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-.:: u.s. Department of Energy's '(DoE's) Environmental Impact 
Statement (EIS) for Programmatic Spent 
Nuclear Fuel Management and Idaho 
National Engineering Laboratory 
Environmental Restoration and Waste 
Management Programs [DOE/EIS-
0203-Fj is divided into three volumes: 

• Volume 1, DOE Programmatic 
Spent Nuclear Fuel 
Management 

• Volume 2, Idaho National 
Engineering Laboratory 
Environmental Restoration and 
Waste Management Programs 
(including site-specific spent 
nuclear fuel management) 

• Volume 3, Comment Response 
Document. 

Volume 1 comprises five primary 
sections and ten key appendices. The 
five primary sections provide (a) an 
introduction and overview to DOE's 
spent nuclear fuel management 
program throughout the nation, (b) the 
purpose and need for action to manage 
spent nuclear fuel, (c) management 
alternatives that are under 
consideration, (d) the affected 
environment, and (e) potential 
environmental consequences that may 
be caused by the implementation of 
each alternative. The information 
contained in these sections relies, in 
part, upon more detailed information 
and analyses in the ten key appendices. 
These appendices describe and assess 
the site-specific spent nuclear fuel 
management programs at three primary 
DOE facilities and several alternative 
sites, the naval spent nuclear fuel 
management program, offsite 
transportation of spent nuclear fuel, 
environmental consequences data, and 
environmental justice considerations. 
Two additional appendices include a 
glossary and a list of acronyms and 
abbreviations. 

Volume 2 is similarly constructed. Five 
primary sections are presented that 

provide (a) the purpose and need for 
an integrated lO-year environmental 
restoration, waste management, and 
spent nuclear fuel management 
program at the Idaho National 
Engineering Laboratory, 
(b) background, (c) management 
alternatives under consideration, 
(d) the affected environment, and 
(e) potential environmental 
consequences that may be associated 
with the implementation of each 
alternative. The information 
presented in these sections relies, in 
part, upon four key appendices, 
which include a basic description of 
radioactivity and toxicology 
(chemical effects), agency 
consultation letters, detailed project 
summaries, and technical 
methodologies and key data. Two 
additional appendices include a 
glossary and a list of acronyms and 
abbreviations. 

Volumes 1 and 2 provide an index 
as well as a list of references to 
enable the reader to further 
review and research selected 
topics. DOE has 
established reading 
rooms and 
information 
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locations across the United States 
where these references may either be 
reviewed or obtained for review 
through interlibrary loan. The 
addresses, phone numbers, and 
hours of operation for these reading 
rooms and information locations are 
provided at the end of this EIS 
Summary. 

I 
A line in the margin in Volumes 1 
and 2 indicates a change since the 
Draft EIS. 

Volume 3 comprises a primary 
section, called Comment Summaries 
and Responses, and three 
appendices. In the primary section 

individual public comments an� 
summarized, grouped with others that 
are similar and organized into topical 
sections, called Response Sections. The 
appendices are designed to aid the 
reader in locating specific comment 
sU1nmaries and responses. Appendix A 
is an alphabetical list of comn1entofs, 
shOWing for each the associated 
comnlent document number and 
response section number(s). Appendix 
B is a numerically ordered list (if 
comnlent document numbers, showing 
assoClated co:mmentors and response 
section numbers, and Appendix C 
provides a correlation of respon�e 
section numbers to comment 
document numbers. 

8 rftPOitN to comment(s), the reader should: 
Ai" "ol�mea !\fldfind Ihename (Q� Qrganization or agency), 

commehtdoCument number(s) assigned to his/her comments. me�.:ry,lInCl tn. �$ectIonnumber!aJ where the responses to 
arelocatecl. 

�lumQa LInder the h8alling Comment 

�::�.�:':.!�:�s,:,:��� �1��:�'$8C1I<!n numbers are listed in 
response section number(s) 

���i�:S;��:�:�����tl�����::� SUmmaries found in 

� the EIS In !he pUblic reading rooms 

:�:��I;�ltrantDh'iattAIDIK'1!, lias tli!&n asslgl18d commenl 

$:��:�:ti;��1��I���IitI='�:e�d "Action alternatives" under 
'n Alternatives. ·-:::;1.t."I�gl�Qn PIl9!t t ct. T)leseleCiad Bntl'yfor Ms. Abbott is 

P OOS inlhllt Section and is located on page 1.·2. 
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National Environmental 
Policy Act Process 

The U.s. Department of Energy (DOE) 
is currently evaluating its options for 
two separate, but related, sets of 
decisions. The first involves 
programmatic (DOE-wide) 
approaches to DOE's management of 
spent nuclear fuel. The second 
involves site-specific approaches 
regarding the future direction of 
environmental restoration and waste 
management programs (including 
spent nuclear fuel) at the Idaho 
National Engineering Laboratory. 

A key element of DOE's 
decisionmaking is a thorough 
understanding of the environmental 
impacts that may occur during the 

implementation of the proposed 
action. The National Environmental 
Policy Act of 1969, as amended, 
provides federal agency 
decisionrnakers with a process to 
consider potential environmental 
consequences (both positive and 
negative) of proposed actions before 
agencies make decisions. In foHawing 
this process, DOE has prepared this 
final Environmental Impact Statement 
(EIS) to assess various management 
altema tives and to provide the 
necessary background, data, and 
analyses to help decisionmakers and 
the public understand the potential 
environmental impacts of each 
alternative. ooE'5 decisions will be 
discussed in a Record of Decision to be 
issued by June 1995. 

NtIIIomII Eftvlronmental Policy Act 

NatIolla'Erwlnlllmerdal PoIIiIy Act of tll69: A law 
requiElis Federal asenoits to COII$Ider in t"elr 
deeJs�aklnlil processes thepotentlal ��!::=��f,�j) 
elfeCls of propostld aotiof1$ and anatyses of 
and _ures to avoid or minimize the adverse 
propo$$d action. 

Altelll.tI� .. : A range of reasonable options co�:::J1!:j 
selecting an appl\lllch to meeting the propGsea 
In accordance with other appllc;ablerequirements, 
Action alternative is al$O considereCl: 

EnvhonmentalllTlf"lOl Stateraem: A deIaIled 
envltOl1menlai anaty$is lor II proposed major Fe<leralll.!i!k!l! 
that COIIkI signif�1y elfectthe r;walilyollhehuman 
enliironmant. A tool to U$I$I in de!'isiol\maklng, It 
describa!illhe po$iIiveandnegdvel!rl\llronmenlal 
of the )!lI'OPOS8d undartakll'lg and altarnatl\les. 

Record of OtcIalOll: A conclse pl.lblicrecord of 001.'&'1> 
decision, whiehdisousses the dedsiOl1, identifillS the 
altarnativts (specllying wI1iell ones � considered 
enliironmiilAtplly pl!IIf'�l, and Indicatts wI1ather all· 
tmletic;able meal1llto' II� Clr minimi%aenvironmenlal 
herm from the seIectecl altemallve were BdoplBd (and 
nol, why not). 
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2 Volume 1, Summary 

General Scope of the 
Environmental Impact 
Statement 

Volume 1 of this EIS considers 
programmatic (DOE-wide) 
alternative approaches to safely, 
efficiently, and responsibly manage 
existing and projected quantities of 
spent nuclear fuel until the year 2035. 
This amount of time may be required 
to make and implement a decision on 
the ultimate dispOSition of spent 
nuclear fuel. DOE's spent nuclear 
fuel responsibilities include fuel 
generated by DOE production, 
research, and development reactors; 
naval reactors; university and foreign 

Institute of Standards and Technology 
and the Armed Forces Radiobiology 
Research Institute; and special-case 
commercial reactors such as Fort St. 
Vrain and the Lynchburg Technology 
Center. Volume 1 focuses on the 
following: 

I research reactors; domestic non-DOE 
reactors such as those at the National 

• Impacts to worker safety, 
public health, the 
environment, and 
socioeconomic factors related 
to transporting, receiving, 
stabilizing, and storing DOE 
and naval spent nuclear fuel, 
as well as special-case 
commercial fuels under DOE 
responsibility. 

• Siting locations for spent 
nuclear fuel nlanagernent 
operations, which may 

What Is Spent NucIeB' Fuel? 
Spent nuClear luelis fuel that has been withdrawn from a nuclear reactor following 
inradlatiO". the COMIiIuentelements 01 which have not been separated. For 
Pill'pOIBs 01 this ElS. spent nooear fuel invllAmry also includes uranium/neptunium 
laI'ge1iiYIaterlal.blankatSilbassembllell, p�of:fuel. and debris. 

Fuel.in a reaclOt oonsistSof fuel�bIi!lS 
that _1m many c::onfigullllllOOEil:Wt 
gerT!lf8IIyQQnsl$t of lhet\;lllli matrix, cladding, 
alld strUcllJral hefdware. The matrbc. which 
oonlains thelis$lonabIe malllrlal(t)tplcally 
uranium QXide OflJlaniumrnetal).islypioallY platell.or cylindrical pelletS. Thecladdll1Q 
"Iiy zll'QQl'lium.l!lumll1um. orSlainlesl; 
s1eeI) .SUffOUI1d8�fuel •. QQnflllinlIand 
pl'Oledlng It. For�-cotll" r!l8elo'a. this 
ma,1le a.�CI(l��$rfllal �es. 
SlruotIJraI 'l*!Ishllildfuel � Qrpl_ ijJ!hllt 
prop$!' oonIlgtInlliOrt�MctQOO� jl" 
"II� walllrj l>illl!r:theluel. �raI 
i1ardwart Isllll!l'1erllllV� allo�. alllir1ill!!ls 
ateel. zirconium. orllliummum.ortorgas
cool" rflllClors. Ql!IiIphitlll, 

Theradialllll'ldf·mQS1 OGncem from spent 
nuclear fuefls gammarl)'$. AIIhough the 
rl!idiEiIlon.�lsear\bevtry"lgh.the gamma� 
rar interlSltki$, al'f! �fe!lUqedby 
sllllel!lll'ig_he fuel�Wiih IIIUCI'I 

I 
U , ....... ". Fuel .... mbly 

malllrlalll8SQQAODi\&.leiid; sleSf,alldwat*". The .hielding thicknesses are 
� cm lhe�lltthe rlidlaliMlIllllJ.C8, desired protection level, and 
densltW oftfles!li�lli1lImlllerl.LSl\Ieldino thicknesses for concrete or lead are 
smaller than for water. 



include storing, 
stabilizing, and 
continuing research and 
development. (Stabilizing 
reduces fuel 
deterioration.) 

• Fuel stabilization activities 
required for safe interiIIl 
storage such as canning of 
degraded fuels or 
processing, research and 
development of spent 
nuclear fuel management 
technologies, and pilot 
programs. 

DOE will not analyze the ultimate 
disposition (final step in which 
material is disposed of) of spent 
nuclear fuel in this EIS. Decisions 
regarding the actual disposition of 
DOE's spent nuclear fuel will follow 
appropriate review under the 
National Environmental Policy Act 
and be subject to licensing by the 
Nuclear Regulatory Commission. 

DOE will not sdect spent nuclear fuel 
stabilization technologies on the basis 
of this EIS. These technology-based 
decisions are more appropriately dealt 
with on a fuel-type basis. DOE will 

I conduct additional National 
Environmental Policy Act reviews for 
research and development, and 
characterization activities that help 
select technologies for placing the fuel 
in a form suitable for ultimate 
disposition (this is commonly referred 
to as "tiering" within the National 
Environmental Policy Act process). 

For example, the Waste Management 
Programmatic EIS complements 
decisions to be made in Volume 2. 
Other EISs being prepared 
complement decisions for the 
disposition of other nuclear materials, 
and these EISs and their relationships 
to this EIS are discussed in Section 1.2 
of Volume 1. The Draft EIS on a 
Proposed Nuclear Nonproliferation 

Waste management activities at the 
Idaho National Engineering Laboratory. 

Policy Concerning Foreign Research 
Reactor Spent Nuclear Fuel will be 
distributed for public review and 
comment in April 1995. Decisions 
derived from that policy also 
complement this EIS. 

Except for special-case conlmercial 
fuel, management of spent nuclear 
fuel from commercial nuclear power 
plants is not the subject of this EIS. 

Volume 2 of this EIS addresses 
alternative approaches for the 
management of DOE's environmental 
restoration, waste management, and 
spent nuclear fuel activities over the 
next 10 years at the Idaho National 
Engineering Laboratory. This volume 
includes evaluations of potential 
environmental impacts associated 
with Idaho National Engineering 
Laboratory programs and site 
activities that contribute to waste 
streams requiring handling or 
disposaL Waste management 
acti\"ities are evaluated at both the site
wide and project-specific levels. 
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4 Volume 1, Summary 

Environmental restoration activities 
are addressed only at the site-wide 
level. Volume 2 considers site-specific 
activities for spent nuclear fuel 
management, including fuel receipt, 
transportation, characterization, 
stabilization, storage, and technology 
development for ultimate disposition. 

Volume 2 evaluates impacts of 
operations or programs associated 
with the spent nuclear fuel, 
environmental restoration, and waste 
management programs at the Idaho 
National Engineering Laboratory. 
Other activities are discussed when 
they are relevant to understanding 
the affected environment or are 
expected to occur during the next 10 
years, and are included as part of the 
cumulative effects analysis. 

This ElS does not evaluate the DOE
wide programmatic alternatives for 
waste management, which are being 
evaluated in a separate programmatic 
EIS to be issued in draft form in 1995. 
However, the alternatives presented in 
Volume 2 have been developed to be 
consistent with the programmatic 
objectives of the Waste Management 
Programmatic EIS (previously known 
as the Environmental Restoration and 
Waste Management Programmatic 
Environmental Impact Statement), 
which will not be completed before 
the Record of Decision is Signed for 
the EIS summarized here. Any 
conflicts between these Records of 
Decision will be evaluated and, as 
appropriate, additional National 
Environmental Policy Act reviews will 
be conducted. 



During the public comment 
period for the Draft EIS, more 

than 1,430 individuals, agencies, and 
organizations provided OOE with 
comments. Comments were received 
from all affected OOE and shipyard 
communities. Most citizens and 
organizations expressed broad 
opinions, especially on siting and 
transportation options, and 
recommended new or enhanced 
alternatives or additional sites, or 
commented on the National 
Environmental Policy Act process. 
Many commentors used this 
opportunity to comment on 
legislation, policies, or federal 
programs not specifically related to 
the EIS. Some questioned or 
commented on the laws and 
regulations applicable to OOE's 
mission, DOE interim spent nuclear 
fuel management, or environmental 
restoration and waste management at 
the Idaho National Engineering 
Laboratory. 

Many commentors expressed strongly 
held opinions about the EIS, DOE, and 
the Navy and/ or the alternatives. 
Some commentors expressed the 
opinion that DOE does not consider 
public comments and that some 
comments will be given more weight 
than others. Others stated that fear
driven commentors should be 
ignored, and decisions should be 
based on good science. 

Recurring and controversial issues 
raised during the public comment 
period included comments on DOE 
and Navy credibility; the apparent 
lack of a clear path forward with 
respect to ultimate disposition of 
spent nuclear fuel and nuclear waste; 
continued generation of spent nuclear 
fuel; cost of implementation; safety of, 
and risk to, the public; transportation 
of spent nuclear fuel and waste; 
impacts of accidents and perceived 
risk on local economies and the 
quality of life; other issues of local 
interest; and u.s. nuclear, defense, 
energy, and foreign policies. 

Public comments were considered by 
the OOE and Navy and resulted in 
changes to the Draft EIS and in the 
preparation of the Comment Response 
Document, Volume 3, of this Final EIS. 
In general, public comments, coupled 
with consultations with commenting 
agencies and state and tribal 
governments, resulted in additional 
analyses, clarifying or correcting facts, 
or expanded discussion in certain 
technical areas. Where appropriate, 
Volume 3 provides an explanation of 
why certain comments did not 
warrant further change to the EIS. 

Both volumes of the Final EIS identify 
DOE's preferred alternatives
Regionalization by fuel type 
(Alternative 4A) for managing spent 
nuclear fuel, and a hybrid alternative 
that is the Ten-Year Plan (Alternative 
B) enhanced to include elements of 
other alternatives for the Idaho 
National Engineering Laboratory. The 
DOE's preferred alternatives are 
consistent with the Navy'S preferred 
alternative identified in the draft EIS
to continue to conduct refueling and 
defueling of nuclear-powered vessels 
and prototypes, and to transport spent 
nuclear fuel to the Idaho National 
Engineering Laboratory for full 
examination and interim storage, 
using the same practices as in the past. 
Identification of the preferred 
alternatives was based on 
consideration of environmental 
impacts, public issues and concerns, 
regulatory compliance, the DOE's and 
Navy's spent nuclear fuel missions, 
national security and defense, cost, 
and OOE policy. 

As committed to in the Draft EIS, the 
evaluation and discussion of 
environmental justice has been 
expanded to both Volumes 1 and 2 of 
the Final EIS. This approach is 
consistent with draft interagency 
definitions at the time of its 
preparation and reflects public 
comments received regarding 
environmental justice. Consultation 
with commenting Native American 
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Tribes is reflected in the 
environmental justice analysis, as well 
as in various sections of the EIS, as 
appropriate, 

In response to concerns raised by 
public comments regarding the 
technical analysis, seismic and water 
resource discussions and analyses 
were reviewed, clarified, and 
enhanced for all alternative sites, and 
current data and analyses were added 
to Volumes 1 and 2, as appropriate, 

In Volume 1, a discussion of potential 
accidents caused by a common 
initiator was added, The option of 
stabilizing some of OOE's spent 
nuclear fuel (specifically Hanford site 
production reactor fuel) by processing 
it at available facilities located 
overseas was added, thus expanding 
processing options discussed in the 
EIS, An analysis of barge 
transportation was added to the EIS, 
addressing the option of transporting 
production-reactor fuel to a shipping 
point for overseas processing and 
supporting the transport of 
Brookhaven National Laboratory 
spent nuclear fuel to another site, as 
appropriate, In addition, an analysis 
of shipboard fires was added, 
primarily in response to comments 
related to receiving spent nuclear fuel 
of u.s. origin from foreign research 
reactors. 

In response to public comments, the 
results of a separate evaluation of the 
various alternatives' costs were 
summarized in the EIS, The cost 
evaluation was performed 
independently of the EIS for purposes 
broader than those analyzed in the 
EIS, 

The discussion of the option of leaving 
Fort Sl. Vrain spent nuclear fuel in 
Colorado has been expanded, 
speCifically with respect to contractual 
commitments \'ersus programmatic 
benefits, 

Other enhancements include 
clarification that potential shipment of 
spent nuclear fuel of US, origin from 
foreign research reactors consists of 
approximately 20 metric tons of heavy 
metaL As a result of public comments, 
Volume 1 was enhanced to include a 
description that clarifies the 
relationship between other DOE 
NEPA reviews related to spent nuclear 
fuel and this EIS, This description 
explains the interrelationship of these 
actions in response to comments 
about segmentation, In the same 
regard, the relationship between the 
EIS and Spent Fuel Vulnerability Action 
Plans was clarified, 

With regard to naval spent nuclear 
fuel, enhancements to Appendix D 
(Naval Spent Nuclear Fuel 
Management) include providing 
additional information in the 
following areas: importance of naval 
spent nuclear fuel examination, 
impacts of not refueling or defueling 
nuclear-powered vessels, the reasons 
why storage and processing of naval 
spent nuclear fuel in foreign facilities 
were not evaluated in detail, 
environmental justice considerations, 
the transition period required to 
implement naval spent nuclear fuel 
alternatives, potential accident 
scenarios at naval shipyards, and 
uncertainties in calculating potential 
environmental impacts. 

In Volume 2, the air quality analysis 
was revised to upgrade the 
information on existing baseline 
conditions, The analysis compared 
impacts of each alternative with 
Prevention of Significant 
Deterioration increment limits. The 
Waste Experimental Reduction 
Facility project summary was 
enhanced with respect to related 
operation and combustion strategy. 
The EIS was also revised to reflect 
employment projections resulting 
from the Idaho National Engineering 
Laboratory contractor consolidation. 



OverView 
The DOE Spent Nuclear Fuel 
Management Program is intended to 
(a) provide interim storage and 
management of fuel at specified 
locations until ultimate disposition, 
(b) stabilize the fuel as required for 
environmentally safe storage and 
protection of human health (for both 
workers and the public), (c) increase 
safe storage capacity by replacing 
facilities that cannot meet current 
standards and providing additional 
capacity for newly generated spent 
nuclear fuel, (d) conduct research and 
development initiatives to support I safe storage and/ or ultimate 
disposition, and (e) examine fuel 
generated by the Naval Nuclear 
PropulSion Program. DOE's spent 
nuclear fuel management 
responsibilities include fuel generated 
by DOE production and research and 
development reactors, naval reactors, 
university and foreign research 
reactors, other miscellaneous 
generators, and special-case 
commercial reactors. The primary 
goals of the management program are 
to reduce the risk of nuclear accidents 
during transportation and storage 
and to minimize the release of 
radionuclides to the environment 
where they can pose hazards to 
human health, plants, and animals. 

History of Spent Nuclear Fuel 
Management 

Most DOE spent nuclear fuel is 
currently stored at three primary 
locations: the Hanford Site (State of 
Washington), the Idaho National 
Engineering Laboratory (State of 
Idaho), and the Savannah River Site 
(State of South Carolina) (Figure 1). 
Much smaller quantities of spent 
nuclear fuel remain at other locations 
throughout the nation (see Figure 1). 
Historically, DOE has reprocessed 
spent nuclear fuel at the three 

primary locations to recover and 
recycle uranium and plutonium. 

Much of the spent nuclear fuel at the 
three primary loca lions resulted from 
production reactors at the Hanford 
and Savannah River Sites. These 
reactors are no longer operating, but 
they previously produced material for 
DOE's defense programs and research 
and development programs. Smaller 
quantities of spent nuclear fuel at 
other locations have resulted from 
experimental reactor operations and 
from research conducted by 
approximately 55 university- and 
Government-owned test reactors. 
DOE proposes to adopt and 
implement a policy concerning 
management of spent nuclear fuel 
containing enriched uranium that 
originated in the United States and 
was used by foreign research reactors. 
DOE also would manage limited 
amounts of special-case commercial 
reactor spent nuclear fuel. 

Since 1957, spent nuclear fuel from 
nuclear-powered naval vessels and 
naval reactor prototypes (operating 
reactors used for land-based training) 
has been transported from shipyards 
and prototype sites to the Naval 
Reactors Facility at the Idaho National 
Engineering Laboratory for testing 
and examination. A court order 
issued on June 28, 1993 prohibited the 
receipt of all spent nuclear fuel by 
Idaho; that order was amended on 
December 22, 1993 allowing only a 
limited number of shipments of spent 
nuclear fuel to Idaho, pending 
completion of this EIS and the Record 
of Decision. 

Purpose and Need for Future 
Spent Nuclear Fuel Management 

DOE is responsible for developing 
and maintaining a capability to safely 
manage its spent nuclear fuel. During 
the last four decades, DOE and its 
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Existing Spent Nuclear Fuel Locations 

• 
HawaII 

• • 
• 

• 

• 

Legend 1995 Inventory 
(Metric Tons Heavy Metal)" 

Source No. 01 locations 
Hanlord 
Idaho National 

2,133 
261 

Engineering Laboratory 
Savannah River Site 206 
Oak Ridge Reservation 
Other DOE Facilities 
Universities 

1 
27 

2 
16 Other 

Total 2,646 I 

• Naval Sitesb State 

Kesselring New York 
Newport News Virginia 
Norfolk Virginia 
Pearl Harbor Hawaii 
Portsmouth Maine 
Puget Sound Washington 
Windsor Connecticut 

II 

II U.S. Department 01 8 
Energy Facilities 

• Naval Sites 7 
C Foreign Returns 11 

(potential points 01 entry) 

• Special-Case 
Commercial 

3 

• Domestic Non-DOE 9 

• Universities 29 

DOE Facilities State 
Argonne National 

Laboratory-East Illinois 
Brookhaven National 

Laboratory New York 
Hanlord Washington 
Idaho National 

Engineering Laboratory Idaho 
Los Alamos 

National Laboratory New Mexico 
Oak Ridge Reservation Tennessee 
Sandia National 

Laboratories New Mexico 
Savannah River Site South Carolina 

B. A metric ton of heavy metal ;s the unit used throughout this document to Indicate 
the amount of spent nuclear fuel. It corresponds to 1,000 kilograms (2,200 pounds) 
of heavy metal (uranium, plutonium, thorium). 

b. Name of shipyard or site. 

Figure 1. Locations of current spent nuclear fuel generators and storage sites. 
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predecessor agencies have 
transported, received, stored, and 
reprocessed more than 100,000 metric 
tons of heavy metal" of spent nuclear 
fuel. Approximately 2,700 metric tons 
heavy metal of spent nuclear fuel 
stored at various locations in the 
United States and overseas have not 
been reprocessed. This spent nuclear 
fuel is in a wide range of enrichments 
(that is, percent uranium-235), types, 
and conditions. By the year 2035, this 
quantity may increase by 
approximately 100 metric tons of 
heavy metal. 

The end of the Cold War led DOE to 
reevaluate the scale of its weapons 
production, nuclear propulsion, and 
research missions. In April 1992, DOE 
began to phase out reprocessing of 
spent nuclear fuel for recovery and 
recycling of highly enriched uranium. 
In November 1993, DOE documented 
current and potential environmental, 
safety, and health vulnerabilities 
regarding DOE spent nuclear fuel 
storage facilities. DOE also identified 
storage locations of fuel with 
degraded cladding (metal coverin,gs to 
prevent fuel corrosion) and other 
problems that require action to ensure 
continued safe storage. This situation 
has also been identified by the 
independent Defense Nuclear 
Facilities Safety Board in 
Recommendation 94-1, issued May 26, 
1994. The Board concluded that 

. 

imminent hazards could arise within 
several years unless certain problems 
are corrected, including those related 
to spent nuclear fuel storage. Thus, 
DOE needs to establish an integrated 
complex-wide program that provides 
safe and effective management for 
present and reasonably foreseeable 
quantities of spent nuclear fuel, 
pending its ultimate disposition. 
Relevant decisions that must be made 

What5pt!H1t �r Fuel�' DecIsions WIN afl Afadfl IJaIHHi on":IEIS' 

Where should DOE locate specific SJMlI'It:lwcJM'1. 
fuel management activities? 

What capabilities. facilities. andrd
l
!=:1=�

.
'

needed for spent nuclear fuel n 

What research and development aCtivlt/t$fi 
needed to support the spent nuclear frIe/' .. ' . 
management program? 

include the selection of. 

• 

• 

• 

Locations to conduct specific 
spent nuclear fuel 
management activities after 
evaluating existing and 
potential locations 

Appropriate capabilities, 
facilities, and technologies 

Research and development 
activities needed to support 
the DOE Spent Nuclear Fuel 
Management Program. 

I n other words, this EIS will provide 
the environmental information to 
support decisions that will facilitate a 
transition between DOE's current 
management practices and ultimate 
disposition of spent nuclear fuel. 

Technologies for Spent Nuclear 
Fuel Management 

Technologies for spent nudear fuel 
Inanagement are required to ensure 
�afe, environmentally sound, and 
('conomic management until ultimate 
disposition is implemented. Ultimate 
disposition of DOE's spent nuclear 

a. A metric ton of heavy metal is the unit used throughout this document to indicate the amount of 
spent nuclear fuel. It corresponds to 1,000 kilograms (2.200 pounds) of heavy metal (uranium. 
plutonium. thorium). 
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fuel is a high priority. Two broad 
strategies may at this point be 
envisioned for the ultimate 
disposition of DOE spent nuclear fuel. 
The Department could (a) work 
toward direct disposal of spent fuel in 
a geologic repository or (b) chemically 
dissolve the fuel and produce a waste 
form (such as vitrified glass) for 
repository disposal. Variations on 
these broad strategies are also possible 
and both remain under consideration. 
It is possible that much of DOE's spent 
fuel could qualify for direct disposal. 
Aggressive characterization and, if 
appropriate, preparation programs 
would be necc'ssary to support the 
first repository schedule. 

Sufficient quantity and quality of 
information is still not available to 
determine at this time whether the 
Yucca mountain site is a suitable 
candidate for geologic disposal of 
spent nuclear fuel and high-level 
radioactive waste. The OOE, 
however, is in the early planning 
stages for a repository EIS, which will 
be prepared pursuant to the directives 
of the Nuclear Waste policy Act, as 
amended. The DOE plans to issue in 
rnid-1995 a formal notice of its intent 

to prepare this analysis. The 
repository EIS is being prepared to 
evaluate potential environmental 
impacts, based on the best available 
information and data, that would be 
associated with the repository's 
development and operation, and to 
support the Secretary of Energy's final 
recommendation to the President, as 
reqLlLfed by the Nuclear Waste Policy 
Act, as amended. The repository EIS 
will examine the site specific 
environmental impacts from 
construction, operation, and eventual 
clo.sure of the repository, including 
potential post-closure radiologic<ll 
effects to the environment. Until the 
repo-;itory EIS is complete, no final 
dcci�ion could be made concerning 
what DOE spent nuclear fuel would 
be accepted in a geologic repositor)'. 

As part of its spent nuclear fuel 
management program, DOE would 
(1) stabilize the spent nuclear fuel as 
needed to ensure safe interim storage, 
(2) characterize the existing spent 
nuclear fuel inventory to assess 
compliance with the repository 
acceptance criteria as they are 
developed, and (3) determine what 
processing, if any, is required to meet 

DefInition 01 Terms Related to Spent Nuclaar Fuel 

IIIIII1egBIMnI (01 spent nuclear luel)--Emplacing, operating, and administering 
facilities. transportation sYSlems. and procedures to ensure sale and environmentally 
responsible handling and storage 01 spent nuclear fuel pending (and in anticipation of) 
a decision on unimale disposition. 

(01 spent nuclear luel)--Actions taken to further conIine or reduce the 
with spent nuclear luel, as necessary for safe management and 

responsible storage for extended periods of time. Activities that may 
to stabilize spent nuclear fuel include canning, processing, and 

canning-The process of placing spent nuclear fuel in canistsrs to retard corrosion, 
. contain radioactive releases, or control geometry. 

1 >llI'Ocel'Slltg (of spent nuclear luel)-Applying a chemical or physical process designed 
to alter the characteristics of the spent nuclear fuel matrix. 

passivation-The process of making metals inactive or less chemically reactive. For 
example, the surface of steel can be passivatsd by chemical treatment. 



the criteria. Decisions regarding the 
actual disposition of DOE's spent 
nuclear fuel would follow appropriate 
review under the National 
Environmental Policy Act, and would 
be subject to licensing by the u.s. 
Nuclear Regulatory Commission. 
This "path forward" would be 
implemented so as to minimize 
impacts on the first repository 
schedule. The current planning 
assumption is that any DOE material 
(vitrified high-level waste and/ or 
spent nuclear fuel) qualified and 
selected for emplacement in the first 
repository would be disposed 
beginning in the year 2015. 
Disposition of the remaining DOE 
spent nuclear fuel and vitrified high
level waste that is not emplaced in the 
first repository would not be decided 
until the DOE recommendation on the 
need for a second repository (which 
would consider such factors as the 
physical and statutory limits of the 
first repository). The Nuclear Waste 
Policy Act, as amended, requires DOE 
to make that recommendation 
between January 1,2007 and 
January 1, 2010. 

Several technology options are 
available to accomplish overall spent 
nuclear fuel management objectives. 
Their selection is dependent upon fuel 
design and its structural integrity, fuel 
enrichment, and the chemical stability 
of the cladding including the degree 
of corrosion, and of the fuel matrix. 
These options include direct storage 
(limited to high-integrity fuels) or 
stabilization in preparation for 
storage. 

Direct storage means storing spent 
nuclear fuel in essentially the same 
physical form in which it is removed 
from the reactor (that is, little or 
limited stabilization of the fuel 
elements). Fuel that has high-integrity 
cladding, for example naval fuel, can 
be direct stored, indefinitely. Both wet 

storage in water pools and dry storage 
in casks and vaults provide effective 
cooling and shielding for the safe 
storage of such high-integrity spent 
nuclear fuel. 

Some stabilization technologies 
provide additional containment for 
spent nuclear fuel with reduced 
integrity. These technologies include 
(a) direct canning, (b) passivation, and 
(c) coating. 

Several processing technologies are 
available to stabilize spent nuclear fuel 
without separating uranium and/or 
plutonium from the highly radioactive 
constituents. These technologies 
involve changing the physical and 
chemical form to reduce fuel volume 
and reactivity, or make the fuel more 
homogenous. They include 
(a) oxidation, (b) chemical dissolution, 
and (c) mechanical steps, such as 
chopping or shredding. 

Some processing technologies separate 
uranium and/ or plutonium from 
degraded cladding. Available 
technologies include (a) aqueous 
extraction from the chemically 
dissolved fuel, and 
(b) electrometallurgical processing 
with an electrical current to create 
chemical reactions at high temperature 
to extract the chemical elements. 

Processing facilities and capabilities 
exist at various DOE sites. For some 
fuel, such as Hanford Site production 
reactor fuel, existing foreign 
processing capabilities could be 
employed. Foreign processing would 
be on a pay-as-you-go basis, without a 
substantial investment in facility 
upgrades and maintenance. A viable 
scenario would ha ve to consider 
proliferation concerns, safety of 
overseas transport of spent nuclear 
fuel and returned materials, and 
national security. 
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DOE must provide for safe, 
efficient management of its 

spent nuclear fuel during the next 40 
years, pending ultimate disposition. 
The alternatives considered are: No 
Action, Decentralization, 1992/1993 
Planning Basis, Regionalization, and 
Centralization. These alternatives 
include variations of several 
components: (a) number of storage 
locations, (b) amounts of spent 
nuclear fuel shipped, (c) fuel 
stabjJization methods (ways to reduce 
deterioration) required, (d) number 
and types of storage facilities to be 
constructed, and (e) scope of 
technology research and development 
efforts for management technologies. 

In addition to the three DOE sites that 
have conducted extensive spent 
nuclear fuel management activities, 
four naval shipyards (Norfolk, 
Portsmouth, Pearl Harbor, and Puget 
Sound) and one prototype reactor site 
(Kesselring Site) were selected as 
potential storage locations for naval 
spent nuclear fueL In response to 
public comments raised during the 
scoping process, DOE undertook a 
process for identifying possible 
alternative sites. The end result of the 
selection process was the inclusion 
and evaluation of two additional sites, 
the Oak Ridge Reservation (State of 
Tennessee) and the Nevada Test Site 
(State of Nevada). DOE did not 
consider the Nevada Test Site to be a 
preferred site for the management of 
spent nuclear fuel in the Draft EIS 
because of the State's current role as 
the host site for the Yucca Mountain 
Site Characterization Project. DOE's 
identifica tion of the preferred 
alternatives also indicates that DOE 
does not consider the Nevada Test Site 
as a preferred site for spent nuclear 
fuel management in the Final EIS. 
Figure 2 depicts the various 
alternatives, options, and locations 
that DOE is evaluating for spent 
nuclear fuel management. 

The DOE's preferred alternative is 
Regionalization by fuel type 

(Alternative 4A). Under this 
alternative, spent nuclear fuel would 
be assigned to sites having the 
largest inventory of similar fuel 
types. The DOE's preferred 
alternative is consistent with the 
Navy's preferred alternative to 
continue to conduct refueling and 
defueling of nuclear-powered 
vessels and prototypes, and to 
transport spent nuclear fuel to the 
Idaho National Engineering 
Laboratory for full examination and 
interim storage, using the same 
practices as in the past. 

Summary of AlternatIves for 
the Management of DOE 

Spent Nuclear Fuel 
No Action 

Take minimum actions required for 
safe and secure management of 
spent nuclear fuel at or close to the 
generation site or current storage 
location. 

Decentralization 

Store most spent nuclear fuel at or 
close to the generation site or ourrent 
storage location with limited 
shipments to DOE facilities. 

199211993 Planning Baal. 

Transport to and store newly 
generated spent nuclear fuel at the 
Idaho National Engineering 
Laboratory or Savannah River Site. 
Consolidate some existing fuels at 
the Idaho National Engineering 
Laboratory or the Savannah River 
Site. 

Reglonallzatlon 

Distribute existing and projected 
spent nuclear fuel among DOE sites 
based primarily on fuel type 
(Preferred Aiternative) or geography. 

Centralization 

Manage all existing and projected 
spent nuclear fuel inventories from 
DOE and the Navy at one site until 
ul�mate disposition. 

Volume 1, Summary 13 
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Name of Alternative Subalternatlve Options Misc. Location 

No - t No Actloll -----;--------;-----'-------'- Stay Irl Place 

0, 

No.2 - Decentralization -?-
0, 

A 
2B 

: No Exanlinalion Stay Irt Place 
:Llmited Examlnatio� Pugal Sound 
iF!!!! Examinatjgn i 
: Naval, TRIGA 

Idaho National 
Engmeenng laboratory 

NO.3 -199211993 -----'--------i-----I Special-case Commer�al Engineenng laboratory 
Idaho National I Planning Basia 

No_ 4 Reglonallzatlon -?-

. No.5 - Centralization -?-

By'" 
typo (4"') 

R S8 rcn Idaho National Engineering 
Laboratory and Savannah River Site 

F",""",m";"","m""c�,,.,---;-_ Savannah River Site -+-----¥I
"
OIl;"'NaI!l:";L!::O�"�lO;_OIm"n'i, - ;�: ::II188nng 

Laboraltny <- Oak Ridge 

By geography __ _ 
; {Ea,t_?_- _ i;:�;;:on 

(4B) r Idaho National � Engmeenng Laboralory 
West-?- � Hanford Site 

\.- Nevada 
Test Site 

..-'---'>8--,-------c-� Hanford Site 

Idaho National 
Engineering Laboratory 

.;--�:=------;--"'----c__-------;--- ��v
8�n�i�: 

�_--"llL __________ _ �!�e���I�n 
DOE's preferred alternative '-_"-5 E'-

-___________ �:�t��e 
Note. Question marl<.s note dOClsions to be made (an alternative or OptlOr Will be chosen at these pOInts) 

RED 0650 
Figure 2. Alternatives for management of DOE spent nuclear fuel, 
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The programmotic (DOE-wide) 
decisions will not select all site� 
specific spent nuclear fuel 
management 

spent nuclear fuel at or near thE:' point 
where it is generated or currently 
located (Figure 3), Under this 

options, Such 
decisions will bc' 
made following 
additional site-
specific National 
Environmental 
Policy Act 
evaluations. 

No Action 
Alternative 

In the No Action 
alternative, which 
provides a baseline 
for comparison, 
DOE would limit 
actions to the 
minim urn nece�sary 
for safe and secure 
management of 

No Action Alternative 
Take minimLll11 actions required for safe and secure 
management of spant nuclear fuel at or close to the 
generation silB or current storage location, 

Aftar l1li apprc;utimate Ih<ee·year transition period, 
nosblpment of spent nuclear fuel to or from DOE 
facilities wOuld occur. 

Stabilization actIvhies would be limited to the 
minimum actions required to safely store spent 
nuclear fuei. 

Naval reactor spent nuclear fuel would be stored 
at naval 9it13 •. 

Facility upgrade/replacement and onsite fuel 
trert$llll'S would be limlted to those necessary for 
sate iflterim storage, 

EXI:$t!ng reSllB.rch and development actlv�ies 
wOLiId continue_ 



1. No Action Alternative 
Approximate Stiiprnents 

6,000 

Radiation Risk 

Estimated latent cancer fatalities less than 
1 over 40-year period for normal operations. 

HawaII 

, .. 
• • 

" 
. " 

• 
• 

• 

• 

• • 

Approximate No Action Shipments 
Over 40 Years8 

To: Norfolk, VA 200 
From: Newport News, VA 

Approximate 2035 Inventory 
(Metric Tons Heavy Metal) 

Hanford 2,132 
Idaho National 

Engineering Laboratory 274 
Savannah River Site 206 
Naval Sites 55 
Oak Ridge Reservation 2 
Other 73 

Total 2,742 

• Naval Sitesb State 
Kesselring New York 
Norfolk Virginia 
Newport News Virginia 
Pearl Harbor Hawaii 
Portsmouth Maine 
PugetSound Washington 

a. Shipment numbers exclude shipments that 
would be made during transition period (see text). 
b. Name of shipyard or site. 

5,000 

<,000 

3,000 

2,000 

1,000 200 
o �  

• • 

• 

• • 

• • 

• 

• 

• 
• 

• • 

• 

• 

Legend 

Source No. of locations 

• U.S. Department of 8 
Energy Facilities 

• Naval Sites 6 
• Speclal-CaS8 

Commercial 

• Domestic Non�DOE 

• Universities 

• DOE Facilities 
Argonne National 

Laboratory-East 
Brookhaven National 

Laboratory 
Hanford 
Idaho National 

Engineering Laboratory 
Los Alamos National 

Laboratory 
Oak Ridge Reservation 

Sandia National 
Laboratories 

Savannah River Site 

3 

9 

29 

State 

illinois 

New York 
Washington 

Idaho 

New Mexico 
Tennessee 

New Mexico 
South Carolina RED 0668 

Figure 3. Spent nuclear fuel distribution for the No Action alternative. 
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alternative, both small and large DOE 
sites, naval shipyards and prototypes, 
university and other non-DOE 
domestic research reactors, and 
foreign research reactors would 
independently manage their fuel 
onsite. No spent nuclear fuel would 
be transported between DOE sites. 
Naval spent nuclear fuel at the 
Newport News Shipyard would be 
transferred to Norfolk Naval Shipyard 
for retention. 

Naval reactors would be refueled and 
defueled as plalmed. Naval spent 
nuclear fuel would be stored in 
shipping containers at the naval or 
DOE facility where refueling and 
defueling are conducted. This 
alternative would require about a 
three-year transition period to obtain 
additional shipping containers for 
storage. During the transition period, 
fuel would be h ansported to the 
Idaho National Engineering 

Laboratory for examination at the 
Expended Core Facility. The shipping 
containers would be unloaded and 
reused for additional refueling and 
defuelings. However, after the 
transition period, the fuel removed 
from naval reactors would remain in 
storage at the naval sites and the 
Expended Co re Facility at the Idaho 
National Engineering Laboratory 
would be shut down. Examinations 
of naval spent nuclear fuel would also 
cease. Currenll technology 
development activities related to 
spent nuclear fuel management would 
continue within DOE. 

