Earthmoving and other construction activities are expected to result in emissions higher
than those estimated in the SPD EIS. Estimated maximum nonradioactive air pollutant concentrations at
the SRS site boundary from construction of PDCF are presented in Table F–1. Exterior activities would
result in small quantities of fugitive dust and other emissions from activities such as excavation and
paving (SRNS 2012). As shown in Table F–1, the calculated 1-hour nitrogen dioxide, PM10 [particulate
matter less than or equal to n microns in aerodynamic diameter] 24-hour, and PM2.5 24-hour
concentrations for PDCF construction would be greater than the significance levels. Because these
concentrations exceed the significance levels, before construction of PDCF could be permitted, additional
analysis would be required. At LANL, there would be no new construction at PF-4 that could result in
additional nonradioactive air pollutant emissions.
Operations—At SRS, Table F–3 indicates that, except for nitrogen dioxide 1-hour average concentrations,
the contributions of PDCF to concentrations of criteria pollutants are below significance levels.
Emissions from diesel generators were included in the air quality impact analyses, and are represented in
the results for PDCF in Table F–3. Generators operating less than 250 hours per year are considered
insignificant sources and are exempt from Title V permitting (SRNS 2010).
At LANL, there would be no additional emissions of criteria or nonradioactive toxic air pollutants from
PF-4 pit disassembly and conversion activities (LANL 2013). This is because operational emissions
would be linked primarily to testing of diesel generators for the entire PF-4; this testing would occur
essentially independent of pit disassembly and conversion activities at PF-4.
F.1.2

PDC at K-Area at SRS

Construction—At SRS, construction-related impacts could result from nonradioactive air pollutant
emissions from construction of PDC. Estimated maximum nonradioactive air pollutant concentrations at
the SRS site boundary from PDC construction are presented in Table F–1. With the exception of a
30-acre (12-hectare) construction site, construction of PDC would occur mostly inside the K-Area reactor
building. Exterior activities would result in small quantities of fugitive dust and other emissions from
activities such as excavation and paving (SRNS 2012). As shown in Table F–1, the calculated 1-hour
nitrogen dioxide concentration for PDC construction is greater than the nitrogen dioxide significance
level (7.5 micrograms per cubic meter) but less than the ambient air quality standard for SRS
(188 micrograms per cubic meter). Because this concentration exceeds the nitrogen dioxide significance
level, additional analysis could be required before construction of PDC could be permitted. At LANL,
there would be no new construction at PF-4 that could result in additional nonradioactive air pollutant
emissions.
Operations—At SRS, Table F–3 indicates that, except for nitrogen dioxide 1-hour average concentrations,
the contributions of PDC operations to concentrations of criteria pollutants are below significance levels.
Because the 1-hour nitrogen dioxide concentration exceeds the nitrogen dioxide significance level, before
operation of PDC could be permitted, additional analysis could be required.
Emissions from diesel generators were included in the air quality impact analyses, and are represented in
the results for PDC in Table F–3. An existing emergency diesel generator for the K-Area Complex emits
air pollutants. Generators operating less than 250 hours per year are considered insignificant sources and
are exempt from Title V permitting (SRNS 2010). Other than emissions from diesel generators, there
would be minimal emissions of other nonradioactive air pollutants from operation of PDC. These would
include small amounts of fluorides, hydrochloric acid, nickel and nickel oxide, and beryllium and
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beryllium oxide (SRNS 2012; WSRC 2008a). Mitigation of air pollutants and protection of workers are
discussed in Chapter 4, Sections 4.9.4 and 4.9.6, respectively.
At LANL, as under the PDCF Option (Section F.1.1), there would be no additional emissions of criteria
or nonradioactive toxic air pollutants from PF-4 pit disassembly and conversion activities (LANL 2013).
F.1.3

PF-4 at LANL and MFFF at SRS

Construction—At SRS, emissions of nonradioactive air pollutant emissions from installation of metal
oxidation furnaces at MFFF are expected to be minimal. At LANL, emissions from preparing a 2-acre
(0.8 hectare) area for a construction trailer and additional parking are also shown in Table F–1 and are
expected to be minimal with the exception of the 1-hour and annual nitrogen dioxide and 24 hour PM2.5
concentrations which are lower than the standards but higher than the significance levels (LANL 2013).
Because these concentrations exceed the significance levels, before construction at PF-4 could be
permitted, additional analysis could be required.
Operations—At SRS, it is expected that operation of metal oxidation furnaces at MFFF would not
contribute incrementally to air pollutant emissions from MFFF; this is because emissions from MFFF are
dominated by emissions from periodic testing of diesel generators at MFFF, which would occur
regardless of the presence or absence of metal oxidation furnaces at the facility. At LANL, there would
be no additional emissions of criteria or nonradioactive toxic air pollutants from PF-4 pit disassembly and
conversion activities (LANL 2013). This is because operational emissions would be linked primarily to
testing of diesel generators for the entire PF-4; and the test schedule and frequency is not expected to
increase with the larger pit disassembly and conversion throughput at PF-4 addressed under this option.
F.1.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—At SRS, emissions from installation of metal oxidation furnaces at MFFF would be the
same as those in Section F.1.3 under the PF-4 and MFFF Option. No changes in emissions are projected
from the K-Area Complex from modifications to enable pit disassembly, or from modifications to
H-Canyon/HB-Line to support pit plutonium conversion to plutonium oxide. At LANL, emissions from
modifications to PF-4 would be the same as those in Section F.1.3 under the PF-4 and MFFF Option.
Operations—At SRS, emissions from the K-Area Complex and H-Canyon/HB-Line operations are not
expected to change from current levels as a result of the proposed pit disassembly and conversion
activities. Emissions from operation of metal oxidation at MFFF would be the same as those in
Section F.1.3 under the PF-4 and MFFF Option. At LANL, emissions from pit disassembly and
conversion activities would be the same as those in Section F.1.3 under the PF-4 and MFFF Option.
F.2
F.2.1

Human Health
Normal Operations

The following subsections present the potential incident-free radiological impacts on workers and the
general public that could occur from each of the pit disassembly and conversion options at SRS and
LANL. Human health risks from construction and normal operations are evaluated for individual and
population groups, including onsite involved workers, a hypothetical maximally exposed individual
(MEI) at the site boundary, and the regional population. Appendix C contains the detailed analysis of
human health effects from normal operations.
Tables F–4 and F–5 summarize the potential radiological impacts from operations on involved workers
and the general public, respectively, under the pit disassembly and conversion options evaluated in this
SPD Supplemental EIS. To facilitate a comparison of impacts between these options, the estimated
annual doses and latent cancer fatality (LCF) risks over the life of the facilities are presented. Total
impacts on workforces and the public over a given facility’s operating time frame are determined by
multiplying the annual impacts by the projected operating period of the given facility that may be used to
support pit disassembly and conversion (see Appendix B, Table B–2). At both SRS and LANL, doses to
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actual workers would be monitored and maintained below administrative control levels through the
implementation of engineered controls, administrative limits, and ALARA (as low as reasonably
achievable) programs.
Table F–4 Potential Radiological Impacts on Involved Workers from Pit Disassembly and
Conversion Options
Facilities

Pit Disassembly and Conversion Options

SRS
Impact

PDCF

HC/HBL a

PDC

PF-4 and
MFFF d

PF-4,
HC/HBL, and
MFFF d

LANL
MFFF b
PF-4 c
Total Workforce

PDCF d

PDC d

Number of radiation workers
at SRS
at LANL

383

383

100 / 50

35

–

383

383

35

185

–

–

–

–

85 / 345

85

85

345

345

Annual collective dose (person-rem per year)
at SRS
at LANL

190

190

29 / 28

2.3

–

190

190

2.3

59

–

–

–

–

29 / 190

29

29

190

190

0 (2 × 10-2) /
0 (2 × 10-2)
–

0
(1 × 10-3)
–

-

0
(1 × 10-3)
0
(1 × 10-1)

0
(4 × 10-2)
0
(1 × 10-1)

Annual latent cancer fatalities e
at SRS
at LANL

0
0
(1 × 10-1) (1 × 10-1)
–
–

0 (2 × 10-2 ) /
0 (1 × 10-1)

0
0
(1 × 10-1) (1 × 10-1)
0
0
(2 × 10-2) (2 × 10-2)

Life-of-project latent cancer fatalities e
at SRS
at LANL

1 (1.4)

1 (1.4)

0 (0.2) / 0 (0.2)

0 (0.03)

–

1 (1.4)

1 (1.4)

0 (0.03)

1 (0.5)

–

–

–

–

0 (0.1) / 3 (2.5)

0 (0.1)

0 (0.1)

3 (2.5)

3 (2.5)

Average Worker
Annual dose (millirem per year) f
at SRS
at LANL

500

500

290 / 560

65

–

500

500

65

320

–

–

–

–

340 / 560

340

340

560

560

2 × 10-4 /
3 × 10-4
–

4 × 10-5

–

3 × 10-4

3 × 10-4

4 × 10-5

2 × 10-4

–

2 × 10-4 /
3 × 10-4

2 × 10-4

2 × 10-4

3 × 10-4

3 × 10-4

8 × 10-4

–

4 × 10-3

4 × 10-3

8 × 10-4

3 × 10-3

Annual latent cancer fatality risk
at SRS
at LANL

3 × 10-4

3 × 10-4

–

–

Life-of-project latent cancer fatality risk
at SRS

4 × 10-3

4 × 10-3

–

–

2 × 10-3 /
5 × 10-3
–

–

1 × 10-3 /
1 × 10-3 1 × 10-3
7 × 10-3
7 × 10-3
-3
7 × 10
HC/HBL = H-Canyon/HB-Line; LANL = Los Alamos National Laboratory; MFFF = MOX Fuel Fabrication Facility; PDC = Pit Disassembly
and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site.
a
Pit disassembly would occur in a K-Area Complex glovebox and dissolution and oxidation would occur at H-Canyon/HB-Line. In the
column, the first value addresses impacts at H-Canyon/HB-Line while the second value addresses impacts at the K-Area Complex glovebox.
b
Pit conversion would occur in MFFF using metal oxidation furnaces; all plutonium sent to MFFF would be made into MOX fuel.
c
The first value is for pit disassembly and conversion of 2 metric tons (2.2 tons) of plutonium at LANL; the second value is for pit
disassembly and conversion of 35 metric tons (38.6 tons) of plutonium at LANL.
d
The values listed for the PDCF Option are applicable to all alternatives in this SPD Supplemental EIS; the values listed for the PDC Option
are applicable under the MOX Fuel, H-Canyon/HB-Line to DWPF, and WIPP Alternatives; the values listed for the PF-4 and MFFF and
PF-4, H-Canyon/HB-Line, and MFFF Options are applicable under all action alternatives.
e
The integer indicates the number of excess LCFs expected in the workforce population based on a risk factor of 0.0006 LCFs per person-rem
(DOE 2003); the values in parentheses are the values calculated using the risk factor.
f
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem per year, and as
low as reasonably achievable (10 CFR Part 835).
Note: Risks are rounded to one significant figure, except that two significant figures are provided for information when the calculated value
exceeds one.
– A dash indicates that the facility or option is not relevant at the indicated DOE site.
Values are derived from analyses presented in Appendix C.
at LANL
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Table F–5 Potential Radiological Impacts on the Public from Pit Disassembly and
Conversion Options
Facilities

Pit Disassembly and Conversion Options
PF-4,
PF-4 and
HC/HBL, and
MFFF b
PF-4 c
PDCF d
PDC d
MFFF d
MFFF d
HC/HBL a
Population Within 50 Miles (80 Kilometers)

SRS
Impact

PDCF

PDC

Annual dose (person-rem)
at SRS
0.46
0.44
at LANL
–
–
Annual latent cancer fatalities e
at SRS
0
0
(3 × 10-4)
(3 × 10-4)
at LANL
–
–

LANL

0.26
–

0.37
–

–
0.025/0.21

0.46
0.025

0.44
0.025

0.37
0.21

0.63
0.21

0
(2 × 10-4)
–

0
(2 × 10-4)
–

–

0
(3 × 10-4)
0
(2 × 10-5)

0
(3 × 10-4)
0
(2 × 10-5)

0
(2 × 10-4)
0
(1 × 10-4)

0
(4 × 10-4)
0
(1 × 10-4)

Life-of-project latent cancer fatalities e
at SRS
0
0
0
(3 × 10-3)
(3 × 10-3)
(2 × 10-3)
at LANL
–
–
–

0
(4 × 10-3)
–

–

0
(3 × 10-3)
0 (1 × 10-4)

0
(3 × 10-3)
0 (1 × 10-4)

0
(4 × 10-3)
0 (3 × 10-3)

0
(6 × 10-3)
0 (3 × 10-3)

Annual dose (millirem)
at SRS
0.0055
at LANL
–

-5

0 (2 × 10 ) /
0 (1 × 10-4)

0 (1 × 10-4) /
0 (3 × 10-3)
Maximally Exposed Individual

0.0061
–

0.0024
–

0.0041
–

–
0.0097 /
0.081

0.0055
0.0097

0.0061
0.0097

0.0041
0.081

0.0065
0.081

Annual latent cancer fatality risk
at SRS
3 × 10-9
4 × 10-9
at LANL
–
–

1 × 10-9
–

2 × 10-9
–

–
6 × 10-9 /
5 × 10-8

3 × 10-9
6 × 10-9

4 × 10-9
6 × 10-9

2 × 10-9
5 × 10-8

4 × 10-9
5 × 10-8

5 × 10-8

–

3 × 10-8 to
4 × 10-8
4 × 10-8

4 × 10-8

5 × 10-8

7 × 10-8

4 × 10-8

1 × 10-6

1 × 10-6

Life-of-project latent cancer fatality risk
at SRS
3 × 10-8 to
4 × 10-8
2 × 10-8
4 × 10-8
at LANL
–
–
–

Annual dose (millirem)
at SRS
0.00053
at LANL
–

–

4 × 10-8 /
1 × 10-6
Average Exposed Individual

0.00054
–

0.00029
–

0.00043
–

–
5.6 × 10-5 /
4.7 × 10-4

0.00053
5.6 × 10-5

0.00054
5.6 × 10-5

0.00043
4.7 × 10-4

0.00072
4.7 × 10-4

Annual latent cancer fatality risk
at SRS
3 × 10-10
3 × 10-10
at LANL
–
–

2 × 10-10
–

3 × 10-10
–

–
3 × 10-11 /
3 × 10-10

3 × 10-10
3 × 10-11

3 × 10-10
3 × 10-11

3 × 10-10
3 × 10-10

4 × 10-10
3 × 10-10

5 × 10-9

–

3 × 10-9 to
4 × 10-9
2 × 10-10

4 × 10-9

5 × 10-9

7 × 10-9

Life-of-project latent cancer fatality risk
at SRS
3 × 10-9 to
4 × 10-9
2 × 10-9
4 × 10-9
at LANL
–
–
–

–

2 × 10-10 /
2 × 10-10
6 × 10-9
6 × 10-9
-9
6 × 10
HC/HBL = H-Canyon/HB-Line; LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; PDC = Pit
Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River
Site.
a
Pit disassembly would occur in a K-Area Complex glovebox and dissolution and oxidation would occur at H-Canyon/HB-Line. The
dominant emissions would be from activities at H-Canyon/HB-Line. Negligible incremental offsite impacts are expected from activities at
the K-Area Complex glovebox.
b
Pit conversion would occur in MFFF using metal oxidation furnaces; all plutonium sent to MFFF would be made into MOX fuel.
c
The first value is for pit disassembly and conversion of 2 metric tons (2.2 tons) of plutonium at LANL; the second value is for pit
disassembly and conversion of 35 metric tons (38.6 tons) of plutonium at LANL.
d
The values listed in the column for the PDCF Option are applicable to all alternatives in this SPD Supplemental EIS; the values listed in the
column for the PDC Option are applicable under the MOX Fuel, H-Canyon/HB-Line to DWPF, and WIPP Alternatives; the values listed in
the columns for the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options are applicable under all action alternatives.
e
The integer indicates the number of excess LCFs that is expected in the population based on the risk factor of 0.0006 LCFs per person-rem
(DOE 2003); the values in parentheses are the values calculated using the risk factor.
Note: Risks are rounded to one significant figure. Sums in the table may differ from those calculated from table entries due to rounding.
– A dash indicates that the facility or option is not relevant at the indicated DOE site.
Values are derived from analyses presented in Appendix C.
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F.2.1.1

PDCF at F-Area at SRS

Construction—At SRS, an annual average of 341 construction workers is estimated for construction of
PDCF. These workers are not expected to receive any incremental exposures above those of the general
SRS population.
Construction of PDCF would not result in radiological impacts on the general population at the site
boundary and beyond.
At LANL, there would be no new construction under this option and therefore no additional radiological
impacts on workers or the public.
Operations—At SRS, the collective worker dose under the PDCF Option would be about 190 person-rem
per year, with no additional LCFs. Over the life of the project the collective dose to workers would result
in 1 (1.4) LCF. The average annual dose per full-time-equivalent worker under this option would be
approximately 500 millirem, with a corresponding risk of the worker developing a latent fatal cancer of
3 × 10-4, or 1 chance in about 3,300. The total LCF risk per full-time-equivalent worker over the life of
this option would be about 4 × 10-3, or 1 chance in 250 of an LCF.
For normal operation of PDCF, the annual population dose would be about 0.46 person-rem. This dose is
a small fraction (less than 0.0002 percent) of the dose the same population would receive from natural
background radiation. Radiological emissions over the duration of this option are estimated to result in
no LCFs in the population surrounding SRS (calculated value: 3 × 10-3 LCF).
The dose for a hypothetical MEI residing at the closest point accessible to the public outside the SRS
boundary from 1 year of pit disassembly and conversion operations under this option would be
0.0055 millirem, or about 0.002 percent of the dose from natural background radiation. The annual risk
of a latent fatal cancer associated with this dose would be about 3 × 10-9, or about 1 chance in
330 million. The total risk of a latent fatal cancer to the MEI from the dose received over the life of this
option would be from 3 × 10-8 to 4 × 10-8, depending on the alternative and corresponding years of
operation. In other words, there is 1 chance in about 25 million, or less, that the MEI would develop a
latent fatal cancer from exposures received over the life of the project under this option.
At LANL, the collective worker dose under the PDCF Option would be about 29 person-rem per year,
with no additional LCFs (calculated value: 2 × 10-2 LCF). Over the life of the project the collective dose
to workers would result in no additional LCFs (calculated value: 0.1 LCFs). The average annual dose per
full-time-equivalent worker under this option would be approximately 340 millirem, with a corresponding
risk of the worker developing a latent fatal cancer of 2 × 10-4, or 1 chance in 5,000. The total LCF risk
per full-time-equivalent worker over the life of this option would be about 1 × 10-3, or 1 chance in 1,000
of an LCF.
For normal operation of PF-4, the annual population dose would be about 0.025 person-rem. This dose is
a small fraction (less than 0.0001 percent) of the dose the same population would receive from natural
background radiation. Radiological emissions over the duration of this option are estimated to result in
no LCFs in the population surrounding LANL (calculated value: 1 × 10-4 LCF).
The dose for a hypothetical MEI residing at the closest point accessible to the public outside the LANL
boundary from 1 year of pit disassembly and conversion operations under this option would be
0.0097 millirem, or about 0.002 percent of the dose from natural background radiation. The annual risk
of a latent fatal cancer associated with this dose would be about 6 × 10-9, or less than 1 chance in about
170 million. The total risk of a latent fatal cancer to the MEI from the dose received over the life of this
option would be 4 × 10-8. In other words, there is 1 chance in 25 million that the MEI would develop a
latent fatal cancer from exposures received over the life of the project under this option.
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F.2.1.2

PDC at K-Area at SRS

Construction—At SRS, it is possible that construction of PDC at K-Area could take place within areas
that exhibit residual levels of contamination (limited demolition, removal, and decontamination actions
were completed at K-Area in January 2008). PDC construction activities would include 2 years of
decontamination and equipment removal. The 28 PDC workers involved in decontamination and
equipment removal would receive an average annual dose of 18 millirem. This would result in a
collective worker dose of 0.5 person-rem per year and a total dose of 1.0 person-rem over 2 years of
decontamination and removal. No LCFs among the worker population are expected (calculated value:
6 × 10-4 LCF).
K-Area construction activities are not expected to result in any radiological impacts on the public.
At LANL, there would be no new construction under this option and therefore no additional radiological
impacts on workers or the public.
Operations—At SRS, the collective worker dose under this option would be the same as those in
Section F.2.1.1 under the PDCF Option.
For normal operation of PDC, the annual population dose would be about 0.44 person-rem. This dose is a
small fraction (about 0.0002 percent) of the dose the same population would receive from natural
background radiation. Radiological emissions over the duration of this option are estimated to result in
no LCFs in the population surrounding SRS (calculated value: 3 × 10-3 LCF).
The dose for a hypothetical MEI residing at the closest point accessible to the public outside the SRS
boundary from 1 year of pit disassembly and conversion operations would be 0.0061 millirem, or about
0.002 percent of the dose from natural background radiation. The annual risk of a latent fatal cancer
associated with this dose would be about 4 × 10-9, or 1 chance in 250 million. The total risk of a latent
fatal cancer to the MEI from the dose received over the life of this option would be 4 × 10-8. In other
words, there is 1 chance in 25 million that the MEI would develop a latent fatal cancer from exposures
received over the life of the project under this option.
At LANL, doses and risks to workers and the public would be the same as those in Section F.2.1.1 under
the PDCF Option.
F.2.1.3

PF-4 at LANL and MFFF at SRS

Construction—At SRS, MFFF would be modified under this option to install metal oxidation furnaces.
Approximately 140 construction workers (plus 135 engineering and other workers) would be involved
over an estimated 3.5-year timeframe. Metal oxidation furnaces would be installed in an area set aside in
MFFF (i.e., separate from the fuel fabrication operations), so construction workers would not be expected
to receive any occupational radiation doses.
At LANL, potential construction activities at PF-4 (e.g., glovebox installations/modifications
decontamination and decommissioning, and installation of equipment) are not expected to exceed an
annual construction workforce dose of 18 person-rem per year to 60 workers, which equates to an average
construction worker dose of 300 millirem per year. The annual risk of a latent fatal cancer associated
with this average worker dose would be about 2 × 10-4, or 1 chance in about 5,000. Over the 8-year life
of the construction project, the collective worker dose could be up to 140 person-rem. These exposures
are not expected to result in any additional LCFs (calculated value: 9 × 10-2 LCF).
Construction activities at SRS, such as the installation of metal oxidation furnaces at MFFF, would not
result in radiological impacts on the public. At LANL, construction activities at PF-4 (e.g., glovebox
installations/modifications, decontamination and decommissioning, and installation of equipment) would
similarly not result in radiological impacts on the public.
Operations—At SRS, the collective worker dose under this option would be 2.3 person-rem per year,
which would result in no annual LCFs among workers (calculated value: 1 × 10 -3 LCF). Over the life of
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the project the collective dose to workers would also result in no LCFs. The average annual dose per fulltime-equivalent worker under this option would be approximately 65 millirem at SRS, with a
corresponding risk of the worker developing a latent fatal cancer of 4 × 10 -5, or 1 chance in 25,000. The
total average LCF risk at SRS per full-time-equivalent worker over the life of this pit disassembly and
conversion option would be about 8 × 10-4, or 1 chance in 1,250 of an LCF.
For normal operation of metal oxidation furnaces at MFFF, the additional annual population dose would
be about 0.37 person-rem. This dose is a small fraction (0.0001 percent) of the dose the same population
would receive from natural background radiation. Radiological emissions at SRS over the duration of
this pit disassembly and conversion option are estimated to result in no LCFs in the population
surrounding SRS (calculated value: 4 × 10-3 LCF).
The dose for a hypothetical MEI residing at the closest point accessible to the public outside the SRS
boundary from 1 year of pit disassembly and conversion operations under this option would be
0.0041 millirem, or about 0.001 percent of the dose from natural background radiation. The annual risk
of a latent fatal cancer associated with this dose would be about 2 × 10-9, or 1 chance in 500 million. The
total risk of a latent fatal cancer to the MEI from the dose received over the life of this option would be
5 × 10-8. In other words, there is 1 chance in 20 million that the MEI would develop a latent fatal cancer
from exposures received over the life of the project under this option.
At LANL, the collective worker dose under this option would be about 190 person-rem per year, which
would result in no annual LCFs among workers (calculated value: 0.1 LCF). Over the life of the project
the collective dose to workers could result in 3 LCFs. The average annual dose per full-time-equivalent
worker under this option would be approximately 560 millirem, with associated corresponding annual
risks of the worker developing a latent fatal cancer of about 3 × 10-4 (about 1 chance in 3,300). The total
average LCF risk per full-time-equivalent worker over the life of this pit disassembly and conversion
option would be about 7 × 10-3 (about 1 chance in 140).
For normal operation of PF-4 at LANL, the additional annual population dose under this option would be
about 0.21 person-rem. This dose is a small fraction (about 0.0001 percent) of the dose the same
population would receive from natural background radiation. Radiological emissions at LANL over the
duration of this pit disassembly and conversion option are estimated to result in no LCFs in the population
surrounding LANL (calculated value: 3 × 10-3 LCF).
The dose for a hypothetical MEI residing at the closest point accessible to the public outside the LANL
boundary from 1 year of pit disassembly and conversion operations under this option would be about
0.081 millirem, or about 0.02 percent of the dose from natural background radiation. The annual risk of a
latent fatal cancer associated with this dose would be about 5 × 10-8, or 1 chance in 20 million. The total
risk of a latent fatal cancer to the MEI at LANL from the dose received over the life of this option would
be 1 × 10-6. In other words, there is 1 chance in 1 million that the MEI would develop a latent fatal cancer
from exposures received over the life of the project under this option.
F.2.1.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—At SRS, construction workforce doses would result from modifications to the K-Area
Complex to enable pit disassembly and to H-Canyon/HB-Line to enhance its existing capability to
dissolve and oxidize plutonium for feed to MFFF. Modifications to the K-Area Complex could result in a
collective dose of 2.0 person-rem per year to a construction workforce of 20 workers. Assuming 2 years
for glovebox modifications, the collective dose would be about 4.0 person-rem. Doses are not expected
to exceed 1.0 person-rem per year to 10 construction workers engaged in activities at H-Canyon/HB-Line
(an average dose of 100 millirem per year). Over the 2 years of construction activities at
H-Canyon/HB-Line the workforce would receive a collective dose of 2.0 person-rem. The total dose
from modification activities at both facilities would be about 6 person-rem. No LCFs would be expected
(calculated value: 4 × 10-3 LCF).
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Construction efforts in support of adding the metal oxidation furnaces to MFFF would be the same as
those discussed in Section F.2.1.3 under the PF-4 and MFFF Option.
At LANL, construction activities at PF-4 in support of proposed pit disassembly and conversion activities
would be the same as those in Section F.2.1.3 under the PF-4 and MFFF Option.
At SRS, any potential construction activities, such as the installation of metal oxidation furnaces in
MFFF or modification activities at the H-Canyon/HB-Line, would not result in radiological impacts on
the public. At LANL, construction activities at PF-4 (e.g., glovebox installations/modifications/
decontamination and decommissioning, and installation of equipment) would similarly not result in
radiological impacts on the public.
Operations—At SRS, the collective worker dose at SRS for pit disassembly at the K-Area Complex,
activities in H-Canyon/HB-Line, and operation of the metal oxidation furnaces at MFFF would add
59 person-rem per year. This annual dose would result in no additional LCFs. Over the life of the project
the collective dose to workers could result in 1 additional LCF (calculated value: 0.5).
The average annual dose per full-time-equivalent worker under this option would be approximately
320 millirem, with a corresponding risk of the worker developing a latent fatal cancer of about 2 × 10 -4, or
1 chance in 5,000. The total LCF risk at SRS per full-time-equivalent worker over the life of this option
would be about 3 × 10-3, or about 1 chance in 330 of an LCF.
For normal activities at H-Canyon/HB-Line associated with this option and operation of metal oxidation
furnaces at MFFF at SRS, the additional annual population dose would be about 0.63 person-rem. This
dose is a small fraction (approximately 0.0002 percent) of the dose the same population would receive
from natural background radiation. Radiological emissions at SRS over the duration of this option are
estimated to result in no LCFs in the population surrounding SRS (calculated value: 6 × 10-3 LCF).
The dose for a hypothetical MEI residing at the closest point accessible to the public outside the SRS
boundary from 1 year of pit disassembly and conversion operations under this option would be
0.0065 millirem, or about 0.002 percent of the dose from natural background radiation. The annual risk
of a latent fatal cancer associated with this dose would be about 4 × 10-9, or 1 chance in 250 million. The
total risk of a latent fatal cancer to the MEI at SRS from the dose received over the life of this option
would be about 7 × 10-8. In other words, there is about 1 chance in 14 million that the MEI would
develop a latent fatal cancer from exposures received over the life of the project under this option.
At LANL, doses and risks to workers and the public would be the same as those in Section F.2.1.3 under
the PF-4 and MFFF Option.
F.2.2

Accidents

The following subsections present the potential impacts on workers and the general public at SRS and
LANL associated with possible accidents involving the pit disassembly and conversion options. Human
health risks from these accidents are evaluated for several individual and population groups, including
noninvolved workers, a hypothetical MEI at the site boundary, and the regional population. Table F–6
summarizes the potential radiological impacts on the regional population, while Table F–7 summarizes
the potential radiological impacts on the MEI and a noninvolved worker. These impacts are associated
with the facilities and processes that would be used under each of the four pit disassembly and conversion
options. Impacts are presented as estimated doses and LCF risks from the accidents under consideration.
(See Appendix D for further details on the accident analysis.) In both tables, the impacts at PF-4 at
LANL under the PDCF and PDC Options reflect the pit disassembly and conversion of 2 metric tons
(2.2 tons) of plutonium; the impacts under the PF-4 and MFFF and the PF-4, H-Canyon/HB-Line, and
MFFF Options reflect the pit disassembly and conversion of 35 metric tons (38.6 tons) of plutonium.
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Table F–6 Risks to the General Public within 50 Miles (80 kilometers) from Limiting Accidents Associated with
Pit Disassembly and Conversion Options
SRS Facilities
Metal Oxidation
Furnaces at
PDC
MFFF

PDCF

Beyonddesign-basis
earthquake
accidents c, d

H-Canyon/
HB-Line a

Pit Disassembly and Conversion Options

PF-4 b

Dose
Dose
Dose
Dose
Dose
(person(person(person(person(personrem) LCFs rem)
LCFs
rem)
LCFs
rem)
LCFs
rem) LCFs
240
0.1
110
6×10-2 0.067 4×10-5
280
0.2
26
2×10-2

PDCF
PDC
Dose
Dose
SRS/LANL LCFs SRS/LANL LCFs
(personSRS/
(personSRS/
rem)
LANL
rem)
LANL
240 / 26
0.1 /
110 / 26
6×10-2 /
2×10-2
2×10-2

PF-4,
H-Canyon/HB-Line,
PF-4 and MFFF
and MFFF
Dose
Dose
SRS/LANL LCFs SRS/LANL LCFs
(personSRS/
(personSRS/
rem)
LANL
rem)
LANL
0.067 / 26 4×10-5 /
280 / 26
0.2 /
2×10-2
2×10-2

91

5×10-2

58

3×10-2

0.0020

1×10-6

280

0.2

71

4×10-2

91 / 45

5×10-2 /
3×10-2

58 / 45

3×10-2 /
3×10-2

0.0020 / 71

1×10-6 /
4×10-2

280 / 71

0.2 /
4×10-2

7,900

5

6,300

4

670

0.4

15,000

9

4,300

3

7,900 /
3,800

5/2

6,300 /
3,800

4/2

670 / 4,300

0.4 / 3

15,000 /
4,300

9/3

LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and
Conversion Facility; PF-4 = Plutonium Facility; rem = roentgen equivalent man; SRS = Savannah River Site.
a
Includes potential accidents involving a pit disassembly capability at the K-Area Complex.
b
Impacts are shown for PF-4 assuming pit disassembly and conversion of 35 metric tons (38.6 tons) of plutonium. The doses assuming pit disassembly and conversion of 2 metric tons (2.2 tons) would
be 26 person-rem for the limiting design-basis accident, 45 person-rem for the design-basis earthquake scenario, and 3,800 person-rem for the beyond-design-basis accident – earthquake-induced
collapse plus fire scenario.
c
Doses and risks to the public from design-basis and beyond-design-basis earthquakes with fire are added for the pit disassembly and conversion options across the SRS facilities that may be involved
in pit disassembly and conversion.
d
Except for metal oxidation furnaces at MFFF, the bounding design-basis and beyond-design-basis earthquake accidents at SRS are postulated to initiate fires within the affected facilities. The
bounding design-basis and beyond-design-basis earthquake accidents at LANL are postulated to result in spills of nuclear material at PF-4 followed by fires.
Note: Values are derived from analyses presented in Appendix D.
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Accident
Limiting
design-basis
accident
Design-basis
earthquake
accidents c, d

LANL

Table F–7 Risks to the Maximally Exposed Individual and Noninvolved Worker from Limiting Accidents Associated with
Pit Disassembly and Conversion Options
SRS Facilities

PDCF

Accident

Dose
(rem)

Metal Oxidation
Furnaces at
MFFF

PDC

LCF
Risk

LANL

Dose LCF
(rem) Risk

Dose
(rem)

H-Canyon/
HB-Line a

LCF
Risk

Dose
(rem)

LCF
Risk

Pit Disassembly and Conversion Options

PF-4 b

Dose
(rem)

LCF
Risk

PDCF
Dose
SRS/
LANL
(rem)

LCF Risk
SRS/
LANL

PDC
Dose
SRS/
LANL
(rem)

PF-4 and MFFF

PF-4, H-Canyon/
HB-Line, and MFFF

LCF Risk
SRS/
LANL

Dose
SRS/
LANL
(rem)

LCF Risk
SRS/
LANL

Dose
SRS/
LANL
(rem)

LCF Risk
SRS/
LANL

Limiting designbasis accident

0.52

3×10-4

0.33 2×10-4 2.4×10-4

1×10-7

0.41

2×10-4

0.11 7×10-5

0.52 /
0.11

3×10-4 /
7×10-5

0.33 / 0.11

2×10-4 /
7×10-5

2.4×10-4 /
0.11

1×10-7 /
7×10-5

0.41 /
0.11

2×10-4 /
7×10-5

DBE accidents c, e

0.20

1×10-4

0.18 1×10-4 7.2×10-6

4×10-9

0.41

2×10-4

0.30 2×10-4

0.20 /
0.19

1×10-4 /
1×10-4

0.18 / 0.19

1×10-4 /
1×10-4

7.2×10-6 /
0.30

4×10-9 /
2×10-4

0.41 /
0.30

2×10-4 /
2×10-4

19

1×10-2

22

3×10-2

1×10-3

26

3×10-2

18

1×10-2

19 / 16

1×10-2 /
1×10-2

22 / 16

3×10-2 /
1×10-2

2.4 /
18

1×10-3 /
1×10-2

28 /
18

3×10-2 /
1×10-2

BDBE
accidents c, e

2.4

Noninvolved Worker
Limiting designbasis accident

4.5

3×10-3

2.3

1×10-3 5.4×10-3

3×10-6

1.6

9×10-4

3.7

2×10-3

4.5 / 3.7

3×10-3 /
2×10-3

2.3 / 3.7

1×10-3 /
2×10-3

0.0054 /
3.7

3×10-6 /
2×10-3

1.6 /
3.7

9×10-4 /
2×10-3

DBE accidents d, e

1.7

1×10-3

1.2

7×10-4 1.6×10-4

1×10-7

1.6

9×10-4

10

6×10-3

1.7 / 6.5

1×10-3 /
4×10-3

1.2 / 6.5

7×10-4 /
4×10-3

1.6×10-4 /
10

1×10-7 /
6×10-3

1.6 /
10

9×10-4 /
6×10-3

BDBE
accidents d, e, f

720

1

770

7×10-2

1,400

1

620

1

720 /
550

1/1

770 / 550

1/1

61 / 620

7×10-2 / 1

1,400 /
620

1/1

1

61

BDBE = beyond-design-basis earthquake; DBE = design-basis earthquake; LANL = Los Alamos National Laboratory; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility;
PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; rem = roentgen equivalent man; SRS = Savannah River Site.
a
Includes potential accidents involving a pit disassembly capability at the K-Area Complex.
b
Impacts are assessed for PF-4 assuming pit disassembly and conversion of 35 metric tons (38.6 tons) of plutonium. The doses to the MEI and noninvolved worker assuming pit disassembly and
conversion of 2 metric tons (2.2 tons) would be 0.11 and 3.7 rem for the limiting design-basis accident, 0.19 and 6.5 rem for the design-basis earthquake scenario, and 16 and 550 rem for the
beyond-design-basis accident – earthquake-induced collapse plus fire scenario, respectively.
c
Doses and risks to the MEI from the design-basis or beyond-design-basis earthquakes with fire are added for the pit disassembly and conversion options for the SRS facilities that may be involved in
surplus plutonium disposition for the purposes of this analysis even though the MEI for accidents in K-Area would be different than the MEI near H-Area, for example.
d
Doses and risks to noninvolved workers from the design-basis and beyond-design-basis earthquakes with fire are presented for the pit disassembly and conversion options for the highest dose to such
an individual at a specific area since a noninvolved worker at the K-Area Complex would not be near H-Area should an accident occur there and vice versa.
e
Except for metal oxidation furnaces at MFFF, the bounding design-basis and beyond-design-basis earthquake accidents at SRS are postulated to initiate fires within the affected facilities. The
bounding design-basis and beyond-design-basis earthquake accidents at LANL are postulated to result in spills of nuclear material at PF-4 followed by fires.
f
Individual doses in excess of 400 to 450 rem are assumed to result in a fatality.
Note: Values are derived from analyses presented in Appendix D.
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F.2.2.1

PDCF at F-Area at SRS

The limiting design-basis accident at PDCF would be an over-pressurization of an oxide storage can in
the facility. If this accident were to occur, the public residing within 50 miles (80 kilometers) of SRS
would receive an estimated dose of 240 person-rem. This dose would result in no additional LCFs among
the general public (calculated value: 0.1 LCF). The MEI would receive a dose of 0.52 rem which
represents a risk to the MEI of developing a latent fatal cancer of 3 × 10 -4, or about 1 chance in 3,300. A
noninvolved worker located 1,000 meters (3,300 feet) from the accident source at the time of the accident
and who was unaware of the accident and failed to take any emergency actions would receive a dose of
4.5 rem with a risk of developing a latent fatal cancer of 3 × 10-3, or about 1 chance in 330.
A design-basis earthquake with fire, involving F-Area when PDCF was operational, would expose the
public residing within 50 miles (80 kilometers) of SRS to an estimated dose of 91 person-rem. This dose
would result in no additional LCFs among the general public (calculated value: 5 × 10 -2 LCF). The MEI
would receive a dose of 0.20 rem which represents a risk to the MEI of developing a latent fatal cancer of
1 × 10-4, or 1 chance in 10,000. A noninvolved worker would receive a dose of 1.7 rem with a risk of
developing a latent fatal cancer of 1 × 10-3, or 1 chance in 1,000.
A beyond-design-basis earthquake with fire, involving F-Area when PDCF was operational,
would expose the public residing within 50 miles (80 kilometers) of SRS to an estimated dose of
7,900 person-rem. This dose could result in 5 additional LCFs among the general public. The MEI
would receive a dose of 19 rem which represents a risk to the MEI of developing a latent fatal cancer of
1 × 10-2, or 1 chance in 100. A noninvolved worker would receive a dose of 720 rem, which would likely
result in a near-term fatality.
The limiting design-basis accident at PF-4 at LANL would be a hydrogen deflagration associated with
dissolution of plutonium metal. If this accident were to occur, the public residing within 50 miles
(80 kilometers) of LANL would receive an estimated dose of 26 person-rem. This dose would result in
no additional LCFs among the general public (calculated value: 2 × 10-2 LCF). The MEI would receive a
dose of 0.11 rem which represents a risk to the MEI of developing latent fatal cancer of 7 × 10-5, or about
1 chance in 14,000. A noninvolved worker at the Technical Area 55 (TA-55) boundary would receive a
dose of 3.7 rem with a risk of developing a latent fatal cancer of 2 × 10-3, or 1 chance in 500. A designbasis earthquake with spill plus fire involving PF-4 would expose the public residing within 50 miles
(80 kilometers) of LANL to an estimated dose of 45 person-rem. This dose would result in no additional
LCFs among the general public (calculated value: 3 × 10-2 LCF). The MEI would receive a dose of
0.19 rem which represents a risk to the MEI of developing a latent fatal cancer of 1 × 10-4, or 1 chance in
10,000. A noninvolved worker would receive a dose of 6.5 rem with a risk of developing a latent fatal
cancer of 4 × 10-3, or 1 chance in 250. A beyond-design-basis accident – earthquake-induced collapse
plus fire3 involving PF-4 would expose the public residing within 50 miles (80 kilometers) of LANL to an
estimated dose of 3,800 person-rem. This dose would result in 2 additional LCFs among the general
public. The MEI would receive a dose of 16 rem which represents a risk to the MEI of developing a
latent fatal cancer of 1 × 10-2, or 1 chance in 100. A noninvolved worker would receive a dose of
550 rem, which would likely result in a near-term fatality.
F.2.2.2

PDC at K-Area at SRS

The limiting design-basis accident at PDC would be an over-pressurization of an oxide storage can due to
out-of-specification conditions that lead to a rupture resulting in a pressurized release of radioactive
material. If this accident were to occur, the public residing within 50 miles (80 kilometers) of SRS would
receive an estimated dose of 110 person-rem. This dose would result in no additional LCFs among the
3

For purposes of this SPD Supplemental EIS, a seismically initiated collapse of the roof and first floor of the PF-4 building, with
widespread damage to containers causing spills and impacts from debris, followed by widespread fires involving much of the
material at risk on the first floor, basement, and vaults is identified as the “Beyond-Design-Basis Accident – Earthquake-Induced
Collapse plus Fire” scenario.
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general public (calculated value: 6 × 10-2 LCF). The MEI would receive a dose of 0.33 rem which
represents a risk to the MEI of developing a latent fatal cancer of 2 × 10 -4, or 1 chance in 5,000.
A noninvolved worker would receive a dose of 2.3 rem with a risk of developing a latent fatal cancer of
1 × 10-3, or 1 chance in 1,000.
A design-basis earthquake with fire, involving K-Area when PDC was operational, would expose the
public residing within 50 miles (80 kilometers) of SRS to an estimated dose of 58 person-rem. This dose
would result in no additional LCFs among the general public (calculated value: 3 × 10-2 LCF). The MEI
would receive a dose of 0.18 rem which represents a risk to the MEI of developing an LCF of 1 × 10 -4, or
1 chance in 10,000. A noninvolved worker would receive a dose of 1.2 rem with a risk of developing a
latent fatal cancer of 7 × 10-4, or about 1 chance in 1,400.
A beyond-design-basis earthquake with fire, involving K-Area when PDC was operational, would expose
the public residing within 50 miles (80 kilometers) of SRS to an estimated dose of 6,300 person-rem.
This dose could result in 4 additional LCFs among the general public. The MEI would receive a dose of
22 rem which represents a risk to the MEI of developing a latent fatal cancer of 3 × 10 -2, or about
1 chance in 33. A noninvolved worker would receive a dose of 770 rem, which would likely result in a
near-term fatality.
The risks at PF-4 at LANL with respect to the proposed pit disassembly and conversion activities would
be the same under this option as those under the PDCF Option (Section F.2.2.1).
F.2.2.3

PF-4 at LANL and MFFF at SRS

The limiting design-basis accident involving metal oxidation furnaces at MFFF at SRS would be a fire in
a glovebox resulting in the pressurized release of radioactive material. If this accident were to occur, the
public residing within 50 miles (80 kilometers) of SRS would receive an estimated dose of
0.067 person-rem. This dose would result in no additional LCFs among the general public (calculated
value: 4 × 10-5 LCF). The MEI would receive a dose of 0.00024 rem which represents a risk to the MEI
of developing a latent fatal cancer of 1 × 10-7, or 1 chance in 10 million. A noninvolved worker would
receive a dose of 0.0054 rem with a risk of developing a latent fatal cancer of 3 × 10-6, or about 1 chance
in 330,000.
A design-basis earthquake involving metal oxidation furnaces at MFFF would expose the public residing
within 50 miles (80 kilometers) of SRS to an estimated dose of 0.0020 person-rem. This dose would
result in no additional LCFs among the general public (calculated value: 1 × 10 -6 LCF). The MEI would
receive a dose of 0.0000072 rem which represents a risk to the MEI of developing a latent fatal cancer of
4 × 10-9, or 1 chance in 250 million. A noninvolved worker would receive a dose of 0.00016 rem with a
risk of developing a latent fatal cancer of 1 × 10-7, or 1 chance in 10 million.
A beyond-design-basis earthquake with fire involving metal oxidation furnaces at MFFF would expose
the public residing within 50 miles (80 kilometers) of SRS to an estimated dose of 670 person-rem. This
dose would result in no additional LCFs among the general public (calculated value: 0.4 LCF). The MEI
would receive a dose of 2.4 rem which represents a risk to the MEI of developing a latent fatal cancer of
1 × 10-3, or 1 chance in 1,000. A noninvolved worker would receive a dose of 61 rem with a risk of
developing a latent fatal cancer of 0.07, or about 1 chance in 14.
The limiting design-basis accident at PF-4 at LANL would be a hydrogen deflagration associated with
dissolution of plutonium metal. If this accident were to occur, the public residing within 50 miles
(80 kilometers) of LANL would receive an estimated dose of 26 person-rem. This dose would result in
no additional LCFs among the general public (calculated value: 2 × 10-2 LCF). The MEI would receive a
dose of 0.11 rem, which represents a risk to the MEI of developing latent fatal cancer of 7 × 10-5, or about
1 chance in 14,000. A noninvolved worker at the TA-55 boundary would receive a dose of 3.7 rem with a
risk of developing a latent fatal cancer of 2 × 10-3, or 1 chance in 500.
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A design-basis earthquake with spill plus fire involving PF-4 would expose the public residing within
50 miles (80 kilometers) of LANL to an estimated dose of 71 person-rem. This dose would result in
no additional LCFs among the general public (calculated value: 4 × 10-2 LCF). The MEI would receive a
dose of 0.30 rem which represents a risk to the MEI of developing a latent fatal cancer of 2 × 10-4, or
1 chance in 5,000. A noninvolved worker would receive a dose of 10 rem with a risk of developing a
latent fatal cancer of 6 × 10-3, or 1 chance in 170.
A beyond-design-basis accident – earthquake-induced collapse plus fire involving PF-4 would expose the
public residing within 50 miles (80 kilometers) of LANL to an estimated dose of 4,300 person-rem. This
dose would result in 3 additional LCFs among the general public. The MEI would receive a dose of
18 rem which represents a risk to the MEI of developing a latent fatal cancer of 1 × 10-2, or
about 1 chance in 100. A noninvolved worker would receive a dose of 620 rem, which would likely
result in a near-term fatality.
Changes to the analysis of potential accidents at LANL’s PF-4 since the Draft SPD Supplemental EIS are
presented in Appendix D; these changes resulted in the limiting design-basis accident being the same for
all receptors and resulted in revised estimates of impacts from seismically induced accidents.
F.2.2.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Risks involving metal oxidation furnaces at MFFF would be the same under this pit disassembly and
conversion option as those under the PF-4 and MFFF Option (Section F.2.2.3). However, because there
are other pit disassembly and conversion activities proposed at H-Canyon/HB-Line under this option, the
doses associated with a design-basis and beyond-design-basis earthquake accident would include both
facilities for the purposes of this accident analysis with respect to the public residing within 50 miles
(80 kilometers) of SRS and the MEI. Noninvolved worker doses are presented for the highest dose to
such an individual at a specific area since a noninvolved worker at F-Area would not be near H-Area
should an accident occur there and vice versa.
The limiting design-basis accident involving pit disassembly activities at the K-Area Complex and
conversion activities at H-Canyon/HB-Line at SRS would be a level-wide fire in HB-Line involving
plutonium oxides and solutions. (Accidents involving the K-Area Complex pit disassembly operations
would result in much lower source terms. See Appendix D.) If this accident were to occur, the public
residing within 50 miles (80 kilometers) of SRS would receive an estimated dose of 280 person-rem.
This dose would result in no additional LCFs among the general public (calculated value: 0.2 LCF). The
MEI would receive a dose of 0.41 rem which represents a risk to the MEI of developing a latent fatal
cancer of 2 × 10-4, or 1 chance in 5,000. A noninvolved worker would receive a dose of 1.6 rem with a
risk of developing a latent fatal cancer of 9 × 10-4, or about 1 chance in 1,100.
A design-basis earthquake with fire involving both F-Area with metal oxidation furnaces at MFFF and
H-Canyon/HB-Line would expose the public residing within 50 miles (80 kilometers) of SRS to an
estimated dose of 280 person-rem (calculated value: 0.2 LCF). This dose would result in no additional
LCFs among the general public. The MEI would receive a dose of 0.41 rem which represents a risk to the
MEI of developing a latent fatal cancer of 2 × 10-4, or 1 chance in 5,000. A noninvolved worker at
H-Canyon/HB-Line would receive a dose of 1.6 rem with a risk of developing a latent fatal cancer of
9 × 10-4, or about 1 chance in 1,100.
A beyond-design-basis earthquake with fire involving both F-Area with metal oxidation furnaces at
MFFF and H-Canyon/HB-Line would expose the public residing within 50 miles (80 kilometers) of SRS
to an estimated dose of 15,000 person-rem. This dose would result in 9 additional LCFs among the
general public. The MEI would receive a dose of 26 rem which represents a risk to the MEI of
developing latent fatal cancer of 0.03, or 1 chance in 33. A noninvolved worker at H-Canyon/HB-Line
would receive a dose of 1,400 rem, which would likely result in a near-term fatality.
The risks at PF-4 at LANL with respect to the proposed pit disassembly and conversion activities would
be the same under this option as those under the PF-4 and MFFF Option (Section F.2.2.3).
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F.3

Socioeconomics

This section analyzes the potential socioeconomic impacts of different pit disassembly and conversion
options. Impacts on direct and indirect employment, economic output, value added and earnings are
presented for the peak years of construction for these facilities and for the surplus plutonium activities at
these facilities during their peak years of operations. The area that would experience the impacts
presented in this section is the region of influence (ROI) surrounding each facility. The socioeconomic
ROI for the facilities at SRS is defined as the four-county area of Columbia and Richmond Counties in
Georgia, and Aiken and Barnwell Counties in South Carolina. The socioeconomic ROI for PF-4 at
LANL is defined as the four-county area of Los Alamos, Rio Arriba, Sandoval, and Santa Fe Counties in
New Mexico. All values are presented in 2010 dollars. Table F–8 presents the socioeconomic impacts
that would be generated during the peak year of construction. Table F–9 presents the socioeconomic
impacts that would be generated during the peak year of operations.
Table F–8 Peak Annual Socioeconomic Impacts Associated with Construction of Pit Disassembly
and Conversion Options
Facilities

Pit Disassembly and Conversion Options

SRS

LANL

PF-4, H-Canyon/
HB-Line, and
MFFF

PDCF

PDC

H-Canyon/
HB-Line a

PDCF

PDC

PF-4 and
MFFF

Direct Employment

722

741

10

275

46

722

741

321

331

Indirect Employment

455

467

6

173

26

455

467

199

205

Output
($ in millions)

$71

$72

$1.0

$27

$4.4

$71

$72

$31

$32

Value Added
($ in millions)

$67

$68

$0.9

$25

$3.8

$67

$68

$29

$30

Earnings
($ in millions)

$45

$46

$0.6

$17

$2.7

$45

$46

$20

$20

Impact

MFFF

PF-4 b

LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; PDC = Pit Disassembly and Conversion
Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site.
a
Modifications at the K-Area Complex to support pit disassembly for subsequent conversion at H-Canyon/HB-Line or elsewhere is
not expected to require additional employment; existing maintenance and construction staff would be used for the modifications.
b
These impacts reflect modifications to provide the capability for a total plutonium throughput at PF-4 of 35 metric tons (38.6 tons).

Table F–9 Peak Annual Socioeconomic Impacts Associated with Operation of Pit Disassembly
and Conversion Options
Facilities

Pit Disassembly and Conversion Options

SRS

LANL
PF-4
(2 MT)

PF-4
(35 MT)

PF-4, H-Canyon/
HB-Line, and
MFFF

PDCF

PDC

PDCF

PDC

PF-4 and
MFFF

Direct
Employment

550

500

140

35

149

493

699

649

528

668

Indirect
Employment

654

595

167

42

151

499

805

746

541

708

Output
($ in millions)

$98

$89

$25

$6.2

$19

$64

$117

$108

$70

$95

Value Added
($ in millions)

$83

$75

$21

$5.3

$19

$63

$102

$94

$68

$89

Earnings
($ in millions)

$48

$44

$12

$3.1

$14

$48

$62

$58

$51

$63

Resource

H-Canyon/
HB-Line a MFFF

LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; MT = metric tons; PDC = Pit Disassembly
and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site.
a
This column provides the combined impacts for pit disassembly at the K-Area Complex and conversion to plutonium oxide at HCanyon/ HB-Line.

Note: To convert metric tons to tons, multiply by 1.1023.
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F.3.1

PDCF at F-Area at SRS

Construction—At SRS, direct employment during construction of PDCF is expected to peak at
722 workers. The direct construction employment would generate an estimated 455 indirect jobs in the
ROI. The direct economic output during the peak year of construction is estimated to be approximately
$71 million. Approximately $67 million of the direct economic output would be value added to the local
economy in the form of final goods and services directly comparable to Gross Domestic Product (GDP).
Approximately $45 million of the value added would be in the form of direct earnings of construction
workers. At LANL, no construction would be required at PF-4 to support pit disassembly and conversion
of 2 metric tons (2.2 tons) of plutonium.
Operations—At SRS, direct employment at PDCF is expected to peak at 550 workers. The direct
employment would generate an estimated 654 indirect jobs in the ROI. The direct economic output
during the peak year of operations is estimated to be $98 million, of which $83 million is estimated to be
value added to the local economy in the form of final goods and services directly comparable to GDP.
Approximately $48 million of the value added would be in the form of direct earnings of those employed
at PDCF.
At LANL, direct employment at PF-4 to support pit disassembly and conversion of 2 metric tons
(2.2 tons) of plutonium would peak at 149 workers. The direct employment would generate an estimated
151 indirect jobs in the ROI. The direct economic output during operations of PF-4 at LANL is estimated
to be $19 million. The value added to the local economy in the form of final goods and services directly
comparable to GDP is estimated to be approximately $19 million. Approximately $14 million of the
value added would be in the form of direct earnings of workers at PF-4.
F.3.2

PDC at K-Area at SRS

Construction—At SRS, direct employment during construction of PDC is expected to peak at
741 workers. The direct construction employment would generate an estimated 467 indirect jobs in the
ROI. The direct economic output during the peak year of construction is estimated to be approximately
$72 million. Approximately $68 million of the direct economic output would be value added to the local
economy in the form of final goods and services directly comparable to GDP. Approximately $46 million
of the value added would be in the form of direct earnings of construction workers. At LANL, as under
the PDCF Option (see Section F.3.1), no construction would be required at PF-4 to support pit
disassembly and conversion of 2 metric tons (2.2 tons) of plutonium.
Operations—At SRS, direct employment at PDC is expected to peak at 500 workers. The direct
employment would generate an estimated 595 indirect jobs in the ROI. The direct economic output
during the peak year of operations is estimated to be $89 million, of which $75 million is estimated to be
value added to the local economy in the form of final goods and services directly comparable to GDP.
Approximately $44 million of the value added would be in the form of direct earnings of those employed
at PDC. At LANL, impacts during the peak year of operation of PF-4 would be the same as those in
Section F.3.1 under the PDCF Option.
F.3.3

PF-4 at LANL and MFFF at SRS

Construction—At SRS, direct employment during installation of metal oxide furnaces in MFFF to
provide a pit conversion capability would be expected to peak at 275 workers. The direct construction
employment would generate an estimated 173 indirect jobs in the SRS ROI. The direct economic output
during the peak year of construction is estimated to be approximately $27 million. Approximately
$25 million of the direct output would be value added to the local economy in the form of final goods and
services directly comparable to GDP. Approximately $17 million of the value added would be in the
form of direct earnings to construction workers.
At LANL, direct employment during modifications at PF-4 to support disassembly and conversion of
35 metric tons (38.6 tons) of pit plutonium would be expected to peak at 46 workers. The direct
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employment during modifications would generate an estimated 26 indirect jobs within the LANL ROI.
The direct economic output during the peak year of modification activities is estimated to be
approximately $4.4 million. Approximately $3.8 million of the direct economic output would be value
added to the local economy in the form of final goods and services directly comparable to GDP.
Approximately $2.7 million of the value added would be in the form of direct earnings of construction
workers.
Operations— At SRS, direct employment due to operation of the metal oxidation furnaces at MFFF is
expected to require 35 workers. The direct employment would generate an estimated 42 indirect jobs in
the SRS ROI. The direct economic output during operation of the metal oxidation furnaces at MFFF is
estimated to be approximately $6.2 million, of which $5.3 million is estimated to be value added to the
local economy in the form of final goods and services directly comparable to GDP. Approximately
$3.1 million of the value added would be in the form of direct earnings of MFFF employees engaged in
operation of the metal oxidation furnaces. The direct employment required for MFFF operations under
this option would be drawn from the existing SRS workforce and is not expected to result in additional
employment.
At LANL, direct employment at PF-4 is expected to increase to 493 workers during peak operations. The
direct employment would generate an estimated 499 indirect jobs in the ROI. The direct economic output
attributable to pit disassembly and conversion activities at PF-4 is estimated to be $64 million, of which
$62 million is estimated to be value added to the local economy in the form of final goods and services
directly comparable to GDP. Approximately $48 million of the value added would be in the form of
direct earnings of PF-4 workers.
F.3.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—At SRS, the socioeconomic impacts from installation of metal oxide furnaces in MFFF to
provide a pit conversion capability would be the same as those in Section F.3.3 under the PF-4 and MFFF
Option.
Modifications to the K-Area Complex to enable pit disassembly would not be expected to require any
additional employment.
Modifications to H-Canyon/HB-Line to support pit conversion would require an estimated 10 direct
workers. The direct employment is expected to generate approximately 6 indirect workers. The direct
economic output attributable to H-Canyon/HB-Line modifications would be approximately $1.0 million,
of which $0.9 million would be value added to the local economy in the form of final goods and services
directly comparable to GDP. Approximately $0.6 million would be in the form of direct earnings to
workers. The direct employment required for H-Canyon/HB-Line modifications under this option would
be drawn from the existing SRS workforce and is not expected to result in additional employment.
At LANL, facility modification activities at PF-4 would be the same as those in Section F.3.3 under the
PF-4 and MFFF Option.
Operations—At SRS, operation of a pit disassembly glovebox at the K-Area Complex is expected to
require direct employment of 40 workers. Pit conversion activities at H-Canyon/HB-Line would require
direct employment of 100 workers. The combined direct employment of 140 workers at the K-Area
Complex and H-Canyon/HB-Line would generate approximately 167 indirect jobs in the SRS ROI. The
direct economic output attributable to the K-Area Complex and H-Canyon/HB-Line operations is
estimated to be approximately $25 million, of which approximately $21 million would be value added to
the local economy in the form of final goods and services directly comparable to GDP. Approximately
$12 million of the value added would be in the form of earnings of K-Area Complex and H-Canyon/HBLine workers.
The socioeconomic impacts from operation of the metal oxidation furnaces at MFFF would be the same
as those in Section F.3.3 under the PF-4 and MFFF Option.
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At LANL, the socioeconomic impacts during the peak year of operations of PF-4 would be the same as
those in Section F.3.3 under the PF-4 and MFFF Option.
F.4

Waste Management

This section analyzes impacts of pit disassembly and conversion options on waste management facilities.
The waste types addressed include contact-handled transuranic (CH-TRU) and mixed CH-TRU waste
(analyzed collectively), solid low-level radioactive waste (LLW), solid mixed low-level radioactive waste
(MLLW), solid hazardous waste, solid nonhazardous waste, liquid LLW, and liquid nonhazardous waste.
The generation of these waste streams is the result of construction, modifications, and operations
associated with the facilities being analyzed for pit disassembly and conversion. Years of operation
would vary depending on the combination of pit disassembly and conversion and pit disposition options
that might be implemented under the SPD Supplemental EIS alternatives.
Waste management facilities are described in Chapter 3, Sections 3.1.10 and 3.2.10. Waste management
impacts are evaluated as a percentage of treatment, storage, or disposal capacity, depending on a
particular waste type’s onsite disposition. For LANL, if a waste type is shipped off site for disposal, its
impacts are evaluated as a percentage increase in projected quantities that would be generated as a result
of an SPD Supplemental EIS alternative over existing waste generation rates as reported for 2009.
These capacities or current generation rates are discussed in detail in Chapter 3 and are summarized in
Table F–10 and F–11 for SRS and LANL, respectively.
F.4.1

PDCF at F-Area at SRS

Construction—Table F–12 summarizes the average annual amount of waste that would be generated at
SRS from construction of PDCF under this option. Construction of PDCF would generate solid
hazardous waste, solid nonhazardous waste, and liquid nonhazardous waste. Table F–13 summarizes the
total amount of waste that would be generated under this option. At LANL, there would be no
construction or facility modification activities at PF-4 that would generate any waste types above what is
currently generated.
Table F–10 Summary of Waste Management Capacities at the Savannah River Site
Waste Type

Annual Capacity

Disposition Method

Impact Criteria

Transuranic

13,200 cubic meters

Onsite storage pads

As a percent of storage capacity

Solid LLW

37,000 cubic meters a

Onsite disposal slits or engineered
trenches

As a percent of disposal capacity

Solid MLLW

296 cubic meters b

Onsite storage pads

As a percent of storage capacity

Solid hazardous

296 cubic meters b

Onsite storage pads

As a percent of storage capacity

Solid
nonhazardous

4,200,000 cubic meters
per year

Regional municipal landfill
disposal

As a percent of permitted disposal
capacity

Liquid LLW

590,000,000 liters

Onsite F/H Effluent Treatment
Project

As a percent of treatment capacity

Liquid
nonhazardous

1,500,000,000 liters

Onsite Central Sanitary
Wastewater Treatment Facility

As a percent of treatment capacity

LLW = low-level radioactive waste; MLLW = mixed low-level radioactive waste.
a
As of February 2012, the estimated unused disposal capacity remaining is approximately 23,000 cubic meters for the slit
trenches and 14,000 cubic meters for the engineered trenches.
b
Pad 26-E is permitted to store a maximum of 296 cubic meters in aggregate for solid MLLW and solid hazardous waste.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: Chapter 3, Section 3.1.10.
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Table F–11 Summary of Waste Management Capacities at Los Alamos National Laboratory
Waste Type
Transuranic b
Solid LLW

Annual Capacity or
Generation Rate
17,000 drum equivalents
(3,400 cubic meters) c
3,772 cubic meters

Disposition Method
Onsite storage pads

Impact Criteria a
As a percent of storage capacity

Onsite disposal or offsite disposal at
Federal or commercial facilities
Offsite commercial disposal

As a percent increase of existing
generation rates
Solid MLLW
13.5 cubic meters
As a percent increase of existing
generation rates
Solid hazardous
1,723 metric tons
Offsite commercial disposal
As a percent increase of existing
generation rates
Solid
2,562 metric tons
Offsite commercial landfill disposal
As a percent increase of existing
nonhazardous
generation rates
Liquid LLW
4,000,000 liters
Onsite Radioactive Liquid Waste
As a percent of treatment
Treatment Facility
capacity
Liquid
840,000,000 liters
Onsite Sanitary Wastewater System
As a percent of treatment
nonhazardous
capacity
LLW = low-level radioactive waste; MLLW = mixed low-level radioactive waste; drum equivalent = one 55-gallon drum.
a
Impact criteria for solid LLW, solid MLLW, solid hazardous waste, and solid nonhazardous waste are calculated as a
percent increase over generation rates reported in 2009; impact criteria for other wastes are calculated as a percent of onsite
storage or treatment capacity.
b
The listed volume is based on current safety basis analyses (see Chapter 3, Section 3.2.10.2).
c
One 55-gallon drum contains approximately 0.2 cubic meters of waste.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: Chapter 3, Section 3.2.10.