Decentralization Alternative 

Under this alternative, DOE would 
maintain existing spent nuclear fuel in 
storage at current locations and store 
newly generated fuel at or near the 
site of generation (Figure 4). This 

Decentralization AlternBtlve 
Store most spent nuclear fuel at or close to the generation site or current storage location wi1h limited 
shlpmen1$ to DOE facilities. 

DOE spent nuclear fuel shipments would be lim�ed to the following: 
Spent nucle,,' fuel stored or generated at universities and non-DOE facilities 
Potel1tial foreign research reacto' fuel. 

Spent nuclear fuel processing might need to be conducted. Other forms of stabilization might 
occur to provide for safe storage andlor transport. 

Some facilities would be upgraded/replaced and additional storage capacity required by the 
alternalill8 would be constructed. 

Onslle fuel transfers would oocur for improved safe storage. 

Flesearch and development activities would be undertaken for spent nuclear fuel management, 
including stabilization technology. 

Three options for naval spent nuclear fuel 
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No inspection-fuel remains close to refuellngldefueling site 
Limited inspection at Pug&t Sound Naval Shipyard 
Full inspeclion at tha Idaho National Engineering laboratory followed by storage close to 
refuelingldefueling s�e. 



Radiation Risk 
Estlmatad latent cancer fatalilies 
less than l over 411-year period 
for normal operations. 

2. Decentralization 

� . 

'.000 
'.000 
'.000 

MlroImum '.000 

'.000 I' .... '.000 

MDlrnum 

i. 

[;]' '- HawaII 

V
j
/ 

....... . 
• 

. �" �!�'''J:; : '0 . , 
• • 

o c . � Q 

• U.S. Department of Energy Facilities 
Shipments going to Savannah River Site 

REO 0669a 

--- Shipments going to Idaho National Engineering Laboratory 
------ Shipments going to Puget Sound Naval Shipyard 

• Domestic Non-DOE 

Approximate Shipments 
To: Idaho National 30 

Engineering Laboratory 
To: Savannah River Site 1 90  

Fuel Source 
Savannah River Site Destlnallon: 

Armad Forca. Radiobiology 
Research InstHute 

Natlonal ln.tllute of 
Standards and Technology 

Idaho National Engineering 
Laboratory Dastrnatlon: 
Aerotest 
Dow 
General Atomic 
General Electric 
U.S. Geological Survey 
U.S. Air Force 
Veterans Administration Medical Center 

• University 

Approximate Shipment. 
To: Idaho National 
Engineering Laboratory 260 
To: Savannah River Site 260 

C Foreign Fuel a 

(potential 
points of entry) 

Approximate Shipments 
To: Idaho National 
Englnearlng Laboratory 460 
To: Savannah River Site 550 

• Naval Fuel Shipments 

2A. No Exam b 
Approximate Shlpmenta 

To: Norfolk, VA 200 
From: Newport N_s, VA 

2B. Limited Exam b 
Approximate Shipments 

To: Pugat Sound, WA 50 
To: Norfolk, VA 180 

2C. Full Exam C 
Approximate Shipment. 

To: Idaho National 
Engineering Laboratory 580 
From: Idaho National 
Engineering Laboratory 580 

B. FOf8Jgn fuel could enter the us st any one of tIN IMntlfled points of entry for tranaport to the INEL or SRS. 
b. Shlp'ment numbfNs exclude shipments 'IN' would ". mltde during transition PfI!19d (ue text). 
c. All shipment. to the IdBho Nations' Engineering l.JIbon"ory for eXBmlfllltion and """ lMck 10 shlpyrJrds for storage. 

RED 0669 
Figure 4. Spent nuclear fuel distribution for the Decentralization alternative. 
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alternative differs from the No Action 

I alternative by allowing fuel shipments 
from universities, non-DOE facilities, 
and foreign research reactors to DOE 
sites, which requires developing and 
upgrading facilities. Actions that 
would improve management 
capability, although not essential for 
safety, would be undertaken, and 
spent nuclear fuel research and 
development (including stabilization 
technology) would be performed. 

The Decentralization alternative at the 
naval sites is similar to the No Action 
alternative because naval reactors 
would continue to be defue/ed and 
refueled as planned, and the fuel 
would be stored close to the 

199211993 PlBnnlng BBs/s 

Transport ktand store newly generated spent nuclear fuel 
at the Idaho National Engineering Laboratory or Savannah 
Rivet SII8. Consolidate some existing fuels at the Idaho 
National Engineering Laboratory or the Savannah River 
Site. 

Fuel would be transported as follows: 
TRIGA fuel from the Hanford Site 10 the Idaho 
National Engineering Laboratory; Hanford Site 
r_lvas limited fuel for research of storage and 
dl�ltIoning technologies 
Naval fuel to the Idaho National EngiMering 
Lal>orBtory for examination and storage 
Was! Valley Demonstration Project and Fort SI. 
Vn!IiFI fuel to Idaho National Engineering 
Uboraktry 
Oak Ridge Reservation fuel to the Savannah 
RiVet Site 
Domeatic research fuel. and foraign resaarch 
I1!!lCIOr "'el as may yet be deterrnmect. divided 
between the Savannah RiVet Site and the Idaho 
NallollBl Engineering Laboralory. 

FaciIItIe$ upgrades and replacements that were 
p!armed would proceed. including increased 
atorage capecity. 

Reeearch and development for spent nuclear fuel 
mana�ment would be undertaken. including 
stebllblllllion technology. 

Spei1I nUclear fuelprocassill\l might need to be 
corttlu<rt8d. Other forms at slabillzatlon might 
occur to provide for sElIe storage and/or transport. 
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refueling/ defueling site. Three 
Decentralization options are included. 
The options differ only with regard to 
the examination of the fuel: no 
examination, limited examination, 
and full examination. Each option 
would require a transition period of 
about three years to develop storage 
facilities. During the transition 
period, spent nuclear fuel would be 
transported in shipping containers to 
the Idaho National Engineering 
Laboratory and the containers would 
be unloaded and reused. 

The various small non-DOE, 
university, and foreign research 
reactors would only transport spent 
nuclear fuel in limited amounts to 
permit continued operations. t(o 
additional storage facilities wall ld be 
constructed at these locations. 

1 992/1993 Planning Basis 
Alternative 

The 1992/1993 Planning Basis 
alternative represents DOE's plans (in 
1992 and 1993) for management of its 
spent nuclear fuel. Under this 
alternative, IXJE would transport and 
store newly generated spent nuclear 
fuel at the Idaho National 
Engineering Laboratory or the 
Savannah River Site (Figure 5). \1ost 
existing spent nuclear fuel located at 
major DOE sites would remain ,]t 
those sites. 

Some existing spent nuclear fuel at 
other sites would be consolidated at 
the Idaho National Engineering 
Laboratory or Savannah River Site. 
The Savannah River Site and Ida.ho 
National Eng] neering Laboratory 
would also receive some test reactor 
fuel and some fuel from university 
and foreign research reactors. The 
Hanford Site would receive onlv 
limited quantities of fuel for research 
on storage and dispositioning 
technologies. OOE sites wou Id 
generally upg;rade facilities and 
construct new facilities to manage 



3. 1 992 - 1 993 Planning Basis 

Radiation Risk 
Estimated latent cancer fatalities less than 
l over 40-year period for normal operations. 

; 
, 

, ; 

[Sj

\
Hawau 

. , 
• •  

o 

Shipments going to Savannah River Site 
-- Shipments going to Idaho National Engineering Laboratory 
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Approximate 
Shipments 

',000 

',000 

- -- - - - Shipments going to Puget Sound Naval Shipyard and then to the INEL 

DOE • Naval Fuel 
Production reactor SNF remains at Hanford 

Fuel Source Approximate Shipments 
• DOE Research 

- Brookhaven National Laboratory, NY 
- Hanford, WA 
- Oak Ridge Reservation, TN 
- Idaho National Engineering 

Laboratory,lO 
- Los Alamos National Laboratory, NM 
- Savannah River Site, SC 
- Sandia National laboratories, NM 
- Argonne National Laboratory�East, IL 

• Special Cese Commercial 
- West Valley. NY 
- Lynchburg, VA 
- Fort 51. Vrain, CO 

Approximate Shipments 
To: Idaho National 
Engineering Laboratory (INELl 
To: savannah River Site (SRSl 

410 

120 

To: INEL 580 
for examination and 
storage 

(] Foreign Fuel a 

(potential points of entry) 

Approximate Shipments 
To: INEL 

46
0 I To: SRS 550 

• University 

Approxlmata Shipments 
To: INEL 260 
To: SRS 260 

• Domestic Non-DOE 

Approximate Shipments 
To: INEL 30 
To: SRS 190 

a. Foreign /uel could enter the U.S. at any one of the Identified point. of entry for transporl to the INEL or SRS 

Figure 5, Spent nuclear fuel distribution for the 199211993 Planning Basis alternative. 
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' ,'_�n "u.rnatlve 4A - Preferred Au.rnatlve: 
�tIl!Iute exiSlinv and proj!lcted spElnt nuclear fuel amoog DOE 
-.; primallly orllhe basis of fuel lype. 

• 

• 

I . 

Nlwaf luetwould be transported to, examined, and stored 
at the idaho National iEngineering Laboratory. 

Aitlmmum..cled fuel would be ttansported to the 
S_",. River Site; TRIGA and nQll-aluminum fuel 

·_Id b9 lran!lPOlled to the Idaho National Englneerinv 
bIIlIill��;� pt'od\IctiQn luel _Id be reteined at 
1b8 Ef81dWd  S'lla. 

Spent nLlctear fuel proceasinv might need to be 
�,�er form$ ohlablHulion might occur to 
�mr:i_ Slorag!l and/or transport. 

o FIlGiIi!i8" rl!qU!red to support spElnt nuclear fuel 
rl1<Ilt8g8Iftal'ltiWDUld be upgreded or built as necessary. 

FIeaaarcII and davefoprnent for spent nuclear fuel 
mllll8ig8l'!l8rrt ·_Id be under1EaklilA, incllJding stabilization 
tedmology. 

'nIe Easlam Aagional Site _Id l1!eeive fuel from east 
i:lf1ha MIIIslsslppi Ri""" and the Western Regional Site 
WouId rec:elve luel from wast of the Mississippi River. 

i ft�� WQ!;IId betransporttd !d. $Kar!Iined. and stored 
... _rl!it W!lSlern Regional Site or tna Eastern 

r . .  i _�"�,fIIIe. 

� �r fuel processing might need to be 
QCI!IdUCted, Other Ionns of stabilization might occur to 
JlfovR:lelor.saIe storage andIor transport. 

f'acllillas required to support $p8nt nuclear fuel 
�.n1WOUld be upgreded or Iluilt as necassary. 

Aas�iand davefoprnent for spent nuclear !ueI 
m��nt_ld be undertaken, including �, .. t;"l lachndlogy. 
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spent nuclear fuel. Activities related 
to spent nuclear fuel treatment would 
include research and development 
and pilot programs to support future 
decisions on the ultimate disposition 
of spent nuclear fueL 

Naval reactors would continue to be 
refueled and defuded as planned. 
Naval spent nuclear fuel would be 
transported from naval sites to the 
Expended Core Facility at the Idaho 
National Engineering Laboratory for 
examination. Following examination, 
fuel would remain in storage a t the 
Idaho National Engineering 
Laboratory pending ultimate 
disposition. 

Under this alternative, other generator 
and storage locations would continue 
to ship spent nuclear fuel to the Idaho 
National Engineering Laboratory and 
Savannah River Site. No additional 
storage facilities would be constructed 
at these originating locations. 

Regionalization and Preferred 
Alternative 

This alternahve would require a 
redistribution of spent nuclear fuel 
among DOE sites, either on the basis 
of fuel type (Regionalization 
Alternative 4A - Preferred Alternative) 
or on the basis of geography 
(Regionalization Alternative 4B). 
Regionalizahon by fuel type 
(Alternative 4A- Preferred 
Alternative)(Figure 6) would involve 
the use of the Idaho National 
Engineering Laboratory and Savannah 
River Site for storage of most newly 
genera ted spent nuclear fuel. Existing 
defense production spent nuclear fuel 
at tht' Hanford Site would remain 
there. Inters:lte transportation of fuel 
would depend on the site's existing 
capabilities to manage specific fuel 
types with respect to cladding 
lnaterial, physical and chemical 
composition, fuel condition, and 
adequate facilities to handle increased 



4. DOE - Regionalization (by Fuel Type) 

Alternative 4A - Preferred Alternative 

Radiation Risk 
Estimated latent cancer fatalities less than 
l over 4O-year period for normal operations. 

, , , , , \ Hawaii 

~ 
Shipments going to Savannah River Site 

-- Shipments going to Idaho National Engineering Laboratory 
Shipments going to Puget Sound Naval Shipyard and then to the INEL 

Production reactor SNF remains at Hanford 
Approximate Shipments 

To: Idaho National 
Engineering Laboratory (INEL) 1 ,050 I 
To: Savannah River Site (SRS) 280 

C Foreign Fuel a 

(potential points of entry) 

Approximate Shipments 
To: INEL 170 I To: SRS 840 

* Naval Fuel 

Approximate Shipments 
To: INEL 580 
for examination and 
storage 

• University 

Approximate Shipments 
To: INEL 120 
To: SRS 400 

• Domestic Non-DOE 

Approximate Shipments 
To: INEL 30 
To: SRS 190 

REO 0671 

B. Foreign fuel could enter the U.S. st any one of the /dent/fed points of entry for transport to the INEL or SRS 

Figure 6. Spent nuclear fuel distribution for Regionalization Alternative 4A. 
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�/zatlon 

Mal!aQe ail llxlSting and 
pr� _t nuclear fuel 
in_�aton!l site until 
ultimata disposition. 

• Exis1lng spent nuclear 
fuel WOUld be 
transport!ld 10 IhEI 
C!lntraI site. 

• Naval fuel would be 
transport!ld 10, 
examined ai, and stDl"lI!l 
at the Cantrai site. 

. 

• Projel:ted spent nuclear 
fuel � would be 
transpol'led to the 
central site. 

• Spent nuclear fuel 
processing might need 
Ie be c:ondllOled. Other 
forms Of BtabillzatlOn 
might occurtG provide 
for safe s!Drage and/Qr 
transport. 

• Facility upgrade! 
replacement and n_ 
storage capacity would 
be provided at the 
c!lnlrai sile; stabilization 
lacilllies would be 
provided at the 
transportll1g slles. 

• Research and 
development would be 
undertaken lor spent 
nuclear fuel 
management, including 
stabilization lechnology. 
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quantities of tuel. Naval fuel would 
be transported to the Expended Core 
Facility at the Idaho National 
Engineering l .aboratory for 
examina bon. Following examination, 
fuel would remain in storage at the 
Idaho Nation,ll Engineering 
Laboratory. f acility upgrades, 
replacements, and additions would be 
undertaken h) the extent required, 
including rest'arch and development 
activities. 

Regionalization by geography 
(Alternative 4B) (Figure 7) would 
involve consolidation of spent nuclear 
fuel from the eastern United States at 
the Eastern Regional Site (Oak Ridge 
Reservation or Savannah River Site) 
and consolida tion of fuel from the 
western United States at one of the 
Western Regional Sites (Hanford Site, 
Idaho Nation.ll Engineering 
Laboratory, or Nevada Test Site). 
Naval spent nuclear fuel would be 
transported to, examined, and stored 
at either the Eastern or the Western 
Regional Site. Regionalization 
Alternative 4B has 10 options, based 
on the combination of sites selected as 
the Eastern and Western Regional 
Sites, and the placement of the 
Expended Core Facility at either of the 
sites. There are three potential 
Western and two potential Eastern 
Regional Site, that could be paired, 
with either supporting the Expended 
Core Facility. However, neither of the 
two possible mmbinations that 
include the Idaho National 
Engineering Laboratory as the 
Western Regional Site would consider 
moving the Expended Core Facility to 
the eastern site because of the 
estimated $1 billion cost of 
construction. Facility upgrades, 
replacements. and additions would be 
undertaken to the extent required, 
including reSt 'arch and de\Celopment. 

Under this alternative, other generator 
and storage locations would continue 

to transport spent nuclear fuel to the 
Idaho National Engineering 
Laboratory and the Savannah River 
Site. The exact destination of fuels 
would vary, depending on the fuel 
type under Regionalization 
Alternative 4A and on the generator / 
storage location under Regionalization 
Alternative 48. 

Centralization Alternative 

Under the Centralization alternative, 
all spent nuclear fuel that DOE is 
obligated to manage would be 
transported to one DOE site 
(Figure 8). Candidate sites include the 
Hanford Site (Option A), Idaho 
National Engineering Laboratory 
(Option B), Savannah River Site 
(Option C), Oak Ridge Reservation 
(Option D), and Nevada Test Site 
(Option E). New facilities would be 
built at the Centralization site to 
accommodate the increased 
inventories. Some spent nuclear fuel 
would require stabilization before 
transport. All spent nuclear fuel 
facil ities at the transporting sites 
would then be closed. Activities 
related to stabilization of fuel. 
including research and development 
and pilot programs, would also be 
centralized at this same site. 

Transport of naval spent nuclear fuel 
to the Idaho National Engineering 
Laboratory would continue only until 
storage and examina tion facili ties are 
constructed J.t the central site. For 
Centralization at sites other than the 
Idaho National Engineering 
Laboratory, a new faCility with 
capabilities comparable to the 
Expended Core Facility at  the Idaho 
National Engineering Laboratory 
would be constructed. 

All 'pent nuclear fuel from the other 
generator and storage sites would be 
transported to the selected central 
DOE site. 



4. DOE - Regionalization (by Geography) 

Alternative 48 

Radiation Risk 

Estimated latant cancer fatalities less than 
l over 4O-year period for normal operations. 

, , , 
, ,, ;  , 

• 
q • 

\ HawaII 

[9 
• 

• 

• 

DOE - Regionalization 

Alternative 48 
(West - Hanford) 

Approximate Shipments· 
To: Hanlord 2,700 
Nayal shipments 
il Expended Core Facility 
at Hanlord 580 

DOE - Regionalization 

Alternative 48 
(West - INEL) 

Approximate Shipments 
To: Idaho National 
Engineering Laboratory 2,500 
(INEL) 

Naval shipments 
II Expended Core Facility 
al lhe INEL 580 

DOE - Regionalization 

Alternative 48 
(West - NTS) 

Approximate Shipments· 
To: Nevada Tesl Slle (NTS) 4,400 
Nayal shipments 
if Expended Core Faclilly 
al NTS 580 

• • 

• 

• • 

• 

• 

Lagend 

Source 

., U.S. Department of 
Energy Facllltle. 

• NavaI Stt_. 

a Foreign Returna 
(potential pointe of entry) 

• SpeclaloCa_ 
Commercial 

• Domestic Non-DOE 

• Universities 

Sites ship to either Hanford, INEL or NTS 

_ Sites ship to either ORR or SAS' 

Shipments going to Puget Sound Naval Shipyard 
and then to the regional site 

DOE - Regionalization 

Alternative 48 
(East - SRS) 

DOE - Regionalization 

Alternative 48 
(East - ORR) 

Approximate Shipments- Approximate Shipments-
To: Savannah River Slle (SRS) 1 ,600 I To: Oak Ridge Reaervallon (ORR) 2,300 
Navsl shipments If Expended 
Core Facility al SRS 580 

Naval shipments If Expended 
Core Facility al ORR 580 

REO 0672 
s. Shipment numbers exclude Shipments thst would be msde during trsnsltlon period (see text). 

Figure 7. Spent nuclear fuel distribution for Regionalization Altemative 48. 
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5. Centralization 

Radiation Risk 

Estimated latent cancer fatalities less than 
2 over 4G-year period for normal operations. 

- - - - - -� 
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Centralization 

Alternative 5A (Hanford) 

Approximate Shipments· 

To: Hanford 5,100 

Naval Shipments 580 

Centralization 

Alternative 58 (INEL) 
Approximate Shipments 

To: Idaho National 4,900 
Engineering Laboratory (INEL) 
Naval Shipments 580 

Centralization 

Alternative 5D (ORR) 
Approximate Shipments· 

To: Oak Ridge 6,700 
Reservation (ORR) 
Naval Shipments 580 
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Energy Facilities 
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(potential points of entry) 

• Speclal·Case 
Commercial 

• Domestic Non-DOE 

• Universities 
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.t 
• 

@ 

" "  . _ _ 

S
hipments going to Puget Sound Naval Shipyard 

and then to the central site 

Centralization 

Alternative 5C (SRS) 
Approximate Shipments· 

To: Savannah 6,000 
River Site (SRS) 
Naval Shipments 580 

Centralization 

Alternative 5E (NTS) 

Approximate Shipments· 

To: Nevada 6,800 
Test Slle (NTS) 
Naval Shipments 580 

B. Shipment numbers exclude shipments that would be made during transition period (see text). 

Figure 8. Spent nuclear fuel distribution for the Centralization alternative. 
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estimates in the EIS of potential 
environmental consequences 

resulting from programmatic (DOE
wide) alternatives are based on 
conservative assumptions (that is, 
with a tendency to overestimate). 
Analytical approaches are designed to 
provide estimates of the maximum 

I reasonably foreseeable consequences. 

As indicated in the EIS, the 
environmental consequences of the 
five spent nuclear fuel management 

I alternatives would be small. For 
example, analyses of air quality, water 
quality, and land use for each 
alternative showed little or no impact. 
The details of these examinations are 
discussed in Chapter 5 of Volume l.  
The comparison of alternatives in this 
Summary, therefore, concentrates on 
(a) the areas in which the public has 
expressed considerable interest and 
(b) programmatic factors important to 
DOE decisionmaking. The following 
factors were selected for comparison: 

• Number of shipments among 
sites 

• Public and worker health 
effects 

• Spent nuclear fuel-related 
employment 

• Generation of radioactive 
waste 

• Impact on DOE or Navy 
missions 

• Cost of implementation 
• Cumulative impacts. 

Number of Shipments 

I Figure 9 shows the number of offsite 
shipments that would occur under 
each alternative. It quantifies 
shipments of test specimens, as well 
as fuel elements. Shipments of naval 
test specimens are included because of 
their contribution to cumulative 
impacts of naval spent nuclear fuel 
transportation. The No Action 
alternative would involve only a 

limited number of naval spent nuclear 
fuel shipments (about 200). 

The Decentralization alternative, 
1992/1993 Planning Basis alternative, 
and Regionalization Alternative 4A 
(Preferred Alternative) mostly involve 
shipments from the smaller reactor 
and storage sites and the naval sites to 
DOE sites. These shipments would 
range in number from approximately 
2,000 shipments under 
Decentralization Options A or B to 
approximately 3,700 under 
Regionalization Alternative 4A 
(Preferred Alternative). 

Decentralization Option C and the 
1992/1993 Planning Basis alternative 
each would involve approximately 
2,900 shipments over the 40-year 
period. 

For the Centralization alternative and 
Regionalization Alternative 4B (by 
geography), spent nuclear fuel would 
be transported to one or two sites, 
respectively. For these Alternatives, 
the number of shipments would range 
from approximately 4,600 under the 
Regionalization Alternative 4B (with 
Idaho National Engineering 
Laboratory and Savannah River Site 
as the western and eastern sites 
respectively) to about 7,400 shipments 
under the Centralization Option E 
(Centralization at the Nevada Test 
Site). 

Public and Worker Health 
Effects 

Spent nuclear fuel management 
activities would result in radiation 
exposures to the workers and the 
public from facility operations and 
transportation activities. Additional 
radiation exposures could occur as a 
result of transportation or facility 
accidents. Any radiation exposures 
from spent nuclear fuel management 
activities would be in addition to 
exposures that normally occur from 
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Decentralization B: Limited examination of naval fuels at Puget Sound Naval Shipyard 
Decentralization C: Full examination of naval fuels at Idaho National Engineering 

Laboratory with spent nuclear fuel stored at naval sites 
Regionalization 4A: Regionalization by fuel type 
Regionalization 4B: Regionalization by geography 

Site initials: 

H: Hanford Site 
I :  Idaho National Engineering Laboratory 
S: Savannah River Site 
0: Oak Ridge Reservation 
N: Nevada Test Site 

Spent fuel 

• Test specimensa 

a. Test specimens are small quantity fuel samples shipped for laboratory analysis 

Figure 9. Number of spent nuclear fuel and test specimen shipments between the years 1995 and 2035. 
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natural sources such as cosmic 
I radiation (involuntary exposure) and 

from artificial sources such as chest x
I rays (voluntary exposure). 

The effects of radiation exposure on 
humans (and the environment) 
depend on (a) the kind of radiation 
recei ved, (b) the total amount of 
radiation received (the rate of 
exposure times the length of 
exposure), and (c) the part(s) of the 
body exposed. Radiation can cause a 
variety of health effects in people. The 
most significant health effect to 
describe the consequences of public 
and worker radiation exposures is 
"latent cancer fatality." It is referred 
to as "latent" because the cancer may 
take many years to develop and for 
death to occur. Section 5.1.1 of Volume 
1 of this EIS discusses the scientific 
basis and methods used to estimate 
latent cancer fatalities that could result 
from exposure to radiation. 

Other health effects that can result 
from radiation exposure include non
fatal cancers and genetic effects. This 
EIS focuses on latent cancer fatalities 
as the primary health risk from 
radiation exposure and uses the risk 
of latent cancer fatality as the basis for 
comparison of radicltion-induced 
impacts among alternatives. As stated 
in this EIS, the total estimated health 
effects for the public (fatal cancers, 
non-fatal cancers, and genetic effects) 
may be obtained by multiplying the 
estimates of latent cancer fatalities by 
1 .46, based on risk estimates 
developed by the International 
Commission on Radiological 
Protection. 

Under all alternatives (over a 4()-year 
period), the estimated number of 
latent cancer fatalities to the public 
from normal DOE spent nuclear fuel 
management activities (facility 
operations plus transportation) would 
range from approximately zero to 
about two latent cancer fatalities, or 

L.afent CsncerFlfllJlIIiu c.used Per Renl IDI"  
an lrJdlJ!f$lll' � O' '''' 0entmII FIubJk: 

Oosa: 

Fladililaclivity from aH SQUrce8 combined, including 
i1I!l� baCil<Gr.Qund tWllalion and madlcal sources. 
pr!ildlK!e� abCwl !!l 0.3 rem dose to the average 
IIldivk;lUlll per year. 

Probablll!y: 

� probaBility of receiving the above dose is 
�senllally 009. 

AMIBII', lUa IPlln: 
i'l! years l\l  c(IIIIIldlitreci to be the average lifetime. 

=-==�(QT811 
�.on: 

DosE! �'x lif!lt,� l( C8nC9l'1il c:ausad per rem • 

Q.3 reml)lillt8r IC'�'ys.'1l x Q.1lJQG5 cancers per rem = 

Q,[!1 !aIaI _rs par Indhlldual liletime. 

Rlak: 
Pr!lbatlilily 11 fB\al lalem cancers . 1 x 0.01 • 0.01 
!alai _r. whicn i$ a PfObsbility of stlout 1 In 1 00  
of death from exposure tD natural baCil<Ground 
r�and medical sources over 1\ lifetime. 

about 0.05 latent cancer fatalities per 
year (Figure 10). In general, the 
greatest radiation exposure from 
normal spent nuclear fuel site 
activities and incident-free 
transportation results when large 
quantities of spent nuclear fuel are 
transported among sites, such as 
under Regionalization Alternative 4B 
or the Centralization alternative. 
Under incident-free transportation, the 
estimated total latent cancer fatalities 
are less than two for all alternatives, 
with the highest estimates being those 
associated with the Centralization 
options. This reflects the higher 
number of shipments associated with 
these options. 

fhe risk of latent cancer fatalities 
associated with facility accidents is 
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Site initials: 
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I: Idaho National Engineering Laboratory 
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a. Total fatalities are the sum of the estimated number of radiation-related latent cancer 
fatalities for workers and the general population and the estimated number of 
nonradiological fatalities from vehicular emissions. Average annual risk for incident free 
transportation was determined by dividing the cumulative risks over the entire 
transportation campaign by the estimated duration of the transportation campaign. 
Cumulative risks are presented in Chapter 5 of EIS Volume 1 .  
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Figure 10. Maximum estimated latent cancer fatalities per year in the general population from normal spent nuclear fuel 
site operations and total fatalities from incident-free transportation. 
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small across all the alternatives, as 
shown in Figure 11. The evaluated 
facility accident scenario with the 
highest risk (breach of a fuel assembly 
for the Centralization alternative at 
the Savannah River Site) would result 
in an estimated risk of 0.0072 latent 
cancer fatality per year (one latent 
fa tal cancer in 140 years). 

The risk associated with radiation 
from transportation accidents poses a 
lower risk than facility accidents 
(Figure 12). The risks associated with 
traffic fatalities (nonradiological) are 
greater than the risks associated with 
cancer caused by radiation exposure, 
although both are very small 
(Figure 12). The evaluated 
transportation accident scenario with 
the largest consequences (spent 
nuclear fuel transportation accident in 

I a suburban area) would lead to 55 
latent cancer fatalities; the probability 
of this occurrence is about 1 in 

I 10 million years. 

In summary, for radiation-induced 
latent cancer fatalities to the public 
over 40 years of spent nuclear fuel 
management under all the alternatives 
evaluated, the most likely outcome is 
as follows: 

I • 

Essentially zero latent cancer 
fatalities from normal facility 
operations and facility 
accidents 
Essentially zero latent cancer 
fatalities from transportation 
accidents 
Up to about one latent cancer 
fatality from most incident
free transportation under 
most alternatives; up to two 
latent cancer fatalities under 
the Centralization alternative. 

I Up to about two fatalities could result 
over the 40-year period from 
nonradiological traffic accidents. By 
comparison about 40,000 people are 
killed annually in U.S. traffic 
accidents. 

Although the anticipated potential for 
radiation exposures would be small, 
DOE would use the "as low as 
reasonably achievable" principle for 
controlling exposures to workers and 
the public. For example, practices 
would be implemented to avoid or 
reduce production of potentially 
harmful substances and waste 
minimization would be practiced to 
reduce the toxicity and volume of 
secondary wastes to be managed. 
Furthermore, all sites would update 
their current worker training, 
emergency planning, emergency 
preparedness, and emergency 
response programs to address new 
spent nuclear fuel management 
activities. 

Spent Nuclear Fuel-Related 
Employment 

Under various alternatives, the total 
labor force involved in spent nuclear 
fuel management could decrease by 
180 jobs or increase by more than 2,100 I 
jobs, averaged over the period 1995 to 
2005, as compared with the 1995 
baseline (Figure 13). The peak 
employment is difficult to estimate 
because it depends on implementation 
timing and funding profiles; however, 
Regionalization Alternative 4B (by 
geography) with the Nevada Test Site 
as the western site and Oak Ridge 
Reservation as the eastern site would 
result in the highest employment peak. 
The peak, estimated to be 
approximately 4,600 jobs in the year 
2000, includes employment at sites 
preparing spent nuclear fuel for 
shipment to the selected sites. 

Under the No Action alternative, 
employment would not increase 
substantially for any site, and the 
closure of the Expended Core Facility 
at the Idaho National Engineering 
Laboratory would result in a net loss 
of just over 500 spent nuclear fuel 
management-related jobs. 
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a. Facility risks are based on the product of the probability and consequences of the respective 
maximum foreseeable facility accident for each alternative and expressed i n  latent cancer 
fatalities per year. 

Figure 11_ Estimate of risk of latent cancer fatalities in general population from facility accidents for spent nuclear fuel 
management activities. 
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Site initials: I: Idaho National Engineering Laboratory 

S: Savannah River Site 
0: Oak Ridge Reservation 
N: Nevada Test Site 

Location of Expended Core Facility 

III Traffic fatality risk 

• Radiological risk 

a. Radiological risk is in terms of latent cancer fatalities per year from spent nuclear fuel 
shipments; traffic fatality risk is in terms of estimated nonradiological traffic accident fatalities 
per year from spent nuclear fuel Shipments. 

b. Average annual risk was determined by dividing the cumulative accident risks over the 
entire transportation campaign by the estimated duration of the transportation campaign. 
Cumulative transportation accident risks are presented in Chapter 5 of EIS Volume 1 .  

Figure 12. Estimate of average annual risk" from transportation accidents for spent nuclear fuel management activities. 
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a. The maximum values occur with processing; the minimum values occur without processing. 

Figure 13. Change in the number of jobs averaged over the years 1995 to 2005 for spent nuclear fuel management 
activities. 
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Relocating large amounts of spent 
nuclear fuel, such as under 
Regionalization Alternative 4B (by 
geography) and the Centralization 
alternative, would eventually result in 
the closure of spent nuclear fuel 
management facilities at major DOE 
sites and, thus, long-term job loss at 
the closed facilities. However, some 
of the job losses at closed facilities 
would be accompanied by job gains at 
the sites receiving the shipped fuels. 

For all three Decentralization options, 
the 1992/1993 Planning Basis 
alternative and Regionalization 
Alternative 4A (Preferred Alternative), 
no more than an average additional 
1,150 jobs would be required over the 
period 1995 to 2005 for 
implementation. Some of the more 
significant spent nuclear fuel 
employment requirements 
(particularly those involving the 
Hanford Site) would result from the 
development and operation of 
processing facilities needed to 
stabilize stored spent nuclear fuel. In 
addition, relocating the Expended 
Core Facility to sites other than the 
Idaho National Engineering 
Laboratory would result in an increase 

I of about 500 jobs in the support of 
naval spent nuclear fuel examinations 
at those sites, and would result in a 
corresponding loss of approximately 
500 Jobs at the Idaho National 
Engineering Laboratory. 

Thus, minor employment-related 
impacts are anticipated. To mitigate 
these impacts, DOE would coordinate 
its planning efforts with local 
communities and county planning 
agencies to address changes in 
commWlity services, housing, 
infrastructure, utilities, and 
transportation. Such coordination 
with local planning agencies is 
intended to avoid placing undue 

I 
burdens on local agency resources. 

Generation of Radioactive 
Wastes 

When spent nuclear fuel is stored 
onsite, very little high-level, 
transuranic, or mixed waste is 
generated (see Figure 14). These small 
quantities of radioactive wastes would 
usually be generated during 
stabilization activities. As a result, 
under the No Action alternative fewer 
than 20 cubic meters (26 cubic yards) 
per year of transuranic wastes would 
be generated from spent nuclear fuel 
management nationwide because 
spent nuclear fuel would not be 
stabilized. Under all other 
alternatives, where stabilization 
activities would occur, between 20 and 
190 cubic meters (26 and 250 cubic I 
yards) of high-level waste and 
between 20 and 90 cubic meters (26 
and 120 cubic yards) of transuranic 
waste would be generated each year. 
The lower generation rates would 
occur in the Decentralization 
alternative, where small amounts of 
spent nuclear fuel would be 
transported among major DOE sites 
(and stabilization for transport would 
not be necessary). 

For all other alternatives, greater 
amounts of spent nuclear fuel would 
be transported among sites; therefore, 
more spent nuclear fuel would require 
stabilization before transport and 
more waste would be generated. 

Low-level waste also is generated as a 
result of spent nuclear fuel 
management. Figure 15 indicates an 
estimated range of annual volumes for 
each of the alternatives. The higher 
values are principally the result of 
processing for stabilization. 

To control the volume of waste 
generated and reduce impacts on the 
environment, pollution prevention 
practices would be implemented. 
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a. The maximum values occur with processing; the minimum values occur without processing. 

Figure 14, Average volume of high'level, transuranic, and mixed waste generated per year over the years 1995 to 2005 
for spent nuclear fuel management activities. 
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Decentralization C: Full examination of naval fuels at Idaho National Engineering 

Laboratory with spent nuclear fuel stored at naval sites 
Regionalization 4A: Regionalization by fuel type 
Regionalization 48: Regionalization by geography 

Site initials: 

H: Hanford Site 
I: Idaho National Engineering Laboratory 
S: Savannah River Site 
0: Oak Ridge Reservation 
N: Nevada Test Site 

Location of Expended Core Facility 

• Min" 

• Max" 

Z 

" 
0 

� .!:! 
� 
1:' " 
U 

a. The maximum values occur with processing; the minimum values occur without processing. 

Figure 15. Average volume of low·level wastes generated per year over the years 1995 to 2005 for spent nuclear fuel 
management activities. 
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DOE is responding to Executive 
Order 12856, "Federal Compliance 
with Right to Know Laws and 
Pollution Prevention Requirements," 
and associated DOE orders and 
guidelines by reducing the use of toxic 
chemicals; improving emergency 
planning, response, and accident 
notification; and encouraging the 
development and use of clean 
technologies and testing of innovative 
pollution prevention technologies. 
Pollution prevention programs have 
already been implemented at DOE 
sites. Program components include 
waste minimization, source reduction 
and recycling, and procurement 
practices that preferentially procure 
products made from recycled 
materials. 

Impact on DOE and Navy 
Missions 

The mission concerns of DOE and the 
Navy relate to storing spent nuclear 
fuel safely, meeting obligations, 
preparing spent nuclear fuel for 
ultimate disposition, and examining 
naval fuel. Under the 1992/1993 
Planning Basis, Regionalization, and 
Centralization alternatives, the 
missions of DOE and the Navy would 
be met. However, under the No 
Action and Decentralization 
alternatives, some parts of their 
current missions would not be 
achieved. 

DOE's mission is most severely 
impacted under the No Action 
alternative. In this alternative, only 
the minimal actions necessary would 
be undertaken to store spent nuclear 
fuel. This means that there would be 
no facility upgrades or replacements 
(except those needed for safe storage 
of spent nuclear fuel) and research 
and development activities would be 
limited to activities already approved. 
The consequences of pursuing this 
alternative could include any or all of 
the following: 

• 

• 

• 

• 

Loss of margin in storage 
capacity 
More frequent and possibly 
more costly repairs to 
equipment and facilities as the 
frequency of breakdowns 
Increases 
Eventual loss of the use of 
existing storage facilities 
because equipment or 
facilities are beyond repair or 
because there is no flexibility 
in storage capacity to permit 
repair work 
Limited development of 
improved storage 
technologies and facilities, 
reducing DOE's ability to 
meet future needs and 
implement future decisions 
regarding ultimate 
dispOSition of spent nuclear 
fuel. 

The Navy's mission would be 
hindered if  the full examination of 
fuels at an Expended Core Facility 
were not possible. No or limited 
examination would occur under the 
No Action alternative and 
Decentralization alternative (Options 
A, no examination, and B, limited 
examination). The examinations are 
an important aspect of the Navy's 
ongoing advanced fuel research and 
development program. The 
information derived from the 
examinations provides engineering 
data to support the design of new 
reactors, continued safety of existing 
reactors, and improvements in nuclear 
fuel performance and reactor 
operation by providing confirmation 
of their proper design and allowing 
maximum use of their fuel. 

The No Action alternative would also 
impact ongoing nuclear research and 
training activities at universities that 
have little or no storage capacity for 
spent nuclear fuel. Such activities 
would cease once storage capacity is 
exhausted. 



Cost of Implementation 

Since publication of the draft EIS, 
OOE has completed an evaluation of 
potential costs associated with 
management of its spent nuclear fuel 
for an interim period (up to 40 years), 
and through ultimate disposition. For 
each alternative, the cost evaluation 
considered capital cost for upgrades to 
existing facilities and new facilities, 
operation and maintenance costs for 
existing and new facilities, 
decontamination and 
decommissioning costs for new 
facilities, and spent nuclear fuel 
transportation costs. Because each 
alternative would manage various 
amounts of spent nuclear fuel and the 
potential use of existing facilities 
would vary among alternatives, two 
cost ranges were considered-a 
minimum (lower) cost range that 
considered maximum use of existing 
facilities and a maximum (upper) cost 
range that minimized use of existing 
facilities in favor of additional new 
management facilities (Figure 16). 

The cost analysis found that when use 
of existing facilities was maximized, it 
would be least costly to manage spent 
nuclear fuel under alternatives that 
involve sites with existing capabilities 
(e.g., Decentralization, 1992/1993 
Planning Basis, and Regionalization), 
as opposed to the Centralization 
alternative that would require the 
construction of storage facilities 
(Figure 16). 

When minimum use of existing 
facilities is considered, economies of 
scale would be realized as it is more 
cost effective to build and operate one 
larger facility than to build and 
operate several smaller facilities with 
the same combined capacity. Thus, for 
example, Regionalization 4A (by fuel 
type), in which all spent nuclear fuel 
would be transported to sites that 
have existing fuel management 
infrastructures, is less costly than the 
1992/1993 Planning Basis and 
Decentralization alternatives 
(Figure 16). 

Cumulative Impacts 

A cumulative impact results from the 
incremental impact associated with 
implementing an alternative plus the 
impacts of other past, present, and 
reasonably foreseeable future actions. 
"Other" actions include OOE projects 
at the potentially affected sites not 
related to spent nuclear fuel 
management, as well as projects of 
other Government agencies, private 
businesses, or individuals. 

On a nationwide basis, the 
implementation of any of the spent 
nuclear fuel management alternatives 
would not significantly contribute to 
cumulative impacts. Although 
impacts to the natural environment 
(for example, water, air, ecology, and 
land use) were analyzed, the 
cumulative impacts are very small, 
espeCially if impact avoidance and 
Initigation measures are taken. 

In general. the contribution to 
cumulative impacts from activities 
required for spent nuclear fuel 
management would be very small at 
sites where fuel is stored, in 
comparison to other ongoing and 
reasonably expected nonfuel-related 
projects. Even for those alternatives 
(Regionalization or Centralization) 
where the use of nonrenewable 
resources would be relatively large, 
increases in the impacts at the selected 
site(s) would be offset by changes at 
nonselected sites-resulting in a very 
small net change. 

On a site-specific basis, the 
implementation of any of the 
alternatives would not significantly 
contribute to cumulative impacts. 
Generally, the contribution to 
cumulative impacts from spent 
nuclear fuel management activities at 
a specific site is minor, relative to other 
DOE and non-DOE projects. 
Radiological emissions from normal 
operations and from transportation of 

Volume 1, Summary 37 



25 

20 £l �  Ill '" 8 1.0  _ Ol  
ai � 1 5 
E III Q) C g> .Q 1 0 c =  '" .