Table F–12 Average Annual Construction Waste Generation from PDCF at SRS
CH-TRU Waste Solid LLW Solid MLLW Solid HW Solid Non- Liquid LLW Liquid Non-HW
Facility
(m3/yr)
(m3/yr)
(m3/yr)
(m3/yr)
HW (m3/yr)
(liters/yr)
(liters/yr)
PDCF
negligible
negligible
negligible
5.6
130
negligible
1,500,000
Percent of
negligible
negligible
negligible
1.9
<0.1
negligible
0.1
SRS Capacity
CH-TRU = contact-handled transuranic; HW = hazardous waste; LLW = low-level radioactive waste; MLLW = mixed
low-level radioactive waste; m3 = cubic meters; PDCF = Pit Disassembly and Conversion Facility; SRS = Savannah River Site;
yr = year.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: DOE/NNSA 2012.

Table F–13 Total Construction Waste Generation from PDCF at SRS
CH-TRU Waste Solid LLW Solid MLLW Solid HW Solid Non-HW
Liquid LLW
Liquid NonFacility
(m3)
(m3)
(m3)
(m3)
(m3)
(liters)
HW (liters)
PDCF
negligible
negligible
negligible
56
1,300
negligible
15,000,000
CH-TRU = contact-handled transuranic; HW = hazardous waste; LLW = low-level radioactive waste; MLLW = mixed
low-level radioactive waste; m3 = cubic meters; PDCF = Pit Disassembly and Conversion Facility.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: DOE/NNSA 2012.

Operations—Table F–14 summarizes the peak annual amount of waste that would be generated from pit
disassembly and conversion activities at SRS and LANL under this option. Operation of PDCF and PF-4
would generate CH-TRU waste, solid LLW, solid MLLW, solid hazardous waste, solid nonhazardous
waste, liquid LLW, and liquid nonhazardous waste. Table F–14 does not include liquid waste that would
be sent from PDCF to the Waste Solidification Building (WSB) for further processing; waste generated
from WSB operations is addressed in Appendix H.
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Table F–14 Peak Annual Operations Waste Generation from PDCF at SRS and PF-4 at LANL
Facility
PDCF
Percent of SRS
Capacity

CH-TRU
Solid LLW
Waste (m3/yr)
(m3/yr)
180
970
1.4

2.6

Solid MLLW
(m3/yr)
negligible

Solid HW
(m3/yr)
0.1

Solid NonHW (m3/yr)
2,000

Liquid LLW
(liters/yr)
91,000

Liquid Non-HW
(liters/yr)
31,000,000

negligible

<0.1

<0.1

<0.1

2.1

PF-4
18
29
0.3
negligible
negligible
570
negligible
Percent of LANL
0.5
0.8
2.2
negligible
negligible
<0.1
negligible
Capacity a
CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory; LLW = low-level
radioactive waste; MLLW = mixed low-level radioactive waste; m3 = cubic meters; PDCF = Pit Disassembly and Conversion
Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site; yr = year.
a
Impact criteria for solid LLW, solid MLLW, solid hazardous waste, and solid nonhazardous waste are calculated as a
percent increase over generation rates reported in 2009; impact criteria for other wastes are calculated as a percent of onsite
storage or treatment capacity.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: DOE/NNSA 2012; LANL 2013.

F.4.2

PDC at K-Area at SRS

Construction—Table F–15 summarizes the average annual amount of waste that would be generated at
SRS from construction of PDC under this option. Construction of PDC would generate solid LLW, solid
MLLW, solid hazardous waste, and solid nonhazardous waste. Equipment and piping would be installed
and structural changes would be made to existing K-Area facilities. The removal of equipment
and piping would increase the generation of radioactive and nonradioactive polychlorinated
biphenyl-contaminated waste, which would be managed as solid MLLW and solid hazardous waste
(WSRC 2008a, 2008b:7). At LANL, there would be no construction or facility modification activities
required at PF-4 that would generate any waste types above what is currently generated. Table F–16
summarizes the total amount of waste that would be generated.
Together, the average annual generation of solid MLLW and solid hazardous waste would occupy about
290 percent of the available onsite storage capacity at SRS, assuming this waste was not transported
offsite for disposition. However, these wastes are routinely transported offsite to a treatment, storage, or
disposal facility. To mitigate these impacts, shipments could be scheduled to occur more frequently or
the available storage capacity could be increased, if adequate shipments could not be scheduled to
accommodate the annual generation of this waste.
Table F–15 Average Annual Construction Waste Generation from PDC at SRS
CH-TRU
Waste
(m3/yr)
negligible

Solid LLW
(m3/yr)
1,300

Solid MLLW
(m3/yr)
19

Solid HW
(m3/yr)
820

Solid Non-HW
(m3/yr)
860

Liquid
LLW
(liters/yr)
negligible

Liquid NonHW
(liters/yr)
negligible

Facility
PDC
Percent of SRS
negligible
3.5
6.4
280
<0.1
negligible
negligible
Capacity
CH-TRU = contact-handled transuranic; HW = hazardous waste; LLW = low-level radioactive waste; MLLW = mixed
low-level radioactive waste; m3 = cubic meters; PDC = Pit Disassembly and Conversion Project; SRS = Savannah River Site;
yr = year.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: DOE/NNSA 2012.
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Table F–16 Total Construction Waste Generation from PDC at SRS
CH-TRU
Liquid
Liquid
Waste
Solid LLW
Solid MLLW
Solid HW
Solid Non-HW
LLW
Non-HW
Facility
(m3)
(m3)
(m3)
(m3)
(m3)
(liters)
(liters)
PDC
negligible
12,000
210
7,000
6,800
negligible
negligible
CH-TRU = contact-handled transuranic; HW = hazardous waste; LLW = low-level radioactive waste; MLLW = mixed
low-level radioactive waste; m3 = cubic meters; PDC = Pit Disassembly and Conversion Project; SRS = Savannah River Site.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: DOE/NNSA 2012.

Operations—Table F–17 summarizes the peak annual amount of waste that would be generated from pit
disassembly and conversion activities at SRS and LANL under this option. Operation of PDC and PF-4
would generate CH-TRU waste, solid LLW, solid MLLW, solid hazardous waste, solid nonhazardous
waste, liquid LLW, and liquid nonhazardous waste. Not shown in Table F–17 is liquid waste that would
be sent from PDC to the WSB for further processing; waste generated from WSB operations is addressed
in Appendix H.
Table F–17 Peak Annual Operations Waste Generation from PDC at SRS and PF-4 at LANL
Facility
PDC
Percent of SRS
Capacity

CH-TRU
Waste
(m3/yr)
180

Solid
LLW
(m3/yr)
970

Solid
MLLW
(m3/yr)
negligible

Solid HW
(m3/yr)
0.1

Solid NonHW
(m3/yr)
2,000

Liquid
LLW
(liters/yr)
28,000

Liquid Non-HW
(liters/yr)
31,000,000

1.4

2.6

negligible

<0.1

<0.1

<0.1

2.1

PF-4
18
29
0.3
negligible
negligible
570
negligible
Percent of LANL
0.5
0.8
2.2
negligible
negligible
<0.1
negligible
Capacity a
CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory; LLW = low-level
radioactive waste; MLLW = mixed low-level radioactive waste; m3 = cubic meters; PDC = Pit Disassembly and Conversion
Project; PF-4 = Plutonium Facility; SRS = Savannah River Site; yr = year.
a
Impact criteria for solid LLW, solid MLLW, solid hazardous waste, and solid nonhazardous waste are calculated as a percent
increase over generation rates reported in 2009; impact criteria for other wastes are calculated as a percent of onsite storage
or treatment capacity.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: DOE/NNSA 2012; LANL 2013.

F.4.3

PF-4 at LANL and MFFF at SRS

Construction—Table F–18 summarizes the average annual amount of waste that would be generated
from facility modification activities at SRS and LANL under this option. At SRS, metal oxidation
furnaces would be installed in MFFF during its construction or operation to provide a pit conversion
capability; however, negligible amounts of wastes in addition to those anticipated for construction of
MFFF would be generated. At LANL, modification of PF-4 would generate CH-TRU waste, solid LLW,
and solid MLLW. Modification of PF-4 could result in a 52 percent increase in the annual amount of
LANL-generated solid MLLW as reported in 2009; this is not expected to have significant impacts on the
offsite commercial disposal of this waste stream. Table F–19 summarizes the total amount of waste that
would be generated.
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Table F–18 Average Annual Construction Waste Generation from MFFF at SRS
and PF-4 at LANL
Facility
Metal oxidation
furnaces at MFFF
Percent of SRS
Capacity

CH-TRU
Waste
(m3/yr)
0

Solid LLW
(m3/yr)
negligible

Solid
MLLW
(m3/yr)
negligible

Solid HW
(m3/yr)
negligible

Solid
Non-HW
(m3/yr)
negligible

Liquid
LLW
(liters/yr)
negligible

Liquid
Non-HW
(liters/yr)
negligible

N/A

negligible

negligible

negligible

negligible

negligible

negligible

PF-4
2.4
4.6
7.0
negligible
negligible
negligible
negligible
Percent of LANL
<0.1
0.1
52
negligible
negligible
negligible
negligible
Capacity a
CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory;
LLW = low-level radioactive waste; MFFF = Mixed Oxide Fuel Fabrication Facility; MLLW = mixed low-level radioactive
waste; m3 = cubic meters; N/A = not applicable; PF-4 = Plutonium Facility; SRS = Savannah River Site; yr = year.
a
Impact criteria for solid LLW, solid MLLW, solid hazardous waste, and solid nonhazardous waste are calculated as a
percent increase over generation rates reported in 2009; impact criteria for other wastes are calculated as a percent of onsite
storage or treatment capacity.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: LANL 2013; SRNS 2012.

Table F–19 Total Construction Waste Generation from MFFF at SRS and PF-4 at LANL
CH-TRU
Waste
(m3)

Solid LLW
(m3)

Solid
MLLW
(m3)

Solid HW
(m3)

Solid
Non-HW
(m3)

Liquid
LLW
(liters)

Liquid
Non-HW
(liters)

Facility
Metal oxidation
0
negligible
negligible
negligible
negligible
negligible
negligible
furnaces at MFFF
PF-4
19
37
56
negligible
negligible
negligible
negligible
CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory; LLW = lowlevel radioactive waste; MLLW = mixed low-level radioactive waste; MFFF = Mixed Oxide Fuel Fabrication Facility;
m3 = cubic meters; PF-4 = Plutonium Facility; SRS = Savannah River Site.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: LANL 2013; SRNS 2012.

Operations—Table F–20 summarizes the peak annual amount of waste that would be generated from pit
disassembly and conversion activities under this option. Operation of metal oxidation furnaces at MFFF
would generate CH-TRU waste and solid LLW. Operation of PF-4 at LANL would generate CH-TRU
waste, solid LLW, solid MLLW, solid hazardous waste, and liquid LLW.
Table F–20 Peak Annual Operations Waste Generation from MFFF at SRS and PF-4 at LANL
Facility
Metal oxidation
furnaces at MFFF
Percent of SRS
Capacity

CH-TRU
Waste
(m3/yr)

Solid LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid HW
(m3/yr)

Solid Non-HW
(m3/yr)

Liquid
LLW
(liters/yr)

Liquid
Non-HW
(liters/yr)

9.2

16

negligible

negligible

negligible

negligible

negligible

<0.1

<0.1

negligible

negligible

negligible

negligible

negligible

PF-4
170
180
1.4
0.2
negligible
3,200
negligible
Percent of LANL
5.0
4.8
10
<0.1
negligible
<0.1
negligible
Capacity a
CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory; LLW = low-level
radioactive waste; MFFF = Mixed Oxide Fuel Fabrication Facility; MLLW = mixed low-level radioactive waste; m3 = cubic
meters; PF-4 = Plutonium Facility; SRS = Savannah River Site; yr = year.
a
Impact criteria for solid LLW, solid MLLW, solid hazardous waste, and solid nonhazardous waste are calculated as a percent
increase over generation rates reported in 2009; impact criteria for other wastes are calculated as a percent of onsite storage
or treatment capacity.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: LANL 2013; SRNS 2012.
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F.4.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—Table F–21 summarizes the average annual amount of waste that would be generated
from facility modifications under this option. Modification of SRS and LANL facilities would generate
CH-TRU waste, solid LLW, and solid MLLW. At SRS, minor quantities of wastes would result from
modifications to the K-Area Complex to enable pit disassembly, and from modifications to
H-Canyon/HB-Line to enhance the facility’s pit conversion capability. In addition, metal oxidation
furnaces would be installed in MFFF to provide a pit conversion capability, although negligible amounts
of wastes in addition to those anticipated for construction of MFFF would be generated. At LANL,
modification of PF-4 could result in a 52 percent increase in the annual amount of LANL-generated solid
MLLW as reported in 2009; this is not expected to have significant impacts on the offsite commercial
disposal of this waste stream. Table F–22 summarizes the total amount of waste that would be generated.
Table F–21 Average Annual Construction Waste Generation from the K-Area Complex,
H-Canyon/HB-Line, and MFFF at SRS, and PF-4 at LANL
Facility
Pit disassembly at
the K-Area Complex
H-Canyon/HB-Line
Metal oxidation
furnaces at MFFF
Percent of SRS
Capacity

CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid HW
(m3/yr)

Solid
Non-HW
(m3/yr)

Liquid
LLW
(liters/yr)

Liquid
Non-HW
(liters/yr)

1.5

2.5

negligible

negligible

negligible

negligible

negligible

10

18

negligible

negligible

negligible

negligible

negligible

0

negligible

negligible

negligible

negligible

negligible

negligible

<0.1

<0.1

negligible

negligible

negligible

negligible

negligible

PF-4
2.4
4.6
7.0
negligible
negligible
negligible
negligible
Percent of LANL
<0.1
0.1
52
negligible
negligible
negligible
negligible
Capacity a
CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory; LLW = low-level
radioactive waste; MFFF = Mixed Oxide Fuel Fabrication Facility; MLLW = mixed low-level radioactive waste; m3 = cubic
meters; PF-4 = Plutonium Facility; SRS = Savannah River Site; yr = year.
a
Impact criteria for solid LLW, solid MLLW, solid hazardous waste, and solid nonhazardous waste are calculated as a percent
increase over generation rates reported in 2009; impact criteria for other wastes are calculated as a percent of onsite storage
or treatment capacity.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: LANL 2013; SRNL 2013; SRNS 2012.

Table F–22 Total Construction Waste Generation from the K-Area Complex, H-Canyon/HB-Line,
and MFFF at SRS, and PF-4 at LANL
CH-TRU
Waste
(m3)

Solid
LLW
(m3)

Solid
MLLW
(m3)

Solid HW
(m3)

Solid NonHW
(m3)

Liquid
LLW
(liters)

Liquid
Non-HW
(liters)

Pit disassembly at the
K-Area Complex

3

5

negligible

negligible

negligible

negligible

negligible

H-Canyon/HB-Line

20

36

negligible

negligible

negligible

negligible

negligible

Metal oxidation furnaces
at MFFF

0

negligible

negligible

negligible

negligible

negligible

negligible

PF-4

19

37

56

negligible

negligible

negligible

negligible

Facility

CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory; LLW = low-level
radioactive waste; MFFF = Mixed Oxide Fuel Fabrication Facility; MLLW = mixed low-level radioactive waste; m3 = cubic
meters; PF-4 = Plutonium Facility; SRS = Savannah River Site.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: LANL 2013; SRNL 2013; SRNS 2012.
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Operations—Table F–23 summarizes the peak annual amount of waste that would be generated from
operations under this option. Operations at the listed facilities would generate CH-TRU waste, solid
LLW, solid MLLW, solid hazardous waste, solid nonhazardous waste, and liquid LLW.
Table F–23 Peak Annual Operations Waste Generation from the K-Area Complex,
H-Canyon/HB-Line, and MFFF at SRS, and PF-4 at LANL
Facility
Pit disassembly at the
K-Area Complex
H-Canyon/ HB-Line
Metal oxidation furnaces
at MFFF
Percent of SRS Capacity

CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid HW
(m3/yr)

Solid
Non-HW
(m3/yr)

Liquid
LLW
(liters/yr)

Liquid
Non-HW
(liters/yr)

20

80

negligible

negligible

negligible

negligible

negligible

22

130

negligible

negligible

negligible

negligible

negligible

9.2

16

negligible

negligible

negligible

negligible

negligible

<0.1

0.6

negligible

negligible

negligible

negligible

negligible

PF-4
170
180
1.4
0.2
negligible
3,200
negligible
Percent of LANL
5.0
4.8
10
<0.1
negligible
<0.1
negligible
Capacity a
CH-TRU = contact-handled transuranic; HW = hazardous waste; LANL = Los Alamos National Laboratory; LLW = low-level
radioactive waste; MFFF = Mixed Oxide Fuel Fabrication Facility; MLLW = mixed low-level radioactive waste; m3 = cubic
meters; PF-4 = Plutonium Facility; SRS = Savannah River Site; yr = year.
a
Impact criteria for solid LLW, solid MLLW, solid hazardous waste, and solid nonhazardous waste are calculated as a percent
increase over generation rates reported in 2009; impact criteria for other wastes are calculated as a percent of onsite storage
or treatment capacity.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: LANL 2013; SRNL 2013; SRNS 2012.

F.5

Transportation

Transportation involves the movement of materials between facilities involved in the Surplus Plutonium
Disposition program including pit disassembly and conversion facilities, plutonium disposition facilities,
support facilities, and domestic commercial nuclear power reactors, as well as waste to treatment, storage,
and disposal facilities. This type of system-wide analysis does not lend itself to analysis of a portion of
the system (e.g., just pit disassembly and conversion) when evaluating impacts from transportation of
materials and wastes. See Appendix E, “Evaluation of Human Health Effects from Transportation,” for a
detailed description of the transportation impacts associated with the alternatives being evaluated in this
SPD Supplemental EIS, including impacts associated with the pit disassembly and conversion options.
Appendix E, Section E.11, provides a discussion of the impacts associated with onsite shipments at SRS
and LANL.
F.6

Environmental Justice

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and
Low-Income Populations, directs Federal agencies to identify and address, as appropriate,
disproportionately high and adverse human health and environmental effects of their programs, policies,
and activities on minority and low-income populations.
The alternatives considered in this
SPD Supplemental EIS involve construction and operation of several facilities in various combinations,
with different levels of efforts and operational timeframes. This type of system-wide analysis does not
lend itself to analysis of a portion of the system (e.g., just pit disassembly and conversion). Chapter 4,
Section 4.1.6, presents the potential impacts on populations surrounding the facilities at SRS and LANL
that would be involved in surplus plutonium activities under the SPD Supplemental EIS alternatives.
Included are the impacts associated with pit disassembly and conversion facilities.
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F.7
F.7.1

Other Resource Areas
Land Resources

This section describes impacts on land resources from construction and operations of pit disassembly and
conversion options. Land resources include land use and visual resources. Only construction of PDCF or
PDC at SRS, or enhancement of the existing pit disassembly and conversion capability in PF-4 at LANL,
has the potential to affect land resources. No impacts on land resources are expected at SRS for pit
disassembly at the K-Area Complex or for plutonium conversion using H-Canyon/HB-Line or metal
oxidation furnaces installed at MFFF. Similarly, no impacts on land resources are expected at LANL for
pit disassembly and conversion at PF-4 under any pit disassembly and conversion option.
F.7.1.1

PDCF at F-Area at SRS

Construction—This section only addresses construction of facilities at SRS. There would be no new
construction at LANL that would impact land use or visual resources.
Land use. PDCF would be located within F-Area in the same general area as that originally analyzed in
the SPD EIS (DOE 1999). The area required to construct this facility, which has been cleared in
expectation of construction, would be about 50 acres (20 hectares), including a laydown area. Once
completed, PDCF would encompass less than 23 acres (9.3 hectares). It was assumed for the SPD EIS
that three facilities (i.e., immobilization, PDCF, and MFFF) would be built within the same location and
require a total of 79 acres (32 hectares) for construction (DOE 1999:2-49, 4-287). However, MFFF was
subsequently moved to an 87-acre (35-hectare) site situated to the northwest of its original location
(NRC 2005:1-8; SRNS 2012), and is currently under construction. WSB is currently under construction
on a 15-acre (6.1-hectare) site at F-Area (SRNS 2012). Because the use of land for construction of PDCF
would be consistent with the present heavy industrial nature of F-Area and would be consistent with the
goals of the Industrial Core (see Chapter 3, Section 3.1.1.1), there would be minimal impacts on existing
land use.
Visual resources. PDCF would be built within F-Area with construction occurring within a cleared area
immediately adjacent to existing industrial facilities. Thus, the appearance of new facilities would be
consistent with the industrialized character of the area. Also, the Visual Resource Management (VRM)
Class IV designation applicable to F-Area would not change.
Operations—There would be no impacts on land use or visual resources from operation of PDCF at SRS
or PF-4 at LANL.
F.7.1.2

PDC at K-Area at SRS

Construction—This section only addresses construction of facilities at SRS. There would be no new
construction at LANL that would impact land use or visual resources.
Land use. Construction of PDC would take place within K-Area. In total, construction would require
about 30 acres (12 hectares) of land of which 25 acres (10 hectares) are presently disturbed by existing
facilities or are cleared. The remaining 5 acres (2 hectares) needed for construction is wooded. This area
could be cleared for a warehouse and/or parking (SRNS 2012). The total project footprint following
construction would be about 18 acres (7.3 hectares). The impacts of clearing 210 acres (85 hectares) in
K-Area, including the 5 acres (2 hectares) proposed under this option, were addressed in the
Environmental Assessment for the Safeguards and Security Upgrades for Storage of Plutonium Materials
at the Savannah River Site (DOE 2005d). That assessment resulted in a Finding of No Significant Impact
(DOE 2005e). An additional activity planned under this option is construction of a 2-mile (3.2-kilometer)
sanitary tie-in connecting K-Area to a lift station at C-Area. Although the exact route is undetermined at
this time, it would likely use existing easements; thus, it is not expected to alter current land use. This
would be verified prior to construction through the SRS site use review process (Reddick 2010).
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Visual resources. As noted above, construction of PDC would take place at K-Area. With the exception
of a new parking lot, construction would take place within the developed portion of K-Area and would be
compatible with its industrial appearance. The new parking lot would remove 5 acres (2 hectares) of
woodland located on the east side of the complex. However, this acreage is part of the 210 acres
(85 hectares) of woodland to be removed as part of the safeguards and security measures to be
implemented at K-Area. The removal of this acreage was evaluated under the Environmental Assessment
for the Safeguards and Security Upgrades for Storage of Plutonium Materials at the Savannah River Site
(DOE 2005d) for which a Finding of No Significant Impact was issued (DOE 2005e).
Operations—There would be no impacts on land use or visual resources from operation of PDC at SRS or
PF-4 at LANL.
F.7.1.3

PF-4 at LANL and MFFF at SRS

Construction—Land use. At SRS, modification of capabilities in MFFF to support plutonium conversion
using metal oxidation furnaces would be internal to the structure. Because installation of the metal
oxidation furnaces in MFFF would require no additional ground disturbance there would be no impacts
on land use at SRS. At LANL modifications to PF-4 to support an enhanced pit disassembly and
conversion capability would occur within the existing building. However, to support these modifications,
less than 2 acres (0.8 hectares) would be needed for a temporary trailer and construction parking. While a
site has not been identified, preference would be given to previously-disturbed land and appropriate site
permits would be acquired through the Permit Requirements Identification process to ensure that no
cultural or natural resources would be impacted (LANL 2013).
Visual resources. At SRS, because modifications of capabilities in MFFF to support plutonium
conversion using metal oxidation furnaces would be internal to the structure, there would be no additional
visual impacts associated with this activity. At LANL, visual impacts would be minimal because most
activities associated with PF-4 modifications would take place within the existing structure. While a
temporary trailer and construction parking lot could disturb less than 2 acres (0.8 hectares), this would
have minimal impacts on visual resources due to the limited area involved. Further, preference would be
given to locating these features on previously disturbed land. There would be no impacts on visual
resources from operations at either site.
Operations— There would be no impacts on land use or visual resources at SRS or LANL.
F.7.1.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—Land use. At SRS impacts from facility modifications to support pit disassembly and
conversion would take place within metal oxidation furnaces in MFFF, within H-Canyon/HB-Line, and
within the K-Area Complex. At LANL, there would be no impacts on land use from PF-4 modifications
as described in Section F.7.1.3. Thus, there would be no impacts on land use at either site.
Visual resources. At SRS all activities associated facility modifications to support pit disassembly and
conversion would take place within structures that either already exist or are already under construction.
At LANL, there would be no impacts on visual resources from PF-4 modifications as described in
Section F.7.1.3. Thus, there would be no impacts on visual resources at either site.
Operations—There would be no impacts on land use or visual resources at SRS or LANL.
F.7.2

Geology and Soils

Impacts on geology and soils can occur from disturbance of geologic and soil materials during land
clearing, grading, and excavation activities, and the use of geologic and soils materials during facility
construction and operations. Disturbance of geologic and soil materials includes excavating rock and soil,
soil mixing, soil compaction, and covering building foundations, parking lots, roadways, and fill
materials. Geologic and soils materials during facility construction and operations includes crushed
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stone, sand, gravel, and soil used for road and building construction, as fill during construction, and as
feed for processing activities during operations.
Only construction of PDCF or PDC at SRS, or enhancement of the existing pit disassembly and
conversion capability in PF-4 at LANL, has the potential to affect geology and soils through disturbance
of the land surface and by the use of geologic and soils materials. No land disturbance or use of geologic
and soils materials is expected at SRS for optional installation of a pit disassembly capability at the
K-Area Complex, for enhancing the plutonium conversion capability at H-Canyon/HB-Line, or for
installation of metal oxidation furnaces in MFFF. No land disturbance or use of geologic materials is
expected at LANL for pit disassembly and conversion at PF-4 under the PDC and PDCF Options and
minimal land disturbance under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options.
Table F–24 presents the use of geologic and soils materials during construction for each pit disassembly
and conversion option.
Table F–24 Use of Geologic and Soils Materials During Construction under the
Pit Disassembly and Conversion Options
Facilities
SRS
HC/HBL a
PDCF
PDC
190,000 530,000
0

Pit Disassembly and Conversion Options
LANL
PF-4
0 to
minimal

Geologic and
PF-4 and
PF-4, HC/HBL,
MFFF b
Soil Materials
PDCF
PDC
MFFF
and MFFF
Crushed stone,
0
190,000 530,000
minimal
minimal
sand, and gravel
(tons)
Soil
130,000 13,000
0
0
0 to
130,000 13,000
minimal
minimal
(cubic yards)
minimal
HC/HBL = H-Canyon/HB-Line; LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility;
PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion Facility; PF-4 = Plutonium Facility;
SRS = Savannah River Site.
a
Pit disassembly would take place at the K-Area Complex; plutonium conversion would take place at HC/HBL. Installation of the
pit disassembly capability at the K-Area Complex would involve no land disturbance and would not use geologic and soils
materials.
b
Pit conversion would take place in MFFF using metal oxidation furnaces.
Note: Values are rounded to two significant figures. To convert tons to metric tons, multiply by 0.90718; cubic yards to cubic meters,
multiply by 0.76456.
Source: DOE/NNSA 2012; LANL 2013; SRNL 2013; SRNS 2012; WSRC 2008a.

F.7.2.1

PDCF at F-Area at SRS

Construction—As described in Section F.7.1.1, construction of PDCF at SRS would disturb about
50 acres (20 hectares) of previously disturbed land at F-Area. During construction, best management
practices (BMPs) such as silt fences, straw bales, geotextile fabrics, and revegetation would be used to
control erosion. The South Carolina Department of Health and Environmental Control (SCDHEC)
requires a Stormwater Pollution Prevention Plan (SWPPP) under the South Carolina National Pollutant
Discharge Elimination System (NPDES) General Permit for stormwater discharges from construction
activities (Permit Number SCR100000) (NRC 2005:4-24, 5-2). Because this area has already been
disturbed, a limited area of soils would be disturbed at any one time, and BMPs would be used to limit
soil erosion. Minimal impacts on geology and soils are expected.
The total quantities of geologic and soils materials (see Table F–24) would represent small percentages of
regionally plentiful resources and are unlikely to have adverse impacts on SRS geology and soils.
Operations—Operation of PDCF would involve no ground-disturbing activities, and little or no use of
geologic and soils materials, and therefore, would result in minimal impacts on SRS geology and soils.
F.7.2.2

PDC at K-Area at SRS

Construction—As described in Section F.7.1.2, construction of PDC at SRS would disturb about 30 acres
(12 hectares) of land at K-Area. The use of construction BMPs similar to those described in
Section F.7.2.1 would likely result in minimal impacts on SRS geology and soils.
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As described in Section F.7.2.1, the use of geologic and soil materials is unlikely to have adverse impacts
on SRS geology and soils.
Operations—Operation of PDC would involve no ground-disturbing activities and little or no use of
geologic and soils materials and, therefore, would result in minimal impacts on SRS geology and soils.
F.7.2.3

PF-4 at LANL and MFFF at SRS

Construction—At SRS, modification of capabilities in MFFF to support plutonium conversion using
metal oxidation furnaces would be internal to the structure. Because installation of metal oxidation
furnaces at MFFF would require no additional ground disturbance and no use of geologic materials, there
would be no impacts on SRS geology and soils.
At LANL, as described in Section F.7.1.3, modification of PF-4 would temporarily disturb less than
2 acres (0.8 hectares) of land. The use of construction BMPs similar to those described in Section F.7.2.1
would likely result in minimal impacts on LANL geology and soils. This option would involve little or
no use of geologic and soils materials and, therefore, would result in minimal impacts on LANL geology
and soils.
Operations—Operation of facilities involved in this option would involve no ground-disturbing activities
and little or no use of geologic and soils materials and, therefore, would result in minimal impacts on SRS
and LANL geology and soils.
F.7.2.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—At SRS, modifications to capabilities in MFFF to support plutonium conversion using
metal oxidation furnaces would be internal to the structure (see Section F.7.2.3). The minor
modifications needed at the K-Area Complex and H-Canyon/HB-Line to support pit disassembly and
conversion would also be internal to the respective structures. Therefore, the facility modifications
proposed at F- and H-Areas under this option would neither disturb additional ground nor cause impacts
on SRS soil and geology.
At LANL, as described in Section F.7.1.3, modification of PF-4 at LANL would disturb less than 2 acres
(0.8 hectares) of land. The use of construction BMPs similar to those described in Section F.7.2.1 would
likely result in minimal impacts on LANL geology and soils. This option would require minimal use of
geologic and soils materials and, therefore, would have minimal impacts on LANL geology and soils.
Operations—Operation of facilities involved in this option would involve no ground-disturbing activities
and little or no use of geologic and soils materials and, therefore, would result in minimal impacts on SRS
and LANL geology and soils.
F.7.3

Water Resources

This section analyzes impacts on water resources (surface water and groundwater) for each of the pit
disassembly and conversion options. Because none of the projected construction or operational
requirements for any of the options is expected to conservatively require more than about 2 percent of the
available water capacity at SRS or LANL (see Section F.7.7), no impacts on groundwater resources are
expected under any option at either site.
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F.7.3.1

PDCF at F-Area at SRS

F.7.3.1.1 Surface Water
Construction—PDCF would be constructed within F-Area between MFFF and WSB (SRNS 2012).
SCDHEC requires an SWPPP that would minimize the amount of sediment in runoff to surface waters
(NRC 2005).4 As required by SCDHEC, proven construction techniques and BMPs, such as silt fences,
straw bales, and sediment basins, would be installed at strategic locations to control the discharge of
sediment and runoff. Detention ponds would be designed to control the release of stormwater runoff at a
rate equal to or slightly less than that of the predevelopment stage. Runoff would be routed to detention
ponds during earthmoving and excavation activities to minimize the potential for sediment migration to
streams (NRC 2005:4-24).
Sedimentation resulting from PDCF construction would likely have minimal impacts on Upper Three
Runs, which receives runoff from tributaries adjacent to the proposed construction area and discharges
into the Savannah River. Ground-disturbing activities would be confined to construction areas and
discharges would be in compliance with existing stormwater permits. Because surface waters would not
be used to supply construction water needs, no impacts on SRS surface water quantity or availability to
downstream users were identified. Subsequently, no long-term changes to stream channel morphology,
aquatic habitats, or flow regimes are expected.
Accidental spills of oil, gas or diesel fuels, paint, or hydrologic fluids could affect stormwater runoff
water quality. In accordance with a Spill Prevention Control and Countermeasures Plan pursuant to
Title 40 of the Code of Federal Regulations, Part 112 (40 CFR Part 112), all spill events would be
immediately reported, and for each spill event the material would be contained and remediated to the
degree possible and properly disposed (NRC 2005:4-24). Impacts from localized spills on surface water
quality are expected to be minimal. SRS surface runoff flows into existing storm sewer systems that
provide the capability to block, divert, reroute, or temporarily contain water flows. During periods of
construction when there would be the potential for spills or sediment loading, affected storm sewer zone
flow paths would be secured. In the event of a chemical spill or contamination of runoff, the water could
be rerouted by paved ditches and underground drainage lines from the secured storm sewer to a lined
retention basin, thus averting a release of contaminants into receiving streams.
There would be no direct release of contaminated effluent during PDCF construction. Nonhazardous
sanitary wastewater (sewage) would be managed using appropriate sanitary wastewater collection and
treatment systems. Although it is likely that much liquid sanitary waste would be managed using portable
toilets, it was conservatively assumed that all nonhazardous liquid wastes generated during PDCF
construction would be managed at the Central Sanitary Waste Water Treatment Facility (CSWTF).
CSWTF has sufficient hydraulic and organic capacity to treat the expected discharges from construction
activities (NRC 2005:4-24); therefore, no impacts on surface water quantity or quality are expected.
At LANL, because there would be no modifications to PF-4 beyond those analyzed in the LANL SWEIS
(DOE 2008a), there would be no potential for impacts on surface water quantity and quality.
Operations—At SRS, nonhazardous facility wastewater, stormwater runoff, and other industrial waste
streams from PDCF operations (see Table F–25) would be managed and disposed in compliance with
NPDES permit limits and requirements. Concentrations of regulated pollutants in the discharge would be
well below NPDES permit limits (WGI 2005:129-149). Assuming the volume of effluent discharge from
the treatment facilities would equal the volume of incoming wastewater, minimal impacts on surface
water quality or flow are expected in Upper Three Runs, Fourmile Branch, and the Savannah River.

4

SRS hazardous facility structures are designed to engineering standards that quantify rainfall events having 10,000-year
return periods for Performance Category 3 structures and 100,000-year return periods for Performance Category 4 structures.
For performance category structures, the minimum drainage system design is for a 25-year, 6-hour rainfall event
(WSRC 2010:8, 11).
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Table F–25 Nonhazardous Wastewater Generated During Pit Disassembly and Conversion
Facility Operations
Facility Wastewater
Source
Blowdown

Condensates

Estimated Wastewater Volumes
(gallons per year)
Process Cooling Tower – 520,000
HVAC Cooling Tower – 1,100,000
Process Chilled Water System – 1,200
Total – 1,600,000
HVAC – 1,900,000
Breathing Air – 42,000
Plant and Instrument Air – 14,000
Total – 2,000,000

Management and Disposal

Blowdown and condensate wastewater would be routed
directly to CSWTF. The majority of sanitary wastewater
would be clean HVAC condensate.

Sanitary wastewater

4,700,000

The wastewater would be delivered to CSWTF, which is
capable of managing the expected volume of PDCF sanitary
wastewater. a

Fire suppression
system testing

1,400

Discharged over graded natural ground.

Vehicle wash rack

2,400

Wash water from the truck bay would be collected in an
underground tank, pumped about once a month into a
transport truck, and discharged through a permitted outfall.

Total:
8,200,000
CSWTF = Central Sanitary Waste Water Treatment Facility; HVAC = heating, ventilation, and air conditioning; PDCF = Pit
Disassembly and Conversion Facility.
a
CSWTF has a capacity of 383,000,000 gallons per year (SRNS 2012).
Note: Values have been rounded to two significant figures. To convert gallons to liters, multiply by 3.7854.
Source: WGI 2005:5, 32, 33; SRNS 2012.

PDCF stormwater runoff would be managed using two stormwater retention basins. The north and
southeast basins would have an estimated volume (for a 100-year storm) of 9.9 acre-feet (12,000 cubic
meters) and 6.4 acre-feet (7,900 cubic meters), respectively, and would discharge into an unnamed stream
tributary that drains into Fourmile Branch (WGI 2005:32). Management options for runoff collected
within the basins include: (1) release uncontaminated water into the receiving stream, (2) reroute
contaminated water to the Effluent Treatment Project (ETP) for treatment, and (3) reroute contaminated
water to tanks for storage and treatment. The latter two options are not expected because contamination is
not expected in stormwater runoff. Basin discharges are expected to be well below permit limits
(WGI 2005:146).
Uncontaminated heating, ventilation, and air conditioning (HVAC) condensate wastewater and
stormwater runoff from MFFF and WSB would be discharged into Upper Three Runs and ultimately into
the Savannah River at NPDES outfall H-16 under the conditions of SCDHEC Permit SC0000175.
Contamination of surface water from this outfall would be minimal because under the conditions of the
permit, pollutant concentrations would be limited to safe levels (WSRC 2008a).
Surface water sources would not be used to supply water for facility operations; therefore, no decrease in
surface water levels or flows is expected. Likewise, plutonium disposition actions would not limit the
availability of surface water to downstream users. Uncontaminated stormwater runoff would be
discharged into NPDES-permitted discharge outfalls and sanitary wastewater routed to CSWTF. Effluent
from treatment of wastewater at CSWTF would be discharged to Fourmile Branch (WSRC 2006:4-66);
no impacts on surface water quantity or quality are expected.
At LANL, pit disassembly and conversion of 2 metric tons (2.2 tons) of surplus plutonium material has
been analyzed (DOE 2008a) and is underway. Because stormwater runoff variables, NPDES permit
requirements, and effluent discharge would not be affected, and surface water sources would not be used
to supply water for facility operation, no impacts on surface water quantity or quality are expected.
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F.7.3.1.2 Groundwater
Construction—At SRS, no direct releases of contaminated effluent to groundwater are planned
(NRC 2005:4-24). The principal potential for water contamination and infiltration would arise from
construction site runoff stored in stormwater retention basins (WGI 2005:32). Regarding potential
releases of contaminated runoff, adherence to SWPPPs and implementation of spill prevention and
control measures meeting EPA and SCDHEC regulations would limit the likelihood of groundwater
contamination. Impacts on existing groundwater contamination underlying F-Area from construction of
PDCF would not be measurable because the deepest construction activities would occur approximately
60 to 80 feet (18 to 24 meters) above the groundwater contamination (SRNS 2012). Existing
groundwater monitoring wells would be moved to allow for continued monitoring before the start of
PDCF construction (WGI 2005:140). No direct or indirect impacts on groundwater quality are expected
(NRC 2005:4-24).
At LANL, because no modifications to PF-4 are planned beyond those previously assessed (DOE 2008a),
there would be no potential for impacts on groundwater resources.
Operations—At SRS, PDCF is designed with the capability to monitor liquid effluents and control
discharges (WGI 2005:140; WSRC 2008a). No direct discharge of liquid effluents to groundwater during
facility operation is expected. Retention or detention basins would not be used as a component of facility
wastewater treatment systems. Groundwater contamination could occur, however, resulting from
groundwater recharge from contaminated surface water sources or from infiltration of accidental spills.
Yet it is unlikely that groundwater quality would be affected by these indirect sources because adherence
to NPDES requirements and Spill Prevention and Countermeasures Control Plans would require prompt
and thorough cleanup which would limit groundwater contamination (NRC 2005:4-26). No impacts on
groundwater quality are expected.
At LANL, there would be no direct discharge of liquid effluents to groundwater during operation of PF-4.
As at SRS (see above), the potential for impacts on groundwater from contaminated surface water sources
would be minimized through adherence to NPDES requirements and implementation of spill prevention
and control measures. Pit disassembly and conversion of 2 metric tons (2.2 tons) of plutonium is
underway at PF-4 and would not result in additional impacts on groundwater resources.
F.7.3.2

PDC at K-Area at SRS

F.7.3.2.1 Surface Water
Construction—At SRS, surface waters would not be used to support construction of PDC within K-Area.
Construction-induced stormwater runoff would be discharged from permitted outfalls (WSRC 2008a). To
meet SCDHEC requirements, the site would be divided into four drainage areas with four stormwater
retention basins and the outfalls K-01, K-02, K-04, and K-New (see Chapter 3, Table 3–2). The K-New
outfall would drain approximately 1.24 acres (0.50 hectares) that would contain a new substation,
switchgear building, diesel storage, utility building, cooling tower, and roads (SRNS 2012).
Because BMPs would be used to control stormwater runoff and soil erosion (see Section F.7.3.1.1),
construction is not expected to significantly augment liquid effluents from K-Area (SRNS 2012).
Construction-induced sedimentation is also expected to have minimal water quality impacts on Indian
Grave Branch or Pen Branch. No long-term changes to stream channel morphology, aquatic habitats, or
flow regimes are expected, and the availability of surface water for downstream users would not be
limited (WSRC 2008a).
At LANL, there would be no potential for impacts on surface water resources as discussed under the
PDCF Option (see Section F.7.3.1.1).
Operations—PDC water and wastewater requirements would be supported by existing infrastructure at
K-Area, which includes a domestic water system, sanitary sewer system, stormwater system, fire
protection system, and process sewer system. PDC operation would increase the volumes of liquid
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effluents from K-Area, particularly cooling tower blowdown and, to a lesser extent, noncontact cooling
water. Other minor noncontact condensate sources would be piped to building drains (SRNS 2012).
Water used to cool process equipment and gloveboxes would be contained within a closed loop system
and separated by a heat exchanger from clean processes such as HVAC. If it becomes contaminated, this
water would be trucked to ETP for treatment (Goel 2010:133). Any firefighting water used in process
areas would be collected and sent to ETP for treatment prior to discharge (SRNS 2012).
PDC is expected to annually discharge about 2,300 gallons (8,700 liters) of process service water and
about 8.2 million gallons (31 million liters) of sanitary sewer wastewater to CSWTF. Non-contaminated
wastewater and stormwater would be discharged at one of the permitted K-Area drainage area outfalls
(SRNS 2012). Surface water sources would not be used to supply water for facility operations; therefore,
no decrease in surface water levels or flows is expected. No impacts on surface water quality are
expected.
At LANL, impacts from pit disassembly and conversion activities at PF-4 would be minimal as discussed
under the PDCF Option (see Section F.7.3.1.1).
F.7.3.2.2 Groundwater
Construction—At SRS, no liquid effluents would be directly discharged to the groundwater during
construction of PDC (WSRC 2008a). As under the PDCF Option (see Section F.7.3.1.2), it is unlikely
that groundwater quality would be affected by contaminated surface water sources because adherence to
SWPPPs and implementation of spill prevention and control measures would minimize the potential for
impacts on groundwater quality. At LANL, there would be minimal impacts on groundwater quality for
the same reasons as those discussed under the PDCF Option (see Section F.7.3.1.2).
Operations—At SRS, water and wastewater treatment requirements would be met using existing K-Area
and SRS infrastructure, with no projected discharge to groundwater. Groundwater would be protected
from contaminated surface water sources using the same measures as those discussed under the PDCF
Option (see Section F.7.3.1.2). Therefore, no impacts on groundwater quality are expected.
At LANL, there would be no additional impacts on groundwater resources as discussed under the PDCF
Option (see Section F.7.3.1.2).
F.7.3.3

PF-4 at LANL and MFFF at SRS

F.7.3.3.1 Surface Water
Construction—At SRS, modification of capabilities in MFFF to support plutonium conversion using
metal oxidation furnaces would be internal to the structure (SRNS 2012). Because there would be no
potential for erosion or sediment loss, there would be no impacts on surface water quality.
At LANL, although modification of the existing PF-4 at TA-55 to support an enhanced pit disassembly
and conversion capability would occur within an existing structure, less than 2 acres (0.8 hectares) of land
could be temporarily disturbed to provide for a construction trailer and parking for construction workers
(LANL 2013). Ground disturbance associated with installing this temporary trailer could lead to a shortterm increase in stormwater runoff, erosion, and/or sedimentation, but potential impacts on surface-water
quality would be mitigated as at SRS (see Section F.7.3.1.1) through implementation of an SWPPP. The
SWPPP would be prepared, prior to commencement of construction, to implement requirements and
guidance from Federal and state regulations under the Clean Water Act, including the NPDES
Construction General Permit and Clean Water Act Section 401 and 404 permits. Stormwater
management controls, including BMPs for increased stormwater flows and sediment loads, would be
included in the construction design specifications (DOE 2008a). To monitor the effectiveness of erosion
and sediment control measures, the SWPPP would include a mitigation monitoring program, such as
consistent and continual inspection and maintenance, to ensure that an adequate schedule and procedures
are in place and implemented. If oil, gasoline, diesel fuel, or other petroleum products spill onto the
ground, they would be cleaned up, containerized, characterized, and disposed of (DOE 2011). Therefore,
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only minimal short-term impacts and no long-term impacts on surface water quantity and quality are
expected.
Operations—At SRS, uncontaminated HVAC condensate wastewater and stormwater runoff from all
MFFF operations, including pit conversion using metal oxidation furnaces, would be discharged into
Upper Three Runs and ultimately into the Savannah River at NPDES outfall H-16 under the conditions of
SCDHEC Permit SC0000175. Contamination of surface water from this outfall would be minimal
because under the conditions of the permit, pollutant concentrations would be limited to safe levels
(WSRC 2008a). Sanitary wastewater would be routed directly to CSWTF. Because surface water
sources would not be used to supply water for MFFF operations, no decrease in surface water flows or
impacts on surface water quality would be expected from pit conversion activities in MFFF.
At LANL, TA-55 where PF-4 is located is not in an area prone to flooding. TA-55 is dominated by sheet
flow runoff conditions and does not contain natural runoff drainage features. There would be no direct
discharge of industrial effluent and sanitary wastewater would be directed to the appropriate treatment
facility for disposal (DOE 2011). Because surface water sources would not be used to supply water for
PF-4 operations, no decrease in surface water levels or flows would be expected, nor impacts on surface
water quality.
F.7.3.3.2 Groundwater
Construction—At SRS, there would be no discharge to groundwater during installation of metal oxidation
furnaces at MFFF, and no potential for surface water sources during construction to affect groundwater
resources. Therefore, there would be no impacts on groundwater quality.
At LANL, there would be no direct discharge to groundwater during modifications to PF-4. Because
impacts on surface water quality would be protected using methods similar to those described for SRS in
Section F.7.3.3.1, there would be minimal potential for contaminated surface water sources to impact
groundwater. Therefore, modifications to PF-4 are expected to result in minimal impacts on groundwater
quality.
Operations—At SRS, although operation of metal oxidation furnaces would slightly increase water and
wastewater management requirements for MFFF, these requirements would be met by existing permits
and facility and site infrastructure. No impacts on groundwater quality are expected. At LANL,
augmented pit disassembly and conversion activities would similarly slightly increase water and
wastewater management requirements, although these requirements would similarly be met by existing
permits and facility and site infrastructure, with no expected impacts on groundwater quality.
F.7.3.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

F.7.3.4.1 Surface Water
Construction—At SRS, there would be no potential for impacts on surface water due to installation of
metal oxidation furnaces in MFFF (see Section F.7.3.3.1). Modifications to the K-Area Complex to
enable pit disassembly, and modification of the existing plutonium processing capability at
H-Canyon/HB-Line to support pit conversion, would occur within existing structures with no potential for
erosion or sediment loss that could affect surface water quality.
At LANL and as addressed in Section F.7.3.3.1, modification of PF-4 to enhance its pit disassembly and
conversion capability is expected to have only minimal short-term impacts and no long-term impacts on
surface water quality.
Operations—At SRS, contamination of surface water from MFFF (including plutonium oxidation)
operations would be minimal, and no decrease in surface water flows or impacts on surface water quality
would be expected from pit conversion activities (see Section F.7.3.3.1). Pit disassembly at the K-Area
Complex would be conducted using existing infrastructure. Pit disassembly would only negligibly
increase the annual volumes of liquid effluents from the K-Area Complex, including cooling tower
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blowdown and noncontact cooling water (see Section F.7.3.2.1). H-Canyon/HB-Line wastewater and
storm water runoff would be managed and discharged in compliance with existing regulations and facility
permits that require pollutant concentrations to be limited to safe levels. Uncontaminated HVAC
condensate and stormwater runoff would be discharged through permitted outfalls into Upper Three Runs.
Operation of H-Canyon/HB-Line for pit conversion would not significantly affect these discharges and
thus would not significantly affect surface water quality.
At LANL, impacts on surface water quality are expected to be the same (minimal) as those discussed in
Section F.7.3.3.1 for the PF-4 and MFFF Option.
F.7.3.4.2 Groundwater
Construction—At SRS, installation of metal oxidation furnaces at MFFF would have negligible impacts
on groundwater resources (see Section F.7.3.3.2). Only minor modifications would be needed at the
K-Area Complex to install a pit disassembly capability and at H-Canyon/HB-Line to provide an enhanced
pit conversion capability. These modifications would require only minor usages of water and other
utilities with no potential for releases to surface water that could infiltrate into and contaminate
groundwater resources. Hence, there would be no impacts on groundwater quality.
At LANL, minimal impacts on groundwater quality are expected as discussed in Section F.7.3.3.2 under
the PF-4 and MFFF Option.
Operations—At SRS, there would be no discharge to groundwater from operation of the K-Area
Complex, H-Canyon/HB-Line, and MFFF in support of pit disassembly and conversion. Water and
wastewater management requirements would be met using existing facility and site infrastructure. No
impacts on groundwater quality are expected.
At LANL, no impacts on groundwater quality are expected as discussed in Section F.7.3.3.2 under the
PF-4 and MFFF Option.
F.7.4

Noise

Activities under the pit disassembly and conversion options would result in noise from vehicles,
construction equipment, and facility operations. The change in noise levels was considered for
construction and operation of the pit disassembly and conversion options.
F.7.4.1

PDCF at F-Area at SRS

Construction—At SRS, noise associated with PDCF construction would be similar to that described in the
SPD EIS (DOE 1999). Impacts from onsite noise sources would be small, and construction traffic noise
impacts would be unlikely to result in increased annoyance of the public (DOE 1999:4-52). Any change
in traffic noise associated with construction would occur onsite and along offsite local and regional
transportation routes. At LANL, there would be no new construction that would increase noise levels at
the site.
Operations—At SRS, noise impacts from operating PDCF would be similar to those described for
existing conditions at SRS in Chapter 3, Section 3.1.4.3. Noise sources during operations could include
emergency generators, cooling systems, vents, motors, material-handling equipment, and employee
vehicles and trucks. Given the distances to the site boundary, noise from facility operations is not
expected to result in annoyance to the public. Non-traffic noise sources are far enough away from offsite
areas that the contribution to offsite noise levels would continue to be small. Noise from traffic
associated with the operation of facilities is expected to increase by less than 1 decibel as a result of the
increase in staffing. Some noise sources could have onsite noise impacts, such as the disturbance of
wildlife. However, noise would be unlikely to affect federally listed threatened or endangered species or
their critical habitats. Some change in the noise levels to which noninvolved workers are exposed could
occur. Appropriate noise control measures would be implemented under DOE Order 440.1B,
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Worker Protection Program for DOE (Including the National Nuclear Security Administration) Federal
Employees, to protect worker hearing.
At LANL, noise impacts from operating PF-4 would be similar to those described for existing conditions
at LANL in Chapter 3, Section 3.2.4.3. Noise sources during operations could include emergency
generators, cooling systems, vents, motors, material-handling equipment, and employee vehicles and
trucks. Given the distances to site boundaries (about 0.6 miles [1 kilometer] from TA-55), noise from
facility operations is not expected to result in annoyance to the public. Non-traffic noise sources are far
enough away from offsite areas that the contribution to offsite noise levels would continue to be small
(LANL 2013).
F.7.4.2

PDC at K-Area at SRS

Construction—At SRS, noise impacts from construction of PDC at K-Area would be small and
construction traffic noise impacts would be unlikely to result in increased annoyance of the public.
At LANL, there would be no new construction that would increase noise levels at the site.
Operations—Noise impacts from operation of PDC at SRS and PF-4 at LANL are expected to be similar
to those in Section F.7.4.1 under the PDCF Option.
F.7.4.3

PF-4 at LANL and MFFF at SRS

Construction—At SRS, noise impacts from installation of metal oxidation furnaces at MFFF would be
minor. At LANL, noise impacts from modifications to PF-4 would also be minor.
Operations— Noise impacts from pit conversion activities at MFFF at SRS are expected to be minor,
representing a negligible addition to those resulting from operation of MFFF for MOX fuel fabrication
(see Appendix G, Section G.7.4). Noise impacts from operation of PF-4 at LANL are expected to be
similar to those in Section F.7.4.1 under the PDCF Option, although there would be some minor
additional sources of traffic noise due to the increased level of pit disassembly and conversion activity.
F.7.4.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—At SRS, noise impacts from installation of metal oxidation furnaces at MFFF and
modifications to the K-Area Complex and H-Canyon/HB-Line would be minor. At LANL, noise impacts
from modifications to PF-4 would be minor also.
Operations—At SRS, noise impacts from pit disassembly and conversion activities at the K-Area
Complex, H-Canyon/HB-Line, and MFFF are expected to be similar to those discussed in Section F.7.4.1
under the PDCF Option. At LANL, noise impacts from pit disassembly and conversion activities at PF-4
are expected to be similar to those discussed in Section F.7.4.3 under the PF-4 and MFFF Option.
F.7.5

Ecological Resources

This section analyzes impacts on ecological resources–including terrestrial, aquatic, and wetland
resources, and threatened and endangered species–resulting from construction or modification of facilities
for pit disassembly and conversion. Operation of these facilities would not further affect ecological
resources. Terrestrial resources would not be further affected because additional land would not be
disturbed during facility operations, and any artificial lighting and noise-producing activities would occur
in areas that are already in industrial use. Aquatic and wetland resources, and threatened and endangered
species, would not be further affected because additional land would not be disturbed during facility
operations.
Only construction of PDCF or PDC at SRS, or enhancement of the existing pit disassembly and
conversion capability in PF-4 at LANL, have the potential to affect ecological resources through
disturbance of the land surface. No land disturbance is expected at SRS for pit disassembly at the K-Area
Complex, for plutonium conversion using H-Canyon/HB-Line, or for metal oxidation furnaces installed at
MFFF. The majority of land needed to support construction activities has already been disturbed; thus,
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only minimal impacts on ecological resources at SRS and LANL are expected. Section F.7.1 presents the
land disturbed for each pit disassembly and conversion option.
F.7.5.1

PDCF at F-Area at SRS

Construction—Only construction at SRS is considered in this section; there would be no construction at
LANL PF-4 that could result in impacts on ecological resources.
Terrestrial resources. PDCF would be constructed on about 50 acres (20 hectares) of land at F-Area.
Because this area has already been disturbed, and BMPs would be used to limit soil erosion, minimal
impacts on ecological resources are expected.
Aquatic resources. No aquatic resources exist within the disturbed area required for the construction and
operation of PDCF at F-Area (WSRC 2008a). An SWPPP would be implemented during construction to
minimize the amount of soil erosion and sedimentation that could be transported into nearby water bodies.
Control measures could include sediment fences and minimizing the amount of time bare soil would be
exposed. Therefore, any impacts on aquatic resources including streams, lakes, or ponds, would be
minimized.
Wetlands. No wetlands exist within the disturbed area required for construction of PDCF at F-Area
(WSRC 2008a). As addressed above, during construction of PDCF an SWPPP would be implemented
during construction to minimize the amount of soil lost or transported into nearby water wetlands.
Measures could include sediment fences and minimizing the amount of time bare soil is exposed.
Therefore, any impacts on wetlands would be minimized.
Threatened and endangered species. Construction of PDCF at F-Area would take place on already
disturbed land where no threatened or endangered species are known to forage, breed, nest, or occur.
Therefore, no impacts on threatened or endangered species are expected (NRC 2005:4-105;
WSRC 2008a).
Operations—Operation of facilities under this option would involve no ground-disturbing activities, and,
therefore, would result in minimal impacts on SRS and LANL ecological resources.
F.7.5.2

PDC at K-Area at SRS

Construction— Only construction at SRS is considered in this section; there would be no construction at
LANL PF-4 that could result in impacts on ecological resources.
Terrestrial resources. About 30 acres (12 hectares) of land within K-Area would be required to support
construction of PDC. Of the 30 acres, approximately 5 acres (2 hectares) of undisturbed wooded land
would be developed for construction of a warehouse and/or parking lot to support PDC operations
(SRNS 2012). Impacts related to the clearing of 210 acres (85 hectares) of land in K-Area, including the
5 acres (2 hectares) of undisturbed land that could be disturbed by this action, would include loss of
upland forest and other habitat types. These impacts were addressed in the Environmental Assessment for
the Safeguards and Security Upgrades for Storage of Plutonium Materials at the Savannah River Site
(DOE 2005d). The accompanying Finding of No Significant Impact concluded that the proposed action is
not expected to have measurable impacts on the human environment including threatened and endangered
species, wetlands, and migratory avian species (DOE 2005e).
It is expected that a planned sanitary tie-in connecting K-Area to a lift station at C-Area would be
constructed on previously disturbed land, resulting in no additional impacts on terrestrial resources
(Reddick 2010). If portions of the sanitary tie-in are routed through previously undisturbed land,
however, impacts could include loss of upland forest and other habitat, and temporary disturbance of
wildlife. Preconstruction surveys and consultations with the U.S. Fish and Wildlife Service and the
South Carolina Department of Natural Resources would be conducted, if appropriate, and impacts on
sensitive animal and plant species would be minimized with as-necessary implementation of mitigation
actions.
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Aquatic resources. Although new construction would be required in both undisturbed and disturbed areas
of K-Area to support PDC operations, no substantial aquatic resources exist within either of these areas.
Control measures to minimize erosion and sediment loss would be implemented similar to those
discussed in Section F.7.5.1, and minimal impacts on aquatic resources are expected. No impacts on
aquatic resources are expected resulting from construction of a sanitary tie-in connecting K-Area to a lift
station at C-Area.
Wetlands. As discussed above, no wetlands exist within the area required for the structures to be
constructed at K-Area for PDC. Because measures would be taken to minimize erosion and sediment loss
during construction (similar to those discussed in Section F.7.5.1), minimal impacts on wetlands are
expected. No impacts on wetlands are expected to result from construction of a sanitary tie-in connecting
K-Area to a lift station at C-Area.
Threatened and endangered species. No threatened or endangered species are known to forage, breed,
nest, or occur on any of the land required for the structures to be constructed at K-Area for PDC.
Therefore, no impacts are expected (DOE 2005d; WSRC 2006). In addition, because no threatened or
endangered species occur within or nearby the area surrounding the proposed construction sites, they
would not be affected by noise produced by construction activities. No impacts on threatened or
endangered species are expected resulting from construction of a sanitary tie-in connecting K-Area to a
lift station at C-Area.
Operations—Operation of facilities under this option would involve no ground-disturbing activities, and,
therefore, would result in minimal impacts on SRS and LANL ecological resources.
F.7.5.3

PF-4 at LANL and MFFF at SRS

Construction—At SRS, construction or modification of facilities used for pit disassembly and conversion
would take place within existing structures on already disturbed land. There would be no potential for
erosion and sediment loss during construction to impact aquatic resources or wetlands, and no potential
for impacts on threatened and endangered species. Therefore, facility construction or modification would
not cause impacts on terrestrial, aquatic, and wetland resources, or threatened and endangered species.
At LANL, as described in Section F.7.1.3, modification of PF-4 at LANL would disturb less than 2 acres
(0.8 hectares) of land for a temporary trailer and construction parking. While a site has not yet been
identified, preference would be given to disturbed land and appropriate site permits would be acquired
through the Permit Requirements Identification Process to ensure that no ecological resources would be
impacted (LANL 2013).
Operations—Operation of facilities under this option would involve no ground-disturbing activities and
thus would result in minimal impacts on SRS and LANL ecological resources.
F.7.5.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—At SRS, construction or modification of facilities used for pit disassembly and conversion
would take place within existing structures on already disturbed land. There would be no potential for
erosion and sediment loss during construction to impact aquatic resources or wetlands, and no potential
for impacts on threatened and endangered species. Therefore, facility construction or modification
activities would not cause impacts on terrestrial, aquatic, and wetland resources, or threatened and
endangered species.
At LANL, as described in Section F.7.1.3, modification of PF-4 at LANL would disturb less than 2 acres
(0.8 hectares) of land for a temporary trailer and construction parking. While a site has not yet been
identified, preference would be given to disturbed land and appropriate site permits would be acquired
through the Permit Requirements Identification Process to ensure that no ecological resources would be
impacted (LANL 2013).
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Operations—Operation of facilities under this option would involve no ground-disturbing activities and,
thus, would result in minimal impacts on SRS and LANL ecological resources.
F.7.6

Cultural Resources

SRS manages and protects its cultural resources, including prehistoric, historic, American Indian, and
paleontological resources, under the terms of agreements and through a site use review process to
evaluate potential impacts imposed by the scope of work intended prior to taking any action. The
Savannah River Archaeological Research Program (SRARP) of the South Carolina Institute of
Archeology and Anthropology at the University of South Carolina assists DOE in determining how the
project can proceed to minimize or mitigate potential impacts on cultural resources (Wingard 2010).
LANL manages and protects its cultural resources as detailed in A Plan for the Management of the
Cultural Heritage at Los Alamos National Laboratory, New Mexico (LANL 2006) and governed by the
Programmatic Agreement Between the U.S. Department of Energy, National Nuclear Security
Administration, Los Alamos Site Office, the New Mexico State Historic Preservation Office and the
Advisory Council on Historic Preservation Concerning the Management of the Historic Properties of
Los Alamos National Laboratory, New Mexico (DOE 2006).
The land area required for construction or modification of facilities at SRS and LANL for pit disassembly
and conversion is relatively small; would take place primarily in previously disturbed or developed areas;
and would be surveyed and monitored, as appropriate, in compliance with existing agreements and
procedures. Impacts from operations would be negligible at either site, and are not further addressed,
because security measures at the sites would restrict access to any nearby prehistoric, historic, American
Indian, and paleontological resources.
F.7.6.1