::E £  

5 

0 c « co 0 c c U 0 0 
« .

� 
.
� 0 .!::! .!::! Z � '" � 

C C Q) Q) tl U Q) Q) 0 0 

<.l III « co ·iii .r .r c '" 0 CO c c 
� 0 0 
.!::! Cl � 

.
� c 

'" c .!::! .!::! 
� c Cii Cii C i!1 c c Q) 0 0 CL U .", .", Q) cry Q) Q) 0 Ol a: a: Ol 

� 
� C\J Ol Ol 
� 

Key: 

Decentralization A: No examination of naval fuels 

I (J) 0 Z 
c c 0 c c c 0 .
� 0 0 0 

� � .... � .!::! '" .!::! � .!::! .!::! .!::! 
'" Cii Cii Cii � C � � � 
c c - c Q) C Q) <.l Q) Q) Q) <.l <.l <.l <.l 

Decentralization 8: Limited examination of naval fuels at Puget Sound Naval Shipyard 
Decentralization C: Full examination of naval fuels at Idaho National Engineering 

Laboratory with SNF stored at naval sites 
Regionalization 4A: Regionalization by fuel type 
Regionalization 48: Regionalization by geography 

H: Hanford Site 
I: Idaho National Engineering Laboratory 
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a. Minimum (lower) cost range with maximum use of existing facilities 
b. Maximum (upper) cost range with minimum use of existing facilities 

Figure 16. Management costs for interim storage of spent nuclear fuel through the year 2035. 
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spent nuclear fuel would be well 
withln regulatory requirements. The 
volumes of waste produced from fuel 
management activities would be a 
small addition to waste volumes 
generated by other ongoing and 
expected projects. 

Depending on the economic status 
and outlook for an area, spent nuclear 
fuel activities coupled with other 
actions could have the potential to 
strain or overburden the 
socioeconomic resources of certain 
areas, particularly if either the 
Regionalization or Centralization 
alternatives were implemented with 
the Expended Core Facility placed at 
the site. Although each site is 
anticipating an overall decline in site 
employment over the next few years, 
the in-migration of construction 
workers associated with proposed 
spent nuclear fuel management 
alternatives combined with other 
reasonably foreseeable activities could 
have small impacts on communities 
surrounding the Hanford Site, the 
Nevada Test Site, and the Oak Ridge 
Reservation. Such socioeconomic 
impacts would not be expected to 
occur at the other sites. 

Environmental Justice 

In February 1994, Executive Order 
12898 entitled, "Federal Actions to 
Address Environmental Justice in 
Minority Populations and Low
Income Populations" was issued to 
federal agencies. This order requires 
federal agencies to identify and 
address disproportionately high and 
adverse human health or 
environmental effects of their 
programs, policies, and activities on 
minority populations and low-income 
populations. Mitigation measures are 
to be identified, if necessary, and 
federal agencies are to increase 
communications with these 
communities, in order to promote 
increased awareness of Federal 

activities and involvement in Federal 
decisionmaking. 

In accordance with the Executive 
Order, an interagency Federal Working 
Group on Environmental Justice has 
been convened to provide guidance to 
agencies on implementation of 
environmental justice. Draft Guidance 
for Federal Agencies on Terms in 
Executive Order 12898 provide draft 
definitions of certain terms in the 
Executive Order. The definitions 
adopted for this Final EIS are 
consistent with the draft guidance. 
Disproportionately high and adverse 
human health effects are defined to 
occur when the risk or rate for a 
minority or low-income population 
from exposure to an environmental 
hazard significantly exceeds the risk or 
rate to the general population and, 
where available, to another 
appropriate comparison group. 
Disproportionately high and adverse 
environmental effects are defined to be 
any deleterious environmental impact 
affecting minority populations or low 
income populations that significantly 
exceed those on general population or 
other appropriate unit of geographic 
analysis. 

The programmatic management of 
DOE spent nuclear fuel and associated 
transportation was reviewed under 
each alternative. This review included 
potential impacts that would arise for 
each of the environmental diSCiplines, 
under normal operating conditions 
and under potential accident 
conditions, to minority and low
income communities with in 50 miles 
(80 kilometers) of each potential site. 
Demographic information was 
gathered from the U.s. Census Bureau 
to identify minority populations and 
Jow-income communities in the zone 
of potential impact [(50 mile 
(80 kilometer)] surrounding each of 
the sites under consideration. AnalYSis 
of environmental justice concerns was 
based on a qualitative assessment of 
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the human health and environmental 
impacts of each alternative. The 
analysis found that the impacts of the 
programmatic management of spent 
nuclear fuel under all alternatives 

would not constitute a 
disproportionately high and adverse 
impact on minority or low-income 
communities and, thus, do not present 
an environmental justice concern. 



DOE is committed to 
operating its spent nuclear 

fuel management program in 
compliance with all applicable 
environmental laws, regulations, 
executive orders, DOE orders, and 
permits and compliance agreements 
with regulatory agencies. The DOE 
regulations that implement the 
National Environmental Policy Act 
require consultation with other 
agencies, when appropriate, to 
incorporate any relevant requirements 
as early as possible in the process. 
These consultation and coordination 
requirements will commence and be 

completed as site-specific spent 
nuclear fuel management projects and 
decisions are proposed. To the extent 
that this EIS supports existing site
specific proposals, those consultations 
and coordination efforts are contained 
within Volume 1 Section 7.2 and 
Volume 2 Appendix B-3. DOE has 
reviewed all comments received on 
the draft EIS. To more fully 
understand, evaluate, and consider 
certain agency comments, 
consultations have taken place among 
agency, Idaho National Engineering 
Laboratory and Navy officials on the 
EIS. 
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DOE i s  curn>nt iy in the process of 
milking tVI/O i mportunt sets of 

dt'cisions. The first involves 
programmJtic (DOE-wide) decisions 
regarding DOE's future spent nuclear 
fuel management (addressed in Volume 
1 nf the EIS). The second involves site
specific decisions regarding the future 
direction of environnlcnt,11 restoration 
and waste management programs, 
which include spent nuclear fuel, at the 
Idaho National Engineering LaborJtory 
(<1dd ressed in Volume 2 of this EIS). 
DOE's programmatic decisions 
rl'garding spent nuclear fuel affect the 
Idaho National Engineering Laboratory

specific decisions <lb(lut spent nuclear 
fueL Therdnfc, the spent nuclear fuel 
components of the Idaho National 

Volume l -Programmatic Spent 
Nuclear Fuel Management 

Alternatives - Summary 

No Action 
Take minimum actions required for safe 
and secure management of spent nuclear 
fuel at, or close to, the generation site or 
current storage location. 

Decentralization 
Store most spent nuclear fuel at or close 
to the generation site or current storage 
location, with limited shipments to DOE 
facilities. 

199211993 Planning Basis 
Transport and store newly generated 
spent nuclear fuel at the Idaho National 
Engineering Laboratory or Savannah 
River Site. Consolidate some existing 
fuels at the Idaho National Engineering 
Laboratory or the Savannah River Site. 

Regionalization 
Distribute existing and projected spent 
nuclear fuel among DOE sites, based 
primarily on fuel type (Preferred 
Alternative) or on geography. 

Centralization 
Manage all existing and projected spent 
nuclear fuel inventories from DOE and 
the Navy at one site until ultimate 
disposition. 

Engineering Laboratory-specific 
alternatives have been constructed to 
bear a relationship to those of 
Volume 1 .  

Volume 2-1daho National 
Engineering Laboratory SpeRt 

Nuclear FLUlI Management 
Alternatives - Summary 

No Aetlon 
• Phase out Inspectton of naval spent 

nuclear fuel. Close Expended Core 
Facility. 

• Receiva no non-naval spent nuclear 
fuel. 

• Phase out Idaho Chemical 
Processing Plant-603 storage pools, 

Ten-Year Plan anet Prefarred 
AIIamallve (for apent nuclear fUel) 

• Examine and sIor$ naval spent 
nuclear fuel. 

• Recefve additional oIfslte spent 
nuclear fuel. 

• Transfer aluminum-clad spent nuclear 
fuel 10 Savannah River Site. 

• Phase out Idaho Chemical 
Processing Plant--603 storage pools. 

• Expand storage capacity in existing 
Idaho Chemical Processing Plant-666 
pools. 

,Phase in dry storage. 
'Demonstrate electrometallurgical 

process. 

Minimum Treatment, Storage, and 
Olllposal 

• Phase out inspection of naval spent 
nuclear fuel. Close Expended Core 
Facility. 

• Transport aU spent nuclear ruel to 
another DOE site. 

• Phase out spent nuclear fuel handling 
facil�ies. 

• Demonstrate electrometallurgical 
process. 

Maximum Treatment, Storage. and 
Disposal 

• Examine and store naval spent 
nuclear fuel. 

• Receive DOE-wide spent nuclear fuel. 
• Phase out Idaho Chemical 

ProceSSing Plant-603 storage pools. 
• Expand storage capacity in existing 

Idaho Chemical Processing Plant-666 
pools. 

• Phase in expanded dry storage. 

• Demonstrate electrometallurglcal 
process. 

• Phase in spent nuclear fuel 
stabilization. 
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u.s. Department of Energy 
Reading Rooms 

Public Reading Room for U.S. Department 

01 Energy Headquarters 

Room 1 E-190, Forrestal Building 

Freedom of Information Reading Room 

1000 Independence Avenue, SW 

Washington, DC 1 0585 

(202) 586-6020 

Monday-Friday 9:00 a.m. to 4:00 p.m. 

Public Reading Room for U.S. 

Department of Energy 

Oakland Operations Office 

Environmental Information Center 

1301 Clay Street, Room 700 N 

Oakland. CA 94612 

(510) 637-1762 

Monday-Friday 8:30 a.m. to 5:00 p.m. 

Public Reading Room for U.S. 

Department 01 Energy 

Rocky Flats Operations OHlce 

Front Range Community College Library 

3645 W. 1 1 2th Ave. 

Level B, Center or the Building 

Westminister, CO 80030 

(303) 469-4435 

Monday and Tuesday 10:30 a.m. to 6:30 p.m., 

Wednesday 10:30 a.m. 10 4:00 p.m., 

Thursday 8:00 a.m. to 4:00 p.m. 

Public Reeding Room for U.S. 

Department of Energy 

Idaho Operations Office 

Public Reading Room 

1 776 Science Center Drive 

Idaho Falls. 10 83402 

(208) 526-9162 

Monday-Friday 8:00 a.m. to 5:00 p.m. 

Public Reading Room for U.S. 

Department of Energy 

University of lIIinois at Chicago library 

Government Documents Section 

801 South Morgan Street 

Chicago. IL 60607 

(312) 996-2738 

Monday-Thursday 8:00 a.m. to 10:00 p.m., 

Friday 8:00 a.m. to 7:00 p.m., Saturday 10:00 a.m. to 

5:00 p.m .. Sunday 1 :00 p.m. to 9:00 p.m. 

PubliC Reading Room for U.S. 

Department of Energy 

National Atomic Museum 

20358 Wyoming Boulevard. SE 

Albuquerque. NM 87185 

(505) 845-4378 

Monday-Friday 9:00 a.m. to 5:00 p.m. 

PubliC Reading Room for U.S. 

Department of Energy 

Nevada Operations Office 

Coordination and Information Center 

3084 South Highland Drive 

P.O_ Box 98521 

Las Vegas. NV 89106 

(702) 295-0731 

Monday·Friday 7:00 a.m. to 4:30 p.m. 

PubliC Information Room for U.S. 

Department of Energy 

Fernald Operations OffIce 

Public Environmental Center 

JANTER Building 10845 

Hamilton-Cleves Highway 

Harrison, OH 445030 

(513) 738-01 64  

Monday and Thursday 9:00 a.m. to 7:00 p.m., 

Tuesday, Wednesday, and Friday 9:00 a.m. to 4:30 p.m., 

Saturday 9 a.m. to 1 p.m. 

Public Reading Room for U.S. 

Department of Energy 

Savannah River Operations Office 

Public Reading Room 

Road 1 A. Building 703A. 0232 

Aiken. SC 29802 

(803) 641 -3320 

Monday·Thursday 8:00 a.m. to 11  :00 p.m., 

Friday 8:00 a.m. to 5:00 p.m., 

Saturday 10:00 a.m. to 5:00 p.m., 

Sunday 2:00 p.m. to 11  :00 p.m. 

Public Reading Room for U.S. 

Department of Energy 

Oak Ridge Operations OHlce 

Public Reading Room 

55 Jefferson Avenue 

Oak Ridge. TN 37831 

(615) 576-1216 

Monday-Friday 8:00 a.m. to 1 1  :30 a.m. and 

1 2:30 p.m. to 5:00 p.m. 
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Public Reading Room 'or U.S. 

Department of Energy 

Richland Operations Office 

Washington State University Tri-Cities 

100 Sprout Road, Room 130 West 

Richland, WA 99352 

(509) 376-8583 

Monday-Friday 8:00 a.m. to 12:00 noon and 

1 :00 p.m. to 4:30 p.m. 

Navy Information Locations 

Norfolk Naval Shipyard 

Chesapeake Central Library 

298 Cedar Rd. 

Chesapeake, VA 23320-5512 

(804) 436-e3OO 

Monday-Thursday 9:00 a.m to 9:00 p.m., 

Friday and Saturday 9:00 a.m to 5:00 p.m., 

Sunday 1 :00 p.m to 5:00 p.m. 

Newport New. Public Library 

Grissom Branch 

366 Deshazor Dr. 

Newport News, VA 23602 

(804) 886-7896 

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday and Saturday 9:00 a.m. to 6:00 p.m., 

Sunday 1 :00 p.m. to 5:00 p.m. 

Kiln Library 

301 East City Hall Ave. 

Nortolk, VA 23510 

(804) 441-2429 

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday 9:00 a.m. to 5:30 p.m., 

Saturday 9:00 a.m. to 5:00 p.m. 

Hampton Public Library 

4207 Victoria Boulevard 

Hampton, VA 23669 

(804) 727- 1 1 54  

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday and Saturday 9:00 a.m. to 5:00 p.m., 

Sunday 1 :00 p.m. to 5:00 p.m. 

Portsmouth Public Library 

Main Branch 

601 Court St. 

Portsmouth, VA 23704 

(804) 393-8501 

Monday-Thursday 9:00 a.m to 9:00 p.m, 

Friday and Saturday 9:00 a.m to 5:00 p.m. 
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Virginia Beach Central Library 

4100 Virginia Beach Blvd. 

Virginia Beach, VA 23452 

(804) 43t -3001 

Monday·Thursday 1 0:00 a.m. to 9:00 p.m., 

Friday and Saturday 10:00 a.m. to 5:00 p.m., 

Sunday 1 :00 p.m. to 5:00 p.m. 

Puget Sound Naval Shipyard 

Kitsap Regional Library 

1301 Sylvan Way 

Bremerton, WA 98310 

(206) 377-7601 

Monday-Thursday 9:30 a.m. to 9:00 p.m., 

Friday and Saturday 9:30 a.m. to 5:30 p.m., 

Sunday 12:30 p.m. to 5:30 p.m. 

Kitsap Regional Library 

Downtown Branch 

612 5th Ave. 

Bremerton, WA 98310 

(206) 377-3955 

Monday-Friday 1 0:00 a.m. to 5:30 p.m. 

Suzallo Library SM25 

University of Washington Libraries 

University of Washington 
Seattle, WA 98185 

(206) 543-9158 

Monday-Thursday 7:30 a.m. to 12:00 midnight, 
Friday 7:30 a.m. to 6:00 p.m., 

Saturday 9:00 a.m. to 5:00 p.m., 

Sunday 12:00 noon to 12:00 midnight 

Portsmouth Naval Shipyard 

Rice Public Library 

8 Wentworth Street 

Kittery, ME 03904 

(207) 439-1553 

Monday-Wednesday, Friday 10:00 a.m. to 5:00 p.m., 

Thursday 10:00 a.m. to 8:00 p.m., 

Saturday 1 0:00 a,m. to 4:00 p.m. 

Portsmouth public Library 

8 Islington Street 

Portsmouth, NH 03801 

(603) 427-1540 

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday 9:00 a.m. to 5:30 p.m., 

Saturday 9:00 a.m. to 5:00 p.m. 

Pearl Harbor Naval Shipyard 

Aiea Public Library 

99·143 Monalua Rd. 

Aiea, HI 96701 

1808) 488-2654 

Monday and Thursday 10:00 a.m. to 8:00 p.m., 

Tuesday, Wednesday, Friday, and Saturday 

1 0 :00 a,m. to 5:00 p,m 

Hawaii State Library 

478 South King Street 

Honolulu, HI 96813 

(808) 586-3535 

Monday, Wednesday, and Friday, 

9:00 a.m. to 5:00 p.m., 

Tuesday and Thursday 9:00 a,m, to 8:00 p.m .. 

Saturday 10:00 a.m. to 5:00 p,m. 

Pearl City Public Library 

1 138 Waimano Home Rd. 

Pearl City, HI 96782 

(808) 455-4134 

Monday-Wednesday 10:00 a.m. to 8:00 p.m., 
Thursday and Saturday 10:00 a.m. to 5:00 p.m., 

Friday and Sunday 1 :00 p.m. to 5:00 p.m. 

Pearl Harbor Naval Base Library 

Code 90l 

1 6 ; 4  Makalapa Dr. 

Pearl Harbor. HI 96860-5350 

(808) 471 -8238 

Tuesday-Thursday 10:00 a.m. to 7:00 p.m. 

Friday and Saturday 9:00 a.m. to 5:00 p.m" 

Sunday 1 :00 p.m. to 5:00 p.m. 

Kesselring Site 

Albany Public Library 

Reference and Adult Services 

161 Washington Ave. 

Albany. NY 12210 

(518) 449-3380 

MOl1day-Thursday 9:00 a.m. to 9:00 p.m . .  

Friday 9:00 a m to 6:00 p.m. 

Saturday 9:00 a.m, to 5:00 p.m .. 

Sunday 1 :00 p.m, to 5:00 p.m. 

Saratoga Springs Public Library 

320 Broadway 

Saratoga Springs, NY 1 2866 

(518) 584-7860 

Monday-Thursday 9:00 a.m. to 9:00 p.m. 

Frioay 9:00 a,m. to 6:00 p.m .. 

Saturday 9:00 a.m, to 5:00 p m .. 

Sunday 1 :00 p.m. to 5:00 p.m. 



Schenectady County Library 

99 Clinton Street 

Schenectad� NY 12305 

(518) 388-451 1  

Monday-Thursday, 9:00 a.m. to 9:00 p.m., 

Friday and Saturday, 9:00 a.m. to 5:00 p.m., 

Sunday 1 :00 p.m. to 5:00 p.m. 

Other Locations 

Main Library 

University of Arizona 

Tucson, AZ 85721 

(602) 621 -6421 

Monday-Thursday 7:30 a.m. to 1 :00 a.m., 

Friday 7:30 a.m. to 6:00 p.m., 

Saturday 1 0:00 a.m. to 6:00 p.m., 

Sunday 11 :00 a.m. to 1 :00 a.m. 

Main Library 

University of California at Irvine 

Government Publications Receiving Dock 

Irvine, CA 92717 

(714) 824-6836 

School Hours: 

Monday-Thursday 8:00 a.m. to 1 :00 a.m., 

Friday 8:00 a.m. to 9:00 p.m., 

Saturday 9:00 a.m. to 6:00 p.m., 

Sunday 1 2:00 noon 10 1 :00 a.m. 

Summer Hours: 

Monday-Friday 8:00 a.m. to 5:00 p.m., 

Saturday and Sunday 1 :00 p.m. to 5:00 p.m. 

Pleasanton Public Library - Reference Desk 

400 Old Bernal Avenue 

Pleasanton, CA 94566 

(510) 462-3535 

Monday and Tuesday 1 :00 p.m. to 8:00 p.m., 

Wednesday 1 0:00 a.m. to 8:00 p.m., 

Thursday 1 0:00 a.m. to 6:00 p.m., 

Closed Friday 

Saturday and Sunday 1 :00 p.m. to 5:00 p.m., 

San Diego Public Library 

820 "F Street 

San Diego, CA 92101 

(619) 236-5867 

Monday-Thursday 1 0:00 a.m. to 9:00 p.m., 

Friday and Saturday 9:30 a.m. to 5:30 p.m., 

Sunday 1 :00 p.m. to 5:00 p.m. 

Denver Public Library 
1 357 Broadway 

Denver, CO 80203 

(303) 640-8845 

Monday-Wednesday 1 0:00 a.m. to 9:00 p.m., 

Thursday-Saturday 10:00 a.m. to 5:30 p.m., 

Sunday 1 :00 p.m. to 5:00 p.m. 

George A. Smathers Libraries, Library West 

University of Florida Library, Room 241 

P.O. Box 1 1 7001 

Gainesville, FL 32611 -7001 

(904) 392-0367 

Monday-Thursday 8:00 a.m. to 9:30 p.m., 

Friday 8:00 a.m. to 5:00 p.m., 

Sunday 2:30 p.m. 10 9:30 p.m. 

Atlanta Public Library 

1 Margaret Mitchell Square 

Atlanla, GA 30303 

(404) 730-1700 

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday and Saturday 9:00 a.m. to 6:00 p.m., 

Sunday 2:00 p.m. to 6:00 p.m. 

Reese Library 

Augusta College 

2500 Walton Way 

Augusta, GA 30904-2200 

(706) 737-1744 

School Hours: 

Monday-Thursday 7:45 a.m. to 10:30 p.m., 

Friday 7:45 a.m. to 5:00 p.m., 

Saturday 9:00 a.m. to 5:00 p.m., 

Sunday 1 :30 p.m. 10 9:30 p.m. 

Summer Hours: 

Monday-Friday 8:00 a.m. to 5:00 p.m. 

Chatham-Effing ham-Liberty 

Regional library 

2002 Bull Streel 

Savannah, GA 31401 

(912) 652-3600 

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday 9:00 a.m. to 6:00 p.m., 

Saturday 10:00 a.m. to 6:00 p.m., 

Sunday 2:00 p.m. to 6:00 p.m. 

Parks Library 

Iowa State University 

Government Publications Department 

Ames. IA 50011-2140 

(515) 294-3642 

School Hours: 

Monday-Thursday 7:30 a.m. to 1 2:00 midnight, 

Friday 7:30 a.m. to 10:00 p.m., 

Saturday 10:00 a.m. to 1 0:00 p.m., 

Sunday 1 2 :30 p.m. to 12:00 midnight, 

Summer Hours: 

Monday-Thursday 7:30 a.m. to 1 0:00 p.m., 

Friday 7:30 a.m. to 5:00 p.m., 

Saturday 1 2:30 p.m. to 5:00 p.m., 

Sunday 1 2:30 p.m. to 1 0:00 p.m. 

Boise Public Library 

715 South Capitol Boulevard 

Boise, 10 83702 

(208) 384-4023 

Monday and Friday 1 0:00 a.m. to 6:00 p.m., 

Tuesday-Thursday 10:00 a.m. 10 9:00 p.m., 

Saturday and Sunday 1 2:00 noon to 5:00 p.m. 

Idaho State Library 

325 West State Street 

Boise, 10 83702 

(208) 334-2152 

Monday-Friday 9:00 a.m. to 5:00 p.m. 

Shoshone-Bannock Library 

Bannock and Pima Streets, HRDC Building 

Fort Hall, 10 83203 

(208) 238-3882 

Monday-Friday 8:00 a.m. to 5:00 p.rn. 

Idaho Faits Public library 

457 Broadway 

Idaho Falls, 10 83402 

(208) 529-1462 

Monday-Thursday 9:00 a.m. to 9:00 p.m, 

Friday and Saturday 9:00 a.m. to 5:30 p.m., 

Sunday 1 :30 p.m. to 5:30 p.m. 

University of Idaho Library 

Rayburn Street 

Moscow, to 83844-2353 

(208) 885-6344 

Monday-Friday 8:00 a.m. to 12:00 midnight, 

Saturday 9:00 a.m. to 1 2 :00 midnight, 

Sunday 1 0:00 a.m. to 1 2:00 midnight 

Pocatello Public Library 

812 East Clark Street 

Poca1ello, 1083201 

(208) 232-1263 

Monday-Thursday 9:30 a.m. to 8:00 p.m, 

Friday and Saturday 9:30 a.m. to 5:30 p.m. 

TWin Falls Public Library 

434 Second Street East 

Twin Falls. 10 83301 

(208) 733-2964 

Monday, Friday, and Saturday 10:00 a.m. to 6:00 p.m., 
Tuesday-Thursday 1 0:00 a.m. to 9:00 p.m. 
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Main Library, Third Floor 

University of Illinois 

801 South Morgan, Mail Code 234 

Chicago, IL 60607 

(312) 41 3-2594 

Monday-Thursday 7:30 a.m. to 10:00 p.m., 

Friday 7:30 a.m. to 5:00 p.m., 

Saturday 1 0:00 a.m. to 5:00 p.m., 

Sunday 1 :00 p.m. to 9:00 p.m. 

Documents Library, 200-0 

University of Illinois 

1408 W. Gregory Drive 

Urbana, IL 61801 

(217) 244-2060 

School Hours: 

Monday-Thursday 8:00 a.m. to 12:00 midnight, 

Friday 8:00 a.m. to 6:00 p.m., 

Saturday 9:00 a.m. to 6:00 p.m., 

Sunday 1 :00 p.m. to 12:00 midnight 

Summer Hours: 

Monday-Thursday 8:00 a.m. to 9:00 p.m., 

Friday 8:00 a.m. to 6:00 p.m .. 

Saturday 9:00 a.m. to 5:00 p.m . .  

Sunday 1 :00 p.m. to 5:00 p.m. 

Engineering Library 

Purdue University 

West Lafayette, IN 47907 

(317) 494-2871 

School Hours: 

Monday-Thursday 8:00 a.m. to 12:00 midnight, 

Friday 8:00 a.m. to 10:00 p.m., 

Saturday 8:00 a.m. to 5:00 p.m., 

Sunday 1 :00 p.m. to 12:00 midnight. 

Summer Hours: 

Monday-Friday 8:00 a.m. to 5:00 p.m. 

Manhattan Public Library 

Julliette and Poyntz 

Manhattan,KS 66502 

(913) 776-4741 

Monday-Friday 9:00 a.m. to 9:00 p.m., 

Saturday 9:00 a.m. to 6:00 p.m., 

Sunday 2:00 p.m. to 6:00 p.m. 

Massachusetts Institute of 

Technology Science Library 

160 Memorial Drive Building 14 

Cambridge, MA 02139 

(617) 253-5685 

Monday-Thursday 8:00 a.m. to 12:00 midnight, 

Friday and Saturday 8:00 a.m. to 8:00 p.m., 

Sunday 12:00 noon to 1 2:00 midnight 
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O'Leary Library 

University of Massachusetts 

1 University Ave 

Lowell, MA 01854 

(508) 934-3205 

School Hours: 

Monday-Thursday 7:30 a.m. to 1 2:00 midnight, 

Friday 7:30 a.m. to 5:00 p.m., 

Saturday 10:00 a.m. to 6:00 p.m., 

Sunday 1 '00 p.m. to 12 midnight 

Summer Hours: 

Monday-Friday 8:30 a.m. to 9:00 p.m., 

Sunday 2 00 p.m. to 7:00 p.m. 

Worcester Public Library 

3 Salem Square 

Worchester, MA 01608 

(508) 799-1655 

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday and Saturday 9:00 a.m. to 5:30 p.m. 

Bethesda Public Library 

7400 Arlington Road 

Bethesda. MD 20814 

(301) 986-4300 

Monday-Thursday 10:00 a.m. to 8:30 p.m., 

Friday 10:00 a.m. to 5:00 p.m., 

Saturday 9:00 a.m. to 5:00 p.m., 

Sunday 1 00 p.m. to 5:00 p.m. 

Gaithersburg Regional Library 

1 8330 Montgomery Village Avenue 

Gaithersburg, MD 20879 

(301) 840-2515 

Monday-Thursday 10:00 a.m. to 8:30 p.m., 

Friday 10:00 a.m. to 5:00 p.m., 

Saturday 9:00 a.m. to 5:00 p.m., 

Sunday 1 00 p.m. to 5:00 p.m. 

Hyattsville Public Library 

6530 Adelphi Road 

Hyattsville, MD 20782 

(30 1 )  779-9330 

Monday-Thursday 10:00 a.m. to 9:00 p.m., 

Friday 1 0 00 a.m. to 6:00 p.m., 

Saturday 10:00 a.m. to 5:00 p.m., 

Sunday 1 '00 p.m. to 5:00 p.m. 

Ann Arbor Public Library 

343 South 5th Avenue 

Ann Arbor, MI 48104 

(313) 994-2335 

Monday 10:00 a.m. to 9:00 p.m., 

Tuesday-Friday 9:00 a.m. to 9:00 p.m., 

Saturday 9:00 a.m. to 6:00 p.m., 

Sunday 1 00 p.m. to 5:00 p.m. 

Zanhow Library 

Saginaw Valley State University 

7400 Bay Road 

University Center, MI 48710 

(517) 790-4240 

School Hours: 

Monday-Thursday 8:00 a.m. to 1 1  :00 p.m., 

Friday 8:00 a.m. to 4:30 p.m., 

Saturday 9:00 a.m. to 5:00 p.m., 

Sunday 1 :00 p.m. to 9:00 p.m. 

Summer Hours: 

Monday-Thursday 8:00 a.m. to 10:30 p.m., 

Friday 8:00 a.m. to 4:30 p.m., 

Saturday 10:00 a.m. to 2:00 p.m., 

Sunday 1 :00 p.m. to 5:00 p.m. 

Ellis Library 

University of Missouri 

Columbia, MO 65201 

(314) 882-0748 

School Hours: 

Monday-Thursday 7:30 a.m. to 12:00 midnight, 

Friday 7:30 a.m. to 1 1  :00 p.m., 

Saturday 9:00 a.m. to 9:00 p.m., 

Sunday 12:00 noon to 1 :00 a.m. 

Summer Hours: 

Monday and Thursday 8:00 a.m. to 8:00 p.m., 

Tuesday, Wednesday, and Friday 8:00 a.m. to 5:00 p.m., 
Saturday 12:00 noon to 5:00 p.m. 

Curtis Laws Wilson Library 

University of Missouri Library 

Rolla, MO 65401-0249 

(314) 341 -4227 

School Hours: 

Monday-Thursday 8:00 a.m. to 12:00 midnight, 

Friday 8:00 a.m. to 10:30 p.m., 

Saturday 8:00 a.m. to 5:00 p.m., 

Sunday 2:00 p.m. to 12:00 midnight, 

Summer Hours: 

Monday-Friday 8:00 a.m. to 5:00 p.m. 

O.H. Hill Library 

North Carolina State University 

PO. Box 7 1 1 1  

Raleigh, NC 27695-71 1 1  

(919) 515-3364 

School Hours: 

Monday-Thursday 7:00 a.m. to 1:00 a.m., 

Friday 7:00 a.m. to 9:30 p.m., 

Saturday 9:30 a.m. to 6:00 p.m., 

Sunday 1 :00 p.m. to 1 :00 a.m. 

Summer Hours: 

Monday-Thursday 7:00 a.m. to 1 1  :00 p.m., 

Friday 7:00 a.m. to 6:00 p.m., 

Saturday 9:30 a.m. to 5:30 p.m., 

Sunday 1 :00 p.m. to 1 1  :00 p.m. 



Omaha Public Library 

215 S. 1 51h Slreel 

Omaha, NE 68102 

(402) 444-4800 

Monday-Thursday 9:00 a.m. to 9:00 p.m., 

Friday and Saturday 9:00 a.m. to 5:30 p.m., 

Sunday 1 :00 p.m. 10 5:00 p.m. 

General Library 

University of New Mexico 

Albuquerque, NM 87131-1466 

(505) 277-5441 

School Hours: 

Monday-Thursday 8:00 a.m. to 9:00 p.m., 

Friday 8:00 a.m. 10 5:00 p.m., 

Saturday and Sunday 1 2:00 noon to 4:00 p.m., 

Summer Hours: 

Monday-Friday 8:00 a.m. to 6:00 p.m., 

Saturday 1 0:00 a.m. to 5:00 p.m. 

U.S. DOE Community Reading Room 

1450 Central Avenue, Suite 101 

MS C314 

Los Alamos, NM 87544 

(505) 665-2127 

Monday-Friday 9:00 a.m. to 5:00 p.m. 

Lockwood Library 

State University of New York-Buffalo 

Buffalo, NY 1 4260-2200 

(716) 645-2816 

School Hours: 

Monday-Thursday 8:00 a.m. to 10:45 p.m., 

Friday 8:00 a.m. to 9:00 p.m., 

Saturday 9:00 a.m. to 5:00 p.m., 

Sunday 1 :00 p.m. 10 9:00 p.m., 

Summer Hours: 

Monday, Wednesday, Thursday and 

Friday 9:00 a.m. to 6:00 p.m., 

Tuesday 9:00 a.m. to 10:00 p.m. 

Sunday 1 :00 p.m. to 9:00 p.m. 

Englneerlng Library 

Cornell University 

Carpenter Hall, Main Floor 

Ilhaca, NY 14853 

(607) 255-5762 

School Hours: 

Monday-Thursday 8:00 a.m. to 11 :00 p.m., 
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1 .  INTRODUCTION 

The U. S. Department of Energy (DOE) is evaluating its options for two separate but related 

sets of decisions pertinent tn the management of the spent nuclear fuel (SNF) for which the DOE is 

responsible. As a result, this Environmental Impact Statement" (EIS) is divided intn two parts. 

Volume 1 involves programmatic (DOE-wide) approaches tn the management of DOE's SNF; 

Volume 2 discusses site-specific approaches for environmental restnration and waste management 

activities at the Idaho National Engineering Laboratnry, including SNF management. This EIS has 

been prepared in accordance with the National Environmental Policy Act and its applicable 

implementing regulations (40 CFR Parts 1500-1508 and 10 CFR Part 1021). 

The DOE's proposed action for Volume I is tn safely, efficiently, and responsibly manage 

existing and projected quantities of DOE's SNF through the year 2035, pending ultimate disposition. 

Volume I has been developed tn support DOE's decisionmaking on the most appropriate location for 

implementing national strategies for managing DOE's SNF until its ultimate disposition is determined 

and implemented. For planning purposes, it has been assumed that decisions regarding ultimate 

disposition strategies may require as long as 40 years tn implement. The general environmental 

consequences of managing SNF in a range of configurations at various sites are summarized in this 

volume. 

Volume I is supported by site-specific appendices (under separate cover) that provide detailed 

infonnation on the consequences of management activities under each alternative at the Hanford Site 

(Appendix A); Idaho National Engineering Laboratnry (Appendix B); Savannah River Site 

(Appendix C); naval SNF management facilities, including management of naval SNF at DOE 

facilities (Appendix D); other generatnrlstorage sites (Appendix E); and the Oak Ridge Reservation 

and the Nevada Test Site (Appendix F). This EIS does not select site-specific technical management 

options presented in Appendices A through F. The management options are representative of 

potential activities at each of the sites under consideration. 

Volume 2 addresses the Environmental Restoration and Waste Management Programs at the 

Idaho National Engineering Laboratnry. DOE objectives for the next 10 years are tn mitigate the 

impacts of past operations through environmental restnration and tn treat, stnre, or dispose of waste at 

the Idaho National Engineering Laboratory in a way that minimizes future adverse impacts. 

Volume 3 summarizes the comments that DOE received on the Draft EIS during the public 

comment period and provides responses tn those comments. Volume 3 also discusses the extent tn 

a. The Department of Energy Programmatic Spent Nuclear Fuel Management and Idaho National 
Engineering Laboratory Environmental Restoration and Waste Management Programs Environmental 
Impact Statement (SNF and INEL EIS). 
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which public comments resulted in changes to this EIS and describes how to find specific comment 

summaries and responses. 

1 .1 Overview of Spent Nuclear Fuel in the DOE Complex 

This section is an introduction to the nature, types, and quantities of DOE SNF; the historic 

generation and storage of SNF; and the current program structure as it existed in April 1995. This 

section also explains what SNF is not included in this EIS as DOE SNF. 

1 . 1 . 1  What is Spent Nuclear Fuel 

Nuclear reactors use a process called fission to generate heat to produce electricity and to 

generate power to propel Navy ships and submarines. Production reactors have been used to produce 

defense materials at DOE facilities and radioisotopes for industrial and medical use. Some colleges 

and universities, government facilities, and commercial establishments use nuclear reactors for 

research and educational purposes, as well. Fuel that has been withdrawn from a nuclear reactor 

following irradiation, the constituent elements of which have not been separated, is called spent 

nuclear fuel, or SNF. The EIS also evaluates uraniumfneptunium target materials, blanket 

subassemblies, pieces of fuel, and debris. Contact-handled fuel/targets (that is, fuel/targets with 

radiation levels low enough to permit handling without shielding or remote operations), even though 

slightly irradiated, are not included. This material will be managed by DOE along with the other 

excess nuclear materials. 

1.1.1.1 Configuration of Nuclear Fuel. The fuel in a nuclear reactor consists of fuel 

assemblies that may range in number from one to several hundred, depending upon the reactor size 

and the design of the reactor and fuel assemblies. Fuel assemblies are constructed in many 

configurations, but they generally consist of the fuel matrix, cladding, and structural hardware. 

The fuel matrix contains the fissionable material (typically uranium oxide or uranium metal). 

The matrix form is typically plates or cylindrical pellets. For gas-cooled reactors, the matrix may be 

small particles. The cladding is the encapsulation (typically zirconium, aluminum, or stainless steel) 

that surrounds the fuel, confining and protecting it. For gas-cooled reactors, this may be a ceramic 

coating over the fuel particles. 

The structural parts of a fuel assembly hold fuel in the proper configuration and direct coolant 

flow (typically water) over the fuel. Structural hardware is generally nickel alloys, stainless steel, 

zirconium, or aluminum, or, for gas-cooled reactors, graphite. The size of a fuel assembly ranges 

from a weight of I kilogram (2.2 pounds) and a length of less than I meter (3 feet) to a weight of 

more than 450 kilograms (1 ,000 pounds) and a length of more than 3 meters (10 feet). Figure I-I 
illustrates a representative fuel element. 
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Fuel element Fuel assembly 

RED 0699 

FIgure 1-1. Representative reactor fuel assembly and element. 

1.1.1.2 Properties of Spent Nuclear Fuel. When it is initially removed from a reactor. 

SNF is highly radioactive. A fraction of the initial mass of fissionable material (uranium-235 or 

plutonium) has been converted into fission products, some of which are radioactive with half-lives 

ranging from a few seconds to thousands of years. At the time of withdrawal from the reactor, most 

of the radioactivity is associated with fission products with very short half-lives. The radioactivity 

from SNF decreases very rapidly over time after irradiation. After 1 year, the levels are about 

1 percent of that at the time of removal. After lO years, these levels have decreased by another 

factor of 10. 
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The radiation of most concern from SNF is gamma rays. Although the radiation levels can be 

very high, the gamma-ray intensities are readily reduced by shielding fuel elements with such 

materials as concrete, lead, steel, and water. The thickness of the required shielding is dependent on 

the energy of the radiation source, the desired protection level, and the density of the shielding 

material . Typically, shielding thicknesses for concrete or lead are much smaller than for water. 

The radioactivity produces heat, and the assemblies must be cooled for a period of months to 

years following removal from the reactor to prevent excessive fuel temperatures from being reached. 

Typically, the SNF removed from reactors has been stored in water pools for a period of 3 to 

1 8  months for cooling before transfer to other facilities for storage or processing. Storage systems 

are designed to prevent nuclear criticality (nuclear chain reaction). 

Many fuel elements that are now SNF, particularly production reactor fuel, were designed to 

be easily dissolved in nitric acid for uranium-235 and plutonium recovery. Because the fuels were 

designed for only short-term storage, prolonged storage sometimes presents problems. For example, 

some fuels, such as aluminum-clad fuels, corrode during prolonged storage in water pools unless the 

water chemistry within the pool is carefully controlled. Corrosion can result in cladding failures and 

the release of small quantities of fission products, especially radioactive gases and readily soluble 

isotopes. 

1. 1.1.3 SNF Management Vulnerabilities. Prolonged storage of some types of SNF has 

resulted in deterioration of the cladding, degradation of the fuel matrix, or other storage problems 

leading to significant environmental, safety, and health concerns. DOE reported its evaluation of 

these concerns in a Spent Fuel Working Group Repon on Inventory and Storage of the Depanment 's 

Spent Nuclear Fuel and Other Reactor Irradiated Nuclear Materials and their Environmental, Safety 

and Health Vulnerabilities in November 1993 (DOE 1993a). This evaluation was followed by a Plan 

of Action to Resolve Spent Nuclear Fuel Vulnerabilities in February 1994, which identified three 

phases to resolve those vulnerabilities (DOE 1994a). This Phase I Action Plan, which addresses the 

most urgent activities, was issued immediately. The Phase II Action Plan was released April 1 994 for 

public comment (DOE 1994b). The Phase III plan was issued in October 1 994 (DOE 1 994c). 

Phases I, II, and III corrective actions include activities at the main DOE SNF storage sites. 

Examples of corrective action projects include installing equipment to improve storage pool water 

quality at the Savannah River Site; transferring fuel from an old, inadequate water pool to a newer 

pool at the Idaho National Engineering Laboratory; removal of all fuel and sludge from the 

I05-K basins at the Hanford Site. 

Some of the SNF Action Plan activities could potentially result in emission and effluents. 

These effects are not individually analyzed because their impacts are no greater than the impacts of 

normal SNF management activities reported and analyzed for each site in Volume I and the respective 

site appendices. Successful completion of the corrective actions would reduce the potential for health 

and safety problems to the workers and public and minimize degradation to the environment. 
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In addition to the Spent Fuel Working Group report on vulnerabilities and the asaociated plans 
of action to resolve the identified vulnerabilities, the Defense Nuclear Facilities Safety Board issued 
Recommendation 94-1 (Conway 1994) calling for DOE to develop an expedited schedule for resolving 
identified vulnerabilities across the DOE complex. Recommendation 94-1 was critical of DOE's lack 
of urgency in correcting known SNF management deficiencies. Further, Recommendation 94-1 
criticized DOE's lack of prioritization of corrective actions and lack of an integrated systems approach 
to resolving previously identified SNF management issues. DOE has developed a plan for 
implementing Recommendation 94-1 across the DOE complex. DOE's Implementation Plan (DOE 
1995a) for Recommendation 94-1 was submitted to the Defense Nuclear Facilities Safety Board on 
February 28, 1995. The plan includes a prioritization of corrective actions to remedy known 
deficiencies utilizing a DOE complex-wide systems approach and considering limited budgets. The 
plan focuses on fulfilling outstanding commitments to other parties (for example, courtoQrdered 
milestones) and fully recognizes the urgency required to rectify long-standing SNF management 
issues. 

1 .1.2 DOE Spent Nuclear Fuel Management 

For the purposes of this document, SNF is separated into two categories: commercial SNF 
and DOE-managed SNF. The management of commercial SNF (with a few special-case exceptions) 
is outside the scope of this SNF and INEL EIS and is not discussed further herein.' 

Since 1943, DOE and its predecessor agencies have generated more than 100,000 metric tons 
of heavy meta1b (MTHM) of SNF, of which about 2,700 metric tons remains. This SNF was 
generated in various programs in different types of reactors, including DOE defense production 
reactors, United States naval reactors, and DOE test and experimental reactors. In addition, DOE has 
accepted responsibility for SNF from non-DOE sources, including United States university research 
reactors, special-case commercial power reactors, and selected foreign research reactors. 

In 1992, the Secretary of Energy directed the DOE to develop an integrated, long-term SNF 
management program. This program is assessing DOE's SNF and fuel storage facilities, integrating 
DOE's many existing SNF activities into one program, deciding the most appropriate and responsible 
means of facility operation, and ensuring that issues associated with SNF are resolved safely and cost 

a. The Atomic Energy Act of 1 954, as amended, gives DOE the responsibility and ultimate title for 
the Nation's SNF. The Nuclear Waste Policy Act of 1982, as amended, sets up the process for 
disposition of the Nation's commercial nuclear power reactor SNF in a mined geologic repository and 
makes provisions for cost recovery for the ultimate disposition of that SNF. It also specifies the 
procedures for ultimate disposition of DOE's high-level waste and SNF. 

b. Quantities of fresh nuclear fuel, SNF, and targets are traditionally expressed in terms of metric 
tons of heavy metal (typically uranium), without the inclusion of other materials, such as cladding, 
alloy materials, and structural materials. A metric ton equals approximately 2,200 pounds. 
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effectively. Solutions to the storage questions may require changes in the management strategies for 

these fuels, including such options as the construction of new facilities and stabilization of certain 

fuels. The program has also established a programmatic objective to define a management path and 

proceed toward ultimate disposition of DOE-managed SNF, as outlined in DOE (1994d). A number 

of activities are currently in process to meet or address this objective. Appendix 1, Spent Nuclear 

Fuel Management, provides an overview of technologies for SNF management. 

For various reasons, including the lack: of characterization data on the interim storage behavior 

of certain SNF types and the fact that the acceptance criteria for ultimate disposition have not yet been 

defined, DOE cannot yet make all the decisions for the full 40-year period. Therefore, this EIS 

focuses on issues relating to deciding the locations of future SNF management activities. 

DOE faces a number of major programmatic and site-specific decisions regarding SNF 

management over the next 40 years including 

• Where should DOE locate specific SNF management activities? Broadly, the 

alternatives include managing the SNF where it is and minimizing shipments; 

consolidating the SNF at a limited number of sites (the Decentralization, 1992/1993 

Planning Basis, and Regionalization 4A and 4B alternatives); or consolidating the SNF 

at a central site. 

• What capabilities, facilities, and technologies are needed for SNF management? DOE 

has identified the need for SNF interim storage sites and must select appropriate means 

at each site for meeting these needs under each of the SNF siting alternatives. 

• What research and development activities should support the SNF management 

program? 

1.1.2.1 Current and Projected Spent Nuclear Fuel Inventories. Table 1-1 summarizes 

the current inventories of SNF at DOE and other facilities and those projected to be generated through 

the year 2035. These estimates are based on assumptions regarding reasonably foreseeable future 

reactor operations and the generation rates of SNF for which DOE is responsible. The principal SNF 

generators and storage sites for SNF are described below and in Appendices A through F. Figure 1-2 

illustrates those locations, as well as representative points of entry for foreign fuels under 

consideration in this EIS. 

1.1.2.2 DOE Facilities. During the last four decades, DOE and its predecessor agencies 

have transported, received, reprocessed, and stored SNF at various facilities in the nationwide DOE 

complex. Three of the DOE facilities have primary responsibility for managing DOE SNF; several 

others have smaller roles in SNF management. 
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Table 1-1. Spent nuclear fuel inventory.a 

Existing Future increases Total 
(1995) (through 2035) (2035) 

Generator or storage siteb MTHMc Percent MTHMc Percent MTHMc Percent 

DOE Sites 
Hanford Site 2 132.44 80.6 0.00 0.0 21 32.44 77.8 

Idaho National Engineering 
Laboratory 261.23 9.9 12.92 13.5 274.14 10.0 

Savannah River Site 206.27 7.8 0.00 0.0 206.27 7.5 

Oak Ridge Reservation 0.65 <0.1 1 . 13 1.2 1 .78 < 0. 1  

Other DOE Sites 0.78 <0.1  1.50 1.6 2.28 < 0. 1  

Naval Nuclear Propulsion Reactors O.OOd 0.0 55.00 57.6 55.0 2.0 

Foreign Research Reactor 0.00 0.0 21.70 22.7 21.70 0.8 

Non·DOE Domestic 
Domestic Research and Test 2.22 < 0. 1  3.28 3.4 5.50 0.2 
Reactorse 

Special-Case Commercial 42.69 1.6 0 0 42.69 1.6 
SNF at non-DOE location/ 

Totalg,h 2646.27 95.53 2741.80 

Percent of 2035 total 96.5 3.5 100.0 

a. Source: Wichmann (1995). Changes to the spent nuclear fuel (SNF) inventory contained in the Draft 
Environmental Impact Statement were made to reflect updated inventories at domestic research and test 
reactors and to remove materials that are contact-handled (i.e., materials unirradiated or slightly irradiated). 
b. The Nevada Test Site does not currently store or generate SNF and is not expected to generate SNF 
through 2035. 
c. MTHM = metric tons of heavy metal. One MTHM equals approximately 2,200 pounds. 
d. Existing inventory of naval SNF (10.23 MTHM) is included in the Idaho National Engineering 
Laboratory totals. 
e. Includes research reactors at commercial, university, and government facilities. 
f. The total inventory of SNF from special-case commercial reactors is 186.41 MTHM. The 42.69 MTHM 
indicated here is just that stored at the Babcock & Wilcox Research Center, Fort St. Vrain Reactor, and West 
Vaney Demonstration Project. The remaining special..,... commercial SNF is stored at the Idaho National 
Engineering Laboratory, Oak Ridge Reservation, Hanford Site, and Savannah River Site and is included in 
the totals (in this table) for those sites. 
g. Changes to the fuel inventory occurred due to recalculation of the Idaho National Engineering Laboratory 
inventory at the Experimental Breeder Reactor-II and Hot Fuel Examination Facility and the removal of 
contact-handled fuel. 
h. Numbers may not sum due to rounding. 
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Hawaii 

Legend 
Source No. of locations 

[!] U.S. Department of 8 
Energy Facilities 

� Naval Sites 7 

® Special-Case 4 
Commercial 

&J Domestic Non-DOE 9 

@ Foreign Returns 
(potential point of entry) 

1 0  

• Universities 29 

Figure 1-2. Locations of principal spent nuclear fuel generators and storage sites. 

Hanford Site--The Hanford Site was dedicated to producing plutonium for more than 

40 years, until production was halted in 1989. Hanford's production reactors (including the 

N Reactor and Single-Pass Reactor) have generated 2100 MTHM of the existing DOE SNF. The 

ongoing actions at Hanford are focused on improving worker health and safety and protecting the 

environment. SNF management activities include reducing water contamination levels, performing 

physical upgrades necessary to assure facility safety for near-term storage, characterizing SNF 

condition, and stabilization or repackaging for storage and/or ultimate disposition. 

The SNF at facilities associated with the Hanford Site include N-Reactor SNF, Single-Pass 

Reactor SNF, Shippingport Core II SNF, Fast Flux Test Facility SNF, and miscellaneous special-case 
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commercial and experimental SNF. As shown in Table I- I ,  the Hanford Site currently stores over 

80 percent (by MfHM) of the current complex-wide SNF. 

Idaho NatIonal EngIneering Laboratol)<-The Idaho National Engineering 

Laboratory is one of the principal centers in the DOE complex for nuclear research and development. 

Ongoing activities include continued safe storage of SNF, continued reactor operations, and onsite 

fuel transfers to reduce identified vulnerabilities. 

As a result of its historic mission, the Idaho National Engineering Laboratory has been safely 

managing SNF for over 40 years. This site is the home of the Expended Core Facility and the Naval 

Reactors Facility, which are central to the Navy's nuclear propUlsion program. Currently, the site 

stores approximately 261 MfHM (about 10 percent) of DOE's SNF from a variety of DOE programs 

and a limited number of commercial and foreign sources. 

Savannah RIver Site-The Savannah River Site was constructed in the early 1950s to 

produce the basic materials used in nuclear weapons-primarily plutonium and tritium. 

Savannah River's production reactors have generated about 150 MfHM of the existing DOE 

SNF. Most of the SNF from Savannah River Site reactor operations is stored underwater in concrete, 

water-filled reactor storage basins. These reactor disassembly basins were originally intended for 

only short-term storage of production reactor SNF. Some of the SNF stored at Savannah River 

consists of uranium clad in stainless steel or zirconium alloy, which Savannah River Site cannot 

process without facility modifications. Ongoing activities include improving the use of existing 

storage facilities to provide for continued safe storage of the less corrosion-resistant a1uminum-clad 

SNF. DOE currently manages approximately 206 MfHM (about 8 percent) of its SNF at the 

Savannah River Site. 

Oak RIdge Reservatlo�The Oak Ridge Reservation was originally developed as 

part of the Manhattan Project-the effort to build the first nuclear weapons. The missions of Oak 

Ridge Reservation facilities include weapons dismantlement, storage of enriched uranium, maintaining 

production capability, technology research and development, and environmental management. Less 

than 1 MTHM (0.07 percent) of DOE's SNF is either in storage or being generated at several 

facilities at the Oak Ridge Reservation. 

Other Department of Energy Sltes--A number of other DOE sites also store SNF, 

principally from experimental and test reactors that have operated at many Department sites 

nationwide. Four of these DOE sites storing SNF are as follows: 

• Argonne National Laboratory-East has one reactor that is being decontaminated and 

decommissioned. This site currently manages 0.08 MfHM of SNF. 
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• Brookhaven National Laboratory is generating and storing SNF at two facilities. The 

Brookhaven High Flux Beam Reactor and the Brookhaven Medical Research Reactor are 

both operating at the present time. This site currently manages 0.24 MTIlM of the 

DOE's SNF. 

• Los Alamos National Laboratory has SNF at the Omega West Reactor, which has 

been shut down since December 1992. There is 0.014 MTIlM of SNF in storage at Los 

Alamos. 

• Sandia National Laboratories have reactors that operate as needed. These reactors 

will generate small quantities (0.4 MTIlM) of SNF when shut down and defueled. 

1.1.2.3 Navy Nuclear Propulsion Program. Naval SNF is removed from naval reactors at 

shipyards and prototype sites and placed in shielded shipping containers. Since 1957, the SNF 

removed from nuclear-powered naval vessels and prototypes has been transported from shipyards and 

prototype sites to the Naval Reactors Facility at the Idaho National Engineering Laboratory. The 

SNF is then removed from the shielded shipping containers and placed into a water pool at the 

Expended Core Facility. In the water pool, each naval fuel assembly receives, as a minimum, an 

internal and external visual examination to confirm that it performed as designed and to identify 

anomalies that would warrant more detailed examination. After examination, the SNF is loaded into 

shielded containers and transferred to the Idaho Chemical Processing Plant for storage. 

Currently, four naval shipyards and one commercial shipyard (Norfolk, Puget Sound, 

Portsmouth, Pearl Harbor, and Newport News) and the Kesselring Site support the refueling of 

nuclear-powered ships and prototypes. Other naval shipyards that formerly supported defuelings and 

refuelings, such as Charleston and Mare Island, are being closed because of military base closure 

decisions. An existing water pool facility, constructed to support the refueling of nuclear-powered 

aircraft carriers, is located within the industrial zone of the Puget Sound Naval Shipyard. To date, 

the facility has been used for refueling equipment demonstrations and testing. The facility contains a 

radiologically controlled, high bay structure and a Personnel Support Building, which provides office 

and other nonradiological support functions. The high bay structure contains the water pool and 

general work areas. At Newport News, SNF is removed from naval vessels and temporarily stored 

near the removal site before transport. 

1. 1.2.4 Foreign Research Reactors. In accordance with national nuclear nonproliferation 

goals, DOE has accepted (and is considering the renewal of the policy to accept) SNF that contains 

enriched uranium of United States origin that was used in foreign research reactors. In April 1994, 

DOE decided to accept up to 409 additional SNF elements from eight foreign research reactors in 

seven European countries for storage at the Savannah River Site. One hundred fifty-three of these 

elements were actually received before an order by the court in the case of South Carolina v. 

O'Leary, No. 3:94-2419.Q (District of South Carolina January 27, 1995) preventing the receipt of 
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additional shipments. That order is currently on appeal to the United States Court of Appeal for the 

Fourth Circuit. The United States Government is currently considering the acceptance of SNF from 

approximately 40 nations. This foreign research reactor SNF is estimated to amount to 21.7 MTHM 

and is the subject of the Environmental Impact Statement on a Proposed Nuclear Weapons 

Nonproliferation Policy Concerning Foreign Research Reactor Spent Nuclear Fuel (see Section 1 .2.5), 

due to be published in 1995. 

1.1.2.5 Non-DOE Domestic. This category includes non-DOE domestic, licensed facilities, 

including training, research, and test reactors at university, commercial establishments, and 
government-Qwned installations for which DOE has contractual obligations to accept SNF. 

Appendix E provides additional detail on these sites. These locations currently have less than 

I percent of the existing DOE SNF. 

Domestic Research and Test ReactoT5-Fifty-seven domestic non-DOE facilities 

have been licensed by the U.S. Nuclear Regulatory Commission, 38 of which are expected to be 

small generators of DOE SNF during the next 40 years. These facilities include colleges, 

universities, government, and commercial establishments in the United States that use reactors for 

educational and research activities. The reactors are of several different types and are used for 

training, experimentation, and teaching in nuclear science and engineering. Some of these research 

sites have limited storage capacity compared with generation rates. Table 1-2 provides a summary of 

these locations, the SNF currently at these locations, and the amount of SNF they currently have 

stored plus projected generation through the year 2035. 

Special-Case Commercial Power ReactoT5-DOE also has taken possession of 

SNF assemblies and complete or sectioned SNF rods from various commercial nuclear power reactors 

that were to be used to support DOE-sponsored research and development programs. By way of a 

Table 1-2. Summary of domestic research and test reactors. 

MTHMa MTHMa 
Type Number of locations (ROD,,) (2035) 

Universities" 29 2.01 4.96 

Government, 
non-DOE" 5 0. 1 1  0.42 

Commerical " 4 0.10 0.12 

Total 38 2.22 5.50 

a. MTHM = metric tons of heavy metal. 
b. ROD = Record of Decision, June 1995. 
c. See Appendix E of Volume I of this EIS for a discussion of these locations. 
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three-party agreement among the Public Services Company of Colorado, General Atomics, and the 

Atomic Energy Commission, the DOE has agreed to provide dry storage at the Idaho National 

Engineering Laboratory for eight segments of Fort St. Vrain SNF (approximately 1 ,920 SNF 

elements). Three segments of this SNF have been transported to the Idaho National Engineering 

Laboratory; the other five are currently being stored at the Fort St. Vrain site. Other SNF in this 

category includes SNF from development reactors (Shippingport and Peach Bottom Unit 1); SNF used 

for destructive and nondestructive examination and testing; SNF remaining at the West Valley 

Demonstration Project; SNF from fuel performance testing at the Babcock & Wilcox Research 

Center; and special-case SNF debris (Three-Mile Island Unit 2). 

Table 1-3 summarizes the types and quantities of special-case commercial power reactor SNF 

in storage. This SNF currently is in storage at either the West Valley Demonstration Project in West 

Valley, New York, the Babcock & Wilcox Research Center in Lynchburg, Campbell County, 

Virginia, or the Fort St. Vrain facility in Colorado. Additionally, special-case commercial SNF (such 

as from Three-Mile Island, Peach Bottom, and Shippingport) is also stored at the Hanford Site, Idaho 

National Engineering Laboratory, Savannah River Site, and Oak Ridge Reservation. 

1 .1.3 Technologies for the Management of Spent Nuclear Fuel 

DOE must safely manage SNF until its ultimate disposition. Some SNF, such as naval reactor 

fuel, was designed for long-term operation and to survive combat conditions; therefore, it is rugged 

enough to retain its integrity during prolonged storage. Commercial reactor fuel is also inherently 

stable and suitable for prolonged storage. The DOE will not select SNF technologies on the basis of 

Volume I of this EIS. These technology-based decisions are most appropriately dealt with on a fuel 

type-specific or site-specific basis. 

Table 1-3. Special-case commercial power reactor spent nuclear fuel (SNF). 

Storage location Category SNF in storagea 

West Valley, NY Light-water reactor fuel 125 elements 
Lynchburg, V A Light-water reactor partial fuel 3 full-length rods and 17 

elements sectioned rods 
Fort SI. Vrain, CO High-temperature gas-<:ooled reactor 1,464 elements 

fuel 

a. No additions projected through 2035. 

b. MTHM = metric tons of heavy metal. One MTHM equals approximately 2,200 pounds. (The 

approximate total of SNF currently at these locations is 43 MTHM.) 
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1.1.3.1 Storage. Interim storage may be accomplished with either dry or wet storage 

technology. Wet storage normally involves the use of beJowgrade water-filled pools. Dry storage 

places the SNF in a shielded container for aboveground storage. Dry storage technologies range from 

the use of casks, which hold only a few fuel elements, to vaults that are capable of holding a large 

quantity of fuel. Casks are normally constructed of steel or reinforced concrete, and vaults are 

normally constructed of concrete. For dry storage, a number of similar concepts have been used for 

commercial power reactor-type fuels and may be suitable for some of the DOE SNF. While both wet 

and dry storage are being evaluated for SNF management, dry storage has several unique advantages 

when heat dissipation is not a major concern. These advantages include lower emissions, simpler 

operation, lower cost, shorter times for design and construction, and capability for licensing by the 

U.S. Nuclear Regulatory Commission, if required. 

1.1.3.2 Stabilization. Stabilization may be necessary to provide safe interim storage of 

SNF. Stabilization technologies can be placed in three broad categories: containerization, processing 

without fissile material separation, and processing with fissile material separation. Containerization 

can involve processes such as canning, coating, and passivation. Canning involves placing the fuel in 

a sealed canister of durable construction (such as stainless steel). Coating involves depositing a 

protective film on the fuel to inhibit corrosion. Passivation involves treating the SNF to place 

exposed surfaces in a less reactive form when the SNF is stored in either water or air. 

Processing without fissile material separation involves processes such as direct dissolving of the 

fuel elements or oxidation of the fuel elements. Oxidation involves separation of the fuel matrix from 

the cladding using oxygen at elevated temperatures [up to 800°C (1 ,472 0F)]. The principal existing 

approach for processing with fissile material separation is aqueous processing. Aqueous processing 

involves breaking down the fuel through mechanical means (shearing, chopping, cuning) or chemical 

means (acid or electrolytic dissolution, combustion, hydrolysis) and then chemically separating the 

fuel constituents by solvent extraction. Aqueous processing would normally be followed by a 

vitrification process where the high-level waste is processed into a glass or ceramic form. The 

Savannah River Site currently has the capability to process a1uminum·dad fuel. 

Appendix J provides more details on fuel management technologies. Appendices A through F 

provide details on the storage and stabilization technologies evaluated for each of the potential SNF 

management sites. These technologies are representative of those discussed above. This EIS 

evaluates the environmental impact of these technologies to illustrate, at a programmatic level, the 

characteristic impacts from implementing each programmatic alternative. 

The DOE will conduct additional National Environmental Policy Act reviews for research and 

development and characterization activities that help select technologies for placing the SNF in a form 

suitable for interim storage and ultimate disposition. 
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1.1.3.3 Transportation. Depending on the SNF management options selected, some of the 

SNF may be moved one or more times before being transported. SNF is transported in massive, lead 

and steel shielded casks that can weigh above 100 tons. These casks must conform to both U.S. 

Nuclear Regulatory Commission and U.S. Department of Transportation regulations. Shipment by 

both rail cars and trucks is common, with the chief advantage of rail being the ability to transport 

heavier, more massive casks and, thus, transport more SNF per shipment. 

The casks serve two functions: (a) providing gamma radiation shielding from the SNF so that 

the radiation level outside the casks meets regulatory requirements, and (b) providing protection to 

and containment of the SNF even in case of accidents. The casks are designed to withstand a wide 

range of very severe accidents. Because the SNF is generally metallic in form, most of the 

radio nuclides stay within the metal fuel even in maximum foreseeable transportation accidents. The 

risks to both workers and the public have been eValuated many times, most recently in Appendix I of 

this EIS, and have been shown to be low. 

1. 1.3.4 Ultimate Disposition. In the Nuclear Waste Policy Act, as amended, Congress 

established a national policy for disposal of high-level waste and commercial SNF in a geologic 

repository, and directed DOE to characterize the Yucca Mountain site in Nevada for suitability as the 

site of a first United States repository. That Act authorizes disposal of DOE SNF, as well as 

commercial spent fuel, in the first repository, subject to a limit on repository capacity and the 

payment of appropriate fees. For planning purposes, the DOE assumes that some or all of the SNF in 

its inventory that satisfies the repository's acceptance criteria could be placed in the first geologic 

repository developed under the Nuclear Waste Policy Act of 1982, as amended. 

Although beyond the scope of this EIS, two broad strategies may at this point be envisioned 

for the ultimate disposition of DOE SNF. The DOE could (a) work toward direct disposal of SNF in 

a geologic repository, or (b) chemically dissolve the fuel and produce a waste form (such as vitrified 

glass) for repository disposal . Variations on these broad strategies are also possible, and both remain 

under consideration. It is possible that some of DOE's SNF could qualify for direct disposal . 

Aggressive characterization and, if appropriate, preparation programs would be necessary, and would 

need to be coordinated with plans to develop one or more repositories. 

Sufficient quantity and quality of information is still not available to determine at this time 

whether the Yucca Mountain site is a suitable candidate for geologic disposal of SNF and high-level 

radioactive waste. The DOE, however, is in the early planning stages for a repository EIS, which 

will be prepared pursuant to the directives of the Nuclear Waste Policy Act of 1982, as amended. 

The DOE plans to issue in mid-1995 a formal notice of its intent to prepare this analysis. The 

repository EIS is being prepared to evaluate potential environmental impacts, based on the best 

available information and data, that would be associated with the repository's development and 

operation, and to support the Secretary of Energy's final recommendation to the President, as 

required by the Nuclear Waste Policy Act of 1982, as amended. The repository EIS will examine the 
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site-specific environmental impacts from construction, operation, and eventual closure of the 

repository, including potential post-closure radiological effects to the environment. Until the 

repository EIS is complete, no final decision could be made concerning what DOE SNF would be 

accepted in a geologic repository. 

As part of its SNF management program, DOE would (a) stabilize the SNF as needed to 

ensure safe interim storage, (b) characterize the existing SNF inventory to assess compliance with the 

repository acceptance criteria as they are developed, and (c) detennine what processing, if any, is 

required to meet the criteria. Decisions regarding the actual disposition of DOE's SNF would follow 

appropriate review under the National Environmental Policy Act, and would be subject to licensing by 

the U.S. Nuclear Regulatory Commission. This "path forward" would be implemented so as to 

minimize impacts on the first repository schedule. The current planning assumption is that any DOE 

material (vitrified high-level waste and/or SNF) qualified and selected for emplacement in the first 

repository would be disposed beginning in the year 2015. Disposition of the remaining DOE SNF 

and vitrified high-level waste that is not emplaced in the first repository would not be decided until 

the DOE recommendation on the need for a second repository (which would consider such factors as 

the physical and statutory limits of the first repository). The Nuclear Waste Policy Act of 1982, as 

amended, requires DOE to make that recommendation between January I ,  2007, and January I ,  

2010. 

Except perhaps for a need to develop them further, the technologies described above for 

stabilization and safe storage are available for the management of SNF and appear adequate to meet 

the needs of ultimate disposition. Disposal in a repository, for example, may require canning, 

canisterization, encapsulation, or processing the fuel to create a vitrified waste form. Resource 

recovery requires dissolving the fuel to separate the fissile material from the waste and producing a 

stable waste form. These required technologies have already been applied and are under continued 

development in several countries. Once the acceptance criteria are established, the appropriate 

technologies can be identified and finalized to ensure that the SNF can be put in an acceptable form 

for ultimate disposal. 

1 .2 Relationship to Other 

National Environmental Policy Act Documents 

DOE currently has a range of National Environmental Policy Act reviews planned or under 

way that are interrelated with or tier from this SNF management review. Because the scope of SNF 

management includes a wide variety of proposals, multiple National Environmental Policy Act 

reviews are, or will be, necessary. Related reviews are identified in Table 14.  Figure 1-3 

graphically presents the interrelationships of the various National Environmental Policy Act reviews. 

Discussion in the following subsections centers primarily on reviews with an interrelationship with 

this SNF management review. The remaining documents in Table 1 4  are site-specific reviews of 

SNF management, or individual project reviews that have a relationship to SNF management. 
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Table 1-4. Major National Environmental Policy Act (NEP A) reviews related to Volume 1 of this 
Environmental Impact Statement (EIS) as of March 1995. 
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Programmatic SNP and Idaho National EngineerinS Labonlory Environmental 
Rcslorution and WIlSie Management. Volume 2 
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Project) 
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Fuel for Encapaulatioo IIDII Stol'll,e It the K-Buinl 
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Type of NEPA 
Revn 
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E1S 

E1S 
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E1S 
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E1S 
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EA 
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EA 

E1S 

EA 
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EA 

EA 

EA 

EA 
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Future 

In prl�pllration 

I. The Nuclear Weapons Complex Roconfi,u.n.tiOll Study wall replaccd by two &qI&l'le N.tional En ... ironmental Policy Act revicw!: the Proarammatic ErS 
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c. A.&r the FONS! ,.... .. oed, ODe Ihipmmt. of foreian rac:ucb reactor fuel was ICIu&lIy received in the U.S. A IaWluit by the Stale of South Carolina 
RlIuItc:d in lID order preventina the receipt of additional lhipmenu (South Carolina v. O'Leary, No. 3:94-2419-0 (D.S.C. JlQuary 27, 1995). That order iI 
cwn:ntly on -wcaI to the United Staa Court of Appc:aI for the Fourth District. 
d. The FA IIDII PONSJ were ddc:rmiocd by the Diltrict Court to be inadequate. VolwncI 1 IIDII 2 of thi. EIS addn:lll llhipmenll of Fort SL VI'1Lin fuel. 
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Figure 1-3. Interrelationships of National Environmental Policy Act reviews related to SNF 
management. 
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Volume I of this EIS provides the overall programmatic National Environmental Policy Act 

review of the management of DOE SNF. This review and the Record of Decision will be 

summarized and incorporated in the DOE Waste Management Programmatic EIS, currently in 

development. Programmatic reviews for nuclear weapons disposition and weapons-usable fissile 

materials will also provide input to the DOE Waste Management Programmatic EIS. This SNF EIS 

will provide input to the EIS for the management of SNF from foreign research reactors. Except for 

special-case commercial reactors, commercial SNF is not evaluated in this SNF EIS. DOE is also 

preparing an EIS for a mUltipurpose canister system. Additional National Environmental Policy Act 

reviews for DOE and commercial SNF will be prepared as needed. 

Table 1-4 and Figure 1-3 also identify site- or project-specific National Environmental Policy 

Act reviews currently planned or underway. This Volume I is a DOE-wide programmatic EIS 

covering a full range of strategic alternatives for the management of SNF. As such, this document is 

an upper tier EIS, intended to provide National Environmental Policy Act review of related and 

potential actions. By tiering National Environmental Policy Act documentation, DOE is able to look 

at the overall potential impact of a group of connected actions. Lower-tier reviews provide more 

specific and detailed analyses on specific sites and projects that stem from the programmatic 

decisions. The tiering of National Environmental Policy Act reviews as they relate to this SNF 

management review is shown schematically in Figure 1-3. This programmatic EIS does not replace 

site-specific or project-specific National Environmental Policy Act documentation, except where 

adequate coverage is provided in this EIS to evaluate reasonably foreseeable impacts. For the Idaho 

National Engineering Laboratory, the site-specific documentation is provided by Volume 2 of this 

EIS. 

1 .2.1 Waste Management Programmatic Environmental Impact Statement 

DOE is currently analyzing nationwide and site-specific alternative strategies to maximize 

efficiency for DOE's waste management program. The nationwide analyses will be part of the DOE 

Waste Management Programmatic Environmental Impact Statement (PElS) (previously known as the 

Environmental Management Programmatic Environmental Impact Statement). This PElS evaluates 

proposed DOE actions regarding the 

• Type, size, and number of waste storage, treatment, and disposal facilities needed and 

where to build them, including the transportation network 

• Proposed action formulating and implementing an integrated Waste Management 

Program 

• Alternative configuratiOns for each waste type (except hazardous waste) to provide a 

framework for siting future facilities at specific locations. 
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The alternatives are structured to ensure analysis of the impacts of the mixed waste 

configuration that will be defined in the site treatment plans developed pursuant to the Federal Facility 

Compliance Act. 

The Draft Waste Management PElS is scheduled to be available for public and agency review 

and comment by mid-1995. Although the DOE Waste Management PElS was originally intended to 

provide the programmatic analyses of alternatives for SNF management, these analyses are also 

presented in this volume. The Waste Management PElS is expected to summarize and consider, as 

part of its analysis of cumulative environmental consequences, the impacts of the SNF alternatives 

identified in this EIS. 

1.2.2 Programmatic Environmental Impact Statement for Tritium Supply and Recycling 

The Nuclear Weapons Complex Reconfiguration Program has evolved considerably since its 

original Notice of Intent to prepare a Nuclear Weapons Complex Reconfiguration PElS was issued in 

February 1991. DOE has now separated the Nuclear Weapons Complex Reconfiguration EIS into 

two programmatic EISs: (a) a PElS for Tritium Supply and Recycling (expected completion in 

November 1995) and (b) a Stockpile Stewardship and Management PElS. In the original Notice of 

Intent, DOE proposed to reconfigure the Nation's nuclear weapons complex to be smaller, less 

diverse, and less expensive to operate. This proposal offered the advantage of enabling the closure 

and remediation of the Mound and Rocky Flats Plants. At that time, no new plutonium or highly 

enriched uranium storage facilities were envisioned, and a new tritium production facility was being 

planned as part of a separate New Production Reactor Program. Later, the New Production Reactor 

Program was incorporated into the Reconfiguration PElS. DOE's needs have evolved since then for 

many reasons, but primary among them is the end of the Cold War. The tangible effects of this 

include the significant reduction in the size of the Nation's stockpile of nuclear weapons and reduced 

requirements for production of tritium. 

Accordingly, the Tritium Supply and Recycling PElS addresses alternatives associated with 

new tritium production and the recycling of tritium recovered from weapons being retired from the 

stockpile. Alternative technologies for producing tritium are planned to be analyzed at five candidate 

sites (Savannah River Site, Oak Ridge Reservation, the Pantex Plant, the Idaho National Engineering 

Laboratory, and the Nevada Test Site). The PElS was issued in draft form February 28, 1995. 

1.2.3 Stockpile Stewardship and Management Environmental Impact Statement 

The Stockpile Stewardship and Management Environmental Impact Statement was originally 

part of the Nuclear Weapons Complex Reconfiguration Programmatic Environmental Impact 

Statement (see Section 1.2.2). DOE expects to begin the scoping process for the Stockpile 

Stewardship and Management PElS in 1995. Stockpile stewardship includes activities required to 

maintain a high level of confidence in the safety, reliability, and performance of nuclear weapons in 
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the absence of underground testing, and to be prepared to test weapons if directed by the President. 

Stockpile management activities include maintenance, evaluation, repair, or replacement of weapons 

in the existing stockpile. The review will take into account the latest information on current and 

projected future stockpile requirements. 

1 .2.4 Storage and Disposition of Weapons-Usable Fissile Materials Programmatic 

Environmental Impact Statement 

In response to the President's Nonproliferation and Export Control Policy issued on 

January 24, 1994, the Department created a separate Department-wide project for developing 

recommendations and for directing implementation of decisions concerning disposition of excess 

nuclear materials. Through this PElS, DOE proposes to develop a comprehensive national policy for 

the management and disposition of fissile materials (primarily separated plutonium and highly 

enriched uranium, but also other excess nuclear materials including neptunium, americium, and 

uranium-233) that are no longer required for military purposes. 

1 .2.5 Proposed Nuclear Weapons Nonproliferation Policy Concerning Foreign Research 

Reactor Spent Nuclear Fuel Environmental Impact Statement 

DOE proposes to adopt and implement a policy concerning management of SNF containing 

enriched uranium that originated in the United States and was used by foreign research reactors. 

Under the proposed policy, the United States may manage approximately 22,750 elements (19.2 

MTHM) of high-enriched uranium or low-enriched uranium SNF during a lO-year period from 

foreign research reactors in approximately 40 nations. Alternative methods of implementing the 

proposed action and the No Action alternative are being analyzed in an EIS. DOE will not make a 

final decision on the acceptance of SNF from these foreign research reactors until after the EIS for 

the Proposed Nuclear Weapons Nonproliferation Policy Concerning Foreign Research Reactor SNF 

and this programmatic SNF EIS are both completed . Both of these EISs are scheduled to be 

completed in 1995. 

The proposed action would support the nuclear nonproliferation policy of the United States by 

removing the highly enriched uranium from these reactors from international commerce. The 

implementation of this policy could result in the receipt of foreign research reactor SNF at one or 

more United States points of entry and overland transport to one or more DOE sites for storage 

and/or processing. 

1 .2.6 Fabrication and Deployment of a Multipurpose Canister-Based System for the 

Management of Civilian Spent Nuclear Fuel Environmental Impact Statement 

This environmental impact statement is addressing the potential environmental impacts 

associated with alternative systems for storage and transport of SNF assemblies for civilian and naval 
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SNF. The review will analyze the following: (a) manufacturing of mUltipurpose canister system 

components, (b) packaging and handling of SNF as it is transferred to canisters or caslcs, (c) canister 

transfer and loading operations, (d) storage of SNF in canisters and caslcs at the reactor sites, (e) SNF 

transport from the reactor sites to a hypothetical monitored retrievahle storage facility and/or 

repository, (f) handling and storage of SNF at a hypothetical monitored retrievable storage facility, 

and (g) surface activities involving the handling and disposal of SNF at a repository. 

The multipurpose canister-based technology may have application for DOE and Navy SNF. 

1 .2.7 Environmental Impact Statement for a Potential Repository at Yucca Mountain for 

Disposal of High-Level Radioactive Waste 

Under the Nuclear Waste Policy Act of 1982, as amended, DOE is investigating the suitability 

of the Yucca Mountain, Nevada, site as the nation's first licensed geologic repository for SNF and 

high-level radioactive waste. The Nuclear Waste Policy Act of 1982, as amended, requires that 

DOE's recommendation of a repository site to the President must be accompanied by an EIS. DOE 

has tentatively scheduled the Notice of Intent for the repository EIS for 1995 and the Record of 

Decision for 2000. Yucca Mountain is a potential disposal site for DOE SNF. 

1 .3 Scope of this Volume 

1.3.1 Scoping Process 

On October 22, 1990, DOE published a Notice of Intent in the Federal Register announcing its 

intent to prepare a PElS addressing environmental restoration and waste management (including SNF 

management) activities across the entire DOE complex. DOE then invited the public to submit 

written comments on the scope of the PElS, held 23 scoping meetings across the country, and issued 

a draft Implementation Plan in January 1992 reflecting the comments provided. DOE held six 

regional public worlcshops on the draft Implementation Plan and recorded public comments given at 

these worlcshops. The Implementation Plan for the PElS was issued in January 1994 and addressed 

the comments received from scoping and the regional worlcshops. 

On October 5, 1992, DOE published a Notice of Intent to prepare an EIS for Environmental 

Restoration and Waste Management at the Idaho National Engineering Laboratory in the Federal 

Register. The notice invited Government agencies and the public to participate in five scoping 

meetings throughout Idaho and to provide written comments. Oral testimony from the meetings was 

transcribed and made available at DOE public reading rooms. The comment period lasted from 

October 5, 1992, to December 4, 1992. 

On September 3, 1993, DOE published a Notice of Opportunity to Comment in the Federal 

Register proposing to expand the scope of the Idaho National Engineering Laboratory Environmental 
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Restoration and Waste Management EIS to include impacts related to transportation, receipt, 

processing, and storage of DOE SNF at locations other than the Idaho National Engineering 

Laboratory. This comment period started on September 3, 1993, and ended on October 4, 1993. 

Government agencies and the public were invited to provide comments on the DOE Programmatic 

SNF and the Idaho National EngIneering Laboratory Environmental RestoratIon and Waste 

Management Programs EIS. A toll-free telephone number was provided for questions, requests for 

documents or other information, and for the public to provide oral comments that were transcribed for 

DOE's consideration. The Implementation Plan (issued October 29, 1993, and amended on 

May 9, 1994) for this EIS summarizes these comments and DOE's responses. 

As existing large-scale SNF management operations, the Hanford Site at Richland, 

Washington; the Idaho National Engineering Laboratory in southeastern Idaho; and the Savannah 

River Site near Aiken, South Carolina, were logically identified as reasonable site alternatives for 

SNF management in the October 29, 1993, Implementation Plan. In addition, four Navy shipyards 

and the Kesselring Site (in West Milton, New York) with years of SNF handling experience were 

identified for consideration in the EIS for activities limited to naval SNF. The four Navy shipyards 

are the Norfolk Naval Shipyard, Portsmouth, Virginia; the Portsmouth Naval Shipyard, Kittery, 

Maine; the Pearl Harbor Naval Shipyard, Honolulu, Hawaii; and the Puget Sound Naval Shipyard, 

Bremerton, Washington. 

In response to public scoping comments, DOE committed to consider other sites for SNF 

management in an effort to broaden the range of reasonable alternatives for locations at which SNF 

management activities could be conducted. DOE developed a screening process, which resulted in 

selection of the Oak Ridge Reservation, near Oak Ridge, Tennessee, and Nevada Test Site, near 

Mercury, Nevada, as additional site alternatives for regionalized or centralized SNF management 

(DOE-ID 1994). The EIS Implementation Plan was amended on May 9, 1994, to reflect this 

addition. 

1.3.2 Scope 

1.3.2. 1 Programmatic Spent Nuclear Fuel Disposition. The DOE will not analyze the 

ultimate disposition of SNF in this EIS. The focus of this Volume 1 of the EIS is the management of 

SNF in a safe and environmentally sound manner until decisions regarding its ultimate disposition are 

made and implemented. Decisions regarding the actual disposition of DOE's SNF will follow 

appropriate review under separate National Environmental Policy Act documentation. Congress has 

mandated that the Federal Government pursue the development of mined geologic repositories for the 

permanent disposal of SNF and high-level waste, and has directed DOE to study the Yucca Mountain, 

Nevada, site to determine whether it is a suitable site. Ultimate disposition of DOE SNF, however, is 

outside the scope of this programmatic SNF EIS. 
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1.3.2.2 Programmatic Spent Nuclear Fuel Stabilization. DOE is phasing out 

reprocessing activities because of decreased demand for the recovery and reuse of certain nuclear 

materials. Fuel stabilization activities potentially required for safe interim storage and management of 

SNF, such as canning of some degraded fuels or processing as necessary, are relevant to the safe 

storage of SNF and within the scope of this EIS. Worker safety, public health, and potential 

environmental impacts associated with SNF stabilization, research and development of technologies, 

and pilot programs are topics of importance in analyzing the appropriate alternatives for interim 

storage of SNF and are included in this EIS. 

In April 1992, the Secretary of Energy directed that DOE phase out defense-related chemical 

separations activities due to a reduction in the demand for new material for nuclear weapons (Claytor 

1992). DOE no longer produces plutonium-239 and highly enriched uranium, and, in December 

1994, DOE committed to prohibit the use of plutonium-239 and highly enriched uranium separated 

and/or stabilized during the phaseout, shutdown, and c1eanout of weapons complex facilities for 

nuclear explosives purposes (Reis and Grumbly 1994). However, the use of chemical separations or 

other processing technologies is a reasonable site-specific option to assure the safe interim 

management of some types of SNF (or its constituents). Selection of chemical processing as a 

potential management option will be made after detailed analyses in site-specific National 

Environmental Policy Act reviews tiered from this EIS. Specific technologies for managing SNF are 

described in Volume I ,  Appendix J. The potential impacts from a representative processing 

technology have been evaluated to aid in the analysis of reasonable technology options for interim 

storage of SNF and are included in this EIS. The DOE selected chemical separations for stabilization 

of degrading SNF as the technology for evaluation. The DOE believes the impacts from this activity 

are representative of the overall potential impacts of other similar technologies. This EIS assesses the 

impacts of processing only at the Hanford Site, Idabo National Engineering Laboratory, and Savannah 

River Site because DOE determined it would require significant resources to consider undertaking 

such processing activities at sites with no facilities or infrastructure to support these processes. 