PDCF at F-Area at SRS

This section only addresses construction impacts at SRS. There would be no new construction at LANL
that would result in impacts on cultural resources.
Prehistoric Resources. PDCF would be constructed within F-Area adjacent to MFFF and WSB, which
are currently under construction. F-Area is classified as site industrial and is within the Industrial Core
Management Area (DOE 2005b:4, 2005c:56). Prior to MFFF construction activities, this entire area was
surveyed for cultural resources and 15 prehistoric sites were identified; 7 have been deemed eligible for
listing on the National Register of Historic Places (NRHP). Because two of these sites would be directly
affected by construction activities, a data recovery plan was submitted and approved by the
South Carolina State Historic Preservation Office (SHPO). Subsequently, prior to the commencement of
construction activities, SRARP excavated the sites to mitigate impacts caused by the construction of the
MFFF and potential construction of PDCF (NRC 2005:3-38, 5-14). Data recovery of these sites was
completed, as well as appropriate monitoring, which ensures that DOE, through SRARP, exceeded the
recommendations in the data recovery plans (NRC 2005:App. B) and met the terms of the Memorandum
of Agreement (SRARP 1989:App. C) regarding mitigation of impacts on archaeological sites within the
surplus plutonium disposition facilities project area (King 2010).
In 2008 and 2009, 75 acres (30 hectares) in F-Area were surveyed for the purpose of constructing a
laydown yard for PDCF. This fieldwork located four of five previously recorded sites and identified a
new site, as well as five artifacts. Because the artifacts have no research potential there would be no
adverse impact; however, two sites are potentially eligible for nomination to the NRHP so it is
recommended that they be avoided. SRARP expects an amended site use permit to facilitate this
recommendation (SRARP 2009:10-12).
Historic Resources. There would be no impacts on historic resources associated with the Cold War era in
F-Area because the proposed alternative action involves new construction and does not affect existing
facilities.
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American Indian Resources. Due to the developed nature of F-Area, it is highly unlikely that either
vegetation important to American Indians, or other resources of concern, would be found within the area.
Thus, impacts on American Indian resources resulting from actions necessary to implement pit
disassembly and conversion would be unlikely.
Paleontological Resources. Paleontological resources are unlikely to be found within F-Area due to the
highly disturbed nature of the area. Thus, impacts on paleontological resources resulting from
implementing pit disassembly and conversion would be unlikely.
F.7.6.2

PDC at K-Area at SRS

This section only addresses construction impacts at SRS. There would be no new construction at LANL
that would result in impacts on cultural resources.
Prehistoric Resources. PDC would be constructed at K-Area, which is classified as site industrial
(DOE 2005b:4, 2005c:62). The majority of the land required for PDC construction has been previously
disturbed with the exception of approximately 5 acres (2 hectares), which are currently wooded. Because
construction would take place within the built-up portion of K-Area and previous archeological reviews
did not reveal any identified sites where land disturbance would occur, impacts on prehistoric resources
are unlikely. Although six archeological sites have been identified in the vicinity of the project boundary,
none would be disturbed (Blunt 2010; DOE 2005d:13-14; SRARP 2006:10).
Associated with establishing pit disassembly and conversion capabilities in K-Area would be construction
of a 2-mile (3.2-kilometer) sanitary tie-in connecting K-Area to a lift station in C-Area. Although the
exact route is undetermined at this time, it would likely use existing easements; thus, it is not expected to
impact prehistoric resources. This would be verified prior to construction through the SRS site use
clearance process and, if necessary, cultural resource surveys would be conducted (Reddick 2010;
SRARP 1989:App. C).
Historic Resources. The K-Area reactor building is an NRHP-eligible structure itself and within the
context of the Cold War Historic District. This facility is considered highly significant because it was
primary to SRS’s mission and housed a part or all of one of the site’s nuclear production processes and is
valued for its good integrity in that the building contains parts of its original equipment and can still
provide information about its past. As such, proposed changes that may impact the historic fabric of this
building, or to any intact historically significant equipment, would be studied, discussed with the
South Carolina SHPO, and avoided, mitigated, or minimized (DOE 2005a:16, 44, 61, 67).
American Indian Resources. Due to the developed nature of K-Area, it is highly unlikely that either
vegetation important to American Indians, or other resources of concern, would be found within the area.
Thus, impacts on American Indian resources resulting from actions necessary to implement pit
disassembly and conversion would be unlikely.
Paleontological Resources. Paleontological resources are unlikely to be found within K-Area due to the
highly disturbed nature of the area. Thus, impacts on paleontological resources resulting from
implementing pit disassembly and conversion would be unlikely.
F.7.6.3

PF-4 at LANL and MFFF at SRS

Prehistoric Resources. At SRS, metal oxidation furnaces would be installed in MFFF at F-Area.
Because construction would be internal to the MFFF structure, there would be no impacts on prehistoric
resources.
At LANL, modification of PF-4 could require less than 2 acres (0.8 hectares) for a temporary trailer and
construction parking. Although a site has not been identified, preference would be given to previously
disturbed land and appropriate permits would be acquired including adherence to provisions set forth in
the Programmatic Agreement Between the U.S. Department of Energy, National Nuclear Security
Administration, Los Alamos Site Office, the New Mexico State Historic Preservation Office and the
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Advisory Council for Historic Preservation Concerning the Management of the Historic Properties of
Los Alamos National Laboratory, New Mexico (DOE 2006). A rock shelter has been identified in TA-55
as eligible or potentially eligible for listing on the NRHP which would be taken into consideration in
siting the temporary construction site.
Historic Resources. There would be no impacts on historic resources associated with the Cold War era at
SRS or LANL because the option involves relatively modern or new facilities. Modifications to PF-4
would conform to requirements in A Plan for the Management of the Cultural Heritage at the Los Alamos
National Laboratory, New Mexico (LANL 2006).
American Indian Resources. Due to the developed nature of F-Area at SRS and TA-55 at LANL, it is
highly unlikely that either vegetation important to American Indians, or other resources of concern, would
be found within the area. Thus, impacts on American Indian resources resulting from actions necessary to
implement pit disassembly and conversion would be unlikely.
Paleontological Resources. Paleontological resources are unlikely to be found within F-Area at SRS or
TA-55 at LANL due to the highly disturbed nature of the area. Thus, impacts on paleontological
resources resulting from implementing pit disassembly and conversion would be unlikely.
F.7.6.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Prehistoric Resources. At SRS and as discussed in Section F.7.6.3, there would be no impacts on
prehistoric resources from installation of metal oxidation furnaces in MFFF. Although the capabilities in
H-Canyon/HB-Line and the K-Area Complex could be modified to support pit disassembly and
conversion, the modifications would occur inside existing structures so there would be no impacts on
prehistoric resources at H- or K-Area. At LANL, there would be no impacts on prehistoric resources
from modification of PF-4.
Historic Resources. At SRS, the H-Canyon building, including HB-Line, and any other attached
auxiliaries have been identified as NRHP-eligible individually, as well as collectively within the context
of the Cold War Historic District. The H-Canyon building and its auxiliary facilities are considered
highly significant given that these structures were primary to SRS’s mission and housed part or all of the
site’s nuclear production processes (DOE 2005a:39, 58, 61, 66). Photographic mitigation and oral
histories have been initiated and, when completed, will be distributed to the South Carolina SHPO to
determine what, if any, further action is required in order to preserve the historical integrity of these
facilities (DOE 2008b:4). The proposed facility modifications would be assessed in accordance with the
Cold War Historic Preservation Program (Sauerborn 2011). There would be no impacts on historic
resources at MFFF because the facility is under construction, and no impacts on historic resources at the
K-Area Complex because of the limited scope of the modifications.
At LANL, no impacts are expected on historic resources associated with the Cold War era as discussed in
Section F.7.6.3.
American Indian Resources. Due to the developed nature of F-, H-, and K-Areas at SRS and TA-55 at
LANL, it is highly unlikely that vegetation important to American Indians, or other resources of concern,
would be found within these areas. Thus, impacts on American Indian resources resulting from actions
necessary to implement pit disassembly and conversion would be unlikely.
Paleontological Resources. Paleontological resources are unlikely to be found within F-, H-, and
K-Areas at SRS and TA-55 at LANL due to the highly disturbed nature of the area. Thus, impacts on
paleontological resources resulting from implementing pit disassembly and conversion would be unlikely.
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F.7.7

Infrastructure

This section analyzes impacts of different pit disassembly and conversion options on infrastructure
resources. The resources being analyzed are electricity, fuel oil, and water. Table F–26 summarizes the
peak annual resource requirements that would be required for construction under the pit disassembly and
conversion options. Table F–27 summarizes the peak annual resource requirements that would be
required for operations under the pit disassembly and conversion options.
F.7.7.1

PDCF at F-Area at SRS

Construction—At SRS, construction of PDCF would annually use less than 1 percent of SRS’s available
electrical capacity (about 4.1 million megawatt-hours) and available water capacity (about 2.63 billion
gallons [9.96 billion liters]). Fuel oil usage is not limited by site capacity because oil fuel is delivered to
the site as needed. However, construction of PDCF is estimated to require 390,000 gallons
(1,500,000 liters) of fuel oil per year, approximately 95 percent of SRS’s current annual fuel usage
(about 410,000 gallons [1,600,000 liters] per year—see Chapter 3, Section 3.1.9). At LANL, there would
be no additional construction that would impact infrastructure resources.
Operations—At SRS, operation of PDCF would annually use approximately 2 percent of SRS’s available
electrical capacity, and water usage at PDCF would annually use less than 1 percent of the site’s available
capacity. Fuel oil usage is estimated at approximately 9 percent of SRS’s current annual fuel usage.
At LANL, pit disassembly and conversion activities at PF-4 would annually use about 0.3 and
0.7 percent, respectively, of LANL’s available electrical and water capacity (conservatively, about
352,000 megawatt-hours of electricity and 114 million gallons [430 million liters] of water). No
additional fuel oil would be needed at PF-4 to support pit disassembly and conversion.
F.7.7.2

PDC at K-Area at SRS

Construction—At SRS, construction of PDC would use less than 1 percent of SRS’s available electrical
capacity and available water capacity, but require about 300,000 gallons (1,100,000 liters) of fuel oil,
approximately 73 percent of SRS’s current annual fuel usage. At LANL, there would be no additional
construction that would impact infrastructure resources.
Operations—At SRS, operations would use approximately 1 percent of SRS’s available electrical
capacity, and less than 1 percent of the site’s available water capacity. Fuel oil is not expected to be
required beyond the fuel oil already required for other ongoing operations at K-Area. At LANL, resource
use for pit disassembly and conversion would be the same as that for the PDCF Option.
F.7.7.3

PF-4 at LANL and MFFF at SRS

Construction—At SRS, installation of metal oxidation furnaces at MFFF to provide a pit conversion
capability would be performed during construction of the overall MFFF or during its operation. In either
event, resource use would be minimal. At LANL, modifications to PF-4 would conservatively use less
than 1 percent of the available LANL electrical capacity, and less than 1 percent of the available LANL
water capacity. Fuel oil use is estimated at 2,800 gallons (11,000 liters) per year at PF-4.
Operations—At SRS, operation of metal oxidation furnaces at MFFF would have minimal impacts on
available SRS capacities. No additional fuel oil would be required to support metal oxidation furnace
operations at MFFF. At LANL, annual operations at PF-4 related to pit disassembly and conversion
would conservatively require less than 1 percent of LANL’s available electrical capacity and about
2 percent of LANL’s available water capacity. No additional fuel oil would be required to support
operations as a result of pit disassembly and conversion activities at PF-4.
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Table F–26 Peak Annual Construction Infrastructure Requirements Associated with Pit Disassembly and Conversion Options
Facilities

Pit Disassembly and Conversion Options

SRS

LANL

H-Canyon/
HB-Line a

PF-4 and
MFFF
83

PF-4,
H-Canyon/HB-Line,
and MFFF
83

Table F–27 Peak Annual Operational Infrastructure Requirements Associated with Pit Disassembly and Conversion Options
Facilities

Pit Disassembly and Conversion Options

SRS
Resource
Electricity (megawatthours)
Water (gallons)

LANL

PDCF

PDC

H-Canyon/
HB-Line a

92,000

41,000

minimal

150

16,000,000

16,000,000

minimal

minimal

MFFF b

PF-4 c
960 / 1,900

PDCF
93,000

PDC
42,000

PF-4 and MFFF
2,100

PF-4,
H-Canyon/HB-Line,
and MFFF
2,100

820,000 /
17,000,000 17,000,000
2,700,000
2,700,000
2,700,000
Fuel oil (gallons)
35,000
170,000
minimal
0
0/0
35,000
170,000
0
minimal
LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion
Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site.
a
Annual operations at the K-Area Complex and H-Canyon/HB-Line to support pit disassembly and conversion activities are expected to result in minimal additional infrastructure
requirements beyond those already included in SRS’s current infrastructure requirements. About 41 megawatt hours of electricity and 31,000 gallons of water at DWPF could be annually
attributable to vitrification of waste resulting from pit conversion activities at H-Canyon/HB-Line.
b
Annual operation of metal oxidation furnaces at MFFF to support pit disassembly and conversion activities is expected to result in minimal additional requirements for water and no
additional requirements for fuel oil at MFFF beyond those already included in MFFF’s current infrastructure requirements (see Appendix G).
c
The first value reflects pit disassembly and conversion activities at PF-4 under the PDCF and PDC Options. The second value reflects pit disassembly and conversion activities at PF-4
under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options. Pit disassembly and conversion at PF-4 is not expected to result in increased use of fuel oil under any
option.
Note: Values are rounded to two significant figures. To convert gallons to liters, multiply by 3.7854.
Source: LANL 2013; SRNL 2013; SRNS 2012; WSRC 2008a.
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PDCF
PDC
MFFF a
PF-4 b
PDC
Resource
PDCF
Electricity (megawatt15,000
16,000
minimal
minimal
83
15,000
16,000
hours)
Water (gallons)
2,600,000
1,100,000
minimal
minimal
340,000
2,600,000
1,100,00
340,000
340,000
Fuel oil (gallons) c
390,000
300,000
minimal
minimal
2,800
390,000
300,000
2,800
2,800
LANL = Los Alamos National Laboratory; MFFF = Mixed Oxide Fuel Fabrication Facility; PDC = Pit Disassembly and Conversion Project; PDCF = Pit Disassembly and Conversion
Facility; PF-4 = Plutonium Facility; SRS = Savannah River Site.
a
Modifications to the K-Area Complex, H-Canyon/HB-Line, and MFFF to support pit disassembly and conversion activities are expected to result in minimal additional infrastructure
requirements and to fall within SRS’s current infrastructure requirements.
b
The values reflect resource use for modifications to PF-4 to support an enhanced pit disassembly and conversion capability under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and
MFFF Options. No additional construction resource use is expected at PF-4 under the PDCF and PDC Options.
c
Construction fuel oil includes gasoline.
Note: Values are rounded to two significant figures. To convert gallons to liters, multiply by 3.7854.
Source: LANL 2013; SRNL 2013; SRNS 2012; WSRC 2008a.
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F.7.7.4

PF-4 at LANL and H-Canyon/HB-Line and MFFF at SRS

Construction—At SRS, modifications to the K-Area Complex to enable pit disassembly, and at
H-Canyon/HB-Line to support pit conversion, would have minimal impacts on SRS infrastructure.
Similarly and as discussed in Section F.7.7.3, installation of metal oxidation furnaces at MFFF would
have a minimal effect on SRS infrastructure. At LANL, resource use from modifications to PF-4 would
be the same as that under the PF-4 and MFFF Option (see Section F.7.7.3).
Operations—At SRS, the additional infrastructure requirements associated with operating a pit
disassembly glovebox in the K-Area Complex and metal oxidation furnaces at MFFF would be minimal
compared to the other infrastructure requirements at these facilities. Pit conversion operations at the
H-Canyon/HB-Line would require minimal additional electricity, water or fuel oil compared to current
infrastructure requirements associated with continued operation of this facility. These requirements are
already reflected in SRS’s baseline operations so there would not be any additional impacts on SRS’s
available electrical or water capacity. At LANL, resource use from pit disassembly and conversion
activities at PF-4 would be the same as that under the PF-4 and MFFF Option (see Section F.7.7.3).
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APPENDIX G
IMPACTS OF PLUTONIUM DISPOSITION OPTIONS
Each of the alternatives evaluated in this SPD Supplemental EIS is composed of a particular combination
of plutonium disposition options and pit disassembly and conversion options. This appendix to this Final
Surplus Plutonium Disposition Supplemental Environmental Impact Statement (SPD Supplemental EIS)
addresses impacts from the construction and operation of facilities at the Savannah River Site (SRS) and
Los Alamos National Laboratory (LANL) that may be used for plutonium disposition. Details about the
pit disassembly and conversion options are provided in Chapter 2, Section 2.1; details about the
plutonium disposition options are provided in Section 2.2; and details about the SPD Supplemental EIS
alternatives are provided in Section 2.3. The environmental impacts of implementing the alternatives are
presented in Chapter 4.
Appendix B to this SPD Supplemental EIS provides descriptions of the SRS and LANL facilities that may
be used for plutonium disposition, while Appendix E addresses the environmental impacts from
shipments of radioactive and nonradioactive materials and waste, including shipments of contact-handled
transuranic (CH-TRU) waste to the Waste Isolation Pilot Plant (WIPP) and shipments of unirradiated
mixed oxide (MOX) fuel to domestic commercial nuclear reactors. Appendix F addresses the
environmental impacts at SRS and LANL from the options for pit disassembly and conversion;
Appendix H, the environmental impacts from the principal support facilities at SRS and LANL needed for
pit disassembly and conversion and plutonium disposition; and Appendix I, the environmental impacts
from the use of MOX fuel in commercial nuclear power reactors.
The options for plutonium disposition addressed in this appendix may involve the use of multiple
facilities at SRS and LANL; the options are as follows:


Immobilization and DWPF Option – Surplus pit and non-pit plutonium would be immobilized at
SRS within an immobilization capability constructed at K-Area, and can-in-canisters containing
immobilized plutonium would be transferred to the Defense Waste Processing Facility (DWPF) at
S-Area to be filled with vitrified high-level radioactive waste (HLW) and transferred to Glass
Waste Storage Buildings (GWSBs).



MOX Fuel Option – Surplus pit and non-pit plutonium would be fabricated at SRS into MOX fuel
at the Mixed Oxide Fuel Fabrication Facility (MFFF) under construction in F-Area. MOX fuel
would be subsequently shipped to domestic commercial nuclear power reactors for irradiation.



H-Canyon/HB-Line and DWPF Option – Surplus non-pit plutonium would be dissolved at SRS at
H-Canyon/HB-Line in H-Area, with the resulting plutonium solution transferred to DWPF in
S-Area for vitrification with HLW within canisters that would be transferred to GWSBs.



WIPP Disposal Option – Surplus plutonium would be prepared at SRS or LANL for potential
disposal as CH-TRU waste at WIPP near Carlsbad, New Mexico. Surplus pit plutonium would
be disassembled and converted to oxide at facilities at SRS or LANL (see Appendix F). At
H-Canyon/HB-Line at SRS or Technical Area 55 (TA-55) facilities at LANL, oxidized pit
plutonium would be blended with inert materials, placed into appropriate containers, and staged
at onsite waste management facilities pending shipment to WIPP. Surplus non-pit plutonium
would be transferred at SRS from storage at the K-Area Complex to H-Canyon/HB-Line and,
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after as-needed oxidation (see below), prepared for potential WIPP disposal in essentially the
same way as that for pit plutonium.1, 2
Under all four plutonium disposition options, the analyses in this appendix only address activities and
impacts attributable to plutonium disposition activities at a given facility and not other activities such as
pit disassembly or conversion that may be performed at the same facility. For example, the impacts
presented in this appendix for MFFF at SRS under the MOX Fuel Option are for fabrication of plutonium
oxide into MOX fuel and not for conversion of pit plutonium to an oxide form in metal oxidation furnaces
installed in MFFF. Impacts from metal oxidation at MFFF are addressed in Appendix F.
The analysis in this appendix for the MOX Fuel Option includes the impacts from fabricating MOX fuel
at MFFF as well as from a preceding step in which 4 metric tons (4.4 tons) of non-pit plutonium would be
converted to an oxide form at H-Canyon/HB-Line prior to transfer to MFFF for MOX fuel fabrication.
This additional processing step for 4 metric tons (4.4 tons) of non-pit plutonium is applicable under the
MOX Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option for plutonium
disposition would be those from operation of MFFF alone.
Under the WIPP Disposal Option, the surplus non-pit plutonium addressed in this SPD Supplemental EIS
includes plutonium metal and oxide and unirradiated Fast Flux Test Facility (FFTF) fuel. The plutonium
metal would be oxidized at H-Canyon/HB-Line before blending and packaging. If the unirradiated FFTF
could not be disposed of by direct disposal at WIPP, it would be disassembled, blended, and packaged for
disposal at WIPP. H-Canyon would be used to disassemble fuel bundles, remove the pellets from fuel
pins, and package the pellets into suitable containers; HB-Line would prepare and mix/blend the fuel
pellet material with inert material, and package the blended material for shipment to WIPP.1
Under the WIPP Disposal Option, the environmental impacts associated with preparation of pit plutonium
for potential WIPP disposal would depend on the pit disassembly and conversion option (see
Appendix F).3 Under the two options where a Pit Disassembly and Conversion Facility or Pit
Disassembly and Conversion Project would be constructed at SRS, 7.1 metric tons (7.8 tons) of pit
plutonium could be prepared at SRS for potential WIPP disposal. Under the Plutonium Facility (PF-4)
and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options, however, 7.1 metric tons (7.8 tons) of pit
plutonium could be prepared for potential WIPP disposal using a combination of SRS and LANL
capabilities. In this event, the volumes of CH-TRU waste generated at SRS would decrease while the
volumes of CH-TRU waste generated at LANL would increase, but the total CH-TRU waste volume as
summed over SRS and LANL would remain approximately the same.
A capability to blend and package plutonium for shipment to WIPP would be required at LANL to
disposition pit plutonium from LANL to WIPP as part of the WIPP Disposal Option. The process steps
required to blend and package plutonium are well understood and currently being performed at LANL on
a smaller scale in support of other programs, but some changes would be necessary at LANL to expand
the capabilities to accommodate a larger volume. These changes or modifications would likely occur
within the footprint of existing or planned LANL facilities.

1

The analysis reflects the assumption that H-Canyon/HB-Line would be the facility used at SRS for preparation of surplus
plutonium for potential WIPP disposal; however, surplus plutonium could also be prepared for potential WIPP disposal at the KArea Complex at SRS with impacts enveloped by those for the Pit Disassembly and Conversion Project (see Appendix F).
Impacts from K-Area storage and from staging TRU waste at SRS or LANL facilities pending shipment to WIPP are addressed in
Appendix H.
2
Impacts are presented in this appendix assuming the surplus plutonium is blended and placed into pipe overpack containers for
shipment to WIPP. DOE is also evaluating the use of other packaging options that would generate less waste for shipment to
WIPP. See Appendix E and Chapter 4, Sections 4.1.4 and 4.1.5.
3
Under all four pit disassembly and conversion options, non-pit plutonium would be prepared at SRS for potential WIPP
disposal – i.e., either 2 metric tons (2.2 tons) under the MOX Fuel Alternative or 6 metric tons (6.6 tons) under the WIPP
Alternative.
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DOE could add capacity to accommodate the increased CH-TRU waste volume, throughput, and
temporary storage capacity in existing facilities in TA-55 such as PF-4. At this stage detailed information
is not available on the changes that would be required; however, the processes would be the same as those
currently being performed at LANL. Because the general processes at HB-Line also are similar to those
at LANL and because this document already has information on the impacts of the same scale of
operations at HB-Line, DOE has used that information (where appropriate) in this Appendix G as part of
a qualitative evaluation of the impacts of preparing plutonium at LANL for potential disposal at WIPP.
Use of LANL facilities to prepare pit plutonium for potential disposal at WIPP may require additional
NEPA analysis.
This appendix does not address the environmental impacts from disposal of CH-TRU waste at WIPP or
disposal of HLW or used nuclear fuel (also known as spent fuel or spent nuclear fuel).4 Impacts from
TRU waste disposal are addressed in the Waste Isolation Pilot Plant Disposal Phase Final
Supplemental Environmental Impact Statement (DOE 1997), and incorporated by reference in this
SPD Supplemental EIS (see Appendix A, Section A.2.2).
G.1

Air Quality

Nonradioactive air pollutant impacts under each plutonium disposition option are evaluated in this
section. Radioactive air pollutant impacts are evaluated in Section G.2, Human Health.
Activities under the various options could result in criteria, hazardous, and toxic air pollutant emissions
from facility construction and operation. Table G–1 shows air pollutant concentrations that were
evaluated for operational activities at SRS and compared to applicable standards and significance levels.
In this table, columns on the left provide impacts for specific plutonium disposition facilities at SRS,
while columns on the right provide combined impacts for one or more SRS facilities as appropriate for
each plutonium disposition option.5
Significance levels are concentrations below which no further analysis is necessary for that pollutant
for the purpose of permitting. Concentrations above the significance levels could need to undergo
further analysis to consider the cumulative impacts from other sources within the impact area
(EPA 1990:C28; Page 2010a, 2010b; 40 CFR 51.165(b) (2)). Where new modeling was performed for
this SPD Supplemental EIS, current U.S. Environmental Protection Agency (EPA) models were used.
For example, the EPA AERMOD dispersion model (EPA 2004) was used unless stated otherwise. As
required, updated emissions and concentrations were determined based on information provided in cited
references.

4

DOE has terminated the program for a geologic repository for used nuclear fuel and HLW at Yucca Mountain, in Nevada.
Notwithstanding the decision to terminate the Yucca Mountain program, DOE remains committed to meeting its obligations to
manage and ultimately dispose of used nuclear fuel and HLW. DOE established the Blue Ribbon Commission on America’s
Nuclear Future to conduct a comprehensive review and evaluate alternative approaches for meeting these obligations. The
Commission report to the Secretary of Energy of January 26, 2012 (BRCANF 2012) provided a strong foundation for the
development of the Administration’s January 2013 Strategy for the Management and Disposal of Used Nuclear Fuel and HighLevel Radioactive Waste (DOE 2013). This Strategy provides a framework for moving toward a sustainable program to deploy
an integrated system capable of transporting, storing, and disposing of used nuclear fuel and HLW from civilian nuclear power
generation, defense, national security, and other activities. The link to the strategy is http://energy.gov/downloads/strategymanagement-and-disposal-used-nuclear-fuel-and-high-level-radioactive-waste.
Full implementation of this Strategy will
require legislation.
5
This format is used to present information in several tables throughout this appendix.

G-3

G-4

Table G–1 Estimated Air Pollutant Concentrations at the Site Boundary from Operations at Plutonium Disposition Facilities
at the Savannah River Site
SRS Facilities
Prepare
Waste
Prepare Pu Pu for
from Pu Pu Prepared
for DWPF
WIPP Immobilized Prepared
for
Vitrification Disposal
Pu
for MFFF Vitrification

Immobilization
and
DWPF

MOX
Fuel e

H-Canyon/
HB-Line
WIPP
and DWPF Disposal

Criteria Pollutants (micrograms per cubic meter)
Carbon
monoxide

8 hours

10,000

500

23

18

N/C

N/C

N/C

N/C

N/C

N/C

18

23

N/C

N/C

1 hour

40,000

2,000

79

140

N/C

N/C

N/C

N/C

N/C

N/C

140

79

N/C

N/C

Nitrogen
dioxide

Annual

100

1

0.05

0.024

N/C

N/C

N/C

N/C

N/C

N/C

0.024

0.05

N/C

N/C

1 hour

188

7.5

N/R

39

N/C

N/C

N/C

N/C

N/C

N/C

39

N/R

N/C

N/C

PM10

24 hours

150

5

0.78

1

N/C

N/C

N/C

N/C

N/C

N/C

1

0.78

N/C

N/C

PM2.5

Sulfur
dioxide

Annual

15

0.3

0.0004

0.0008

N/C

N/C

N/C

N/C

N/C

N/C

0.0008

0.0004

N/C

N/C

24 hours

35

1.2

0.78

1

N/C

N/C

N/C

N/C

N/C

N/C

1

0.78

N/C

N/C

Annual

80

1

0.003

0.0072

N/C

N/C

N/C

N/C

N/C

N/C

0.0072

0.003

N/C

N/C

24 hours

365

5

4.8

7.9

N/C

N/C

N/C

N/C

N/C

N/C

7.9

4.8

N/C

N/C

3 hours

1,300

25

22

59

N/C

N/C

N/C

N/C

N/C

N/C

59

22

N/C

N/C

1 hour

197

7.8

N/R

65

N/C

N/C

N/C

N/C

N/C

N/C

65

N/R

N/C

N/C

DWPF = Defense Waste Processing Facility; μg/m3 = micrograms per cubic meter; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; N/C = no change from existing emissions;
N/R = not reported; PMn = particulate matter less than or equal to n microns in aerodynamic diameter; Pu = plutonium; SRS = Savannah River Site; WIPP = Waste Isolation Pilot Plant.
a
The more stringent of the Federal and state standards is presented if both exist for the averaging period.
b
EPA 1990; Page 2010a, 2010b; 40 CFR 51.165(b)(2).
c
Concentrations from the K-Area immobilization capability were estimated based on projected emissions from the K-Area Pit Disassembly and Conversion Project addressed in Appendix F,
Section F.1.
d
Contributions from DWPF are included in the concentrations from sources at SRS as presented in Chapter 3, Table 3–7. A fraction of those emissions could be attributed to plutonium disposition
activities as discussed in Section G.1.1.
e
Listed impacts for the MOX Fuel Option for plutonium disposition conservatively include those from processing 4 metric tons (4.4 tons) of non-pit plutonium at H-Canyon/HB-Line (and vitrification
of waste resulting from this processing at DWPF) as a precursor for fabrication of the plutonium into MOX fuel at MFFF. This processing step for non-pit plutonium is applicable under the MOX
Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option would be those from operation of MFFF alone.
Note: Values have been rounded where appropriate.
Source: DCS 2004:5-91; DOE/NNSA 2012; EPA 1990, 2009; Page 2010a, 2010b; SCDHEC 2012; 40 CFR 51.165.
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Appendix G – Impacts of Plutonium Disposition Options

G.1.1 Immobilization and DWPF
Construction—With the exception of a 2-acre (0.8-hectare) construction site at K-Area at SRS,
construction of the K-Area immobilization capability would occur mostly inside existing buildings.
Exterior activities, such as excavation and paving, would generate small quantities of fugitive dust and
other emissions (SRNS 2012). Minimal emissions of pollutants would result from modifications to
DWPF to support receipt and handling of canisters containing plutonium immobilized at K-Area.
Operations—Nonradioactive air pollutant emissions from the K-Area immobilization capability could
result from operation and testing of additional diesel generators. Estimated air pollutant emissions from
testing and operation of diesel generators at the K-Area immobilization capability are summarized in
Table G–2. Generators would be tested intermittently. Generators operating less than 250 hours per year
are considered insignificant sources and are exempt from Title V permitting (SRNS 2010). Other than
emissions from diesel generators, there would be minimal emissions of other nonradioactive air pollutants
from the immobilization capability. These would include small amounts of fluorides, hydrochloric acid,
nickel and nickel oxide, and beryllium and beryllium oxide (SRNS 2012; WSRC 2008).
During the period when immobilized plutonium would be combined with vitrified HLW at DWPF, as
much as 5 percent of DWPF emissions would be attributed to vitrification of HLW used to encase
can-in-canisters of immobilized plutonium.
Table G–2 Estimated Air Pollutant Emissions from Testing and Operation of Diesel Generators
for the K-Area Immobilization Capability at the Savannah River Site
250-Kilowatt
810-Kilowatt
Total
Pollutant a
(metric tons per year) b
(metric tons per year) b
(metric tons per year)
Carbon monoxide
0.51
2.7
3.2
Nitrogen dioxide
2.4
12
14
PM10
0.16
0.34
0.51
Sulfur dioxide
0.15
4.0
4.1
Carbon dioxide
87
570
660
Total organic compounds
0.19
0.34
0.54
PM10 = particulate matter less than or equal to 10 microns in aerodynamic diameter.
a
Emissions data for PM2.5 were not available. Emissions data were available for total organic compounds but not for volatile
organic compounds. Total organic compounds include volatile organic compounds.
b
The 250-kilowatt unit consists of one diesel generator; the 810-kilowatt unit consists of two diesel generators.
Note: To convert metric tons to tons, multiply by 1.1023.
Source: WSRC 2008.

G.1.2 MOX Fuel
Construction—MFFF is already under construction and impacts from its construction have been
previously assessed (DOE 1999; NRC 2005). Emissions from MFFF construction are included with the
SRS baseline (see Chapter 3, Section 3.1.4.2).
Operations—Nonradioactive air pollutant emissions would result from operation of MFFF. SRS
boundary concentrations based on the latest projected emissions for operation of MFFF (currently under
construction) are summarized in Table G–1. Under the MOX Fuel Alternative, 4 metric tons (4.4 tons) of
non-pit plutonium would be converted to plutonium oxide at H-Canyon/HB-Line, but no changes are
expected in operational air emissions from H-Canyon/HB-Line.
G.1.3 H-Canyon/HB-Line and DWPF
Construction—Internal modifications to H-Canyon/HB-Line at SRS would result in only minor emissions
of criteria and toxic air pollutants (SRNL 2013).
Operations—No changes are expected in air pollutant emissions from H-Canyon/HB-Line. Disposition
of surplus plutonium into sludge batches at DWPF is expected to result in no additional nonradioactive
emissions from DWPF.
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Additional steam required for dissolution processes at H-Canyon/HB-Line would result in additional air
pollutant emissions from the steam-producing facilities at SRS. Estimated annual emissions of air
pollutants from steam production are expected to increase by about 3 percent (SRNL 2013; WSRC 2008).
The expected concentrations at the site boundary would be less than those presented for the SRS baseline
in Chapter 3, Section 3.1.4.2, which are based on permitted emissions associated with the SRS Title V
permit.
H-Canyon/HB-Line emissions are primarily particulate matter and sulfur dioxide
(SCDHEC 2003).
G.1.4 WIPP Disposal
Construction—At SRS, only minor modifications to H-Canyon/HB-Line would be required under this
option, with correspondingly minor emissions of criteria and toxic air pollutants. Similarly at LANL,
enhancement of the site capability to prepare surplus plutonium for potential WIPP disposal would occur
within the footprint of existing TA-55 facilities with correspondingly minor emissions of criteria and
toxic air pollutants.
Operations—Activities required to prepare surplus plutonium for WIPP disposal are not expected to cause
changes in nonradioactive air pollutant emissions from H-Canyon/HB-Line at SRS or from
TA-55 facilities at LANL. This is because operational nonradioactive air pollutant emissions from these
facilities are expected to be primarily associated with testing of diesel generators which would occur
independently of the particular activities conducted at these facilities.
G.2

Human Health

G.2.1 Normal Operations
The following subsections present the potential incident-free radiological impacts on workers and the
general public at SRS and LANL associated with the plutonium disposition options. Human health risks
from construction and normal operations are evaluated for several individual and population groups,
including involved workers, a hypothetical maximally exposed individual (MEI) at the site boundary, and
the regional population. Tables G–3 and G–4 summarize the potential radiological impacts on involved
workers and the general public, respectively, associated with the facilities and processes that would be
used at SRS under each of the four disposition options. Impacts are presented as estimated doses and
latent cancer fatality (LCF) risks from 1 year of operation and as LCF risks for the life of the project.
(LCFs are determined using a risk factor of 0.0006 LCFs per rem or person-rem [DOE 2003].) Life-ofproject risks were determined by multiplying the annual impacts of a facility by the number of years the
facility is projected to operate (see Appendix B, Table B–2).
G.2.1.1 Immobilization and DWPF
Construction—At SRS, construction of a K-Area immobilization capability and minor modifications to
DWPF to accommodate receipt of can-in-canisters from the immobilization capability would be required.
The majority of the construction activities would occur in areas having dose rates close to background
levels, although there would be existing equipment that would require decontamination and removal. Due
to the nature of the contamination, the external dose rates from this equipment would be low. The
activities to decontaminate and remove contaminated equipment would result in small additional
occupational exposures to the workers performing these activities. The 72 construction workers involved
in decontamination and removal would receive a collective dose of about 3.3 person-rem per year. The
workforce dose for this 2-year activity would be 6.6 person-rem, resulting in no additional LCFs
(calculated value: 4 × 10-3 LCF). No additional construction worker dose is expected for the balance of
the construction period.
No radiological impacts on the public are expected from construction activities. All immobilization
capability construction activities involving radioactive materials would occur within an existing structure
and would be subject to strict controls (WSRC 2008). Releases of radioactive materials to the
environment caused by modifications to DWPF to accommodate the can-in-canisters are not expected.
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Table G–3 Potential Radiological Impacts on Involved Workers from Plutonium Disposition Options at the Savannah River Site
SRS Facilities
H-Canyon/HB-Line

Life-of- project
LCFs b, c

Plutonium Disposition Options
Pu Prepared
for
Vitrification

Immobilization and
DWPF

MOX
Fuel a

H-Canyon/
HB-Line
and DWPF

WIPP
Disposal

MFFF

K-Area
Immobilization
Capability

Prepare
Pu for
MFFF

Prepare Pu
for DWPF
Vitrification

450

314

100

14

130

25

5

8

339

555

22

130

51

310

29

7.0

20 to 60

5.9

1.2

1.9

320

80

8.9

20 to 60

0
(3 × 10-2)

0
(2 × 10-1)

0
(2 × 10-2)

0
(4 × 10-3)

0
(7 × 10-4)

0
(1 × 10-3)

0
(2 × 10-1)

0
(5 × 10-2)

0
(5 × 10-3)

1
(0.6 to 0.7)

2
(1.9)

0
(0.2)

0
(5 × 10-2)

0
(4 × 10-3)

0
(1 × 10-2)

2
(1.9)

1
(0.9 to 1)

0
(7 × 10-2)

0
0
(1 × 10-2 to
(4 × 10-3)
4 × 10-2)
0 to 1
0
(0.1 to 0.9)
(4 × 10-2)
Average Worker

0
(1 × 10-2 to
4 × 10-2)
0 to 1
(0.1 to 0.9)

Annual dose
110
1,000 e
290
500
150 to 460
240
240
240
930
140
400
150 to 460
(millirem) d
-5
Annual LCF
9 × 10 to
9 × 10-5 to
7 × 10-5
6 × 10-4
2 × 10-4
3 × 10-4
1 × 10-4
1 × 10-4
1 × 10-4
6 × 10-4
8 × 10-5
2 × 10-4
-4
risk
3 × 10
3 × 10-4
-4
Life-of-project
1 × 10-3 to
9
×
10
to
9
× 10-4 to
6 × 10-3
2 × 10-3
4 × 10-3
1 × 10-3
9 × 10-4
2 × 10-3
6 × 10-3
2 × 10-3
3 × 10-3
LCF risk c
2 × 10-3
7 × 10-3
7 × 10-3
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; Pu = plutonium; SRS = Savannah River Site;
WIPP = Waste Isolation Pilot Plant.
a
Listed impacts for the MOX Fuel Option for plutonium disposition conservatively include those from processing 4 metric tons (4.4 tons) of non-pit plutonium at H-Canyon/HB-Line (and
vitrification of waste resulting from this processing at DWPF) as a precursor for fabrication of the plutonium into MOX fuel at MFFF. This processing step for non-pit plutonium is applicable under
the MOX Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option would be those from operation of MFFF alone.
b
The integer indicates the number of excess LCFs that are expected in the population based on a risk factor of 0.0006 LCFs per person-rem (DOE 2003); the values in parentheses are the values
calculated from the dose and risk factor.
c
Ranges in impacts are due to differences in the quantities of material processed for different plutonium disposition options or the number of years that facilities would operate under the different
alternatives.
d
Dose to an average worker reflects the collective worker dose divided by the number of workers. Engineering and administrative controls would be implemented to maintain individual worker doses
below 2,000 millirem per year, and as low as reasonably achievable.
e
This estimate is based on a conceptual design. If the K-Area immobilization capability were implemented, engineering and administrative controls would be implemented as discussed in
table note d to maintain individual worker does to levels as low as reasonably achievable.
Note: Doses are rounded to two significant figures; LCF risks are rounded to one significant figure. Values presented in the table may differ slightly from those presented in Appendix C due to
rounding. Values are derived from analyses presented in Appendix C.
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Number of
radiation
workers
Annual
Collective
worker dose
(person-rem)
Annual LCFs b

Prepare Pu
for WIPP
Immobilized
Disposal
Pu
Total Workforce

DWPF
Waste from
Pu
Prepared
for MFFF

G-7

G-8

Table G–4 Potential Radiological Impacts on the Public from Plutonium Disposition Options at the Savannah River Site
SRS Facilities
H-Canyon/HB-Line

MFFF

Life-of-project
LCFs c

Annual dose
(millirem)
Annual LCFs c
Life-of-project
LCF risk c,d
Annual dose
(millirem per
year) e

0.045 to
0.052
0
(3 × 10-5)
0
(6 × 10-4 to
7 × 10-4)
0.00050 to
0.00058
3 × 10-10
6 × 10-9 to
8 × 10-9

Prepare Pu
for MFFF

Prepare Pu
for DWPF
Vitrification

0.00062

0.26

0.26

0
(4 × 10-7)

0
(2 × 10-4)

0
(2 × 10-4)

0
(4 × 10-6)

0
(2 × 10-3)

0
(2 × 10-3)

0.0000075

0.0024

0.0024

-9

-9

5 × 10

-12

5 × 10-11

1 × 10

2 × 10-8

1 × 10

Pu Prepared
for
Vitrification

Immobilization
and
DWPF

MOX
Fuel b

H-Canyon/
HB-Line
and DWPF

WIPP
Disposal

–

–

0.00062

0.31

0.26

0.26

0
–
–
(2 × 10-4)
0
(2 × 10-3 to
–
–
4 × 10-3)
Maximally Exposed Individual

–

0
(4 × 10-7)

0
(2 × 10-4)

0
(2 × 10-4)

–

0
(4 × 10-6)

0
(3 × 10-3)

0
(2 × 10-3)

0
(2 × 10-4)
0
(2 × 10-3 to
4 × 10-3)

–

–

0.0000075

1 × 10
–
–
1 × 10-8 to
–
–
4 × 10-8
Average Exposed Individual d

–

5 × 10

–

5 × 10-11

–

0.26

2 × 10-8

Plutonium Disposition Options

0.0024
-9

–

-12

0.0029 to
0.0030
2 × 10-9

1 × 10

3 × 10-8

2 × 10-8

0.0024
-9

0.0024
1 × 10-9
1 × 10-8 to
4 × 10-8

0.000052
to
0.00000077
0.00029
0.00029
0.00029
–
–
–
0.00000077
0.00035
0.00029
0.00029
0.000060
3 × 10-11 to
Annual LCF risk
5 × 10-13
2 × 10-10
2 × 10-10
2 × 10-10
–
–
–
5 × 10-13
2 × 10-10
3 × 10-10
2 × 10-10
4 × 10-11
Life-of-project
7 × 10-10 to
2 × 10-9 to
2 × 10-9 to
5 × 10-12
2 × 10-9
2 × 10-9
–
–
–
5 × 10-12
3 × 10-9
2 × 10-9
d
-10
-9
LCF risk
9 × 10
4 × 10
4 × 10-9
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; Pu = plutonium; SRS = Savannah River Site;
WIPP = Waste Isolation Pilot Plant
a
DWPF operations involving surplus plutonium are not expected to result in any incremental emissions; therefore, no impacts on the public are expected.
b
Listed impacts for the MOX Fuel Option for plutonium disposition conservatively include those from processing 4 metric tons (4.4 tons) of non-pit plutonium at H-Canyon/HB-Line (and vitrification
of waste resulting from this processing at DWPF) as a precursor for fabrication of the plutonium into MOX fuel at MFFF. This processing step for non-pit plutonium is applicable under the MOX
Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option would be those from operation of MFFF alone.
c
The integer indicates the number of excess LCFs that are expected in the population based on a risk factor of 0.0006 LCFs per person-rem (DOE 2003); the values in parentheses are the values
calculated from the dose and risk factor.
d
Ranges in impacts are due to differences in the number of years that facilities would operate under the different alternatives.
e
Dose to an average member of the offsite population is obtained by dividing the population dose by the number of people projected to live within 50 miles (80 kilometers) of the SRS facilities
in 2020 (approximately 809,000 for K-Area, 869,000 for F-Area, and 886,000 for H-Area).
Note: Doses are rounded to two significant figures; LCF risks are rounded to one significant figure. Values presented in the table may differ slightly from those presented in Appendix C due to
rounding. Values are derived from analyses presented in Appendix C. To convert miles to kilometers, multiply by 1.6093.
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Operations—Table G–3 presents the potential radiological impacts on involved SRS workers associated
with this option. Doses to workers would result from operations at the K-Area immobilization capability
and DWPF. This disposition option is projected to result in the highest radiological impacts on the
workforce. Over the life of the project, the collective dose received by workers could result in 2 LCFs.
Table G–4 presents the potential radiological impacts on the general public in the SRS region. Doses to
public receptors would result from emissions from the K-Area immobilization capability. Because
activities at DWPF involving surplus plutonium are not expected to result in additional releases to the
atmosphere (beyond those associated with vitrifying HLW alone), there would be no incremental
radiological impacts on the public from this facility. Table G–4 shows that potential doses to all public
receptors in the SRS region would be a small fraction of the 311-millirem-per-year dose each member of
the public is assumed to receive from natural background radiation (see Chapter 3, Section 3.1.6.1).
G.2.1.2 MOX Fuel
Construction—At SRS, MFFF is already under construction and impacts from its construction have been
previously assessed (DOE 1999; NRC 2005). No additional construction at MFFF would be required.
Under the MOX Fuel Alternative, H-Canyon/HB-Line may require modifications to dissolve and prepare
4 metric tons (4.4 tons) of non-pit plutonium as feed for MOX fuel fabrication. The amount of
modification work needed would depend on the processing rate. Modifications could range from minor
modifications made as part of normal operations to a level similar to that required for preparation of
6 metric tons (6.6 tons) of non-pit plutonium for potential WIPP disposal as discussed in Section G.2.1.4.
Operations—Table G–3 presents the potential radiological impacts on involved SRS workers associated
with this option. Doses to workers would result from operations at MFFF. Under the MOX Fuel
Alternative, doses would also result from operations at H-Canyon/HB-Line (and, to a much lesser extent,
DWPF), assuming 4 metric tons (4.4 tons) of non-pit plutonium are processed at H-Canyon/HB-Line and
fabricated into MOX fuel. The collective dose received by the workforce over the life of the project is not
expected to result in any LCFs (calculated value: 2 × 10-3 LCF).
Table G–4 presents the potential radiological impacts on the general public in the SRS region. Doses to
public receptors would result from emissions from MFFF, and under the MOX Fuel Alternative, also
from H-Canyon/HB-Line, assuming 4 metric tons (4.4 tons) of non-pit plutonium are processed at
H-Canyon/HB-Line for fabrication into MOX fuel. Potential activities at DWPF (to vitrify waste from
plutonium processed at H-Canyon/HB-Line) are not expected to result in additional releases to the
atmosphere, so there would be no incremental radiological impacts on the public from this facility.
Impacts on the public from this option, the H-Canyon/HB-Line and DWPF Option, and the WIPP
Disposal Option are comparable and are higher than those of the Immobilization and DWPF Option.
Table G–4 shows that potential doses to all public receptors in the SRS region would be a small fraction
of the 311-millirem-per-year dose each member of the public is assumed to receive from natural
background radiation (see Chapter 3, Section 3.1.6.1).
G.2.1.3 H-Canyon/HB-Line and DWPF
Construction—At H-Canyon at SRS, some tanks and/or piping may be changed out or reconfigured to
increase plutonium storage volume and capacity, and some equipment may be changed or added at
HB-Line. These types of activities are part of normal operations and doses are accounted for in workers’
operational doses. No construction or modification activities are expected at DWPF. Therefore, minimal
impacts on construction workers are expected, and no impacts on the general public are expected.
Operations—Table G–3 presents the potential radiological impacts on involved SRS workers associated
with this option. Doses to workers would result from operations at H-Canyon/HB-Line and DWPF. The
collective dose received by the workforce over the life of the project is not expected to result in any LCFs
(calculated value: 7 × 10-2 LCF).
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Table G–4 presents the potential radiological impacts on the general public in the SRS region. Doses to
public receptors would result from emissions from H-Canyon/HB-Line. Impacts on the public from this
option, the MOX Fuel Option, and the WIPP Disposal Option are comparable and are higher than those of
the Immobilization and DWPF Option. At DWPF, vitrification of HLW containing dissolved plutonium
is not expected to result in additional releases to the atmosphere, so there would be no incremental
radiological impacts on the public from this facility. Table G–4 shows that potential doses to all public
receptors in the SRS region would be a small fraction of the 311-millirem-per-year dose each member of
the public is assumed to receive from natural background radiation (see Chapter 3, Section 3.1.6.1).
G.2.1.4 WIPP Disposal
Construction—At SRS, glovebox installation and modifications at the H-Canyon/HB-Line to support
preparation of 13.1 metric tons (14.4 tons) of surplus plutonium for potential WIPP disposal under the
WIPP Alternative would result in a collective dose of 0.58 person-rem per year to a construction
workforce of 10 (average dose of 58 millirem per worker per year). These modifications would occur
over a 2-year period, resulting in a total dose of 1.2 person-rem, resulting in no additional LCFs
(calculated value: 7 × 10-4 LCF). Less extensive modifications at H-Canyon/HB-Line would be expected
to support preparation of 2 metric tons (2.2 tons) of non-pit plutonium for potential WIPP disposal under
the MOX Fuel Alternative, with lower levels of exposure and no additional LCFs among the construction
workforce. No impacts on the public would result from construction activities at H-Canyon/HB-Line.
At LANL, enhancing the capability in TA-55 facilities to prepare plutonium for potential WIPP disposal
is expected to occur concurrently with pit disassembly and conversion modifications (see Appendix F,
Section F.2.1.3) and not cause substantial additional radiological doses and risks among workers.
Enhancing this capability is not expected to result in any radiological impacts on the public.
Operations—Table G–3 presents the potential radiological impacts on involved SRS workers associated
with this option. Doses to SRS workers would result from operations at H-Canyon/HB-Line, assuming
preparation at SRS of 2 metric tons (2.2 tons) (MOX Fuel Alternative) to 13.1 metric tons (14.4 tons)
(WIPP Alternative) of surplus plutonium for potential WIPP disposal. The collective dose received by
the workforce over the life of the project could result in up to 1 LCF.
Under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options for pit disassembly and
conversion, pit plutonium could be prepared for potential WIPP disposal at LANL rather than at SRS. If
this were to occur, there would be a reduction in the life-of-project doses and risks to workers at SRS,
coupled with an increase in doses and risks to workers at LANL. Should the Department proceed with
this approach, more detailed information would be developed regarding the levels of exposure that could
be experienced by workers engaged in WIPP preparation activities at LANL, and the number of
operational workers that could be required. It is expected, however, that workers at LANL preparing
plutonium for potential WIPP disposal could receive radiation doses comparable to those estimated in
Table G–3 for workers preparing plutonium for potential WIPP disposal at H-Canyon/HB-Line at SRS.
That is, the average worker involved in this activity at H-Canyon/HB-Line is estimated to receive an
annual dose of approximately 460 millirem with a calculated risk of an LCF of 3 × 10-4, and with
130 occupationally exposed workers receiving an annual collective dose of 60 person-rem with an annual
collective risk of an LCF of 4 × 10-2. These annual doses and risks at SRS are expected to envelope those
doses and risks that could be experienced by workers performing WIPP preparation activities at LANL.
The total dose and risk experienced by workers at LANL over the life of the project would depend on the
total quantity of pit plutonium prepared at LANL for potential WIPP disposal.
Table G–4 presents the potential radiological impacts associated with this option on the general public in
the SRS region. Doses to public receptors would result from emissions from H-Canyon/HB-Line,
assuming preparation at SRS of from 2 to 13.1 metric tons (2.2 to 14.4 tons) of surplus plutonium for
potential WIPP disposal. Annual impacts on the public from this option, the H-Canyon/HB-Line and
DWPF Option, and the MOX Fuel Option are comparable and are higher than those of the Immobilization
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and DWPF Option. Table G–4 shows that potential doses to all public receptors would be a small
fraction of the 311-millirem-per-year dose each member of the public is assumed to receive from natural
background radiation (see Chapter 3, Section 3.1.6.1). Life-of-project impacts to the public in the SRS
region could be reduced to the extent under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and
MFFF Options for pit disassembly and conversion that pit plutonium was prepared at LANL for potential
WIPP disposal rather than at SRS.
At LANL, although detailed information is not available about the design and operation of an enhanced
WIPP preparation capability, preparation of plutonium for potential disposal at WIPP is not expected to
substantially change the annual radiological emissions and corresponding doses to members of the public
from those associated with pit disassembly and conversion activities (see Appendix F, Section F.2.1.3,
and Table F–5). This is because preparation of pit plutonium at TA-55 for potential WIPP disposal is
expected to represent a minor variation on operations at PF-4 involving pit disassembly and conversion.
As shown in Table F–5, disassembly and conversion of 35 metric tons (38.6 tons) of pit plutonium in PF4 could result in annual doses of 0.21 person-rem to the population, 0.081 millirem to an MEI, and 4.7 ×
10-4 millirem to the average individual, resulting in annual LCF risks of 1 × 10 -4, 5 × 10-8, and 3 × 10-10,
respectively. Preparing pit plutonium for potential WIPP disposal is not expected to change these annual
impacts; however, it could extend the surplus plutonium disposition activities at LANL by a few years
and therefore add to the life-of-project risks shown in Table F–5.
G.2.2 Accidents
The following subsections present the potential impacts on workers and the general public at SRS and
LANL associated with possible accidents involving the plutonium disposition options. Human health
risks from these accidents are evaluated for several individual and population groups, including
noninvolved workers, a hypothetical MEI at the site boundary, and the regional population. Table G–5
summarizes potential radiological impacts on the general public associated with the facilities and
processes at SRS that would be used under each of the four disposition options, while Table G–6
summarizes the potential radiological impacts at SRS on the MEI and noninvolved workers. Impacts are
presented as estimated doses and LCF risks from the accidents under consideration (see Appendix D for
further details on these accidents). Activities at DWPF or the GWSBs at SRS involving surplus
plutonium disposition are not expected to result in additional risks above those for operation of these
facilities for HLW alone.
G.2.2.1 Immobilization and DWPF
The limiting design-basis accident at the K-Area immobilization capability would be an explosion in a
metal oxidation furnace. If this accident were to occur, the public residing within 50 miles
(80 kilometers) of SRS would receive an estimated dose of 630 person-rem. This dose would result in no
additional LCFs among the general public (calculated value: 0.4 LCF). The MEI would receive a dose of
2.1 rem which represents a risk to the MEI of developing a latent fatal cancer of 1 × 10-3, or 1 chance in
1,000. A noninvolved worker located 1,000 meters (3,280 feet) from the accident source at the time of
the accident, who was unaware of the accident and failed to take any emergency actions, would receive a
dose of 27 rem with a risk of developing a latent fatal cancer of 3 × 10-2, or about 1 chance in 33.
A design-basis earthquake involving K-Area when the immobilization capability was operational would
expose the public residing within 50 miles (80 kilometers) of SRS to an estimated dose of 9.9 person-rem.
This dose would result in no additional LCFs among the general public (calculated value: 6 × 10-3 LCF).
The MEI would receive a dose of 0.033 rem which represents a risk to the MEI of developing a latent
fatal cancer of 2 × 10-5, or 1 chance in 50,000. A noninvolved worker would receive a dose of 0.43 rem
with an increased risk of developing a latent fatal cancer of 3 × 10-4, or about 1 chance in 3,300.
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Table G–5 Risks to the Public within 50 Miles (80 kilometers) from Limiting Accidents Associated with
Plutonium Disposition Options at the Savannah River Site

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

SRS Facilities
Plutonium Disposition Options
K-Area Immobilization
H-Canyon/
Immobilization and
H-Canyon/
MOX Fuel a
MFFF
Capability
HB-Line
DWPF
HB-Line and DWPF
WIPP Disposal
Dose
Dose
Dose
Dose
Dose
Dose
Dose
(person(person(person(person(person(person(personAccident
rem)
LCFs
rem)
LCFs
rem)
LCFs
rem)
LCFs
rem)
LCFs
rem)
LCFs
rem)
LCFs
Limiting design-basis
1.6
0
630
0
280
0
630
0
280
0
280
0
280
0
accident
(9 × 10-4)
(0.4)
(0.2)
(0.4)
(0.2)
(0.2)
(0.2)
Design-basis earthquake b
0.0020
0
9.9
0
280
0
9.9
0
280
0
280
0
280
0
(1 × 10-6)
(6 × 10-3)
(0.2)
(6 × 10-3)
(0.2)
(0.2)
(0.2)
Beyond-design-basis
240
0
100
0
15,000
9
100
0
15,000
9
15,000
9
15,000
9
earthquake b
(0.1)
(6 × 10-2)
(6 × 10-2)
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; SRS = Savannah River Site; WIPP = Waste
Isolation Pilot Plant.
a
Listed impacts for the MOX Fuel Option for plutonium disposition conservatively include those from processing 4 metric tons (4.4 tons) of non-pit plutonium at H-Canyon/HB-Line
(and vitrification of waste resulting from this processing at DWPF) as a precursor for fabrication of the plutonium into MOX fuel at MFFF. This processing step for non-pit plutonium is
applicable under the MOX Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option would be those from operation of MFFF alone.
b
Doses and risks to the public for the design-basis earthquake and beyond-design-basis earthquake are added for all SRS facilities that may be involved in a particular plutonium disposition
option. Note that the impacts for the design-basis earthquake and the beyond-design-basis earthquake for H-Canyon/HB-Line include a seismically-induced fire.
Note: Values are derived from analyses presented in Appendix D.