Processing operations that modify the SNF form to create new forms suitable for interim storage are 

much more complex than the activities associated with either dry storage or wet storage of intact 

SNF. For example, processing by chemical separation requires large-scale facilities for: SNF 

storage, SNF dissolution and chemical element separation operations, liquid high-level waste storage, 

storage for special nuclear material, and facilities to process the liquid high-level waste into a stable 

form, for example, vitrification, for storage. Additionally, all these facilities must be supported by a 

complex infrastructure of services and utilities. The Hanford Site, Idabo National Engineering 

Laboratory, and Savannab River Site have some or all these facilities and all of the infrastructure for 

these types of operations. The other sites (that is, Nevada Test Site and Oak Ridge Reservation) lack 

this level of plant facilities or high-level waste infrastructure. The cost alone to create this level of 

capability makes evaluating the other sites less than desirable. Construction of the necessary high

level waste infrastructure is estimated to be several billion dollars. 
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1.3.2.3 ProgrammatIc Spent Nuclear Fuel Storage. Current and projected DOE SNF 

inventories are considered in this EIS. Existing storage facilities are identified, and their status, 

capacities, and accident histories are described. SNF container design, integrity, corrosion and 

corrosion byproducts, storage technologies, and storage facility design life are factored into the EIS 

analysis for each alternative. Storage options at the site of generation and other storage options are 

analyzed. The analysis of the storage options for each alternative includes the estimated type and size 

of representative storage facilities potentially needed at each site. 

1.3.2.4 Programmatic Spent Nuclear Fuel Transportation. The EIS includes an 

analysis of the potential impacts of SNF transportation, including safety and emergency preparedness 

requirements. A review of the safety record for past SNF transportation activity is included, along 

with an analysis of potential transportation impacts from normal transport and from transportation 

accidents. 

Transportation modes and routes deemed reasonable for SNF shipment have been analyzed to 

estimate potential risks to worker safety, public health, and the environment. Federal and state 

regulations that place restrictions on certain aspects of SNF shipment and limits on shipment size, 

types of containers, and number of shipments have been accounted for in the analyses. Hazardous 

materials manifests, required for each shipment of SNF, include information on the carrier, the 

materials involved and their characteristics, and the containers. 

The potential impacts of transporting nuclear fuel for ultimate disposition will be included in 

the appropriate National Environmental Policy Act documentation. Therefore, an alternative to 

transport SNF directly to a repository is not considered in this ElS. 

1.3.2.5 SpecIal-Case CommercIal Fuels. This EIS addresses the management of certain 

small quantities of special-case commercial SNF for which DOE has responsibility. Some of this 

SNF is currently being managed at DOE facilities; some is being managed at non-DOE facilities. 

1.3.2.6 Naval Spent Nuclear Fuel. This EIS addresses the impacts of and alternatives to 

transporting, receiving, and storing SNF from naval reactors (Navy warships and reactor prototypes) 

at a number of sites across the country, including sites near the point of refueling or defueling. The 

analysis includes alternative sites for naval fuel examination, as well as the possibility of phasing out 

this examination. This EIS addresses existing naval SNF inventories and fuel to be generated from 

future refuelings and defuelings. 

1 .4 Response to Public Comments 

Volume 3, Response to Public Comments, was added to this EIS to fully address and respond 

to public comments. In addition, DOE considered public comments, along with other factors such as 

VOLUME [ 1 ·24 



programmatic need, technical feasibility, and cost, in arriving at DOE's preferred alternatives. 

During the public comment period for the Draft EIS, more than 1 ,430 individuals, agencies, and 

organizations provided DOE with comments. A broad spectrum of private citizens; businesses; local, 

state, and Federal officialS; Native American tribes; and public interest groups are represented within 

this volume of comments. Comments were received from all affected DOE and shipyard 

communities. 

Volume 3 summarizes the comments on the EIS received by DOE during the public comment 

period and provides responses to those comments. In addition, Volume 3 explains how public 

comments influenced the selection of the preferred alternatives, discusses the extent to which public 

comments resulted in changes to the EIS, and describes how to find specific comment summaries and 

responses in this volume. 

Responses to comments consist of two parts. The first part summarizes the comment(s), and 

the second part responds to the comment(s). Identical or similar comment(s) were frequently 

provided by more than one commentor and, in such cases, DOE grouped the comments and prepared 

a single response for each group. This summarization was also appropriate due to the large volume 

of comments received. 

In compliance with National Environmental Policy Act and Council on Environmental Quality 

regulations, public comments on the Draft EIS were assessed and considered both individually and 

collectively by DOE and the Navy. Some comments resulted in modifications in the EIS or 

explanations of why comments did not warrant further response. Most comments not requiring a 

change to the EIS resulted in a response to correct factual misinterpretations, to explain or 

communicate government policy, to clarify the scope of the EIS, to explain the relationship of the EIS 

to other related policy, to clarify the scope of the EIS, to explain the relationship of the EIS to other 

related National Environmental Policy Act documentation, to refer commentors to information in the 

EIS, to answer technical questions, or to further explain technical issues. The Record of Decision 

will include the decision made by the Secretary of Energy, which will consider public comments on 

the Draft EIS. 

1.4.1 How DOE Considered Public Comments in the National Environmental Policy Act 
Process 

As required in the Council on Environmental Quality regulations [40 CFR 1502. 14(e)1, DOE's 

preferred alternatives are identified in the Final EIS. The preferred alternatives for Volumes 1 and 2 

were identified based on the consideration of environmental impacts, regulatory compliance, DOE and 

SNF programmatic missions, public issues and concerns, national security and defense, cost, and 

DOE policy. Public input considered in the decisionmaking and preferred alternatives selection 

process included concerns, desires, and opinions regarding the activities addressed in the EIS and 

expectations of DOE in making the management decisions on complex-wide programmatic SNF 
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management and environmental restoration and waste management programs at the Idaho National 

Engineering Laboratory. Public input contributed to the development of performance factors, defined 

as desirable attributes or characteristics that measure the relative acceptability of alternatives, which 

were used to select candidate preferred alternatives. The candidate preferred alternatives were then 

evaluated against a number of technical and nontechnical sensitivities, including public perception of 

environmental impact, indicated stakeholder preferences, implementation flexibility, regulatory risk, 

SNF processing potential, environmental justice, potential resistance to implementation, and fairness. 

DOE's preferred alternative reflects DOE consensus that SNF should be actively managed in 

preparation for ultimate disposition. In addition, DOE's preferred alternative supports the 

implementation of a path forward for the ultimate disposition of SNF, a significant issue raised by the 

public. The EIS, including its preferred alternatives, will be considered by the Secretary of Energy, 

along with other factors, in arriving at a decision to be documented in a formal Record of Decision. 

1.4.2 Changes to the Environmental Impact Statement Resulting from Public Comment 

A major purpose of the National Environmental Policy Act is to promote efforts that will 

prevent or eliminate damage to the environment by ensuring informed decisionmaking on major 

Federal actions significantly affecting the quality of the human environment. Consideration of public 

comments on the Draft EIS helps to ensure that the EIS is an adequate decisionmaking tool; 

accordingly, this EIS has been enhanced, as appropriate, in response to public comments. While a 

number of specific issues and concerns were raised by commentors, none of the issues or concerns 

identified new reasonable alternatives requiring assessment or resulted in significant change in the 

results of the analysis of the potential environmental consequences. 

Based on review of public comments, coupled with the consultations held with commenting 

agencies as wen as State and tribal governments, the main EIS enhancements include the fonowing: 

• Seismic and water resources discussions were reviewed, clarified, and enhanced for all 

alternative sites, and current data and analyses were added to Volumes 1 and 2, as 

appropriate. A discussion of potential accidents caused by a common initiator was 

added. The option of stabilizing some of DOE's SNF (specifically from the N Reactor) 

by processing it at available facilities located overseas was added, thus enhancing the 

processing options discussed in the EIS. An analysis of barge transportation was added 

to the EIS, with respect to the option of transporting N-Reactor fuel to a shipping point 

for overseas processing, as wen as to support the potential transport of Brookhaven 

National Laboratory SNF to another site, as appropriate. In addition, an analysis of 

shipboard fires was added, primarily in response to comments related to receiving SNF 

containing uranium of U.S.  origin from foreign research reactors. 

• In Volume 2 of the EIS, the air quality analysis was revised to upgrade the existing 

baseline conditions and impacts of alternatives in terms of the amount of Prevention of 
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Significant Deterioration (PSD) increment consumed, thus updating the baseline 

conditions presented for the Idaho National Engineering Laboratory. Additionally, the 

Waste Experimental Reduction Facility project summary was enhanced and clarified. 

This EIS was also revised to reflect current projections of employment, including the 

projected downsizing of the Idaho National Engineering Laboratory due to contractor 

consolidation. 

• In response to public comments, a brief summary of the results of a separate evaluation 

of the costs of the various alternatives was added to the EIS, althougb the cost 

evaluation was performed independently of the EIS for additional purposes. The 

discussion of the options regarding the management of Fort St. Vrain SNF currently 

stored in Colorado has been expanded. As committed to in the Draft EIS, the 

evaluation and discussion of environmental justice has been expanded in both Volumes I 

and 2 of the EIS . This analysis was based on interim DOE guidance in the absence of 

interagency policy in this regard and reflects limited public comments received 

regarding environmental justice. Consultation with the commenting Native American 

tribes is reflected in the environmental justice analysis, as well as in the various sections 

of the EIS, as appropriate. 

• Other enhancements include a clarification that potential shipment of SNF containing 

uranium of U.S. origin from foreign research reactors consists of a bounding estimate of 

22 MTHM. In addition, as a result of public comments, Volume I of the EIS was 

enhanced to clarify the relationship between current DOE National Environmental Policy 

Act actions and this EIS. Likewise, the relationship between the EIS and the Spent Fuel 

Vulnerability Action Plans was clarified in this EIS . With respect to the naval SNF, 

Appendix D of Volume 1 was modified to more fully explain the import of naval SNF 

and to discuss potential effects of terrorist attacks at naval shipyards. 
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2. PURPOSE AND NEED FOR AGENCY ACTION 

DOE, according to the Atomic Energy Act of 1954, as amended, is responsible for 

developing and maintaining a capability to manage nuclear materials [Atomic Energy Act Sections 

l I (z), l I (aa), and l I(e)]. During the last four decades, DOE and its predecessor agencies have 

transported, received, stored, and reprocessed approximately 100,000 MTHM of SNF from various 

sources, including DOE production reactors; the Naval Nuclear Propulsion Program; DOE, 

university, and other research and test reactors; special case commercial power reactors; and certain 

foreign research reactors. Approximately 2,700 MTHM of SNF was not reprocessed and is stored at 

various locations in the United States and overseas. Approximately 1 00  MTHM of additional SNF is 

projected to be received in the next 40 years. This SNF is in a wide range of enrichments, types, and 

conditions. 

The end of the Cold War led DOE to reevaluate the scale of its weapons production, nuclear 

propulsion, and research missions. In April 1992, the Secretary of Energy directed DOE to phase out 

reprocessing of SNF for recovery and recycling of plutonium and highly enriched uranium to support 

the nuclear weapons stockpile. In 1993, a DOE report" documented current and potential 

environmental, safety, and health vulnerabilities regarding existing DOE SNF storage facilities. The 

report identified locations with degraded fuel cladding integrity and other problems that require action 

to ensure continued safe storage. As a result of the Secretary's directive and the information in the 

DOE report, the proposed action is to safely, efficiently, and responsibly manage existing and 

projected quantities of spent nuclear fuel through the year 2035, pending ultimate disposition. 

As part of establishing an effective SNF Management Program, DOE needs to make complex

wide strategic decisions for the management of SNF for the next 40 years, including (a) where to 

conduct SNF management activities, after evaluating existing and potential locations, (b) the 

appropriate capabilities, facilities, and technologies for SNF management, and (c) the research and 

development activities to support the SNF Management Program. 

Volume 1 of this EIS focuses on strategies for where to conduct SNF management activities 

as in (a) above. Decisions on the site-specific and technical implementation of the program, as in (b) 

and (c) above, would be made after subsequent, tiered National Environmental Policy Act reviews, as 

appropriate. 

&. Spelll Fuel Working Group Report on Invelllory and Storage of the Departmelll 's Spelll Nuclear Fuel and 
Other Reactor l"aliiaJed Nuclear MaJerials and Their EnviroNnelllal, Safety and Heallh Vulnerabilities 
(DOE 1993b). 
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3. ALTERNATIVES 

Chapter 3 describes a range of programmatic alternatives for managing the DOE SNF currently 

stored within the DOE complex and at non-DOE generator sites. These alternatives also address SNF 

that is projected to be generated through the year 2035. Figure 1-2, given in Chapter I ,  identifies 

locations within the United States where DOE SNF is being generated and stored. 

The five alternatives 

analyzed in Volume 1 of 

this EIS are su mmarized in 

the box to the right. 

These alternatives, which 

are consistent with the 

alternatives under 

consideration for the DOE 

Waste Management 

Programmatic EIS, present 

a range of programmatic 

approaches for managing 

existing and projected SNF 

inventories. The 

alternatives involve 

varying amounts of SNF 

shipments, levels of fuel 

stabilization, numbers and 

types of storage facilities, 

and the scope of research 

and development efforts 

for SNF management 

technologies. 
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uliilllate disposilion. 

The programmatic action that DOE ultimately selects is not necessarily limited to one of the 

alternatives presented. A hybrid alternative could, for example, be developed that would incorporate 

actions from one or more of the five alternatives analyzed. Moreover, the programmatic decisions 

will not identify all site-specific SNF management options. If appropriate, the decisions would be 

made after additional site-specific National Environmental Policy Act evaluations. 

In developing the alternatives, the need to comply with applicable regulations, permits, and 

DOE orders was assumed. Under some of the alternatives (for example, No Action and 

Decentralization), DOE would be required to renegotiate existing commitments to accept SNF from 

utilities (for example, Fort St. Vrain), domestic research reactor SNF, and potential agreements to 
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accept foreign research reactor SNF. Under all alternatives, actions to resolve outstanding SNF 

management deficiencies identified and prioritized according to the Defense Nuclear Facilities Safety 

Board Recommendation 94-1 Implementation Plan would be implemented as appropriate. The 

Defense Nuclear Facilities Safety Board 94-1 Implementation Plan will be balanced with other factors 

such as budgetary constraints and public comments. Under all alternatives, DOE would consider 

ways to reduce costs for the management of SNF. 

Some of the alternatives include references to transition periods. These can be defined as the 

periods of time needed to fully implement the alternative, if selected. Transition periods vary from 

3 to 20 years depending on the time required to plan, design, procure, or construct equipment and 

facilities needed to fully implement the alternative. Activities taking place during transition periods 

would be similar to anticipated activities associated with one or more of the defined alternatives. 

Therefore, environmental impacts of transition period activities are bounded by the impacts 

assessment for the defined alternatives. 

The DOE SNF Management Program is intended to (a) provide interim storage and 

management for SNF at specified locations until ultimate disposition, (b) stabilize the fuel as required 

for environmentally safe storage and protection of human health (for both workers and the public), 

(c) increase safe storage capacity, replacing facilities that cannot meet current standards and provide 

additional capacity for newly generated SNF, (d) conduct research and development initiatives to 

support safe storage and safe disposal, and (e) examine SNF generated by the Naval Nuclear 

Propulsion Program. The possible need to convert SNF into a form that meets the acceptance criteria 

of geologic repositories is beyond the scope of this EIS and will be the subject of future National 

Environmental Policy Act review. 

The planning period for this EIS is 40 years, beginning with the issuance of the Record of 

Decision (that is, baseline conditions in Iune 1995) and extending through the year 2035. The 

40-year timeframe may be required to make and implement decisions on the ultimate disposition of 

SNF. Detailed impact analyses are performed for the time period from 1995 to 2005. Normal 

operation impacts are then projected for the remaining 30 years. 

Decisions as a result of this EIS apply to actions taken by DOE and the Navy from the date of 

the Record of Decision through the interim storage period. At the present time, intersite shipments of 

DOE SNF have been curtailed. However, limited shipments of SNF from Navy shipyards have 

occurred during the preparation of the EIS. Shipments from sources such as universities and foreign 

research reactors needing urgent relief have also occurred. These shipments are in accordance with 

existing court orders, Federal facility compliance agreements, and Council on Environmental Quality 

regulations. If the No Action alternative is selected in the Record of Decision, all such shipments 

would cease after an appropriate transition period. 

After considering a number of elements, DOE has identified Regionalization 4A (management 

by fuel type) as the preferred alternative. DOE arrived at its preferred alternative through a formal 
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decision management process, which included developing screening and performance criteria. 

Screening criteria are requirements that an alternative must satisfy to be further evaluated; 

performance criteria are desirable attributes or characteristics that help distinguish the relative merit of 

each alternative that satisfies the screening criteria. After applying the screening criteria, additional 

management considerations (technical and nontechnical), discussed below, were used to arrive at the 

final preferred alternative. 

The screening and performance criteria were developed considering the following factors: 

(a) environmental impact, (b) environmental regulatory compliance, (c) DOE and SNF programmatic 

missions, (d) public comments, (e) national security mission, (f) cost, and (g) DOE policy. 

Each alternative was first evaluated based on the following screening criteria: 

• Resolving vulnerabilities consistent with DOE's Plan of Action to Resolve Spent 

Nuclear Fuel Vulnerabilities (DOE 1994a, b, c) 

• Complying with all applicable Federal and state environmental laws and regulations, 

consent orders, and Federal facility agreements 

• Maintaining backup capabilities for SNF management to limit interruptions of vital SNF 

program activities 

• Providing the capability for 100 percent examination of naval SNF 

• Providing technology development for SNF treatment, storage, and ultimate disposition. 

Those alternatives that did not satisfy all of the screening criteria were not considered further, 

and these were No Action, Decentralization A and B, and Centralization. The remaining alternatives, 

1992-93 Planning Basis, Decentralization C, and Regionalization 4A and 4B, met all of the screening 

criteria. These alternatives were then evaluated based on optimizing overall performance relative to 

the following performance criteria: 

• Minimizing transport of SNF 

• Minimizing environmental impact 

• Assuring lowest cost consistent with mission accomplishment 

• Maximizing support for DOE's National SNF Program to achieve safe storage and 

preparation for final disposition 

• Maximizing DOE's ability to honor new and historical commitments and contracts. 
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Applying these performance criteria, two of the four remaining alternatives, 1992-93 Planning 

Basis and Regionalization 4A, rated the highest, so they were determined to be candidates for the 

preferred alternative. These candidate alternatives were then evaluated against a number of technical 

and nontechnical considerations, including environmental impact perception, indicated stakeholder 

preferences, implementation factors, regulatory risk, SNF processing potential, environmental justice, 

and fairness. This final evaluation resulted in Regionalization 4A being identified as the preferred 

alternative, because Regionalization 4A better supports a path forward for ultimate disposition of the 

SNF. Additional information on this alternative can be found in Section 3 . 1 .4. 

While the Nevada Test Site is analyzed in this EIS as an alternative site for SNF management 

activities, DOE did not consider it to be a preferred site for the management of SNF because of the 

State of Nevada's current role as the host site for the Yucca Mountain Site Characterization Project 

and the Nevada Test Site's lack of SNF management facilities and high-level waste infrastructure. 

The DOE's preferred alternative is consistent with the Navy's preferred alternative to continue 

to conduct refueling and defueling of nuclear-powered vessels and prototypes, and to transport SNF to 

the Idaho National Engineering Laboratory for full examination and interim storage, using the same 

practices as in the past. Details and analyses supporting the Navy's preferred alternative can be found 

in Appendix D of Volume 1 .  

The remainder of this chapter is comprised of three sections. Section 3 . 1  summarizes the 

alternatives and the implications for each site. Section 3.2 discusses the alternatives eliminated from 

further evaluation. Section 3.3 provides a brief comparison of the potential environmental impacts 

associated with each alternative. 

3.1 Overview of Alternatives Considered 

Section 3 . 1  and Tables 3-1 through 3-5 discuss the potential actions at each site as a result of 

implementing each of the alternatives. 
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Table 3-1. Summary of the No Action alternative. 

1..I;1l00l 
Tramportation-
No ahip_nl to or (rom 
';!.e. 0Iwi ... mowemcnl 
limiled 10 ""lionl nquiRd 
for .. r. lIOn, •. 

StabilizatioD
S�iJiuUon Ku..itic. 

limiwl. 10 iho. ",J..J_ 
IClio .. nquirtd LD ....... 
SNF .. rely_ 

StorllJl_ 
Minimum riC iii'), 
IN>dificlliorwo \0 "PJXlrt 
.. rc .""r. 

Hlnfonl Si� 

No ohip ..... nl 10 or from the 
.i .... F...,I .wrcd in JOS-KE 
B .. in .... ,. be tCllnafemd 10 
lOS-feW Bllin. Fuel ill 
PU1l.EX, 3011 Buildi .. 
Anno!x, 114 Buildi...,. llS 
Buildina • •  nd 327 Buildi..., to 
be relocated ollli .... 

F...,J in IOS·KE to be un.n£.d. 

FI.l.I IlOre4 in iOS·I(E In<! 
lOS-feW B.llino F .. I AUlii 

TelA FKilily. T PlI", and 1 200 Aru Low-Lavd W .. te 

Buri,1 Oround.. Fuel ,110 

IIlOred nur-ICrm in 308 
Buildi..., Annn, 324 
Buildi...,. ns Buildi..." In<! 
327 Buildi",. No lW .... 

rlciJitiel. 

Reelu-cl!. IDd I Chlr.Cl&riution of defuue 
DeulopDIt'ld- production fuel 10 "'pport 
RUCllI::b and de¥elopmenl «nni",. 
um;!e"..,y for DOE SNF 
mlMgemem will conlinue. 

Nulll f'u8 
E.lamimltioa
Eumination will ce .. ., .  

NOI .ppliclble. 

NO ACTIO:"! 
Tlke only the ""liON require4 for the .. r. IIOn,e ,nd mana,emen! of SNF .t Ihe .i .... 

Idaho N.tioMl Enainurina 
Lo ..... "'" 

No lihipmenl lo or fiurn the lite. 
S ..... .. val SI'IF WllUld be 

recei ... m;! duri", I l-yur 
InIl'llilioa �riocl. Aller 
�n<kd. Con F""i1ily do .... "", 
OIUIiIo mo¥emell limited 10 
needl for .. re 1IlonI,.,. 

Additional «Mi", 1m;! 
chanacrilMiooa «plbilitiu .. 
........ 

S.vanndl IUvu 5i ... 

1'10 Ibipmeob 10 or from Ihe 
.il&. Limic 0I'IIn.. tnI\Ifen 10 
th.- �uim!l for ufe """"',.,. 

Place atumilalm-clad fuel. thaI 
• ... badly C<>mJdcd .om! in 
d.o.nier of �lrddi", r..ilu", in 
cOI'IIainen 1m;! n:autl them 10 
_ """"',e. 

Repllce Teal Aru North lIlonI,e I SIO ... fuel. in R.cc.civi ..... B .. in 
pool with dry IIlonII" flcility. for Offlite Fuell Ind in 1.11 

upended n:K1OI' belin.. 
JlJ:quiru <XI ne ... r..cilitiu. 

Oat Riod,e ReM ...... tion 

No ahipmenl 10 or from the 
ril&. 

Only II l'II<{uim!l for life 

lIlonI,c. 

Con.i ... ed UK of ui';l11 
onaite """",,e r.ciJiuu. 

Nev,da Te. SiLo! 

1'10 ahiplllell 10 or from the 
al&. 

Not Ipplicable. 

1'101 avplic.lble. 

Onjoi", I'llUlI::h 1m;! 
de ... elopmenl for SNF 
"".,,,,,cmell COft.lOUCl. 

Continue eulli", SNF-n:lawl. I Oniil& con!imJcl " planned. I I'IOl avplicablc. 
"" ... ",,11 and deniopmell. Hip Au. IIOIOpO RUllOI' 

mI.y be l'II<{IIim!l 10 
lIIuldcown. 

CION Expended Co ... Facility 
Il\er I InIRliUon �riod. 

1'101 Ipplio:lble. 1'101. applicable. Not avplicable. 

Novtl lil&' 
Shipmen.u 10 Idaho I'I.tiona] 
En,iMUi", Labonlor)' duri", 
l-yur InIlllitioa ptoriod. 
1berult..r raaiocd II ""fIoeli ..... 
aitel. SNF n:""""ed II 
Nn-por! Ne .. l, VifIini,a, 
InI'llpClf\Oll IO Norfolk Nlval 
ShipYlrd. 

N_. 

SNF IlDred in lIIippi", 
": ..... i ... n II nI"Ll ail&l. 

None. 

No eumi ... tion II """",,e 
loeauona. 

Other Ioeationo 
No lIIipll'll:nI.I OGIiIo ot 
01T1i1&. ShUI do-.:D ruc"," 
.. 1IlonI,., Clptocity met. 

Only II l'II<{uin:d f ... lire 
lIlonI,c It r..ciliticl DOl 
Ij(;enad by Ihe I'Iude.u 
Ilt:JIIlllor)' Commioaioxl. 
AI alipuLawi. by iinlllle fot 
flciliuca licenaed by 
Nuclear ReJllLa\Or"f 
CIIfTVIIi .. ion. 
Coni ... ed UK of auati", 
onaite "'rt.,.. flCilitieo £.,.. 
lil&l DOl lice..-i by 
Nuclc.ar ReJIIlalor)' 
Conuni"ion. AI ";�lated 
by licen.c ( ... .a1&1 liu..-i 
by Ih' Nucle.lr R'JllIa\Or"f 
Corruniuion. 

Hip AUl( Bum R.e.ac1Ol' 
mI.y be �uin:d 10 
lIIuldca-tr.. 

NoI. Ipplicable. 



< o .... f Table 3-2. Summary of the Decentralization alternative. 
"' 

DECENTRALIZATION 
s(o......."o ... SNF clOIe to uioling loca,ions wilb limited SNF ohipmelll.1 10 DOE facili';U. 

<..l 
0, 

"'�I'<.>ru 
Tnonspor1ati"n
Limited SNF ohipmo:nu. 

S/JI.biliLillioD_ 
$Lobilizalion .« i�iLiu 

St()��F.c;l;!y 
upgnodc/",placc""'111 aDd 
onoite fud lnonsC ... 10 

wpport oaf. IlOngc .n.J 
10 Illow 0111;1. 
.onooLid.otion. 

K�ean:b IUId lluelopm ... t-I· T,ntmcnt lechnology and 
"'lelrch and d."clop .... 111 I "Cli"ilie. for DOE SNF 
....... g ..... ,u, indudi"ll 

! IU�;I;Y.li'-'n lc<hnol"II'Y 

HanfonJ Sile 

No .hipmtnlJ< 10 or from lb. 
.ilc. All fuol 10 l>c ,donlcd 
orui1e. 

Fuel in 105·KE lO be ClJU'I"'d. 
Def.1lK fuel' pouibly 
otabiliud by ono: of !hru 
mclJlodl. 

. n...f�",,,,- ",,,dLle';,,,, fud I ��-;n''''' ... .... d Of dry 
faciliLiCi. Shippingpu", rUl 
Flu� Test Facility, an.J 
millCclJ.o""oua fuet Ilurcd in 
"" ... dry ra�iJiliCi. 

EValualion of dry Ilorag. for 
Shippingpo1'l. Fl. Flu� Test 
FlciJily, .nd miICollIOWUI 
!\lei.; ",Ie.rch Ind 
do:vclopmclll 011 def • ...., 

production rue! IUbiliution; 
cbl"CIcriz.alioo of N-Reaclor 
.Pod Single-r." ruelor rucl. 
10 do:tenninc !he f .... ibility of 
dry stonge_ 

Naval Fuel F..umioatioa J NOI applicable. 

Idoho Nationsl EngillC.nng 
Lobo",!o!), 

So"", receipt of [)oil-DOE 
domel,i. """reb SNF. 
Receipt of .... ".1 SNF for 
u:amination and return. (Option 
C for Nny). 
Some onai� InnAf •• for 
(""""lidaliao. 

Canning Ind d\ ..... C�riz.olioli 
facilily (Ph .... I of Dry Fuel 
SlOng. Facility). 

SavuvlAh River Sil. Oak Ridg. Relel'Vllion 
Rec.ive ...... 11 ",,",uitiCi of I No SNF ohipmem 10 or 
Ilumi ... un-c\.od and l1..Iinlell- I from Ibe lile excert (or 
1t«1 cLad ruell. limit onAilO "'lUrch and devtlopnlC,u 
tn. ... fen 10 !hoM lUjuired for acti"'li ... 
...fe own,e. eocYOlid.olion. and 
",,,,,rcb and development. 
La ... r ",1""",,, ruel. 10 "'w wei 
Of dry lIDn,e facility or fIXI'Ie 
ah .. mi ... lln-cJ.od ruel. 10 F· and 
H-elnyOf\l for procClli"ll. 
Can aJumillUm-ciad fuel. and 
pJ.occ Ibem ia .... c\ or dry 
own,e or proceu n.iotillll: ...... 1 
Ihroulh F- and H-eanynw. 
PI.ce M..I.llIle ... �CI ano 
rircaJny ruel. in "''' Of dry 
lIono,o. 

". lUjuircd for ... fc alOngc. 

N."ada Tell Sile 

Not applicable. 

Not appliClbk. 

UP!radUincrulC rtorage 
'.p.Cily. 

SIo", in R • .oei"';� Balin for 
Off.ile Fuel • •  nd in an 
upgrw.ded ru.clOl" buin unlil 
",w wei or dry IIIOng. faeilily 
j. built. Rc.quiru 1>< .... 

Rccivi"ll IDd ChoncI",iution 
(acility, ",w .. et or dry 
nnning {aeilily. and 1>< ... W.I 
or dry otongc facility. 

ContillUed Ule of ujllline I Not applicable . 

Rtpllccmo:m ""nge fl�ilily for 
SNF r"'l"11 T.II ....... North 

OBIilC rtonge f.acilitiCi. Ne'" 
imenm rtonge upadlY 
.....,.,Id be added. 

Eleclro .... lOliurgic.1 p ..... clli"ll 
uli"ll limited ",,"lILilico of 
commerciai �NF. 

De"elop ..... hooloey (nOtl;ng I Onoite conlinuCi II plannc.d. 

New lechoology de"elopmcm 
facility_ 

and _nee de.ien) 10 ""'" I· 5 ... ,"", ,"", 51. ·'""';=� I· 
clJ.d fuel. in dry IIOnge waul\. 

I I 

Expended COR Flcility pba. I NO( Ippli<:.bJ,c. 
""I under Na...,. OpGona A ."" 
B. 

NOI Ipplicable. 

Not applicabk. 

NOl lpplicabk. 

Nayal li�. 

Oplion A: Limiw:! offl;1e 
oilipmem. 
Qrtlion B: Limiw:! ohipmcl1U 
10 Pull'et Sound. 
Oplion C: All SNF 
tn.naportcd 10 Idaho National 
EntIinccrin&: Labounwry and 
-"'"'. 

No ..... 

. Swnge II .... ".1 .ite.. N.", I I .. neport wnui"'r1, dry 
ott'ragc, or ","ler pool •. 

No"'. 

A: NOO&. 
!!: Lill'�L:4 �""!r'.i!'."!;on! �! 
Puge, Sound Na"al Shipya'" 
under Na"y Option B. 
C: Full. 

Other Ioc.tions 

Shipment. .. -.uircd fur 
cOfllinu<.d openlion for 
Nuclear bguJ.otory 
Clmmiuion-licenKd 
racilitiu. No "ffli ... 
ohipmcnll from DOE 
facilil;e •• 

Aa -.uircd for ... fe 
IIOnge, by Nuclear 
Ro,w...1OI'J' Convni"ioo 
lice....,. or .. pia..-d. 

CUnUoued Ule of oxiol;ng 
onaile IIDng. flcililiu 
New conaNclion .. 
pla..-d. 

Not appliclble. 

NOI applicabk. 
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Table 3-3. Summary of the 1992/1993 Planning Basis alternative. 
199211993 rl..AI\'NISG OASIS 

Tron"port ond OIon: "owly �we" led SNF 01 <he Idaho Notional Engineering labo .... tory or Savannah Rivu Sileo Con""lid.le lOme c�j .. ;ng f"eI. a' <he Idaho Notional Engineering L..l>onlory. 

.... ction. 
Tr8n�""r1.11li"n 
19921]993 rlonning bni. 
implemented 

Stahilir.ali ..... 
SLohilil-Otion acli�itiu II 
planned. 

llanford Sile 
Tra""I'0rt 0.04 MTlIM of 
TRIG" ru.llo the Id.ho 
National ElIgineering 
laboralory in four 
.hip"",nll. All nlher fuel 10 
he .doc.cd ol\lli�. 

Fvcl in 105-K£ 10 be canned. 
o.fenoe fuel. �ihly 
""biliT.ed by one of Ihr« 
_!hodl. 

Id.ho Nal;onal Engineering 
lahoratooy 

Receipt of tome fo�iJln SNF. 
Receipc of Fort SI. Vrain • ..:I 
Well Valley SNF. 
NaVal SI'tF 10 Idaho Nalional 
Enginuring Lobontory for 
(uminal;on ,..:I IiIcn lIonge " 
Id&ho Chemicil Procening 
Plalll, Receipt of non-DOE 
SNF/domeJlic ... lUrch SNF. 
Some onliu SNF nX>yement. 
C.nning .nd ch ... cterization 
f.cility. 

Snnnah River Sile 
R�eiYe ,,,,,,II ql.Lflnliliu of 
aluminum ... cl.d .nd .uinleu 
,,«l..cl.d ruelo. Limil onW  
lnn.f�n 10 !h ..... "'juired for 
ufe IIlOnop, CONO�daLion, and 
rnurch a.nd develop_m. 
ulOtr relocale �eLt 10 new"'d 
or dry IIOnge fadlity, or move 
.lymil\lJnKlad fuelo 10 F- and 
H..c.nyon for proc.lling. 
Can "Luminurn--cild rueL. a.-.:l 
pl.ce !hem ill "'01 or dry 
atong. or proc ... . xilli", fuel 
Ihroullh F- and H-Cany""". 
Pl.ce lI1Iinlc .. IUCJ and 
zirclloy rue!, in wet or dry 
1I0 .. ,e. 

Oak Ridge Rc",rnlion 
No SNF Ih;prnenu to lIIe 
1M nce", for "lUrch .nd 
d.veloprnem Icliviti ... SNF 
ohiprneou 10 otmr DOE 
fac:ililiea .. planned. 

AI nquired for .. f. IIOnp 
or .. plAM£4. 

1 S<o",�F,,'''', 1 Dd'OR p""'o"'oo fo,' 1 Up"" "'OC�R 00." 1 ,,= .. ,. '0 '�"<'''' .. ·· 1 C""" ..... OK of ' •• '''1 
upgrade/repLlcemen! .nd rtnred in new .... t or dry Ulplcity. for Orr.ite Fuel • •  nd in In o .... ile -.onp (lCiliti ••• 

iro;re ... d lIo .. g� Clpte;ly flciiiti ... Sbippinif>On, F.. Replleernen! ..., .. ge flcility for upg .. ded reactor buiD until N .... _ruction .. 
.. pl.nne<!. RUK Tut Flcility, Ind SNF from Tell Aru. NOM. ,,",W wet or dry ..., .. p f.cili,y plAnned. M.iouin option I I m,.,I1.",�, fool .0.' '0 I foc ..... �, ,,,,"", '0 I ,. '0'1<. "'"10'.' oc> I foc ",0'." 'ry � •• , 

ne'"' dry r •• iliti... 1I0 .. p pool.. l'Ueivi", Ind ch.nclCri.z.ation fKiLiliu. I r.cility . ...... wet or dry 
•• nning (ICllily Ind new ... et Of 
dry lIonge f.eility. 

Nevada Tell Sile 
Noe Irpliubl •. 

N<Jl IppliUlble. 

1 "�."" .. ,". 

1I.'":'INn:h and EVII".ti,," of dry a ..... ge for El�tromelillurgiCiL proculin, Develop Iechnology (cIMi", 0nIi1.e Conl; .... u .. pl.nned. I N<Jl .ppliclble. 
Ile .. elopmmt- Shi1'J'inif>Ort, F .... Ru� Tea uo;1III limiwl '1uantitieo of Ind -.on,e dc.im) ... lito" 
Tr •• !rnen! lUhnnlogy 1.-.:1 Facili!y, .nd mi..:ell .... OlI. commerei.1 SNF. Sav.nnah River Siu lllimillUm-
re ... reh Ind developrnenl fuel.; re ... lrch .nd New t.echnol0l)' devclO{'melll cl'" ruel. in dry IIO",C VlUlt. 
Ictivitiu for DOE SNF devcloplTIICrd on defen .. f.cility. RtlUrch Ind pilol-lClle 
m.lnage, ... ,,' .r,.:l diopoul prod .. ,,!ion fuel flIbiliU!;un; q>entiopa '" deurmiM be. 
.. pl.n""d. ch,,,clCrir.llion of N-Re.ctor t.echnology (or ultimau 

1.-.:1 Single-Pa.u """or fuel • dioposilion of .tumi ... nKlld 
... .KlCrmi ... !he fCl.ibiLity of fuel • .  

dry 1I0l"lj'!e. 
--_._ < .. 

N.n.l t'uf'l E�.minalion I Noe .pp��--- Full .umi .... tion .t Idaho I NOI. .pplic.ble. I NOI. Ippliuble. I Noe Ipplicable. 
N.tio .... l Enjrinurillll 
ubontory. 

NavlJ liln 
T .. noron .n SNF 10 Idaho 
N.tio .... L Eni;nccrilll 
ubo .. tory. 

No,,",. 

I "OOC 

I None. 

I N<Jl .pplic.ble. 

OIher I"""tio,,," 
SNF Ihipmenl' ... ooE 
flciliti .. .. pL.nned. 

AI nquired for ufc lIong. 
by Nuclur Re",lltory 
Commi .. iOQ lice...., or .. 
plAnoed. 

1 Conu.-..ed u .. 01 .CR'''lII 
onoiu .on,.. flcilitiu. 
Ne ... c�clion .. 
pLanned. 

NOI. IppLiclble. 

NOI IppliClbic. 
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Table 3-4. Summary of the Regionalization alternative. 
REGIQNALIZA. liOS 

DiliribuLC nilli.., and projected SNF .roo", DOE .iLe' b ... ..:1 on fuel typc (Rc,ionali.ution �A) or ,co,nphic localion (Rc,i ...... Jiution 48). 

Actioru 
Tnuuportliltioo

o,olnbllLC ujlli", and 
projeclcd SNF 10 lh-. 
OOEaiLCI 
(Rerio""Jiution of A) or 
two DOE liu:. 
(Reriorll.JiLation 48). 

Stiabi.li..r.atioa 
Fuel. I<> be tell;,...;! .t 
uilti", DOE liu:. would 
be IUbiJiud .. pllMe<l. 
For fuel 10 be l.rorwpolW4 
to .. "Onal ""', Iny 
IlIbiJizal.xlR beyond that 
n.quiR<l for lI'I.rYp<>naLiol1 
wouLd be performed II the 
"" ional aile. 

Sto.-.,_ 
F.�ili!y "",Add 
tcpw:erno:nI and on.oi� 
fuel In. ... fen 10 .. ppon 
.. rc _orale lIld lO allow 
OMiLe �olUOli<ution. 

Hanford Silo 

Rc,ionaliulion of A; o..f.,uc 
prudliCUoon fu�1 10 N 
n:louled 0111;1&. All fuel 
except defelllC production 
fue I In ruport.e.d ° If oi Ie • 

Re,ion.oliz.otioo 48: AlI !\ael 
10 be ... Iouted ol1liu: 
R..,cin io • ne .... (Icil;ty IU 
!\ad. from ,enenlton ..... of 
!he Miuiuippi River (If 
Wulern Re,ional S;I&); 

. Inn.op<>rI III fuel. to WOlleI'D 

I Re,ion.ol Site (if not W.ael'D 
Re,ion.oI StU:). 

Fuel in 105·K£ 10 N Clnn.c.d. 
0.. r'IlK !\a.lo pollibly 
IU.bilizu] by 0 .... of Lhru 
meLhodl or .. bilLZUI for 
lrarwportillj" oITliu: 

Id.bo Nltiorlol) EnJinccrillj 
Laboratory 

Re,iorlolll1.ltioll 4A; Re<:eive 
.... yal. TRIOA, IDd 
""rIoIluminum fuel •. 

Reriolllli.utioll 48: Re<:ciYe IU 
fuell from ,enonton ..... o( 
Ibe Miui .. ippi RiYer (If 
WeOUrn Re,ional Siu:l: 
InlUlpOrI III fuel! to Weourn 
h,ion.ol Siu: (if not WeOUrn 
R.ri0lll] Siu:); R.e<:eiYc .... vol 
SNF if .. 1e<:1ed (or Up.oded 
Con: Facility lil&. 

C.nnillj aDd chlnlcU:riz.&tian 
f.cilily nu-ded far .. bil.z.ol\on. 

R.,io .... li.ulion 4A' Requi,. .. 
n:c.ipt (acility. 

R.,iaRlhl.ltioo �B; R«jui .... 
InlUlpOrtina: facility (if not 
W.OUI'II Re'io .... 1 Sil&). 

Re,ion.oliution 4A: Defo"", I u".ndcIu.;1'U1C caplcity, .. 
prodw;lioo fu.cJ 1tOR<l ;" ""w n.quiR<l, .. applicable for 
""d 0, dry f.cHiliu. Rc,IOI'llJiLaLioli 4 ... or 'lB. 

I Rcpilcemuw ItOnl' racility for 
Rca:io .... li.uLion4S: All 1\.001 Tell Asu. l'Iorth S]'IIF. 
IlDRd in DC"" '"'.\ or dry 
flc;JiLiu if WclUm Relin,...] 
Sill:. 