Table G–6 Risk to the Maximally Exposed Individual and Noninvolved Worker from Limiting Accidents Associated with
Plutonium Disposition Options at the Savannah River Site
MFFF

SRS Facilities
K-Area Immobilization
Capability
Dose
(rem)
LCF Risk

H-Canyon/HB-Line
Dose
(rem)
LCF Risk

Immobilization and
DWPF
Dose
LCF
(rem)
Risk

Plutonium Disposition Options
H-Canyon/
MOX Fuel a
HB-Line and DWPF
Dose
LCF
Dose
(rem)
Risk
(rem)
LCF Risk

WIPP Disposal
Dose
LCF
(rem)
Risk
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Accident
Dose (rem) LCF Risk
Maximally Exposed Individual
Limiting design-basis
0.0094
6 × 10-6
2.1
1 × 10-3
0.41
2 × 10-4
2.1
1 × 10-3
0.41
2 × 10-4
0.41
2 × 10-4
0.41
2 × 10-4
accident
Design-basis
7.2 × 10-6
4 × 10-9
0.033
2 × 10-5
0.41
2 × 10-4
0.033
2 × 10-5
0.41
2 × 10-4
0.41
2 × 10-4
0.41
2 × 10-4
earthquake b, d
Beyond-design-basis
0.86
5 × 10-4
0.36
2 × 10-4
26
0.36
2 × 10-4
27
3 × 10-2
26
3 × 10-2
26
3 × 10-2
3 × 10-2
earthquake b, d
Noninvolved Worker
Limiting design-basis
0.22
1 × 10-4
27
3 × 10-2
1.6
9 × 10-4
27
3 × 10-2
1.6
9 × 10-4
1.6
9 × 10-4
1.6
9 × 10-4
accident
Design-basis0.00016
1 × 10-7
0.43
3 × 10-4
1.6
9 × 10-4
0.43
3 × 10-4
1.6
9 × 10-4
1.6
9 × 10-4
1.6
9 × 10-4
c, d
earthquake
Beyond-design-basis
22
3 × 10-2
12
7 × 10-3
1,400
1
12
7 × 10-3
1,400
1
1,400
1
1,400
1
c, d, e
earthquake
DWPF = Defense Waste Processing Facility; LCF = latent cancer fatality; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; rem = roentgen equivalent man; SRS = Savannah
River Site; WIPP = Waste Isolation Pilot Plant.
a
Listed impacts for the MOX Fuel Option for plutonium disposition conservatively include those from processing 4 metric tons (4.4 tons) of non-pit plutonium at H-Canyon/HB-Line
(and vitrification of waste resulting from this processing at DWPF) as a precursor for fabrication of the plutonium into MOX fuel at MFFF. This processing step for non-pit plutonium is applicable
under the MOX Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option would be those from operation of MFFF alone.
b
For the purposes of this analysis, doses and risks to the maximally exposed individual for the design-basis earthquake and beyond-design-basis earthquake accidents are added across all SRS
facilities that may be involved in a particular plutonium disposition option even though the maximally exposed individual for accidents in K-Area would be different than the maximally exposed
individual near H-Area, for example.
c
Doses and risks to noninvolved workers for the design-basis and beyond-design-basis earthquake accidents are presented for the highest dose to such an individual at a specific area since a
noninvolved worker at K-Area would not be near H-Area should an accident occur there and vice versa.
d
Impacts from design-basis and beyond-design-basis earthquakes involving H-Canyon/HB-Line include impacts from seismically induced fires.
e
Individual doses in excess of 400 to 450 rem are assumed to result in a fatality.
Note: Values are derived from analyses presented in Appendix D.
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A beyond-design-basis earthquake involving K-Area when the immobilization capability was operational
would expose the public residing within 50 miles (80 kilometers) of SRS to an estimated dose of
100 person-rem. This dose would result in no additional LCFs among the general public (calculated
value: 6 × 10-2 LCF). The MEI would receive a dose of 0.36 rem which represents a risk to the MEI of
developing a latent fatal cancer of 2 × 10-4, or 1 chance in 5,000. A noninvolved worker would receive a
dose of 12 rem with a risk of developing a latent fatal cancer of 7 × 10-3, or about 1 chance in 140.
G.2.2.2 MOX Fuel
The limiting design-basis accident during operation of MFFF in F-Area would be a criticality incident. If
this accident were to occur, the public residing within 50 miles (80 kilometers) of SRS would receive an
estimated dose of 1.6 person-rem. This dose would result in no additional LCFs among the general public
(calculated value: 9 × 10-4 LCF). The MEI would receive a dose of 0.0094 rem which represents a risk to
the MEI of developing an LCF of 6 × 10-6, or about 1 chance in 170,000. A noninvolved worker would
receive a dose of 0.22 rem with a risk of developing a latent fatal cancer of 1 × 10-4, or 1 chance
in 10,000.
A design-basis earthquake involving F-Area when the MFFF was operational would expose the public
residing within 50 miles (80 kilometers) of SRS to an estimated dose of 0.0020 person-rem. This dose
would result in no additional LCFs among the general public (calculated value: 1 × 10-6 LCF). The MEI
would receive a dose of 7.2 × 10-6 rem which represents a risk to the MEI of developing a latent fatal
cancer of 4 × 10-9, or 1 chance in 250 million. A noninvolved worker would receive a dose of
0.00016 rem with a risk of developing a latent fatal cancer of 1 × 10-7, or 1 chance in 10 million.
A beyond-design-basis earthquake involving F-Area when the MFFF was operational would expose the
public residing within 50 miles (80 kilometers) of SRS to an estimated dose of 240 person-rem. This
dose would result in no additional LCFs among the general public (calculated value: 0.1 LCF). The MEI
would receive a dose of 0.86 rem which represents a risk to the MEI of developing a latent fatal cancer of
5 × 10-4, or 1 chance in 2,000. A noninvolved worker would receive a dose of 22 rem with a risk of
developing a latent fatal cancer of 3 × 10-2, or about 1 chance in 33.
The impacts listed in Tables G–5 and G–6 under the MOX Fuel Option for plutonium disposition include
those for operation of H-Canyon/HB-Line to process 4 metric tons (4.4 tons) of non-pit plutonium as a
precursor to fabrication of this non-pit plutonium into MOX fuel at MFFF. The impacts from postulated
accidents at H-Canyon/HB-Line would be the same as those addressed below in Section G.2.2.3. These
combined accident impacts would be applicable under the MOX Fuel Alternative; under all other
alternatives the accident impacts for the MOX Fuel Option for plutonium disposition would be those for
the MFFF alone.
G.2.2.3 H-Canyon/HB-Line and DWPF
The limiting design-basis accident involving plutonium dissolution activities at H-Canyon/HB-Line
(and conversion of non-pit plutonium to plutonium oxide under the MOX Fuel Alternative) at SRS would
be a level-wide fire in HB-Line involving plutonium oxides and solutions. If this accident were to occur,
the public residing within 50 miles (80 kilometers) of SRS would receive an estimated dose of
280 person-rem. This dose would result in no additional LCFs among the general public (calculated
value: 0.2 LCF). The MEI would receive a dose of 0.41 rem which represents a risk to the MEI of
developing a latent fatal cancer of 2 × 10-4, or 1 chance in 5,000. A noninvolved worker would receive a
dose of 1.6 rem with a risk of developing a latent fatal cancer of 9 × 10-4, or about 1 chance in 1,100.
A design-basis earthquake with fire involving H-Canyon/HB-Line would expose the public residing
within 50 miles (80 kilometers) of SRS to an estimated dose of 280 person-rem. This dose would result
in no additional LCFs among the general public (calculated value: 0.2 LCF). The MEI would receive a
dose of 0.41 rem which represents a risk to the MEI of developing a latent fatal cancer of 2 × 10-4, or
1 chance in 5,000. A noninvolved worker would receive a dose of 1.6 rem with a risk of developing a
latent fatal cancer of 9 × 10-4, or about 1 chance in 1,100.
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A beyond-design-basis earthquake with fire involving H-Canyon/HB-Line would expose the public
residing within 50 miles (80 kilometers) of SRS to an estimated dose of 15,000 person-rem. This dose
would result in 9 additional LCFs among the general public. The MEI would receive a dose of 26 rem,
which represents a risk to the MEI of developing a latent fatal cancer of 3 × 10-2, or about 1 chance in 33.
A noninvolved worker would receive a dose of 1,400 rem, which would likely result in a near-term
fatality.
G.2.2.4 WIPP Disposal
At SRS, the results of the accident analysis of the plutonium disposition options indicate that the
accidents discussed in Section G.2.2.3 involving H-Canyon/HB-Line represent the limiting risks under
the WIPP Disposal Option as well. This is because H-Canyon/HB-Line would be used at SRS to prepare
the surplus plutonium for potential WIPP disposal and the same accidents could occur. At LANL,
enhancement of the capability at TA-55 to prepare surplus plutonium for potential WIPP disposal is not
expected to result in substantial accident impacts and risks in addition to those evaluated in Appendix F,
Section F.2.2.3. This is because the enhanced capability is not expected to change the limiting design
basis accident at PF-4, which is a hydrogen deflagration associated with dissolution of plutonium metal,
nor change the quantity of material at risk in TA-55 facilities potentially impacted by a design-basis and a
beyond-design-basis earthquake accident.
G.3

Socioeconomics

This section analyzes the potential annual socioeconomic impacts of different plutonium disposition
options. Impacts on direct and indirect employment, economic output, value added and earnings are
presented for the peak years of construction for these facilities and for the surplus plutonium activities at
these facilities during their peak years of operations. The area that would experience the impacts
presented in this section is the region of influence (ROI) surrounding each facility. The socioeconomic
ROI for the facilities at SRS is defined as the four-county area of Columbia and Richmond Counties in
Georgia, and Aiken and Barnwell Counties in South Carolina. The socioeconomic ROI for PF-4 at
LANL is defined as the four-county area of Los Alamos, Rio Arriba, Sandoval, and Santa Fe Counties in
New Mexico. All values are presented in 2010 dollars.
G.3.1 Immobilization and DWPF
Construction—Table G–7 summarizes the socioeconomic impacts at SRS that would be generated during
the peak year of construction of the K-Area immobilization capability. This capability would be
constructed over a 6-year period. Direct employment during construction of the immobilization
capability is expected to peak at 252 workers. The direct construction employment would generate an
estimated 159 indirect jobs in the ROI. The direct economic output during the peak year of construction
is estimated to be approximately $25 million. Approximately $23 million of the direct economic output
would be value added to the local economy in the form of final goods and services directly comparable to
gross domestic product (GDP). Approximately $16 million of the value added would be in the form of
direct earnings of construction workers.
There would be some minor modifications to DWPF to receive the can-in-canisters. However, no
additional employment would be required to support these modifications. Therefore, no socioeconomic
impacts are expected to result from modifications at DWPF.
Operations—Table G–8 summarizes the peak annual socioeconomic impacts at SRS generated by the
K-Area immobilization capability and DWPF operations associated with immobilized plutonium. Direct
employment at the K-Area immobilization capability is expected to peak at 434 workers. The direct
employment would generate an estimated 516 indirect jobs in the ROI. The direct economic output
during the peak year of operations is estimated to be $77 million, of which $65 million is estimated to be
value added to the local economy in the form of final goods and services directly comparable to GDP.
Approximately $38 million of the value added would be in the form of direct earnings of those employed
at the K-Area immobilization capability.
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Table G–7 Peak Annual Socioeconomic Impacts from Construction in Support of Plutonium Disposition Options
at the Savannah River Site
SRS Facilities

Plutonium Disposition Options

Resource
Direct employment

MFFF a
N/A

K-Area
Immobilization
Capability
252

Prepare
Non-Pit
Pu for
MFFF b
0

Prepare Pu
for DWPF
Vitrification b
0

Immobilized
Pu
negligible

Indirect employment

N/A

159

6

0

0

negligible

0

Pu Prepared
for
Vitrification
0

Immobilization
and DWPF
252

MOX
Fuel
0

H-Canyon/
HB-Line
and DWPF
0

WIPP
Disposal
10

0

159

0

0

6

Output
N/A
$25
$1.0
0
0
negligible
0
0
$25
0
0
$1.0
($ in millions)
Value added
N/A
$23
$0.9
0
0
negligible
0
0
$23
0
0
$0.9
($ in millions)
Earnings
N/A
$16
$0.6
0
0
negligible
0
0
$16
0
0
$0.6
($ in millions)
DWPF = Defense Waste Processing Facility; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; N/A = not applicable; Pu = plutonium; SRS = Savannah River Site; WIPP = Waste
Isolation Pilot Plant.
a
Construction requirements associated with MFFF are not included in this SPD Supplemental EIS because the building is already under construction in accordance with decisions reached through
previous National Environmental Policy Act analyses (DOE 1999; NRC 2005) and its workforce requirements fall within SRS’s current workforce requirements.
b
Modifications to H-Canyon/HB-Line to support preparation of non-pit plutonium for MFFF (applicable under the MOX Fuel Alternative) or to support dissolution of non-pit plutonium for
vitrification at DWPF are not expected to require additional employment and would fall within SRS’s current workforce requirements.
c
Minor modifications would be made to DWPF to accommodate can-in-canisters received from K-Area, with no additional employment expected to be needed. There would be no need for
modification of DWPF to support vitrification of waste generated from processing non-pit plutonium for MOX fuel fabrication (applicable under the MOX Fuel Alternative) or for vitrifying
plutonium dissolved at H-Canyon/HB-Line.
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Prepare Pu
for WIPP
Disposal
10

DWPF c
Waste
from NonPit Pu
Prepared
for MFFF
0

H-Canyon/HB-Line

Table G–8 Peak Annual Socioeconomic Impacts from Facility Operations in Support of Plutonium Disposition Options
at the Savannah River Site
SRS Facilities

Plutonium Disposition Options

H-Canyon/HB-Line a

Resource
Direct employment

MFFF
1,000

K-Area
Immobilization
Capability
434

Prepare Pu
for WIPP
Disposal
130

Prepare
Pu for
MFFF
100

Prepare Pu
for DWPF
Vitrification
40

Immobilized
Pu
0

DWPF b
Waste
from Pu
Prepared
for MFFF
0

Pu Prepared
for
Vitrification
0

Immobilization
and DWPF
434

MOX
Fuel c
1,100

H-Canyon/
HB-Line
and DWPF
40

WIPP
Disposal
130
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Indirect
1,189
516
155
119
48
0
0
0
516
1,308
48
155
employment
Output
$178
$77
$23
$18
$7.1
0
0
0
$77
$196
$7.1
$23
($ in millions)
Value added
$150
$65
$20
$15
$6.0
0
0
0
$65
$165
$6.0
$20
($ in millions)
Earnings
$88
$38
$11
$8.8
$3.5
0
0
0
$38
$97
$3.5
$11
($ in millions)
DWPF = Defense Waste Processing Facility; MFFF = MOX Fuel Fabrication Facility; MOX = mixed oxide; Pu = plutonium; SRS = Savannah River Site; WIPP = Waste Isolation Pilot Plant.
a
The listed values reflect those workers who would be engaged in plutonium conversion or disposition operations.
b
Annual operations at DWPF to support plutonium disposition activities are not expected to result in additional employment beyond those already included in SRS’s current workforce requirements.
c
Listed impacts for the MOX Fuel Option for plutonium disposition conservatively include those from processing 4 metric tons (4.4 tons) of non-pit plutonium at H-Canyon/HB-Line (and
vitrification of waste resulting from this processing at DWPF) as a precursor for fabrication of the plutonium into MOX fuel at MFFF. This processing step for non-pit plutonium is applicable
under the MOX Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option would be those from operation of MFFF alone.
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Operations at DWPF would continue at their current rate and are not expected to require any additional
employment. Therefore, no socioeconomic impacts are expected to result from DWPF operations
associated with immobilized plutonium.
G.3.2 MOX Fuel
Construction—At SRS, MFFF is already under construction and impacts from its construction have been
previously assessed (DOE 1999; NRC 2005). No modifications would be required at MFFF as it is
currently being constructed to support this plutonium disposition option, and no modifications are
expected at H-Canyon/HB-Line. Therefore, no socioeconomic impacts are expected above those
previously analyzed.
Operations—Table G–8 summarizes the peak annual socioeconomic impacts at SRS that would be
generated during the peak year of disposition activities. While most disposition activities would occur at
MFFF, conversion of 4 metric tons (4.4 tons) of non-pit plutonium to an oxide could occur at
H-Canyon/HB-Line as part of the MOX Fuel Alternative and would result in a small amount of waste
needing to be sent to DWPF annually, with no change in employment at DWPF. Table G–8
conservatively includes the impacts from this potential activity with the values listed for the MOX Fuel
Option.
Direct employment at MFFF is expected to peak at 1,000 workers. The direct employment would
generate an estimated 1,189 indirect jobs in the ROI. The direct economic output during the peak year of
operations is estimated to be $178 million, of which $150 million is estimated to be value added to the
local economy in the form of final goods and services directly comparable to GDP. Approximately
$88 million of the value added would be in the form of direct earnings of those employed at MFFF.
Direct employment required for conversion of plutonium material to plutonium oxide at
H-Canyon/HB-Line for use at MFFF is estimated to peak at 100 workers. The direct employment would
generate an estimated 119 indirect jobs in the ROI. The direct economic output during the peak year of
H-Canyon/HB-Line operations is estimated to be approximately $18 million, of which $15 million would
be value added to the local economy in the form of final goods and services directly comparable to GDP.
Approximately $8.8 million of the value added would be in the form of earnings of H-Canyon/HB-Line
workers engaged in plutonium conversion activities.
Operations at DWPF would continue at their current rate and would not be expected to require any
additional employment. Therefore, no socioeconomic impacts would be expected to result from DWPF
operations associated with MOX fuel fabrication.
G.3.3 H-Canyon/HB-Line and DWPF
Construction—At SRS, modifications that may be needed at H-Canyon/HB-Line to support disposition of
surplus plutonium through H-Canyon/HB-Line and DWPF would be minor and are not expected to
require additional employment. No facility construction or modification is expected at DWPF.
Operations—Table G–8 summarizes the peak annual socioeconomic impacts at SRS that would be
generated by operation of H-Canyon/HB-Line and DWPF for plutonium disposition. Under this
disposition option, 6 metric tons (6.6 tons) of plutonium would be processed through H-Canyon/HB-Line
so that it could be sent to DWPF for vitrification. Direct employment during peak operations at
H-Canyon/HB-Line is estimated to be 40 workers. The direct employment would generate an estimated
48 indirect jobs in the ROI. The direct economic output during the peak year of H-Canyon/HB-Line
operations is estimated to be approximately $7.1 million, of which $6.0 million would be value added to
the local economy in the form of final goods and services directly comparable to GDP. Approximately
$3.5 million of the value added would be in the form of earnings of H-Canyon/HB-Line workers engaged
in plutonium preparation activities.
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Operations at DWPF to prepare plutonium for disposition through DWPF would continue at their current
rate and would not require any additional employment. Therefore, no socioeconomic impacts are
expected from DWPF operations associated with plutonium disposition.
G.3.4 WIPP Disposal
Construction—At SRS, Table G–7 summarizes the peak annual socioeconomic impacts that would be
generated by modifications to H-Canyon/HB-Line needed to prepare plutonium for potential WIPP
disposal using three HB-Line process lines.
Direct employment during the peak year of
H-Canyon/HB-Line modifications is estimated to require 10 workers. The direct employment would
generate 6 indirect jobs in the SRS ROI. The direct economic output during the peak year of
modifications is estimated to be approximately $1.0 million, of which $0.9 million would be value added
to the local economy in the form of final goods and services directly comparable to GDP. Approximately
$0.6 million of the value added would be in the form of earnings of workers. The direct employment
required for H-Canyon/HB-Line modifications would be drawn from the existing SRS workforce and is
not expected to result in additional employment.
At LANL, enhancement of LANL’s capability to prepare surplus plutonium for potential WIPP disposal
is not expected to result in substantial annual socioeconomic impacts from construction. Development of
a capability to prepare surplus plutonium for potential WIPP disposal would be accomplished
concurrently with the proposed enhancement to LANL’s pit disassembly and conversion capability (see
Appendix F, Section F.3.3), and any requirement at LANL for additional construction employment under
this option is expected to be minor.
Operations—At SRS, Table G–8 summarizes the peak annual socioeconomic impacts that would be
generated by H-Canyon/HB-Line operations in support of plutonium disposition at WIPP. Direct
employment during the peak year of H-Canyon/HB-Line operations related to this plutonium disposition
option is estimated to be 130 workers. The direct employment would generate an estimated 155 indirect
jobs in the ROI. The direct economic output generated during the peak year of operations is estimated to
be approximately $23 million, of which $20 million would be value added to the local economy in the
form of final goods and services directly comparable to GDP. Approximately $11 million of the value
added would be in the form of earnings of H-Canyon/HB-line workers engaged in plutonium preparation
activities. The direct employment required for H-Canyon/HB-Line operations would be drawn from the
existing SRS workforce and is not expected to result in additional employment. To the extent under the
PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options for pit disassembly and conversion
that pit plutonium was prepared for potential WIPP disposal at LANL rather than at SRS, peak annual
socioeconomic impacts at SRS would be unchanged, although the overall time required at
H-Canyon/HB-Line to prepare plutonium for potential WIPP disposal would be reduced.
At LANL, to the extent under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options that
pit plutonium was prepared at LANL for potential WIPP disposal, employment could be required at
LANL in addition to that evaluated for PF-4 in Appendix F, Section F.3.3. Detailed information is not
available regarding the levels of employment that could be required. It is expected, however, that any
additional direct employment at LANL would be enveloped by that estimated for SRS for performing the
same WIPP preparation activities, which involves the direct employment of 130 workers. Any additional
direct employment at LANL would be expected to result in approximately the same number of indirect
jobs in the LANL ROI. In addition, the period of plutonium disposition operations at LANL could be
extended by a few years, resulting in continued annual socioeconomic impacts over this period.
G.4

Waste Management

This section analyzes impacts of plutonium disposition options on waste management facilities at SRS
and LANL. The waste types addressed include CH-TRU and mixed CH-TRU waste (analyzed
collectively), solid LLW, solid MLLW, solid hazardous waste, solid non-hazardous waste, liquid LLW,
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and liquid non-hazardous waste. The generation of these waste streams is the result of construction,
modifications and operations associated with the facilities being analyzed for plutonium disposition
activities. Years of operation would vary depending on the combination of pit disassembly and
conversion and plutonium disposition options that might be implemented under the SPD Supplemental
EIS alternatives.
Waste management facilities and their associated capacities at SRS and LANL are described in Chapter 3,
Sections 3.1.10 and 3.2.10, respectively. Waste management impacts are evaluated as a percentage of
treatment, storage, disposal capacity, or existing generation rate, depending on a particular waste type’s
onsite disposition. Appendix F, Tables F–10 and F–11, provide summaries of capacities for SRS and
LANL waste management facilities and the evaluation criteria used to assess impacts.
G.4.1 Immobilization and DWPF
Construction—Table G–9 summarizes the average annual amount of waste that would be generated from
facility construction or modification at SRS. The K-Area immobilization capability would be constructed
over a 6-year period. Construction would generate solid LLW, solid MLLW, solid hazardous waste, and
solid non-hazardous waste. There would be a few minor modifications at DWPF to accommodate the
receipt of the can-in-canisters from the immobilization capability, but the waste generated from these
modifications is expected to be negligible. Construction of GWSBs is not analyzed in this
SPD Supplemental EIS because the impacts associated with storage of up to 10,000 canisters containing
vitrified HLW have been previously analyzed (DOE 1994). Table G–10 summarizes the total amount of
waste that would be generated.
Table G–9 Immobilization and DWPF Option Average Annual Construction Waste Generation
at the Savannah River Site
CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid
Hazardous
Waste
(m3/yr)

Solid
Nonhazardous
Waste
(m3/yr)

Liquid LLW
(liters per
year)

Liquid
Nonhazardous
Waste
(liters per year)

Facility
K-Area
immobilization
negligible
420
17
17
420
negligible
negligible
capability
DWPF
negligible
negligible negligible
negligible
negligible
negligible
negligible
Percent of SRS
negligible
1.1
5.7
5.7
<0.1
negligible
negligible
Capacity
CH-TRU = contact-handled transuranic; DWPF = Defense Waste Processing Facility; LLW = low-level radioactive waste;
m3/yr = cubic meters per year; MLLW = mixed low-level radioactive waste; SRS = Savannah River Site.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNS 2012.

Table G–10 Immobilization and DWPF Option Total Construction Waste Generation
at the Savannah River Site
CH-TRU
Waste
(m3)

Solid
LLW
(m3)

Solid
MLLW
(m3)

Solid
Hazardous
Waste
(m3)

Solid
Nonhazardous
Waste
(m3)

Liquid
LLW
(liters)

Liquid
Nonhazardous
Waste
(liters)

Facility
K-Area
immobilization
negligible
2,500
100
100
2,500
negligible
negligible
capability
DWPF
negligible
negligible
negligible
negligible
negligible
negligible
negligible
CH-TRU = contact-handled transuranic; DWPF = Defense Waste Processing Facility; LLW = low-level radioactive waste;
MLLW = mixed low-level radioactive waste; m3 = cubic meters.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNS 2012.
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Operations—Table G–11 summarizes the peak annual amount of waste that would be generated from
immobilization operations at SRS. Operations from the facilities cited in the table would generate
CH-TRU waste, solid LLW, solid MLLW, solid hazardous waste, solid non-hazardous waste, and
liquid LLW.
Table G–11 Immobilization and DWPF Option Peak Annual Operations Waste Generation
at the Savannah River Site
CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid
Hazardous
Waste
(m3/yr)

Solid
Nonhazardous
Waste (m3/yr)

Liquid
LLW
(liters per
year)

Liquid
Nonhazardous
Waste
(liters per year)

Facility
K-Area immobilization
460
250
80
80
50
negligible
negligible
capability
a
DWPF
negligible
7.9
0.1
negligible
negligible
6.3
negligible
Percent of SRS Capacity
3.5
0.7
27
27
<0.1
<0.1
negligible
CH-TRU = contact-handled transuranic; DWPF = Defense Waste Processing Facility; LLW = low-level radioactive waste;
MLLW = mixed low-level radioactive waste; m3/yr = cubic meters per year; SRS = Savannah River Site.
a
DWPF waste is the incremental annual volumes that would be generated over that generated from normal DWPF operations for the
additional canisters that would be processed annually to support the Immobilization and DWPF Option. For example, 95 canisters
over 10 years of immobilization activities yields approximately an additional 10 canisters that would be annually processed at
DWPF.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNS 2012.

The K-Area immobilization capability would operate for 10 years to immobilize 13.1 metric tons
(14.4 tons) of plutonium. In support of the Immobilization and DWPF Option, DWPF would also operate
for 10 years. Approximately 790 can-in-canisters would be sent from the K-Area immobilization
capability to DWPF. Due to displaced HLW from the can-in-canisters, approximately 95 additional
canisters of vitrified HLW would be generated (WSRC 2008). The GWSBs in S-Area currently have the
capacity to store up to 4,590 canisters and S-Area storage capacity could be expanded (e.g., an additional
GWSB or dry cask storage on a pad) to up to 10,000 canisters (DOE 1994; SRNS 2012; SRR 2013);
therefore, there would be no waste management impacts from storage of these additional HLW canisters.
DWPF would need to remain operational for an additional 6 years to accommodate the timing of transfer
of can-in-canisters from the K-Area immobilization capability to DWPF. The annual waste generation
from DWPF operations as shown in Chapter 3, Table 3–21, would represent approximately 30 percent of
normal full-scale operations. However, the total amount of waste that would be generated at DWPF
during its operational lifecycle would not change, with the exception of that incremental waste associated
with the processing of approximately 95 additional canisters.
G.4.2 MOX Fuel
Construction—MFFF is already under construction at SRS and impacts from its construction have been
previously assessed (DOE 1999; NRC 2005). Wastes from MFFF construction are included with current
SRS waste generation rates (see Chapter 3, Section 3.1.10).
Operations—Table G–12 summarizes the peak annual volumes of waste that would be generated at SRS
from operations under the MOX Fuel Option. Operations from the facilities cited in the table would
generate CH-TRU waste, solid LLW, solid hazardous waste, solid non-hazardous waste, liquid LLW, and
liquid non-hazardous waste.
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Table G–12 MOX Fuel Option Peak Annual Operations Waste Generation
at the Savannah River Site
CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid
Hazardous
Waste
(m3/yr)

Solid
Nonhazardous
Waste
(m3/yr)

Liquid
LLW
(liters per year)

Liquid
Nonhazardous
Waste
(liters per year)

Facility
H-Canyon/
22
130
negligible
negligible
negligible
negligible
negligible
HB-Line a
DWPF a
negligible negligible
negligible
negligible
negligible
negligible
negligible
MFFF
260
450
negligible
0.3
1,000
1,200,000
340,000,000
Percent of
2.1
1.6
negligible
<0.1
<0.1
0.2
23
SRS Capacity
CH-TRU = contact-handled transuranic; DWPF = Defense Waste Processing Facility; LLW = low-level radioactive waste;
MFFF = Mixed Oxide Fuel Fabrication Facility; MLLW = mixed low-level radioactive waste; MOX = mixed oxide;
m3/yr = cubic meters per year; SRS = Savannah River Site.
a
Waste volumes associated with conversion activities for 4 metric tons (4.4 tons) of non-pit plutonium for transfer to MFFF;
these wastes are applicable under the MOX Fuel Alternative; for all other alternatives the waste volumes under the MOX
Fuel Option for plutonium disposition would be those from operation of MFFF alone.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNL 2013; SRNS 2012.

Conversion of 4 metric tons (4.4 tons) of non-pit plutonium materials to plutonium oxide would occur at
H-Canyon/HB-Line under the MOX Fuel Alternative. Conversion of non-pit plutonium materials to
plutonium dioxide at H-Canyon/HB-Line is assumed to take 6 years. In addition, processing of additional
feed material at DWPF associated with non-pit plutonium conversion activities at H-Canyon/HB-Line
would increase by less than 1 percent; therefore, any increase in waste generation at DWPF is expected to
be negligible. It is estimated that no more than approximately 2 additional HLW canisters would be
produced at DWPF (i.e., approximately 1 canister for every 2 metric tons (2.2 tons) of plutonium
processed in H-Canyon/HB-Line). HLW storage operations would not be impacted by these additional
canisters. MFFF would operate for 21 to 24 years, depending on the alternative.
G.4.3 H-Canyon/HB-Line and DWPF
Construction—At SRS, minor modifications to H-Canyon/HB-Line are expected under the
H-Canyon/HB-Line and DWPF Option, with no construction or modification expected at DWPF;
therefore, no additional construction waste would be generated.
Operations—Table G–13 summarizes the peak annual amount of waste that would be generated at SRS
from operations under the H-Canyon/HB-Line and DWPF Option. Operations from the facilities cited in
the table would principally generate CH-TRU waste and solid LLW. H-Canyon/HB-Line would operate
for 13 years to process 6 metric tons (6.6 tons) of non-pit plutonium materials for shipment to DWPF.
Approximately 48 additional vitrified glass canisters would be generated from disposition of 6 metric tons
(6.6 tons) of surplus plutonium at H-Canyon/HB-Line with vitrification at DWPF, assuming no credit for
using gadolinium as a neutron poison (see Appendix B, Section B.1.4.1). These additional canisters
would not be significant to the existing operation of DWPF. If gadolinium is credited, then
approximately 20 additional canisters would be generated (SRNL 2013). For the reasons discussed in
Section G.4.1, the additional canisters would have no impacts on HLW storage capacity in S-Area.
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Table G–13 H-Canyon/HB-Line and DWPF Option Peak Annual Operations Waste Generation
at the Savannah River Site
CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid
Hazardous
Waste
(m3/yr)

Solid
Nonhazardous
Waste
(m3/yr)

Liquid
LLW
(liters per
year)

Liquid
Nonhazardous
Waste
(liters per year)

Facility
H-Canyon/
6
130
negligible
negligible
negligible
negligible
negligible
HB-Line a
DWPF
negligible negligible
negligible
negligible
negligible
negligible
negligible
Percent of SRS
<0.1
0.4
negligible
negligible
negligible
negligible
negligible
Capacity
CH-TRU = contact-handled transuranic; DWPF = Defense Waste Processing Facility; LLW = low-level radioactive waste;
MLLW = mixed low-level radioactive waste; m3/yr = cubic meters per year; SRS = Savannah River Site.
a
Waste associated with dissolution of 6 metric tons (6.6 tons) of non-pit plutonium for transfer to DWPF.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNL 2013.

G.4.4 WIPP Disposal
Construction—Table G–14 summarizes the average annual quantities of waste that would be generated
from construction or modifications at SRS to enable preparation of surplus plutonium for potential WIPP
disposal using three HB-Line process lines. Minor modifications to H-Canyon/HB-Line would be
required and would occur over a 2-year period. Modification of H-Canyon/HB-Line would generate CHTRU waste. Table G–15 summarizes the total quantities of waste that would be generated during
construction at SRS.
At LANL, development of an enhanced capability in TA-55 facilities for preparation of surplus plutonium
for potential WIPP disposal is expected to represent a minor variation on facility modifications proposed
for the enhanced pit disassembly and conversion capability at PF-4 (see Appendix F, Section F.4.3), with
expected negligible generation of additional wastes. Enhancement of the LANL capability for
preparation of surplus plutonium for potential WIPP disposal is not expected to result in annual
generation of CH-TRU waste, LLW, or MLLW in excess of LANL waste management capacity, and no
significant annual or total construction-period impacts on on- or offsite waste management capacity.
Table G–14 WIPP Disposal Option Average Annual Construction Waste Generation
at the Savannah River Site
CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid
Hazardous
Waste
(m3/yr)

Solid
Nonhazardous
Waste
(m3/yr)

Liquid
LLW
(liters per
year)

Liquid
Nonhazardous
Waste
(liters per year)

Facility
H-Canyon/
5
negligible
negligible
negligible
negligible
negligible
negligible
HB-Line
Percent of
<0.1
negligible
negligible
negligible
negligible
negligible
negligible
SRS Capacity
CH-TRU = contact-handled transuranic; LLW = low-level radioactive waste; MLLW = mixed low-level radioactive waste;
m3/yr = cubic meters per year; SRS = Savannah River Site.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNL 2013.
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Table G–15 WIPP Disposal Option Total Construction Waste Generation
at the Savannah River Site
Solid
Hazardous
Waste
(m3)

CH-TRU
Waste
(m3)

Solid
Nonhazardous
Waste
(m3)

Liquid
Nonhazardous
Waste
(liters)

Solid LLW
Solid MLLW
Liquid LLW
Facility
(m3)
(m3)
(liters)
H-Canyon/
10
negligible
negligible
negligible
negligible
negligible
negligible
HB-Line
CH-TRU = contact-handled transuranic; LLW = low-level radioactive waste; MLLW = mixed low-level radioactive waste;
m3 = cubic meters; WIPP = Waste Isolation Pilot Plant.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNL 2013.

Operations—Table G–16 summarizes the peak annual amount of waste that would be generated at SRS
from operations under the WIPP Disposal Option. Operations would principally generate CH-TRU waste
and solid LLW. Two metric tons (2.2 tons) of non-pit plutonium materials would be packaged for
shipment to WIPP under the MOX Fuel Alternative. It is assumed that two processing lines would be
used at HB-Line to prepare the plutonium for shipment to WIPP, requiring 10 years to complete. Under
the WIPP Alternative, it is assumed that three processing lines would be used at HB-Line to prepare
13.1 metric tons (14.4 tons) of pit and non-pit plutonium for shipment to WIPP (SRNL 2013), requiring
25 years to complete.
Table G–16 WIPP Disposal Option Peak Annual Operations Waste Generation
at the Savannah River Site
CH-TRU
Waste
(m3/yr)

Solid
LLW
(m3/yr)

Solid
MLLW
(m3/yr)

Solid
Hazardous
Waste
(m3/yr)

Solid
Nonhazardous
Waste
(m3/yr)

Liquid
LLW
(liters per
year)

Liquid
Nonhazardous
Waste
(liters per year)

Facility
H-Canyon/
350
95
negligible
negligible
negligible
negligible
negligible
HB-Line a
H-Canyon/
770
83
negligible
negligible
negligible
negligible
negligible
HB-Line b
Percent of SRS
5.8
0.3
negligible
negligible
negligible
negligible
negligible
Capacity c
CH-TRU = contact-handled transuranic; LLW = low-level radioactive waste; MLLW = mixed low-level radioactive waste;
m3/yr = cubic meters per year; SRS = Savannah River Site; WIPP = Waste Isolation Pilot Plant.
a
Waste associated with packaging 2 metric tons (2.2 tons) of non-pit plutonium for shipment to WIPP under the MOX Fuel
Alternative, assuming packaging within pipe overpack containers.
b
Waste associated with packaging 13.1 metric tons (14.4 tons) of pit and non-pit plutonium for shipment to WIPP under the
WIPP Alternative, assuming packaging within pipe overpack containers.
c
Percent of SRS capacity represents the amount of TRU waste under the WIPP Alternative and the amount of solid LLW
under the MOX Fuel Alternative, for which the maximum volumes of TRU waste and LLW, respectively, would be
generated.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNL 2013.

At LANL under the WIPP Alternative, no operational wastes would be generated in addition to those
evaluated in Appendix F, Section F.4.3, and summarized in Table F–20, with no additional impacts on
LANL waste management capacity, if 7.1 metric tons (7.8 tons) of pit plutonium were transported to SRS
for preparation for potential WIPP disposal. These wastes are estimated as 170 cubic meters (220 cubic
yards) and 180 cubic meters (240 cubic yards) of CH-TRU waste and LLW, respectively. Under the PF-4
and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options for pit disassembly and conversion,
however, some or all of this pit plutonium could be prepared at LANL for potential WIPP disposal. In
this event, the activities and processes required to prepare the plutonium at LANL for potential WIPP
disposal would be the same as those required at H-Canyon/HB-Line at SRS. The volumes of CH-TRU
waste generated at SRS would decrease while the volumes of CH-TRU waste generated at LANL would
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increase, but the total CH-TRU waste volume as summed over SRS and LANL would remain
approximately the same. Careful planning may be needed to expedite the throughput of this additional
CH-TRU waste within TA-55 facilities and transfer to LANL waste management areas for staging for
shipment to WIPP (see Appendix H).
G.5

Transportation

Transportation involves the movement of materials between facilities involved in the surplus Plutonium
Disposition Program including pit disassembly and conversion facilities, plutonium disposition facilities,
support facilities, and domestic commercial nuclear power reactors, as well as waste to treatment, storage,
and disposal facilities. This type of system-wide analysis does not lend itself to analysis of a portion of
the system (e.g., just the plutonium disposition options) when evaluating impacts from transportation of
materials and wastes. See Appendix E, “Evaluation of Human Health Effects from Transportation,” for a
detailed description of the transportation impacts associated with the alternatives being evaluated in this
SPD Supplemental EIS. Included are the effects associated with the plutonium disposition options
addressed for each alternative. Appendix E, Section E.11, provides a discussion of the impacts associated
with onsite shipments at SRS and LANL.
G.6

Environmental Justice

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and
Low-Income Populations, directs Federal agencies to identify and address, as appropriate,
disproportionately high and adverse human health and environmental effects of their programs, policies,
and activities on minority and low-income populations.
The alternatives considered in this
SPD Supplemental EIS involve construction and operation of several facilities in various combinations,
with different levels of efforts and operational timeframes. This type of system-wide analysis does not
lend itself to analysis of a portion of the system (e.g., just the plutonium disposition options). Chapter 4,
Section 4.1.6, presents the potential impacts on populations surrounding the facilities at SRS and LANL
that would be involved in surplus plutonium activities under the SPD Supplemental EIS alternatives.
Included are the impacts associated with the plutonium disposition facilities.
G.7

Other Resource Areas

G.7.1 Land Resources
This section describes impacts that the plutonium disposition options would have on land resources.
Land resources include land use and visual resources. Construction of the K-Area immobilization
capability at SRS under the Immobilization and DWPF Option has the most potential to affect land
resources. The other plutonium disposition options evaluated in this appendix would have no to minimal
potential for impacting land resources.
G.7.1.1 Immobilization and DWPF
Gloveboxes and other equipment required for safe plutonium preparation would be installed within the
K-Area Complex; however, construction of new support systems would be needed, such as a chiller
building, cooling towers, office space, sand filter, fan house, and exhaust tunnel and stack.
Approximately 2 acres (0.8 hectares) of previously disturbed land at K-Area would be required during
construction of these support systems. Because K-Area is an industrialized area, this would not represent
a change in land use. Minor modifications to DWPF at S-Area to support filling can-in-canisters with
vitrified HLW would occur within the existing DWPF structure, resulting in no impacts on land use.
Operation of the facilities involved in this option would involve no ground-disturbing activities and,
therefore, would not result in impacts on land use at SRS.
Installation of gloveboxes and other equipment within an existing structure at the K-Area Complex would
not impact visual resources, although a number of new structures would be constructed at K-Area
including the previously-mentioned support systems. Because each of these structures would be
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constructed within the built-up portion of K-Area, there would be no change in its overall industrial
appearance or its current Visual Resource Management Class IV designation. Because modifications to
DWPF would occur within the existing structure there would be no change to visual resources at S-Area.
Operation of the facilities involved in this option would not impact visual resources at SRS.
G.7.1.2 MOX Fuel
No additional construction would be required at MFFF to fabricate plutonium oxide into MOX fuel
beyond that analyzed in previous National Environmental Policy Act analyses (DOE 1999; NRC 2005).
Therefore, there would be no impacts on existing land use or visual resources under this option.
Operation of any of the facilities potentially involved in this option would involve no ground-disturbing
activities and, therefore, would not result in impacts on land use or visual resources at SRS.
G.7.1.3 H-Canyon/HB-Line and DWPF
Facility modifications to H-Canyon include changing out or reconfiguring some tanks and/or piping to
increase plutonium storage volume and capacity, and changes to or adding some equipment at HB-Line.
Because all such modifications would be within the existing structure, there would be no change in land
use or visual resources at H-Area. A transfer bypass line may be installed around a diversion box at the
H-Area tank farm on land that is already disturbed and used for industrial purposes; thus, if this line is
installed, it would not impact land resources at H-Area. No additional features would be required at
DWPF. Operation of the facilities involved in this option would involve no ground-disturbing activities
and, therefore, would not result in impacts on land use or visual resources at SRS.
G.7.1.4 WIPP Disposal
At SRS, because implementing this option would involve minor modifications to equipment within the
existing H-Canyon/HB-Line structure, there would be no potential for impacts on land use or visual
resources at SRS. At LANL, modifications to provide an enhanced capability to prepare surplus
plutonium for potential WIPP disposal would likely occur within the footprint of existing TA-55
facilities, with no impacts on land use and visual resources. At SRS and LANL, facility operations under
this option would involve no ground-disturbing activities; thus, there would be no impacts on land use or
visual resources at either site.
G.7.2 Geology and Soils
Impacts on geology and soils can occur from disturbance of geologic and soil materials during land
clearing, grading, and excavation activities, and the use of geologic and soils materials during facility
construction and operations. Disturbance of geologic and soil materials includes excavating rock and soil,
soil mixing, soil compaction, and covering with building foundations, parking lots, roadways, and fill
materials. The use of geologic and soils materials during facility construction and operations includes
using crushed stone, sand, gravel, and soil in road and building construction, as fill during construction,
and as feed for processing activities during operations.
Construction of the K-Area immobilization capability at SRS under the Immobilization and DWPF
Option has the most potential to affect geology and soils by disturbance of the land surface and the use of
geologic and soils materials. The other plutonium disposition options evaluated in this appendix would
have no to minimal potential for land disturbance and use of geologic and soils materials.
G.7.2.1 Immobilization and DWPF
Construction—As described in Section G.7.1.1, construction of the K-Area immobilization capability
would disturb a total of 2 acres (0.8 hectares) of previously disturbed land. During construction, best
management practices (BMPs) such as silt fences, straw bales, geotextile fabrics, and revegetation would
be used to control erosion. The South Carolina Department of Health and Environmental Control
(SCDHEC) requires a Stormwater Pollution Prevention Plan (SWPPP) under the South Carolina National
Pollutant Discharge Elimination System (NPDES) General Permit for stormwater discharges from
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construction activities (Permit Number SCR100000) (NRC 2005:4-24, 5-2). Because this area has
already been disturbed, a limited area of soils would be disturbed at any time, and BMPs would be used to
limit soil erosion, minimal impacts on geology and soils at SRS are expected.
It is estimated that 1,200 tons (1,100 metric tons) of crushed stone, sand, and gravel, and 9,500 cubic
yards (7,300 cubic meters) of soil would be used during construction of the K-Area immobilization
capability (WSRC 2008). The crushed stone, sand, and gravel would be supplied from offsite commercial
sources, and the soils would be supplied from onsite resources and from soils stockpiled at the
construction site during excavation. The total quantities of these materials would represent small
percentages of regionally plentiful resources and are unlikely to have adverse impacts on geology and
soils at SRS. It is expected that no geologic and soil materials would be needed at DWPF to support
facility modifications under this option.
Operations—Operation of the facilities involved in this option would involve no ground-disturbing
activities and little or no use of geologic and soils materials and, therefore, would result in minimal
impacts on SRS geology and soils.
G.7.2.2 MOX Fuel
Construction— MFFF is already under construction and impacts from its construction have been
previously assessed (DOE 1999; NRC 2005); no additional impacts on SRS geology and soils are
expected.
Operations—Operation of the facilities potentially involved in this option would involve no
ground-disturbing activities and little or no use of geologic and soils materials and, therefore, would have
minimal impacts on SRS geology and soils.
G.7.2.3 H-Canyon/HB-Line and DWPF
Construction—Although there would be some minor modifications to equipment at H-Canyon/HB-Line
to prepare and dissolve plutonium for subsequent vitrification with HLW at DWPF, these modifications
would take place within an existing structure. There would be no additional ground disturbance at
H-Area and no impacts on SRS geology and soils. A transfer bypass line may be installed around a
diversion box at the H-Area tank farm on land that is already disturbed and used for industrial purposes.
If this bypass line is installed, control measures would be implemented similar to those discussed in
Section G.7.2.1 to minimize the potential for erosion and sediment loss. Therefore, implementing this
option would require little or no use of geologic and soils materials and have minimal impacts on SRS
geology and soils.
Operations—Operation of the facilities involved in this option would involve no ground-disturbing
activities and little or no use of geologic and soils materials and, therefore, would result in minimal
impacts on SRS geology and soils.
G.7.2.4 WIPP Disposal
Construction—At SRS, implementing this option would involve minor modifications to equipment within
the existing H-Canyon/HB-Line structure; thus, there would be no potential for erosion and sediment loss.
There would be little or no requirement for local geologic and soil materials, with minimal impacts on
SRS geology and soils. At LANL, modifications to provide an enhanced capability to prepare surplus
plutonium for potential WIPP disposal would likely occur within the footprint of existing TA-55
facilities, with no impacts on geology and soils.
Operations—Operation of SRS or LANL facilities under this option would involve no ground-disturbing
activities and little or no use of local geologic and soils materials and, therefore, would result in minimal
impacts on geology and soils at either site.
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G.7.3 Water Resources
This section analyzes impacts on water resources (surface water and groundwater). The Immobilization
and DWPF, MOX Fuel, and H-Canyon/HB-Line and DWPF Options only involve activities at SRS; the
WIPP Disposal Option involves activities at SRS and LANL.
G.7.3.1 Immobilization and DWPF
G.7.3.1.1 Surface Water
Construction—K-Area would be modified to support plutonium immobilization. The estimated area of
land disturbance is 2 acres (0.8 hectares). Site work would include temporary and permanent erosion
controls; site preparation, excavation, and backfill; installation of access walkways, driveways, and
parking areas; installation of utilities (water, sanitary sewer, electrical); and final grading and provision of
storm drainage and ground cover. The management and discharge of construction site runoff would be in
compliance with stormwater permits. Some existing utility lines would be removed or relocated
(WSRC 2008). Existing K-Area systems would be used to support new domestic, process, cooling water,
and sanitary sewer lines. New structures would include a sand filter, fan house, exhaust tunnel, and stack.
Surface water would not be used to support construction activities (SRNS 2012).
Surface water quality would be protected during construction using methods similar to those that would
be implemented for optional construction of the Pit Disassembly and Conversion Facility in F-Area at
SRS (see Appendix F, Section F.7.3.1.1). In accordance with the requirements of the SCDHEC, an
SWPPP would be implemented during construction to minimize the amount of sediment in runoff to
surface waters. Because BMPs would be used to control stormwater runoff and soil erosion, K-Area
construction-induced sedimentation is expected to have minimal, short-term impacts on water quality in
Indian Grave Branch and Pen Branch. Any accidental spills of oil, gas, or diesel fuels, paint, or hydraulic
fluids that could affect stormwater runoff water quality would be contained and remediated. No
long-term impacts on water quality or changes to stream channel morphology, aquatic habitats, or flow
regimes are expected, and the availability of surface water for downstream users would not be limited
(WSRC 2008).
Modifications to DWPF at S-Area to facilitate vitrification of HLW canisters containing immobilized
plutonium would occur within an existing structure with no potential for erosion or sediment loss that
could impact surface water quality. There would be no need for construction of additional HLW canister
storage capacity.
Operations—Impacts on surface water from operation of the K-Area immobilization capability are
expected to be minimal. K-Area heating, ventilating, and air conditioning (HVAC) condensate
(SCDHEC Permit SC0000175) and stormwater (SCDHEC Permit SCR000000) are discharged at NPDES
outfall K-18 into Indian Grave Branch via the K-Reactor Discharge Canal, which merges with
Pen Branch prior to discharging into the Savannah River (WSRC 2008). Discharges from the outfall are
limited for pH, total suspended solids, and flow, and potential contaminants are limited to safe
concentrations; this ensures minimal impacts on receiving streams. Typically, tritium concentrations in
the discharge are at or below background levels and flow rates generally range from 200 to 400 gallons
(760 to 1,500 liters) per minute. Sanitary wastewater from K-Area would be routed to the Central
Sanitary Wastewater Treatment Facility (CSWTF) for processing before discharge from a permitted
outfall (SRNS 2012). Some process-generated wastewater may also be routed to CSWTF depending on
the content of metals such as zinc or copper in the wastewater.
DWPF and the GWSBs at S-Area would operate in accordance with existing permits; discharges from
these facilities are expected to have negligible impacts on receiving streams (WSRC 2008). Surface
water sources would not be used to supply water for facility operations; therefore, no decrease in surface
water levels or flows is expected. Plutonium disposition activities would not limit the availability of
surface water availability to downstream users.
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G.7.3.1.2 Groundwater
Construction—No liquid effluents would be directly discharged to groundwater during construction
(WSRC 2008). Modification of DWPF at S-Area to facilitate vitrification of HLW canisters containing
immobilized plutonium would require minimal additional use of groundwater. No long-term impacts on
local or available SRS capacity or groundwater quality are expected.
Operations—No direct discharge of liquid effluents to groundwater would be expected, retention or
detention basins would not be used as components of wastewater treatment systems, and NPDES
guidelines and Spill Prevention Control and Countermeasures Plans would be used to minimize impacts.
DWPF is designed with the capability to monitor water effluents and control discharges, and there would
be no direct discharge of liquid effluents to groundwater during facility operation. Water use would be
minimal for GWSB storage of HLW canisters containing surplus plutonium; therefore, no impacts on
groundwater resources are expected.
No long-term impacts on available SRS capacity or groundwater quality are expected.
G.7.3.2 MOX Fuel
G.7.3.2.1 Surface Water
Construction—No additional construction would be required to fabricate plutonium oxide into MOX fuel
at MFFF beyond that previously analyzed (DOE 1999; NRC 2005). Therefore, no impacts on surface
waters are expected.
Operations—Stormwater associated with MFFF operations would be discharged to Upper Three Runs at
NPDES-permitted outfalls, and noncontact HVAC condensate would be routed directly to CSWTF.
Uncontaminated HVAC condensate and stormwater runoff from H-Canyon/HB-Line would be discharged
into Upper Three Runs at permitted outfalls (WSRC 2008). Impacts on surface water quality and
downstream flow regimes from activities at MFFF or H-Canyon/HB-Line are expected to be minimal.
G.7.3.2.2 Groundwater
Construction—Because no additional facility construction would be required for MOX fuel fabrication at
MFFF, no facility construction-related impacts on groundwater are expected.
Operations—The MFFF water supply needs include potable water, firefighting water (hydrants and fire
protection systems), utility cooling water, utility and process chilled water, and cooling water. MFFF is
designed with the capability to monitor liquid effluents and control discharges (WGI 2005:140;
WSRC 2008). No direct discharge of liquid effluents to groundwater during facility operation is
expected. Retention or detention basins would not be used as a component of facility wastewater
treatment systems. Groundwater contamination could occur from groundwater recharge from indirectly
contaminated surface water sources or from infiltration of accidental spills. It is unlikely that
groundwater quality would be affected by indirect sources because NPDES guidelines and Spill
Prevention Control and Countermeasures Plans would require prompt and thorough cleanup which would
limit groundwater contamination (NRC 2005:4-26).
Use of water at H-Canyon/HB-Line (applicable under the MOX Fuel Alternative) is relatively
independent of the types of activities conducted. H-Canyon/HB-Line is designed with the capability to
monitor liquid effluents and control discharges, and there would be no direct discharge of liquid effluents
to groundwater during facility operation.
Processing surplus plutonium at H-Canyon/HB-Line would result in generation of small quantities of
waste that would be vitrified with other HLW at DWPF. DWPF is designed with the capability to
monitor water effluents and control discharges; there would be no direct discharge of liquid effluents to
groundwater during facility operation. Water use would be minimal for GWSB storage of HLW canisters
containing surplus plutonium; therefore, no impacts on groundwater resources are expected.
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No impacts on groundwater quality or long term impacts on SRS available capacity are expected.
G.7.3.3 H-Canyon/HB-Line and DWPF
G.7.3.3.1 Surface Water
Construction—For this option, minor modifications to existing H-Canyon/HB-Line facilities would be
required. Because these modifications would take place within an existing structure, there would be no
potential for erosion or sediment loss that could impact surface water quality. No additional construction
activities are expected at DWPF to vitrify the dissolved plutonium sent to DWPF from
H-Canyon/HB-Line. There would be no need for construction of additional HLW canister storage
capacity. Because of the larger quantity of surplus plutonium that would be processed through
H-Canyon/HB-Line and DWPF, a buried transfer line may be constructed at the H-Area tank farm, which
would cause limited ground disturbance (SRNL 2013). However, surface water resources would be
protected using standard techniques such as BMPS and minimal impacts on surface water are expected.
Operations—During operations, the potential for surface water resource impacts would be minimal for
H-Canyon/HB-Line (see Section G.7.3.2.1) and for DWPF and the GWSBs (see Section G.7.3.1.1).
G.7.3.3.2 Groundwater
Construction—The minor expected modifications to existing H-Canyon/HB-Line facilities would require
a negligibly small quantity of water. No impacts on groundwater resources are expected from the
possible construction of a buried transfer line at the H-Area tank farm. No impacts on groundwater
quality or long term impacts on SRS available capacity are expected.
Operations—Use of water at H-Canyon/HB-Line is relatively independent of the types of activities
conducted. H-Canyon/HB-Line is designed with the capability to monitor liquid effluents and control
discharges, and there would be no direct discharge of liquid effluents to groundwater during facility
operation.
The surplus plutonium processed at H-Canyon/HB-Line would be vitrified with other HLW at DWPF.
Only a fraction of the water use at DWPF would be attributable to vitrification of immobilized plutonium.
DWPF is designed with the capability to monitor water effluents and control discharges, and there would
be no direct discharge of liquid effluents to groundwater during facility operation. Water use would be
minimal for GWSB storage of HLW canisters containing surplus plutonium.
No impacts on groundwater quality or long-term impacts on SRS available capacity are expected.
G.7.3.4 WIPP Disposal
G.7.3.4.1 Surface Water
Construction—At SRS, existing H-Canyon/HB-Line structures may undergo minor modifications to
facilitate preparation of surplus plutonium for shipment to WIPP for disposal as CH-TRU waste. These
facility modifications, however, would take place within an existing structure, with no potential for
erosion or sediment loss that could impact surface water quality. At LANL, modifications to provide an
enhanced capability to prepare surplus plutonium for potential WIPP disposal would likely occur within
the footprint of existing TA-55 facilities, with no impacts on surface waters. No long-term impacts on
surface waters are expected at SRS or LANL.
Operations—At SRS, uncontaminated HVAC condensate wastewater and stormwater runoff from
H-Canyon/HB-Line would be discharged at permitted outfalls (see Section G.7.3.2.1) and sanitary
wastewater would be routed to CSWTF. At LANL, preparation of surplus plutonium for potential WIPP
disposal would likely occur within the footprint of existing TA-55 facilities with no direct discharge of
industrial effluent, and with sanitary wastewater directed to an appropriate treatment facility for disposal.
No surface water sources would be used to supply water for operations. Therefore, no impacts on surface
water quality or downstream flows are expected at SRS or LANL.
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G.7.3.4.2 Groundwater
Construction—At SRS, minor modifications of existing H-Canyon/HB-Line structures as necessary for
surplus plutonium preparation for potential WIPP disposal would result in a negligible increase in water
consumption and would have negligible impacts on groundwater resources. At LANL, modification of
existing TA-55 facilities to provide an enhanced capability to prepare surplus plutonium for potential
WIPP disposal would occur concurrently with modifications to enhance LANL’s pit disassembly and
conversion capability in PF-4, but could require a minor increase in construction employment. In this
event, there could be additional water use associated with the additional personnel. This additional water
use, however, is expected to be small and within LANL’s existing capacity for water use
(see Section G.7.7.4). No long-term impacts on available capacity or groundwater quality are expected at
SRS or LANL.
Operations—At SRS, use of water at H-Canyon/HB-Line is relatively independent of the types of
activities conducted. H-Canyon/HB-Line is designed with the capability to monitor liquid effluents and
control discharges, and there would be no direct discharge of liquid effluents to groundwater during
facility operation. At LANL, preparation of surplus plutonium for potential WIPP disposal could require
additional employment, with additional water use associated with the additional site personnel. This
additional water use, however, is expected to be within LANL’s existing capacity for water use
(see Section G.7.7.4). No long-term impacts on available capacity or groundwater quality are expected at
SRS or LANL.
G.7.4 Noise
Activities under the plutonium disposition options would result in noise from vehicles, construction
equipment, and facility operations. The change in noise levels was considered for modification and
operation of the plutonium disposition facilities.
Construction—At SRS, noise during the optional construction of the K-Area immobilization capability
would include bulldozers, graders, dump trucks, and other vehicles. Impacts would be small, and
construction traffic noise impacts would be unlikely to result in increased public annoyance. Any change
in traffic noise associated with construction would occur onsite and along offsite local and regional
transportation routes. Noise sources during optional modifications to H-Canyon/HB-Line or MFFF
(to add metal oxidation furnaces) would be primarily indoors and would have minor impacts on the public
and wildlife. There would be no noise impacts from optional modifications to DWPF. Construction
noise impacts from MFFF were addressed previously (DOE 1999; NRC 2005).
At LANL, modifications to provide an enhanced capability to prepare surplus plutonium for potential
WIPP disposal would likely occur within the footprint of existing TA-55 facilities, with no additional
noise impacts.
Operations—At SRS, noise impacts due to operation of the K-Area immobilization capability, MFFF,
DWPF, and/or H-Canyon/HB-Line would be similar to those described for existing conditions at SRS in
Chapter 3, Section 3.1.4.3. Noise sources during operations could include emergency generators, cooling
systems, vents, motors, material-handling equipment, and employee vehicles and trucks. Given the
distances to site boundaries (about 5.4 miles [8.7 kilometers] from F-Area, for example), noise from
facility operations is not expected to result in annoyance to the public. Non-traffic noise sources are far
enough away from offsite areas that the contribution to offsite noise levels would continue to be small.
Noise from traffic associated with the operation of facilities is expected to increase by less than 1 decibel
as a result of the increase in staffing. Some noise sources could have onsite noise impacts, such as the
disturbance of wildlife. However, noise would be unlikely to affect federally listed threatened or
endangered species or their critical habitats. Some change in the noise levels to which noninvolved
workers are exposed could occur. Appropriate noise control measures would be implemented under
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DOE Order 440.1B, Worker Protection Program for DOE (Including the National Nuclear Security
Administration) Federal Employees, to protect worker hearing.
At LANL, preparation of surplus plutonium for potential WIPP disposal would likely occur using existing
TA-55 facilities with no additional noise impacts.
G.7.5 Ecological Resources
This section analyzes impacts on ecological resources–including terrestrial, aquatic, and wetland
resources, and threatened and endangered species–resulting from construction or modification of facilities
at SRS or LANL for plutonium disposition. Operational activities at these facilities would not further
affect ecological resources. Terrestrial resources would not be further affected because additional land
would not be disturbed during facility operations, and any artificial lighting and noise-producing activities
would occur in areas that are already in industrial use. Aquatic and wetland resources, and threatened and
endangered species, would not be further affected because additional land would not be disturbed during
facility operations.
Construction of the K-Area immobilization capability at SRS under the Immobilization and DWPF
Option has the most potential to affect ecological resources by disturbance of the land surface. The other
plutonium disposition options evaluated in this appendix would have no to minimal potential for land
disturbance.
G.7.5.1 Immobilization and DWPF
Construction—
Terrestrial resources. Several structures would be constructed to support the K-Area immobilization
capability. These structures would be built on 2 acres (0.8 hectares) of land already classified as
disturbed or developed, and would not result in impacts on terrestrial resources (WSRC 2008). Minor
modifications to DWPF at S-Area to support filling can-in-canisters with vitrified HLW would occur
within the existing DWPF structure, resulting in no impacts on terrestrial resources. No additional HLW
canister storage capacity would be required. Therefore, implementing this plutonium disposition option
would not impact terrestrial resources at SRS.
Aquatic resources. No aquatic resources exist within the area required for the construction of new
structures supporting the K-Area immobilization capability. An SWPPP would be implemented during
construction to minimize the amount of soil erosion and sedimentation that could be transported into
nearby water bodies. Control measures could include sediment fences and minimizing the amount of time
that bare soil would be exposed. Therefore, any impacts on aquatic resources, including streams, lakes, or
ponds, would be minimized. As with terrestrial resources, there would be no impacts on aquatic
resources from modifying DWPF to accommodate can-in-canisters received from K-Area, because all
construction would be internal to the structure, with no potential for erosion and sediment loss that could
impact aquatic resources. No additional HLW canister storage capacity would be required. Therefore,
implementing this plutonium disposition option would have no to minimal impacts on aquatic resources.
Wetlands. No wetlands exist within the portion of K-Area required for the construction of the structures
supporting the immobilization capability; as discussed above, measures would be taken to minimize
erosion and sediment loss, with consequently minimal impacts on wetlands. As with aquatic resources,
there would be no impacts on wetlands due to minor modifications to DWPF, and there would be no need
for additional HLW canister storage capacity. Therefore, implementing this plutonium disposition option
would have no to minimal impact on wetlands.
Threatened and endangered species. No impacts on threatened and endangered species are expected
from construction of support structures for the immobilization capability, which would occur in an
industrial area of K-Area. No impacts are expected from minor modifications to DWPF, because the
modifications would occur within an existing structure, with no potential for impacts on threatened and
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endangered species, and there would be no need for additional HLW canister storage capacity. Therefore,
implementing this plutonium disposition option would have no impacts on threatened or endangered
species.
Operations—Operation of the facilities involved in this option would involve no ground-disturbing
activities and, thus, would result in minimal impacts on ecological resources.
G.7.5.2 MOX Fuel
Construction—This option would involve no new construction at MFFF beyond that previously analyzed
(DOE 1999; NRC 2005), with no additional land disturbance, and, therefore, no impacts on ecological
resources.
Operations—Operation of the facilities potentially involved in this option would involve no
ground-disturbing activities and therefore would have no impacts on ecological resources.
G.7.5.3 H-Canyon/HB-Line and DWPF
Construction—As addressed in Appendix B, minor modification of H-Canyon could be required. Some
tanks and/or piping may be changed out or reconfigured to increase plutonium storage volume and
capacity, and some equipment may be changed or added at HB-Line. These facility modifications,
however, would occur within existing structures, so that there would be no potential for erosion and
sediment loss that could impact aquatic resources or wetlands, and no potential for impacts on threatened
and endangered species. A transfer bypass line may be installed around a diversion box at the H-Area
tank farm, on land that is already disturbed and used for industrial purposes; if this bypass line is
installed, control measures would be implemented similar to those discussed in Section G.7.5.1 to
minimize the potential for erosion and sediment loss that could impact aquatic resources or wetlands
outside the construction area. As discussed in Section G.7.5.1, there would be no need for additional
HLW canister storage capacity. Therefore, implementing this plutonium disposition option would have
no to minimal impacts on terrestrial, aquatic, and wetlands resources, and threatened and endangered
species.
Operations—Operation of the facilities involved in this option would involve no ground-disturbing
activities and therefore would result in no impacts on SRS ecological resources.
G.7.5.4 WIPP Disposal
Construction—At SRS, minor facility modifications to H-Canyon/HB-Line to support preparation of
surplus plutonium for potential WIPP disposal would occur within existing structures. Thus, there would
be no impacts on terrestrial resources, no potential for erosion and sediment loss that could impact aquatic
resources and wetlands, and no potential for impacts on threatened and endangered species. Therefore,
implementing this plutonium disposition option would have no impacts on terrestrial, aquatic, and
wetlands resources, and threatened and endangered species. At LANL, modifications to provide an
enhanced capability to prepare surplus plutonium for potential WIPP disposal would likely occur within
the footprint of existing TA-55 facilities with no impacts on ecological resources.
Operations—Operation of facilities at SRS or LANL under this option would involve no
ground-disturbing activities and, thus, would result in no impacts on ecological resources at either site.
G.7.6 Cultural Resources
SRS manages and protects its cultural resources, including prehistoric, historic, American Indian, and
paleontological, under the terms of agreements and through a site use review process, to evaluate
potential impacts imposed by a scope of work prior to taking action. The Savannah River Archaeological
Research Program (SRARP) of the South Carolina Institute of Archeology and Anthropology at the
University of South Carolina assists DOE in determining how the project can proceed to minimize or
mitigate potential impacts on cultural resources (Wingard 2010). LANL manages and protects its cultural
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resources as detailed in A Plan for the Management of the Cultural Heritage at Los Alamos National
Laboratory, New Mexico (LANL 2006) and governed by a Programmatic Agreement between DOE, the
Advisory Council on Historic Preservation, and the New Mexico State Historic Preservation Office
(DOE 2006).
The Immobilization and DWPF, MOX Fuel, and H-Canyon/HB-Line and DWPF Options only involve
activities at SRS; the WIPP Disposal Option involves activities at SRS and LANL. At either site, the land
area required for construction or modification of facilities is relatively small; would take place primarily
in previously disturbed or developed areas; and would be surveyed and monitored, as appropriate, in
compliance with existing agreements and procedures. Impacts from operations would be negligible, and
are not further addressed, because security measures at both sites would restrict access to any nearby
prehistoric, historic, American Indian, or paleontological resources.
G.7.6.1 Immobilization and DWPF
Prehistoric Resources. While some capabilities would be installed in existing facilities with no impact on
prehistoric resources, a number of new facilities would be constructed within the industrial portion of
K-Area in support of the immobilization capability.
K-Area is classified as site industrial
(DOE 2005c:62). These facilities would occupy approximately 2 acres (0.8 hectares) of previously
disturbed land. Because construction would take place within the built-up portion of K-Area and previous
archeological reviews did not reveal any identified sites where land disturbance would occur, impacts on
prehistoric resources are unlikely. Although six archeological sites have been identified in the vicinity of
the K-Area boundary, none would be disturbed (Blunt 2010; DOE 2005d:13-14; SRARP 2006:10).
DWPF is located in S-Area, which is classified as site industrial within the Industrial Core Management
Area (DOE 2005b:4, 2005c:75). Minor modifications to DWPF would be needed to support filling
can-in-canisters with vitrified HLW. Because construction would be within DWPF there would be no
impacts on prehistoric resources.
Historic Resources. The K-Area reactor building is a National Register of Historic Places
(NRHP)-eligible structure itself and within the context of the Cold War Historic District. The K-Area
reactor building is considered highly significant because it was primary to SRS’s mission and housed a
part or all of one of the site’s nuclear production processes and is valued for its good integrity in that the
building contains parts of its original equipment and can still provide information about its past.
To accommodate new facilities, the Cooling Water Pump House in K-Area would be removed in
accordance with applicable procedures and regulations; in addition, the adjacent Cooling Water Reservoir
could be affected, as well as the Filter and Softener Plant (Blunt 2010). These structures were determined
to be eligible for listing on the NRHP as contributing members of the Cold War Historic District and were
determined to be valued for their good integrity (fair in the case of the Filter and Softener Plant) in that
they contain parts of their original equipment and can still provide information about their past, even
though they support a process that, in itself, is not unique and could be found in other industrial contexts.
As such, proposed changes to the historic fabric of these buildings and structure, or to any intact
historically significant equipment, would be studied, discussed with the South Carolina State Historic
Preservation Office (SHPO), and avoided, mitigated, or minimized (DOE 2005a:16, 59, 61, 67).
There would be no impacts on historic resources associated with the Cold War era at S-Area because
construction of DWPF began in 1983 and operations began in 1996 (SRR 2013).
American Indian Resources. Due to the developed nature of K- and S-Areas, it is highly unlikely that
either vegetation important to American Indians, or other resources of concern, would be found within
these areas. Thus, impacts on American Indian resources resulting from actions necessary to implement
plutonium disposition would be unlikely.
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Paleontological Resources. Paleontological resources are unlikely to be found within K- and S-Areas due
to the highly disturbed nature of these areas. Thus, impacts on paleontological resources resulting from
implementing plutonium disposition would be unlikely.
G.7.6.2 MOX Fuel
No modifications to MFFF would be required to fabricate plutonium oxide into MOX fuel beyond that
analyzed in previous National Environmental Policy Act analyses (DOE 1999; NRC 2005); therefore no
impacts on cultural resources are expected.
G.7.6.3 H-Canyon/HB-Line and DWPF
Prehistoric Resources. Minor modifications to H-Canyon/HB-Line would be required to support
plutonium disposition. In addition, a transfer bypass line may be installed around a diversion box at the
H-Area tank farm; however, it would be located on land that is already disturbed and used for industrial
purposes. Because these actions would take place within an existing facility and industrial zone, no
impacts on prehistoric resources are expected.
Historic Resources. The H-Canyon building, including HB-Line, and any other attached auxiliaries have
been identified as NRHP-eligible individually, as well as collectively within the context of the Cold War
Historic District. The H-Canyon building and its auxiliary facilities are considered highly significant
given that these structures were primary to SRS’s mission and housed a part or all of one of the site’s
nuclear production processes (DOE 2005a:39, 58, 61, 66). Photographic mitigation and oral histories
have been initiated and, when completed, will be distributed to the South Carolina SHPO to determine
what, if any, further action is required in order to preserve the historical integrity of these facilities
(DOE 2008:4). The proposed facility modifications would be assessed in accordance with the Cold War
Historic Preservation Program (Sauerborn 2011).
American Indian Resources. There would be no impacts on American Indian resources associated with
modifications to H-Canyon/HB-Line.
Paleontological Resources. There would be no impacts on paleontological resources associated with
modifications to H-Canyon/HB-Line.
G.7.6.4 WIPP Disposal
At SRS, minor modifications to H-Canyon/HB-Line would be required to support plutonium preparation
for potential WIPP disposal. Impacts on prehistoric, historic, American Indian, and paleontological
resources would be the same as those in Section G.7.6.3. At LANL, modifications to provide an
enhanced capability to prepare surplus plutonium for potential WIPP disposal would likely occur within
the footprint of existing TA-55 facilities with no impacts on cultural resources.
G.7.7 Infrastructure
This section analyzes impacts of plutonium disposition options on infrastructure resources at SRS and
LANL, including electricity, fuel oil and water.
G.7.7.1 Immobilization and DWPF
Construction—Table G–17 summarizes the peak annual infrastructure requirements at SRS that would be
generated by construction of the K-Area immobilization capability. This capability would be constructed
over a 6-year period. Construction of the immobilization capability would use less than 1 percent of
SRS’s available electrical and water capacity (annually about 4.1 million megawatt-hours and 2.63 billion
gallons [9.96 billion liters], respectively). Fuel oil usage is not limited by site capacity because fuel oil is
delivered to the site as needed. However, construction of the K-Area immobilization capability is
estimated to require 5,000 gallons (19,000 liters) per year, representing about 1 percent of SRS’s current
annual fuel usage of about 410,000 gallons (1,600,000 liters) (see Chapter 3, Section 3.1.9).
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There would be some minor modifications at DWPF to receive the can-in-canisters, but minimal
additional infrastructure resources would be required to support these modifications.
Operations—Table G–18 summarizes the annual operational infrastructure requirements at SRS
generated by the K-Area immobilization capability and DWPF operations associated with immobilized
plutonium. The K-Area immobilization capability would operate for 10 years to process 13.1 metric tons
(14.4 tons) of plutonium. Peak annual operations would use approximately 1 percent of SRS’s available
electrical capacity, and less than 1 percent of the site’s available water capacity. Fuel oil use is estimated
at 18,000 gallons (68,000 liters) per year, approximately 4 percent of SRS’s current annual fuel usage.
Operations at DWPF would continue at their current rate and would have a minimal impact on
infrastructure resources related to SRS’s available capacity because DWPF’s annual infrastructure
requirements would not change as a result of immobilization activities. Only about 3 percent of the
annual electricity and water use at DWPF would be attributable to plutonium disposition activities. If all
13.1 metric tons (14.4 tons) of plutonium materials were immobilized, DWPF would need to remain
operational an additional 6 years, from 2026 to 2031, to accommodate the timing of can-in-canister
transfers from the K-Area immobilization capability to DWPF. In this case, infrastructure requirements
associated with DWPF operations from 2026 to 2031 would represent approximately 30 percent of
normal full-scale operations because a smaller number of canisters would be filled at DWPF each year
(approximately 80 compared to approximately 300).
G.7.7.2 MOX Fuel
Construction—No modifications would be required at MFFF, as it is currently being constructed to
support this disposition option, and no modifications would be needed at H-Canyon/HB-Line or DWPF to
support conversion of some non-pit plutonium to plutonium oxide; therefore, there would be no impacts
on current infrastructure requirements.
Operations—Table G–18 summarizes the annual infrastructure requirements at SRS that would be
generated by disposition activities. While most disposition activities would occur at MFFF, conversion of
4 metric tons (4.4 tons) of non-pit plutonium to plutonium oxide would occur at H-Canyon/HB-Line as
part of the MOX Fuel Alternative and would result in a small amount of waste needing to be sent to
DWPF annually. Infrastructure requirements from these possible activities are conservatively included in
the values in the table under the MOX Fuel Option.
Annual operations at MFFF would use approximately 3 percent of SRS’s available electrical capacity.
Annual water usage would be less than 1 percent of the site’s available capacity. Fuel oil use is estimated
at 110,000 gallons (420,000 liters) per year, approximately 27 percent of SRS’s current annual fuel usage
of about 410,000 gallons (1.6 million liters).
Conversion of plutonium material to an oxide at H-Canyon/HB-Line for use at MFFF would require
minimal additional electricity, water, and fuel oil beyond current infrastructure requirements associated
with continued operation of H-Canyon/HB-Line. These requirements are already reflected in SRS’s
baseline operations so there would not be any additional impact on SRS’s available electrical or water
capacity.
Operations at DWPF would continue at their current rate and would have no impacts on resources related
to SRS’s available capacity because DWPF operations are already accounted for in site infrastructure
requirements. Less than 1 percent of the annual electricity and water use at DWPF would be attributable
to plutonium disposition activities.
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Table G–17 Peak Annual Construction Infrastructure Requirements from Plutonium Disposition Options at the Savannah River Site
SRS Facilities
K-Area
Immobilization
Capability
9,000

H-Canyon/HB-Line b
Prepare Pu
Prepare
Prepare Pu
for WIPP
Pu for
for DWPF
Disposal
MFFF
Vitrification
minimal
0
minimal

Plutonium Disposition Options
Pu Prepared
for
Vitrification
0

Immobilization
and DWPF
9,000

MOX
Fuel
minimal

H-Canyon/
HB-Line
and DWPF
minimal

Table G–18 Peak Annual Operational Infrastructure Requirements from Plutonium Disposition Options at the Savannah River Site
SRS Facilities
K-Area
Immobilization
Capability
44,000

H-Canyon/HB-Line a
Prepare Pu Prepare
Prepare Pu
for WIPP
Pu for
for DWPF
Disposal
MFFF
Vitrification
minimal
minimal
minimal

Plutonium Disposition Options

Immobilized
Pu
960

DWPF b
Waste from Pu
Prepared for
MFFF
46

Pu Prepared
for
Vitrification
390

Immobilization
and DWPF
45,000

MOX
Fuel c
130,000

H-Canyon/
HB-Line and
DWPF b
390
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WIPP
Resource
MFFF
Disposal
Electricity
130,000
minimal
(MWh)
Water
8,900,000
16,000,000
minimal
minimal
minimal
720,000
35,000
300,000
17,000,000
8,900,00
300,000
minimal
(gallons)
0
Fuel Oil
110,000
18,000
minimal
minimal
minimal
0
0
0
18,000
110,000
minimal
minimal
(gallons)
DWPF = Defense Waste Processing Facility; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; MWh = megawatt hours; Pu = plutonium; SRS = Savannah River Site;
WIPP = Waste Isolation Pilot Plant.
a
Annual operations at H-Canyon/HB-Line to support plutonium disposition activities are expected to result in minimal additional infrastructure requirements beyond those already included in SRS’s
current infrastructure requirements as described in Chapter 3, Section 3.1.9.
b
The values represent the annual infrastructure requirements for DWPF that can be attributed to plutonium processing activities, and not the annual infrastructure requirements for processing all
waste at DWPF. Processing plutonium at DWPF, or waste associated with plutonium conversion at H-Canyon/HB-Line, is not expected to increase annual infrastructure requirements for DWPF
operation, which are already included in SRS’s current infrastructure requirements. Fuel oil is not used to support DWPF operations.
c
Listed impacts for the MOX Fuel Option for plutonium disposition conservatively include those from processing 4 metric tons (4.4 tons) of non-pit plutonium at H-Canyon/HB-Line (and
vitrification of waste resulting from this processing at DWPF) as a precursor for fabrication of the plutonium into MOX fuel at MFFF. This processing step for non-pit plutonium is applicable
under the MOX Fuel Alternative; for all other alternatives the impacts under the MOX Fuel Option would be those from operation of MFFF alone.
Note: To convert gallons to liters, multiply by 3.7854.
Source: SRNL 2013; SRNS 2012.
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WIPP
MFFF
Resource
Disposal
Electricity
N/A
minimal
(MWh)
Water
N/A
2,000
minimal
0
minimal
minimal
0
0
2,000
minimal
minimal
minimal
(gallons)
Fuel Oil
N/A
5,000
minimal
0
minimal
minimal
0
0
5,000
minimal
minimal
minimal
(gallons) c
DWPF = Defense Waste Processing Facility; MFFF = Mixed Oxide Fuel Fabrication Facility; MOX = mixed oxide; MWh = megawatt-hours; N/A = not applicable; Pu = plutonium; SRS = Savannah
River Site; WIPP = Waste Isolation Pilot Plant.
a
Construction requirements associated with MFFF are not included in this SPD Supplemental EIS because the building is already under construction and its infrastructure requirements fall within
SRS’s current infrastructure requirements.
b
Possible modifications to H-Canyon/HB-Line and DWPF to support plutonium disposition activities are expected to result in no to minimal additional infrastructure requirements and to fall within
SRS’s current infrastructure requirements.
c
Construction fuel oil includes gasoline.
Note: To convert gallons to liters, multiply by 3.7854.
Source: SRNL 2013; SRNS 2012.
a

Immobilized
Pu
minimal

DWPF b
Waste from Pu
Prepared for
MFFF
0
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G.7.7.3 H-Canyon/HB-Line and DWPF
Construction—Only minor facility modifications would be needed at H-Canyon/HB-Line to support
disposition of surplus plutonium, and no modifications would be needed at DWPF. Therefore,
construction infrastructure use under this option would be minimal.
Operations—Table G–18 summarizes the annual infrastructure requirements at SRS generated by
operation of H-Canyon/HB-Line and DWPF for plutonium disposition. Under this disposition option,
6 metric tons (6.6 tons) of plutonium would be processed through H-Canyon/HB-Line so that it could be
sent to DWPF for vitrification. Operations at H-Canyon/HB-Line would require minimal additional
electricity, water, and fuel oil beyond current infrastructure requirements associated with continued
operation of H-Canyon/HB-Line. Operations at DWPF would not require any additional electricity, water
or fuel oil beyond current infrastructure requirements associated with continued operation of this facility.
About 1 percent of the annual electricity and water use at DWPF would be attributable to plutonium
disposition activities. Therefore, implementation of this option would not impact SRS’s available
electrical and water capacities.
G.7.7.4 WIPP Disposal
Construction—Table G–17 shows that infrastructure requirements at SRS related to required process
modifications at H-Canyon/HB-Line to support potential plutonium disposition at WIPP would be
minimal. Modifications to TA-55 facilities to enhance LANL’s capability for preparation of surplus
plutonium for potential WIPP disposal could require a minor increase in construction employment (see
Section G.3.4), with additional water use associated with the additional personnel. This additional annual
water use is expected to be small and within LANL’s existing capacity.
Operations—At SRS, Table G–18 summarizes the annual infrastructure requirements that would be
generated by H-Canyon/HB-Line operations in support of plutonium disposition via potential WIPP
disposal. H-Canyon/HB-Line operations related to this plutonium disposition option would require
minimal additional electricity, water, or fuel oil beyond current infrastructure requirements associated
with continued operation of this facility. These requirements are already reflected in SRS’s baseline
operations so there would not be any additional impacts on SRS’s available electrical and water
capacities.
At LANL, to the extent under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options for
pit disassembly and conversion that pit plutonium was prepared at LANL for potential WIPP disposal,
there could be an increased annual requirement for water at TA-55 facilities commensurate with possible
additional operational employment (see Section G.3.4), as well as potentially additional requirements for
other infrastructure resources such as electricity. These additional infrastructure requirements, however,
are expected to be within LANL’s existing capacity.6

6

The most significant resource use is expected to be that for water. Although detailed design and operational information is not
available, it is expected that the number of additional workers at TA-55 at LANL would be enveloped by the number of additional
workers (130) performing the same WIPP preparation activities at H-Canyon/HB-Line at SRS. Assuming an annual water use of
about 5,500 gallons per worker (LANL 2013), 130 additional workers at TA-55 would annually require approximately
715,000 gallons (2.7 million liters) of water, which would represent less than 1 percent of LANL’s available water capacity
(conservatively estimated at 114 million gallons [430 million liters] per year – see Chapter 3, Section 3.2.9).
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APPENDIX H
IMPACTS OF PRINCIPAL PLUTONIUM SUPPORT FACILITIES
This appendix addresses the impacts associated with operation of the principal facilities at the Savannah
River Site (SRS) and Los Alamos National Laboratory (LANL) supporting the pit disassembly and
conversion and plutonium disposition options analyzed in this Final Surplus Plutonium Disposition
Supplemental Environmental Impact Statement (SPD Supplemental EIS). The principal SRS plutonium
support facilities are as follows:


K-Area Storage – Provides a capability at the K-Area Complex to store surplus plutonium,
principally at the K-Area Material Storage Area.



K-Area Interim Surveillance (KIS) – Provides a capability at the K-Area Complex to
perform surveillance of stored, surplus plutonium in accordance with the requirements of
DOE-STD-3013-2012 (DOE 2012).1



Waste Solidification Building (WSB) – Provides a capability at F-Area to treat liquid radioactive
wastes generated from pit disassembly and conversion and plutonium disposition activities. WSB
is under construction.



E-Area – Provides waste management capabilities, including the capability to store, stage, and
certify transuranic (TRU) waste for shipment to the Waste Isolation Pilot Plant (WIPP) near
Carlsbad, New Mexico, for disposal. E-Area also provides management capabilities for other
types of waste, including storage of radioactive and hazardous wastes before shipment to offsite
facilities and disposal of low-level radioactive waste (LLW).

The principal LANL facilities supporting pit disassembly and conversion are currently located in
Technical Area 54 (TA-54) and provide capabilities for TRU waste characterization, packaging,
certification, and storage pending shipment to WIPP for disposal. Among other capabilities, TA-54 also
provides management capabilities for other types of waste, including characterization of radioactive and
chemical wastes; storage of radioactive and chemical wastes, pending shipment to offsite facilities; and
disposal of LLW. In the future, additional waste management capabilities are expected in TA-63.
Appendix B provides descriptions of these support facilities, while Appendix E addresses the
environmental impacts of shipment of radiological and nonradiological materials and waste. Appendix F
addresses the environmental impacts from the options for pit disassembly and conversion; Appendix G,
the environmental impacts from the options for plutonium disposition; and Appendix I, the environmental
impacts from the use of mixed oxide (MOX) fuel in commercial nuclear power reactors. Chapter 4
describes the environmental impacts of implementing the SPD Supplemental EIS alternatives, including
the impacts from operating the SRS and LANL plutonium support facilities.
Impacts from construction of SRS support facilities are not addressed in this appendix because no new
construction is expected. The K-Area storage, KIS, and E-Area waste management capabilities are
already operational at SRS. WSB is under construction, and the impacts from WSB construction have
been addressed in previous National Environmental Policy Act (NEPA) analyses (e.g., the Supplement
Analysis for Construction and Operation of a Waste Solidification Building at the Savannah River Site
[DOE 2008a]). Impacts presented in this appendix from operation of the K-Area storage capability and
KIS do not include impacts from optional K-Area pit disassembly activities which are addressed in
1

KIS gloveboxes could also be used to prepare surplus plutonium for potential disposal at WIPP as contact-handled transuranic
waste. Minor modifications may be needed at the K-Area Complex to provide this capability. Environmental impacts from the
K-Area Complex modification and preparation of surplus plutonium for potential WIPP disposal would be enveloped by those
evaluated for construction and operation of the K-Area Pit Disassembly and Conversion Project (see Appendix F).
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Appendix F, or impacts from K-Area plutonium immobilization activities which are addressed in
Appendix G.
The K-Area storage and KIS capabilities are specifically addressed in this appendix because their
principal activities pertain to plutonium management, while WSB is addressed because it is intended to
process liquid waste from plutonium facilities. E-Area at SRS and TA-54 at LANL are addressed
because of the quantities of waste that could be generated under some SPD Supplemental EIS alternatives
and would be managed at these areas. Other facilities at SRS and LANL provide analytical or waste
management support to sitewide activities rather than primarily focusing on surplus plutonium
management, with the result that the incremental impacts that could be attributed to surplus plutonium
activities would be very small, with little or no change in annual impacts such as worker exposures,
releases of radioactive and nonradioactive material to the air, or resource use. These facilities are
addressed as needed in the context of the analyses in this and other appendices and Chapter 4 of this
SPD Supplemental EIS.
For example, the F/H-Laboratory at SRS is a large complex designed to accommodate a variety of
missions. It would also provide an analytical support capability for new facilities such as the K-Area Pit
Disassembly and Conversion Project (PDC) if it is constructed, as well as continue to provide analytical
support services for currently operating SRS facilities such as H-Canyon/HB-Line. Minor modifications
may be needed at F/H-Laboratory if PDC is constructed and operated at K-Area, or if H-Canyon/HB-Line
is used to support conversion of pit plutonium to plutonium oxide (see Appendix F). These minor
modifications are not expected to result in environmental impacts on workers or the public. Samples
analyzed at the F/H-Laboratory in support of plutonium management activities would account for only a
small fraction of the overall activities performed there and are not expected to add to the annual
environmental impacts associated with operation of this facility.
Similar laboratory analysis would also be performed at LANL if pit disassembly and conversion activities
occurred there. To date, chemical analyses related to pit disassembly and conversion activities have been
performed at the Chemistry and Metallurgy Research (CMR) Building. Future chemical analyses would
be provided by a combination of the CMR Building (until it terminates operations); the LANL Plutonium
Facility (PF-4) (long-term chemistry capability maintenance); the Radiological Laboratory/Utility/Office
Building (RLUOB); and offsite capabilities (as available). No new construction at the CMR Building,
PF-4, or RLUOB is expected to be required to support analytical chemistry activities under any pit
disassembly and conversion option addressed in this SPD Supplemental EIS. These capabilities will be
established under the larger purview of maintaining capabilities for all plutonium-related programs and
are not specific to pit disassembly and conversion activities, although the funding mechanism for
maintaining long-term capabilities is yet to be determined. Impacts from sample analysis at these
facilities are not expected to add to their annual environmental impacts.
H.1

Principal Savannah River Site Plutonium Support Facilities

The following sections address impacts from operation of K-Area storage, KIS, and WSB for the
following resource areas: air quality, human health, socioeconomics, waste management, transportation,
environmental justice, water resources, noise, and infrastructure. Operation of these three support
facilities is expected to have no impacts on land resources (land use and visual resources), geology and
soils, and ecological and cultural resources, and there would be no new land-disturbing construction
activities. Therefore, these resource areas for these three support facilities are not addressed further in
this appendix.
Section H.1.4.4 addresses the impacts associated with operation of E-Area to support radioactive and
nonradioactive waste management activities at the plutonium facilities. Impacts associated with other
resource areas are expected to result in no or negligible incremental impacts or are better addressed on a
system-wide rather than a facility-specific basis. There would be no new land-disturbing construction
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activities at E-Area, and operation of E-Area in support of the other SRS plutonium facilities is expected
to have no impacts on land resources, geology and soils, and ecological and cultural resources. Operation
of E-Area is expected to result in negligible incremental radiological impacts on workers and the public
and present no additional risks from potential accidents. Because no additional employment is projected
for E-Area, there would be no socioeconomic impacts. Noise levels from E-Area operations would be
similar to existing conditions (see Chapter 3, Section 3.1.4.3). E-Area operates in accordance with
existing National Pollutant Discharge Elimination System (NPDES) permits (see Chapter 3,
Section 3.1.3.1). There would be no additional withdrawals of groundwater to support E-Area activities,
and staging activities are expected to have negligible impacts on surface water resources and no impact on
groundwater quality or SRS available capacity. Water and utility use at E-Area is not expected to be
significantly affected by the particular mix of waste management activities that may take place at E-Area
under each of the SPD Supplemental EIS alternatives.2
Two resource areas, transportation and environmental justice, are meant for system-wide analysis rather
than analysis of just a portion of the system (e.g., just the principal SRS plutonium support facilities).
Therefore, for the same reasons discussed in Section H.1.5 for K-Area storage, KIS, and WSB, the
analysis of transportation impacts associated with E-Area operations is presented in Appendix E, which
provides a detailed analysis of the transportation impacts associated with the alternatives being evaluated
in this SPD Supplemental EIS, including the impacts associated with the principal plutonium support
facilities. Similarly, the analysis of environmental justice impacts associated with E-Area operations
(Section H.1.6) is presented in Chapter 4, Section 4.1.6, which evaluates the potential impacts on
populations surrounding the facilities that would be involved in surplus plutonium activities, including the
impacts associated with the principal plutonium support facilities.
H.1.1 Air Quality
Nonradioactive air pollutant impacts are evaluated in this section. Radioactive air pollutant impacts are
evaluated in Section H.1.2.
Operation of the principal SRS plutonium support facilities could result in emissions of criteria,
hazardous, and toxic air pollutants.
Concentrations resulting from existing sources at SRS (see Chapter 3, Section 3.1.4.2, Table 3–7) include
contributions from currently operating facilities such as K-Area storage and KIS, from which the
contributions are expected to be essentially unchanged. Maximum concentrations resulting from
WSB operations, as determined using worst-case meteorology at the distance of the nearest site boundary,
were estimated using the EPA SCREEN3 model (EPA 1995). As shown in Table H–1, contributions of
criteria pollutants and particulates from WSB operations would be minor. Concentrations of toxic
pollutants from WSB were estimated to represent less than 0.0001 percent of the acceptable source impact
levels for all the toxic pollutants except nitric acid, which was estimated at 0.12 percent.
H.1.2

Human Health

H.1.2.1 Incident-free Operations
The following section presents the potential incident-free radiological impacts on workers and the general
public associated with the principal plutonium support facilities at SRS. Human health risks from normal
operations are evaluated for several individual and population groups, including onsite involved workers,
a hypothetical maximally exposed individual (MEI) at the site boundary, and the regional population.

2

From Chapter 3, Section 3.1.9: E-Area annually requires about 2,900 megawatt-hours of electricity and 20,000,000 gallons
(76,000,000 liters) of water. Each requirement represents less than 1 percent of SRS’s available electrical and water capacity.
Fuel oil is not used at E-Area.
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Table H–1 Estimated Air Pollutant Concentrations from Operation of the
Waste Solidification Building
More Stringent Standard
Pollutant
Averaging Period
or Guideline a
Criteria Pollutants (micrograms per cubic meter)
Carbon monoxide
8 hours
10,000
1 hour
40,000
Nitrogen dioxide
Annual
100
1 hour
188
PM10
24 hours
150
PM2.5
Annual
15
24 hours
35
Sulfur dioxide
Annual
80
24 hours
365
3 hours
1,300
1 hour
197

Significance
Level b

Contribution From
WSB c

500
2,000
1
7.5
5
0.3
1.2
1
5
25
7.8

Not applicable
Not applicable
Not applicable
Not applicable
0.000061
0.000012
0.000061
Not applicable
Not applicable
Not applicable
Not applicable

PMn = particulate matter with an aerodynamic diameter less than or equal to n micrometers; WSB = Waste Solidification
Building.
a
The more stringent of the Federal and state standards is presented if both exist for the averaging period.
b
EPA 1990; Page 2010a, 2010b; 40 CFR 51.165(b)(2).
c
WSRC 2008.

Tables H–2 and H–3 summarize the potential radiological impacts on involved workers and the general
public, respectively, which are associated with the support facilities. Activities at K-Area storage are not
expected to result in radioactive emissions, so there would be no radiological impacts on the public.
Table H–2 Potential Radiological Impacts on Involved Workers from Operation of K-Area
Storage, K-Area Interim Surveillance, and the Waste Solidification Building a
Facilities
Receptor Impacts
Number of radiation workers
Collective workforce dose (person-rem per year)
Annual LCFs b
Life-of-project LCFs b, c
Average worker dose (millirem per year) d

K-Area Storage
24
8.9
0 (5 × 10-3)
0 (0.1 to 0.2)
370

KIS
40
25
0 (2 × 10-2)
0 to 1 (0.1 to 0.6)
630

WSB
50
25
0 (2 × 10-2)
0 (0.3 to 0.4)
500

Total
114
59
0 (4 × 10-2)
1 (0.5 to 1)
520

2 × 10-4
4 × 10-4
3 × 10-4
3 × 10-4
-3
-3
-3
4 × 10 to
3 × 10 to
6 × 10 to
5 × 10-3 to
-3
-2
-3
9 × 10
2 × 10
7 × 10
1 × 10-2
KIS = K-Area Interim Surveillance capability; LCF = latent cancer fatality; WSB = Waste Solidification Building.
a
LCF risks were determined using a risk factor of 0.0006 LCFs per rem or person-rem (DOE 2003).
b
The first value is the projected number of LCFs over the life of the project; the second value, in parentheses, is the
calculated product of the dose and risk factor.
c
Ranges in impacts are due to differences in the number of years that facilities would operate under the SPD Supplemental
EIS alternatives.
d
Engineering and administrative controls would be implemented to maintain individual worker doses below 2,000 millirem
per year and as low as reasonably achievable.
Note: Doses are rounded to two significant figures; LCF risks are rounded to one significant figure. Sums and products
presented in the table may differ slightly from those presented in Appendix C due to rounding. Values are derived from
analyses presented in Appendix C.
Average annual LCF risk
Life-of-project average LCF risk c
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Table H–3 Potential Radiological Impacts on the Public from Operation of K-Area Storage,
K-Area Interim Surveillance, and the Waste Solidification Building a
Facilities
Receptor Impacts

K-Area Storage

b

KIS

WSB

Total

Population within 50 miles
Annual dose (person-rem)
Annual LCFs

c

Life-of-project LCFs

c, d

0

4.3 × 10-5

0

-8

0.031

0 (3 × 10 )
-7

0.031
-5

0 (2 × 10-5)

-4

0 (2 × 10 )
-6

0

0 (2 × 10 to 1 × 10 )

0 (4 × 10 )

0 (4 × 10-4)

0

8.5 × 10-7

0.00063

0.00063

Maximally exposed individual e
Annual dose (millirem)
Annual LCF risk
Life-of-project LCF risk

0
d

0

5 × 10
4 × 10

-12

-13

to 2 × 10

4 × 10
-11

-10

-9

8 × 10 to 9 × 10

4 × 10-10
-9

8 × 10-9 to 9 × 10-9

Average exposed individual f
Annual dose (millirem)

0

5.3 × 10-8

3.6 × 10-5

3.6 × 10-5

Annual LCF risk

0

3 × 10-14

2 × 10-11

2 × 10-11

Life-of-project LCF risk d

0

2 × 10-13 to 1 × 10-12

5 × 10-10

5 × 10-10

KIS = K-Area Interim Surveillance capability; LCF = latent cancer fatality; WSB = Waste Solidification Building.
a
LCF risks were determined using a risk factor of 0.0006 LCFs per rem or person-rem (DOE 2003).
b
Storage operations are not expected to result in radiological emissions; therefore, no impacts on the public are expected.
c
The first value is the projected number of LCFs over the life of the project; the second value, in parentheses, is the
calculated product of the dose and risk factor.
d
Ranges in impacts are due to differences in the number of years that facilities would operate under the SPD Supplemental
EIS alternatives.
e
The dose to the maximally exposed individual is conservatively estimated by summing the highest dose to an offsite
individual for each facility, even though the hypothetical individual receiving that dose would be in different locations.
f
Impacts to the average individual are determined by dividing the population dose by the number of people in the offsite
population within a 50-mile (80-kilometer) radius (approximately 869,000 persons for F-Area and 809,000 for K-Area).
Note: Doses are rounded to two significant figures; LCF risks are rounded to one significant figure. Sums and products
presented in the table may differ slightly from those presented in Appendix C due to rounding. Values are derived from the
analyses presented in Appendix C.

Tables H–2 and H–3 present the estimated doses and latent cancer fatality (LCF) risks from 1 year of
operations and the life-of-project risks for each support facility. Life-of-project risks were determined by
multiplying the annual impacts of a facility by the number of years the facility is projected to operate
(see Appendix B, Table B–2). Table H–2 shows that up to 1 LCF may be projected among workers over
all years of the project. Table H–3 shows that potential doses to all public receptors would represent a
small fraction of the 311 millirem dose that each of these receptors is assumed to receive from natural
background radiation (see Chapter 3, Section 3.1.6.1).
H.1.2.2 Accidents
The following subsections present the potential impacts on workers and the general public at SRS that are
associated with possible accidents involving the principal plutonium support facilities. Human health
risks from these accidents are evaluated in Table H–4 for several individual and population groups,
including noninvolved workers, a hypothetical MEI at the site boundary, and the regional population.
Impacts are presented as estimated doses and LCF risks from the accidents under consideration.
(See Appendix D for further details on these accidents.)
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Table H–4 Limiting Accidents Associated with K-Area Storage, K-Area Interim Surveillance,
and the Waste Solidification Building
Facilities
K-Area Storage and KIS
Accident

Dose

WSB

Total

LCFs

Dose

LCFs

Dose

LCFs

Population within 50 miles (80 kilometers) (dose in person-rem)
Limiting design-basis accident

52

0 (3 × 10-2)

0.13

0 (8 × 10-5)

52

0 (3 × 10-2)

Design-basis earthquake a

1.8

0 (1 × 10-3)

0.13

0 (8 × 10-5)

1.9

0 (1 × 10-3)

2,500

2

180

0.1

2,700

2

0.18

1 × 10-4

0.0068

4 × 10-6

Beyond-design-basis earthquake a, c

Maximally Exposed Individual (dose in rem and risk of an LCF if the accident were to occur)
Limiting design-basis accident
Design-basis earthquake

a

Beyond-design-basis earthquake a, c

0.18

1 × 10-4
-6

0.0063

4 × 10

9.1

5 × 10-3

0.00046

3 × 10-7

0.00046

3 × 10

-7

0.62

4 × 10-4

9.7

6 × 10-3

0.010

6 × 10-6

4.5

3 × 10-3

0.010

6 × 10

-6

0.17

1 × 10-4

16

1 × 10-2

310

0.4

Noninvolved Worker (dose in rem and risk of an LCF if the accident were to occur)
Limiting-design-basis accident
Design-basis earthquake

b

Beyond-design-basis earthquake b, c, d

4.5

3 × 10-3

0.16

9 × 10

310

0.4

-5

KIS = K-Area Interim Surveillance capability; LCF = latent cancer fatality; rem = roentgen equivalent man; WSB = Waste
Solidification Building.
a
Design-basis and beyond-design-basis earthquake doses and risks are added across for multiple SRS plutonium support facilities.
b
Design-basis and beyond-design-basis earthquake doses and risks to noninvolved workers are presented for the highest dose to such
an individual at a specific area because a noninvolved worker at the K-Area Complex would not be near H-Area should an accident
occur there and vice versa.
c
Impacts from a beyond-design-basis earthquake involving K-Area storage and KIS include those from a seismically induced fire.
d
For hypothetical individual doses equal to or greater than 20 rem, the probability of a latent cancer fatality was doubled.
Note: Values are derived from analyses presented in Appendix D.

H.1.2.2.1

K-Area Storage and K-Area Interim Surveillance

The limiting design-basis accident for K-Area Complex plutonium activities would be a fire in the KIS
vault leading to a rupture of a plutonium storage container and a pressurized release of radioactive
material. If this accident were to occur, the public residing within 50 miles (80 kilometers) of SRS would
receive an estimated dose of 52 person-rem. This dose would result in no additional LCFs among the
general public (calculated value: 3 × 10-2 LCF). The MEI would receive a dose of 0.18 rem, which
represents a risk to the MEI of developing a latent fatal cancer of 1 × 10-4, or 1 chance in 10,000. A
noninvolved worker located 1,000 meters (3,300 feet) from the accident source at the time of the accident,
who was unaware of the accident and failed to take any emergency actions, would receive a dose of
4.5 rem, with a risk of developing a latent fatal cancer of 3 × 10-3, or about 1 chance in 330.
A design-basis earthquake involving K-Area plutonium storage and KIS would expose the public residing
within 50 miles (80 kilometers) of SRS to an estimated dose of 1.8 person-rem. This dose would result in
no additional LCFs among the general public (calculated value: 1 × 10-3 LCF). The MEI would receive a
dose of 0.0063 rem, which represents a risk to the MEI of developing a latent fatal cancer of 4 × 10-6, or
1 chance in 250,000. A noninvolved worker would receive a dose of 0.16 rem, with a risk of developing
a latent fatal cancer of 9 × 10-5, or about 1 chance in 11,000.
A beyond-design-basis earthquake with fire involving K-Area plutonium storage and KIS would expose
the public residing within 50 miles (80 kilometers) of SRS to an estimated dose of 2,500 person-rem.
This dose could result in 2 additional LCFs among the general public. The MEI would receive a dose of
9.1 rem, representing a risk to the MEI of developing a latent fatal cancer of 0.005, or 1 chance in 200.
A noninvolved worker would receive a dose of 310 rem, with a risk of developing a latent fatal cancer
of 0.4, or 1 chance in 2.5.
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H.1.2.2.2

Waste Solidification Building

The limiting design-basis accident at WSB in F-Area would be an explosion resulting in the release of
radioactive material. If this accident were to occur, the public residing within 50 miles (80 kilometers) of
SRS would receive an estimated dose of 0.13 person-rem. This dose would result in no additional LCFs
among the general public (calculated value: 8 × 10-5 LCF). The MEI would receive a dose of
0.00046 rem, which represents a risk to the MEI of developing a latent fatal cancer of 3 × 10-7, or about
1 chance in 3.3 million. A noninvolved worker located 1,000 meters (3,300 feet) from the accident
source at the time of the accident, who was unaware of the accident and failed to take any emergency
actions, would receive a dose of 0.010 rem, with a risk of developing a latent fatal cancer of 6 × 10-6, or
about 1 chance in 170,000.
A design–basis-earthquake involving WSB would expose the public residing within 50 miles
(80 kilometers) of SRS and noninvolved workers to doses and risks similar to those cited for the limiting
design-basis accident.
A beyond-design-basis earthquake involving WSB would expose the public residing within 50 miles
(80 kilometers) of SRS to an estimated dose of 180 person-rem. This dose would result in no additional
LCFs among the general public (calculated value: 0.1 LCF). The MEI would receive a dose of 0.62 rem,
representing a risk to the MEI of developing a latent fatal cancer of 4 × 10-4, or 1 chance in 2,500. A
noninvolved worker would receive a dose of 16 rem, with a risk of developing a latent fatal cancer of
1 × 10-2, or 1 chance in 100.
H.1.2.2.3

Accidents Involving K-Area Complex Support Activities and the Waste Solidification
Building

A design-basis earthquake involving K-Area storage, KIS, and WSB would expose the public residing
within 50 miles (80 kilometers) of SRS to an estimated dose of 1.9 person-rem. This dose would result in
no additional LCFs among the general public (calculated value: 1 × 10-3 LCF). The MEI would receive a
dose of 0.0068 rem, which represents a risk of developing a latent fatal cancer of 4 × 10-6, or 1 chance
in 250,000. A noninvolved worker would receive a dose of 0.17 rem, with a risk of developing a latent
fatal cancer of 1 × 10-4, or 1 chance in 10,000.
A beyond–design-basis earthquake involving K-Area storage, KIS, and WSB would include a seismically
induced fire in the case of K-Area storage and KIS. This combined event would expose the public
residing within 50 miles (80 kilometers) of SRS to an estimated dose of about 2,700 person-rem. This
dose would result in 2 additional LCFs among the general public. The MEI would receive a dose of about
9.7 rem, which represents a risk of developing a latent fatal cancer of 6 × 10-3, or about 1 chance in 170.
A noninvolved worker would receive a dose of 310 rem, resulting in a risk of an LCF of 0.4, or
1 chance in 2.5.
H.1.3 Socioeconomics
This section analyzes the potential socioeconomic impacts associated with operation of plutonium support
facilities at SRS. Impacts on direct and indirect employment, economic output, value added, and earnings
are presented for the surplus plutonium activities at these facilities during the peak years of operations.
The area that would experience the impacts presented in this section is the region of influence (ROI)
surrounding each facility. The socioeconomic ROI for the facilities at SRS is defined as the four-county
area of Columbia and Richland Counties in Georgia, and Aiken and Barnwell Counties in South Carolina.
All values are presented in 2010 dollars.
H.1.3.1 K-Area Storage
Table H–5 summarizes the annual socioeconomic impacts that would be generated by K-Area plutonium
storage operations. Annual direct employment at K-Area storage is expected to peak at 26 workers. The
direct employment would generate an estimated 31 indirect jobs in the ROI. The direct economic output
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during peak operations is estimated to be $4.6 million annually, of which $3.9 million is estimated to be
value added to the local economy in the form of final goods and services directly comparable to gross
domestic product (GDP). Approximately $2.3 million of the value added would be in the form of direct
earnings of those employed at K-Area storage.
Table H–5 Annual Socioeconomic Impacts from Operation of K-Area Storage, K-Area Interim
Surveillance, and the Waste Solidification Building
Facilities
Resource
Direct Employment

K-Area Storage
26

KIS
41

WSB
60

Total
127

Indirect Employment

31

49

71

151

Output ($ in millions)

$4.6

$7.3

$11

$23

Value Added ($ in millions)

$3.9

$6.2

$9.0

$19

Earnings ($ in millions)

$2.3

$3.6

$5.3

$11

KIS = K-Area Interim Surveillance capability; WSB = Waste Solidification Building.

H.1.3.2 K-Area Interim Surveillance
Table H–5 summarizes the annual socioeconomic impacts that would be generated by operations at KIS.
Annual direct employment at KIS is expected to peak at 41 workers. The direct employment would
generate an estimated 49 indirect jobs in the ROI. The direct economic output during peak operations is
estimated to be $7.3 million annually, of which $6.2 million is estimated to be value added to the local
economy in the form of final goods and services directly comparable to the gross domestic product.
Approximately $3.6 million of the value added would be in the form of direct earnings of those employed
at KIS.
H.1.3.3 Waste Solidification Building
Table H–5 summarizes the annual socioeconomic impacts that would be generated by operations at WSB.
Annual direct employment at WSB is expected to peak at 60 workers. The direct employment would
generate an estimated 71 indirect jobs in the ROI. The direct economic output during peak operations is
estimated to be $11 million annually, of which $9.0 million is estimated to be value added to the local
economy in the form of final goods and services directly comparable to GDP. Approximately
$5.3 million of the value added would be in the form of direct earnings of those employed at WSB.
H.1.4 Waste Management
This section analyzes the waste management impacts associated with operation of the principal SRS
support facilities associated with pit disassembly and conversion and plutonium disposition. The waste
types addressed include contact-handled transuranic (CH-TRU) and mixed CH-TRU waste (analyzed
collectively), solid LLW, solid mixed low-level radioactive waste (MLLW), solid hazardous waste, solid
nonhazardous waste, liquid LLW, and liquid nonhazardous waste.
Waste management facilities and their associated capacities at SRS are described in Chapter 3,
Section 3.1.10. Waste management impacts are evaluated as a percentage of treatment, storage, or
disposal capacity, depending on a particular waste type’s onsite disposition. Appendix F, Table F–10,
provides a summary of capacities for SRS waste management facilities and the evaluation criteria used to
assess impacts.
H.1.4.1 K-Area Storage
Negligible quantities of waste would be generated from plutonium storage operations at the K-Area
Complex. Years of operation would vary depending on the combination of pit disassembly and
conversion options that might be implemented under the SPD Supplemental EIS alternatives.
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H.1.4.2 K-Area Interim Surveillance
Table H–6 summarizes the peak annual quantities of waste that would be generated from KIS operations.
Years of operation would vary, depending on the combination of pit disassembly and conversion options
that might be implemented under the SPD Supplemental EIS alternatives. Operations would generate
CH-TRU waste, solid LLW, solid hazardous waste, and solid nonhazardous waste. The quantities of
waste generated would represent small percentages of the capacities of SRS waste management facilities.
Table H–6 Waste Management Impacts for the K-Area Interim Surveillance Capability
Peak Annual Operations Waste Generation
Solid
Solid
Solid
Solid
Hazardous
Nonhazardous
LLW
MLLW
Waste
Waste
(cubic meters per year)
20
negligible
0.1
21

CH-TRU
Waste

Liquid
Liquid
Nonhazardous
LLW
Waste
(liters per year)
negligible
negligible

Facility
KIS
0.4
Percent of SRS
<0.1
<0.1
negligible
<0.1
<0.1
negligible
negligible
Capacity
CH-TRU = contact-handled transuranic; KIS = K-Area Interim Surveillance capability; LLW = low-level radioactive waste;
MLLW = mixed low-level radioactive waste; SRS = Savannah River Site.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNS 2012.

H.1.4.3 Waste Solidification Building
Table H–7 summarizes the peak annual quantities of waste that would be generated from WSB
operations, including waste generated from treatment of liquid waste from the Mixed Oxide Fuel
Fabrication Facility as well as liquid waste from activities that could occur under the PDCF or PDC
Options for pit disassembly and conversion, as discussed in Appendix F, Sections F.4.1 and F.4.2.
Operations would generate CH-TRU waste, solid LLW, solid hazardous waste, solid nonhazardous waste,
liquid LLW, and liquid nonhazardous waste. The quantities of waste generated would represent small
percentages of the capacities of SRS waste management facilities.
Table H–7 Waste Management Impacts for the Waste Solidification Building
Peak Annual Operations Waste Generation
CH-TRU
Waste

Solid
LLW

Solid
MLLW

Solid Hazardous
Waste

Solid
Nonhazardous
Waste

Liquid
Nonhazardous
Waste

(liters per year)

(cubic meters per year)

Facility

Liquid
LLW

WSB

200

320

negligible

0.2

280

8,500,000

10,200,000

Percent of
SRS Capacity

1.5

0.9

negligible

0.1

<0.1

1.4

0.7

CH-TRU = contact-handled transuranic; LLW = low-level radioactive waste; MLLW = mixed low-level radioactive waste;
SRS = Savannah River Site; WSB = Waste Solidification Building.
Note: To convert cubic meters to cubic feet, multiply by 35.314; liters to gallons, multiply by 0.26418.
Source: SRNS 2012.

H.1.4.4 E-Area
Waste management in E-Area would generate negligible quantities of additional waste that would require
treatment, storage, or disposal. The annual quantities of wastes that would be managed at E-Area, which
would generally entail temporary storage or staging of TRU and other wastes for offsite shipment, would
depend on the SPD Supplemental EIS alternative selected. Yet even with the largest quantities of wastes
projected for E-Area management under any of the alternatives, it is not expected that E-Area waste
treatment, storage or staging, or disposal capacities would be exceeded. (These capacities are discussed
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in Chapter 3, Section 3.1.10.) Years of E-Area operation attributable to surplus plutonium management
and disposition would vary depending on the SPD Supplemental EIS alternative selected, but would
generally coincide with the need to ship TRU waste to WIPP or another authorized disposition facility.
H.1.5 Transportation
Transportation involves the movement of materials and wastes between facilities involved in the Surplus
Plutonium Disposition Program, including pit disassembly and conversion facilities, plutonium
disposition facilities, principal plutonium support facilities, and domestic commercial nuclear power
reactors. This type of system-wide analysis does not lend itself to analysis of a portion of the system
(e.g., just the principal plutonium support facilities) when evaluating impacts from transportation of
materials and wastes. See Appendix E for a detailed description of the transportation impacts associated
with the alternatives being evaluated in this SPD Supplemental EIS, which includes impacts associated
with the principal plutonium support facilities. Appendix E, Section E.11, provides a discussion of the
impacts associated with onsite shipments at SRS.
H.1.6 Environmental Justice
Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and
Low-Income Populations, directs Federal agencies to identify and address, as appropriate,
disproportionately high and adverse human health and environmental effects of their programs, policies,
and activities on minority and low-income populations.
The alternatives considered in this
SPD Supplemental EIS involve construction and operation of several facilities in various combinations,
with different levels of efforts and operational timeframes. This type of system-wide analysis does not
lend itself to analysis of a portion of the system (e.g., just the principal plutonium support facilities).
Chapter 4, Section 4.1.6, presents the potential impacts on populations surrounding the facilities at SRS
and LANL that could result from surplus plutonium activities under the SPD Supplemental EIS
alternatives. Included are the impacts associated with the principal plutonium support facilities.
H.1.7 Other Resource Areas
H.1.7.1 Water Resources
This section analyzes impacts on water resources (surface water and groundwater) resulting from the
principal plutonium support facilities at SRS.
H.1.7.1.1

K-Area Storage and K-Area Interim Surveillance

Annual water use at the K-Area Complex is estimated to be about 3.6 million gallons (14 million liters)
per year (see Table H–8). Most activities at the K-Area Complex are associated with continued storage
and surveillance of surplus plutonium. No impacts on surface water, groundwater quality, or SRS
available capacity are expected from plutonium storage or surveillance activities at the K-Area Complex.
H.1.7.1.2

Waste Solidification Building

WSB is projected to annually use approximately 12 million gallons (45 million liters) of water
(see Table H–8). Uncontaminated heating, ventilating, and air-conditioning condensate wastewater from
WSB would be discharged into the sanitary sewer, while facility stormwater runoff would be discharged
into Upper Three Runs and ultimately into the Savannah River at NPDES outfall H-16 under the
conditions of South Carolina Department of Health and Environmental Control Permit SC0000175
(SRNS 2012; WSRC 2008). Contamination of surface water from this outfall would be minimal because,
under the conditions of the permit, pollutant concentrations would be limited to safe levels. Impacts on
surface water from WSB operations are expected to be minimal. No impacts on surface water,
groundwater quality, or SRS available capacity are expected.
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H.1.7.2 Noise
Noise impacts due to K-Area storage, KIS, and WSB operations would be similar to those described for
existing conditions at SRS in Chapter 3, Section 3.1.4.3. Noise sources during operations could include
diesel generators, cooling systems, vents, motors, material-handling equipment, and employee vehicles
and trucks. Traffic noise associated with operation of these facilities would occur on site and along
offsite local and regional transportation routes used to bring materials and workers to the site. Noise from
traffic associated with the operation of facilities is expected to increase by less than 1 decibel as a result
of the increase in staffing.
Given the distances to site boundaries, noise from facility operations is not expected to result in public
annoyance. Non-traffic noise sources are far enough away from offsite areas that the contribution to
offsite noise levels would be small. Some noise sources could have onsite noise impacts, such as the
disturbance of wildlife. However, noise would be unlikely to affect federally listed threatened or
endangered species or their critical habitats. Some change in the noise levels to which noninvolved
workers are exposed could occur. Appropriate noise control measures would be implemented under
U.S. Department of Energy (DOE) Order 440.1B, Worker Protection Program for DOE (Including the
National Nuclear Security Administration) Federal Employees, to protect worker hearing.
H.1.7.3 Infrastructure
This section analyzes the infrastructure impacts associated with operation of plutonium support facilities
at SRS. The resource types addressed include electricity, water, and fuel oil.
H.1.7.3.1

K-Area Storage and K-Area Interim Surveillance

Table H–8 summarizes the annual resources that would be used by K-Area storage and KIS operations.
Combined operations would annually use about 1 percent or less of SRS’s available electrical and water
capacity (4.1 million megawatt-hours and 2.63 billion gallons [9.96 billion liters] per year, respectively).
Fuel oil usage is not limited by site capacity because fuel oil is delivered to the site as needed. However,
fuel oil use for K-Area storage and KIS operations is estimated at 170,000 gallons (640,000 liters) per
year, representing approximately 41 percent of SRS’s current annual fuel usage (410,000 gallons
[1,600,000 liters] – see Chapter 3, Section 3.1.9).
Table H–8 Annual Infrastructure Requirements from Operation of K-Area Storage, K-Area
Interim Surveillance, and the Waste Solidification Building
Facility
Resource
Electricity (megawatt-hours)
Water (gallons)
Fuel oil (gallons)

K-Area Storage and KIS

a

WSB

Total

9,200

35,000

44,000

3,600,000

12,000,000

16,000,000

170,000

2,500

170,000

KIS = K-Area Interim Surveillance capability; WSB = Waste Solidification Building.
a
Values are for operation of the entire K-Area Complex, rather than solely plutonium storage and KIS operations; plutonium
storage with associated examination at KIS are the main activities at the K-Area Complex.
Note: To convert gallons to liters, multiply by 3.7854.
Source: DOE 2008a; WSRC 2008.

H.1.7.3.2

Waste Solidification Building

Table H–8 summarizes the annual resources that would be used by WSB. Operations would use less than
1 percent of SRS’s available electrical and water capacity. Fuel oil use is estimated at 2,500 gallons
(9,500 liters) per year, representing less than 1 percent of SRS’s current annual fuel usage.
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H.2

Principal Los Alamos National Laboratory Plutonium Support Facilities

Negligible quantities of waste would be generated from TRU waste characterization and staging, or from
onsite disposal of LLW or from characterization or temporary staging of LLW, MLLW, or hazardous
waste pending offsite shipment. (LLW may also be disposed on site.) Currently, TRU waste generated
from pit disassembly and conversion activities at PF-4 would be transferred to Area G in TA-54 for WIPP
characterization, including the use of real-time radiography and assay analysis. TRU waste would then be
transferred to the Radioassay and Nondestructive Testing Facility (RANT), also located in TA-54, and
secured within Transuranic Package Transporter (TRUPACT) packages for shipment to WIPP. If some
LLW, MLLW, and hazardous waste could not be shipped directly from PF-4 to an offsite disposal
facility, some of this waste may be characterized and temporarily staged at TA-54 prior to shipment for
offsite disposal (LANL 2013).
Because of the requirements in a 2005 Compliance Order on Consent between DOE/National Nuclear
Security Administration (NNSA) and the New Mexico Environmental Department, which include the
final closure of Material Disposal Area G, the waste management capabilities in Area G are being
transitioned to other locations along the Pajarito Road corridor (i.e., other locations on the same mesa
as TA-54).3 Among other activities, DOE is retrieving stored legacy TRU waste from Area G
for characterization, repackaging, and shipment to WIPP for disposal. A 2012 Framework Agreement
between DOE and the State of New Mexico Environment Department calls for complete removal of all
non-cemented above-grade legacy and newly-generated TRU waste currently stored at Area G
(DOE/NNSA/NMED 2012).
Because of the above Consent Order requirements, it is expected that characterization of TRU waste from
pit disassembly and conversion activities at PF-4 would shift from G Area to the RANT facility where
TRUPACT-loading would also occur. After it becomes operational, management of TRU waste from pit
disassembly and conversion activities could also occur at the TRU Waste Facility to be constructed in
TA-63. LLW, MLLW, and hazardous waste management capabilities would be transitioned to other
locations in TA-54.
The annual quantities of wastes that would be managed would depend on the SPD Supplemental EIS
alternative and the pit disassembly and conversion option selected. Yet even with the largest quantities of
wastes projected for management at the LANL support facilities under any of the alternatives and options
(see Appendix F, Section F.4), it is not expected that current waste characterization, storage or staging, or
authorized disposal capacities at LANL would be exceeded (see Appendix F, Table F–11). Future LANL
capacities for managing TRU waste may be smaller than current capabilities, however, requiring careful
planning and possible additional personnel or other resources to manage the waste (also see below).
Years of support facility operation attributable to surplus plutonium management and disposition would
vary depending on the SPD Supplemental EIS alternative selected, but would generally coincide with the
need to ship TRU waste to WIPP or another authorized disposition facility.
Impacts associated with other resource areas are expected to result in no or negligible incremental impacts
from operation of the principal support facilities at LANL, or are better addressed on a system-wide rather
than facility-specific basis. Impacts could be somewhat larger, however, if the pit disassembly and
conversion activities at LANL include preparation of pit plutonium for disposal as TRU waste at WIPP.4

3

DOE decided to transition the waste management capabilities at LANL (73 FR 55833), including construction of the new TRU
Waste Facility in TA-63, based on the analysis of environmental impacts in the 2008 Final Site-Wide Environmental Impact
Statement for Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico (DOE 2008b).
4
Under the PF-4 and MFFF and PF-4, H-Canyon/HB-Line, and MFFF Options for pit disassembly and conversion,
35 metric tons (38.6 tons) of pit plutonium could be processed at PF-4 at LANL. Under these options and the WIPP Alternative,
7.1 metric tons (7.8 tons) of pit plutonium would be prepared at LANL or SRS for disposal as TRU waste. To implement the
WIPP preparation option at LANL, there could be minor modifications to TA-55 facilities and minor revisions to operations at
these facilities, as described in Appendix B, Section B.2.1, and with impacts evaluated in Appendix G.

H-12

Appendix H – Impacts of Principal Plutonium Support Facilities

Assuming pit plutonium is not prepared at LANL for potential disposal at WIPP, there would be no new
land-disturbing construction activities at the principal LANL support facilities, and operation of these
support facilities is expected to have no impacts on land resources, geology and soils, and ecological and
cultural resources in addition to those evaluated in the Final Site-Wide Environmental Impact Statement
for Continued Operation of Los Alamos National Laboratory, Los Alamos, New Mexico (LANL SWEIS)
(DOE/EIS-0380) (DOE 2008b), which is incorporated by reference in this SPD Supplemental EIS
(see Appendix A, Section A.2.4). Operation of these facilities is expected to result in negligible
incremental radiological impacts on workers and the public and present no additional risks
from potential accidents. Because no additional employment is projected, there would be no
socioeconomic impacts. Noise levels from operations would be similar to existing LANL conditions (see
Chapter 3, Section 3.2.4.3). TA-54 operates in accordance with NPDES permits (see Chapter 3,
Section 3.2.3.1), as would the TRU Waste Facility to be constructed in TA-63. There would be no
additional withdrawals of groundwater, and staging activities are expected to have negligible impacts on
surface water resources and no impacts on groundwater quality or LANL available capacity. Water and
utility use at the principal support facilities is not expected to be significantly affected by the
particular combinations of waste management activities that may take place under each of the
SPD Supplemental EIS alternatives.
Assuming pit plutonium is prepared at LANL for potential disposal at WIPP, there would be additional
volumes of CH-TRU waste to be managed at the principal LANL support facilities. To accommodate
these additional waste volumes, additional equipment and storage capacity could be needed at the planned
TRU Waste Facility at TA-63, with additional personnel required during operations. Additional
personnel or shifts could also be required at RANT. Although specific facility construction and
operational information is unavailable at this time, implementing this option is not expected to result in
major impacts.5 Impacts from construction of the TRU Waste Facility and operation of this facility and
RANT have been evaluated in the LANL SWEIS (DOE 2008b). Any expansion of waste storage capacity
at the TRU Waste Facility is expected to be within the existing evaluated footprint for this facility, with
no additional land-disturbing construction impacts or impacts to visual resources. Any additional wastes
generated from facility construction are expected to be nonradioactive and in negligible quantities.
Hence, there is expected to be no change in the affected land area, with no substantial increases in
construction-related emissions of toxic and criteria pollutants to the air. No impacts to surface water
resources would be expected at the TRU Waste Facility because any facility modifications would be
expected to be within its existing evaluated footprint. These facility modifications, however, could result
in a minor additional requirement for water associated with the workers performing the modifications,
and a minor additional requirement for other utilities such as electricity. Use of infrastructure resources,
however, would be within LANL’s capacity. There would be no impacts on groundwater quality or
additional impacts to ecological or cultural resources.
Operation of the TRU Waste Facility and RANT are expected to result in no additional impacts on land
resources, geology and soils, and ecological and cultural resources. Operation of these facilities is
expected to result in negligible incremental emissions of toxic and criteria pollutants to the air. There
could be minor incremental radiological impacts on workers, but no substantial additional risks to the
public are expected from normal operations and potential accidents. Some additional employment could
be required. Noise levels from operations would be similar to existing LANL conditions (see Chapter 3,
Section 3.2.4.3). There could be additional water use, consistent with the employment of additional
workers, although facility operations are expected to have negligible impacts on surface water resources
and no impacts on groundwater quality or available capacity. There could be also be a minor increase in
the annual requirements for other infrastructure resources, such as electricity, for the TRU Waste facility
or RANT, but the additional requirements would be within LANL’s capacity. The TRU Waste Facility
and RANT would operate in accordance with all applicable permits.
5

Use of LANL facilities to prepare pit plutonium for potential disposal at WIPP may require additional NEPA analysis.
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Two resource areas, transportation and environmental justice, are meant for system-wide analysis rather
than analysis of just a portion of the system (e.g., just LANL waste management capabilities). Therefore,
for the same reasons discussed in Section H.1.5 for K-Area storage, KIS, and WSB at SRS, the analysis
of transportation impacts associated with support facility operations is presented in Appendix E, which
provides a detailed analysis of the transportation impacts associated with the alternatives being evaluated
in this SPD Supplemental EIS, including the impacts associated with the principal plutonium support
facilities. Appendix E, Section E.11, provides a discussion of the impacts associated with onsite
shipments at LANL. Similarly, the analysis of environmental justice impacts associated with support
facility operations is presented in Chapter 4, Section 4.1.6, which evaluates the potential impacts on
populations surrounding the LANL facilities that would be involved in surplus plutonium activities,
including the impacts associated with the principal plutonium support facilities. This approach is
consistent with that taken for the principal SRS support facilities (see Section H.1.6).
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APPENDIX I
IMPACTS OF MIXED OXIDE FUEL USE IN DOMESTIC COMMERCIAL
NUCLEAR POWER REACTORS
This appendix to this Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement
(SPD Supplemental EIS) provides an assessment of the environmental impacts from the use of a partial
mixed oxide (MOX) fuel core (i.e., up to 40 percent MOX fuel), rather than a 100-percent low-enriched
uranium (LEU) core in commercial nuclear power reactors. Section I.1 addresses impacts of use of MOX
fuel in two multiple-unit nuclear reactor facilities operated by the Tennessee Valley Authority (TVA) –
namely, the Browns Ferry Nuclear Plant (Browns Ferry) near Athens, Alabama, and the Sequoyah
Nuclear Plant (Sequoyah) near Soddy-Daisy, Tennessee. Section I.2 addresses impacts of use of MOX
fuel within generic commercial nuclear reactors potentially located
anywhere within the United States.
I.1

Impacts of Irradiating Mixed Oxide Fuel at Tennessee
Valley Authority Reactor Sites

As discussed in Chapter 2, Section 2.3.3, of this SPD Supplemental
EIS, use of MOX fuel within commercial nuclear reactors is
evaluated for TVA’s Browns Ferry and Sequoyah Nuclear Plants.
Browns Ferry has three operating boiling water reactors (BWRs)
and Sequoyah has two operating pressurized water reactors (PWRs)
that could be used to irradiate MOX fuel assemblies. The
U.S. Nuclear Regulatory Commission (NRC) licenses and regulates
all commercial nuclear power plants that generate electricity in the
United States, including the TVA reactors at Browns Ferry and
Sequoyah.
(For more information on NRC’s power reactor
regulatory
program,
see
www.nrc.gov/reactors/operatorlicensing.html.) Table I–1 summarizes the operating power level
for each of the Browns Ferry and Sequoyah reactors.
Table I–1 Reactor Operating Power Level
Operator

Installed Power Level (megawatts electric)

Browns Ferry Nuclear Plant 1

Reactor

TVA

1,158 a

Browns Ferry Nuclear Plant 2

TVA

1,161 a

Browns Ferry Nuclear Plant 3

TVA

1,161 a

Sequoyah Nuclear Plant 1

TVA

1,216

Sequoyah Nuclear Plant 2

TVA

1,194

TVA = Tennessee Valley Authority.
a
TVA plans to increase the generating capacity of each Browns Ferry unit to approximately 1,295 megawatts electric
with an extended power uprate following approval from the NRC.
Source: TVA 2012.

In accordance with the alternatives presented in Chapter 2, Section 2.3, of this SPD Supplemental EIS,
these reactors could use MOX fuel to partially fuel their reactor cores. Depending on the alternative
chosen, between 34 metric tons (37.5 tons) and 45.1 metric tons (49.7 tons) of surplus plutonium could be
fabricated into MOX fuel. The impact analyses presented in this section are based on publically available
information and information provided by TVA. Data were also developed independently to support these
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analyses; this included projecting the population around the reactor sites out to 2020.1 Analyses of
potential radiation impacts from accident scenarios used this information. In addition, expected ratios of
radionuclide activities in MOX fuel versus those in LEU fuel were calculated using the ORIGEN
computer code and used to estimate the radiological consequences in the event of a number of reactor
accidents (ORNL 2013).
Under the MOX fuel approach, both MOX and LEU fuel assemblies would be loaded into the reactors.
When the MOX fuel completes its time in the reactor core, it would be withdrawn from the reactor in
accordance with the plant’s refueling procedures and placed in the plant’s used fuel (also known as spent
fuel) pool for cooling among other used fuel. The used fuel may be subsequently transferred to dry
storage casks. No major changes are expected in the plant’s used fuel storage plans to accommodate the
used MOX fuel. Although the amount of fissile material would be higher in used MOX fuel rods than in
LEU used fuel rods, the fuel assembly numbers and spacing in the used fuel pool and/or dry storage casks
would be adjusted as necessary to maintain criticality and thermal safety margins.
Before MOX fuel could be used, the utility operating the reactor would be required to obtain a license
amendment from NRC in accordance with Title 10 of the Code of Federal Regulations (CFR) Parts 50
or 52 (10 CFR Parts 50 or 52). NRC would determine whether to issue license amendments that would
allow the reactor(s) to use MOX fuel. The NRC licensing process is described in Chapter 5,
Section 5.3.3.
I.1.1

Construction Impacts

No new construction would likely be needed on undeveloped areas of the reactor sites to support the
irradiation of MOX fuel (TVA 2012). Although the use of MOX fuel may require some changes to safety
systems such as the number of control rods, the use of MOX fuel is expected to require only minor
modifications at the reactor site itself. Minor changes may be needed to existing facilities for security
upgrades and to provide adequate room to receive MOX fuel assemblies. As a result, there would be only
minimal impacts on all resource areas.
I.1.2

Operational Impacts

This section describes and compares the impacts from the operation of the TVA reactors using a partial
MOX fuel core versus a full LEU core. The No Action Alternative does not include the use of TVA
reactors for this purpose but any of the other alternatives considered in this SPD Supplemental EIS could
potentially result in MOX fuel becoming available for use in TVA reactors.
I.1.2.1

Air Quality

Continued operation of the reactors would result in small amounts of nonradiological air pollutants being
released to the atmosphere, mainly due to the requirement to periodically test diesel generators and from
the operation of auxiliary steam boilers. As shown in Chapter 3, Sections 3.3.1.1 and 3.3.2.1, of this
SPD Supplemental EIS, all of the reactors operate within Federal, state, and local air quality regulations or
guidelines. Release of air pollutants resulting from operation of the reactors is not expected to increase
due to the use of MOX fuel (TVA 2012).
Estimated total emissions from shipping unirradiated MOX fuel to TVA reactors are presented in
Table I–2 conservatively assuming one Type B cask per shipment. Similar emissions would occur even
if MOX fuel is not used in TVA reactors, because the MOX fuel would be replacing LEU fuel shipped to
reactors under the No Action Alternative.

1

Populations for the area within a 50-mile (80-kilometer) radius around the proposed reactor sites were projected to 2020. By
2020, the MOX program should be firmly established and is expected to remain stable through the end of the program. Using
1990, 2000, and 2010 census data a linear trend was developed and the populations around the sites were projected to 2020.
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Table I–2 Criteria Pollutant Emissions from Shipping Unirradiated Mixed Oxide Fuel to the
Browns Ferry and Sequoyah Nuclear Plants
Total Emissions by Alternative (metric tons)
Pollutant
No Action a
Immobilization
MOX Fuel
H-Canyon/HB-Line
WIPP
Carbon monoxide
N/A
6.7
9
8.2
6.7
Nitrogen dioxide
N/A
23
31
28
23
PM10
N/A
0.66
0.89
0.81
0.66
PM2.5
N/A
0.55
0.75
0.68
0.55
Sulfur dioxide
N/A
0.028
0.037
0.034
0.028
Volatile organic compounds
N/A
1.1
1.4
1.3
1.1
MOX = mixed oxide; N/A = not applicable; PMn = particulate matter less than or equal to n microns in aerodynamic diameter;
WIPP = Waste Isolation Pilot Plant.
a
No MOX fuel would be shipped to the Sequoyah Nuclear Plant and the Browns Ferry Nuclear Plant under the No Action
Alternative.
Note: To convert metric tons to tons, multiply by 1.1023.