Slvlnn.ah River Siu: 

Rc,iOOlli.ution 4A: R...,eiyc 
.luminum-cLod fuel from DOE 
ond ..,.,..DOE .iu: •. Tranoport 
.. inlu . .... l aDd riruloy fuel 
to Id.bo N.tioo.&J EnJiDUring 
\...abontory. Uti\iu III ... .... t 
or dry -.or.,e f"ilitiCl, or 
lnO'I'e IlumillUm·dld fu.l. to 
F- ond H-CfJlyoo (or 
pru:euiDl· 

Rerioo.alizotion �B: Rec.,ve 
.11 Ii.ocl. from ,.ncn"-,, ... 
of the MiNi .. ippi River (if 
uaem R.e,;.o!lll Site); 
In""'l"'rl oil fuell 10 Oak Rid,e 
h .. rvotioa (if DOC uaem 
h"oo.&J SIte); bcClve !lin! 
SNF if _Iccled for ExpcDded 
Con: F...,ilily li",. 
hll"ioo.&Jiz.aLion 4A: Cln 
Ilutni.aLtm-cLad fuel • •  nd pLoce 
lIIem in ... " oc dry IlDn,�; or 
pru: ... uiailll Ii.ocl LhKOJlI"h 
F- .Dd H-C.nyona. 

hr>oo.aJizotioa 48: Cln 
.huni .. u .. -clad fuel. IDd pllc, 
them ia "'e.! or dry lIOn,. or 
pru:.11 lIIem Ihrou,h F- .Dd 
H-ClnYD<II. I"LIc. 
oonaluminum-clo.d �II in wct 
ordry ll<>n,e. 

h,iOlllJizotioa 4A: Store fuel 
ia kccei"';lII Buin for Off.ile 
Fud. ond in fJI uplI"ndcd 
rue .... buiD. Require. DC .... 
rcc.ivinc 1..1.:1 choracleriz.&Lion 
faci[iun, 1..1.:1 De'" Clnnin.a: 
faci[iLi ... 

Rc,ionalizauoa 4B: SIon: 
fuel. in bceivilli Ruin for 

Oak Rid,. Re ....... tion 

Re,ioNlliLation 4A: 
T",�n .U .Iuminum-clld 
SNF 10 SIVOnnah River Siu:, 
ond III other SNF 10 Lhe 
Idoho N.tioo.al EnJioccrinj
\...abontory. 

Re,iollliiutioll 48: 
bc.ive oJl fuel from 
,.ne","-" ... of Lh. 
Mioai .. ipp; River (if E.aacm 
R&aioool Site) aDd MVal 
SNF (if .. Iccwi). Tnn.op<>n 

III SNF 10 cI&.i,n.owf .ite if 
not ... 1...,1ed. 

R.,io .... llution 4A; AI 
A.<JuiR<l for oh..ipmeJll. 

R.,iallllizotion 48: AI 
n:quiR<l (or n:ceipl aDd 
Il<>ra,�. So.o:ne II 
Reaiooolizoti"", 4A if DOC 
.. 1e<:1ed II E.aacm ReaiOlllI 
Sil&. 

Rc,ionalization 4A: 
conlinued u" of ex.i';!I&' 
OIlIite -.or.,e faeilitiu. 
Mli"",in optiOI1 for 
Icquiring dl")' lID"',. 
fleiliti ... 

R.giollllizouoa 4B: 
COIlIlI\Ietioll of .. ... 
fleiliuu nccc .... ry for 

Off.il& Fuel ill I ...... clor buin I invclliori ... Same I. 
unW ne'" """" c flcility .. h,iollllization 4,. if not 
buill. ...Iccled II EaOUm h,iorloll 

Site. 

Nevldo T •• Site 

h,ion.oliution 4A: No! 
appliclbl • .  

h,ioIIIIi.ution 48: lUeein 
IU fuel from " nc",lon ..... 
of Ih& Mi .. illippi River (if 
w.OUm R<:,ionol Siu:) IDd 
My.1 SNF (if .. Iecwf). 

R�Jlion.oIOL..oI;u" 4,.. Nut 
Ippli.lbl�. 

R.,ion.olizotion 48: Ju 
n:quiR<l for n:ceipt and 
JIOn,c. Sime If 
R.,iorlolli.ution 4A if DOC 
.. Iecwf If Weaem R<:aionoJ 
Siu:, 

Rc,iorlolliLILiun 4A: Nut 
Ippli"bl •. 

R<:';o .... li.uuon 4B: 
CODllNcLion of new faci!itici 
nee ...... ,. for invenlorico if 
..Iecl&.d If Weaem Re,io .... 1 

Siu:. 

NIYal lilel 

R.lI:io .... !izolioo 4A: TUn.r><>n 

.11 SNF 10 Idaho N.liollli 
EnJinecrin( \...abo"'tory. 

Ilcrior.lliution 48: Tnln.op<>n 

IU SNF 10 ei!her uaem Of 

WeaerD Ilc,ioool Site 
dependi", 011 locatioll fot 
£.q>cDded Con: F"ility. 

N"� 

NODe. 

OIh.r locI tiona 

Reliio!llilution 4,. or �8:  
T"'noport n...1 1O Eo..,m or 
W._m R<:Jiiano.l Site .. 
IppropnalC. 

ReJlion.oliLotion 4,. or 4B 
AI A.<JuiR<l ror ailiplflClII. 

R.r'o .... liLItion 4A or 411: 
Conlin.ucd u .. of ex.iot.i"lI 
onai ... "" .. ,e faedili .. 
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Table 3-5. Summary of the Centralization alternative. 

...,;-
Tnuuportatioa. 
E:U-.illl SNF �nc.d 
\0 the ccDlnl1ZC<l .;1&. 

Suabiliu.oo..-
F ... cl • •  t elliRillj' OOE 

I ""'I .... ""Ia Dc .... OUIZC<l 

before lhipmcJ\l. Olher 
SNF .... ould b.o .. bili=d 
.. fUll,lircd " the 
cenlnlJiuotioa oiLe. 

sw ... � 
Ne,", u.cilitiCi (or SNF 
1nI,....c�lII. 

Hanford SiLe 

Optioo A; Receive .U SNF. 
Rcqui • .,. racility for rucipl 
IIKl h.andiiDi of fuel. All 
Hanford SiLe fuel 10 be 
relocated ODliLe 

Optiona B. C, D, I..Ild E: 
Truupon .U Hanlon:! Sil& 
SNF 10 the cCDlnI .icc. 
Oplioa A: itequiru racility 
for bandhna and ,,"cil"- of 
tu&1. fuel W lu�·ll lO Dc 
Clnned. Defe,... fuel. 
pau.ibly ubili=d by 0 ... of 
IInw In<:\ho.h. 

Oplio"" S, C, D, o.nd E: 
Require. faci]iLy for 
... bilwna 100 trllIIpOrtini: 
fuel. 

Opliua A: Require. new 
""'''1& Iiocilitico. 

Opliolll B. C, D, aDd E: 
PIui. oul of ilOf1Ilc 
fac:ilitico. 

CENTRALIZAT10N 
A.Hanford Silo: 

B.Idaho National Eneimcrioa t,..bo .. wry 
C.s..vannah Jijvcr SiLc 

D.o..k Rid,c hocrv.li"" 
E.Ncvlda Te. Sile 

M_,c .U e:tilliog and projected SNF iDveDIOri.e1 from OOE aDd 1M Navy at ODe 0I1e unlil ultimllC diopoaition. 

ldabo N.Liooa.l EDaiDurioa 
1.0"""", 

Option B: 5U.:civc .U SNF. 

OptiOILl A, C, U, a.Ild E: 
T .... nopon .U w.oo Nai.>on.oJ 
EnJincenn, t....t..r.ory SNF 10 
the �clll.rlJ aiLe. 

All Opt>olLl: Cannina .Dd 
cha .... c�rmu.iOD. flciJity nudcd 
[or IlIbJ..h .... uOD.. 

s..VIDnlh River Sile 

Optioa C: R.e.:eive all SNF. 

Optiom A, Is, U, a.Ild E: 
T .... nopon an s..Vlnnah River 
Sil& SNF 10 the eemn..l .iLC. 

Optiona A, B, D, and E: CID 
IiJ SNF before Ihipmnd. 

Oat Rid,c Re""rvatioa N ..... � TUI Sile 
Optioa. D: Receive all SNF. I Optio>D E: Receive aU SNF. 

lJptlom A, 5, C, £, 1': I' UpUOIIII A, 5, C, U: 1'101. 
T..-.n.potI Oat Rid,e IpplielhJe 
b..,rvllioa SNF 10 Ihe 
ceW"&! Mle. 

Opuo", A Ihrou,b C and E: 
AI �lIired for Ihipmell. 

Optiuo.o A !broullb D: AI 
fUll.Lircd for lhip_IJ.. 

Option B: Require facility (or 
"-Ceipl aDd ltOrI.,c. 

Optioa C: C.a .llIrnillulJKlad I OptiOQ D: AI n.quircd for 
l'u.tla I..Ild plac:e !bem in wei or receipt and ltOn,e. I Optioo E: AI fUll.Lircd (or 

...,.,eipt and olortI,e. 
dry �p; or procea u.iaina 
l'u.tl lllroogb F· lno:! 

OptiOILl A, C, D, and E: H..clIlYOlY. Cbal"ti:�riu fuel 
R�uirc tnruporUlII flciJily. ...,.,civcd from off';�. 

OpIiOD B: �lIircl ne'" ....... re Oplioaa A, B, D, Ind E. 
fo.ciJitiel. S ....... uillina: IJllminum-eLod 

ftocJ in �DOVlt.ed Rcceivi..oa 
Opliono A, C, D, and E: 1'h.I"" BlMD Coc OOaiL& Fllel lno:! 
OVI ItOn" C&cilitiu. ...ink......-c.c.l llld zireooloy-fuel 

ill ID I.Lprndcd reooclOf buill 
u.atiI WIKIeri.zatioa aDd 
lhiplN'lI orrlile. Requi�. 
.,., ... fuel Cb.o.lKleriu\ioa 
C&cil.ily. 

Optioa C; SIo� all.Lmilllllft
dad l'u.tJ ia �ivini Buill foc 00.;1& Filet. ,ud � 
�rcaJ.oy-cLod ,nd ... inle .. 
_I-clad tv,l. in RlCtor buill 
IIIlliI Dew �,e C.ciJilin .re 

Iv,it..blc. Store l'u.tl lh.ipt¥lU 
ill new ....... ,., faciJity. 
Requirel new """eivine, .no:! 
cb.o.lKleri.zation and c"\luna 
roeilitiel. 

Option D: COOItructioa of 
new facilitiel lIC(:eUlry Cor 
;"velll<>rici. 

OptiOlY A Ihrou,b C and E: 
U. o( u.illioa OOIile 
....... 'e C&cililiea. M,i.nu.icro 
opLion for ""quirioa dry 
....... lIe "cililie • .  

Optioa. E: Coo.tnu.:tioa of 
DeW faciJitiel lIC(:eUlry for 
ill'lentoriu. 

OpOOI)l A w....,b D: Not 
IpplielbJe. 

N.vaJ lile. 

T .... rwpolt .U SNF 10; 

Optioo A: HlnCord Sile 
Uptioa 8: kLaho NltlDlI&l 
EnJincenn, t....bo .... wry 
Oplioa C: SavllItIAh 
River SiL& 
Optioo D: Oat Ridre 
boervation 
Optioa E: Nevadi Tell Si� 

N_. 

N_. 

OUI&r Joe.tiona 

OpOOQl A Ihroullh E: 
Tnnoport lU fuel 10 "cDlnI 
.. � II 'l'Propl1l�. 

OptiOQl A !brood> E: AI 
n.quircd for lhipllW .... 

OptiOlll A Ihruurb E: 
COIlIiIlllOd uoe of exiailll 
onaiL& ........ e fo.cilitiea. 
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Table 3-5. (continued). 

AcIiOf\l 
R ....... ... 
De'l'eIopDtIIl-'I T�trIW� =hnoio,y .00 
I'uurd! and dudopmt� 
lellvitiu for DOE SNF 
mlnI,CmtDl U>d diopoul 
ace"," at !he cemn.Jiu.uon 
IiI<:. 

H.oford $jlC 
Oplio<l A: Rcoea�b ud 
dc .. e1opm<>nI IIUded foe DOE 
5NF _naae""''' and 
ullinlllLt diopo.itioo of SNF. 
New �� fKilily. 

Optiom B. C, D. aDd E: 
RUe&rob and dcvcJopmoolil ull 

dcfcnac production fuot.l 
.. biliur.i<>n olnd (c.uibility 
for �.nnilll .nd dQ aora,c. 

Nan.l f'ud Eu.minatioa I Optiod A: E..lpcDdcd CO� 
Faeility dc ... �lopc.d. Full 
examination. 

Oplio"" D, C, D, and E: 
Not .. ppJ;':.bl�. 

cDt'TRALl1..AnON 
A.Hanford 5� 

B.1daho National En,:inurin&: Labontory 
C.Slwan.a.ah Rinr SilO 

D.Oat lUd,c JU.aryatioa 
E.Ncvad.l Tua SiI& 

MI.DoI,e aLi uillilll and proj«� SNF iavmIociu from DOE ud � Nlvy .r. 0EIe ';1& uDLil IlhiDlolIC diipOtition. 
Idaho N.tiow £.aaiDccrin&: 

Lo ... ..., 
Option B: EJcctromf.wlurtio;ai 
pnxu1irll II";", JimilC(\ 
'1uam.iuu or <:<>mII"ICn;w SNF. 
Ne ... =hooIOfY fKilirJ· 
Rc.un:h and dcvclop ..... Dl 
.-.ded for DOE SHF 
II'II.IlIIreowlII and diopou.i of 
SNF. 

0pti0I:>a A., C, D. and E: 
RcIU�b and dcvclopm&Dl 
Cel •• 

OptiOll B: E1pCnd� Core 
FKility conti.....,. opcruiutJ. 

0pti0I:>a A, C, D, _00:1 E: 
E..lpcnd� Core Facility ph ..... d
�,. 

Sivl.illlolh liver SilC OU IUdp hllC(Vltioa 
Optioa C: De ... elop *hooIOfY 0pU0a D: Build �.un:h 
(cannina" I..Ild Ilona:" dcaia:o) 10 100:1 dc"'Cloopm&1lI facility. 

, � su.......n 11.,. .. < Silo; 
alumimla...:1ad fuel. iD d.ry Optioaa A IhrouPl C I..Ild E: 
IIonr' .... u.n. Rc.un:b .nd Onailol rocaiouc . .. pJ.o.onW.. 
dcyeloplPIlli I..Ild pilot-ocale 
opcmiona 10 determine bell. 
t.c.;hDOlory for Illlimalol '1 
diapo.itioo of SNF . 

Opliolll A., B, D, I..Ild E: 
Develop _hooIcyy 10 ... biliu 
I..Ild tn.rupon corroded 
al ... mi .... IIKLad �. 

Nevada Tc. 5il& 
0pti0D E: Build t&MI...:b and 
developrrw.1II fKilily. 

Option. A Ihroup D: Not 
Ipplicable . 

Oplion C: Expended Core 
F.�;lity dc ... dopc.d. FuU 

Opttou D: Build Expcoo:lod I Optioo E: Build Expcod� 
Con: Facility. h.l.l Con. h�ilily. Full c lWI1i.oa ttou. 

OptiORI A, B, D, and 10: Not 
oppli,able. 

cUmilllttou. 

Optiono A Ihroup, C ,nd E 
Not applicable. 

c:uminalion . 

Optio,,", A through D Not 
applicable. 

NI..,II aiUI 

N�. 

Not appli�ablc 

Olber \oo:.1iona 

Not applicable. 

Opti<no A Ihroorb E: Not 
appliublc. 



No Action alternative 

3.1.1 No Action 

The No Action 

alternative is an alternative 

required under the Council 

on Environmental Quality 

regulations for implementing 

the National Environmental 

Policy Act of 1969. Under 

the No Action alternative, 

DOE would limit actions to 

the minimum necessary for 

safe and secure management 

of S NF at the generation site 

or current storage location. 

Under this alternative, small 

and large DOE sites, naval 

sites, university and other 

NoActiiln AJternafive 
. - - " -

.: ,- - - - '-' : '-'. 

Take min;mlmnlctions reqiliied for safe arid secure ¢aDalloment of SNF 
at or e1ose io. ibe generiiliOlj iritB or CIIO'1lQt $tonige location. 

• After an appronmatiO Heat liaDSition periOd, riIl �rt of SNF 
to or from DOE facUities W<lIIld· occur. 

• Stabilization · aCtivities would b6 limited · to thO m.inliUutn actions 
required 10 safeiYSfure SNF. 

• FaCility . �I'Bta4eI..epl�I ·· liIid ·OO#te·. f1jer�fen would b6 
limited to those D� foi safe iDtiOriin SlOrage. 

• E�tiDg �b. liIiddevelopmeDt acti.'litieS would continue. 

non-DOE domestic reactors, and foreign research reactors would all independently manage their SNF 

onsite. Generally, after an appropriate transition period SNF shipments between sites for 

management purposes would be discontinued, including those SNF shipments currently allowed by 

court orders and Federal facility compliance agreements. Figure 3-1 indicates SNF inventories. The 

technology development activities related to SNF management, limited to activities already approved, 

would continue within DOE. Figure 3-1 also shows the distribution of fuel from 1995 through 2035. 

The following subsections highlight actions associated with the No Action alternative at tlle 

sites being considered for SNF management. 

3.1.1.1 Hanford Site. Under the No Action alternative at the Hanford Site, only those 

actions deemed necessary for the continued safe and secure management of the SNF would be carried 

out. Thus, the existing S NF would be maintained close to its current storage locations and then� 

would be minimal facility upgrades. Activities required to safely store SNF would continue. 

Specific actions proposed for the near term include proceeding with the characterization of 

defense production reactor fuel to establish safe interim storage limits, containerizing the fuel in the 

105-KE reactor basin by 1998, procuring the first 10 dry storage casks for the Fast Flux Test 

Facility, transferring SNF to dry cask storage if required for safety reasons (with emphasis on Fast 

Flux Test Facility fuel now stored in liquid sodium), and possibly consolidating SNF from defense 

production at the 105-KW reactor basin. 
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Locations where SNF is 
currently generated or 
stored. 
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Figure 3-1. Spent nuclear fuel distribution, location, and inventory for the No Action alternative. 
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No new facilities are planned under the No Action alternative. 

3.1.1.2 Idaho National Engineering Laboratory. For the No Action alternative, DOE 

would maintain SNF close to defueling or current storage locations with minimal facility upgrades or 

replacements. The Idaho National Engineering Laboratory would neither receive nor transport SNF 

except for naval SNF during a transition period of about 3 years (see Section 3 . 1 . 1 .6). After the 

transition period, naval SNF would not be transferred to the Idaho National Engineering Laboratory, 

and the Expended Core Facility at the Idaho National Enghleering Laboratory would be shut down. 

DOE would continue to transfer onsite SNF to the Idaho Chemical Processing Plant until the existing 

storage capacity is used. 

DOE would continue operating existing SNF-related facilities at the Idaho National 

Engineering Laboratory. Because of the deteriorated condition of some of the fuel stored underwater 

in the CPP-603 Underwater Fuel Storage Facility, additional characterization and canning capabilities 

would be necessary to stabilize the fuel for safe transport and subsequent storage. DOE has 

scheduled the installation and operation of new fuel characterization and canning equipment in the 

Irradiated Fuel Storage Facility by late 1995 to provide these capabilities. DOE would perform other 

required stabilization of SNF at the Idaho National Engineering Laboratory in either the Remote 

Analytical Laboratory or the Fluorinel Dissolution Process Hot Cell. DOE would not start any new 

projects to increase SNF interim storage capacity. 

SNF research and development would be limited . Existing SNF management research and 

development projects would continue, but the development of technology for the ultimate disposition 

of SNF would cease. Existing facilities, such as the Process Improvement Facility, the Remote 

Analytical Laboratory, and the Pilot Plant Facility, would support continuing research and 

development work. 

3.1.1.3 Savannah River Site. For the No Action alternative, DOE would use the existing 

Savannah River Site facilities for extended wet storage of its current SNF inventories. The Savannah 

River Site would not transport any SNF offsite and would not receive any SNF. Only onsite 

consolidation and rearrangement would take place. DOE would temporarily move fuel currently on 

the Savannah River Site among facilities to accommodate facility upgrades. 

Six Savannah River Site facilities are used for the storage of SNF: the Receiving Basin for 

Offsite Fuel, K-Reactor Disassembly Basin, L-Reactor Disassembly Basin, P-Reactor Disassembly 

Basin, F-Canyon, and H-Canyon. Most of the fuel is located in the Receiving Basin for Offsite Fuel, 

the L-Reactor Disassembly Basin, and the F-Canyon. DOE would accomplish onsite transfers as 

required to ensure the safety of aluminum-clad fuel. The Receiving Basin for Offsite Fuels and an 

upgraded reactor basin would be utilized for continued storage of this fuel. Additionally, DOE would 

place the aluminum-clad fuel, which is degrading because of corrosion, in containers to minimize the 
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spread of radioactive material in the pools in case the cladding is breached. DOE would continue 

existing SNF-related research and development. 

3.1.1.4 Oak Ridge Reservation. Under the No Action alternative, the Oak Ridge National 

Laboratory, which is on the Oak Ridge Reservation, would generate and store SNF as a result of 

reactor research activities. No SNF would be transported to the Oak Ridge Reservation, and no SNF 

would be transported offsite. SNF would be stabilized, as necessary, to ensure safe storage. Oak 

Ridge Reservation research and development activities would continue as planned except that the 

alternative could lead to the shutdown of the High Flux Isotope Reactor as a result of filling the 

existing SNF storage capacity. Additional SNF management planning is not expected to be required 

for the Bulk Shielding Reactor or the Oak Ridge Research Reactor through the year 2035. It is 

anticipated that the fuel now stored in the Tower Shielding Reactor No. II core would be moved to 

the Y -12 area at the Oak Ridge Reservation for interim storage. If this is not possible, additional 

storage space or cessation of reactor operations may be required after 2005. If the Advanced Neutron 

Source becomes operational in 2005, additional SNF interim storage space may be required. 

3.1.1.5 Nevada Test Site. The Nevada Test Site does not generate or store any SNF and 

would not receive any SNF under the No Action alternative. Therefore, this alternative does not 

affect the Nevada Test Site. 

3.1.1.6 Naval Nuclear Propulsion Program. Under the No Action alternative, naval 

reactors would continue to be defueled and refueled as planned. In accordance with normal practices, 

the spent fuel would be removed from the ships (or prototypes) and placed into shipping containers. 

No action would be needed to prepare the naval SNF for storage because of its corrosion resistance, 

high integrity, and strength . The SNF would be stored in this condition at a location near the 

defueling site. Naval SNF from ships defueled or refueled at Newport News Shipbuilding, a private 

shipyard located in Newport News, Virginia, would be transported to the Norfolk Naval Shipyard, in 

Portsmouth, Virginia, which is the nearest naval site. 

Under this alternative, examination of naval SNF would ultimately cease. A transition period 

of approximately 3 years would be required to procure sufficient shipping containers to store naval 

SNF being removed by ongoing defueling or refueling. During this period, naval SNF would 

continue to be transported to the Idaho National Engineering Laboratory for detailed examination and 

storage. After the transition period, naval SNF would no longer be transported to the Idaho National 

Engineering Laboratory for examination and subsequent storage; the SNF removed from naval 

reactors would remain for storage at the naval sites. In addition, the Expended Core Facility at the 

Idaho National Engineering Laboratory would be shut down. 

3.1.1.7 Other Generator/Storage Locations. Under the No Action alternative, the SNF 

generated and/or stored at DOE research and non-DOE research reactors and other locations would 

not be transported offsite. For the purposes of this imalysis, it is assumed that SNF from foreign 
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research reactors would not be transported to the United States under this alternative. DOE research 

reactors with adequate storage capacity could continue operating as planned. If the onsite storage 

capacity is inadequate or cannot be expanded, new plans would have to be considered, including 

potential cessation of reactor operations after storage capacity limits are reached. 

The No Action alternative would also affect the management of SNF from nuclear power plants 

that DOE is obligated to store. For this alternative, the SNF would remain at these sites. 

Stabilization would be performed, as necessary, to ensure safe storage. Loss of access to the Idaho 

National Engineering Laboratory for storage of its SNF has already resulted in the construction of 

new onsite SNF storage at Fort St. Vrain. Therefore, implementation of the No Action alternative 

would have no additional impact on the management of SNF at Fort St. Vrain. 
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3.1.2 Decentralization 

Under the 

Decentralization alternative, 

DOE would (a) maintain 

existing SNF in storage at 

current locations, and 

(b) store new SNF at or 

near the site of generation, 

thereby reducing the amount 

of fuel transported before a 

decision on ultimate 

disposition. This alternative 

differs from the No Action 

alternative by slightly 

increasing shipments to 

DOE sites and developing or 

upgrading facilities. 

Table 3-2 summarizes the 

basic actions at each site 

under this alternative. 

Actions that would improve 

management of SNF would 

be undertaken. SNF 

Decentralization alternative 

SWre most SNf 1!f Qt �Iii$e l<> tJiij � lIif4 '* current . storage 
location, with limited· sIrlp11lents iO DOE facilities. 

• DOE SNF sbiJ>lll"nlSwould.lJe liuUted to Ih<i fQUowiilg: 
- SNF sIoted or gilnerated at DniVersities and n<>lIcj)(jE. facilities 
- l'otep,ti.i. foreip �. �to� fuel. 

• SNF processing might !leed tO lJe condlicted. Other forms of 
stabilization uUght occur .iO p�vi,� fOf .. t'e Siorage andlor 
trallSp<>n. 

• SoJ:ne. r.cilit!i\$ ·WOuId.·be up�/repillced .lI!ld iIddlti� stotage 
capacity reqWrecl by thc altciroative .wouid be collBinlcted. 

• Oosite fuel trau&f....s would occur for impro"ed �fe Storage. 

• ReseatclI l\nd devetqpfuent tctivities wuuld be un�e$ken fot SNF 
mariagement, incltl(!jbg stabilization. technology. 

• Three OPtiOnil for naval fuel, No inspection-fuel remainl!dose to refu!lliogfdefueliog site 
- L!uUted i)lSpec:ti!ln at l'!lglll � NavalSijiJiyard 

. FuJi· i)lSpec:tiQl1· �. Ih<i Idaho .lllaticll1a1 Engioeetfug· Laboratory 
follwied bl stOtjge � · to �l\IeIingldefueUDg lIite. 

processing and research and development would be performed. Fuel may be transported for safety or 

research and development purposes. Figure 3-2 identifies the movement of fuel from 1995 through 

2035 under this alternative. SNF from non-DOE locations would be transported to one of the major 

existing sites for management. SNF managed by DOE would remain at its current location until a 
decision on final disposition is made. The Navy has evaluated three options for SNF managemem 

under this alternative, based on the amount of examination that would be performed on the SNF. In 

general, naval SNF would be stored at the defueling site. SNF from Newport News Shipbuilding 

would be transferred to the Norfolk Naval Shipyard. 

3.1.2.1 Hanford Site. Under the Decentralization alternative, the near-term activities at the 

Hanford Site include those activities identified under the No Action alternative, as well as substantial 

facility development and upgrades, and SNF processing research and development. In addition to the 

three principal activities identified for the No Action alternative (that is, fuel characterization, fut!1 

canning, and cask procurement for Fast Flux Test Facility fuel), the following general activities 

would also occur: evaluating wet and dry storage methods for defense production N-Reactor and 

Single-Pass Reactor fuel; evaluating dry storage methods for other fuels (Shippingport Core II, Fast 

Flux Test Facility, miscellaneous); conducting extensive research and development on defense 
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Flgure 3-2. Spent nuclear fuel distribution, location, and inventory for the Decentralization 
alternative. 
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production SNF stabilization techniques; and constructing and using wet and/or dry storage facilities 

and possibly a stabilization facility. In response to public comment, this alternative also includes the 

option to process defense production SNF at an overseas facility. A discussion of this option is 

provided in Volume I ,  Appendix A, Attachment B. 

The Hanford Site would not transport SNF to or receive SNF from offsite locations, unless the 

option to process defense production SNF at an overseas facility is selected. Local transport of fuel 

would occur to support safety requirements, improved SNF management, and research and 

development activities. 

Combinations of wet and dry storage would be considered. Either a new wet storage facility 

or dry casks or vault-type dry storage would be needed to replace existing facilities. Dry storage of 

defense production SNF would require a new stabilization facility. Because of substantial chemical 

and physical differences between defense production fuels and the nondefense fuels, it is possible that 

separate storage facilities would be built. Additional National Environmental Policy Act 

documentation would be prepared before selecting this option. 

3.1.2.2 Idaho NatIonal Englneerlng Laboratory. Under the Decentralization alternative, 

the Idaho National Engineering Laboratory would accept limited shipments of SNF for storage, 

including SNF from some domestic research reactors and some foreign research reactors. Some 

onsite transfers would also be conducted. DOE would manage the existing SNF at the Idaho National 

Engineering Laboratory, such as the naval SNF at the Naval Reactors Facility and the SNF in 

underwater pools, to accomplish safe and secure interim storage until ultimate disposition. 

DOE would use the characterization and canning equipment described for the No Action 

alternative to stabilize SNF removed from the CPP.{j()3 Underwater Fuel Storage Facility for interim 

SNF storage. DOE would transfer the SNF in the CPP.{j()3 Underwater Fuel Storage Facility to the 

Fuel Storage Area by the year 2000. DOE would continue to use the Underground Storage Facility 

and the Irradiated Fuel Storage Facility for existing SNF inventory and transfers of other SNF based 

on safety analyses. DOE would upgrade or increase fuel storage capacity at the Idaho National 

Engineering Laboratory, as required. 

The Idaho National Engineering Laboratory would conduct various research and development 

activities, including laboratory and pilot-plant testing, continued repository performance assessments 

and acceptance criteria development, and the characterization of SNF. 

The Idaho National Engineering Laboratory would examine different amounts of naval SNF, 

depending on the option selected for the Navy Nuclear Propulsion Program (see Section 3 . 1 .2.6). 

Under two of the three options, the Expended Core Facility would ultimately be shut down. As with 

the No Action alternative, each of the options for naval fuel would require a transition period. 
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During this transition period, SNF would be transponed in shipping containers to the Expended Core 

Facility for examination and then to the Idaho Chemical Processing Plant for storage. 

3.1.2.3 Savannah River Site. The near-term fuel transfer and consolidation activities at the 

Savannah River Site for the Decentralization alternative would be similar to those under the No 

Action alternative, except that the site would receive limited SNF shipments from other locations. 

The Savannah River Site would receive research and test reactor fuel from some domestic and 

perhaps some foreign research reactors . This SNF would consist primarily of aluminum-clad fuel 

elements and some stainless steel and zircaloy fuel elements. 

Fuel would continue to be stored in the Receiving Basin for Offsite Fuels and in an upgraded 

reactor basin until it is either canned, placed in wet or dry storage, or is processed. The processing 

option represented for evaluation in the EIS consists of processing existing Savannah River Site 

aluminum-clad fuel using existing chemical separations facilities (that is, F- and H-Canyons) and 

storing the current inventory of stainless-steel-clad and zirconium-clad fuel as well as future receipts 

of aluminum-clad SNF. This option is analyzed because DOE has data from past processing that can 

be used for analyses. The impacts from this technology are representative of other processing 

technology options that may be considered in the future. Other processing options, such as 

processing all SNF or processing coupled with vitrification, are also feasible and would be analyzed 

as part of the site-specific National Environmental Policy Act documentation needed to implement any 

option for this alternative. 

The Decentralization alternative would require a new fuel characterization facility, a new wet 

or dry canning facility, and a new wet or dry storage facility. The Savannah River Site would 

evaluate wet and dry storage and processing options because (as in the No Action alternative) interim 

wet storage of the fuel elements without canning could cause corrosion and cladding failures. The 

Savannah River Site would initiate projects to design characterization, canning, and dry storage 

facilities for aluminum-clad fuels. Ongoing SNF research would continue at the site. 

3.1.2.4 Oak Ridge Reservation. Under the Decentralization alternative, the Oak Ridge 

National Laboratory would generate and store SNF from reactor research activities. No SNF would 

be transponed to the Oak Ridge Reservation except for small amounts associated with research and 

development activities (for example, from Sandia National Laboratories). No SNF would be 

transponed offsite. SNF would be stabilized, as necessary, to provide safe storage. Research and 

development activities at the Oak Ridge Reservation would continue as planned. Because the interim 

storage capacity for SNF at the Oak Ridge Reservation is limited, new interim storage capacity would 

be added. The amount of SNF in interim storage would not increase substantially. 

3.1.2.5 Nevada Test Site. Under the Decentralization alternative, the Nevada Test Site 

would not generate or store any SNF and would not receive any SNF. Therefore, this alternative is 

not applicable to the Nevada Test Site. 
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3.1.2.6 Naval Nuclear Propulsion Program. The Decentralization alternative at the naval 

sites is similar to the No Action alternative because naval reactors would continue to be defueled and 

refueled as planned, and the fuel would generally be stored at or near the defueling site. No action 

would be needed to prepare the naval SNF for storage because of its corrosion resistance, high 

integrity, and strength. A transition period would be required while the necessary interim storage 

capabilities could be procured and developed at the naval sites. During this period, naval SNF would 

continue to be transported to the Expended Core Facility for examination and subsequent interim 

storage at the Idaho National Engineering Laboratory. The principal difference from the No Action 

alternative is that the options for interim storage would be selected from shipping containers, dry 

storage casks, and wet storage in water pools. Another important difference is that examination of 

naval fuel would be possible. 

Under this alternative, the Navy has three options, which vary by the amount of detailed 

examination that could be performed on the naval SNF: 

• Option A, No Examination-Interim storage of naval SNF at the naval site of origin 

without any detailed examination, except during the 3-year transition period when naval 

SNF would continue to be transported to the Expended Core Facility at the Idaho 

National Engineering Laboratory for detailed examination and preparation for storage at 

the Idaho Chemical Processing Plant. 

• Option B, Limited Examination-Transport approximately 10 percent of the naval SNF 

to the Puget Sound Naval Shipyard where the existing water pool, designed to support 

aircraft carrier refuelings, would be modified to enable limited examination of certain 

high-priority SNF. Use of this water pool for examination would preclude the 

performance of aircraft carrier refueling work at the shipyard. 

• Option C, Full Examination-Transport naval SNF to the Expended Core Facility for 

full examination and then return the fuel to the naval or DOE facility near the site of 

origin for storage. 

For Option A, the Expended Core Facility at the Idaho National Engineering Laboratory would 

be shut down after the transition period. For Option B, the water pool facility at the Puget Sound 

Naval Shipyard would be modified to support SNF examinations and, upon completion, the Expended 

Core Facility would be shut down. It would not be possible to perform aircraft carrier refuelings at 

the Puget Sound Naval Shipyard if this option were selected. Under Options A and B, examinations 

of SNF would be either terminated or severely decreased. Under Option C, the Expended Core 

Facility would continue to operate, and planned Expended Core Facility improvements, including 

construction of the dry cell, would be completed. 
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3.1.2.7 other Generator/Storage Locations. The Decentralization alternative for other 

generators and storage locations is similar to the No Action alternative because offsite transport of 

SNF would be allowed in limited amounts for continued operation. Thus, both DOE and non-DOE 

research reactors would be allowed to transport SNF offsite, as necessary. Additional SNF interim 

storage facilities at domestic research reactors would not be required. For this alternative, SNF 

currently stored at the West Valley Demonstration Project, Babcock & Wilcox Research Center, and 

the Fort St. Vrain power plant would remain at these sites. As identified in the No Action 

alternative, loss of access to the Idaho National Engineering Laboratory for storage of its SNF has 

already resulted in the construction of new onsite SNF storage at Fort SI. Vrain. Therefore, 

implementation of the Decentralization alternative would have no additional impact on the 

management of SNF at Fort St. Vrain. 
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3.1.3 1 99211993 Planning Basis 

The 1992/1993 

Planning Basis alternative 

represents DOE's 199211993 

plans for management of its 

SNF. Under this 

alternative, existing SNF 

located at major DOE sites 

would remain at those sites. 

This results in less intersite 

transportation of SNF 

compared with the other 

alternatives, except for the 

No Action alternative. 

Table 3-3 summarizes the 

basic actions at each site 

under this alternative. 

Under this 

alternative, DOE would 

transport and store newl y 

generated SNF at the Idaho 

National Engineering 

Laboratory or Savannah 

River Site. Some existing 

SNF currently at other sites 

would be consolidated at the 

1 99211993 Planning Basis AlternatIve 

Transport to and store newly generated SNF at the Idaho National 
Engineering Laboratory ot Savannah River Site. Consolidate some 
existing fuels at the Idaho .l'Iational Engineering Laboratory or lbe 
Savannah River Sire. 

• Fuel would be transported as . follows: 

• TR,IGA fuel from the Hanford Site to the Idaho National 
En�ring Laboratory; Ham0rd Site receives limited fuel for 
research ofstOf8I1" llIid dispositioning technologies 
Naval fuelto the Idaho National Engineering Laboratory for 
examination and. · �torage 
West Vaney Demonstration Project and Fort St. Vrain fuel to 
the Idaho Nali(Jllai Engineering Laboratory 
Oak RidgeRegervatioufuel to the Savannab River Site 

- Domestic reseai"Ch fuel, and foreign research reactor fuel as 
may yet bed��ed, divided between the Savannah River 
Site and the Idaho National Engineering Laboratory. 

• Facilities upgrades lind replacements . that were planned would 
proceed, including increased storage capacity. 

• Research and development for SNf' management would be 
undertaken, including stabilization technology. 

• SNf' processing mightneect to be conducted. Other forms of 
stabilization might occur to provide for safe storage andlor 
transport. 

Idaho National Engineering Laboratory or the Savannah River Site. Specifically, the Idaho National 

Engineering Laboratory would receive TRlGA fuel from the Hanford Site, SNF from naval sites, 

some test reactor SNF, SNF from the West Valley Demonstration Project and Fort St. Vrain, and 

some SNF from university and perhaps from foreign research reactors. The Savannah River Site 

would also receive some test reactor SNF and some SNF from university and perhaps from foreign 

research reactors. DOE sites would generally upgrade facilities and construct new facilities for the 

management of S NF. 

Continued SNF transportation, receipt, processing, and storage are assumed for this alternative. 

The construction and operation of any new facilities required to accommodate current and project· 

specific SNF interim storage requirements would be implemented. Figure 3-3 identifies the 

movement of fuel from 1995 through 2035 under this alternative. Activities related to SNF 

processing would include research and development and pilot programs to support future decisions on 

the ultimate disposition of SNF. 
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Figure 3-3. Spent nuclear fuel distribution, location, and inventory for the 1992/1993 Planning Basis 
alternative. 
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Naval SNF would continue to be transported to the Expended Core Facility at the Idaho 

National Engineering Laboratory for examination. After examination, the SNF would be transferred 

to the Idaho Chemical Processing Plant for interim storage, pending ultimate disposition. 

3.1.3.1 Hanford Site. The activities at the Hanford Site for the 1992/1993 Planning Basis 

alternative are the same as those identified for the Decentralization alternative, except that 191 

TRIGA SNF elements currently stored in the 308 Building and the 200 Area low-level burial grounds 

would be transported to the Idaho National Engineering Laboratory. No new SNF would be 

transported to the Hanford Site except for limited quantities of materials for research in support of 

interim storage technologies for ultimate disposition. Thus, the overall inventory at the Hanford Site 

would decrease slightly. 

3.1.3.2 Idaho National Engineering Laboratory. Under the 1992/1993 Planning Basis 

alternative, DOE would continue the maintenance and operation of existing SNF-related facilities in a 

manner similar to the No Action alternative; however, some consolidation of Idaho National 

Engineering Laboratory facilities could occur. Newly generated SNF would, with minor exceptions, 

be transported to either the Idaho National Engineering Laboratory or the Savannah River Site. 

DOE would complete a new characterization and canning facility with appropriate inspection, 

conditioning, and packaging equipment to stabilize any new receipts of SNF and to prepare fuel 

currently in underwater storage for dry storage. DOE would upgrade or increase dry fuel storage 

capacity at the Idaho National Engineering Laboratory, as required. 

SNF research and development, with the construction of a Technology Development Facility, 

would continue as planned. The Electrometaliurgical Process Demonstration Project would continue 

at the Argonne National Laboratory-West Fuel Cycle Facility. The Dry Fuels Storage Facility would 

be used to demonstrate technology for the dry storage of selected DOE highly enriched uranium fuels. 

Naval SNF would continue to be transported to the Expended Core Facility at the Idaho 

National Engineering Laboratory for examination. After examination, the SNF would be transferred 

to the Idaho Chemical Processing Plant for interim storage, pending ultimate disposition. 

3.1.3.3 Savannah River Site. The implementation of the 1992/1993 Planning Basis 

alternative at the Savannah River Site would involve the same actions and options as the 

Decentralization alternative, except that DOE would transfer about half of the newly generated 

domestic and foreign aluminum-clad research reactor SNF to the Savannah River Site. 

The stabilization activities and options would be the same as those for the Decentralization 

alternative. The Savannah River Site would place the nonaluminum fuels and offsite aluminum-clad 

fuel receipts in interim storage and either process the aluminum-clad fuels currently at the Savannah 

River Site or place them in interim storage. The storage options and new facility requirements would 
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also be the same as those for the Decentralization alternative. The Savannah River Site would 

undertake the same types of research and development programs as those described for the 

Decentralization alternative. Current ongoing activities would continue. The Savannah River Site 

would also conduct research and pilot-scale studies to determine the best technology for ultimate 

disposition of the aluminum-clad fuels. 

3.1.3.4 Oak Ridge Reservation. Under the 199211993 Planning Basis alternative, the Oak 

Ridge Reservation would transport excess SNF to other DOE locations as necessary to permit 

continued operations of Oak Ridge reactors. The option for acquiring dry storage facilities would 

support continued High Flux Isotope Reactor operation during the transition period. The amount of 

SNF stored at the Oak Ridge Reservation would not increase. Research and development activities 

would continue, and SNF interim storage capacity would not increase. 

3.1.3.5 Nevada Test Site. Under the 1992/1993 Planning Basis alternative, the Nevada Test 

Site would not generate or store any SNF and would not receive any SNF. Therefore, this alternative 

is not applicable to the Nevada Test Site. 

3.1.3.6 Naval Nuclear Propulsion Program. Under this alternative, naval reactors would 

continue to be defueled and refueled as planned. Upon removal from the ship, the SNF would be 

transported to the Expended Core Facil ity at the Idaho National Engineering Laboratory for 

examination. After examination, the fuel would be transported to the Idaho Chemical Processing 

Plant for interim storage, pending ultimate disposition. No action to prepare the SNF for storage 

would be necessary because of its corrosion resistance, high integrity, and strength. Planned 

improvements for the Expended Core Facility, including construction of the dry cell facility, would 

be completed. 