Estimated carbon dioxide emissions from shipping unirradiated MOX fuel to TVA reactors would be less
than 190 tons per year (170 metric tons per year).
I.1.2.2

Human Health Risk

This section describes the impacts from operation of the TVA reactors with the partial MOX fuel core on
human health from normal reactor operations, facility accidents, and intentional destructive acts.
I.1.2.2.1

Human Health Risk from Normal Operations

Doses to workers – Under all alternatives, occupational doses to plant workers during periods of MOX
fuel loading and irradiation are expected to be similar to those for LEU fuel (TVA 2012). Unirradiated
MOX fuel could present a risk of higher radiation doses to reactor workers due to the presence of
additional plutonium and other actinides compared to LEU fuel. However, worker doses would continue
to meet Federal regulatory dose limits as required by NRC, and TVA would be required by NRC to take
steps within its ALARA [as low as reasonably achievable] program to limit any increase in doses to
workers that may occur from use of MOX fuel. The only time any increase in dose is likely to occur
would be during acceptance inspections at the reactor when the fuel assemblies are first delivered to the
plant and workers are required to inspect the fuel assemblies to ensure that they meet design
specifications. After inspection, worker doses would be limited because the assemblies would be handled
remotely as they are loaded into the reactor and subsequently removed from the reactor and transferred
into the used fuel pool. For MOX fuel use at the Browns Ferry and Sequoyah Nuclear Plants, however,
TVA personnel have indicated that any potential increases in worker dose would be prevented through the
continued implementation of aggressive ALARA programs. If needed, additional shielding and remote
handling equipment would be used to prevent an increase in worker dose (TVA 2012). Worker doses at
the reactors would continue to meet Federal regulatory dose limits as required by NRC in 10 CFR Part 20,
and steps would be taken at the reactor sites to limit any increase in dose to workers that could result from
use of MOX fuel.
As discussed in Chapter 3, Sections 3.3.1.2 and 3.3.2.2, of this SPD Supplemental EIS, Browns Ferry
workers received an average annual dose of 175 millirem from plant operations during the period from
2005 through 2009, while Sequoyah workers received an average annual dose of 110 millirem
(TVA 2012). Over the same period, the average annual total worker dose at Browns Ferry was
532 person-rem, while the average annual total worker dose at Sequoyah was 142 person-rem
(TVA 2012). Using a risk estimator of 600 cancer deaths per 1 million person-rem (DOE 2003), the risk
of a latent cancer fatality (LCF) for the average worker would be 0.0001 and 0.00007 annually at Browns
Ferry and Sequoyah, respectively. No LCFs are expected in the plant worker population at either reactor
site from normal operations using either a partial MOX fuel core or a full LEU core.
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Doses to members of the public – Table I–3 shows the projected radiological doses that would be
received by the offsite maximally exposed individual (MEI) and the general population. No change in
radiation dose to the public is expected from normal operation of the reactors assuming a partial MOX
fuel core versus a full LEU fuel core. This is consistent with findings in the Surplus Plutonium
Disposition Final Environmental Impact Statement (SPD EIS) (DOE 1999).
Table I–3 Estimated Dose to the Public from Continued Operation of the Browns Ferry and
Sequoyah Nuclear Plants in the Year 2020 (partial mixed oxide or low-enriched uranium core)
Impact
Sequoyah Nuclear Plant a Browns Ferry Nuclear Plant b
Population within 50 miles (80 kilometers) for year 2020
Dose (person-rem)
3
0.2
Percent of natural background c
0.00077
0.000058
Latent fatal cancers d
0 (0.002)
0 (0.0001)
Maximally exposed individual (millirem per year)
Annual dose (millirem)
0.15
0.043
Percent of natural background c
0.047
0.013
Latent fatal cancer risk
9 × 10-8
3 × 10-8
Average exposed individual within 50 miles (80 kilometers)
Annual dose (millirem)
0.0025
0.00018
Latent fatal cancer risk
2 × 10-9
1 × 10-10
a
The population within 50 miles (80 kilometers) for the year 2020 is estimated to be approximately 1.2 million.
b
The population within 50 miles (80 kilometers) for the year 2020 is estimated to be approximately 1.1 million.
c
The natural background dose is 318 millirem per year (Chapter 3, Table 3–46).
d
Estimated number of latent cancer fatalities in the entire offsite population out to a distance of 50 miles given exposure to
the indicated dose. The number of latent cancer fatalities is calculated by multiplying the dose by the risk factor of 0.0006 LCFs
per person-rem (DOE 2003). Because the risk factor is only calculated to one significant figure, the number of latent cancer
fatalities is reported to one significant figure.

As discussed in Chapter 3, Section 3.3.1.2, of this SPD Supplemental EIS, the Browns Ferry MEI was
calculated to receive an annual dose of 0.043 millirem from typical (representative) plant operations
(TVA 2012). Using a risk estimator of 600 cancer deaths per 1 million person-rem (DOE 2003), the
annual fatal cancer risk to the MEI from Browns Ferry operations using a partial MOX fuel core is
estimated to be 3 × 10-8, the same as would occur from using a full LEU core. That is, the estimated
probability of this person developing a fatal cancer sometime in the future from 1 year of plant operations
would be approximately 1 in 33 million. As also discussed in Section 3.3.1.2, the annual dose to the
population residing within 50 miles (80 kilometers) of Browns Ferry was calculated to be
0.15 person-rem from typical recent plant operations. For the year 2020, the subject population is
expected to be approximately 30 percent higher (see Appendix J); therefore, it was conservatively
assumed that the population dose would also be 30 percent higher (0.20 person-rem) in 2020. Employing
the same risk estimator as above, a calculated value of 0.00012 fatal cancers indicates that no fatal
cancers are projected for the Browns Ferry general population from normal operations using a partial
MOX fuel core or a full LEU fuel core.
As discussed in Chapter 3, Section 3.3.2.2, of this SPD Supplemental EIS, the Sequoyah MEI was
calculated to receive an annual dose of 0.15 millirem from typical (representative) plant operations.
Using a risk estimator of 600 cancer deaths per 1 million person-rem (DOE 2003), the annual fatal cancer
risk to the MEI from Sequoyah operations using a partial MOX fuel core is estimated to be 9 × 10-8, the
same as would occur from using a full LEU core. That is, the estimated probability of this person
developing a fatal cancer sometime in the future from 1 year of plant operations would be 1 in 11 million.
As also discussed in Section 3.3.2.2, the annual dose to the population residing within 50 miles
(80 kilometers) of Sequoyah was calculated to be 2.5 person-rem from typical recent plant operations.
For the year 2020, the subject population is expected to be approximately 20 percent higher than in 2007
(see Appendix J); therefore, it was conservatively assumed that the population dose would also be

I-4

Appendix I – Impacts of Mixed Oxide Fuel Use in Domestic Commercial Nuclear Power Reactors

20 percent higher (3.0 person-rem) in 2020. Employing the same risk estimator as above, a calculated
value of 0.002 fatal cancers indicates that no fatal cancers are projected for the Sequoyah general
population from normal operations using a partial MOX fuel core or a full LEU fuel core.
For either reactor site, the average individual living within 50 miles (80 kilometers) of the reactor sites
could expect to receive an annual dose of 0.00018 to 0.0025 millirem from normal operations regardless
of whether the reactors were using MOX fuel or LEU fuel. This is a small dose compared with the
average annual dose an individual would receive from natural background radiation near these sites
(about 318 millirem as shown in Chapter 3, Table 3–46, of this SPD Supplemental EIS).
I.1.2.2.2

Reactor Accidents

Under all alternatives, the potential impacts of accidents at either TVA reactor would be similar. The
focus of the analysis was an examination of the potential differences in the accidents’ impacts if a partial
MOX fuel core were used in commercial nuclear power plants. This question was addressed in the
SPD EIS (DOE 1999) for use of MOX fuel in PWRs and is being reexamined and updated in this
SPD Supplemental EIS for both PWRs and BWRs. This section summarizes the more detailed analyses
of postulated reactor accidents presented in Appendix J.
The approach is straightforward. Sequoyah, which has PWRs, and Browns Ferry, which has BWRs, were
used to represent typical commercial nuclear power reactors in the United States as well as being the
specific reactors under consideration for use of MOX fuel.
Because Sequoyah and Browns Ferry are currently licensed by NRC to operate with LEU fuel,
representative accidents were selected from current TVA licensing documents for comparison of the
impacts if a partial MOX fuel core were substituted for the licensed full LEU fuel core. For this
comparison, representative design-basis accidents and beyond-design-basis accidents were selected from
TVA safety analyses. It should be noted that before MOX fuel could be used in these reactors or any
commercial reactors in the United States, detailed safety analyses in support of licensing amendment
requests would evaluate the probability of occurrence and consequences of all accident possibilities while
using MOX fuel. These analyses would be reviewed and approved by the NRC prior to granting
licensing amendments to use MOX fuel.
Depending on the accident being analyzed, the presence of MOX fuel would decrease or increase the
consequences of the accident because it would result in different amounts of radiation being released due
to the different isotopic distributions and quantities of radioactive isotopes being generated. Models
currently accepted by NRC to estimate potential radiological impacts from reactor accidents were used to
evaluate a selected suite of design-basis and beyond-design-basis accidents. Additional modeling would
likely be required by NRC as part of the license amendment process should TVA decide to move forward
with the proposal to use MOX fuel in its reactors. The methodology used is consistent with current
U.S. Department of Energy (DOE) and industry practice (see Appendix J of this SPD Supplemental EIS).
TVA Reactor Design-basis Accidents. Design-basis accidents are not expected to take place, but are
postulated because their consequences would include the potential release of radioactive material. They
are the most drastic events that must be designed against and represent limiting design cases. The designbasis accidents evaluated in this SPD Supplemental EIS include a large-break loss-of-coolant accident and
a used fuel-handling accident.
As shown in Table I–4, the design-basis accident with the greatest dose at the exclusion area boundary
would be a loss-of-coolant accident. As also shown in Table I–4, the dose to a person at the exclusion
area boundary for these accidents is well below the regulatory limit (25 rem) and would not be
significantly different if the TVA reactor were partially fueled with MOX fuel.
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Table I–4 Summary of Environmental Consequences from Design-Basis Accidents at the
Browns Ferry and Sequoyah Nuclear Plants
Impacts on the MEI
at the Exclusion Area Boundary

Accident
Browns Ferry Nuclear Plant
Loss-of-coolant accident d
Used-fuel-handling accident e

Full LEU or
Partial MOX
Fuel Core

Dose
(rem) a

NRC Regulatory
Limit (rem) b

LEU
MOX
LEU
MOX

0.026
0.023
0.00014
0.00014

25
25
25
25

Impacts on the Population
within 50 Miles
Average
Dose
Individual Dose
(person-rem) a
(rem) c
150
150
0.085
0.086

1.4 × 10-4
1.4 × 10-4
7.8 × 10-8
7.9 × 10-8

Sequoyah Nuclear Plant
6.2 × 10-7
LEU
0.0023
25
0.75
5.9 × 10-7
MOX
0.0020
25
0.72
1.5 × 10-8
LEU
0.000036
25
0.018
Used-fuel-handling accident f
1.5 × 10-8
MOX
0.000036
25
0.018
LEU = low-enriched uranium; MEI = maximally exposed individual; MOX = mixed oxide; NRC = U.S. Nuclear Regulatory
Commission; rem = roentgen equivalent man.
a
The reactor accident doses were calculated over a 80-year period using the MACCS2 computer code. Eighty years was
chosen to represent a typical person’s lifetime.

Loss-of-coolant accident f

b
c

d
e
f

From 10 CFR 50.34 for design basis accidents.
Average individual dose to the entire offsite projected population in 2020 (approximately 1,100,000 for Browns Ferry and 1,200,000
for Sequoyah) out to a distance of 50 miles for the indicated accident.
Release would be through a 604-foot stack.
Release was assumed to be through the top of the containment building at 173 feet.
Release was assumed to be through the top of the containment building at 171 feet.

To convert feet to meters, multiply by 0.3048; miles to kilometers by 1.6093.
Source: Appendix J, Tables J–4 and J–5.

TVA Reactor Beyond-design-basis Accidents. Risk is determined by multiplying two factors, frequency
and consequence. In the case of the beyond-design-basis reactor accidents evaluated in this
SPD Supplemental EIS, no change is expected in the estimated frequency of the accident based on the
presence of a partial MOX fuel core. The frequencies used in the analysis are the same as those used in
each reactor’s probabilistic risk assessment, which was prepared for NRC for the reactor’s current LEU
core. A recent analysis of severe accidents for reactors using partial MOX fuel cores determined them to
have a similar accident progression as those for a full LEU fuel core for a number of accident scenarios
including early and late containment failures (SNL 2010). These frequencies are event-based
(e.g., frequency of an initiating event such as loss of offsite power) and depend on systems- and
operational-response-related events (mitigation activities with probabilities to accomplish the required
actions). They are not dependent on the type of the fuel in use in the reactor at the start of the accident.
Beyond-design-basis accident scenarios that would lead to containment bypass or failure were evaluated
because these are the accidents that have the greatest potential consequences. The public health and
environmental consequences would be significantly less for accident scenarios that do not lead to
containment bypass or failure. A steam generator tube rupture, early containment failure, late
containment failure, and an interfacing systems loss-of-coolant accident were chosen as the representative
set of beyond-design-basis accidents (see Appendix J).
As shown in Table I–5, of the beyond-design-basis accidents evaluated for Sequoyah, the late
containment failure accident represents the highest risk to the MEI, with an estimated frequency of
approximately 1 chance in 330,000 of the accident occurring per year of operation. Of the
beyond-design-basis accidents evaluated for Browns Ferry, the early containment failure accident
represents the highest risk to the MEI, with an estimated frequency of approximately 1 chance in
9 million of the accident occurring per year of operation.

I-6

Appendix I – Impacts of Mixed Oxide Fuel Use in Domestic Commercial Nuclear Power Reactors

Table I–5 Summary of Environmental Consequences from Beyond-Design-Basis Accidents at the
Browns Ferry and Sequoyah Nuclear Plants

Frequency
Accident
(per year)
Browns Ferry Nuclear Plant
Early containment
failure

1.1 × 10-7

Late containment
failure

3.0 × 10-7

ISLOCA

4.6 × 10-8

Sequoyah Nuclear Plant
Early containment
3.4 × 10-7
failure
Late containment
failure

3.0 × 10-6

Impacts on the MEI at the
Exclusion Area Boundary
Annual
Risk of
Dose
Dose Risk
Fatal
(rem) a (rem/year) b Cancer c

Impacts on the Population
within 50 Miles
Average
Risk of Fatal
Dose
Individual
Cancer to
(personDose Risk
Average
rem) a
(rem/year) d Individual e

LEU
MOX

11,000 f
11,000 f

1.2 × 10-3
1.2 × 10-3

1 × 10-7
1 × 10-7

5.5 × 106
5.4 × 106

5.6 × 10-7
5.5 × 10-7

3 × 10-10
3 × 10-10

LEU
MOX
LEU
MOX

190
200
41
38

5.7 × 10-5
6.0 × 10-5
1.9 × 10-6
1.7 × 10-6

7 × 10-8
7 × 10-8
2 × 10-9
2 × 10-9

420,000
400,000
220,000
210,000

1.2 × 10-7
1.1 × 10-7
9.3 × 10-9
8.9 × 10-9

7 × 10-11
7 × 10-11
6 × 10-12
5 × 10-12

LEU
MOX
LEU
MOX
LEU

27,000 f
33,000 f
790 f
870 f
45,000 f

0.0092
0.011
0.0024
0.0026
0.063

3 × 10-7

2.3 × 106
2.4 × 106
1.5 × 106
1.5 × 106
4.0 × 106

6.5 × 10-7
6.7 × 10-7
3.7 × 10-6
3.7 × 10-6
4.6 × 10-6

4 × 10-10
4 × 10-10
2 × 10-9
2 × 10-9
3 × 10-9

LEU
or
MOX
Fuel
Core

3 × 10

-7

3 × 10-6
3 × 10-6

Steam generator
1 × 10-6
-6
tube rupture
1.4 × 10
1 × 10-6
MOX
56,000 f
0.078
4.2 × 106
4.9 × 10-6
3 × 10-9
accident
ISLOCA = interfacing systems loss-of-coolant accident; LEU = low-enriched uranium; MEI = maximally exposed individual;
MOX = mixed oxide; rem = roentgen equivalent man.
a
The reactor accident doses were calculated over a 80-year period using the MACCS2 computer code. Eighty years was
chosen to represent a typical person’s lifetime.
b
Annual dose risk to a hypothetical MEI at the exclusion area boundary (4,806 feet at Browns Ferry and 1,824 feet at
Sequoyah) accounting for the probability of the accident occurring.
c
Annual risk of a fatality or fatal latent cancer to a hypothetical MEI at the exclusion area boundary (4,806 feet at Browns
Ferry and 1,824 feet at Sequoyah) accounting for the probability of the accident occurring.
d
Average individual dose risk per year for the entire offsite projected population in 2020 (approximately 1,100,000 at Browns
Ferry and 1,200,000 at Sequoyah) to a distance of 50 miles, given exposure to the indicated dose and accounting for the
probability of the accident occurring.
e
Annual risk of a cancer fatality to the average individual in the entire offsite projected population in 2020 to a distance of
50 miles accounting for the probability of the accident occurring.
f

Doses of this magnitude would result in a prompt fatality. In these cases, the annual risk of a fatal cancer is equal to the estimated
frequency of the accident.

Note: To convert feet to meters, multiply by 0.3048; miles to kilometers by 1.6093.
Source: Appendix J, Tables J–7 and J–8.

In terms of risks to the surrounding population, the evaluated beyond-design-basis accident at Sequoyah
with the greatest risk would be a steam generator tube rupture accident. Taking into account the
frequency of this accident, the average individual’s probability of developing a fatal cancer would
increase by about 1 chance in 330 million, regardless of whether the plant was operating with a partial
MOX fuel core or a full LEU fuel core. The evaluated beyond-design-basis accident at Browns Ferry
with the greatest risk would be an early containment failure accident. Taking into account the frequency
of this accident, the average individual’s probability of developing a fatal cancer would increase by about
1 chance in 3.3 billion, regardless of whether the plant was operating with a partial MOX fuel core or a
full LEU fuel core. For comparison, using a risk factor of 0.0006 LCFs per rem, the dose from natural
background radiation would increase the risk of a cancer by 1 chance in 5,200 for each year of exposure.
As discussed in Appendix J, Section J.3.4, and illustrated in Tables I–6 and I–7 of this
SPD Supplemental EIS, accident risks projected for the MEI and the general population are comparable
whether using a partial MOX fuel core or a full LEU core. Table I–6 presents a comparison of projected
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radiological impacts from a series of design-basis accidents that were analyzed in this SPD Supplemental
EIS. The comparison is presented as the ratio of the accident impacts involving partial MOX fuel cores to
those involving full LEU fuel cores. Impacts were estimated for a member of the general public at the
exclusion area boundary at the time of the accident (i.e., the MEI) and the general population residing
within 50 miles (80 kilometers) of the reactor. The numbers in parentheses are the calculated ratios
(impacts for a partial MOX core divided by impacts for an LEU core). A ratio less than 1 indicates that
the MOX fuel core could result in smaller impacts than the same accident with an LEU fuel core. A value
of 1 indicates that the estimated impacts are the same for both fuel core types. A ratio larger than 1
indicates that the MOX fuel core could result in larger impacts than the same accident with an LEU fuel
core. Outside the parentheses, the table shows a ratio of 1 for all accident scenarios. This is a rounded
value because, when modeling and analytical uncertainties are considered, the precision of the results is
no more than one significant figure.
Table I–6 Ratio of Design-Basis Accident Impacts for a Partial Mixed Oxide Fuel Core
Compared to a Full Uranium Fuel Core Reactor
(partial mixed oxide fuel core doses/full low-enriched uranium fuel core doses) a, b
Browns Ferry Nuclear Plant
Sequoyah Nuclear Plant
MEI at the
Population Within
MEI at the
Population Within
Exclusion Area
50 Miles
Exclusion Area
50 Miles
Accident
Boundary
(80 kilometers)
Boundary
(80 kilometers)
LOCA
1 (0.88)
1 (1.00)
1 (0.87)
1 (0.96)
Used-fuel-handling accident
1 (1.00)
1 (1.01)
1 (1.00)
1 (1.00)
LOCA = loss-of-coolant accident; MEI = maximally exposed individual.
a
Reactor accidents involving the use of partial MOX fuel cores were assumed to involve reactor cores with approximately
40 percent MOX fuel and 60 percent LEU fuel.
b
The values in parentheses reflect the ratio calculated by dividing the accident analysis results for a partial MOX fuel core
by the results for a full LEU core. When modeling and analytical uncertainties are considered, the precision of the results
is no more than one significant figure.
Source: Appendix J, Table J–9.

Table I–7 Ratio of Beyond-Design-Basis Accident Impacts for a Partial Mixed Oxide Fuel Core
Compared to a Full Uranium Fuel Core Reactor
(partial mixed oxide fuel core doses/full low-enriched uranium fuel core doses) a, b
Browns Ferry Nuclear Plant
Sequoyah Nuclear Plant
MEI at the
Population Within
MEI at the
Population Within
Exclusion Area
50 Miles
Exclusion Area
50 Miles
Accident
Boundary
(80 kilometers)
Boundary
(80 kilometers)
Early containment failure
1 (1.00)
1 (0.98)
1 (1.22)
1 (1.04)
Late containment failure
1 (1.05)
1 (0.95)
1 (1.10)
1 (1.00)
Steam generator tube rupture c
Not applicable
Not applicable
1 (1.24)
1 (1.05)
ISLOCA d
1 (0.93)
1 (0.95)
See SGTR
See SGTR
ISLOCA = interfacing systems loss-of-coolant accident; MEI = maximally exposed individual; SGTR = steam generator
tube rupture.
a
Reactor accidents involving the use of partial MOX fuel cores were assumed to involve reactor cores with approximately
40 percent MOX fuel and 60 percent LEU fuel.
b
The values in parentheses reflect the ratio calculated by dividing the accident analysis results for a partial MOX fuel core
by the results for a full LEU core. When modeling and analytical uncertainties are considered, the precision of the results
is no more than one significant figure.
c
Steam generator tube rupture is not applicable for boiling water reactors since they do not use steam generators.
d
An ISLOCA was not analyzed in the Watts Bar Nuclear Plant Severe Reactor Accident Analysis (SAIC 2007), on which
the analysis in this appendix is based, because the impacts were bounded by the SGTR accident.
Source: Appendix J, Table J–9.

I-8

Appendix I – Impacts of Mixed Oxide Fuel Use in Domestic Commercial Nuclear Power Reactors

Table I–7 presents a comparison of projected radiological impacts from a series of beyond-design-basis
accidents that were analyzed in this SPD Supplemental EIS. As with the design-basis accidents, numbers
in parentheses are the calculated ratios (impacts for a partial MOX core divided by impacts for an LEU
core). Outside the parentheses, the table shows a ratio of 1 for all accident scenarios. This is a rounded
value because, when modeling and analytical uncertainties are considered, the precision of the results is
no more than one significant figure.
Based on this evaluation the potential risks of accidents involving the two types of cores are projected to
be comparable for the MEI or the general population from these design-basis and beyond-design-basis
accidents for both a PWR (Sequoyah) and a BWR (Browns Ferry). These results are similar to those in
the SPD EIS (DOE 1999) for use of MOX fuel in PWRs.
I.1.2.2.3

Intentional Destructive Acts

Similar to the use of duplicate backup systems to ensure safety, TVA implements a layered approach to
physical security at the reactor sites in accordance with NRC regulations and guidance. Nuclear power
plants are inherently secure, robust structures built to withstand extreme natural phenomena such as
hurricanes, tornadoes, and earthquakes. Additional security measures are in place including physical
barriers; intrusion detection and surveillance systems; access controls; and coordination of threat
information and response with Federal, state, and local agencies (NRC 2008).
Since September 11, 2001, NRC has strengthened requirements at nuclear power plants and enhanced
coordination with Federal, state, and local organizations. Additional requirements (NRC 2005) address:


Increased physical security programs to defend against a more challenging adversarial threat



More restrictive site access controls for all personnel



Enhanced communication and liaison with the intelligence community



Improved capability for events involving explosions or fires



Enhanced readiness of security organizations by strengthening training and qualifications
programs for plant security forces



Required vehicle checks at greater stand-off distances



Enhanced force-on-force exercises to provide a more realistic test of plant capabilities to defend
against an adversarial force



Improved liaison with Federal, state, and local agencies responsible for protection of the national
critical infrastructure through integrated response training

NRC has also performed comprehensive safety and security studies showing that a radiological release
affecting public health and safety is unlikely from a terrorist attack, including one involving a large
commercial aircraft. Factors supporting this conclusion included the hardened condition of power plants
which are designed to withstand extreme events such as hurricanes, tornadoes, and earthquakes
(e.g., thick concrete walls with heavy reinforcing steel); redundant safety systems operated by trained
staff; multiple barriers protecting the reactor or serving to prevent or minimize offsite releases; and
in-place mitigation strategies and measures. In addition, security measures at nuclear plants have been
complemented by measures taken throughout the United States to improve security and reduce the risk of
successful terrorist attacks, including measures designed to respond to and reduce the threats posed by
hijacking large jet airplanes (e.g., reinforced cockpit doors, Federal Air Marshals) (NRC 2005, 2009).
An analysis of the consequences of the crash of a large aircraft at a nuclear power reactor site has been
performed by the Electric Power Research Institute (EPRI) for the Nuclear Energy Institute. The analysis
addressed the consequences of a large jet airline being purposefully crashed into sensitive nuclear
facilities or containers including nuclear reactor containment buildings, used fuel storage pools, used fuel
dry storage facilities, and used fuel transportation containers. Using conservative analyses, EPRI
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concluded that there would be no release of radionuclides from any of these facilities or containers
because they are already designed to withstand potentially destructive events. The EPRI analysis used
computer models in which a Boeing 767-400 was crashed into containment structures that were
representative of reactor containment designs for U.S. nuclear power plants. The containment structures
suffered some crushing and chipping at the maximum impact point but were not breached (EPRI 2002).
Notwithstanding the remote risk of a terrorist attack affecting operations at a nuclear power plant, in the
very remote likelihood that a terrorist attack would successfully breach the physical and other safeguards
at Browns Ferry or Sequoyah resulting in the release of radionuclides, the risks of such a release are
reasonably captured by the consideration of the impacts of severe accidents discussed previously in this
section.
I.1.2.3

Socioeconomics

Neither Browns Ferry nor Sequoyah would need to employ additional workers to support MOX fuel use
(TVA 2012). This is consistent with information presented in the SPD EIS, which concluded that MOX
fuel use would not result in increases in worker populations at reactor sites (DOE 1999). Therefore, as
compared to the current use of full LEU fuel cores, use of a partial MOX fuel core in these reactors is
expected to have no impact on socioeconomics in the communities surrounding the reactors.
I.1.2.4

Waste Management and Used Nuclear Fuel

Radioactive and Nonradioactive Waste Generation – Browns Ferry and Sequoyah are expected to
continue to produce low-level radioactive waste, mixed low-level radioactive waste, hazardous waste, and
nonhazardous waste as part of normal operations. As compared to the current use of full LEU fuel cores,
use of MOX fuel is not expected to increase the annual volumes of these wastes (TVA 2012). This is
consistent with information presented in the SPD EIS that stated that MOX fuel use is not expected to
increase the amount or change the content of the waste being generated (DOE 1999).
Used Nuclear Fuel – As shown in Table I–8, it is likely that some additional used (irradiated) nuclear
fuel would be generated from use of a partial MOX core in the TVA reactors compared to the current use
of full LEU fuel cores. The amount of additional used nuclear fuel is estimated to range from
approximately 8 to 10 percent of the total amount of used nuclear fuel that would be generated by the
TVA reactors during the time period that MOX fuel would be used. Used MOX fuel would be managed
in the same manner as LEU used fuel, by storing it in the reactor’s used fuel pool or placing it in dry
storage. The amount of additional used fuel is not expected to affect used fuel management at the reactor
sites (TVA 2012).
Table I–8 Additional Used Nuclear Fuel Assemblies Generated by Mixed Oxide Fuel Irradiation
Number of Used Fuel Assemblies
Generated With No MOX Fuel over
a Typical Fuel Cycle
81
81
312 a
312 a
312 a

Number of Additional Used Fuel
Percent
Reactor
Assemblies With MOX Fuel
Increase
Sequoyah Nuclear Plant 1
8
9.9
Sequoyah Nuclear Plant 2
8
9.9
a
Browns Ferry Nuclear Plant 1
24
7.7
Browns Ferry Nuclear Plant 2
24 a
7.7
Browns Ferry Nuclear Plant 3
24 a
7.7
MOX = mixed oxide.
a
The Browns Ferry Nuclear Plant is a BWR and the Sequoyah Nuclear Plant is a PWR. Fuel assemblies for boiling water
reactors are smaller than those for pressurized water reactors; therefore, more assemblies are needed to power a boiling
water reactor.
Source: TVA 2012.
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I.1.2.5

Transportation

Transportation requirements would include shipments of MOX fuel from the Savannah River Site (SRS)
to the reactor sites for irradiation, using the National Nuclear Security Administration’s (NNSA’s) Secure
Transportation Assets. It is estimated (see Appendix E, Section E.7) that between approximately
2,100 and 2,900 shipments of unirradiated MOX fuel could be shipped from SRS to the reactor sites
under the alternatives being considered in this SPD Supplemental EIS.2 This range of shipments was
determined assuming one Type B cask containing two unirradiated BWR or PWR MOX fuel assemblies
per shipment to maximize the number of shipments for the analysis. Alternatively, DOE is considering
the shipment of up to seven casks containing BWR fuel assemblies and up to five casks containing PWR
fuel assemblies per shipment if escorted commercial trucks are used (under DOE/NNSA’s Secure
Transportation Asset Program), reducing the total number of shipments to approximately 330 to
440 shipments.
As analyzed in Appendix E of this SPD Supplemental EIS and shown in Table I–9, the estimated dose to
the transportation crew from the incident-free transport of unirradiated MOX fuel to the TVA reactors is
estimated to range from 15 person-rem (for 2,100 shipments containing one Type B cask per shipment for
a combination of PWR and BWR shipments) to 20 person-rem (for 2,900 shipments containing one
Type B cask per shipment for a combination of PWR and BWR shipments), depending on the alternative
being analyzed. In terms of the number of LCFs related to the crew from this transportation, the crew risk
would range from 0.009 to 0.01. If escorted commercial trucks carrying up to seven casks of BWR fuel
or five casks of PWR fuel are used, the impacts to workers could increase about two times, with the risk
of an LCF still less than 1 (about 0.02).
Table I–9 Transportation Impacts Associated with the Shipment of Unirradiated Mixed Oxide
Fuel to the Browns Ferry and Sequoyah Nuclear Plants (assuming one Type B Cask per shipment)
Accident
Incident Free
Number of Radiological
Dose person-(rem)
LCFs a
Number of
Radiological
Traffic
Alternative
Shipments
Crew
Population
Crew
Population
LCF a
Fatality
N/A
N/A
N/A
N/A
N/A
N/A
N/A
No Action b
2,100
15
24
0.009
0.01
0.0000004
0.03
Immobilization
2,900
20
32
0.01
0.02
0.0000005
0.04
MOX Fuel
2,600
18
29
0.01
0.02
0.0000004
0.03
H-Canyon/HB-Line
2, 100
15
24
0.009
0.01
0.0000004
0.03
WIPP
LCF = latent cancer fatality; MOX = mixed oxide; N/A = not applicable; rem = roentgen equivalent man; WIPP = Waste
Isolation Pilot Plant.
a
Estimated number of latent cancer fatalities in the affected population along the potential transportation routes given
exposure to the indicated dose. The number of latent cancer fatalities is calculated by multiplying the dose by the risk factor of
0.0006 LCFs per person-rem (DOE 2003). Because the risk factor is only calculated to one significant figure, the number of
latent cancer fatalities is reported to one significant figure.
b

No MOX fuel would be shipped to the Sequoyah Nuclear Plant and the Browns Ferry Nuclear Plant under the No Action
Alternative.
Note: To convert metric tons to tons, multiply by 1.1023.

The estimated dose to the public from the incident-free transportation of this material is estimated to
range from 24 to 32 person-rem assuming shipments with one Type B cask per shipment. The number of
LCFs expected to develop in the public from this transportation range from 0.01 to 0.02. Thus, no
fatalities are expected as a result of incident-free transportation of unirradiated MOX fuel. If a larger
number of casks are carried on each escorted commercial truck, as discussed above, the incident-free
impacts to the population could decrease about 25 to 40 percent for PWR and BWR shipments,
respectively. This reduction is due to an 85 percent decrease in the number of shipments. The risk of a
2

The shipments of MOX fuel to the reactors would largely be replacing shipments of LEU fuel that would have occurred for a
full LEU core. Therefore, much of the transportation impacts would occur regardless of using a partial MOX fuel core. There is
no discernible radiological impact difference for the transportation crew between LEU fuel and MOX fuel.
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traffic fatality ranges from 0.03 to 0.04 when single cask shipments are assumed; this risk would
proportionally decrease with a decrease in the number of shipments if a larger number of casks were
carried on each escorted commercial truck.
The estimated total risk in terms of the number of LCFs in the public from all projected accidents
involving MOX fuel shipments is projected to range from 4 × 10-7 to 5 × 10-7. These total accident risks
were determined taking into account a spectrum of accident severities ranging from high-probability
accidents of low severity (e.g., a fender bender) to hypothetical high-severity accidents having low
probabilities of occurrence. The per-shipment radiological accident risk would not change if a larger
number of casks were assumed per shipment as discussed above because it is assumed only one Type B
cask would release its contents in the event of a severe accident regardless of the number of casks in a
shipment.3 However, the total radiological accident risk, taking into account the total number of
shipments, would proportionally decrease with the decrease in the number of shipments. The risk of a
traffic fatality ranges from 0.03 to 0.04; this risk would also proportionally decrease with a decrease in the
number of shipments. In terms of a fatality from traffic accidents, it is estimated that the analyzed
shipments would result in no fatalities under any of the alternatives being considered. The radiological
and traffic fatality accident risks would decrease by about one order of magnitude if escorted commercial
trucks were used due to the decrease in the number of shipments.
The maximum reasonably foreseeable offsite truck transportation accident having the highest
consequence was also determined. This accident would involve truck transport of BWR MOX fuel to
Browns Ferry (see Appendix E, Table E–13). These shipments would occur over about 23 years.
Transportation accident probabilities were calculated for all route segments (i.e., rural, suburban, and
urban), and maximum consequences were determined for those route segments having a likelihood of
release frequency exceeding 1 in 10 million (1 × 10-7) per year. The maximum reasonably foreseeable
probability of a truck accident involving this material would be approximately 5 × 10-7 per year in a
suburban area, or approximately 1 chance in 2 million each year. The consequences of the truck transport
accident in terms of population dose would be about 4.1 person-rem. Such exposures would not likely
result in an additional LCF among the exposed population. The likelihood of release frequency for a
maximum reasonably foreseeable offsite truck accident involving PWR MOX fuel shipped to Sequoyah
would be less than 1-in-10 million (1 × 10-7) per year; transport of PWR MOX fuel was therefore not
analyzed. For shipments potentially involving more than one Type B cask, the consequences would
remain the same with the likelihood decreasing proportionally with the decrease in the number of
shipments.
I.1.2.6

Environmental Justice

As demonstrated throughout the analyses in Section I.1.2.2.1, normal irradiation of MOX fuel in
commercial nuclear reactors would pose no significant health risks to the public. The expected number of
LCFs would not increase as a result of radiation released during normal operations because there would
be essentially no increase in radiation doses received by the general population from the use of MOX fuel
compared to the current use of full LEU fuel cores.
No LCFs are expected among the public assuming design-basis accidents (loss-of-cooling and
used-fuel-handling accidents) at Browns Ferry or Sequoyah regardless of whether a full LEU fuel core or
partial MOX fuel core were used (see Table I–4). Beyond-design-basis accidents, if they were to occur,
are expected to result in major impacts on the surrounding communities and environment regardless of
whether the reactors used a partial MOX core or a full LEU fuel core (Table I–5). However, because the
probability of a beyond-design-basis accident actually happening is extremely unlikely, the risk to an
3

Type B packages must meet the general packaging and performance standards for Type A packages and additionally must have
the ability to survive serious accident damage tests (hypothetical accident conditions). After testing, there may be only a very
limited loss of shielding capability and no loss of containment, as measured by leak-rate testing of the containment system of the
package (DOT 2008). Specific requirements are summarized in Appendix E, Section E.3.1. Because of these stringent testing
requirements, no more than one cask is assumed to fail in the accident analysis.
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individual living within 50 miles (80 kilometers) of the reactors from these accidents is estimated to be
low.
As shown in Section I.1.2.5 and Appendix E, no radiological or nonradiological fatalities are expected to
result from incident-free transportation of MOX fuel to the reactor sites. Nor are radiological or
nonradiological fatalities expected to result from transportation accidents.
The implementation of the MOX fuel irradiation program at either of the TVA reactor sites would not
pose significant risks (when probability is considered) to the public, nor would implementation of this
program pose significant risks to particular groups within the public. Therefore, because risks are low,
there would be no disproportionately high and adverse effects on minority and low-income populations.
I.1.2.7

Other Resource Areas

This section of this appendix addresses resource areas having a lesser potential for environmental impacts
than the resource areas addressed in Sections I.1.2.1 through I.1.2.6.
I.1.2.7.1

Land Resources

Additional land would not be required at the Browns Ferry or Sequoyah Nuclear Plants to support the use
of MOX fuel. Nor would the use of MOX fuel at either reactor site affect the use of other onsite lands
(e.g., buffer zones and undeveloped land areas) (TVA 2012). Prime farmland would not be affected and,
because the use of MOX fuel would not result in an in-migration of workers, as discussed in
Section I.1.2.3, Socioeconomics, no indirect impacts on offsite lands are expected.
I.1.2.7.2

Geology and Soils

No ground-disturbing activities related to the use of a partial MOX fuel core rather than a full LEU fuel
core are expected at either of the reactor sites (TVA 2012). Therefore, there would be no impact on
geology or soils from the use of MOX fuel compared to the current use of full LEU fuel cores.
I.1.2.7.3

Water Resources

There would be no change in water usage or discharge of pollutants, including thermal discharges,
resulting from use of a partial MOX fuel core compared to the current use of full LEU fuel cores at
Browns Ferry and Sequoyah. Each of the TVA reactor sites discharges wastewater in accordance with a
National Pollutant Discharge Elimination System permit, or an analogous state-issued permit
(TVA 2012). Therefore, there would be no additional impacts on water resources.
I.1.2.7.4

Noise

No increase in operational noise levels is expected from the operation of the Browns Ferry and Sequoyah
due to use of a partial MOX fuel core rather than a full LEU fuel core (TVA 2012).
I.1.2.7.5

Ecological Resources

There would be no activities in undeveloped areas of the sites, and operational emissions of effluents
from the reactors are not expected to change. Also, there would be no additional thermal releases to the
environment as a result of using MOX fuel (TVA 2012). Therefore, as compared to the current use of full
LEU fuel cores use of a partial MOX fuel core at Browns Ferry and Sequoyah is not expected to result in
any impacts on ecological resources at the reactor sites.
I.1.2.7.6

Cultural Resources

No operational ground-disturbing activities are expected at Browns Ferry and Sequoyah related to the use
of MOX fuel (TVA 2012). Therefore, the use of a either a partial MOX fuel core or a full LEU fuel core
in these reactors is not expected to affect cultural and paleontological resources at the reactor sites.
Similarly, no impacts on American Indian resources in the areas surrounding the reactor sites are
expected.
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I.1.2.7.7

Infrastructure

The existing site infrastructure would continue to serve Browns Ferry and Sequoyah. Each reactor site is
equipped with a water supply, wastewater, and power distribution system that would adequately support
the demands of the reactors should MOX fuel be used (TVA 2012). Therefore, additional infrastructure
would not be required at the reactor sites to support operations using a partial MOX fuel core rather than a
full LEU core.
I.2

Impacts of Irradiating Mixed Oxide Fuel at Generic Commercial Nuclear Power
Reactor Sites

While Section I.1 includes an analysis of using MOX fuel in TVA’s Browns Ferry and Sequoyah Nuclear
Plants, and Chapter 4, Section 4.28, of the SPD EIS included an analysis of using MOX fuel in
Duke Power’s McGuire and Catawba Nuclear Plants and Virginia Power’s (now Dominion Power’s)
North Anna nuclear reactors (DOE 1999), it is possible that the MOX fuel being produced at SRS could
be used in any of the nation’s nuclear power plants. Therefore, this section addresses the potential
impacts of using MOX fuel in commercial nuclear reactors located anywhere in the United States. As
discussed earlier in this Appendix, before MOX fuel could be used, the utilities operating the reactors
would be required to obtain a license amendment from NRC in accordance with 10 CFR Parts 50 or 52.
NRC would determine whether to issue license amendments that would allow the reactors to use MOX
fuel.
As described in this SPD Supplemental EIS and the SPD EIS (DOE 1999), both MOX and LEU fuel
assemblies would be loaded into the reactors. For the purposes of these analyses, it was assumed that the
reactors would include a 40 percent MOX fuel core. As with LEU fuel assemblies, MOX assemblies
would remain in the reactors for a set number of fuel cycles. When the MOX fuel completes its normal
number of cycles, it would be withdrawn from the reactors in accordance with standard refueling
procedures and placed in the reactors’ used fuel storage pools for cooling among other used fuel. The
used nuclear fuel may be subsequently transferred to dry storage casks. No changes are expected in the
reactors’ used fuel storage plans to accommodate the used MOX fuel. Although the amount of fissile
material would be somewhat higher in used MOX fuel rods than in LEU used fuel rods, the fuel assembly
number and spacing in the used fuel pools and/or dry storage casks could be adjusted as necessary to
maintain the necessary criticality and thermal safety margins.
I.2.1

Construction Impacts

As discussed in Section I.1.1 and Chapter 4, Section 4.28, of the SPD EIS (DOE 1999), it is not expected
that significant new construction would be required at commercial nuclear reactor sites to support the use
of MOX fuel. The same is expected at any generic reactor considering the use of MOX fuel. As
discussed earlier in this Appendix, the use of MOX fuel may require some changes to safety systems such
as the number of control rods; however, the use of MOX fuel is expected to require only minor
modifications at the reactor sites themselves, regardless of where they may be located in the United
States. Therefore, minimal impacts on all resource areas are expected.
I.2.2

Operational Impacts

Based on the information presented in Section I.1.2 of this SPD Supplemental EIS and the SPD EIS
(DOE 1999), from an operational standpoint the use of MOX fuel is not expected to require significant
changes in the environmental impacts that may result from normal operations of a reactor.
I.2.2.1

Air Quality

Operation of a generic reactor within the United States would result in small amounts of nonradiological
air pollutants being released to the atmosphere, because of activities such as periodic testing of diesel
generators. Use of MOX fuel at a generic reactor, however, is not expected to result in an increase in
these emissions.
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Estimated total emissions from shipping unirradiated MOX fuel to a generic commercial nuclear reactor
hypothetically located in the northwestern United States are presented in Table I–10 assuming one
Type B cask per shipment. (For purposes of this SPD Supplemental EIS, a generic transportation route
was analyzed from SRS to the northwestern United States that is intended to envelop all of the
transportation routes to currently operating commercial nuclear reactors in the country.) Similar
emissions would occur even if MOX fuel is not used in generic reactors since the MOX fuel is replacing
LEU fuel that would be shipped to the reactors.
Table I–10 Criteria Pollutant Emissions from Shipping Unirradiated MOX Fuel to a
Generic Commercial Nuclear Reactor a
Total Emissions by Alternative (metric tons)
Pollutant
Carbon monoxide

No Action
69

Immobilization
69

MOX Fuel
91

H-Canyon/HB-Line
83

WIPP
69

Nitrogen dioxide

240

240

310

280

240

PM10

6.8

6.8

9.0

8.2

6.8

PM2.5

5.7

5.7

7.6

6.9

5.7

Sulfur dioxide

0.28

0.28

0.38

0.34

0.28

11

11

14

13

11

Volatile organic compounds

MOX = mixed oxide; PMn = particulate matter less than or equal to n microns in aerodynamic diameter; WIPP = Waste
Isolation Pilot Plant.
a
For purpose of analysis, it was assumed that the generic commercial nuclear power reactor would be located at the Hanford
Reservation, Washington, to maximize the distance traveled in order to envelope impacts related to shipping to other
possible commercial nuclear power reactor sites. Only shipments of BWR fuel are analyzed because there would be a
greater number of shipments to a BWR reactor than a PWR reactor, thus providing a conservative analysis of the distance
traveled per alternative that would cover a smaller number of PWR shipments to a generic commercial nuclear power
reactor for the same amount of unirradiated MOX fuel, should shipments be made to a PWR.
Note: To convert metric tons to tons, multiply by 1.1023.

Estimated carbon dioxide emissions from shipping unirradiated MOX fuel to generic reactors would be
less than 1,900 tons per year (1,700 metric tons per year). (The greatest impacts would be associated with
shipments to a BWR because more shipments would be required [4,500 shipments, if one Type B cask
per shipment is assumed, see Section I.2.2.5]; emissions would be lower if the reactor were a PWR
because there would be fewer shipments.)
I.2.2.2
I.2.2.2.1

Human Health Risk
Human Health Risk from Normal Operations

Doses to workers – Unirradiated MOX fuel could present a risk of higher radiation doses to reactor
workers due to the presence of additional plutonium and other actinides compared to LEU fuel. However,
worker doses would continue to meet Federal regulatory dose limits as required by NRC, and any reactor
proposing to use MOX fuel would be required by NRC to take steps within its ALARA program to limit
any increase in doses to workers that may occur from use of MOX fuel. The only time this difference is
likely to cause an increased dose would be during acceptance inspections at the reactor, when the fuel
assemblies are first delivered to the plant. Workers are required to inspect the fuel assemblies to ensure
that they meet design specifications and they could receive a higher dose compared to LEU fuel assembly
inspections. After the fuel rods are inspected, doses to workers would be limited because the assemblies
would be handled remotely as they are loaded into the reactor and subsequently removed from the reactor
and transferred to the used fuel pool.
Doses to members of the public – As addressed in Section I.1.2.2.1, no change in the radiation dose to the
public is expected from normal operation of a TVA reactor operating with a partial MOX fuel core rather
than a full LEU fuel core. Consistent with this assessment and Chapter 4, Section 4.28.2.4, of the
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SPD EIS (DOE 1999), no change in the radiation dose to the public is expected from normal operation of
generic commercial nuclear reactors using partial MOX fuel cores rather than full LEU cores.
I.2.2.2.2

Reactor Accidents and Intentional Destructive Acts

Reactor accidents – The reactor accident analyses included in Section I.1.2.2.2 of this appendix and
Chapter 4, Section 4.28.2.5, of the SPD EIS (DOE 1999) indicate that, in the event of a postulated reactor
accident, the doses to the public would be somewhat different for different reactors. The results of these
accident analyses differ for each reactor based on a number of factors, including the size of the population
surrounding the reactor, the distance from the reactor to the surrounding population, and site-specific
meteorological conditions. The five sets of reactors analyzed in these documents include reactors located
near large cities such as Charlotte, North Carolina, as well as reactors located in relatively less-populated
areas. The reactors included both BWRs and PWRs.
Table I–11 presents a comparison of projected radiological impacts from a series of design-basis and
beyond-design-basis accidents that were analyzed in this SPD Supplemental EIS and the SPD EIS. The
comparison is presented as the ratio of the accident impacts involving partial MOX fuel cores to those
using full LEU fuel cores. Impacts were estimated for a member of the general public at the exclusion
area boundary at the time of the accident (i.e., the MEI) and the general population residing within
50 miles (80 kilometers) of the reactor. The numbers in parentheses are the calculated ratios (impacts for
a partial MOX core divided by impacts for an LEU core); the range of numbers reflects the results for the
five sets of reactors that were evaluated. A ratio less than 1 indicates that the MOX fuel core could result
in smaller impacts than the same accident with an LEU fuel core. A value of 1 indicates that the
estimated impacts are the same for both fuel core types. A ratio larger than 1 indicates that the MOX fuel
core could result in larger impacts than the same accident with an LEU fuel core. Outside the
parentheses, the table shows a ratio of 1 for all accident scenarios. This is a rounded value because, when
modeling and analytical uncertainties are considered, the precision of the results is no more than one
significant figure.
Table I–11 Ratio of Doses from Reactor Accidents for a Partial Mixed Oxide Fuel Core
Compared to a Full Low-Enriched Uranium Fuel Core
(partial mixed oxide fuel core dose/full low-enriched uranium fuel core dose) a,b
Accident
MEI
Population
Design-Basis Accidents
Loss-of-coolant accident
1 (0.87 to 1.03)
1 (0.96 to 1.03)
Used-fuel-handling accident
1 (0.90 to 1.00)
1 (0.94 to 1.01)
Beyond-Design-Basis Accidents
Steam generator tube rupture c
1 (1.06 to 1.24)
1 (1.04 to 1.09)
Early containment failure
1 (1.00 to 1.22)
1 (0.98 to 1.05)
Late containment failure
1 (1.01 to 1.10)
1 (0.95 to 1.09)
ISLOCA
1 (0.93 to 1.22)
1 (0.95 to 1.14)
ISLOCA = interfacing systems loss-of-coolant accident; MEI = maximally exposed individual.
a
Reactor accidents involving the use of partial MOX fuel cores were assumed to involve reactor cores with approximately 40
percent MOX fuel and 60 percent LEU fuel.
b
The values in parentheses reflect the range of results from analyses at 5 different reactors; they are the ratios calculated by
dividing the accident analysis results for a partial MOX fuel core by the results for a full LEU core.
c
Steam generator tube rupture is not applicable for boiling water reactors since they do not use steam generators.
Source: SPD Supplemental EIS Tables I–6 and I–7 and Table 4–217 of the SPD EIS (DOE 1999).

Intentional destructive acts – As addressed in Section I.1.2.2.3, operators of generic reactors using MOX
fuel would implement a layered approach to physical security at the reactor site in accordance with NRC
regulations and guidance. Nuclear power plants are inherently secure, robust structures built to withstand
extreme natural phenomena such as hurricanes, tornadoes, and earthquakes. Additional security measures
are in place, including physical barriers; intrusion detection and surveillance systems; access controls; and
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coordination of threat information and response with federal, state, and local agencies. Since
September 11, 2001, physical security requirements at nuclear power plants have been strengthened, and
security measures at nuclear plants have been complemented by measures taken throughout the United
States to improve security and reduce the risk of successful terrorist attacks. NRC and others have
performed comprehensive safety and security studies showing that a radiological release affecting public
health and safety is unlikely from a terrorist attack, including one involving a large commercial aircraft.
I.2.2.3

Socioeconomics

Because it is expected that operators of a generic commercial nuclear would not need to employ
additional workers to operate the reactor using a partial MOX fuel core rather than a full LEU core, use of
a partial MOX fuel core rather than a full LEU core is expected to have no impact on socioeconomics in
the communities surrounding the commercial nuclear reactor.
I.2.2.4

Waste Management and Used Nuclear Fuel

Radioactive and Nonradioactive Waste Generation – No change is expected in the type or amount of
radioactive and nonradioactive waste generated at a generic commercial nuclear reactor using a partial
MOX fuel core rather than a full LEU core.
Used Nuclear Fuel – Some additional used nuclear fuel would likely be generated from use of a partial
MOX core in a commercial nuclear reactor. Based on the analyses in Section I.1.2.4 and Chapter 4,
Section 4.28.2.8, of the SPD EIS (DOE 1999), the amount of additional used nuclear fuel generated
during the period when MOX fuel would be used in a reactor is estimated to increase by approximately
2 to 16 percent compared to that for a reactor continuing to use only LEU fuel. It is expected that an
increase of this magnitude would be managed within the reactor’s normal planning for storage in its used
fuel storage pool or dry storage casks.
I.2.2.5

Transportation

It is estimated (see Appendix E, Section E.7) that between approximately 3,400 and 4,500 shipments of
unirradiated MOX fuel could occur from SRS to a generic BWR reactor under the various alternatives
assuming one Type B cask per shipment. Transport of unirradiated BWR MOX fuel was analyzed to
maximize the number of shipments; if the shipments were of PWR MOX fuel, the number of shipments
would be lower as discussed in Section I.2.2.1. These shipments would likely replace similar shipments
of unirradiated LEU fuel to the reactor sites, thereby reducing transportation risks associated with LEU
fuel, while adding risks from the MOX fuel shipments. Although the risks associated with incident-free
transport and accident conditions would be somewhat larger for shipment of unirradiated MOX fuel
than for LEU fuel, the overall risks associated with MOX fuel shipments would be low, as shown in
Table I–12 and discussed below. Alternatively, up to seven casks containing BWR fuel assemblies could
be transported in one shipment if escorted commercial trucks were used (under the Secure Transportation
Asset Program), for a total of between approximately 490 to 640 shipments.
For purposes of this SPD Supplemental EIS, a generic transportation route was analyzed from SRS to the
northwestern United States that is intended to envelop all of the currently operating commercial nuclear
reactors in the country. The distance analyzed was approximately 4,400 kilometers (2,730 miles). The
estimated dose to the transport crew from incident-free transport of unirradiated MOX fuel to a generic
commercial nuclear reactor in the northwestern United States is estimated to range from 150 person-rem
(for 3,400 shipments) to 190 person-rem (for 4,500 shipments), depending on the alternative being
analyzed. The corresponding number of LCFs in the crew would range from 0.09 to 0.1. If a larger
number of casks are carried on each escorted commercial truck as discussed in Section I.1.2.5, the
impacts to workers could increase about 2 times, with the risk of an LCF still less than 1 (about 0.2).
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Table I–12 Transportation Impacts Associated with the Shipment of Unirradiated Mixed Oxide
Fuel to a Generic Commercial Nuclear Reactor (assuming one Type B Cask per shipment)
Accident Risk

Number of
Shipments

Incident Free
Dose (person-rem)

Number of
Radiological LCFs a

Crew

Population

Crew

Population

Radiological
LCF a

Traffic
Fatality

No Action

3,400

150

280

0.09

0.2

0.000002

0.3

Immobilization

3,400

150

280

0.09

0.2

0.000002

0.3

MOX Fuel

4,500

190

370

0.1

0.2

0.000002

0.4

H-Canyon/HB-Line

4,100

180

340

0.1

0.2

0.000002

0.4

WIPP

3,400

150

280

0.09

0.2

0.000002

0.3

Alternative

LCF = latent cancer fatality; MOX = mixed oxide; WIPP = Waste Isolation Pilot Plant.
a
Estimated number of latent cancer fatalities in the affected population along the potential transportation routes given
exposure to the indicated dose. The number of latent cancer fatalities is calculated by multiplying the dose by a risk factor of
0.0006 LCFs per person-rem (DOE 2003). Because the risk factor is only calculated to one significant figure, the number of latent
cancer fatalities is reported to one significant figure.

The estimated dose to the public from incident-free transport of this material is estimated to range from
280 person-rem to 370 person-rem assuming shipments with one Type B cask per shipment.
The corresponding number of LCFs in the public would be about 0.2. If a larger number of casks were
carried on each escorted commercial truck, as discussed in Section I.1.2.5, the incident-free impacts to the
population could decrease about 40 percent. This reduction would be due to a decrease of up to
85 percent in the total number of shipments of unirradiated MOX fuel. Thus, no fatalities are expected
from incident-free transport of unirradiated MOX fuel to a generic commercial nuclear reactor site
regardless of the number of Type B casks per shipment.
The number of LCFs expected from transportation accidents is also projected to be small. The estimated
total risk in terms of the number of LCFs in the public from all projected radiological accidents involving
MOX fuel shipments is projected be about 0.000002. These total accident risks were determined taking
into account a spectrum of accident severities ranging from high-probability accidents of low severity
(e.g., a fender bender) to hypothetical high-severity accidents having low probabilities of occurrence. As
discussed in Section I.1.2.5, the per-shipment radiological accident risk would not change because it is
assumed only one Type B cask would release its contents in the event of a severe accident regardless of
the number of casks in a shipment. The radiological and traffic fatality accident risks would decrease by
about an order of magnitude if escorted commercial trucks were used due to the decrease in the number of
shipments.
The maximum reasonably foreseeable offsite truck transportation accident having the highest
consequence was also determined. This accident would involve truck transport of BWR MOX fuel to
a generic commercial nuclear reactor located in the northwestern United States (see Appendix E,
Table E–12). These shipments would occur over about 23 years. Transportation accident probabilities
were calculated for all route segments (i.e., rural, suburban, and urban), and maximum consequences were
determined for those route segments having a likelihood of release frequency exceeding 1-in-10 million
per year. The maximum reasonably foreseeable probability of a truck accident involving this material
would be 3.3 × 10-6 per year in a suburban area, or approximately 1 chance in 300,000 each year. The
consequences of the truck transport accident in terms of population dose would be about 4.0 person-rem.
If the accident were to occur, such an exposure would not likely result in an additional LCF among the
exposed population. For shipments potentially involving more than one Type B cask, the consequences
would remain the same with the likelihood decreasing proportionally with the decrease in number of
shipments.
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I.2.2.6

Environmental Justice

As discussed in Section I.2.2.2.1, normal irradiation of MOX fuel in a nuclear reactor is not expected to
pose significant health risks to the public, because there would be essentially no increase in radiation
doses received by the general population from the use of MOX fuel. In addition, as addressed in
Section I.2.2.2.2, for all practical purposes, the results indicate that there is no difference in the potential
impacts on the public from either a design-basis or beyond-design-basis accident between the use of a
partial MOX fuel core or a full LEU fuel core. It may also be noted that the probability of a
beyond-design-basis accident actually happening is extremely unlikely, so that the risk to any individual
living within 50 miles (80 kilometers) of the reactor would be low. In addition, as addressed in
Section I.2.2.5, no radiological or nonradiological fatalities are expected to result from incident-free
transport of MOX fuel to a generic commercial nuclear reactor site, which for purposes of this
SPD Supplemental EIS is conservatively assumed to be located within the northwestern United States. In
terms of nonradiological fatalities resulting from possible traffic accidents, it is estimated that the
analyzed shipments would result in no fatalities under any alternative.
Because the implementation of a MOX fuel irradiation program at a generic commercial nuclear reactor
would not pose significant risks (when probability is considered) to the public, it is not expected that
implementation of this program would pose significant risks to particular groups within the public.
Therefore, because risks are low, there would be no disproportionately high and adverse effects on
minority and low-income populations.
I.2.2.7

Other Resource Areas

This section of this appendix addresses resource areas having a lesser potential for environmental impacts
than the resource areas addressed in Sections I.2.2.1 through I.2.2.6.
I.2.2.7.1

Land Resources

It is not expected that additional land would be needed at a generic commercial nuclear reactor site for
operational use of a partial MOX fuel core rather than a full LEU fuel core; nor would other onsite lands
such as buffer zones be affected. Operation of a generic commercial nuclear reactor using a partial MOX
fuel core rather than a full LEU core would not change the designated land uses for the reactor and the
areas within the vicinity of the reactor site; thus, it is not expected that prime farm land would be affected.
I.2.2.7.2

Geology and Soils

Operation of a generic commercial nuclear reactor using a partial MOX fuel core rather than a full LEU
core would not require any excavation or any use of geological resources such as sand, gravel, stone, or
cement.
I.2.2.7.3

Water Resources

No change is expected in water usage at a generic commercial nuclear reactor site or in the waterborne
discharge of pollutants resulting from the use of a partial MOX fuel core rather than a full LEU fuel core.
I.2.2.7.4

Noise

No change is expected in the noise generated at a generic commercial nuclear reactor site from the use of
a partial MOX fuel core rather than a full LEU fuel core.
I.2.2.7.5

Ecological Resources

Use of a partial MOX fuel core rather than a full LEU core at a generic commercial reactor site is not
expected to result in any additional impacts on ecological resources at the reactor site because land use
and emissions of effluents from the reactor are not expected to change.
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I.2.2.7.6

Cultural Resources

Operation of a generic commercial nuclear reactor using a partial MOX fuel core rather than a full LEU
core would not require any excavation or other activities at the reactor site that could disturb cultural
resources.
I.2.2.7.7

Infrastructure

Use of a partial MOX fuel core rather than a full LEU core at a generic commercial nuclear reactor site is
not expected to require additional use of utilities; thus, there would be no impact on the existing
infrastructure at the reactor site.
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APPENDIX J
EVALUATION OF SELECT REACTOR ACCIDENTS WITH MIXED
OXIDE FUEL USE AT THE BROWNS FERRY AND SEQUOYAH
NUCLEAR PLANTS
J.1

Introduction

This appendix examines the potential differences in accident impacts if mixed oxide (MOX) fuel were
used to partially fuel domestic, commercial nuclear power plants. This appendix provides an assessment
of the human health effects related to postulated reactor accidents involving MOX fuel use in the
Browns Ferry and Sequoyah Nuclear Plants (Browns Ferry and Sequoyah). The analyses provide a basic
comparison of potential safety impacts posed by reactor operations using a partial MOX fuel core
(approximately 40 percent MOX fuel and 60 percent low-enriched uranium [LEU] fuel) versus operations
using a full LEU fuel core. As part of the license or license amendment process to allow the use of MOX
fuel in any domestic commercial nuclear power facility, the U.S. Nuclear Regulatory Commission (NRC)
would also conduct rigorous, independent analyses of the effects of MOX fuel use on reactor safety.
In support of this SPD Supplemental EIS, reactor fuel experts at Oak Ridge National Laboratory (ORNL),
with input from Tennessee Valley Authority (TVA) nuclear engineers, ran state-of-the-art computer codes
to model reactor fuel cores to develop inventories of radioactive materials that would be in the reactor
cores at the end of a core’s life (ORNL 2013), commensurate with the highest inventory of fission
products. These models used actual plant parameters and fuel types for both the Sequoyah and
Browns Ferry reactors. Models were run for both typical 100 percent LEU reactor cores and for reactor
cores using partial MOX fuel (approximately 40 percent MOX fuel and 60 percent LEU fuel), as is
currently anticipated for the potential use of MOX fuel to disposition surplus plutonium.
As these reactors are currently licensed by NRC to operate with LEU fuel, representative accidents were
selected from current TVA licensing documents for comparison of the impacts if partial-MOX fuel cores
were substituted for the licensed full-LEU fuel cores. It should be noted that, before MOX fuel could be
used in these reactors or any commercial reactors in the
United States, detailed safety analyses in support of licensing
amendment requests would evaluate the probability of the
occurrence and consequences of potential accidents while using
MOX fuel. These analyses would be reviewed by NRC prior to
granting licensing amendments to use MOX fuel.
For the purposes of comparison in this SPD Supplemental EIS,
representative design-basis accidents and beyond-design-basis
accidents were selected from TVA safety analyses. Impacts
from the potential releases associated with these accidents were
examined for both full-LEU and partial-MOX fuel cores for
both the Sequoyah and Browns Ferry reactors to see whether
the use of MOX fuel made a substantial difference in the
projected impacts of design-basis or beyond-design-basis
accidents.
J.2

Background

MOX fuel was first used in a thermal reactor in 1963, but did not come into widespread commercial use
until the 1980s. From the 1960s to the 1980s, significant amounts of MOX fuel testing were performed at
various reactors in the United States. Beginning in the late 1950s, tests were conducted in the
heavy-water-moderated and cooled Plutonium Recycle Test Reactor at the Hanford Site as part of the
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Plutonium Utilization Program. Tests conducted during the 1960s and 1970s, at pressurized water
reactors (PWRs) and boiling water reactors (BWRs), are summarized below:


In the early 1960s, General Electric, the U.S. Atomic Energy Commission, and Euratom jointly
conducted a series of MOX fuel experiments in the Vallecitos test reactor. Vallecitos was an
early BWR operated by General Electric near Vallecitos, California.



Beginning in 1965, in the Saxton Plutonium Program, MOX fuel was irradiated for up
to 5.5 years in a test PWR at the Westinghouse Reactor Evaluation Center
(Waltz Mill, Pennsylvania) (ORNL 1999). The plutonium used in the Saxton program was
91.4 percent fissile.1



In 1967, four fuel assemblies, each with a single MOX fuel rod, were inserted into
Dresden Unit-1, a BWR. The rods contained reactor-grade plutonium2 that was approximately
80 percent fissile. These were the first MOX fuel rods irradiated in a U.S. commercial reactor.
The Dresden Nuclear Power Plant is located in Grundy County, Illinois.



Beginning in 1969, MOX fuel was tested in the Big Rock Point BWR in Charlevoix County,
Michigan. Tests continued until the late 1970s using different types of MOX fuel including fuel
fabricated with plutonium that was 80 and 90 percent fissile.



In 1970, San Onofre Unit-1 was loaded with a total of 720 MOX fuel rods. These were the first
PWR MOX fuel assemblies irradiated in a U.S. commercial reactor. These fuel rods were left in
the reactor for two fuel cycles and were withdrawn in 1973. The plutonium used in the
San Onofre tests was approximately 86 percent fissile (ORNL 2000). The San Onofre Nuclear
Generating Station is located in San Diego County, California.



In 1974, Quad Cities Unit-1, a BWR, was loaded with 5 fuel assemblies holding 48 MOX fuel
rods. Some of these rods were left in the reactor for a total of 5 fuel cycles. The test included
fuels fabricated with plutonium that was 80 and 90 percent fissile (ORNL 1998). The Quad
Cities Nuclear Generating Station is located near Cordova, Illinois.



In 1980, MOX fuel lead test assemblies (LTAs) were loaded into the R.E. Ginna PWR near
Rochester, New York. A total of 736 MOX fuel rods were utilized in which approximately
83 percent of the plutonium was fissile. The LTAs were irradiated until 1985 with no apparent
operational problems (ORNL 1999).

Beginning in the 1970s, commercial use of reactor-grade MOX fuel occurred in several European
countries, as well as in Japan. Introduction of MOX fuel into the fuel cycle has had its own challenges
with regards to plutonium feed, production and handling, fabrication and assembly design, and operation
and performance (IAEA 2003). Nevertheless, through the years, the use of MOX fuel became a routine
part of nuclear reactor operations and much operational experience with this fuel has been acquired.
About 40 reactors in Europe (in Belgium, Switzerland, Germany and France) were licensed to use MOX
fuel, and over 30 used it regularly. France plans to have all of its 900 megawatt-electric series of reactors
running with cores that are at least one-third MOX fuel (WNA 2011). In Japan, about 10 reactors were
licensed to use or were planned to use MOX fuel. These reactors generally used cores that were about
one-third MOX fuel.

1
2

Plutonium-239 is the predominant fissile isotope in plutonium. Plutonium-241 is also a fissile isotope.
Reactor-grade plutonium contains 19 percent or more of non-fissile plutonium-240.
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Although most reactor experience has been with reactor-grade plutonium, tests have used plutonium
ranging from reactor-grade to weapons-grade3 or near weapons-grade plutonium as discussed above. In
addition to use of near-weapons-grade plutonium, the Quad Cities tests demonstrated that extended
burnup of BWR MOX fuel was feasible in that the MOX LTAs were irradiated for up to 8 years
achieving peak pellet burnups of 57,000 megawatt-days per metric ton of heavy metal (ORNL 1998).
The recent test at the Catawba Nuclear Station, described below, used weapons-grade plutonium.
Whether using reactor- or weapons-grade plutonium, the total quantity of fissile plutonium within a fuel
element is adjusted so that it represents only small fraction of the overall content of nuclear material
within a fuel rod (currently planned to be approximately 4 percent plutonium-239 within each MOX
fuel rod).
In MOX fuel made with reactor-grade plutonium, the total plutonium content is about 9 percent by weight
of the fuel. This results in a plutonium-239 content of about 5 percent by weight, or 57 percent of the
total plutonium content. In MOX fuel made with weapons-grade plutonium, the total plutonium content
is about 4.4 percent by weight of the fuel. This results in a plutonium-239 content of about 4 percent by
weight, or 93 percent of the total plutonium content. The reason for this difference is because the MOX
fuel made from reactor-grade plutonium has significant amounts of other isotopes (primarily
plutonium-240 and plutonium-242) that reduce the effectiveness of the plutonium-239, therefore,
requiring a higher total plutonium weight percent loading to have equivalent reactivity to a MOX fuel
assembly made from weapons-grade plutonium. The MOX fuel assembly design objective (when using
either weapons-grade or reactor-grade plutonium) is to make its reactivity worth equivalent to the
co-resident LEU fuel assemblies in the reactor core to avoid power peaking problems during reactor
operation. This objective is met by changing the plutonium-239 concentration in the MOX fuel
assemblies to provide equivalent reactivity worth as the uranium-235 concentration in the LEU fuel
assemblies.
The overall widespread success of the use of MOX fuel in power reactors greatly reduced technical
uncertainties regarding the decision to proceed with MOX fuel as a major disposition option for surplus
plutonium. Activities involving the use of MOX fuel were restarted in the United States in the
mid-1990s, when the feasibility of dispositioning surplus plutonium as MOX fuel was explored by the
U.S. Department of Energy (DOE) and the National Academy of Sciences (NAS 1995). A number of
evaluations, analyses, and tests involving a wide variety of reactors (PWRs, BWRs, and heavy water
reactors) were conducted to determine how MOX fuel fabricated with surplus weapons-grade plutonium
performs and how it differs from MOX fuel fabricated with reactor-grade plutonium and LEU fuel.
Numerous government-, vendor-, and utility-sponsored scoping studies and comprehensive assessments
covering the in-core performance of weapons-grade plutonium-based MOX fuel, as well as the reactor
operational and accident responses, have been performed in the United States and internationally.
Descriptions of U.S. MOX fuel demonstrations and of international experience in the use of MOX fuel
have been prepared by NRC, ORNL, and the Electric Power Research Institute (EPRI 2009; NRC 1999;
ORNL 1999, 2012).
Recent evaluations included the completion of testing of weapons-grade plutonium-based MOX fuel test
rods in the Advanced Test Reactor in Idaho from 1998 to 2004, with subsequent postirradiation
examinations of the test rods at ORNL (ORNL 2005, 2006). That evaluation was performed primarily as
a generic test for gallium impurities in the plutonium, which could be a difference between the use of
weapons-derived material and the historical and worldwide experience with MOX fuel.
After down-selection of a MOX fuel fabricator/utility consortia by DOE (at the time, Duke Power, Inc;
Cogema; and Stone & Webster, Inc.), the irradiation of MOX fuel LTAs was approved by NRC and took
3

Weapons-grade plutonium is largely plutonium-239 and contains no more than 7 percent plutonium-240 as defined by DOE.
A different range is used in the agreement between the U.S. and Russia concerning the disposition of plutonium no longer
required for defense purposes. In the U.S.-Russia agreement, weapons-grade grade plutonium is defined as a ratio of
plutonium-240 to plutonium-239 no greater than 0.10, approximately equal to 9 percent plutonium-240.
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place in Duke Power’s Catawba Nuclear Station Unit 1 PWR (York, South Carolina) beginning in
May 2005, as discussed below. Prior to this LTA testing, the last MOX fuel assemblies irradiated in a
commercial U.S. nuclear power plant were irradiated in the R.E. Ginna Nuclear Power Plant
(Ontario, New York) in 1985, as discussed above.
As part of the DOE SPD MOX Fuel Qualification Program, four PWR LTAs using weapons-grade
plutonium MOX fuel were irradiated in the Duke Energy Catawba Nuclear Station Unit 1 between 2005
and 2008. These LTAs were 17 × 17 fuel assemblies that were similar in design to those used at the TVA
Sequoyah reactors. At the end of two cycles, these LTAs had an average assembly and peak fuel rod
burnup of 41,800 and 47,300 megawatt-days per metric ton heavy metal, respectively. Poolside
nondestructive examinations were performed on the four LTAs after each cycle of irradiation. After the
second cycle, five fuel rods were removed from one of the LTAs and sent to ORNL for hot cell
post-irradiation examination. The purpose of this program was to compare post-irradiation examination
measurements to computer code predictions and the accumulated experience with reactor-grade MOX
fuel and LEU fuel at similar burnup levels (AREVA 2012).
The poolside nondestructive examinations and hot cell fuel rod post-irradiation examination measured the
following MOX fuel irradiation thermal, mechanical, and chemical performance behavior and
mechanisms: (1) fuel assembly axial growth, bowing, hold-down spring relaxation, and visual
appearance; (2) fuel rod external axial growth, oxidation, hydride formation, surface fretting, ridging,
crud formation, and integrity; (3) fuel rod internal pressure, void volume, gas analysis, burnup
distribution, fuel pellet microstructure, density, and stack height; (4) cladding microstructure; (5) guide
tube oxidation; (6) spacer grid width; and (7) migration and impact of fuel pellet gallium on cladding
(AREVA 2012).
Measured values were compared to predictions made using the AREVA COPERNIC2 fuel rod design
computer code, as well as post-irradiation data from other MOX fuel tests. Most measured parameters
were found to be bounded by or similar to the COPERNIC2 calculations and comparable to AREVA’s
extensive irradiation experience with MOX fuel. The measured maximum fuel assembly axial growth in
three of the four assemblies exceeded predicted values by less than the thickness of a dime, but remained
within a range that did not impact safety. This axial growth was due to a change in length of the control
rod guide tubes and not the MOX fuel rods in the fuel assembly. Similar behavior has been observed
in the same design fuel assembly using LEU fuel and is therefore not related to the use of MOX fuel.
However, because the axial growth of three of the four LTAs exceeded the conservative, pre-established
criterion for reinsertion for a third cycle of irradiation, the LTAs were discharged to the used fuel pool
after the second cycle. In summary, extensive poolside nondestructive examinations and hot cell
post-irradiation examination of the four weapons-grade plutonium MOX LTAs showed close agreement
with computer code predictions and other MOX fuel experience for most performance behavior. No
issues that would affect the safe operation of the core were found, although higher than predicted axial
fuel assembly growth in three LTAs prevented a third cycle of irradiation (AREVA 2012).
The principal technical challenges associated with MOX fuel use include reactivity control and
maintenance of adequate shutdown margins due to reduced effectiveness of neutron absorber materials
(control rods and soluble boron) in the hardened neutron spectrum (i.e., higher-energy neutrons than in an
LEU fuel core) resulting from the presence of plutonium (EPRI 2009). In addition, several facility design
and operational issues must be addressed for receipt, handling, and storage of fresh MOX fuel and for the
management of used MOX fuel due to higher heat loads, increased neutron dose rates, and reduced
effectiveness of reactivity control materials in the used fuel pool and in dry storage systems. Experience
at reactors in Europe and with the use of LTAs at the Catawba Nuclear Station in the United States have
shown how these technical challenges can be met, and how MOX fuel performance and reliability is
comparable to those of standard LEU fuel (AREVA 2012; EPRI 2009).
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Given the safety margins incorporated into light water reactor designs, most existing U.S. reactor designs
could accommodate partial (30 to 40 percent) MOX fuel cores with relatively minor plant modifications
and operational changes (EPRI 2009). This mix of MOX and LEU fuel has already been in use in Europe
and Japan and has been analyzed by U.S. national laboratories and NRC (INEL 2009; NRC 2005).
U.S. light water reactors using MOX fuel would need to comply with NRC requirements, and would
require amendment of the reactor operating license. MOX fuel would be transported in NRC-certified
packages using DOE’s Secure Transportation Assets or escorted commercial trucks as discussed in
Appendix E.
J.2.1

Operation with Mixed Oxide Fuel

There are differences in the design and performance of MOX fuel compared to LEU fuel. The differences
in nuclear reactor core physics for plutonium and uranium result in important issues for core reactivity
due to (1) overall decreased effectiveness of materials that serve to reduce or suppress reactivity
(control/shutdown rods, soluble boron, gadolinium, xenon) and (2) changes in fuel and moderator
temperature responses that reduce shutdown margins (EPRI 2009). The reduced effectiveness of
reactivity control materials for MOX fuel, notably control/shutdown rods and soluble boron, means that
MOX fuel use would likely require one or more of the available options to enhance reactivity control.
For PWRs with partial-MOX fuel cores, reactivity control modifications could include increasing soluble
boron concentrations, using enriched boron in coolant systems, replacing partial-length control rods with
full-length rods, employing integral burnable absorbers, and/or using higher-worth control rods. It is
worth noting that burnable absorber materials and applications were primarily developed for LEU fuel
cores. Further development of burnable absorber technology optimized for the MOX fuel core
environment could improve core design flexibility, fuel utilization, and overall commercial viability of
MOX fuel use in PWRs. Another method to control the reactivity effect of MOX fuel is to locate MOX
fuel assemblies away from rod control cluster assembly positions in PWR cores to preserve control rod
worth (ORNL 1997).
For BWRs, the impact of MOX fuel on control rod worth is less pronounced due to relatively large water
gaps between bundles, which allow for recovery of thermal neutron fluxes. Accordingly, BWR cores
offer the flexibility of scattering MOX fuel assemblies throughout the core and limiting the number of
MOX fuel assemblies assigned to a control blade location to one or two (IAEA 2003). Other reactivity
control measures for use in BWRs with partial-MOX fuel cores include incorporation of burnable
absorbers or poisons such as gadolinium to provide additional reactivity control early in the irradiation
cycle to counteract the effects of fresh fuel, including power peaking. Burnable absorbers can be inserted
into the fuel assembly as discrete elements/rods or incorporated into the fuel itself as integral burnable
absorbers applied as coatings on fuel pellet surfaces. Integral burnable absorbers in partial-MOX fuel
cores provide flexibility for controlling early cycle reactivity. General Electric highlighted its
gadolinium-based integral burnable absorber technology as a promising application under active
commercial development for use in its international BWR designs (EPRI 2009; ORNL 1997).
The current understanding of MOX and LEU fuel is such that implementing a partial-MOX fuel core is
technically reasonable and has been previously accomplished in a number of reactors around the world. It
is acknowledged that MOX fuel loadings above certain levels in the reactor core would likely result in
modifications to reactivity control systems, worker radiation protection, core fuel management design,
technical specifications, and transient behavior. In future NRC licensing applications, licensees would be
required to provide the technical bases for remaining within the plant safety envelope, which may involve
fuel management, operations, technical specifications, and design modifications. There is ample evidence
from the use of MOX fuel in foreign nuclear power reactors that this can be safely accomplished.
The analysis presented in this SPD Supplemental EIS is provided to update the analysis presented in the
SPD EIS. Before MOX fuel can be used in any domestic, commercial nuclear power plant, NRC’s
approval of its use would be required. The NRC decisionmaking process is based on a set of submittals
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by the licensee, which would provide detailed safety analyses and include relevant design and operational
plant modifications that would allow the licensee to continue to operate its plant safely with partial-MOX
fuel cores.
J.2.2

Sequoyah and Browns Ferry Nuclear Plant Low-Enriched Uranium and Partial Mixed
Oxide Core Inventory Development

Representative core inventories for both full-LEU and partial-MOX fuel cores were developed for
the Sequoyah and Browns Ferry reactors to support the accident analysis presented in this
SPD Supplemental EIS (ORNL 2013). Models were developed for full-LEU and partial-MOX fuel cores
in the Sequoyah and Browns Ferry reactors
Sequoyah. The Sequoyah fuel and reactor parameters were used to develop the new reactor core
inventories. The Sequoyah data reflect three different plutonium enrichments in the partial MOX fuel
assembly, with an average enrichment of 4.35 weight-percent plutonium (ORNL 2013).
The Sequoyah models for each type of assembly contain 20 gadolina (uranium and gadolinium) rods.
The Sequoyah equilibrium partial-MOX fuel core consists of 193 fuel assemblies that are a mix of LEU
and MOX fuel assemblies. The weighted average burnup for the Sequoyah partial-MOX fuel core is
37 gigawatt-days per metric ton heavy metal (ORNL 2013). The Sequoyah equilibrium full-LEU core
consists of 100 percent LEU fuel assemblies with three enrichments. The weighted average burnup for the
full-LEU core is 38 gigawatt-days per metric ton heavy metal (ORNL 2013).
Browns Ferry. For the Browns Ferry case, the analysis used the ATRIUM 10 design. This assembly is
heterogeneous and may come in many variations that incorporate rods with gadolina in different
percentages and with different numbers of uranium and gadolinium rods in different locations.
The Browns Ferry equilibrium partial-MOX fuel core consists of 764 fuel assemblies that are a mix of
LEU and MOX fuel assemblies. The average burnup for the Browns Ferry partial-MOX fuel core is
33 gigawatt-days per metric ton heavy metal (ORNL 2013). The Browns Ferry equilibrium full-LEU
core consists of 100 percent LEU fuel assemblies. The weighted average burnup for the full-LEU core is
35 gigawatt-days per metric ton heavy metal (ORNL 2013).
Table J–1 presents the results of these core inventory calculations (ORNL 2013). For both Sequoyah
and Browns Ferry, the MOX fuel would be fabricated using depleted uranium (approximately
0.25 weight-percent uranium-235). The isotopes used in the accident analysis are also listed in the table.
Table J–1 Partial Mixed Oxide and Full Low-Enriched Uranium Core Inventories for the
Sequoyah and Browns Ferry Nuclear Power Plants
Isotope a
Americium-241
Americium-242
Americium-242m
Americium-243
Americium-244
Americium-245
Barium-137m
Barium-139
Barium-140
Barium-141
Barium-142
Bromine-83
Bromine-84
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Sequoyah Nuclear Plant
Partial-MOX Fuel
Full-LEU Fuel Core
Core (curies)
(curies)
2.79 × 104
1.35 × 104
1.42 × 107
8.25 × 106
3
1.39 × 10
6.20 × 102
3
3.60 × 10
2.28 × 103
6
1.42 × 10
9.20 × 105
2.30 × 103
1.57 × 103
7
1.08 × 10
1.05 × 107
8
1.61 × 10
1.66 × 108
8
1.54 × 10
1.60 × 108
1.44 × 108
1.50 × 108
8
1.33 × 10
1.40 × 108
6
9.58 × 10
1.09 × 107
7
1.57 × 10
1.84 × 107

Browns Ferry Nuclear Plant
Partial-MOX Fuel
Full-LEU Fuel Core
Core (curies)
(curies)
3.48 × 104
1.92 × 104
1.48 × 107
9.72 × 106
3
1.41 × 10
7.57 × 102
3
3.53 × 10
2.81 × 103
5
9.63 × 10
8.06 × 105
1.43 × 103
1.34 × 103
7
1.41 × 10
1.53 × 107
8
1.91 × 10
1.97 × 108
8
1.84 × 10
1.90 × 108
1.72 × 108
1.77 × 108
8
1.60 × 10
1.67 × 108
7
1.21 × 10
1.33 × 107
7
2.03 × 10
2.26 × 107
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Isotope a
Cerium-141
Cerium-143
Cerium-144
Curium-242
Curium-243
Curium-244
Curium-245
Curium-246
Cobalt-58
Cobalt-60
Cesium-134
Cesium-135
Cesium-136
Cesium-137
Cesium-138
Europium-154
Europium-155
Iodine-129
Iodine-130
Iodine-131
Iodine-132
Iodine-133
Iodine-134
Iodine-135
Krypton-83m
Krypton-85
Krypton-85m
Krypton-87
Krypton-88
Lanthanum-140
Lanthanum-141
Lanthanum-142
Lanthanum-143
Molybdenum-99
Niobium-95
Niobium-97
Niobium-97m
Neodymium-147
Neptunium-237
Neptunium-238
Neptunium-239
Neptunium-240
Palladium-107
Promethium-147
Praseodymium-143
Praseodymium-144
Praseodymium-145

Sequoyah Nuclear Plant
Partial-MOX Fuel
Full-LEU Fuel Core
Core (curies)
(curies)
1.45 × 108
1.50 × 108
1.31 × 108
1.40 × 108
8
1.09 × 10
1.19 × 108
8.16 × 106
4.53 × 106
3
3.48 × 10
1.78 × 103
5
6.44 × 10
3.72 × 105
2
1.15 × 10
5.45 × 101
2.45 × 101
1.04 × 101
-11
2.56 × 10
1.95 × 10-11
-9
1.17 × 10
1.19 × 10-9
7
1.98 × 10
1.86 × 107
5.95 × 101
5.01 × 101
6
5.43 × 10
4.60 × 106
7
1.14 × 10
1.11 × 107
8
1.69 × 10
1.75 × 108
5
9.18 × 10
7.39 × 105
4.85 × 105
4.08 × 105
0
3.36 × 10
2.80 × 100
6
2.00 × 10
1.79 × 106
7
9.43 × 10
9.26 × 107
1.37 × 108
1.35 × 108
8
1.87 × 10
1.89 × 108
8
2.07 × 10
2.11 × 108
8
1.79 × 10
1.80 × 108
9.54 × 106
1.09 × 107
6
1.09 × 10
1.29 × 106
7
1.97 × 10
2.36 × 107
7
3.75 × 10
4.53 × 107
4.91 × 107
5.99 × 107
8
1.68 × 10
1.74 × 108
8
1.45 × 10
1.51 × 108
8
1.38 × 10
1.45 × 108
1.30 × 108
1.39 × 108
8
1.69 × 10
1.71 × 108
8
1.41 × 10
1.53 × 108
8
1.51 × 10
1.57 × 108
5
2.38 × 10
2.07 × 105
5.84 × 107
5.99 × 107
1
2.79 × 10
3.47 × 101
7
3.24 × 10
3.97 × 107
9
1.91 × 10
1.90 × 109
1.31 × 106
1.31 × 106
1
1.65 × 10
1.10 × 101
7
1.66 × 10
1.74 × 107
8
1.27 × 10
1.35 × 108
1.10 × 108
1.20 × 108
7
9.05 × 10
9.56 × 107

Browns Ferry Nuclear Plant
Partial-MOX Fuel
Full-LEU Fuel Core
Core (curies)
(curies)
1.73 × 108
1.79 × 108
1.59 × 108
1.67 × 108
8
1.35 × 10
1.47 × 108
9.02 × 106
5.92 × 106
3
3.28 × 10
2.14 × 103
5
5.07 × 10
4.24 × 105
1
6.28 × 10
4.65 × 101
1.41 × 101
1.21 × 101
-11
3.03 × 10
2.53 × 10-11
-9
1.52 × 10
1.71 × 10-9
7
1.94 × 10
2.22 × 107
8.34 × 101
8.19 × 101
6
5.27 × 10
5.27 × 106
7
1.48 × 10
1.62 × 107
8
2.01 × 10
2.06 × 108
5
9.32 × 10
8.93 × 105
5.84 × 105
5.71 × 105
0
4.26 × 10
4.02 × 100
6
2.18 × 10
2.26 × 106
8
1.09 × 10
1.08 × 108
1.58 × 108
1.58 × 108
8
2.18 × 10
2.22 × 108
8
2.43 × 10
2.49 × 108
8
2.09 × 10
2.11 × 108
1.20 × 107
1.32 × 107
6
1.49 × 10
1.89 × 106
7
2.59 × 10
2.93 × 107
7
4.96 × 10
5.64 × 107
6.54 × 107
7.48 × 107
8
1.91 × 10
1.98 × 108
8
1.73 × 10
1.78 × 108
8
1.66 × 10
1.72 × 108
1.58 × 108
1.66 × 108
8
1.97 × 10
2.01 × 108
8
1.73 × 10
1.84 × 108
8
1.80 × 10
1.86 × 108
5
2.52 × 10
2.26 × 105
6.91 × 107
7.09 × 107
1
3.15 × 10
4.37 × 101
7
2.63 × 10
3.80 × 107
9
1.88 × 10
1.94 × 109
9.13 × 105
9.76 × 105
1
2.00 × 10
1.51 × 101
7
2.43 × 10
2.59 × 107
8
1.57 × 10
1.65 × 108
1.36 × 108
1.48 × 108
8
1.09 × 10
1.14 × 108

J-7

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

Isotope a
Plutonium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Plutonium-242
Plutonium-243
Plutonium-244
Plutonium-245
Rubidium-86
Rubidium-88
Rubidium-89
Rhodium-103m
Rhodium-105
Rhodium-106
Rhodium-107
Ruthenium-103
Ruthenium-105
Ruthenium-106
Antimony-125
Antimony-127
Antimony-129
Antimony-130
Samarium-147
Samarium-151
Strontium-89
Strontium-90
Strontium-91
Strontium-92
Technetium-99
Technetium-99m
Technetium-101
Tellurium-125m
Tellurium-127
Tellurium-127m
Tellurium-129
Tellurium-129m
Tellurium-131
Tellurium-131m
Tellurium-132
Tellurium-133
Tellurium-133m
Tellurium-134
Uranium-234
Uranium-235
Uranium-236
Uranium-237
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Sequoyah Nuclear Plant
Partial-MOX Fuel
Full-LEU Fuel Core
Core (curies)
(curies)
7.30 × 102
6.49 × 102
3.09 × 105
3.14 × 105
4
5.50 × 10
3.46 × 104
8.95 × 104
4.67 × 104
7
2.30 × 10
1.35 × 107
2
2.81 × 10
1.84 × 102
7
5.38 × 10
3.75 × 107
1.09 × 10-4
6.46 × 10-5
2
5.24 × 10
3.01 × 102
5
2.34 × 10
2.64 × 105
7
5.03 × 10
6.11 × 107
6.58 × 107
8.03 × 107
8
1.62 × 10
1.47 × 108
8
1.16 × 10
9.77 × 107
7
7.85 × 10
5.94 × 107
7
7.35 × 10
5.92 × 107
1.64 × 108
1.49 × 108
8
1.24 × 10
1.06 × 108
7
7.08 × 10
5.22 × 107
6
1.13 × 10
9.36 × 105
1.00 × 107
9.00 × 106
7
2.95 × 10
2.72 × 107
7
2.70 × 10
2.65 × 107
-4
1.59 × 10
1.62 × 10-4
4.20 × 104
3.39 × 104
7
6.80 × 10
8.36 × 107
6
6.69 × 10
7.93 × 106
7
8.93 × 10
1.06 × 108
9.98 × 107
1.15 × 108
3
1.42 × 10
1.40 × 103
8
1.49 × 10
1.52 × 108
8
1.61 × 10
1.60 × 108
2.48 × 105
2.02 × 105
6
9.77 × 10
8.77 × 106
5
2.66 × 10
2.18 × 105
7
2.96 × 10
2.72 × 107
4
1.44 × 10
1.22 × 104
8.32 × 107
8.28 × 107
7
1.49 × 10
1.33 × 107
8
1.33 × 10
1.32 × 108
8
1.05 × 10
1.08 × 108
7.73 × 107
7.90 × 107
8
1.56 × 10
1.66 × 108
1
7.38 × 10
1.23 × 102
0
1.50 × 10
2.59 × 100
2.07 × 101
3.09 × 101
7
6.48 × 10
8.63 × 107

Browns Ferry Nuclear Plant
Partial-MOX Fuel
Full-LEU Fuel Core
Core (curies)
(curies)
4.96 × 102
5.65 × 102
3.02 × 105
3.81 × 105
4
6.26 × 10
4.20 × 104
1.19 × 105
6.73 × 104
7
2.35 × 10
1.52 × 107
2
3.39 × 10
2.55 × 102
7
4.27 × 10
3.49 × 107
8.02 × 10-5
6.81 × 10-5
2
2.40 × 10
2.13 × 102
5
2.13 × 10
2.75 × 105
7
6.67 × 10
7.61 × 107
8.76 × 107
1.00 × 108
8
1.78 × 10
1.66 × 108
8
1.20 × 10
1.06 × 108
7
8.41 × 10
6.88 × 107
7
7.42 × 10
6.27 × 107
1.80 × 108
1.68 × 108
8
1.29 × 10
1.15 × 108
7
7.71 × 10
6.19 × 107
6
1.36 × 10
1.23 × 106
1.08 × 107
1.00 × 107
7
3.23 × 10
3.05 × 107
7
3.09 × 10
3.06 × 107
-4
2.75 × 10
3.17 × 10-4
4.89 × 104
4.32 × 104
7
9.04 × 10
1.04 × 108
6
9.20 × 10
1.19 × 107
8
1.16 × 10
1.31 × 108
1.27 × 108
1.41 × 108
3
1.92 × 10
2.11 × 103
8
1.75 × 10
1.78 × 108
8
1.86 × 10
1.86 × 108
3.01 × 105
2.73 × 105
7
1.06 × 10
9.81 × 106
5
3.00 × 10
2.56 × 105
7
3.23 × 10
3.05 × 107
4
1.44 × 10
1.31 × 104
9.61 × 107
9.63 × 107
7
1.60 × 10
1.48 × 107
8
1.53 × 10
1.54 × 108
8
1.24 × 10
1.28 × 108
9.11 × 107
9.31 × 107
8
1.89 × 10
1.98 × 108
2
1.49 × 10
2.08 × 102
0
3.49 × 10
4.36 × 100
3.15 × 101
4.72 × 101
7
5.98 × 10
8.25 × 107
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Sequoyah Nuclear Plant
Browns Ferry Nuclear Plant
Partial-MOX Fuel
Full-LEU Fuel Core
Partial-MOX Fuel
Full-LEU Fuel Core
Isotope a
Core (curies)
(curies)
Core (curies)
(curies)
Uranium-238
2.72 × 101
2.74 × 101
4.31 × 101
4.35 × 101
Uranium-239
1.91 × 109
1.91 × 109
1.88 × 109
1.95 × 109
6
6
6
Xenon-131m
1.25 × 10
1.22 × 10
1.42 × 10
1.41 × 106
Xenon-133
1.80 × 108
1.82 × 108
2.11 × 108
2.14 × 108
6
6
6
Xenon-133m
2.48 × 10
2.41 × 10
2.83 × 10
2.81 × 106
7
7
7
Xenon-135
6.03 × 10
5.30 × 10
7.04 × 10
6.39 × 107
7
7
7
Xenon-135m
3.05 × 10
2.92 × 10
3.43 × 10
3.34 × 107
Xenon-138
1.53 × 108
1.59 × 108
1.83 × 108
1.89 × 108
6
6
6
Yttrium-90
6.92 × 10
8.21 × 10
9.49 × 10
1.23 × 107
7
8
8
Yttrium-91
9.17 × 10
1.09 × 10
1.19 × 10
1.35 × 108
7
7
7
Yttrium-91m
5.12 × 10
6.06 × 10
6.67 × 10
7.49 × 107
Yttrium-92
1.01 × 108
1.16 × 108
1.29 × 108
1.43 × 108
8
8
8
Yttrium-93
1.18 × 10
1.32 × 10
1.48 × 10
1.60 × 108
8
8
8
Yttrium-94
1.27 × 10
1.40 × 10
1.58 × 10
1.69 × 108
8
8
8
Yttrium-95
1.36 × 10
1.47 × 10
1.66 × 10
1.76 × 108
8
8
8
Zirconium-95
1.41 × 10
1.52 × 10
1.72 × 10
1.83 × 108
Zirconium-97
1.50 × 108
1.56 × 108
1.78 × 108
1.84 × 108
LEU = low-enriched uranium; MOX = mixed oxide.
a
This is a partial listing of the isotopes that would be in the core at the end of an operational cycle. These are the major
isotopes that would contribute to the radiological impacts in the event of an accident.
Source: ORNL 2013.

J.2.3

Meteorological Data

Annual onsite meteorological data for each reactor site from 2005 through 2009 were evaluated. The
meteorological data characteristics of the site are described by 1 year of hourly data
(8,760 measurements). These data include windspeed, wind direction, atmospheric stability, and rainfall
(TVA 2012c). The accident modeling was performed using each year of meteorological data. The
years 2006 (Browns Ferry) and 2007 (Sequoyah) were selected for presentation because they result in the
highest calculated population doses and therefore provide conservative results.
J.2.4

Population Data

The population distribution around each plant was determined using 2010 and prior decennial census data
and projecting to the year 2020. The population was then allocated based on its current location into
segments that correspond to a polar coordinate grid. The polar coordinate grid for this analysis consists
of 10 radial intervals aligned with the 16 compass directions. For Browns Ferry, the total projected
population out to 50 miles (80 kilometers) is about 1.1 million. For Sequoyah, the total projected
population out to 50 miles (80 kilometers) is about 1.2 million. Projected population data for
the year 2020 corresponding to the grid segments at Browns Ferry and Sequoyah are presented in
Tables J–2 and J–3, respectively.
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Table J–2 Projected Year 2020 Population near the Browns Ferry Nuclear Plant
Distance (miles)
Direction
0–1
1–2
2–3
3–4
4–5
5–10
10–20
20–30
30–40
40–50
N
11
46
78
110
142
1,295
2,854
4,000
12,647
8,929
NNE
13
47
78
142
318
2,591
5,952
4,028
9,539
7,084
NE
12
44
66
105
226
6,050
18,358
13,638
8,354
14,249
ENE
8
28
38
53
121
3,333
23,025
41,312
33,507
11,693
E
8
23
38
53
69
1,049
22,441
135,888
104,444
8,163
ESE
8
23
38
53
69
841
2,951
10,851
35,557
13,832
SE
0
0
0
0
0
7,529
33,564
10,186
10,890
26,950
SSE
0
20
35
57
74
7,289
30,659
18,525
29,661
28,354
S
0
10
13
20
44
3,230
7,182
3,406
7,830
11,593
SSW
0
10
13
17
50
1,969
7,880
1,708
3,087
5,601
SW
0
10
13
17
30
810
6,310
2,843
5,047
13,104
WSW
0
10
13
17
22
379
3,411
3,832
18,479
5,861
W
0
10
13
17
22
285
2,547
11,091
30,797
4,239
WNW
0
12
13
17
22
407
3,954
16,886
55,795
7,453
NW
0
0
0
104
87
1,097
5,884
10,127
6,847
4,991
NNW
8
43
78
110
142
1,187
3,394
4,372
16,556
10,247
Total Population
1,087,041
Note: Population projected to 2020 using 2010 census data (Census 2010) and prior decennial census data for the area within
50 miles of the Browns Ferry Nuclear Plant.
To convert miles to kilometers, multiply by 1.6093.

Table J–3 Projected Year 2020 Population near the Sequoyah Nuclear Plant
Distance (miles)
Direction
0–1
1–2
2–3
3–4
4–5
5–10
10–20
20–30
30–40
40–50
N
63
156
72
136
314
2,532
7,186
5,899
5,926
24,236
NNE
0
103
58
81
114
1,276
10,596
9,435
8,709
12,016
NE
0
187
170
216
128
1,226
3,584
7,479
9,536
15,844
ENE
0
227
278
257
293
1,477
6,055
11,689
28,986
28,664
E
0
217
305
347
160
2,103
24,414
8,965
7,901
5,248
ESE
51
163
305
222
135
2,759
53,322
6,896
3,436
17,554
SE
51
161
304
206
251
2,168
12,216
9,113
4,808
14,823
SSE
0
208
273
464
762
4,308
10,817
28,595
62,485
16,564
S
0
207
262
478
771
9,383
40,896
31,620
41,458
22,268
SSW
0
206
282
626
801
8,604
93,860
52,483
20,635
12,969
SW
0
207
564
714
654
10,272
96,974
30,756
14,748
11,089
WSW
50
310
997
1,394
1,387
15,749
41,190
5,527
14,994
8,548
W
51
457
859
1,259
2,019
5,307
4,856
7,445
6,763
7,889
WNW
57
210
350
625
1,092
2,434
4,427
5,214
4,986
5,537
NW
65
210
350
504
1,007
2,419
3,524
4,252
2,182
14,639
NNW
65
210
341
316
358
2,303
1,781
3,504
3,351
6,521
Total Population
1,211,956
Note: Population projected to 2020 using 2010 census data (Census 2010) and prior decennial census data for the area within
50 miles of the Sequoyah Nuclear Plant.
To convert miles to kilometers, multiply by 1.6093.

J-10

Appendix J – Evaluation of Select Reactor Accidents with Mixed Oxide Fuel Use at the Browns Ferry and Sequoyah Nuclear Plants

J.3

Reactor Accident Identification and Quantification

As discussed above, the Supplemental SPD EIS reactor accident analysis includes an assessment of
postulated accidents at TVA reactors at Sequoyah (a PWR) and Browns Ferry (a BWR). The analysis in
this SPD Supplemental EIS compares the accident results for partial-MOX fuel and full-LEU fuel cores to
determine whether the use of MOX fuel in these TVA reactors would make any substantive difference in
the potential risks associated with the accidents analyzed.
The postulated accidents include design-basis and beyond-design-basis accidents at each reactor site using
both partial-MOX and full-LEU fuel cores. The accidents presented were selected because of their
potential to release substantial amounts of radioactive material to the environment. This assessment is
patterned after the similar assessment presented in the SPD EIS (DOE 1999) and uses similar conventions
and assumptions. In the Final SPD EIS, design-basis accidents and beyond-design-basis accidents were
considered for six PWRs operated by Duke Power and Virginia Power (now Dominion Power). For the
current assessment, both a PWR and a BWR were evaluated. Although design features make some of the
accident scenarios differ between the PWRs and BWRs, the basic accidents are similar.
Only those accidents with the potential for substantial radiological releases to the environment were
evaluated for the purposes of this SPD Supplemental EIS. Two design-basis accidents (a loss-of-coolant
accident [LOCA] and a used-fuel-handling accident) and four beyond-design-basis accidents (an early
containment failure, a late containment failure, a steam generator tube rupture [containment bypass in a
PWR], and an interfacing-systems-loss-of-coolant accident [ISLOCA] [containment bypass in a BWR])
meet these criteria. Each of these accidents was analyzed twice: once assuming use of a full-LEU fuel
core and once assuming use of a partial-MOX fuel core. As part of its license amendment process, NRC
may require nuclear reactor plants applying to use MOX fuel to perform additional accident analyses
involving other accident scenarios that would likely result in smaller radiological releases to the
environment.
These accidents were chosen to highlight differences in the potential impacts to the public due to the use
of a partial-MOX fuel core, in the unlikely event that an accident occurred. The LOCA represents a
design-basis accident inside the containment that assumes the entire reactor core has failed, thereby
releasing a large quantity of fission products to the reactor coolant system and a significant radiological
source term to the environment. Similarly, the used-fuel-handling accident represents a design-basis
accident outside the containment that releases a significant fraction of fission products within a used
nuclear fuel assembly without the ameliorating design features of the containment and its systems. Both
the LOCA and used-fuel-handling accident are design-basis accident scenarios that are prescribed by
NRC regulations for licensing approval of a commercial nuclear power plant. They do not have any
specified annual frequency of occurrence, but are instead used to demonstrate the safety design
performance of a specific, sited nuclear power plant and its acceptability with respect to regulatory
radiation dose standards. As both the LOCA and used-fuel-handling accident are design-basis accidents
that are required by NRC regulations, they are equally applicable to both an LEU and a partial-MOX fuel
core. Other NRC prescribed design-basis accidents that could be analyzed would not result in a larger
source term than the two selected for this SPD Supplemental EIS.
The beyond-design-basis accidents were developed by plant-specific probabilistic risk assessments that
postulated a wide spectrum of initiating events followed by different combinations of system and/or
component failures, along with operator actions. Some of these events lead to a predicted failure of the
reactor core, as in the case of the design-basis LOCA, but with higher release fractions to the
environment, different timing of the release, and different plume energies and release heights. Several
decades of probabilistic risk assessment experience on the part of the NRC, U.S. national laboratories,
licensees, and their contractors have resulted in well-understood, dominant, beyond-design-basis accident
scenarios.
These are the accident scenarios that were selected for analysis in this SPD Supplemental EIS. Each of
them results in failure of the entire core, but at different times after reactor shutdown, and different
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release fractions of groups of fission products, different plume energies, and different release heights. As
a group, the selected beyond-design-basis accident scenarios encompass the range of this class of
accidents that would be expected to result in the highest radiological consequences to the public. This
group of beyond-design-basis accidents also demonstrates the impact and effectiveness of emergency
response to ameliorate impacts to the population because differences in the timing of releases allow
different emergency response actions such as sheltering and evacuation. As part of its license amendment
process, NRC may require nuclear reactor plants applying to use MOX fuel to perform additional accident
analyses involving other accident scenarios.
The frequencies associated with the accident scenarios evaluated in this SPD Supplemental EIS are not
expected to be dependent on the fuel type inside the reactor. A recent analysis of severe accidents for
reactors using partial-MOX fuel cores determined them to have a similar accident progression (i.e., source
term, timing, plume energy) as those for a full-LEU fuel core in a number of scenarios including early and
late containment failures (SNL 2010). These frequencies are event-based (e.g., frequency of an initiating
event such as loss of offsite power) and depend on systems- and operational-response-related events
(mitigation activities with probabilities to accomplish the required actions). For example, an early
containment failure at these reactors due to a station blackout (e.g., loss of offsite and onsite [emergency
diesel generator] power) as an initiating event and failure to provide emergency and long-term cooling in
a timely manner, leading to core melt/containment failure, does not depend on whether the reactor uses a
partial-MOX or full-LEU fuel core, but rather on the likelihood of a series of events occurring that are
unrelated to the fuel type. The decay heat removal and other control systems that need to be operational
in the event of such an accident are the same as those designed for operation with LEU fuel. TVA, as part
of its license amendment submittal to NRC, would evaluate and may modify plant operations and core
design to allow for the use of MOX fuel and remain within the envelope of accident response for the
types of accidents that have been analyzed in the plant’s probabilistic risk assessment (PRA), which was
the basis for the selection of accidents analyzed in this SPD Supplemental EIS.
For this SPD Supplemental EIS, postulated design-basis and beyond-design-basis accidents were analyzed
using the MELCOR Accident Consequence Code System (MACCS2) computer code4 for each of the
proposed reactor sites. Doses (consequences) and risks to the offsite maximally exposed individual
(MEI) and the general public within 50 miles (80 kilometers) of each plant, using the population
distributions shown in Section J.2.4 for each accident scenario, were calculated for each type of core.
Impacts at the time of the accident would be from direct radiation exposure and inhalation of the passing
plume. The longer-term effects from radionuclides deposited on the ground and surface waters after the
accident were modeled for reactor accidents. Exposure pathways include resuspension and inhalation of
plutonium and ingestion of contaminated crops. The MACCS2 code calculates the dose over a number of
years, incorporating a number of factors including radioactive decay.
In the case of this
SPD Supplemental EIS, the reactor accident doses were calculated over an 80-year period to represent a
typical lifetime. These results were then compared for the partial-MOX and full-LEU fuel cores, by
plant, for each postulated accident.
The MEI dose was calculated at the exclusion area boundary of each plant. The exclusion area boundary
is that surrounding the reactor within which the reactor licensee has the authority to determine all
activities, including exclusion or removal of personnel and property from the area. This area may be
traversed by a highway, railroad, or waterway, provided any one of these is not so close to the facility that
it interferes with normal operation of the facility, and appropriate and effective arrangements are made to
control traffic and protect public health and safety on the highway, railroad, or waterway in an
emergency. There are generally no residences within an exclusion area. However, if there were
4

MACCS2, version 1.13.1, was used in the analysis. This version of the code is contained in the DOE Office of Health, Safety,
and Security safety software “toolbox” of codes. All such codes are compliant with the DOE Safety Software Quality Assurance
requirements of DOE O 414.1D and its safety software guidance, DOE G 414.1-4 (http://www.hss.doe.gov/nuclearsafety/
qa/sqa/central_registry.htm). MACCS2 is also used by the NRC to calculate impacts from postulated severe accidents in nuclear
power plant reactors and support decisionmaking (http://www.nrc.gov/about-nrc/regulatory/research/comp-codes.html).
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residents, they would be subject to ready removal in case of necessity. Activities unrelated to operation
of the reactor may be permitted in an exclusion area under appropriate limitations, provided no significant
hazards to the public health and safety would result.
Sources of information. Both design-basis accidents and beyond-design-basis accidents were identified
from plant safety analysis documents developed by TVA. Design-basis accidents were selected by
reviewing the Updated Final Safety Analysis Report (UFSAR) for each plant (TVA 2009, 2010).
Beyond-design-basis accidents were identified from the submittals in response to NRC’s requirements for
reactor licensees to perform Individual Plant Examinations (IPEs) for severe accident vulnerabilities, as
well as subsequent updates and revisions developed for license renewal (TVA 2002a, 2002b, 2003).
Source terms for each accident in terms of the fraction of the reactor core inventory that might be released
as a function of time for the full-LEU fuel cores were identified from these documents. These specific,
time-dependent release fractions were then applied to the reactor core inventories developed by ORNL for
both the full-LEU and partial-MOX fuel cores for Sequoyah and Browns Ferry.
For Sequoyah, a recent Level 3 PRA that developed accident source terms and consequences was not
available. However, such an analysis was available for the Watts Bar Nuclear Plant (SAIC 2007), a sister
plant to Sequoyah. Sequoyah and the Watts Bar Nuclear Plant are similar plants, both with two
Westinghouse PWRs with ice condenser containments. Because of these similarities, the release paths
and mitigating mechanisms for the two plants were assumed to be identical.
Key modeling assumptions. It is well known that accident progression and modeling assumptions can
make a substantial difference regarding the estimated impacts of an accident. For this reason, the impacts
evaluated in this SPD Supplemental EIS use the standard accident progression assumptions included in
TVA licensing activities and in the standard, NRC-sponsored MACCS2 computer code for evaluation of
reactor accident impacts. The accident evaluations presented in this SPD Supplemental EIS are used for
comparison of the relative impacts of accident scenarios. The real-world impacts associated with any of
these accidents, should they occur, would likely be less than those predicted in these accident analyses.
This is because conservative values were chosen for a number of the analysis parameters. For example,
perpetual rain (resulting in wet deposition) was assumed in the region between 40 and 50 miles (64 and
80 kilometers) from a release point, maximizing the exposure of the population in this region; release
plumes were assumed to be neutrally buoyant, resulting in higher concentrations to receptors close to the
release point; and all beyond-design-basis accidents were assumed to result in ground-level release. The
combined, multiplicative effect of these conservative assumptions is that the impacts shown in this
SPD Supplemental EIS are likely overestimated.
Assumptions that can substantially influence calculations of close-in doses include how the release occurs
and whether there is sufficient energy for plume rise so that close-in locations do not receive high doses.
For the analyses in this SPD Supplemental EIS, assumptions for beyond-design-basis accidents, such as
early containment failure (defined in Section J.3.2), were made that maximize the estimated close-in
doses, such as those assessed at the exclusion area boundary, should a member of the public be located
there at the time of the accident. More realistically, a plume would likely pass over the exclusion area
boundary and, at the point the plume reached the ground, it would be more diluted and doses to
individuals in the affected population would be comparatively lower than the dose to an individual at the
exclusion area boundary.
For some accidents, such as late containment failure (defined in Section J.3.2), it was assumed that most
radioactive material would be released a number of hours after the initial accident. This would allow time
for many emergency actions to occur, including evacuation of most of the nearby population. The dose
that these members of the population might receive while still located near the reactor, or during
evacuation, is highly dependent on the timing of the accident sequence and the timing of evacuation. The
analysis for this SPD Supplemental EIS used standard, site-specific assumptions used by TVA in NRC
licensing activities and local emergency planning preparations. As discussed in Section J.3.2, it was
assumed that 95 percent of the affected population within the emergency planning zone would begin to be
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evacuated shortly after a warning was issued by emergency response officials; however, the timing of
accident sequences and evacuation and certain other assumptions differed between the reactor sites.
These assumptions differed because of differences in the types of reactors (PWR and BWR) operating at
the two sites, as well as the assumptions TVA made to account for differences in local geography, roads,
and population distributions.
For reactor accidents, the surrounding population could receive an initial radiation dose from direct
radiation exposure and inhalation of the initial plume, and over the longer term, from direct radiation
exposure, inhalation of resuspended material, and ingestion of contaminated foods. The MACCS2
computer code estimates not only the acute impacts from the initial cloud passage, but also the
longer term, chronic impacts from direct radiation exposure, inhalation, and ingestion of contaminated
food. In reality, because contamination in food is easily and relatively inexpensively monitored, most of
the contaminated food is unlikely to be consumed. Nevertheless, the doses reported in this
SPD Supplemental EIS for reactor accidents include those due to the chronic effects associated with the
long-term ingestion of contaminated food.
J.3.1

Design-Basis Accidents

Design-basis accidents are identified by NRC, and their impacts are evaluated as a part of the NRC
regulatory process to demonstrate that the safety features of the plant provide adequate protection of the
public. They are defined by NRC as postulated accidents that a nuclear facility must be designed and built
to withstand without loss of the systems, structures, and components necessary to ensure public health
and safety. These are the most serious events that reactor plants must be designed against and represent
limiting design cases.
The accident analyses presented in the Browns Ferry and Sequoyah UFSARs are conservative
design-basis analyses and, therefore, the dose consequences are considered bounding (i.e., a more realistic
analysis would result in lower doses and, thus, lower consequences). The results, however, provide a
comparison of the potential consequences resulting from design-basis accidents. The consequences also
provide insight into which design-basis accidents should be analyzed in this SPD Supplemental EIS.
After a review of the UFSAR accident analyses, the LOCA and used-fuel-handling accident were selected
as design-basis accidents to be evaluated in this SPD Supplemental EIS. When compared to other
design-basis accidents, such as a rod ejection or a main steam line break, the LOCA and
used-fuel-handling accident constitute scenarios that result in source terms that are larger in magnitude
and encompass the broadest spectrum of radionuclides and, therefore, are the best design-basis accidents
by which to compare the consequences of a partial-MOX fuel core with a full-LEU fuel core.
The LOCA includes damage to 100 percent of the core and releases involving both the fuel gap and the
balance of the fuel while coupling releases to actuation of engineered safety systems and the containment.
Another design-basis accident, a rod ejection accident, does not result in failure of 100 percent of the
core, but rather a smaller fraction of the fuel that is located around the control rod that was ejected. As
both of these design-basis accidents involve fuel failure inside containment and the LOCA results in
higher source terms and doses to the public, the LOCA was chosen as the representative design-basis
accident inside containment. Furthermore, the licensee can institute plant core and control rod design
modifications that ameliorate the fuel damage resulting from a rod ejection accident, whereas the LOCA
source term is prescribed by regulation. The main steam line break accident source term is related to the
allowable coolant activity levels and not fuel design.
Similarly, other design-basis accidents are postulated outside containment in addition to the
used-fuel-handling accident (e.g., waste gas tank failure, dropped used fuel cask), but the
used-fuel-handling accident was judged to be the best representative of outside-containment, design-basis
accidents for the purpose of comparing the consequences of such an accident involving a partial-MOX
fuel core with one involving a full-LEU fuel core because it involves a source term directly related to the
fuel design. So the differences between a used-fuel-handling accident involving MOX fuel and one
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involving LEU fuel can be easily compared, and this accident typically results in larger offsite doses than
the other outside-containment, design-basis accidents.
The design-basis accidents evaluated in this SPD Supplemental EIS are associated with large source
terms. Many design-basis and higher-frequency accident scenarios result in no radiological releases or
releases that have no relation to the core fission product inventory and are not expected to result in
significant differences in consequences due to the presence of MOX fuel. Licensees that desire to use
partial-MOX fuel cores in their reactors may conduct additional accident analyses to support their license
or license amendment applications to NRC.
Design-basis LOCA. A design-basis large-break LOCA was chosen for evaluation because it is the
limiting reactor design-basis accident at both of the TVA plants evaluated in this SPD Supplemental EIS.
The large-break LOCA is defined as a break equivalent in size to a double-ended rupture of the largest
pipe of the reactor coolant system. Following a postulated double-ended rupture of a reactor coolant pipe,
the emergency core cooling system would operate as designed, keeping cladding temperatures well below
melting and ensuring that the core remains intact and in a coolable geometry. As a result of the increase
in cladding temperature and rapid depressurization of the core, however, some cladding failure may occur
in the hottest regions of the core. Thus, a fraction of the fission products accumulated in the
pellet-cladding gap may be released to the reactor coolant system and thereby to the containment.
Although no core melting would occur for the design-basis LOCA, a gaseous release of fission products
is evaluated.
The LOCA source terms, including the specific isotope releases in curies as a function of time after the
initiation of the accident, were supplied by TVA from current safety documents for Browns Ferry and
Sequoyah (TVA 2012c). These estimated releases were used to calculate the plant- and accident-specific
fractions of the core released. These fractions were then applied to the current partial-MOX and full-LEU
fuel core inventories developed for Browns Ferry and Sequoyah by ORNL (see Table J–1) to determine
the specific releases by isotope and time.
The LOCA radiological consequence analysis for the full-LEU and partial-MOX fuel cores was
performed assuming a stack release based on TVA-supplied, plant-specific radioisotope release data. The
possible leak paths through containment and bypass were included.
Used-fuel-handling accident. In the postulated used-fuel-handling accident scenario, a used fuel
assembly is dropped. The drop would result in a breach of the fuel rod cladding, and a portion of the
volatile fission gases from the damaged fuel rods would be released. A used-fuel-handling accident
would realistically result in damage to only a fraction of the fuel rods. However, consistent with NRC
methodology, all the fuel rods in the dropped fuel assembly were assumed to be damaged.
The accident was assumed to occur at the earliest time that fuel-handling operations may begin after
shutdown, as identified in each plant’s technical specifications to maximize the potential consequences of
such an accident. The accident was assumed to start 72 hours after shutdown at Browns Ferry and
100 hours at Sequoyah, based on previous submittals by TVA to NRC.
Consistent with NRC guidance, the assumption in the TVA safety analyses is that an assembly with
extremely high burnup (e.g., for Browns Ferry, 50 percent higher than the average core assembly) is
damaged while being removed from the reactor. The values for individual fission product inventories in
the damaged assembly were calculated assuming full-power operation at the end of core life immediately
preceding shutdown. All of the gap activity in the damaged rods was assumed to be released. Releases
would be through the top of the containment building to the environment, but the water in the refueling
pool would greatly reduce the iodine available for release to the environment. It was assumed that all of
the iodine escaping from the refueling pool is released to the environment over a 2-hour time period
through the fuel-handling building ventilation system. The Browns Ferry and Sequoyah UFSARs
assumed iodine filter efficiencies of 95 percent for both the inorganic and organic species.
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The used-fuel-handling accident source terms, including the specific isotope releases in curies as a
function of time after the initiation of the accident, were supplied by TVA from current safety documents
for Browns Ferry and Sequoyah (TVA 2012c). These estimated releases were used to calculate plant- and
accident-specific fractions of the core released as a function of time. These fractions were then applied to
the partial-MOX and full-LEU fuel core inventories developed by ORNL for Browns Ferry and Sequoyah
to determine the specific release by isotope and time (see Table J–1).
J.3.1.1

Browns Ferry Design-Basis Accident Analysis

Table J–4 presents the results of this analysis for design-basis accidents at Browns Ferry. Results are
presented for a hypothetical individual at the exclusion area boundary for the entire period of release from
the accident, as well as for persons in the surrounding population. For both accidents, the doses would be
small relative to the NRC requirement that an individual located at any point of the boundary of the
exclusion area (referred to as the MEI hereafter) for any 2-hour period following the onset of the
postulated accident would not receive a total effective dose equivalent in excess of 25 rem
(10 CFR 50.34). For the LOCA at Browns Ferry, the dose to the MEI would be 0.026 rem for a full-LEU
fuel core and 0.023 rem for a partial-MOX fuel core. In either case, the dose would be small compared to
the NRC limit of 25 rem. For the used-fuel-handling accident at Browns Ferry, the dose to the MEI
would be approximately 0.00014 rem for either a partial MOX fuel assembly or an LEU fuel assembly.
In either case, the used-fuel-handling accident dose would be negligible compared to the NRC limit of
25 rem.
The results also indicate that the impacts on the surrounding population for a design-basis accident with a
partial-MOX fuel core or a full-LEU fuel core would be similar and within the overall analysis
uncertainty. The dose to the population from the LOCA at Browns Ferry would be approximately
150 person-rem for either a partial-MOX fuel core or a full-LEU fuel core. The average dose to an
individual residing within 50 miles (80 kilometers) of Browns Ferry at the time of the accident, in the
unlikely event that it occurred, would be 1.4 × 10-4 rem, regardless of the fuel type in the reactor at the
time of the accident. The dose to the population from the used-fuel-handling accident at Browns Ferry
would be 0.086 person-rem for either a full-LEU or a partial-MOX fuel core. The average dose to an
individual from this accident, in the unlikely event that it occurred, would be 7.9 × 10-8 rem, regardless of
the fuel type in the dropped fuel assembly at the time of the accident. Therefore, potential risks presented
by the two types of cores are projected to be comparable for the MEI or general population surrounding
the plant from these design-basis accidents.
Table J–4 Browns Ferry Nuclear Plant Design-Basis Accident Impacts
Impacts on the MEI
Impacts on the Population
at the Exclusion Area Boundary
within 50 Miles
Full-LEU or
Partial- MOX
NRC Regulatory
Dose
Average Individual
Dose (rem) a
Limit (rem) b
(person-rem) a
Dose (rem) c
Accident
Fuel Core
LEU
0.026
25
150
1.4 × 10-4
Loss-of-coolant accident d
MOX
0.023
25
150
1.4 × 10-4
LEU
0.00014
25
0.085
7.8 × 10-8
Used-fuel-handling
e
accident
MOX
0.00014
25
0.086
7.9 × 10-8
LEU = low-enriched uranium; MEI = maximally exposed individual; MOX = mixed oxide; NRC = U.S. Nuclear Regulatory
Commission.
a

The reactor accident doses were calculated over an 80-year period using the MACCS2 computer code. Eighty years represents
a typical person’s lifetime.

b

From 10 CFR 50.34 for design-basis accidents.
Average individual dose to the entire offsite projected population in 2020 (approximately 1,100,000) out to a distance of 50 miles for
the indicated accident.
d
Release would be through a 604-foot stack.
e
Release was assumed to be through the top of the containment building at 173 feet.
Note: To convert feet to meters, multiply by 0.3048; miles to kilometers by 1.6093.
c
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J.3.1.2

Sequoyah Design-Basis Accident Analysis

Table J–5 presents the results of the analysis for design-basis accidents at Sequoyah. Results are
presented for a hypothetical individual at the exclusion area boundary for the entire period of release from
the accident, as well as for persons in the surrounding population. For a LOCA at Sequoyah, the dose to
the MEI would be 0.0023 rem for a full-LEU fuel core and 0.0020 rem for a partial-MOX fuel core. In
either case, the dose would be small compared to the NRC limit of 25 rem. For the used-fuel-handling
accident at Sequoyah, the dose to the MEI would be approximately 0.000036 rem for either a partial
MOX fuel assembly or an LEU fuel assembly. In either case, the used-fuel-handling accident dose would
be negligible compared to the NRC limit of 25 rem.
Table J–5 Sequoyah Nuclear Plant Design-Basis Accident Impacts
Impacts on the MEI
Impacts on the Population
at the Exclusion Area Boundary
within 50 Miles
Full-LEU or
Partial- MOX
NRC Regulatory
Dose
Average Individual
Dose (rem) a
Limit (rem) b
(person-rem) a
Dose (rem) c
Accident
Fuel Core
d
Loss-of-coolant accident
LEU
0.0023
25
0.75
6.2 × 10-7
MOX
0.0020
25
0.72
5.9 × 10-7
Used-fuel-handling accident
LEU
0.000036
25
0.018
1.5 × 10-8
MOX
0.000036
25
0.018
1.5 × 10-8
LEU = low enriched uranium; MEI = maximally exposed individual; MOX = mixed oxide; NRC = U.S. Nuclear Regulatory
Commission.
a
The reactor accident doses were calculated over an 80-year period using the MACCS2 computer code. Eighty years represents a
typical person’s lifetime.
b
From 10 CFR 50.34 for design-basis accidents.
c
Average individual dose to the entire offsite projected population in 2020 (approximately 1,200,000) out to a distance of 50 miles for
the indicated accident.
d
Release was assumed to be through the top of the containment building at 171 feet.
Note: To convert feet to meters, multiply by 0.3048; miles to kilometers by 1.6093.