3.1.3.7 Other Generator/Storage Locations. Under this alternative, SNF would continue 

to be transported to designated DOE sites. At Brookhaven National Laboratory, implementation of 

this alternative could require a transition period of several years and construction of temporary SNF 

storage facilities or acquisition of dry storage containers. DOE assumes that no additional SNF 

interim storage facilities would be constructed at the other generator/storage sites. For this 

alternative, SNF currently stored at the West Valley Demonstration Project, Babcock & Wilcox 

Research Center, and the Fort St. Vrain power plant would be transported to the Idaho National 

Engineering Laboratory. 
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Regionalization alternative 

The Regionalization alternative comprises Regionalization 4A, which would assign existing and 

projected SNF among DOE sites based primarily on fuel type, and Regionalization 4B, which would 

assign fuels geographically. This subsection briefly defines each one, provides a boxed summary, and 

discusses the implications of both on each site. 

Table 3-4 summarizes actions at the sites being considered for the Regionalization alternative. 

Regionalization 4A is 

the management of SNF 

based on the specific fuel 

type. The DOE has 

identified Regionalization 

4A as its preferred 

alternative (see Section 3.0). 

All SNF would be 

transported to and stored at 

either the Idaho National 

Engineering Laboratory or 

the Savannah River S ite, 

depending upon the fuel 

type, with the exception of 

defense production fuel that 

would be retained at the 

Hanford Site. 

Regional ization 4A is 

similar to the 1992/1993 

Planning Basis alternative 

Distribute. ¢xiSi;pg ahd pfojecled �NF III)l�llg DOE si� lliU;� primarily 
on fuel type. 

• Naya! fuel WouJ� !>e}iiu:Isj>orie4 to; eumllled, and stoted at the 
Ida\lci Natil'lia! g#gip,�g ·taboratory. 

• Alulllin.ulU-<;lad ·1\I�lwollld be tl1lllSJlOrted to the Savannah River 
�ib>;TRIqA and il!lhallii\jiriJtit\ l\1eI wpuld beJiiu:Isj>orted to tbe 
I<lahO National )'i#gineering Laboratory: defense ptoduction l\1el 
would be retairied at· tlie Hlu:Uord· Sib>: 

• SNF pro4essing .nnght .. need to be condUcted; Otberfonns of 
stabilization nll8ht O¢Cuc to provide JOt safe siorage and/or 
transpOrt. 

• Facilities required to suppOrt SNF lDallllgenHol1t W()uld be upg<aded 
or buill as DeceBsBry. 

• Research ancl development for SNl" �gerIlent would be 
undertaken, including stabilization technology. 

but involves more intersite transportation of SNF to the sites, depending on the existing capabilities of 

the sites to manage the specific fuel types with respect to cladding material, physical and chemical 

composition, fuel condition, and adequate facilities to handle the increased quantity. Actions for this 

alternative would assign all but defense production SNF to either the Idaho National Engineering 

Laboratory or the Savannah River Site, depending on the fuel type. 

Figure 3-4 shows the movement of SNF from 1995 through 2035 under Regionalization 4A. 

Facility upgrades, replacements, and additions would be undertaken to the extent required by this 

alternative. Activities related to the management of SNF, including research and development 

activities, would be included . 
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Figure 3-4. Spent nuclear fuel distribution, location, and inventory for Regionalization 4A (by fuel 
type) . 
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Regional ization 4B is 

the management of SNF 

based on geography. In 

general, SNF from eastern 

locations (east of the 

Mississippi River) would be 

consolidated at the Eastern 

Regional Site (either the 

Oak Ridge Reservation or 

the Savannah River Site); 

SNF from western locations 

(west of the Mississippi 

River) would be 

consolidated at the Western 

Regional Site (either the 

Hanford Site, the Idaho 

National Engineering 

Laboratory, or the Nevada 

Test Site). All naval SNF 

would be transported to, 

examined, and stored at 

Regionalization alternative 

Regionantation 48 
DiStribuu. existilig al'ld ptojciCted SNE .�tween . an EaStern Regional Site 
(either Oak Ridge Re6e\'Xll,lion or Savannah River Siu.) and a Western 
R.egional Site (eitbei . l-l"'(<;>iiI Siu., Idaho National aogilieerilig 

. Ubo",toty; Qr NeVllda Tesf$ite). 
• � EastmU Rij\�!1ai Site wou.d r�"" fuel from east of the 

��!lSippi RN���·1h¢ Western R.egionlil Siie Would. receiV� fuel 
ft0w. weSt of tJie Miss!sSippi . River. 

• N�yal fuelWoWd be)illnSported to, exaniliied, and stored al either 
the Western RegiQPal Si� Or the Eastern Regi(JJlal Site. 

• . SNF pr�$ tlligbt need to be �d�cted. 9ther forms of 
slabilization �gbJ.!lC¢lir w provide for safe storage andlor 
tl'llllS\>Ort. 

• Facilities tei)uii'l!d tO GUppQtfSNF management would be upgraded 
o� bllilf as �; 

• Research and d¢velopfuent would be undertaken far SNF 
mSriager!let!t, . i!lchldilig slabiliZiltian· teChnolagy. 

either the Eastern or the Western Regional Site. Regionalization 4B has 1 0  options, based on the 

combination of sites selected as the Eastern and Western Regional Site and the placement of the 

expended core facility at either the Eastern or the Western Regional Site. There are three potential 

Western and two potential Eastern Regional Sites that could be paired, with either supporting the 

expended core facility. Neither of the two possible combinations that include the Idaho National 

Engineering Laboratory as the Western Regional Site would consider constructing another expended 

core facility at the Eastern Site because of the estimated $ 1 billion cost to construct the expended core 

facility. Figure 3-5 shows the movement of SNF from 1995 through 2035 under Regionalization 4B 

with the Idaho National Engineering Laboratory as the Western Regional Site and the Savannah River 

Site as the Eastern Regional Site. Facility upgrades, replacements, and additions would be undertaken 

to the extent required by Regionalization 4B. Activities related to the management of SNF, including 

research and development, would be included. 

3.1.4.1 Hanford Site. 

Regionalization 4A-Umler Regionalization 4A, activities at the Hanford Site would 

be intermediate to those of the Decentralization and the 1992/1993 Planning Basis alternatives. 

Hanford would continue to store its defense production fuel. The Hanford Site would not receive any 

shipments of SNF and would transport commercial remnants and stainless steel and nondefense 

production zircaloy-c1ad fuels to the Idaho National Engineering Laboratory. Facility upgrades, 
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replacements, and additions associated with defense production fuel would occur as for the 

Decentralization and 1992/1993 Planning Basis alternatives. Minor facility additions required to 

consolidate and prepare other onsite SNF for transport offsite would also occur. 

Reglonallzatlon 4B-If the Hanford Site were selected as the Western Regional Site 

for implementation of Regionalization 4B, DOE SNF located or generated in the western United 

States and possibly naval SNF nationwide would be sent to the Hanford Site. This would require the 

completion of upgrades, increases, and replacements of storage capacity identified for the existing 

inventory under the Decentralization alternative, as well as additional capacity to accommodate DOE 

SNF and naval SNF within the existing or new facilities. A new stabilization facility may be required 

to accomplish safe interim storage of SNF. 

New facilities would also be required to receive, handle, and store offsite fuel. In addition, a 

new facility for research and development and pilot programs would be required to support ultimate 

disposition. An expended core facility would be built on the Hanford Site, if the naval SNF were 

sent to the Hanford Site. 

Implementation of Regionalization 4B at a site other than the Hanford Site would require the 

Hanford Site to consolidate and prepare onsite SNF for transport to the Western Regional Site. 

Because of the potential chemical reactivity of the defense production fuel at Hanford, it would 

require stabilization before offsite transport, which would require a new facility similar to the one 

described in the Decentralization alternative. Additional casks and associated handling equipment 

compatible with the receiving capabilities at the regional site may also be required. After the SNF is 

transported, related facilities at the Hanford Site would be closed. 

3.1.4.2 Idaho National Engineering Laborstory. 

Reglonailzatlon 4A-Under Regionalization A, stainless-steel- and zircaloy-clad, 

TRIGA, and naval SNF would be transported to the Idaho National Engineering Laboratory. The 

Idaho National Engineering Laboratory would transport aluminum-clad fuel to the Savannah River 

Site. Dry interim storage capacity would be increased and facility upgrades similar to those described 

for the 1992/1993 Planning Basis alternative would be undertaken, with replacements and additions as 

appropriate. 

Reglonallzatlon 4B-If the Idaho National Engineering Laboratory were selected as 

the Western Regional Site for implementation of Regionalization 4B, SNF from western locations 

would be transported to the Idaho National Engineering Laboratory. The western facilities would 

characterize, stabilize, and can the SNF in containers compatible with dry storage at the Idaho 

Chemical Processing Plant at the Idaho National Engineering Laboratory. Naval SNF removed from 

naval reactors would be transported to the Expended Core Facility at the Idaho National Engineering 

Laboratory for examination. Following examination, the SNF would be transferred to the Idaho 

Chemical Processing Plant for interim storage. 
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DOE would complete an expanded Dry Fuels Storage Facility, which would include a new 

characterization and canning facility similar to the one described for the 1992/1993 Planning Basis 

alternative. In addition, the same new facility projects described for the 1992/1993 Planning Basis 

alternative would be initiated. 

DOE would conduct SNF research and development. Similar to the 1992/1993 Planning Basis 

alternative, the Electrometallurgical Process Demonstration Project would continue at Argonne 

National Laboratory-West. 

If implementation of Regionalization 4B were to occur at a different site, DOE would construct 

a characterization and canning facility at the Idaho Chemical Processing Plant to assist in stabilizing 

the different types of Idaho National Engineering Laboratory SNF before placement in various 

shipping casks and storage containers before transport to the selected Western Regional Site. 

Similar to the No Action alternative, DOE would complete the transfer of the CPP�3 

Underwater Fuel Storage Facility pool inventory to existing dry storage facilities by the year 2000. 

DOE would not build the Dry Fuels Storage Facility. DOE would then close all SNF-related 

facilities at the Idaho National Engineering Laboratory, except for operating reactor support facilities, 

such as the Advanced Test Reactor canal or the Argonne National Laboratory-West Hot Fuel 

Examination Facility and Fuel Cycle Facility. 

The SNF-related research and development activities would be phased out, althougb the 

Electrometallurgical Process Demonstration Project would continue at Argonne National 

Laboratory-West (but would only test processes for SNF currently on the site). Similar to the No 

Action alternative, sbipments of naval SNF to the Idaho National Engineering Laboratory would 

cease, and the Expended Core Facility would be pbased out. 

3.1.4.3 Savannah River Site. 

Reglonallzatlon 4A-Under Regionalization 4A, DOE would transport aluminum-clad 

fuels to the Savannah River Site. The same actions and options as the Decentralization alternative 

would be required. The Savannah River Site would transport nonaluminum-clad fuels to the Idaho 

National Engineering Laboratory. 

The stabilization activities and options would be similar to those described for the 

Decentralization alternative. The principal differences are that, under this alternative, the Savannab 

River Site would can and store more aluminum-clad fuel and would not manage nonaluminum-clad 

fuels. The amount of fuel processed would remain the same. The storage options and new facility 

requirements would be similar to those described for the Decentralization alternative, except that 
storage space for stainless-steel-clad and zirconium-alloy-clad fuels would not be necessary. The 

Savannah River Site would undertake similar types of research and development programs as those 
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described for the 199211993 Planning Basis alternative. The principal difference would be that 

nonaluminum-c1ad fuels would not be included under this alternative. 

Reglonallzatlon 4B-If the Savannah River Site were selected as the Eastern Regional 

Site for implementation of Regionalization 4B, eastern locations would transport aluminum-clad and 

nonaluminum-clad fuels to the site. In addition, naval SNF might be transported to the Savannah 

River Site, if the Eastern Regional Site were selected for naval fuels. The stabilization activities and 

options required would be similar to those for the Decentralization alternative. The Savannah River 

Site would store the nonaluminum fuels and either store or process the aluminum-clad fuels. The 

storage options and new facility requirements would also be the same as those for the Decentralization 

alternative. The Savannah River Site would undertake the same types of researcb and development 

programs as those described for the Decentralization alternative. Current ongoing activities would 

continue. The Savannah River Site would also conduct research and pilot-scale studies to determine 

the best technology for ultimate disposition of aluminum-clad fuels. 

If the Savannah River Site were not selected as the Eastern Regional Site, DOE would 

transport SNF to the Oak Ridge Reservation. Some fuel would have to be stabilized before transport. 

3.1.4.4 Oak Ridge Reservation. 

Reglonallzatlon 4A-Under Regionalization 4A , the Oak Ridge Reservation would 

not receive SNF and would transport its aluminum-clad SNF to the Savannah River Site. AU other 

SNF would be transported to the Idaho National Engineering Laboratory. 

Reglonallzatlon 4B-If the Oak Ridge Reservation were selected as the Eastern 

Regional Site for implementation of Regionalization 4B, the eastern locations would transport SNF to 

the Oak Ridge Reservation for storage. In addition, naval SNF might be transported to the Oak 

Ridge Reservation if the Eastern Regional Site were selected for naval fuel. SNF currently stored at 

other DOE facilities would arrive at the Oak Ridge Reservation fuUy stabilized. New non-DOE 

domestic, foreign researcb reactor, and naval SNF would arrive in a condition necessary for safe 

transportation but uncanned. This fuel would be stabilized, prepared, and canned at the Oak Ridge 

Reservation to ensure safe interim storage. Researcb and development activities at the Oak Ridge 

Reservation would increase from current levels. A new SNF management complex would be built, 

including (a) an SNF receiving and canning facility, (b) a technology development facility, (c) an 

interim dry storage area, and (d) an expended core facility similar to the one at the Idaho National 

Engineering Laboratory. 

The SNF receiving and canning facility would receive SNF cask shipments from offsite and 

prepare the SNF for dry storage. A pool storage area would be included in this facility for cooling 

SNF before dry storage. The technology development facility would be used to investigate the 

applicability of dry storage technologies and pilot-scale technology development for disposition of the 

various types of SNF. The interim dry storage area would consist of passive storage modules 
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designed to safely store the SNF for 40 years. Naval SNF would be examined at the new expended 

core facility at Oak Ridge before interim storage. 

A small quantity of Molten Salt SNF is stored in tanks at the Oak Ridge Reservation. 

Currently, technology to stabilize this SNF for transport does not exist. Under this alternative, if the 

Oak Ridge Reservation were to transport SNF to the Savannah River Site, this Molten Salt SNF 

would continue to be stored at the Oak Ridge Reservation until it could be stabilized for safe 

transport. 

If the Oak Ridge Reservation were not selected as the Eastern Regional Site, almost all SNF at 

the Oak Ridge Reservation would be transported to the Savannah River Site. Some SNF might not be 

transported until a stabilization process is developed because of the current inability to stabilize some 

SNF for transport. The option for acquiring dry storage facilities would support continued High Flux 

Isotope Reactor operation during the transition period. 

3.1.4.5 Nevada Test Site. Regionalization 4A would not affect the Nevada Test Site 

because fuel is not currently stored onsite and fuel would not be transported to the site. 

If the Nevada Test Site were selected as the Western Regional Site for implementation of 

Regionalization 4B, SNF from western locations would be transported to the Nevada Test Site for 

storage. In addition, naval SNF might be transported to the Nevada Test Site if the Western Site 

were selected for naval fuel. SNF currently stored at other DOE facilities would arrive at the Nevada 

Test Site fully stabilized. New non-DOE domestic, foreign research reactor, and naval SNF would 

arrive in a state necessary for safe transportation but uncanned. This fuel would be stabilized, 

prepared, and canned at the Nevada Test Site to ensure safe interim storage. A new SNF 

management complex would be built including (a) an SNF receiving and canning facility, (b) a 

technology development facility, (c) an interim dry storage area, and (d) an expended core facility 

similar to the one at the Idaho National Engineering Laboratory (if Nevada Test Site were selected for 

receipt of naval fuel). 

The SNF receiving and canning facility would receive SNF cask shipments from offsite and 

prepare the SNF for dry storage. A pool storage area would be included in this facility for cooling 

SNF, as necessary, before dry storage. The technology development facility would be used to 

investigate the applicability of dry storage technologies and pilot-scale technology development for 

disposal of the various types of SNF. The interim dry storage area would consist of passive storage 

modules designed to safely store the SNF for 40 years. Naval fuel would be examined at the new 

expended core facility at the Nevada Test Site before interim storage (if Nevada Test Site were 

selected for receipt of naval fuel). 

If the Nevada Test Site were not selected as the Western Regional Site, then Regionalization 

4B would not be applicable to the Nevada Test Site because it does not generate or store SNF. 
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3.1.4.6 Naval Nuclear Propulsion Program. 

ReglonallzaUon 4A-Under Regionalization 4A, the management of naval SNF would 

be the same as for the 199211993 Planning Basis alternative. Naval SNF removed from naval 

reactors would continue to be transported to the Expended Core Facility at the Idaho National 

Engineering Laboratory for examination. Following examination, the SNF would be transferred to 

the Idabo Chemical Processing Plant for interim storage. Planned improvements for the Expended 

Core Facility, including additions to the Dry Cell Facility, would be completed. 

Reglonalizatlon 48-Under Regionalization 4B, naval reactors would continue to be 

defueled and refueled, and the SNF would be sent to either the Western or the Eastern Regional Site 

for examination and storage. 

If the Idabo National Engineering Laboratory were selected as the Western Regional Site, then 

naval SNF would continue to be transported to the Expended Core Facility for examination. After 

examination, the SNF would be transferred to the Idabo Chemical Processing Plant for storage. If 

another site were chosen for storage, naval SNF would continue to be transported to the Expended 

Core Facility at the Idabo National Engineering Laboratory for examination until construction of a 

new nuclear fuel examination facility or modification of an existing facility to perform the 

examinations at the selected site. The new facility would provide capabilities equivalent to the 

Expended Core Facility at the Idabo National Engineering Laboratory. 

3.1.4.7 Other Generator/Storage LocaUons. Under Regionalization 4A, the 

activities at the other generator and storage locations are the same as indicated for the 199211993 

Planning Basis alternative. The exact destination of SNF transported would vary depending on the 

fuel type under Regionalization 4A and on the generation/storage location under Regionalization 4B. 
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3.1 .5 Centralization 

Under the 

Centralization alternative, 

the SNF that DOE is 

obligated to manage would 

be transported to a single 

location for management. 

Potential sites include the 

Hanford Site, Idabo National 

Engineering Laboratory, 

Savannab River Site, Oak 

Ridge Reservation, and 

Nevada Test Site. Table 3-5 

summarizes the basic actions 

at each site under this 

alternative. Consequently, 

this alternative has five 

options (Options A through 

E)-centralization at each of 

the five potential sites. For 

the five sites designated 

CentralizatiOn Alternative 
Manage 1111 ""isting Bnd proj�ted SNF. inventories aL one. site until 
ultimate disposition . . 

• NavaIfuei. wmild be transported to, examined, and. stored at the 
centralized site: • 

• ProjeCted SNF receipts wouJd be transj>Qrted to •• Ihl>. centrali7.e<l site, 

• SNF prooessing might need to be !'QndUcted. Other forms of 
Stabilization nUgbt !l¢cur to ptoviM fot safe stotage and!or 
transport. 

• Facility upgtade/replaceinent and new. storage capacity would be 
provided at the centralized site;Siabilization facilities would be 
provided at the ttansporting sites. 

• R���ch . an{ develoPmeil( :-V0uld be undertaken for SNF 
rilanagement, inclUding stabilization leChilology. 

under the Centralization alternative, the following discussion comprises two parts. The first part 

addresses the implications for the site if it were selected as the receiving site (that is, the 

centralization site). The second part presents the implications to the site if it were not selected as the 

centralization site, but currently managed SNF would be transported to the centralized site. 

Regardless of the option selected, new facilities would be built at the selected site to 

accommodate the increased inventories. Some SNF would require s1abilization, such as canning, 

before transport. SNF facilities at the transporting sites would then be closed . Activities related to 

the processing of SNF, including research and development and pil01 programs, would also b.� 

centralized . Figure 3-6 shows the movement of fuel from 1995 through 2035 under this alternative. 

For consolidation at sites other than the Idabo National EngineeTing Laboratory, a new 

expended core facility with capabilities comparable to the one in Idabo would be constructed, and the 

Idabo facility would be closed. Naval SNF would continue to be transported to the Expended Core 

Facility at the Idabo National Engineering Laboratory during a transition period, pending construction 

of storage and examination facilities at the central site. 

3.1.5. 1  Hanford Site. Under the Centralization alternative, Option A, DOE-controlled and 

naval reactor SNF would be transport.!d to the Hanford Site. This ",ould require the completilon of 
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Figure 3-6. Spent nuclear fuel distribution, location, and inventory for the Centralization alternative. 
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the upgrades, increases, and replacements of storage capacity identified for the existing inventory 

under the Decentralization alternative, as well as of the additional capacity within those facilities or 

new facilities to accommodate the SNF from the other sites and possibly a stabilization facility. 

New facilities would also be required to receive, handle, and store offsite fuel. In addition, a 

new facility for research and development and pilot programs would be required to support ultimate 

disposition. An expended core facility would also be built at the Hanford Site. 

If the Hanford Site were not selected for storage, Hanford would have to consolidate and 

prepare onsite SNF for transport to the central site. Some of the SNF would require stabilization 

before offsite transport, which would require a new facility similar to the one described in the 

Decentralization alternative. Additional casks and associated handling equipment compatible with the 

receiving capabilities at the central site might also be required. After transport of the SNF, related 

facilities at the Hanford Site would be closed . 

3.1.5.2 Idaho National Engineering Laboratory. If Option B were selected under the 

Centralization alternative, the Hanford Site, the Savannah River Site, and other DOE facilities would 

characterize, stabilize, and can the SNF in containers compatible with dry storage at the Idaho 

Chemical Processing Plant. Naval SNF removed from naval reactors would be transported to the 

Expended Core Facility at the Idaho National Engineering Laboratory. 

Projects and activities for storage of SNF would be similar to those described for the 

1992/1993 Planning Basis alternative, except that accelerated schedules for the Increased Rack 

Capacity and Additional Increased Rack Capacity projects would be necessary to accommodate the 

increased fuel receipts. In addition, the schedule for the Dry Fuel Storage Facility project would 

have to be accelerated and its scope expanded. 

DOE would conduct maximum SNF research and development. Similar to the Regionalization 

alternative, the Electrometallurgical Process Demonstration Project would continue at Argonne 

National Laboratory-West. 

If the Idaho National Engineering Laboratory were not selected as the storage site, a canning 

and characterization facility would be constructed at the Idaho Chemical Processing Plant to stabilize 

the different types of Idaho National Engineering Laboratory SNF in various shipping casks and 

storage containers before transport to the selected DOE facility. 

Like the No Action alternative, the CPP.{j()3 Underwater Fuel Storage Facility pool inventory 

would be transferred to existing dry storage facilities until it is transported offsite. The dry fuels 

storage facility would not be built. SNF-related facilities at the Idaho National Engineering 

Laboratory would be closed, except for facilities directly supporting operating reactors, such as the 

Advanced Test Reactor canal or the Argonne National Laboratory-West Fuel Cycle Facility. 
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SNF-related research and development activities would be phased out, although the 

Electrometallurgical Process Demonstration Project would continue at the Argonne National 

Laboratory-West Fuel Cycle Facility (but would process only SNF currently on the site). Similar to 
the No Action alternative, naval SNF would not be transported to the Idabo National Engineering 

Laboratory, and the Expended Core Facility would be shut down. 

3.1.5.3 Savannah River Site. If Option C were selected under the Centralization 

alternative, the Savannah River Site would receive all DOE and naval SNF. Major new facilities, 

including an expended core facility for naval fuels, would have to be constructed. Near-term actions 

and options would be similar to those described for the Decentralization alternative. 

The activities and options for management of the aluminum-clad fuel would be similar to those 

described for the Decentralization alternative. Fuels received from other sites would be stored. 

The Receiving Basin for Offsite Fuels and reactor disassembly basins would be used to meet 

near-term storage requirements for the current inventory of Savannab River Site SNF in the same 

manner as described for the Decentralization alternative. The Savannab River Site would build 

large-capacity wet or dry storage facilities for the SNF received. In addition, SNF receiving, 

characterization, and canning facilities would be necessary, and an expended core facility would be 

built onsite for examination of naval SNF. 

Projects would be initiated to design characterization, canning, and storage facilities for the 

fuel types that the Savannah River Site would manage. Additional research would be conducted to 

develop requirements for the ultimate disposition of the SNF. 

If the Savannah River Site were not selected as the centralized storage site, it would have to 

transport onsite SNF to the central site after stabilizing any fuel that is not safe for transport. No new 

storage facilities would be necessary because the Savannah River Site would maintain the SNF in the 

existing pools (as described for the Decentralization alternative) until moving it to the characterization 

facility before transport. The Savannah River Site would construct new characterization and canning 

facilities to prepare the SNF for transport. In addition, research would be conducted on stabilization 

and transport of aluminum-clad fuel that is heavily corroded. 

3. 1.5.4 Oak Ridge Reservation. If Option D were selected under the Centralization 

alternative, the Oak Ridge Reservation would receive DOE SNF stabilized and canned to the extent 

necessary for safe transportation. The SNF might need to be uncanned, stabilized, prepared, and 

recanned at the Oak Ridge Reservation, however, to ensure safe interim storage. New non-DOE 

domestic, foreign research reactor, and naval SNF would arrive in a form suitable for safe 

transportation. If necessary, this fuel would be stabilized, prepared, and canned at the Oak Ridge 

Reservation to ensure safe interim storage. Research and development activities would increase from 

current levels. A new SNF management complex would be built, including (a) an SNF receiving and 
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canning facility, (b) a technology development facility, (c) an interim dry storage area, and (d) an 

expended core facility similar to the one currently at the Idaho National Engineering Laboratory. 

The SNF receiving and canning facility would receive SNF cask shipments from offsite and 

prepare the SNF for dry storage. A pool storage area would be included in this facility for cooling 

SNF before it is placed into dry storage, as necessary. The applicability of dry storage technologies 

and pilot-scale technology development for ultimate disposition of the various types of SNF would be 

investigated in the technology development facility. The interim dry storage area would consist of 

passive storage modules designed to safely store the SNF. Naval SNF would be examined at the 

expended core facility before storage. 

A small quantity of Molten Salt SNF is stored in tanks at the Oak Ridge Reservation. 

Currently, technology to stabilize this SNF for transport does not exist. Under this alternative, if the 

Oak Ridge Reservation were to transport SNF to the Savannah River Site, this Molten Salt SNF 

would continue to be stored at the Oak Ridge Reservation until it could be stabilized for safe 

transport. 

If the Oak Ridge Reservation were not selected as the centralization site, then almost all SNF 

at the Oak Ridge Reservation would be transported to the centralization site. The option for acquiring 

dry storage facilities would support continued High Flux Isotope Reactor operation during the 

transition period. 

3.1.5.5 Nevada Test Site. If Option E were selected under the Centralization alternative, 

the Nevada Test Site would receive DOE SNF stabilized and canned to the extent necessary for safe 

transportation. (However, the SNF might need to be uncanned, stabilized, prepared, and recanned at 

the Nevada Test Site to ensure safe interim storage.) New non-DOE domestic, foreign research 

reactor, and naval SNF would arrive in a state necessary for safe transportation but uncanned . This 

fuel would be stabilized, prepared, and canned at the Nevada Test Site to ensure safe interim storage. 

A new SNF management complex would be built, including (a) an SNF receiving and canning 

facility, (b) a technology development facility, (c) an interim dry storage area, and (d) an expended 

core facility similar to the one currently at the Idaho National Engineering Laboratory. 

The SNF receiving and canning facility would receive SNF cask shipments from offsite and 

prepare the SNF for dry storage. A pool storage area would be included in this facility for cooling 

SNF before it is placed into dry storage, as necessary. The applicability of dry storage technologies 

and pilot-scale technology development for disposal of the various types of SNF would be investigated 

in the technology development facility. The interim dry storage area would consist of passive storage 

modules designed to safely store the SNF for 40 years. Naval SNF would be examined at the 

expended core facility before interim storage. 

VOLUME I 3-40 



Centralization alternative 

If the Nevada Test Site were not selected as the centralization site, then this alternative would 

not be applicable to the Nevada Test Site because it neither generates nor stores SNF. 

3.1.5.6 Naval Nuclear Propulsion Program. Under the Centralization alternative, naval 

SNF would be transported to the selected site for examination and storage. If a site other than the 

Idaho National Engineering Laboratory were selected, then a transition period would be required, 

during which naval SNF would be transported to the Expended Core Facility at the Idaho National 

Engineering Laboratory and a new expended core facility at the central site would be constructed. No 

actions would be needed to prepare the naval SNF for storage because of its corrosion resistance, 

high integrity, and strength. 

3.1.5.7 Other Generator/Storage Locations. Under the Centralization alternative, SNF 

would be transferred from the other generator and storage locations to the central storage site. 

Although the shipment destination may vary, the impacts from SNF operations at these locations 

would be the same as those identified in the 1992/1993 Planning Basis alternative. 
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3.2 Alternatives Eliminated from Detailed Analysis 

In the process of evaluating management alternatives available to the DOE, several other 

management concepts and technologies have been considered for incorporation into the programmatic 

alternatives described in Section 3 . 1 .  The following section describes the concepts and technologies 

considered and not carried forward and identifies why they have been eliminated from detailed 

analysis. 

3.2.1 Examine or Store Spent Nuclear Fuel in Foreign Facilities 

The design and operating characteristics of the fuel for naval reactors and cenain portions of 

other SNF are classified. As such, they are not releasable to foreign interests without going through 

a complex procedure prescribed in the Atomic Energy Act and strict U.S. Nuclear Regulatory 

Commission licensing requirements. Some of these classified design details and characteristics are 

obvious from the physical form of the fuel, and others could be learned from detailed examination or 

analyses. The United States Nuclear Weapons Nonproliferation Policy is summarized in the White 

House Fact Sheet on Nonproliferation and Export Control Policy, dated September 27, 1993 (White 

House 1993). Under its nuclear nonproliferation policy, the United States seeks to reduce or 

eliminate, where possible, the accumulation of stockpiles of highly enriched uranium or plutonium. 

These factors, along with others such as the security required for foreign transport and storage, make 

this alternative impractical . Based on these considerations, this alternative was eliminated from 

detailed analysis. 

3.2.2 Leave Naval Spent Nuclear Fuel In Nuclear-Powered Ships 

It is physically possible to retain SNF in the reactors in nuclear-powered vessels and moor the 

ships at shipyards until a decision on the ultimate disposition of the SNF is determined and 

implemented, and the fuel could then be removed from the ships. 

Implementing this alternative would require extensive modifications to facilities at shipyards, 

including increasing the number of piers and the availability of waterfront utilities to support the ships 

at their moorings. Other shipyard facilities also might have to be modified or replaced in order to 

moor the numbers of ships involved during the 40-year period. The construction of piers and other 

needed facilities would cause impacts on the waterfronts and harbors and could affect the local 

ecology. Shipyard facilities would become overloaded with the requirement to moor vessels retaining 

their SNF onboard and skilled shipyard staff would be unable to continue to work on the operational 

fleet. 

In addition, the costs and impacts on national security resulting from such an approach would 

be large; it would affect the ability of the U.S. Navy to carry out its mission. The costs of 

maintaining the ships with SNF remaining installed under Navy operating procedures and of providing 
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the additional piers, waterfront services, and utilities would be large, both for ships that are to be 

decommissioned and for ships that would nonnally be refueled and returned to duty. (Failure to 

remove the SNF from Navy ships that are still needed for service would result in these ships being 

unavailable once their currently installed reactor fuel reaches the end of useful life.) 

3.2.3 Alternate Sites for the Management of Spent Nuclear Fuel 

An alternative SNF site selection process was undertaken to identify alternatives to the three 

major DOE sites-Hanford Site, Idaho National Engineering Laboratory, and Savannah River Site. 

The candidate sites evaluated, site selection screening process, and results are presented in the 

Alternate Site Selection Decision Process Report (DOE-ID 1994). This study concluded that the 

uncertainties regarding Department of Defense sites together with their lack of SNF facilities and 

expertise made these additional Department of Defense sites less attractive as site alternatives. The 

alternative SNF site selection process resulted in the addition of the Nevada Test Site and Oak Ridge 

Reservation as potential regionalization and centralization sites for SNF management. The Oak Ridge 

Reservation represented a reasonable alternative site to the Savannah River Site for regionalization of 

Eastern-based SNF and the Nevada Test Site represented a reasonable alternative site to the Idaho 

National Engineering Laboratory or Hanford sites for regionalization of Western-based SNF. These 

two sites also represented options for centralization of all SNF management activities. However, the 

DOE did not consider the Nevada Test Site to be a preferred site for the management of SNF because 

of the State of Nevada's current role as the host site for the Yucca Mountain Site Characterization 

Project and the Nevada Test Site's lack of SNF management facilities and high-level waste 

infrastructure. For purposes of conducting a thorough National Environmental Policy Act analysis, 

the Nevada Test Site provides a contrast to other potential sites because it represents a site that has no 

existing SNF infrastructure. Non-DOE sites were eliminated from further analysis. 

3.2.4 Chemical Separation/Processing of Spent Nuclear Fuel 

Three potential technical management options were evaluated for chemical 

separation/processing of DOE SNF. However, DOE will not select SNF technical management 

options on the basis of Volume 1 of this EIS. These technology-based decisions are most 

appropriately made after detailed analysis on a fuel type-specific or site-specific basis. The three 

options include (a) chemical separation/processing in DOE facilities at the Hanford Site, Idaho 

National Engineering Laboratory, and Savannah River Site; (b) chemical separation/processing in 

foreign commercial facilities; and, (c) chemical separation/processing in domestic commercial 

facilities. 

Chemical separation/processing at DOE sites was evaluated under certain alternatives as a 

reasonably foreseeable activity as a SNF stabilization technology. This activity is discussed in 
Section 3 . 1  of this EIS. However, the evaluation was limited to certain alternatives and certain fuel 

types based largely on historical technologies and capabilities. Future technology-based SNF 
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management decisions would be made only after further National Environmental Policy Act reviews 

were completed. 

Several foreign commercial facilities exist that have the capability to process certain types of 

DOE SNF. An analysis of processing DOE SNF at those facilities would have to consider United 

States nuclear nonproliferation policy (with regard to highly enriched uranium and plutonium), 

national security concerns (with regard to the classified nature of naval fuel), and other technical 

considerations (with regard to transportation of wet fuel, processing capability in foreign facilities, 

possible fuel instability, etc.). There are certain fuel types addressed in this EIS for which 

management by processing in a foreign facility may be considered appropriate. In such instances, 

final decisions on technology-based options would be made based on further analysis in other 

site-specific or fuel type-specific National Environmental Policy Act reviews tiered from this EIS. 

For example, in a separate EIS on a Proposed Nuclear Weapons Nonproliferation Policy Concerning 

Foreign Research Reactor Spent Nuclear Fuel, DOE addresses foreign processing of the foreign 

research reactor SNF included in this EIS as a potential management alternative. 

In response to public comment, Appendix A, Volume 1 of this EIS includes an analysis of 

transporting N-Reactor and Single-Pass Reactor SNF currently stored at the Hanford Site to a site in 

England for processing. The impacts identified by this analysis are considered to be representative of 

the impacts of transporting and handling any specific DOE SNF that might be considered for foreign 

processing, because N-Reactor SNF is low-enriched SNF and is a large fraction (in MTHM) of the 

currently stored inventory. In addition, the analysis included transportation routes that maximize 

foreign and domestic distances. A summary of these transportation impacts is included in 

Appendix I ,  Volume 1 of this EIS. 

Domestic commercial facilities are not available for SNF processing for interim storage and, 

therefore, were eliminated from further consideration. 

3.2.5 Preparations for Disposal 

DOE has not yet decided whether the ultimate disposition for DOE SNF is disposal in a 

repository or removal/recycle of the fissile material (primarily uranium). Disposal of SNF would 

require (a) development of the repository waste acceptance criteria, and (b) completion of the 

characterization of the various types of SNF that would allow a determination of the specific 

technology needed for SNF preparation (processing, canning, etc.) for each fuel type. Because of the 

large number of uncertainties at this time, it is considered too speculative to include in this EIS at this 

time. Therefore, preparation for disposal in a geologic repository was eliminated from further 

evaluation in this EIS. 

VOLUME 1 3-44 



3.3 Comparison of Alternatives 

As discussed in Chapter 5 and the site-specific appendices, the environmental consequences 

and, therefore, differences among the five SNF management alternatives addressed in Section 3 . 1  

would be  small. The comparison of alternatives in this section concentrates on (a) the areas in which 

the public has expressed considerable interest, and (b) programmatic factors important to DOE 

decisionmaking. The following factors were selected for comparison: 

• Number of SNF shipments among sites 

• Public health effects 

• SNF -related employment 

• Generation of radioactive waste 

• Impact on DOE or Navy missions 

• Cost of implementation. 

The alternatives that would cause the smallest impacts in these areas maximize the use of existing 

facilities, staff, and infrastructure. 

3.3.1 Number of Shipments 

Figure 3-7 shows the number of shipments that would occur under each alternative. 

Figure 3-7 also quantifies shipments of test specimens under each alternative. Shipments of naval test 

specimens are included here because of their contribution to cumulative impacts of naval SNF 

transportation. Details concerning naval test specimens and methodologies for calculating impacts of 

specimen shipments can be found in Appendix D. The No Action alternative would involve a limited 

number of naval spent fuel shipments (200) and test specimen shipments (320). The Decentral ization 

alternative, 1992/1993 Planning Basis alternative, and Regionalization 4A alternative mostly involve 

shipments to DOE sites from the smaller reactor and storage sites and from the naval sites to DOE 

sites. These shipments range in number from approximately 2,300 shipments under Decentralization 

Options A or B to approximately 4,500 under the Regionalization 4A alternative. Decentralization 

Option C and the 1992/1993 Planning Basis alternative have approximately 3,200 and 3,700 

shipments, respectively, over the 4O-year period. For the Regionalization 4B alternative and the 

Centralization options, SNF is transported to one or two sites. For these alternatives and options, the 

number of shipments range from approximately 5,500 under the Regionalization 4B alternative (Idaho 

National Engineering Laboratory and Savannah River Site) to a high of about 9,200 under the 

Centralization Option E (centralization al the Nevada Test Site) . The number of shipments is 
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Figure 3-7. Number of spent nuclear fuel and test specimen shipments between the years 1995 
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summarized in Table 3-6. A more detailed discussion can be found in Appendices D and I of 

Volume 1 .  The public health effects from such shipments are discussed in the next section. 

3.3.2 Public Health Effects 

This section discusses the public health effects from radiation exposure and traffic accidents 

under DOE's SNF Management Program (see Section 5. 1 . 1 .4 for basic information regarding 

assessment methods). These effects are estimated to be small, as shown by Figures 3-8, 3-9, 

and 3-10. The three sources of radiation exposure are (a) normal site operations, (b) transportation, 

and (c) accidents. Under all alternatives, the estimated number of latent cancer fatalities from the 

operation of the entire DOE SNF management system over a 4O-year period would range from 

approximately zero to about two latent cancer fatalities. 

3.3.2.1 Normsl Operations. In general, the greatest radiation exposure from normal SNF 

site activities and incident-free transportation results when large quantities of SNF are transponed 

among sites, such as under the Regionalization 4B alternative or Centralization alternative. Under 

incident-free transportation, as noted in Table 3-7, the estimated total fatalities are less than two for 

all alternatives, with the highest estimates associated with the Centralization options. This reflects the 

higher number of shipments associated with these options. 

In summary, estimated radiation impacts on public health are small for all alternatives (which 

include many different siting options), and it would, therefore, not be possible to materially reduce 

the impacts through a site selection process. 

3.3.2.2 Accidents. Transportation accidents pose the lowest risk of cancer fatalities 

(although the consequences of some accidents can be high). The accident risks are presented in 

Table 3-8. The results indicated that the risks associated with traffic fatalities are greater than the 

risks associated with cancer caused by radiation exposure. Both normal site operations and 

incident-free transportation have greater risk than that expected from transportation accidents when the 

probability and the consequences of potential accidents are considered. The latent cancer fatalities 

associated with onsite accidents is small across alternatives. The transportation accident with the 

largest consequences would lead to 55 latent cancer fatalities; the probability of occurrence is 

1 . 1  X 10-7 per year ( I  in 10 million years) (see Appendix I). 

In summary, for radiation-induced latent cancer fatalities to the public over 40 years of SNF 

management under all of the alternatives evaluated, the most likely outcome is as follows: 

• Essentially zero latent cancer fatalities from normal facility operations and facility 

accidents 

• Essentially zero latent cancer fatalities from transportation accidents 
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Table 3-6. Number of offsite spent nuclear fuel and test specimen sbipments by alternative. 

Alternative 

No Action 

Decentral ization Option A 
Option B 
Option C 

1992/1993 Planning Basis 

Regionalization 4A 

Regionalization 4B 

Hanford Site/Savannah River Site 
Idaho National Engineering 

Laboratory/Savannah River Site 
Nevada Test Site/Savannah River Site 
Hanford Site/Oak Ridge Reservation 
Idaho National Engineering 

Laboratory/Oak Ridge Reservation 
Nevada Test Site/Oak Ridge Reservation 

Central ization 

Hanford Site 
Idaho National Engineering Laboratory 
Savannah River Site 
Oak Ridge Reservation 
Nevada Test Site 

Maximum number of shipments 

Test 
Spent fuel sbipments" specimen sbipments b 

200 320 

2,000 320 
2,000 320 
2,900 320 

2,900 760 

3,700 760 

4,800 
4,600 

6,600 
5,600 
5,400 

7,300 

5,700 
5,500 
6,600 
7,300 
7,400 

1 ,750 
760 

1 ,750 
1 ,750 

760 

1 ,750 

1 ,750 
760 

1 ,750 
1 ,750 
1 ,750 

a. Assuming naval SNF shipments by rail and DOE SNF by truck. 

b. Test specimens by truck. 
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Cumulative risks are presented in Chapter 5 of EIS Volume 1 .  
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Figure 3-8. Maximum estimated number of latent cancer fatalities per year in the general 
population from normal spent nuclear fuel site operations and total fatalities from incident-free 
transportation. 
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a. Facility risks are based on the product of the probability and consequences of the respective 
maximum foreseeable facility accident for each alternative and expressed in latent cancer 
fatalities per year. 