The results also indicate that the impacts on the surrounding population for a design-basis accident with a
partial-MOX fuel core or a full-LEU fuel core would be both similar and within the overall analysis
uncertainty. The dose to the population from a LOCA at Sequoyah would be approximately
0.75 person-rem for a full-LEU fuel core and 0.72 person-rem for a partial-MOX fuel core. The average
dose to an individual residing within 50 miles (80 kilometers) of Sequoyah at the time of the accident, in
the unlikely event that it occurred, would be approximately 6.0 × 10-7 rem, regardless of the fuel type in
the reactor at the time of the accident. The dose to the population from the used-fuel-handling accident at
Sequoyah would be approximately 0.018 person-rem for either a partial MOX fuel assembly or an LEU
fuel assembly. The average dose to an individual from this accident, in the unlikely event that it occurred,
would be 1.5 × 10-8 rem, regardless of the fuel type in the dropped fuel assembly at the time of the
accident. Therefore, potential risks presented by the two types of cores are projected to be comparable for
the MEI or the general population surrounding the plant from these design-basis accidents.
J.3.2

Beyond-Design-Basis Accidents

Beyond-design-basis accidents (severe reactor accidents) are less likely to occur than design-basis
accidents. In design-basis accidents, mitigating systems are assumed to be available. In beyond-designbasis accidents, even though the initiating event could be a design-basis event (e.g., a large-break LOCA),
additional failures of mitigating systems such as the emergency core cooling system cause some degree of
physical deterioration of the fuel in the reactor core and a possible breach of the containment structure,
leading to the direct release of radioactive materials to the environment.
The beyond-design-basis accident evaluation in the SPD EIS included a review of each plant’s IPE.
In 1988, NRC required all licensees of operating plants to perform IPEs for severe accident vulnerabilities
(NRC 1988) and indicated that a PRA would be an acceptable approach to performing the IPE. A PRA
evaluates, in full detail (quantitatively), the consequences of all potential events caused by operating
disturbances (known as internal initiating events) within the plant. A state-of-the-art PRA uses realistic
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criteria and assumptions in evaluating the accident progression and the systems required to mitigate each
accident.
Beyond-design-basis accidents evaluated in this SPD Supplemental EIS include only those scenarios that
lead to containment bypass or failure because the public and environmental consequences would be
significantly less for accident scenarios that do not lead to containment bypass or failure. Accidents that
lead to containment bypass or failure are expected to result in the greatest release of core fission products,
which could result in different consequences for the same accident, depending on whether the reactor has
a full-LEU or a partial-MOX fuel core. The accidents evaluated consist of an early containment failure, a
late containment failure, a steam generator tube rupture (for a PWR), and an ISLOCA (for a BWR).
Early containment failure. This accident is defined as the failure of containment prior to or very soon
(within a few hours) after breach of the reactor vessel. A variety of mechanisms, such as direct contact of
core debris with the containment, rapid pressure and temperature loads, hydrogen combustion, and
fuel-coolant interactions, can cause structural failure of the containment. Early containment failure can be
important because it tends to result in shorter warning times for initiating public protective measures, and
because radionuclide releases would generally be more severe than if the containment fails later.
Late containment failure. A late containment failure involves structural failure of the containment more
than a day after accident initiation and typically a day or more after breach of the reactor vessel. A
variety of mechanisms, such as gradual pressure and temperature increase, hydrogen combustion, and
basemat melt-through by core debris, can cause late containment failure.
Steam generator tube rupture. A beyond-design-basis steam generator tube rupture induced by high
temperatures also represents a containment bypass event. Analyses have indicated a potential for very
high gas temperatures in the reactor coolant system during accidents involving core damage when the
primary system is at high pressure. The high temperature could cause the steam generator tubes to fail in a
PWR (BWRs do not use steam generators). As a result of a severe tube rupture, the secondary side could
be exposed to full reactor coolant system pressures (approximately 2,250 pounds per square inch). These
pressures would cause relief valves to lift on the secondary side as they are designed to do, resulting in
pressure being transferred to the containment structure. If these valves fail to close after venting and the
pressure in the containment caused it to be breached, an open pathway from the reactor vessel to the
environment could result.
ISLOCA. An ISLOCA refers to a class of accidents in which the reactor coolant system pressure
boundary interfacing with a supporting system of lower design pressure is breached. If this occurred, the
lower pressure system would be over-pressurized and could rupture outside the containment. This failure
would establish a flow path directly to the environment or, sometimes, to another building with a lesser
ability to handle increased pressure compared to the containment. An ISLOCA could occur at either a
PWR or BWR and has been included in this SPD Supplemental EIS as a representative overpressurization accident for a BWR.
As discussed in Section J.2.2, ORNL developed an end-of-core-life inventory for both full-LEU and
partial-MOX fuel cores for Browns Ferry and Sequoyah (see Table J–1). For the source term and offsite
consequence analysis of beyond-design-basis accidents, the radioactive species are collected into classes
of isotopes that exhibit similar chemical behavior. The following groups represent the isotopes
considered to be most important to offsite consequences in the event of a beyond-design-basis accident:
noble gases (including krypton and xenon); iodine (including bromine); cesium (including rubidium);
tellurium (including selenium and antimony); strontium; ruthenium (including rhodium, palladium,
molybdenum, and technetium); lanthanum (including zirconium, neodymium, europium, niobium,
promethium, praseodymium, samarium, and yttrium), cerium (including plutonium and neptunium); and
barium.
The source term for each accident, taken from data provided for each plant (e.g., PRAs and
TVA-provided data), is described by the release height, timing, duration, fraction of each isotope group
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released, and general emergency declaration (alarm) time (time when preparation for evacuation of
persons living closest to the affected reactor is initiated, as discussed below). The PRAs included several
release categories for each bypass and failure scenario. These release categories were screened for each
accident scenario to determine which release category resulted in the highest risk; those accidents were
included in this evaluation. The risk was determined by multiplying the consequences by the frequency
for each release category. The highest risk release category source terms for each of the Browns Ferry
and Sequoyah beyond-design-basis accidents are presented in Table J–6.
Table J–6 Beyond-Design-Basis Accident Source Term Release Fractions
Release Fractions
Release
Groups a

Kr, Xe

I, Br

Cs, Rb

Te, Sb,
Se

Sr

Ru, Rh,
Pd, Mo,
Tc

La, Zr, Nd,
Eu, Nb, Pm,
Pr, Sm, Y

Ce, Pu,
Np

Ba

Accident: SGTR Release Fractions
BFN b
SQN c

Not applicable – boiling water reactors do not have steam generators
0.91

0.21

0.19

0.0004

0.0023

0.07

0.00028

0.00055

0.0025

Accident: Early Containment Failure Release Fractions
BFN b
SQN

c

1

0.2482

0.2631

0.1711

0.0036

0.01422

0.000324

0.00130

N/A

0.9

0.042

0.043

0.044

0.0027

0.0065

0.00048

0.004

0.0046

Accident: Late Containment Failure Release Fractions
BFN b

0.95

0.00087

0.0012

0.0053

0.00016

0.000019

0.000015

0.000062

N/A

SQN c

0.94

0.0071

0.011

0.0052

0.00036

0.00051

4.2 × 10-6

4 × 10-6

0.0013

1.3 × 10-6

4.9 × 10-7

1.4 × 10-7

5.8 × 10-7

N/A

Accident: Interfacing Systems LOCA Release Fractions
BFN b
SQN

c

0.73

0.0005

0.00059

0.00038

Not evaluated as a significant risk contributor in the cited reference for SQN

Ba = barium; BFN = Browns Ferry Nuclear Plant; Br = bromine; Ce = cerium, Cs = cesium, Eu = europium; I = iodine;
Kr = krypton; La = lanthanum; LOCA = loss-of-coolant accident; Mo = molybdenum; N/A = not applicable; Nb = niobium;
Nd = neodymium; Np = neptunium; Pd = palladium; Pm = promethium; Pr = praseodymium; Pu = plutonium; Rb = rubidium;
Rh = rhodium; Ru = ruthenium; Sb = antimony; Se = selenium; SGTR = steam generator tube rupture accident;
Sm = samarium; SQN = Sequoyah Nuclear Plant; Sr = strontium; Tc = technetium; Te = terbium; Xe = xenon; Y = yttrium;
Zr = zirconium.
a
Groups of radionuclides with common release fractions.
b
Browns Ferry release fractions are from TVA 2003, Table II-4, Attachment E-4, page E-410.
c
Sequoyah release fractions are based on the Watts Bar Nuclear Plant Severe Accident Analysis (SAIC 2007).

Evacuation information. Each beyond-design-basis accident scenario has a warning time and a
subsequent release time. The warning time is the time at which notification is given to offsite emergency
response officials to initiate protective measures for the surrounding population. The release time is the
time when the release to the environment begins. The minimum time between the warning time and the
release time is one-half hour. The minimum time of one-half hour is enough time to evacuate onsite
personnel that are not needed to provide emergency support (i.e., noninvolved workers). This also
conservatively assumes that an onsite emergency has not been declared prior to initiating an offsite
notification. Intact containment severe accident scenarios, which were not analyzed because of their
insignificant offsite consequences, take place over an even longer time frame.
This beyond-design-basis accident analysis assumed that 95 percent of the population within the
emergency planning zone (10 miles [16 kilometers] for Sequoyah; 20 miles [32 kilometers] for
Browns Ferry) participated in an initial evacuation. It was also assumed that the 5 percent of the
population that did not participate in the initial evacuation was relocated within 12 to 24 hours after
plume passage, based on the measured concentrations of radioactivity in the surrounding area and the
comparison of projected doses with EPA guidelines. Longer-term countermeasures (e.g., crop or land
interdiction) were based on EPA Protective Action Guides built into the MACCS2 model (NRC 1998).
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J.3.3

Beyond-Design-Basis Accident Analysis

Only beyond-design-basis accident scenarios that lead to containment bypass or failure were evaluated
because they are the accidents with the greatest potential consequences. The public health and
environmental consequences would be significantly less for accident scenarios that do not lead to
containment bypass or failure. Early containment failure, late containment failure, a steam generator tube
rupture, and an ISLOCA were chosen as the representative set of beyond-design-basis accidents. As with
the design-basis accident, the purpose of the analysis was to compare the potential impacts of using a
partial-MOX fuel to those of using a full-LEU fuel core. Differences between the projected impacts for
the Browns Ferry and Sequoyah beyond-design-basis accidents are primarily due to accident assumptions
and siting, not inherent differences in reactor types.
J.3.3.1

Browns Ferry Beyond-Design-Basis Accident Analysis

Table J–7 shows the potential doses and average individual risks associated with the evaluated beyonddesign-basis accidents at Browns Ferry. As shown in this table, of the beyond-design-basis accidents
evaluated, the one that presents the highest risk to the MEI and the surrounding population is an early
containment failure with an estimated frequency of approximately 1 chance in 9 million of the accident
occurring per year of operations. The risks under either accident scenario would be similar regardless of
whether the plant was using a full-LEU or partial-MOX fuel core.
Table J–7 Browns Ferry Nuclear Plant Beyond-Design-Basis Accident Impacts
Impacts on the MEI
at the Exclusion Area Boundary

Accident
Early
containment
failure
Late
containment
failure

Frequency
(per year)
1.1 × 10-7

3.0 × 10

Dose Risk
(rem/year) b
1.2 × 10-3

Annual
Risk of
Fatal
Cancer c
1 × 10-7

Impacts on the Population
within 50 Miles
Risk of
Average
Fatal
Dose
Individual
Cancer to
(personDose Risk
Average
rem) a
(rem/year) d individual e
5.5 × 106
5.6 × 10-7
3 × 10-10

11,000 f

1.2 × 10-3

1 × 10-7

5.4 × 106

5.5 × 10-7

3 × 10-10

LEU

190

5.7 × 10-5

7 × 10-8

420,000

1.2 × 10-7

7 × 10-11

MOX

200

6.0 × 10-5

7 × 10-8

400,000

1.1 × 10-7

7 × 10-11

LEU
or
MOX
Core
LEU

Dose
(rem) a
11,000 f

MOX

-7

LEU
41
1.9 × 10-6
2 × 10-9
220,000
9.3 × 10-9
6 × 10-12
MOX
38
1.7 × 10-6
2 × 10-9
210,000
8.9 × 10-9
5 × 10-12
ISLOCA = interfacing systems loss-of-coolant accident; LEU = low-enriched uranium; MEI = maximally exposed individual;
MOX = mixed oxide.
a
The reactor accident doses were calculated over an 80-year period using the MACCS2 computer code. Eighty years
represents a typical person’s lifetime.
b
Annual dose risk to a hypothetical MEI at the exclusion area boundary (4,806 feet) accounting for the probability of the
accident occurring.
c
Annual risk of a fatality or fatal latent cancer to a hypothetical MEI at the exclusion area boundary (4,806 feet) accounting
for the probability of the accident occurring.
d
Average individual dose risk per year for the entire offsite projected population in 2020 (approximately 1,100,000) out to a
distance of 50 miles, given exposure to the indicated dose and accounting for the probability of the accident occurring.
e
Annual risk of a cancer fatality to the average individual in the entire offsite projected population in 2020 out to a distance of
50 miles accounting for the probability of the accident occurring.
f
A dose of 11,000 rem would result in a prompt fatality. In this case, the annual risk of a fatal cancer is equal to the estimated
frequency of the accident.
ISLOCA

4.6 × 10-8

Note: To convert feet to meters, multiply by 0.3048; miles to kilometers by 1.6093.

Source: TVA 2003, Table III-3, Attachment E-4, page E-418 for accident frequencies.

For the MEI, the risk of a cancer fatality from an early containment failure would be approximately
1 chance in 10 million per year of operations for either a full-LEU or partial-MOX fuel core. For the
average individual residing within 50 miles (80 kilometers) of Browns Ferry, the risk of a cancer fatality
from an early containment failure would be approximately 1 chance in 3.3 billion per year of operations
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for either a full-LEU or partial-MOX fuel core. By comparison, the risk to an individual of developing a
fatal cancer from normal background radiation would be approximately 1 chance in 5,200 per year (based
on an average annual natural background radiation dose of 318 millirem [see Chapter 3, Section 3.3.1.2]).
The risk of a single latent fatal cancer from exposure to natural background radiation is estimated using
the same factor used in the SPD Supplemental EIS for the evaluation of human health risk,
i.e., 0.0006 latent cancer fatalities per rem.
The results of all of the beyond-design-basis accidents analyzed in this SPD Supplemental EIS indicate
that, regardless of whether a partial-MOX fuel core or a full-LEU fuel core were used in Browns Ferry,
the risk to individuals in the surrounding population would be similar and within the overall analysis
uncertainty. Potential risks presented by the two types of cores are projected to be comparable for the
MEI or the general population from these beyond-design-basis accidents.
J.3.3.2

Sequoyah Beyond-Design-Basis Accidents

Table J–8 shows the potential doses and risks associated with the evaluated beyond-design-basis
accidents at Sequoyah. As shown in this table, of the beyond-design-basis accidents evaluated, the late
containment failure accident represents the highest risk to the MEI, with an estimated frequency of
approximately 1 chance in 330,000 of the accident occurring per year of operation. The steam generator
tube rupture accident represents the highest risk to the population near Sequoyah, with an estimated
frequency of approximately 1 chance in 710,000 of the accident occurring per year of operations. The
risks under either accident scenario would be similar regardless of whether the reactor was using a
full-LEU or a partial-MOX fuel core.
Table J–8 Sequoyah Nuclear Plant Beyond-Design-Basis Accident Impacts
Impacts on the MEI
at the Exclusion Area Boundary

Accident

Frequency
(per year)

Early
containment
failure

3.4 × 10-7

Late
containment
failure

3.0 × 10-6

Steam
generator tube
rupture

1.4 × 10-6

LEU
or
MOX
Core

Dose
(rem) a

LEU

Impacts on the Population
within 50 miles

Dose Risk
(rem/year) b

Annual Risk
of Fatal
Cancer c

Dose
(personrem) a

Average
Individual
Dose Risk
(rem/year) d

Annual Risk of
Fatal Cancer to
Average
Individual e

27,000 f

0.0092

3 × 10-7

2.3 × 106

6.5 × 10-7

4 × 10-10

MOX

33,000 f

0.011

3 × 10-7

2.4 × 106

6.7 × 10-7

4 × 10-10

LEU

790 f

0.0024

3 × 10-6

1.5 × 106

3.7 × 10-6

2 × 10-9

MOX

870 f

0.0026

3 × 10-6

1.5 × 106

3.7 × 10-6

2 × 10-9

LEU

45,000 f

0.063

1 × 10-6

4.0 × 106

4.6 × 10-6

3 × 10-9

MOX

56,000 f

0.078

1 × 10-6

4.2 × 106

4.9 × 10-6

3 × 10-9

LEU = low-enriched uranium; MEI = maximally exposed individual; MOX = mixed oxide.
a

b

The reactor accident doses were calculated over an 80-year period using the MACCS2 computer code. Eighty years
represents a typical person’s lifetime.
Annual dose risk to a hypothetical MEI at the exclusion area boundary (1,824 feet) accounting for the probability of the
accident occurring.

c

Annual risk of a fatality or fatal latent cancer to a hypothetical MEI at the exclusion area boundary (1,824 feet) accounting for the
probability of the accident occurring.

d

Average individual dose risk per year for the entire offsite projected population in 2020 (approximately 1,200,000) out to a
distance of 50 miles, given exposure to the indicated dose and accounting for the probability of the accident occurring.

e

Annual risk of a cancer fatality to the average individual to the entire offsite projected population in 2020 out to a distance of
50 miles accounting for the probability of the accident occurring.
f
Doses of this magnitude would result in a prompt fatality. In these cases, the annual risk of a fatal cancer is equal to the estimated
frequency of the accident.
Note: To convert feet to meters, multiply by 0.3048; miles to kilometers by 1.6093.
Source: SAIC 2007, for accident frequencies.
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For the MEI, the risk of a cancer fatality from the late containment failure accident would be
approximately 1 chance in 330,000 per year of operations for either a full-LEU or partial-MOX fuel core.
For the average individual residing within 50 miles (80 kilometers) of Sequoyah, the risk of a latent fatal
cancer from a steam generator tube rupture would be approximately 1 chance in 330 million per year of
operations for either a full-LEU or partial-MOX fuel core. As discussed in Section J.3.3.1, the risk to the
MEI of developing a fatal cancer from normal background radiation would be approximately 1 chance in
5,200 per year.
The results for all of the beyond-design-basis accidents analyzed in this SPD Supplemental EIS indicate
that, regardless of whether a partial-MOX fuel core or a full-LEU fuel core were used in Sequoyah, the
risk to individuals in the surrounding population would be both similar and within the overall analysis
uncertainty. Potential risks presented by the two types of cores are projected to be comparable for the
MEI or the general population from these beyond-design-basis accidents.
J.3.3.3

Consideration of Other Severe Accidents

A wide range of beyond-design-basis accidents is considered by NRC in evaluating the accident risks
from the operation of commercial nuclear power reactors, including TVA reactors. Unlikely to very
unlikely events are considered in the contingency planning for these plants, including dam failures,
hurricanes, flooding, tornadoes, terrorism, and similar events that might cause loss of offsite power
(affecting the ability of the plant to provide emergency cooling to the reactors and used fuel pools) and
threaten multiple plants. While some of the details of the contingencies to prevent these types of
accidents are not made public, NRC requires that the reactor licensees be able to accommodate these
kinds of potential disruptions without the plants experiencing severe or beyond-design-basis accidents
such as those that occurred in Japan in 2011. TVA anticipates regulatory changes as a result of events
that occurred in 2011 in the United States (the East Coast earthquake near Mineral, Virginia) and the
earthquake and tsunami in Japan. Regulatory changes are incorporated in the plant design and operations
in accordance with implementation requirements included in the regulations (e.g., CFR, NRC order, or
10 CFR 50.54(f) letter).
On March 11, 2011, a magnitude 9.0 earthquake occurred near the northeast coast of Honshu, Japan. This
earthquake caused tsunami waves as high as 29.6 meters (97.1 feet) along the coast of Japan. The
14-meter (46-foot) tsunami that occurred at the Fukushima Dai-ichi nuclear power plant site5 resulted in
extended periods of time when the plant was without emergency system power and emergency cooling
water. This, in turn, resulted in significant core damage to three of the six nuclear power plants, including
hydrogen explosions that breached the containment. All of the reactors at Fukushima Dai-ichi are now in
a safe shutdown condition with continuing active cooling. Upon reviewing the circumstances of the
accident, the United Kingdom (U.K.) Office of Nuclear Regulation determined that the accident involved
failures unrelated to the use of MOX fuel and concluded “[t]here is no evidence to suggest that the
presence of MOX fuel in Reactor Unit 3 significantly contributed to the health impact of the accident on
or off the site.” With respect to the use of MOX fuel in United Kingdom reactors, the statement is made
that the information to date about Fukushima Dai-ichi does not add to knowledge about the safety of the
use of MOX fuel (ONR 2011:157).
Shortly after this accident began to unfold, NRC formed a Fukushima Near-Term Task Force to conduct a
systematic and methodical review of NRC processes and regulations to determine whether the agency
should make additional improvements to its regulatory system and to make recommendations to NRC for
its policy direction. The Near-Term Task Force issued its report in July 2011 (NRC 2011), which was
followed by extensive discussions between NRC, the industry, and the public. Based on the Near-Term
Task Force report and subsequent discussions, NRC directed its staff to initiate appropriate regulatory
changes through issuance of orders and rulemaking processes.
5

The Fukushima Dai-ichi nuclear power plant includes six BWRs of the same design as those present in TVA’s Browns Ferry
Nuclear Plant. At the time of the accident, Unit 3 was operating with a partial MOX core.
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The Near-Term Task Force has developed three prioritized tiers of recommended actions: Tier 1, which
should be started without unnecessary delay; Tier 2, which requires further assessment and depends on
Tier 1 issues and resources; and Tier 3, which requires further NRC staff study and is associated with
longer-term actions. Tier 1 recommendations include: seismic, flooding, and other external hazard
re-evaluations and walk downs; extended station blackout coping capability; reliable hardened vents for
some early designs of BWRs; enhanced survival instrumentation for the used fuel pool, nuclear reactor,
and containment; strengthening of emergency procedures, as well as severe accident management
guidelines, damage mitigation guidelines; and improvements in staffing and communication during an
emergency. Tier 2 and 3 recommendations involve additional improvements and enhancements to
mitigate the effects of extreme seismic and flooding events in terms of used fuel pool integrity, hydrogen
control, long-term station blackout, venting, training, monitoring, decisionmaking, emergency
preparedness, and public education.
In February 2012, NRC issued policy guidance to implement the aforementioned actions in the form of
proposed orders requiring safety enhancements of operating reactors, construction permit holders, and
combined license holders (NRC 2012b). On March 12, 2012, the NRC issued three orders as well as a
request for information regarding additional concerns (NRC 2012c). The request for information directed
each reactor licensee to provide specific information following a re-evaluation of seismic and flooding
hazards, emergency communications systems, and staffing levels. Information from licensees was also
requested after the licensees conduct walk-downs of reactor facilities to ensure protection against
potential beyond-design-basis events. The orders addressed mitigation strategies for beyond-design-basis
external events (NRC 2012d), reliable hardened containment vents [on Mark I and II BWRs]
(NRC 2012e), and reliable spent fuel pool instrumentation (NRC 2012f). NRC issued staff guidance for
complying with the orders on beyond-design-basis external events and reliable spent fuel pool
instrumentation on August 28, 2012 (NRC 2012h, 2012i). On June 6, 2013, NRC issued an order
(NRC 2013c) replacing the March 2012 hardened containment vent order. The new order continues to
require installation of hardened containment vents to assist in preventing core damage when heat removal
capability is lost, but also requires that they function in severe accident conditions (i.e., when core
damage has occurred). The safety improvements to Mark I and Mark II containment venting systems are
intended to increase confidence in maintaining the containment function following core damage events
(NRC 2013c). NRC issued staff guidance for complying with the order on reliable hardened containment
vents on November 14, 2013 (NRC 2013d).
The NRC issued an advance notice of proposed rulemaking for station blackout regulatory actions on
March 20, 2012 (77 FR 16175). On April 10, 2013, the NRC published a notice in the Federal Register
(78 FR 21275) requesting public comments on NRC’s draft regulatory basis to amend NRC requirements
for U.S. power plants to safely withstand a station blackout or complete loss of alternating current power.
The agency is proposing to amend its station blackout rule based on lessons learned from the March 2011
nuclear accident in Fukushima, Japan and the implementation of NRC Order EA-12-049 (NRC 2013a).
On April 18, 2012, NRC issued an advance notice of proposed rulemaking for onsite emergency response
capabilities (77 FR 23161) to strengthen and integrate emergency operating procedures, severe accident
management guidelines, and extensive damage mitigation guidelines. Following the advance notice of
proposed rulemaking, NRC issued on January 8, 2013, a draft regulatory basis document to support the
potential amendment of its onsite emergency response regulations (78 FR 1154).
TVA will institute applicable NRC regulatory updates at Browns Ferry and Sequoyah when they are
promulgated in their final approved form. TVA took proactive steps in response to the events at
Fukushima, forming a review team to assess early lessons learned and determine their potential
applicability to the safety of TVA’s reactors, including Browns Ferry and Sequoyah. Based on this
assessment, TVA has taken steps to procure additional equipment to further ensure adequate cooling
during the extremely unlikely event of an extended loss of offsite power (station blackout) that could
affect multiple reactors at TVA sites. TVA is in the process of complying with the Fukushima-related
NRC orders. TVA has performed the initial seismic and flooding design-basis walk-downs of its
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facilities in accordance with the March 2012 request for information from the NRC and industry guidance
(NRC 2012g; TVA 2012b). TVA has submitted information describing the subsurface materials and
properties at its nuclear plants (TVA 2013g), the first step in conducting seismic re-evaluations
(NRC 2013b). Flooding re-evaluations are due in the 2013 to 2015 timeframe, depending on NRC
prioritization (TVA 2012a). In February 2013, TVA submitted overall plans to address mitigation
strategies for beyond-design-basis external events (per NRC Order EA-12-049) and spent fuel pool
instrumentation (per NRC Order EA-12-051) for Sequoyah (TVA 2013a, 2013b) and overall plans to
address mitigation strategies for beyond-design-basis external events (per NRC Order EA-12-049),
reliable hardened containment vents (per NRC Order EA-12-050) and spent fuel pool instrumentation
(per NRC Order EA-12-051) for Browns Ferry (TVA 2013c, 2013d, 2013e). TVA has also submitted
6-month status reports on actions underway at Browns Ferry and Sequoyah to implement the mitigation
strategies and reliable spent fuel pool instrumentation (most recent reports as of July 2014, TVA 2014a,
2014b, 2014c, 2014d). The ongoing status of the progress of Browns Ferry, Sequoyah, and other reactors
in complying with the NRC program can be found at the NRC website www.nrc.gov/reactors/
operating/ops-experience/japan-dashboard/japan-plants.html.
In addition, on April 16, 2013, TVA committed to the NRC to install improved flood mitigation systems
at Sequoyah that would provide additional safety margin and improve protection against flood hazards.
TVA will install a “hardened” structure with a seismic design able to withstand ground motion two times
the safe shutdown earthquake, can withstand wind and projectile impacts from 360 mile-per-hour winds,
and is at least 4.6 meters (15 feet) above the probable maximum flood level. The structure will house
emergency generators and equipment to provide reactor decay heat removal and reactor coolant system
makeup water (TVA 2013f).
TVA is working with various industry groups such as the Institute for Nuclear Power Operators and the
Nuclear Energy Institute to conduct a more comprehensive assessment of the Fukushima events. TVA
continues, through its engagement with the Nuclear Energy Institute and the Institute for Nuclear Power
Operators, to work with NRC to ensure that the regulations governing the operation of U.S. nuclear plants
appropriately protect public health and safety and the environment in light of the Fukushima events.
J.3.4

Overall Modeling Results

Table J–9 shows a comparison of projected radiological impacts from a series of design-basis and
beyond-design-basis accidents reactors using partial-MOX fuel cores versus those using full-LEU fuel
cores in the unlikely event one of these accidents were to occur. The dose to a member of the general
public at the exclusion area boundary (i.e., the MEI) and the general population doses from these
accidents, if they were to occur, are expected to be approximately the same for either core as shown in
Tables J–4, J–5, J–7, and J–8. The Table J–9 numbers in parentheses are the calculated ratios (impacts
for a partial MOX core divided by impacts for an LEU core). A value of less than 1 indicates that the
MOX fuel core could result in smaller impacts than the same accident with an LEU fuel core. A value
of 1 indicates that the estimated impacts are the same for both fuel core types. A ratio larger than 1
indicates that the MOX fuel core could result in larger impacts than the same accident with an LEU fuel
core. Outside the parentheses, the table shows a ratio of 1 for all accident scenarios. This is a rounded
value because when modeling and analytical uncertainties are considered, the precision of the results is no
more than one significant figure.
Regardless of the core type, the estimated doses to the MEI from design-basis accidents would be small
compared to the NRC limit, as discussed in Sections J.3.1.1 and J.3.1.2. The estimated doses to the MEI
from beyond-design-basis accidents would present similar risks to the MEI, as discussed in
Sections J.3.3.1 and J.3.3.2. Based on this evaluation of the potential impacts of accidents with either a
full-LEU or a partial-MOX fuel core in either a PWR (Sequoyah) or a BWR (Browns Ferry), the
projected radiological impacts of such accidents or the risks associated with the plants’ operation are
comparable. This conclusion is similar to the conclusion reached in the SPD EIS (DOE 1999). The risks
to the MEI and the surrounding populations of developing a fatal cancer as a result of one of these
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accidents, regardless of whether the reactors are using partial-MOX fuel cores or full-LEU fuel cores are
small.
Table J–9 Ratio of Accident Impacts for Partial Mixed Oxide Fuel and Full Low-Enriched
Uranium Fuel Cores (partial mixed oxide fuel doses/full low-enriched
uranium fuel doses) a,b
Browns Ferry Nuclear Plant

Sequoyah Nuclear Plant

MEI at the Exclusion
Area Boundary

Population within
50 Miles

MEI at the Exclusion
Area Boundary

Population
within 50 Miles

LOCA

1 (0.88)

1 (1.00)

1 (0.87)

1 (0.96)

Used-fuel-handling accident

1 (1.00)

1 (1.01)

1 (1.00)

1 (1.00)

1 (1.00)

1 (0.98)

1 (1.22)

1 (1.04)

Accident
Design-basis accidents

Beyond-design-basis accidents
Early containment failure
Late containment failure
SGTR c
ISLOCA

d

1 (1.05)

1 (0.95)

1 (1.10)

1 (1.00)

Not applicable

Not applicable

1 (1.24)

1 (1.05)

1 (0.93)

1 (0.95)

See SGTR

See SGTR

ISLOCA = interfacing systems loss-of-coolant accident; LOCA = loss-of-coolant accident; MEI = maximally exposed
individual; SGTR = steam generator tube rupture accident.
a
Reactor accidents involving the use of partial-MOX fuel cores were assumed to involve reactor cores with approximately
40 percent MOX fuel and 60 percent LEU fuel.
b
The values in parentheses reflect the ratios calculated by dividing the accident analysis results for a partial MOX fuel core
by the results for a full LEU core. When modeling and analytical uncertainties are considered, the precision of the results is
no more than one significant figure.
c
Steam generator tube rupture is not applicable for boiling water reactors because they do not use steam generators.
d
An ISLOCA was not analyzed in the Watts Bar Nuclear Plant Severe Reactor Accident Analysis (SAIC 2007) on which the
analysis in this appendix is based because the impacts were bounded by the SGTR accident.
Note: To convert miles to kilometers, multiply by 1.6093.

J.4

Uncertainties

The purpose of the analysis in this appendix is to compare the potential impacts from accidents related to
the use of MOX fuel in domestic, commercial nuclear power plants. The analyses are based on studies,
data, and models that introduce levels of uncertainty into the analyses. The following paragraphs address
recognized uncertainties in the analyses.
In the application of the MACCS2 v1.13.1 computer code, dose conversion factors from Federal
Guidance Report 11 (EPA 1988) were used. A more recent version of dose conversion factors has been
developed and is included in Federal Guidance Report 13 (EPA 1999). Using the updated dose
conversion factors in Federal Guidance Report 13, the estimated doses from DOE facility accidents and
reactor accidents would increase for some key isotopes and decrease for other key isotopes. Overall,
these differences are expected to be well within the much larger uncertainties associated with what might
actually happen during an accident; for example, the amount of radioactive material that might actually
escape a facility, the amount of time the fuel in a reactor may have been irradiated before the accident
occurred, or the weather conditions at the time of the accident.
The accident analysis estimated the individual risk of a latent cancer fatality as a result of exposure to
radiation by applying a constant factor of 0.0006 LCFs per rem or person-rem to all doses less than
20 rem (the risk factor is doubled for doses equaling or exceeding 20 rem). This linear no-threshold
extrapolation is the standard method for estimating health risks. In the unlikely event of an accident,
many of the individuals in the affected population could receive such a small dose of radiation that they
would not suffer any health effects from the radiation. As discussed in Appendix C (see text box in
Section C.3), a number of radiation health scientists and organizations have expressed reservations that
the currently used cancer risk conversion factors, which are based on epidemiological studies of high
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doses (doses exceeding 5 to 10 rem), may not apply at low doses. In addition, because the affected
population would receive increased health monitoring in the event of the accidents considered in this
SPD Supplemental EIS, early detection of cancers may result in a lower number of cancer fatalities in the
affected population than in a similar, unmonitored population. Nevertheless, the human health risk
analysis in this appendix uses the linear no-threshold dose risk assumption.
A recent beyond-design-basis accident analysis by Sandia National Laboratories (SNL 2011) indicates
that release fractions from a 40 percent MOX fuel core are similar to those of a full-LEU fuel core.
Differences between the partial-MOX fuel core and full-LEU fuel core release times and source terms for
each accident phase and class of radionuclide are within the uncertainty of the calculation methodology.
In some cases, full-LEU fuel core release fractions were slightly larger, while in other cases partial-MOX
fuel core release fractions were larger. Therefore, the release fractions given in Table J–6 of this
appendix are appropriate for accidents involving either a partial-MOX or full-LEU fuel core.
The Sandia National Laboratories beyond-design-basis accident analysis (SNL 2011) was developed as
part of an NRC research program to evaluate the impact of using MOX fuel in commercial nuclear power
plants. This study was undertaken to evaluate the impact of the usage of a 40 percent MOX fuel core on
the consequences of postulated severe or beyond-design-basis accidents. A series of severe accident
calculations were performed using MELCOR 1.8.5 for a four-loop Westinghouse reactor with an ice
condenser containment (similar to that in Sequoyah). The calculations covered the risk- and
consequence-dominant accident sequences in plant-specific PRAs, including early and late containment
failures.
The results indicated that the accident progression and source terms for the full-LEU and partial-MOX
fuel cores were similar. This was initially unexpected because the experimental data for fission product
releases from MOX fuel suggested higher releases than LEU fuel. However, the calculations show that at
severe accident fuel temperatures, the volatile fission product releases occur at a very high release rate,
regardless of the fuel type. Hence, the differences noted in the experimental results at lower temperature
were not prototypical of severe accident conditions in the long term and did not greatly impact the
integral source term.
In November 2012, NRC issued NUREG-1935, State-of-the-Art Reactor Consequence Analyses
(SOARCA) Report (SOARCA Report) (NRC 2012a). The SOARCA Report presents the results of
best-estimate severe (beyond-design-basis) accident analyses for two operating U.S. nuclear power plants,
the Surry Power Station (Surry), a PWR in Surry, Virginia, and the Peach Bottom Atomic Power Station
(Peach Bottom), a BWR in Delta, Pennsylvania, using current knowledge and computer codes. The
SOARCA Report work was developed over more than 5 years and has been subject to extensive
independent peer review by experts in severe accident phenomena, modeling, and assessment. Using
updated and benchmarked plant risk models, the SOARCA Report analyzed the following severe accident
scenarios: short-term and long-term station blackouts for both Surry and Peach Bottom; a thermally
induced steam generator tube rupture for Surry; and an ISLOCA for Surry. Modeling of these severe
accident scenarios included input from plant PRAs and senior reactor operators, as well as mitigation
measures based on emergency operating procedures and severe accident management guidelines.
The SOARCA Report analyzed the timing and magnitude of radioisotope source terms for both mitigated
and unmitigated scenarios and compared these results to earlier severe accident studies. The SOARCA
Report severe accident source terms for risk-dominant radioisotopes of iodine and cesium were calculated
to be from 3 to 90 times smaller than those calculated in the 1982 Technical Guidance for Siting Criteria
Development, NUREG/CR-2239 (NRC 1982). The SOARCA Report also confirmed that severe accident
and emergency operations procedures and strategies would successfully prevent core damage or large
radiological releases to the environment if implemented correctly. The SOARCA Report conclusions
show that the public risk from severe accidents at current generation nuclear power plants is very small
and has benefited by improvements in severe accident management and emergency response procedures.
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NEPA DISCLOSURE STATEMENT FOR PREPARATION OF A SUPPLEMENTAL
ENVIRONMENTAL IMPACT STATEMENT FOR SURPLUS PLUTONIUM
DISPOSITION AT THE SAVANNAH RIVER SITE
CEQ regulations at 40 CFR Part 1506.5(c), which have been adopted by DOE (10 CFR Part 1021),
require contractors who will prepare an EIS to execute a disclosure specifying that they have no financial
or other interest in the outcome of the project. The term “financial interest or other interest in the
outcome of the project,” for the purposes of this disclosure, is defined in the March 23, 1981 guidance
“Forty Most Asked Questions Concerning CEQ’s National Environmental Policy Act Regulations,”
46 FR 18026-18038 at Question 17a and b.
“Financial or other interest in the outcome of the project ‘includes’ any financial benefit such as a
promise of future construction or design work in the project, as well as indirect benefits the contractor is
aware of (e.g., if the project would aid proposals sponsored by the firm=s other clients),”
46 FR 18026-18038 at 18031.
In accordance with these requirements, the offeror and any proposed subcontractors hereby certify as
follows: (check either (a) or (b) to assure consideration of your proposal)
(a)

X

(b)

Offeror and any proposed subcontractor have no financial interest in the
outcome of the project.
Offeror and any proposed subcontractor have the following financial or
other interest in the outcome of the project and hereby agree to divest themselves
of such interest prior to award of this contract.

Financial or Other Interests:
1.
2.
3.
Certified by:

Signature

Kelly C. Russell

Gregory Parrington

Name

Sr. Contracts Representative
Title

AVP/Contracts Director

November 12, 2013

November 12, 2013

Date
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APPENDIX L
SCOPING COMMENT SUMMARY
The U.S. Department of Energy (DOE) provided three opportunities for the public to provide scoping
comments (2007 [72 Federal Register (FR) 14543]; 2010 [75 FR 41850]; and 2012 [77 FR 1920]). The
public scoping periods extended from March 28, 2007, through May 29, 2007; July 19, 2010 through
September 17, 2010; and January 12, 2012 through March 12, 2012.
Scoping meetings were
conducted on April 17, 2007, in Aiken, South Carolina; April 19, 2007, in Columbia, South Carolina;
August 3, 2010, in Tanner, Alabama; August 5, 2010, in Chattanooga, Tennessee; August 17, 2010,
in North Augusta, South Carolina; August 24, 2010, in Carlsbad, New Mexico; August 26, 2010,
in Santa Fe, New Mexico; and February 2, 2012, in Pojoaque, New Mexico. This appendix summarizes
issues raised and comments received during the public scoping periods. A more detailed summary of the
comments received during the public scoping periods is available on the project website at
http://nnsa.energy.gov/nepa/spdsupplementaleis.
Comment Summary: One commentor recounted the history of the plutonium declared surplus during the
Clinton Administration and requested that DOE reconcile the quantities of plutonium by form and
proposed disposition pathway.
Response: The quantities of plutonium that are analyzed in this Surplus Plutonium Disposition
Supplemental Environmental Impact Statement (SPD Supplemental EIS) are described in Chapter 1,
Section 1.5. Figure 1–7 summarizes the disposition paths for surplus plutonium.
Comment Summary: A commentor asked about DOE’s plan for additional plutonium disposition as the
Nation’s nuclear weapons stockpile is retired.
Response: As described in Chapter 1, Section 1.5, the scope of this SPD Supplemental EIS is limited to
13.1 metric tons (14.4 tons) of surplus plutonium. Additional future declarations related to nuclear
weapons stockpile retirement would be subject to appropriate National Environmental Policy Act (NEPA)
review before a disposition path could be selected.
Comment Summary: Commentors were concerned about the composition of the surplus plutonium and
where it is currently stored.
Response: DOE has information on the composition of all pit and non-pit plutonium. This information is
sensitive and, therefore, has not been included in this SPD Supplemental EIS. As described in Chapter 2,
Section 2.3.1, plutonium pits are safely stored at the Pantex Plant (Pantex) near Amarillo, Texas, and
most surplus non-pit plutonium is in safe storage at the K-Area Complex at the Savannah River Site
(SRS); the remaining surplus non-pit plutonium is in the process of being moved to SRS, and in the
interim, is safely stored at other DOE sites.
Comment Summary: Commentors were concerned that related environmental impact statements (EISs)
need to be updated before this SPD Supplemental EIS is issued and a decision made.
Response: This SPD Supplemental EIS is being prepared in accordance with applicable Council
on Environmental Quality and DOE NEPA regulations. This SPD Supplemental EIS addresses all of
the relevant issues and analysis covered in the other documents and updates the analyses where
necessary. The other related EISs and supplement analyses, and the decisions announced in the Records
of Decision (RODs) for these documents, remain valid, and in accordance with Council on Environmental
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Quality and DOE NEPA regulations, do not need to be updated before this SPD Supplemental EIS can be
issued.
Comment Summary: Commentors variously supported or opposed the individual surplus plutonium
disposition options constituting the proposed alternatives. Commentors asked DOE to reconsider
previous decisions, including fabrication of 34 metric tons (37 tons) of surplus plutonium into mixed
oxide (MOX) fuel; the Preferred Alternative (MOX Fuel Alternative); eliminating the ceramic
immobilization disposition option; and eliminating the disassembly of pits at Pantex. Some commentors
supported the immobilization option, including extending it to the entire surplus plutonium inventory. A
commentor asked that alternative approaches to surplus plutonium disposition be considered, including
quicker, less costly methods.
Response: DOE has not made a decision with respect to the surplus plutonium analyzed in this
SPD Supplemental EIS and could select any of the alternatives or a combination of alternatives.
Chapter 2, Section 2.3, describes the alternatives evaluated in this SPD Supplemental EIS, and Section 2.4
describes the alternatives considered, but dismissed from detailed study. Immobilization of 50 metric
tons (55 tons) of surplus plutonium was evaluated in the Surplus Plutonium Disposition Final
Environmental Impact Statement (SPD EIS) (DOE 1999), and DOE selected the MOX approach for some
of the material declared surplus for reasons set forth in the SPD EIS ROD (65 FR 1608). DOE is not
revisiting the decisions announced in that ROD, or in the 2002 and 2003 amended RODs (67 FR 19432
and 68 FR 20134), other than the decision to construct and operate a stand-alone Pit Disassembly and
Conversion Facility (PDCF). Although DOE is reconsidering the decision to build PDCF at SRS and is
looking at other options, including using the Plutonium Facility (PF-4) at Los Alamos National
Laboratory (LANL), DOE is not reconsidering its prior decision to not construct a pit disassembly and
conversion capability at Pantex, an alternative considered in the SPD EIS.
Comment Summary: A comment was made that the proposed processing of some of the plutonium
through H-Canyon as identified in the Notice of Intent (NOI) should be considered a separate alternative.
Response: As described in Chapter 2, Section 2.3.4, a separate H-Canyon/HB-Line to DWPF Alternative
is evaluated.
Comment Summary: Commentors requested that DOE explain why disposal at the Waste Isolation Pilot
Plant (WIPP) is a reasonable alternative. Some commentors expressed concerns about sending plutonium
to WIPP.
Response: The direct disposal of 50 metric tons (55 tons) of surplus plutonium was eliminated from
further analysis in the Storage and Disposition of Weapons-Usable Fissile Materials Final Programmatic
Environmental Impact Statement (Storage and Disposition PEIS) because it would exceed the capacity of
WIPP when added to DOE’s inventory of transuranic (TRU) waste (DOE 1996:2-13). The disposal at
WIPP of 13.1 metric tons (14.4 tons) of plutonium, which is approximately 26 percent of the amount
considered in the Storage and Disposition PEIS, could be accomplished in a manner that would not
exceed WIPP’s capacity and, therefore, was considered to be a reasonable alternative in this
SPD Supplemental EIS. A description of WIPP’s capacity and the process that would be used to dispose
of surplus plutonium as TRU waste at WIPP is contained in Appendix B, Sections B.1.3, B.2.1, and B.3;
the environmental impacts of shipping waste to WIPP are described in Appendix E and the environmental
impacts of disposal at WIPP are summarized in Appendix A, Section A.2.2.
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Comment Summary: Commentors were concerned that plutonium disposal at WIPP is an affirmation that
disposal of plutonium utilizing the Spent Fuel Standard, by which plutonium is placed in a material with a
radiation barrier, is essentially dead.
Response: DOE believes that the action alternatives, including the WIPP Alternative, analyzed in this
SPD Supplemental EIS meet the goals of the Spent Fuel Standard.
Comment Summary: Commentors requested that this SPD Supplemental EIS reanalyze the impacts of
plutonium storage at the K-Area Complex.
Response: The impacts of long-term storage of plutonium at the K-Area Complex were previously
analyzed in the Supplement Analysis for Storage of Surplus Plutonium Materials in the K-Area Material
Storage Facility at the Savannah River Site (DOE 2002). These impacts were reanalyzed in Appendix H
of this SPD Supplemental EIS.
Comment Summary: Hardened storage should be analyzed for immobilized wastes to protect them from
risks posed by natural or manmade disasters and terrorist attack.
Response: As described in Appendix B, Section B.1.4.2, canisters containing cans of immobilized
surplus plutonium would be filled with high-level radioactive waste (HLW) and stored in the Glass Waste
Storage Buildings at SRS. The Glass Waste Storage Buildings have controls and engineered safeguards
required by safety assessments that examine the potential for, and consequences of, accidents caused by
natural phenomena and manmade events. The presence of immobilized plutonium in the canisters is not
expected to appreciably change their performance in severe accidents and these wastes would not be
considered an attractive target for terrorist attack. DOE considers risks associated with security and
safety to determine whether or not a hardened structure is required. DOE does not believe that additional
hardening of the Glass Waste Storage Buildings is needed to safely store immobilized waste containing
surplus plutonium.
Comment Summary: Commentors expressed concern over the MOX fuel fabrication program, including
the lack of interest in MOX fuel of commercial nuclear power plant operators; cost and schedule; and
tying U.S. disposition activities to the Russian government’s nuclear activities.
Response: MOX fuel use in commercial reactors is a demonstrated technology that has been used
worldwide for over 40 years. DOE continues to pursue potential domestic commercial nuclear power
customers. The Mixed Oxide Fuel Fabrication Facility (MFFF) would start up using existing surplus
plutonium oxide supplies and would be built and operated as described in Appendix B, Section B.1.1.2,
and Chapter 5, Section 5.3.2, of this SPD Supplemental EIS. The United States remains committed to the
Agreement Between the Government of the United States of America and the Government of the Russian
Federation Concerning the Management and Disposition of Plutonium Designated As No Longer
Required for Defense Purposes and Related Cooperation (referred to as the “PMDA”), under which the
United States and the Russian Federation have agreed to dispose of at least 34 metric tons (37.5 tons) of
excess weapons-grade plutonium as fuel in nuclear reactors to produce electricity, or by any other method
as may be agreed to by the parties in writing. It is important that the United States begins plutonium
disposition operations to demonstrate progress to the Russian government, meet U.S. legislative
requirements, and reduce the quantity of surplus plutonium and the concomitant cost of secure storage.
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Comment Summary: A number of comments were received on MOX fuel use. Commentors were
concerned about public health and safety risks associated with MOX fuel processing; the suitability of
reactors for using MOX fuel; and MOX fuel use in reactors that had previously been uranium-fueled.
Commentors requested that DOE discuss the potential use of MFFF beyond the publicly stated mission of
producing MOX fuel for light water reactors.
Response: MOX fuel use in commercial reactors is a demonstrated technology that has been used
worldwide for over 40 years. The risks of preparing MOX fuel in MFFF are discussed in Appendix G,
Section G.2. The risks of using MOX fuel in domestic commercial nuclear power reactors are discussed
in Appendix I, Sections I.1.2.2 and I.2.2.2. As described in Appendix B, Section B.1.1.2, MOX fuel
could be fabricated for existing boiling water reactors and pressurized water reactors. DOE has no plans
to use MOX fuel in other than light water reactors.
Comment Summary: Commentors were concerned about the impact of adding a plutonium oxidation
function to MFFF and that adding this function could delay startup of MFFF.
Response: Appendix B, Section B.1.1.2, describes the oxidation furnaces that could be added to MFFF.
DOE anticipates that addition of the oxidation furnaces would not affect the startup date for MFFF; the
impacts of installation and operation of the oxidation furnaces at MFFF are described in Appendix F.
Comment Summary: Commentors requested information on plutonium in MOX fuel, including how
much plutonium would be in the fresh MOX fuel and how much plutonium would remain when the fuel
is withdrawn from the reactors following irradiation.
Response: The footnote at the introduction to Chapter 2 provides a description of the amount of
plutonium-239 in fresh MOX fuel and the reduction in plutonium-239 after irradiation in a nuclear power
reactor. In addition, Appendix J, Section J.2.2, compares the radionuclide inventory in a full
low-enriched uranium (LEU) core to that in a partial MOX fuel core.
Comment Summary: Commentors expressed concern about human health risks and increased risk of
accidents using a partial MOX fuel nuclear reactor core instead of a full uranium fuel core. Commentors
said that this SPD Supplemental EIS must analyze beyond-design-basis accidents, including accidents
involving used fuel pools, and a “river tsunami accident” as a result of upstream dam failure at the
Tennessee Valley Authority (TVA) reactor sites. Commentors expressed concern that the accident at the
Fukushima Dai-ichi Nuclear Power Station in Japan should be considered because the design of the
reactors is similar to the design of the reactors at the Browns Ferry Nuclear Plant.
Response: Appendix I describes the potential impacts, including differences associated with the two
types of nuclear reactor cores, and summarizes the results of the more detailed human health risk analysis
presented in Appendix J. Appendix J, Section J.3.3, includes an analysis of beyond-design-basis
accidents for the TVA reactors. Used fuel pool accidents are not typically evaluated in detail in reactor
accident analysis because other accidents would have greater consequences. TVA has considered
applicable natural phenomena, such as earthquakes, tornados, flooding, and dam failure, in Safety
Analysis Reports prepared for each reactor (TVA 2009, 2010). This SPD Supplemental EIS does not
evaluate a dam failure “river tsunami accident,” as this was not determined to be a credible accident in
TVA’s Safety Analysis Reports. Appendix J, Section J.3.3.3, describes the U.S. Nuclear Regulatory
Commission (NRC) recommendations developed in response to the accident at the Fukushima Dai-ichi
Nuclear Power Station in Japan and subsequent actions that TVA has taken to further reduce the
likelihood and severity of accidents at its nuclear plants.
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Comment Summary: Commentors requested that NRC’s role in licensing the use of MOX fuel in
commercial nuclear power reactors be explained.
Response: NRC regulations related to operation of domestic commercial nuclear power reactors are
described in Chapter 5, Section 5.3.3, of this SPD Supplemental EIS. Domestic commercial nuclear
power reactors undergo a rigorous licensing process under “Domestic Licensing of Production and
Utilization Facilities” (10 Code of Federal Regulations [CFR] Part 50) or “Licenses, Certifications, and
Approvals for Nuclear Power Plants” (10 CFR Part 52), beginning before facility construction and
continuing throughout operation. Amendment to each reactor’s operating license would be required prior
to MOX fuel being brought to the reactor sites and loaded into the reactors. Public meetings are regularly
held in conjunction with plant licensing, and opportunities would be available for public hearings before
any license amendment is issued.

Comment Summary: Commentors expressed concern about the use of TVA’s Sequoyah Nuclear
Plant for the MOX fuel and tritium production missions.
Response: The interagency agreement with the National Nuclear Security Administration (NNSA) for
tritium production requires TVA to use up to three of its pressurized water reactor units for tritium
production. TVA decides how to use its pressurized water reactor units to meet DOE’s needs. To date,
TVA has been able to produce all tritium needed by NNSA in Watts Bar Unit 1. Steps are being taken to
prepare Sequoyah Units 1 and 2 to be capable of tritium production, if needed. Currently, TVA does not
anticipate the need to perform tritium producing burnable absorber rod irradiation at Sequoyah for at least
several years, if ever. TVA would not produce tritium and irradiate MOX fuel during the same fuel cycle.
Comment Summary: Commentors requested that this SPD Supplemental EIS describe the impacts of used
MOX fuel on used fuel management at a reactor. In addition, commentors asked that this
SPD Supplemental EIS describe where the used MOX fuel and the can-in-canister assemblies containing
immobilized plutonium would be disposed of and the thermal impacts of used MOX fuel on an interim
storage facility or geologic repository.
Response: DOE anticipates that MOX and LEU fuel assemblies would be managed similarly. As
described in Appendix I, Section I.1, each LEU and MOX fuel assembly would be discharged from the
reactor with its own unique burn-up level and decay heat. The used fuel assemblies would be placed in
the used fuel pool to reduce decay heat. When the decay heat reaches manageable levels, the used fuel
assemblies would be moved to dry storage casks. By the time used fuel assemblies are ready for dry
storage, the decay heat for the LEU and MOX fuel assemblies would be similar.
DOE has terminated the program for a geologic repository for used nuclear fuel and HLW at
Yucca Mountain, in Nevada. Notwithstanding the decision to terminate the Yucca Mountain program,
DOE remains committed to meeting its obligations to manage and ultimately dispose of used nuclear fuel
and HLW. DOE established the Blue Ribbon Commission on America’s Nuclear Future to conduct a
comprehensive review and evaluate alternative approaches for meeting these obligations. The
Commission report to the Secretary of Energy of January 26, 2012 (BRCANF 2012) provided a strong
foundation for the development of the Administration’s January 2013 Strategy for the Management and
Disposal of Used Nuclear Fuel and High-Level Radioactive Waste (DOE 2013). This Strategy provides a
framework for moving toward a sustainable program to deploy an integrated system capable
of transporting, storing and disposing of used nuclear fuel and high-level radioactive waste
from civilian nuclear power generation, defense, national security and other activities. The link
to the strategy is http://energy.gov/downloads/strategy-management-and-disposal-used-nuclear-fuel-andhigh-level-radioactive-waste. Full implementation of this Strategy will require legislation.

L-5

Final Surplus Plutonium Disposition Supplemental Environmental Impact Statement

Comment Summary: Commentors expressed concern about lead assembly testing at the Catawba Nuclear
Station and the need to conduct lead assembly testing in the TVA reactors. A commentor stated that NRC
regulations require reactor testing to the burn-up level being sought for licensing. MOX lead assemblies
were only tested for two cycles at the Catawba Nuclear Station.
Response: Significant worldwide experience with the use of MOX fuel, coupled with lead assembly
testing programs, including the one at Duke Energy’s Catawba Nuclear Station, indicates acceptable
MOX fuel performance in commercial nuclear power reactors. MOX fuel lead assemblies were
successfully tested in the Catawba Nuclear Station Unit 1 reactor. The four MOX fuel lead assemblies
performed safely; no safety limits were exceeded. The need for future lead test assemblies based on the
reactor’s planned use of MOX fuel (burn-up levels) will be determined by NRC as part of the fuel
qualification and licensing process.
Comment Summary: Concerns were raised about TVA, including the condition of reactors, public safety
procedures, and TVA’s ability to remain focused on its core mission.
Response: TVA’s reactors are licensed by NRC to operate safely, and NRC would perform a
comprehensive safety review before MOX fuel could be used. Ultimately, NRC would make any
decisions related to future use of MOX fuel in TVA reactors as a result of this review process. TVA
remains committed to its core mission and expects that MOX fuel could help fulfill this mission, as a safe
and cost-effective fuel to generate electricity.
Comment Summary: Some commentors were concerned that DOE, rather than TVA, would make the
decision to use MOX fuel at TVA’s nuclear power reactors.
Response: The decision to use MOX fuel in the reactors at the Browns Ferry and/or Sequoyah Nuclear
Plants would be made independently by TVA subject to license amendment by NRC.
Comment Summary: Commentors expressed concern about processing more plutonium through the
Defense Waste Processing Facility (DWPF).
Response: As described in Appendix B, Section B.1.4.1, and analyzed in Appendix G, DOE has analyzed
the potential environmental impacts of increasing the plutonium loading in DWPF canisters.
Comment Summary: Commentors were concerned that construction of a pit disassembly and conversion
capability at SRS could result in another expensive, excess facility.
Response: As described in Chapter 1, Section 1.4, DOE is revisiting its previous decision to construct a
stand-alone PDCF at SRS. See Chapter 2, Section 2.1, for a description of the pit disassembly and
conversion options that DOE evaluates in this SPD Supplemental EIS.
Comment Summary: Commentors had numerous questions about the characteristics of existing facilities
that would be used for plutonium disposition, including MFFF, H-Canyon/HB-Line, and DWPF at SRS;
WIPP; and PF-4 at LANL.
Response: Appendix B describes the facilities that could be used for surplus plutonium disposition at
SRS, LANL, and WIPP, including building and process line modifications and plutonium throughput.
The environmental impacts and human health risks of construction and operation of these facilities are
described in Appendices F (Impacts of Pit Disassembly and Conversion Options), G (Impacts of
Plutonium Disposition Options), and H (Impacts of Principal Plutonium Support Facilities). The
environmental impacts and human health risks of construction and operation of the alternatives are
described in Chapter 4, including the potential impacts of accidents at DOE facilities in Section 4.1.2.2.
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Transportation impacts are described in Appendix E. Impacts from TRU waste disposal at WIPP are
analyzed in the Waste Isolation Pilot Plant Disposal Phase Final Supplemental Environmental Impact
Statement (DOE 1997) and briefly described in Appendix A, Section A.2.2.
Comment Summary: Some commentors expressed concerns or requested that additional information be
included in this SPD Supplemental EIS about consequences of potential accidents, security of nuclear
materials, routine and accidental releases of radionuclides, worker safety, waste processing, synergistic
effects of operating multiple facilities at SRS (i.e., cumulative impacts), dose calculation methods,
transportation, the fate of waste vitrified at DWPF, and disposition of equipment after the surplus
plutonium disposition activities are completed.
Response: Chapter 4 and supporting appendices of this SPD Supplemental EIS include analyses and
discussions of these issues.
Comment Summary: Commentors were concerned about the risks of sabotage, theft, and terrorist attack
on plutonium disposition facilities and transportation vehicles.
Response: The consequences of intentional destructive acts are described in Chapter 4, Section 4.1.2.5.
This analysis is supported by a classified appendix to this SPD Supplemental EIS that is not available to
the public.
Comment Summary: Commentors requested information on the environmental impacts and risks of
expanded pit disassembly and conversion at PF-4 at LANL, including seismic and wildfire risks.
Response: Appendix F includes analyses of the environmental impacts and human health risks of
expanded pit disassembly and conversion in PF-4, including the effects of handling larger quantities of
plutonium in metal and oxide form. Appendix D, Section D.1.5.2.11, provides more-detailed information
on accidents at PF-4, including consideration of natural phenomena hazards such as earthquakes,
volcanoes, and wildfires, and describes the completed and planned seismic upgrades to PF-4. To be
conservative, the accident analyses in this SPD Supplemental EIS consider the current state of PF-4
without future seismic upgrades.
Comment Summary: A number of comments were received on the transportation of surplus plutonium,
including risk of accidents, risk of transporting plutonium oxide powder, energy requirements, climate
change impacts, and cumulative impacts.
Response: Chapter 4 addresses the issues raised. All shipments on public roads that contain plutonium
pits or metal, or plutonium oxide powder would utilize NNSA’s Secure Transportation Asset. All
shipments would be in compliance with applicable U.S. Department of Transportation, NRC, and DOE
requirements. Transportation impacts are described in Chapter 4, Section 4.1.5, and Appendix E.
Cumulative transportation impacts and climate change impacts, including consideration of fuel used for
transportation, are described in Chapter 4, Section 4.5. Notification of pending shipments would be given
to state and Federal agencies in accordance with existing regulations and agreements. For security
reasons, notice would not be given to the public.
Comment Summary: A commentor suggested an alternative transportation route to WIPP.
Response: DOE is evaluating representative transportation routes for TRU waste to WIPP in this
SPD Supplemental EIS, and will not be selecting specific shipping routes.
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Comment Summary: Commentors expressed concern that surplus plutonium disposition activities may
interfere with cleanup and remediation activities and other projects at the DOE sites.
Response: The alternatives analyzed in this SPD Supplemental EIS take into account the availability of
facilities and their closure schedules. Information relevant to these issues is presented in the description
of the alternatives in Chapter 2, Section 2.3. DOE expects there would be minimal disruption of cleanup
and remediation activities at DOE sites.
Comment Summary: Commentors had concerns about environmental justice issues related to Native
American pueblos near LANL. Commentors requested that community meetings be held in each pueblo
and connecting river community within a 100-mile (161-kilometer) radius from LANL to honor the
government-to-government consultation process. A commentor asked that DOE include Native American
tribal perspectives in this SPD Supplemental EIS.
Response: Chapter 3, Section 3.2.11, describes minority and low-income populations near LANL.
Chapter 4, Section 4.1.6, analyzes environmental justice impacts of the alternatives for surplus plutonium
disposition at LANL, including consideration of a tribal exposure or special pathways scenario and has
concluded that Native Americans living near LANL are not exposed to elevated risks compared to
nonminority populations living in the same area, and that the risks associated with the activities proposed
to be done at LANL are small. In support of its public outreach effort, DOE conducted three public
scoping meetings in Carlsbad, Pojoaque (on the Pueblo of Pojoaque), and Santa Fe, New Mexico. DOE
has a significant tribal outreach program with the pueblos surrounding LANL and routinely meets with
interested pueblo governments to discuss issues of mutual concern.
In support of this
SPD Supplemental EIS, DOE will continue to hold discussions with Native American groups and tribal
governments.
Comment Summary: Commentors requested specific details about monitoring and emergency response
plans.
Response: Some of the details requested, such as what radionuclides or other elements could be released
from normal operations and DOE facility accidents, are included in the radiological analyses in Chapter 4,
Section 4.1.2, and Appendices C and D of this SPD Supplemental EIS. Information about SRS, LANL,
and TVA emergency response plans appears in Chapter 3, Sections 3.1.6.5, 3.2.6.5, 3.3.1.2, and 3.3.2.2.
Other information about monitoring may be found in other documents, such as the SRS, LANL, and
WIPP annual environmental reports (accessible at http://www.srs.gov/general/pubs/ERsum/index.html,
http://www.lanl.gov/community-environment/environmental-stewardship/environmental-report.php, and
http://www.wipp.energy.gov/Documents_Environmental.htm, respectively).
Comment Summary: Commentors were interested in the background and structure of DOE and its ability
to execute whichever alternative is selected in the ROD.
Response: On August 4, 1977, President Carter signed the Department of Energy Organization Act,
creating DOE from the Federal Energy Administration and the Energy Research and Development
Administration. DOE’s mission is to ensure America’s security and prosperity by addressing its energy,
environmental, and nuclear challenges through transformative science and technology solutions. NNSA
was established by Congress in 2000 as a separately organized, semiautonomous agency within DOE,
responsible for the management and security of the Nation’s nuclear weapons, nuclear nonproliferation,
and naval reactor programs. DOE/NNSA has been working toward disposition of surplus plutonium for
many years. As described in Appendix A, Section A.1, accomplishments to date include disposal of
plutonium as TRU waste at WIPP; consolidation of surplus non-pit plutonium at SRS; and the ongoing
construction of MFFF and the Waste Solidification Building. Surplus plutonium disposition activities are
subject to the availability of funds appropriated by Congress.
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Comment Summary: DOE received a number of comments on the public outreach effort. Commentors
expressed dissatisfaction with notification for the public scoping meetings, numbers of scoping meetings,
time allocated to comment, and scoping materials. A commentor requested that meetings be planned in
collaboration with interested parties.
Response: DOE provided notice of public scoping meetings near potentially affected sites using a variety
of media, including the Federal Register, the project website, press announcements, advertisements in
local newspapers, and bulk mailings to persons on the project mailing list. DOE believes that the format
of the scoping meetings and length of the public scoping period were adequate. DOE also believes that
there was an appropriate number of scoping meetings, which were held in eight locations across the
country. Commentors were also provided the opportunity to submit comments via mail, fax and email.
Opportunities are available for individuals to be placed on the mailing list in order to receive updates
and announcements related to this SPD Supplemental EIS. DOE considered public comments
in preparing the materials disseminated during the public hearings on the Draft SPD Supplemental EIS.
Comment Summary: A commentor requested that public hearings on the Draft SPD Supplemental EIS be
held in Albuquerque and Santa Fe, New Mexico.
Response: DOE considered the request for meetings in Albuquerque and Santa Fe, New Mexico when
planning for public hearings on the Draft SPD Supplemental EIS.
Comment Summary: Commentors expressed concern that the proposed use of MOX fuel is inconsistent
with U.S. nonproliferation policy.
Response: The proposed use of MOX fuel is consistent with U.S. nonproliferation policy and
international nonproliferation agreements. Use of MOX fuel would ensure that surplus plutonium is
rendered into a used fuel form not readily usable for nuclear weapons.
A number of other issues raised by commentors are outside the scope of this SPD Supplemental EIS,
including plutonium recycling, plutonium production, a nuclear-free world, war and nuclear weapons,
mining sites that are contaminated and unsafe, the number of contractors with foreign roots involved in
surplus plutonium disposition activities, concern that the surplus plutonium disposition program could be
manipulated by special interests, the impacts of AREVA’s operations in Europe, financial arrangements
with utilities to use MOX fuel, TVA’s interest in building new plants and its involvement in energy
conservation and renewable energy, existing conditions at nuclear power reactors that are not a part of the
proposed action, establishing a disposition path for the research reactor fuel in storage at SRS by
processing through H-Canyon, compensation for local communities for extending plutonium storage at
SRS, funding the complete cleanup of SRS, the presence of radioactive chemicals in the Rio Grande and
Albuquerque drinking water, conduct of public meetings on the Final Supplemental Environmental
Impact Statement for the Nuclear Facility Portion of the Chemistry and Metallurgy Research Building
Replacement Project at Los Alamos National Laboratory, Los Alamos, New Mexico (DOE 2011), how the
fate of waste vitrified at Hanford affects the proposed immobilization activities, support for other energy
sources, emissions from coal-fired power plants, fluoride in toothpaste, and an invention to produce
electricity.
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