Flgure 3-9. Estimate of risk of latent cancer fatalities in general population from facility 
accidents for spent nuclear fuel management activities. 
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a. Radiological risk is in tenns of latent cancer fatalities per year from spent nuclear fuel 
shipments; traHic fatality risk is in terms of estimated nonradiological traHic accident fatalities 
per year from spent nuclear fuel shipments. 

b. Average annual risk was determined by dividing the cumulative accident risks over the 
entire transportation campaign by the estimated duration of the transportation campaign. 
Cumulative transportation accident risks are presented in Chapter 5 of EiS Volume 1 .  

Figure 3-10. Estimate of average annual riskb from transportation accidents for spent nuclear 
fuel management activities. 
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Table 3-7. Comparison of incident-free transportation total fatalities for alternatives over the 4O-year 
period. 

No Action 

Decentralization 

1992/1993 Planning Basis 

Regionalization 4A (fuel type) 

Regionalization 4B (geography) 

Idaho National Engineering Laboratory and 
Savannah River Site 

Idaho National Engineering Laboratory and 
Oak Ridge Reservation 

Hanford Site and Savannah River Site 

Hanford Site and Oak Ridge Reservation 

Nevada Test Site and Savannah River Site 

Nevada Test Site and Oak Ridge Reservation 

Central ization 

Hanford Site 

Idaho National Engineering Laboratory 

Savannah River Site 

Oak Ridge Reservation 

Nevada Test Site 

Minimuma•b 

total 
fatalities 

0.0089 

0. 1 2  to 0. 15 

0. 14 

0. 1 7  

0. 15  to 0. 1 7  

0. 14 to 0. 15 

0. 17 

0. 15 

0. 1 9  

0. 17 

0.23 

0.21 

0.26 

0.21 

0.26 

Maximumb•c 
total 

fatalities 

0.0089 

0.35 to 0.38 

0.45 

0.61 

0.51 to 0.53 

0.53 to 0.54 

0.55 to 0.56 

0.57 

0.88 

0.90 

1 .3 

1 . 1  

1 .7  

1 .6 

1.6 

a. The minimum total fatalities are associated with transport of DOE fuel by rail; naval SNF 
shipments are by both truck (onsite) and rail (offsite). 

b. Total fatalities are for the 40-year period 1995 through 2035 and were the sum of the 
estimated number of radiation-related latent cancer fatalities for workers and the general 
population and the estimated number of nonradiological fatalities from vehicle emissions. 

c. The maximum total fatalities are associated with transport of DOE fuel by truck; naval SNF 
shipments are by both truck (onsite) and rail (offsite). 
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Table 3-8. Comparison of estimated transportation accident risks for alternatives over tbe 4O-year 
period. 

Truck accident riabl Rail accident riBbl 

Alternative Latent cancer Latent 
fatalities Traffic fata1ities cancer fatalities Traffic fatalitica 

No Action 4.1 x 10-6 0.047 4.1 x 10-6 0.047 

Dccentralizationb 0.00085 to 0.20 to 1 .01 0.00029 to 0.26 to 1 .07 
0.00090 0.00034 

1992/1993 Planning Basis 0.0010 0.70 0.00035 0.73 

Regiona1ization 4A (fuel type) 0.0011 0.77 0.00037 0.76 

Regiona1ization 4B (geography) 

Idaho National l!ngineering 0.00090 0.72 0.00034 0.73 
Laboratory and Savannah 
River Site 

Idaho National I!ngineering 0.00095 0.73 0.00024 0.72 
Laboratory and Oak Ridge 
Reservation 

Hanford Site and Savannah 0.0013 0.84 0.00075 0.82 
River Site 

Hanford Site and Oak Ridge 0.0013 0.81 0.00050 0.78 
Reservation 

Nevada Test Site and 0.0012 0.99 0.00045 0.91 
Savannah River Site 

Nevada Test Site and Oak 0.0012 1.00 0.00035 0.91 
Ridge Reservation 

Centralization 

Hanford Site 0.0050 1 . 10 0.0013 1.05 

Idaho National l!ngineering 0.0048 1.00 0.0013 0.95 
Laboratory 

Savannah River Site 0.0020 1 .44 0.00080 1 .09 

Oak Ridge Reservation 0.0017 1.35 0.00055 1 .00 

Nevada Teat Site 0.0050 1.33 0.0014 1.19 

B. Assumes SNP shipments are 100 percent by truck or 100 percent by rail, except for naval SNP shipmenl8 that are by 
both truck (onsite) and rail (offsite). 

b. Range of values in each column for the Decentralization alternative reflects the different fuel examination options for 
naval SNP. 
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• Up to about one latent cancer fatality from most incident-free transportation scenarios; 

up to two latent cancer fatalities under the Centralization options 

• Up to about two fatalities from nonradiological traffic accidents. 

A more detailed discussion of accidents is found in Chapter 5, Volume I of this EIS . 

3.3.3 Employment Related to Spent Nuclear Fuel Management at DOE and Naval Sites 

Under various alternatives, the total labor force involved in SNF management could decrease 

by 1 80 jobs or increase by more than 2, I 00 jobs averaged over the period 1995 to 2005, as compared 

to the 1995 baseline. This labor force is the sum of permanent employment in operating or 

maintaining new facilities and shorter term construction jobs. Figures 3-1 1  and 3-12 characterize the 

range of SNF jobs under each alternative. The number of jobs related to SNF management is small 

compared with the total number of jobs (2 to 4.5 percent) at the sites that would be involved in SNF 

management. SNF management-related jobs account for less than 4.5 percent of total employment at 

the sites and less than 8 percent of employment at any one site. 

It is important to note that the relocation of large amounts of SNF under the Regional ization 

4B alternative and the Centralization options would eventually result in closure of SNF management 

facilities at major DOE sites and, therefore, long-term job loss at the closed facilities. However, 

some of the job losses at closed facilities would be accompanied by job gains at the sites receiving the 

fuel shipments. In addition, from 1995 to 2005 several management actions already initiated at 

various sites to maintain a safe storage configuration for existing SNF will be completed, and much of 

the SNF would need to be stabilized before transport. In the near term, the combination of building 

facilities at some sites and stabilizing SNF before transport at other sites complicates estimating the 

near-term SNF employment situation. 

Under the No Action alternative, employment would not increase substantially at any site, and 

the closure of the Expended Core Facility at the Idaho National Engineering Laboratory would result 

in a net loss of just over 500 jobs involved in SNF management following closure. The maximum 

number of jobs indicated in Figure 3-1 1 assumes processing for stabilization and reports the maximum 

number for options at each site. 

For any of the alternatives, no more than an average additional 2,100 jobs over the period 

1995 to 2005 would be required for implementation. Some of the larger SNF employment 

requirements (particularly those involving the Hanford Site) would be caused by the development and 

operation of processing facilities needed to stabilize stored SNF. If processing were not undertaken, 

less employment would be generated at those sites. In addition, the relocation of the Expended Core 

Facility to sites other than the Idaho National Engineering Laboratory would result in an increase of 
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a. The maximum values occur with processing; the minimum values occur without processing. 

Figure 3-11. Cbange in the number of jobs averaged over the years 1995 to 2005 for spent 
nuclear fuel management activities. 
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b. The maximum values occur with processing; the minimum values occur without processing. 

FIgure 3-12. Change in site employment between the years 1 995 and 2005 for spent nuclear 
fuel management activities as a percent of 1995 baseline. 
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about 500 jobs per year in the support of naval SNF examinations at those sites and would result in a 

corresponding loss of approximately 500 jobs at the Idaho National Engineering Laboratory. 

However, regionalization with the Nevada Test Site as the Western Regional Site and the Oak Ridge 

Reservation as the Eastern Regional Site would result in the highest employment peak. The peak, 

estimated to be approximately 4,600 jobs in the year 2000, includes employment at sites preparing 

SNF for transport to the selected sites. 

A more detailed discussion of socioeconomic impacts can be found in Chapter 5, Volume I of 

this EIS. 

3.3.4 Generation of Radioactive Wastes 

When SNF is stored onsite, very little high-level, transuranic, or mixed waste is generated (see 

Figure 3-1 3). These small quantities of radioactive wastes would usually be generated during 

stabilization activities. As a result, under the No Action alternative fewer than 20 cubic meters per 

year (26 cubic yards per year) of transuranic wastes would be generated from SNF management 

nationwide because SNF would not be stabilized. Under the other alternatives, where stabilization 

activities are assumed to occur, it is estimated that between 20 and 190 cubic meters (26 and 

250 cubic yards) of high-level waste and between 20 and 90 cubic meters (26 and 120 cubic yards) of 

transuranic waste would be generated each year (Figure 3-1 3). The lower generation rates would 

occur in the Decentralization alternative, where small amounts of SNF would be transported among 

major DOE sites (and stabilization for transport would not be necessary). For other alternatives, 

greater amounts of SNF would be transported among sites; therefore, more SNF would require 

stabilization before transport and more waste would be generated. The difference between the 

minimum and maximum volume of waste generated results principally from the contribution 

attributable to processing for stabilization. 

Low-level waste is also generated as a result of SNF management. Figure 3-14 indicates the 

estimated annual volume for each of the alternatives. As previously noted for high-level, transuranic, 

and mixed waste, the higher values are principally the result of processing for stabilization. 

A more detailed discussion of radioactive waste generation under each alternative can be found 

in Chapter 5, Volume 1 of this EIS. 

3.3.5 Impacts on DOE and Navy Missions 

The concerns for the missions of DOE and the Navy relate to storing SNF safely, meeting 

obligations, preparing SNF for ultimate disposal, and examining naval SNF. 

3.3.5. 1 Impacts on DOE. The DOE mission regarding the safe storage of SNF is impacted 

in the No Action alternative. Under this alternative, DOE will initially suffer from a loss of margin 
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a. The maximum values occur with processing; the minimum values occur without processing. 

Figure 3-13. Average volume of high-level, transuranic, and mixed waste generated per year 
over the years 1995 to 2005 for spent nuclear fuel management activities. 
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Figure 3-14. Average volume of low-level wastes generated per year over the years 1995 
to 2005 for spent nuclear fuel management activities. 
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in storage capacity. In addition, DOE may be impacted by needing to make more frequent repairs to 

existing facilities (potentially losing the use of a facility because it is beyond repair). In time, there 

would be little or no flexibility for repairs under the No Action alternative. 

Additionally, by limiting research and development to activities already approved, DOE's 

ability to safely store SNF would be impacted by being unable to conduct new research and 

development. The No Action alternative would not permit development of processing and other 

technologies except for those underway as of June 1995. 

Under the No Action alternative, DOE would not satisfy its obligations associated with SNF 

from university reactors, other research reactors, and special-case commercial SNF. Also, under the 

No Action alternative, DOE might not be able to fulfIll agreements with states or other Federal 

agencies that involve SNF, except those specific actions already in progress, unless the agreements 

are changed. Failure to meet the terms of these agreements would expose DOE to adverse legal 

actions. In addition, DOE would not proceed, as it has proposed, to establish a new policy for 

management of foreign research reactor fuel that contains United States origin uranium (see 

Section 1 .2.4). These mission impacts could be avoided under any alternative but the No Action 

alternative. 

The DOE recognizes a need, which is not yet well defined, to prepare SNF for its ultimate 

disposition. At this point, the processing and other technology required for ultimate disposition are 

not precisely known. Under the No Action alternative, no new facilities or new research and 

development would be allowed. The No Action alternative would not permit development of 

processing and other technologies except for those begun as of June 1995. Although the acceptance 

criteria for DOE-managed SNF have not yet been defined and repository disposal may permit canned 

SNF, alternative approaches for ultimate disposition must be developed. By not allowing this 

development under this alternative, DOE would be unable to meet one of the major goals of the SNF 

Management Program. For the No Action alternative, no facilities could be built for converting SNF 

to forms acceptable for disposition. In addition, with facilities storing SNF throughout the country, 

more canning or other processing facilities might be required than are currently planned. Building 

additional facilities at multiple locations would impede efficient disposition of SNF produced at small 

reactor sites. Other alternatives would allow research and development to proceed as deemed 

appropriate to support stabilization. 

3.3.5.2 Impacts on the Navy. The Navy would incur large storage costs under the 

No Action and Decentralization alternatives. In addition, the Navy mission would be hindered if the 

full examination of fuels at an expended core facility were not possible. Full examination would not 

happen under the No Action alternative and Decentralization Options A and B. The examinations are 

a critical aspect of the Naval Nuclear Propulsion Program's ongoing advanced fuel research and 

development program. They provide engineering data on nuclear reactor environments, material 
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behavior, and design performance. These data support 

• The design of new reactors having extended lifetimes 

• Continued safety of naval reactors 

• Improvements in nuclear fuel performance and ship operational performance 

• The operation of existing naval reactors by providing confirmation of their proper 

design and allowing maximum depletion of their fuel. 

• The verification of engineering methods and models to design naval nuclear fuel. 

Although it is difficult to quantify the benefits of an outstanding safety record and improved 

operational characteristics, increased core life yields an economic advantage-a reduction in the 

number of reactor cores that must be procured and in the number of refuelings that must be 

performed. It also results in less SNF being generated. Another advantage is the increased online 

availability of nuclear-powered ships with life-Qf-ship fuel, which would reduce the number of ships 

required. About $5 billion would be saved if l ife-Qf-ship fuels are developed, based on an assumed 

force structure of fewer than 100 nuclear-powered ships by 2005. Additional details can be found in 

Appendix D, Volume I of this EIS. 

3.3.6 Cost of Implementation 

The DOE prepared and issued in March 1995 a cost evaluation report (DOE 1995b) that 

provides insight for short- and long-term planning for DOE complex-wide SNF management. This 

report was also used to provide costs relevant to this EIS. This section provides potential costs 

associated with the management of DOE SNF for the 4O-year period evaluated in this EIS. 

3.3.6.1 Results. Table 3-9 provides a range of costs for interim storage. Because of the 

very broad scope associated with complex-wide SNF management and the uncertain nature of future 

actions, "best estimate" costs cannot be developed at this time. The degree to which existing facilities 

factor into a given alternative can vary. To account for this, each alternative was analyzed for two 

cost ranges to define the possible spread of cost for each alternative. The upper and lower cost 

ranges were defined as follows: 

Upper Cost Range - Assumed construction of new facilities, except for a limited number 

judged adequate for 40 years. 
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Table 3-9. Cost results for storage only (billions of dollars). 

Upper 
Alternatives range 

No Action (1) 17.4 

Decentralization-no examination (2A) 1 7.9 

Decentralization-limited examination (2B) 18 . 1 

Decentralization-full examination (2C) 20. 1 

199211993 Planning Basis (3) 18.0 

Regionalization by fuel type (4A) 17.6 

Regionalization by geography (4B)" 16.0 

Centralization at Hanford (5A) 15.4 

Centralization at Idaho National Engineering Laboratory (5B) 1 3 .8 

Centralization at Savannah River Site (5C) 15. 1 

Centralization at Oak Ridge Reservation (5D) 17. 1 

Centralization at Nevada Test Site (5E) 17.5 

a. All options were considered, however, only Idaho National Engineering Laboratory and 
Savannah River Site costs are shown. 

Lower 
range 

10.6 

8.6 

8.9 

10.8 

9.4 

9. 1 

9.6 

13 .5 

1 1 .9 

9.5 

15. 1 

15.3 

Lower Cost Range - Assumed existing facilities used at the Idaho National Engineering 

Laboratory and the Savannah River Site but no existing facilities used at Hanford. Facility 

upgrades were limited to Phase III vulnerability costs (DOE 1 994c). 

3.3.6.2 Discussion and Conclusions. Table 3-9 shows that Alternatives I ,  2A, 2B, 3, 

or 4A are roughly equivalent. This is because most of the SNF would be located at the same sites 

(Hanford, Idaho National Engineering Laboratory, and Savannah River Site) in each alternative. 

Alternative 4B costs less than Alternative 3 because all SNF would be moved to two sites (Idaho 

National Engineering Laboratory and Savannah River Site), which have existing infrastructures, and 

economies of scale (fewer sites cost less) dictate that two sites would be less costly than three. The 

table also shows that if new facilities are required, it would be least expensive to centralize SNF 

management at a site with existing SNF management infrastructure (that is, Alternatives 5A, 5B, or 

5C). Transportation costs, which are typically I percent of total costs, would not be an overriding 

consideration in the selection of locations for SNF management. 
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In the lower cost range, if existing facilities can continue to be used, it would be least 

expensive to manage fuel under alternatives that maximize the use of sites with existing capabilities 

(that is, Alternatives 2A, 2B, 4A, or 4B). The centralization alternatives, which would require the 

construction of storage facilities, could cost up to $6.7 billion more that the least costly alternative 

(2A). Before drawing conclusions based on the lower cost range results, however, the reader should 

recognize that the selection of an approach using existing facilities, combined with a commitment to 

upgrade facilities [over and above correction of vulnerabilities (DOE 1994c») may significantly change 

the cost comparisons. In this situation, cost would tend to increase toward the upper cost range. 

Additional details can be found in DOE (1995b). This report is available in the DOE Public 

Reading rooms listed in the EIS, or upon request from the Office of Communications, DOE Idaho 

Operations Office at the address listed in the front of the EIS. 

3.3.7 U.S. Nuclear Regulatory Commission Licensing Standards 

DOE is proceeding with actions to implement safe, efficient, and cost-effective interim storage 

of its SNF before final disposition. The need for interim storage has led DOE to evaluate storage 

technologies and alternative management strategies to provide an optimum solution to storage 

challenges. Several commercial storage technologies under evaluation for DOE SNF have been 

licensed and regulated by the U.S. Nuclear Regulatory Commission. In addition, DOE SNF could 

eventually come under the jurisdiction of the U.S. Nuclear Regulatory Commission if it is to be 

disposed of in a geologic repository. Therefore, DOE is considering having any new interim storage 

facilities reviewed to determine whether they could meet U.S. Nuclear Regulatory Commission 

licensing standards. This approach, if implemented, would provide a testing ground for the 

development of the technical and administrative protocols between the U.S. Nuclear Regulatory 

Commission and DOE in the event that some type of U.S. Nuclear Regulatory Commission regulatory 

oversight occurs in the future. 
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4. AFFECTED ENVIRONMENT 

This chapter contains overviews of the potentially affected environments at and around the 

existing and potential sites under consideration for management of SNF within the various alternatives 

addressed in the EIS. Because of the large amount of information necessary to adequately 

characterize the affected environments at these sites, the space available in this chapter limits the 

presentations to summaries of the relevant key site characterization information. Consequently, the 

detailed descriptions of the affected environments are presented under separate cover as self-contained 

appendices to Volume 1 .  This approach allows the reader to compare the relative similarities and 

differences among the sites without having to review thousands of pages of text. These separate 

site-specific appendices also contain the detailed analyses of environmental impacts associated with 

each alternative that are rolled up and summarized in Chapter 5.  

The site-specific appendices under separate cover are organized as follows: 

Appendix 

A 

B 

C 

o 
E 

F 

Focus of appendix 

Hanford Site 

Idaho National Engineering Laboratory 

Savannah River Site 

Naval Nuclear Propulsion Program 

Other Generator/Storage Locations 

Nevada Test Site and Oak Ridge 

Reservation 

This chapter focuses on details ahout resources most l ikely to be affected by the actions 

evaluated under the various alternatives. Consequently, not every category of information addressed 

in the site-specific appendices is rolled up for presentation here. 

4. 1 Hanford Site 

This section summarizes the environmental characterization information on the Hanford Site, 

Richland, Washington. This information has been used in evaluating environmental impacts that 

might result from implementing the various alternatives for management of SNF at the Hanford Site. 

More detailed information characterizing the affected environment of the Hanford Site is presented in 

Appendix A, under separate cover. 
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The Hanford Site covers about 1 ,450 square kilometers (560 square miles) of the southeastern 

part of the State of Washington (see Figure 4- 1 ) .  It is located in parts of Benton, Grant, and Franklin 

Counties. The nearest city is Richland, Washington, which borders the Hanford Site on its southeast 

corner. About 380,000 people live within an 80-kilometer (50-mile) radius of the Hanford Site. 

The population within 80 kilometers (50 miles) of the Hanford Site has been characterized for 

the purposes of identifying whether any disproportionately high and adverse impacts exist to minority 

and low-income communities. The population surrounding the Hanford Site is shown to be 20 

percent minority and 1 8  percent low-income. based on U.S .  Bureau of Census information and the 

definitions and approach presented in Appendix L .  

Approximately 6 percent of the Hanford Site i s  occupied by operational facilities. Waste 

management and SNF processing activities and waste storage occur near the center of the Hanford 

Site. Eight retired plutonium production reactors and the N Reactor are located on the south side of 

the Columbia River, and the nuclear research and development laboratories are located in the 

southeastern part of the Hanford Site near the city of Richland. The majority of Hanford's SKF is 

stored in basins in l OO-KW and l OO-KE. The Fast Flux Test Facility is located in the east-central 

area of the Hanford Site. The remaining area is undeveloped land that provides for buffer zones for 

the operating areas. The Hanford Site is a Superfund site, l isted on the National Priority List. 

The land adjacent to the Hanford Site is either urbanized or agricultural . Agricultural areas 

include irrigated and dry-land farming and grazing. 

In 1992, the Hanford Site employed 16, 100 people, accounting for almost 25 percent of the 

nonagricultural employment in Benton and Franklin Counties. Other major employers include the 

Siemens Nuclear Power Corporation, Sandvik Special Metals, Iowa Beef Processors, Boise Cascade, 

and Burlington Northern Railroad. 

As of 1992, 248 prehistoric archaeological sites were recorded by the Hanford Culturall 

Resources Laboratory of the Pacific Northwest Laboratory. Of the 48 sites on the National Re'gister 

of Historic Places, two are single sites and the remainder are in seven archaeological districts. 

Archaeological sites include remains of numerous pithouse villages, campsites, cemeteries along the 

river banks, spirit quest monuments, hunting camps, game drive complexes, quarries in mountains 

and rock bluffs, hunting/kill sites in lowland stabilized dunes, and small temporary camps near 

perennial sources of water away from the river. Native Americans have inhabited the land around the 

Hanford Site since prehistoric times. The Wanapum and the Chamnapum bands of the Yakama tribe 

were the area's primary inhabitants, being joined by Palus people, Walla Walla people, and Umatilla 

people for fishing the Hanford Reach of the Columbia River. These people retain traditional secular 

and religious ties to the region. Some native plant and animal foods, which are used in religious 

ceremonies performed by members of the Washane or Seven Drums religion, can be found on the 

Hanford Site. 
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The Hanford Site is on a low-lying, modified alluvial plain of the Columbia River. Altitudes 

range from about 105 meters (345 feet) in the southeast part to about 245 meters (804 feet) in the 

northwest corner. The Hanford Site is bounded to the east by the Columbia River and the White 

Bluffs of the Ringold Formation, to the southeast by the city of Richland, to the west by the 

Rattlesnake Hills, and 1:0 the north by the Saddle Mountain. 

The principal geologic features beneath the Hanford Site, l isted from the oldest to the 

youngest, include the Columbia River Basalt Group (basaltic lava flows), the Ringold Formation 

(weakly cemented coarse sandy gravel to compacted silt and clay), and a series of deposits called the 

Hanford formation (coarse gravel and sand). These units are covered by a few meters or less of 

recent alluvial or windblown sands. Other than gravel, there are no geologic resources of economic 

value on the Hanford Site. 

The area of the Hanford Site is historically of low-to-moderate seismicity. On a scale of 0 

to 4, the Hanford Site is in a Uniform Building Code Seismic Risk Zone 2B. (Zone 0 repres'�nts little 

damage, and is subject to the greatest seismic risk.) The largest seismic shock near the Hanford Site 

on record was approximately 4 .5  to 5 0 on the Richter scale and Modified Mercalli Intensity of V; it 

was recorded in Corfu, 35 kilometers (22 miles) north of the Hanford Site in 1 9 1 8. A Modified 

Mercalli Intensity V quake occurred in 1973. Many lower intensity earthquakes have occurred in the 

Columbia Plateau and on the Hanford Site as part of "earthquake swarms," which are clusters of 

several small earthquakes occurring over a short period of time. 

The Hanford Site is located approximately 160 kilometers ( 100 miles) to the east of the 

Cascade Range, which includes several volcanic vents. The great distance eliminates the potential for 

lava flows from these volcanoes reach ing the Hanford Site. The t(lfeseeable volcanic effects at the 

Hanford Site are l imited to windborne volcanic ash. 

The general climate of the Hanford Site is hot and dry in summer and cool in winter. The 

average annual precipitation is 16 centimeters (6.3 inches), most of which falls during the winter. On 

average, thunderstorms occur 1 1  days per year, mostly during the summer. Tornadoes are extremely 

rare, occurring within 1 60 kilometers (100 miles) of the Hanford Site about once in 3 years. Air 

qual ity in the Hanford region is well within the State of Washington and U.S .  Environmental 

Protection Agency standards for criteria pollutants, except that short-term particulate concentrations 

occasionally exceed the PM-IO standard. (PM- l O is particulate matter defined as suspended 

particulates with an aerodynamic diameter less than 10 micrometers . )  The Class [ Area (areas where 

degradation of air quality is to he severely restricted) nearest to the Hanford Site is at Goat Rocks 

Wilderness Area, 145 kilometers (90 miles) away. 

Two rivers pass through or near the Hanford Site. The Columbia River passes through the 

northern part of the H anford Site and forms part of the eastern boundary. The average daily tlow of 

this river is 3,400 cubic meters per second ( 1 20 , 100 cubic feet per second). The Yakima Rivl�r. with 
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an average flow of 104 cubic meters per second (3,673 cubic feet per second), is located near the 

southern portion of the Hanford Site. Wastewaters are discharged to several ponds on the Hanford 

Site and the Columbia River. In addition to these surface waters, there are two intermittent creeks 

that form the remainder of the surface waters on the Hanford Site. The flood areas of these rivers 

and streams include some areas where facilities are located, but flooding is well-controlled by 

upstream dams on the Columbia River. Minor flooding (away from facil ities) occurs from other 

watercourses. While specific information on the IOO-year floodplain has not been defined, the 

projected extent of the maximum probable flood, which is greater than the area of inundation 

expected from a l OO-year flood, would not impact proposed SNF facilities. More details on flooding, 

including that induced by dam failures, are given in Section 4 of Appendix A of Volume I .  

The water quality of the Columbia River is high, with minor increases in constituents 

resulting from Hanford Site discharges. Radiological monitoring shows low levels of radionuclides in 

samples of Columbia River water. Tritium, iodine- 1 29, and uranium are found in somewhat higher 

concentrations downstream of the Hanford Site than upstream, but are well below concentration 

guidelines established by the U .S .  Environmental Protection Agency drinking water standards. 

Nonradiological water quality parameters measured during 1989 were similar to those reported in 

previous years and were within Washington State Water Quality Standards. 

Part of the water supply at the Hanford Site and for the nearby Tl'i-Cities is the Columbia 

River. In 1 99 1 ,  the combined water use for Richland, Pasco, and Kennewick was 4.3 x 1 07 cubic 

meters (\ 1 .38 billion gallons). Richland and Kennewick derive a portion of their water used from 

nearby groundwater wells and rely on groundwater as a sole source of water from November through 

March each year. Additional references and more detailed information on groundwater are in 

Appendix A of Volume I .  

In 1993, several radionuclides and nonradioactive chemicals were present in unconfined 

aquifers located beneath the Hanford Site in some locations at levels exceeding U . S .  Environmental 

Protection Agency drinking water standards and/or DOE Derived Concentration Guides. These 

constituents are l isted, as follows: radiological constituents-tritium, strontium-90, cobalt-60, 

antimony-125, technetium-99, iodine- 1 29. cesium-I 37 , uranium, and plutonium; and nonradiological 

constituent-nitrate, chromium, trichloroethylene, cyanide, fluoride, carbon tetrachloride, and 

chloroform. Groundwater beneath the Hanford Site is not used for human consumption or food 

production with the exception of a well utilized for drinking at the Fast Flux Test Facility visitor 

center. Above-background levels of tritium and iodine- 129 have been detected in this well; howe,ver, 

these levels are well below U .S .  Environmental Protection Agency drinking water standards. 

DOE asserts a federally reserved water withdrawal right with respect to the Hanford Site 

operations. Current withdrawals from the Columbia River occur under this assertion. Of the water 

consumed from surface waters in the vicinity of the Hanford Site, 1 3  percent is used for industrial 

purposes. The Hanford Site uses 41 percent of the water targeted for industrial use. 
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The Hanford Site is a shrub-steppe environment dominated by cheatgrass and sagebrush, but it 

includes 10  different types of plant communities. This plant environment supports 1 2  species of 

amphibians and reptiles, 39 species of mammals, and numerous bird and insect species. Deer and elk 

are the major large animals, and coyotes are the major mammalian predators. Wetlands of nrying 

size exist along the Columbia River and support extensive stands of willows, grasses, aquatic plants, 

and other plants. In the Hanford Reach of the Columbia River, 44 species of fish have been 

identified. The Hanford Reach is also used by various salmon and trout species as a spawning area 

and a migration route to and from upstream spawning areas. Four threatened or endangered plants 

classified by the State of WaShington exist on the Hanford Site, as well as seven species of threatened 

or endangered birds or mammals and one insect species. The insect species and three of the hird 

species are federally l isted. 

No federally listed threatened or endangered species have been observed at the proposed SNF 

site. However, two Federal and/or state candidate species, the loggerhead shrike (Federal andl state 

candidate) and sage sparrow (state candidate), were observed during a survey of the proposed SNF 

site. The sagebrush habitat at the proposed site is considered priority habitat by the State of 

Washington for the loggerhead shrike.', sage sparrows, burrowing owls (state candidate), pygmy 

rabbits (Federal candidate and state threatened). sage thrashers (state candidate), western sage grouse 

(Federal and state candidate), and sagebrush voles (state monitored). Although burrowing owls were 

not observed at the site, ground squirrel burrows used by burrowing owls and owl pellets were 

observed during the survey. No evidence of the other species were found at the proposed site. The 

closest known ferruginous hawk (Federal candidate and state-threatened species) nest is approximately 

8.9 kilometers (5.5 miles) northwest of the site. The proposed site should be considered as 

comprising a portion of the foraging range of this species. 

The Tri-Cities (Richland, Kennewick, and Pasco) serve as a regional transportation center 

with major air, land, and river connections. The Tri-Cities area has four major highways: 

U.S . Routes 12 and 395, State Route 240, and Interstate 82. State Route 240 traverses the Hanford 

Site from southeast to northwest. The Burl ington Northern and Union Pacific railroads conne,�t the 

area to more than 35 states. Docking facilities exist at the ports of Benton, Kennewick, and Pasco. 

The Tri-Cities Airport, located in Pasco, provides daily passenger and freight services. 

For the years 199 1 to 1993, the potential collective dose to the population within 80 

kilometers (50 miles) from all Hanford Site effluents was calculated to be 0.9, 0 .8 ,  and 

0.4 person-rem, respectiively. In 1993. the dose to the maximally exposed offsite individual was 

calculated to be 0.00003 rem (0.03 millirem) per year from all exposure pathways. For perspective, 

collective dose to the same population from natural background radiation was calculated to be about 

100,000 person-rem from an average individual dose of 0.3 rem (300 millirem) per year. 

In 1993, about 1 4,500 individuals were monitored at the Hanford Site. Of those monitored, 

1 1 ,000 were classified as radiation workers with a collective dose of 200 person-rem and an average 
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annual dose equivalent of 0.02 rem (20 millirem) per individual with measurable doses. A subset of 

Hanford radiation workers associated with SNF storage at 100 K Basins averaged doses of 0.4 rem 

(400 millirem) per year. These averages are well below the 10 CFR Part 835 radiation dose limit of 

5 rem (5,000 millirem) per year and the DOE Administration Control Level of 2 rem (2,000 

millirem) per year for occupational exposure. 

Electricity in the region is provided by several different entities, but it is ultimately generated 

by the Bonneville Power Administration. About 74 percent of the region's installed generating 

capacity is hydroelectric. Power for the Hanford Site is purchased wholesale from the Bonneville 

Power Administration, amounting to greater than 550 megawatts in 1988. Because of the relianee on 

hydropower, annual production is variable, averaging 16,400 megawatts of capacity. 

Major incorporated areas in Benton and Franklin Counties are served by municipal wastewater 

treatment systems. The unincorporated areas are served by onsite septic systems. 

High-level radioactive waste has been accumulating at the Hanford Site since 1944 in 

149 single-shell tanks-no new waste has been added to these tanks since 1980. Much of the liquid 

waste from single-shell tanks has been transferred to newer double-shell tanks for safer storage. 

Transuranic wastes were disposed of onslte before 1970 in unlined trenches. Since 1970, transuranic 

wastes have been stored in abovegrade storage facilities. As of 199 1 ,  there were about 1 20,000 cubic 

meters (157,000 cubic yards) of transuranic waste buried or in retrievable storage. Mixed low-level 

waste totaling 16,745 cubic meters (21 ,902 cubic yards) was buried at the Hanford Site from 1987 to 

199 1 .  Another 4,225 cubic meters (5,526 cubic yards) of mixed waste has accumulated in storage. 

In 1992, 56,245 kilograms ( 124,000 pounds) of mixed low-level waste was generated. From 1944 to 

199 1 ,  approximately 558,916 cubic meters (73 1 ,030 cubic yards) of low-level waste was buried at the 

Hanford Site. In 199 1 ,  5,300 cubic meters (6,932 cubic yards) of low-level waste was generated at 

the Hanford Site. In 1992, 619,268 kilograms (1 ,365,000 pounds) of hazardous waste was generated. 

Mixed wastes are 99 percent tank wastes at the Hanford Site resulting from 108 different waste 

streams. Hazardous wastes generated in 1 995 from SNF are expected to total 2 .2 cubic meters 

(2.9 cubic yards). In 1992, industrial solid waste totaled 22,213  cubic meters (29,054 cubic yards) 

and asbestos totaled 1 ,0 17  cubic meters ( 1 ,330 cubic yards). A total of 1 ,484 hazardous chemicals 

are reported at the Hanford Site at over 783 locations, and they are found in 2,926 different 

hazardous materials. In 1992, the Emergency Planning and Community Right-to-Know Act reporting 

threshold was exceeded for 53 hazardous chemicals. 

4.2 Idaho National Engineering Laboratory 

This section summarizes environmental characterization information on the Idaho National 

Engineering Laboratory. This information has been used to evaluate impacts at the Idaho National 

Engineering Laboratory under various alternatives for management of SNF. More detailed 
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information characterizing this Idaho National Engineering Laboratory is presented in Appendix B, 

under separate cover. 

The Idaho National Engineering Laboratory is located on approximately 2,300 square 

kilometers (890 square miles) of land in southeastern Idaho and contains nine major facility areas (see 

Figure 4-2). It is located primarily within Butte County, but portions of the Idaho National 

Engineering Laboratory are also located in Bingham, Jefferson, Bonneville, and Clark Counties. The 

Idaho National Engineering Laboratory is roughly equidistant from Salt Lake City, Utah, and Boise, 

Idaho. Cities near the Idaho National Engineering Laboratory include Idaho Falls to the east, 

Blackfoot to the southeast, Pocatello to the south-southeast, and Arco to the southwest. Yellowstone 

National Park is 149 kilometers (90 miles) to the east. 

Categories of land use at the Idaho National Engineering Laboratory include facility 

operations, grazing, general open space, and infrastructure, such as roads. About 2 percent of the 

total Idaho National Engineering Laboratory area [4600 hectares ( 1 1  ,400 acres)] is used for facilities 

and operations. The Idaho National Engineering Laboratory is a Superfund site, l isted on the 

National Priority List. 

The region of influence for the Idaho National Engineering Laboratory is a seven-county area 

comprising B ingham, Butte, Bonneville, Clark, Jefferson, Bannock, and Madison counties. The 

region of influence had a 1990 population of 2 19,7 1 3 .  Historically, the regional economy has relied 

predominantly on farming and ranching. Mining is also an important component of the regional 

economy. 

The population within an 80-kilometer (50-mile) circle centered at Argonne National 

Laboratory-West on the Idaho National Engineering Laboratory has been characterized for the 

purposes of identifying whether any disproportionately high and adverse impacts exist to minority and 

low-income communities. The population surrounding the Idaho National Engineering Laboratory is 

shown to be 7 percent minority and 14  percent low-income, based on U .S .  Bureau of Census 

information and the definitions and approach presented in Appendix L. 

During fiscal year 1990, the Idaho National Engineering Laboratory directly employed 

approximately 1 1 , 100 personnel, accounting for almost 12  percent of the total regional employment. 

Approximately 38,000 persons, or 1 7  percent of the total regional population, were directly supported 

by employment associated with the operation of the Idaho National Engineering Laboratory. In 1992, 

the total direct Idaho National Engineering Laboratory employment wa� approximately 1 1 ,600 jobs. 

The total number of jobs at the Idaho National Engineering Laboratory is projected to decrease to 

approximately 8,620 in fiscal year 1995 and to approximately 7,250 in fiscal year 2004. 

More than 1 ,500 prehistoric and historic archaeological resources have been identified in the 

Idaho National Engineering Laboratory area, but only 4 percent of the Idaho National Engineering 
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Laboratory has been surveyed, mostly near major facility areas. The resources identified include 

prehistoric and historic sites and isolat�s. Although not formally evaluated, these sites are considered 

potentially eligible for nomination to the National Register of Historic Places; the isolates have been 

categorized as unlikely to meet eligibil ity requirements. The Experimental Breeder Reactor-I is l isted 

on the National Register of Historic Places, and other structures could potentially be l isted. The 

Shoshone-Bannock Tribes are the region's primary Native American residents. Because they believe 

the land is sacred, the entire Idaho National Engineering Laboratory reserve is potentially culturally 

important to them. Cultural resources. to the Shoshone-Bannock peoples, include all forms of 

traditional l ifeways and usage of all natural resources. This includes not only prehistoric 

archaeological sites, which are important in religious or cultural heritage context, but also features of 

the natural landscape, air, plant, water. or animal resources that might have special significance. 

DOE has committed to additional interaction and exchange of information with the Shoshone-Bannock 

Tribes at the Fort Hall Reservation. 

The northwestern edge of the Eastern Snake River Plain, where the Idaho National 

Engineering Laboratory is located, is hordered on the north and west by the Bitterroot, Lenthi., and 

Lost River mountain ranges. A number of inactive volcanic buttes also form part of the Idaho 

National Engineering Laboratory landscape. 

The Eastern Snake River Plain forms a broad, northeast-trending, crescent-shaped trough with 

low relief comprised primarily of basaltic lava flows. These flows at the surface range in age from 

1 .2 million to 2 , 100 years. The surface of the Eastern Snake River Plain is comprised primarily of 

basaltic lava flows with thin, discontinuous, interbedded deposits of wind-blown loess and sand, 

waterborne alluvial fan and floodplain alluvial sediments, and rhyolitic domes formed 1 ,200,000 to 

300,000 years ago. 

The Eastern Snake River Plain is on an area of low seismicity that is adjacent to the 

seismically active Intermountain SeismiC Belt and Centennial Tectonic Belt and lies in Uniform 

Building Code Seismic Risk Zones 2B and 3.  The largest recorded earthquake in the Centennial 

Tectonic Belt occurred on October 28, 1983, near Borah Peak, Idaho, and had a moment magnitude 

of 6.9 (surface wave magnitude of 7.3).  The epicenter was about 90 to 100 kilometers (56 to 68 

miles) from the Idaho National Engineering Laboratory. The largest recorded earthquake within the 

Intermountain Seismic Belt surface wave (Richter scale magnitude 7.5) occurred on August 17 "  1959, 

near Hebgen Lake, Montana, with an epicenter 1 45 kilometers (90 miles) northeast of the Idaho 

National Engineering Laboratory. In addition to these earthquakes, a total of 29 earthquakes greater 

than magnitude 5 .5  have occurred within 322 kilometers (200 miles) of the Idaho National 

Engineering Laboratory since 1 884. The Idaho National Engineering Laboratory lies in a potentially 

active but long-time dormant volcanic area. The conditional probahil ity of basaltic volcanism 

affecting a south-central area of the Idaho National Engineering Laboratory is one incident in 40,000 

to 100,000 years. The probability of volcanic impact on Idaho National Engineering Lahoratolry 

facilities further north is estimated to be less than one incident in every mill ion years or longer. 
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Within Idaho National Engineering Laboratory boundaries, the geologic resources found or 

produced are sand, gravel, and pumice. Several quarries or pits maintain supply material for various 

onsite construction projects. 

The general climate of the Idaho National Engineering Laboratory is characterized by average 

seasonal temperatures that range from -7 .3°C ( l 8.8°F) in winter to 18.2°C (64.8 °F) in summer, with 

an annual average temperature of about 5.6°C (42°F). Annual precipitation is light, averaging 22 1 

millimeters (8. 7 1  inches). Snowfall averages 701 millimeters (27 .6 inches) per year. 

Although the Idaho National Engineering Laboratory is in a belt of prevailing westerlies, 

these winds are normally channeled by the adjacent mountain ranges into southwest wind. The annual 

average windspeed measured at the 6. I -meter (20-foot) level at the Central Facilities Area weather 

station is 3.4 meters per second (7.5  miles per hour). Monthly average values range from 2 .3  meters 

per second (5. 1 miles per hour) in December to 4.2 meters per second (9.3 miles per hour) in April 

and May. The highest hourly average nearground windspeed measured at the Idaho National 

Engineering Laboratory is 22.8 meters per second (51 miles per hour). 

Severe weather, other than thunderstorms, is uncommon. Five funnel clouds (that is, 

tornadoes not touching the ground) and no tornadoes have been reported between 1950 and 1988. 

Neither the Idaho National Engineering Laboratory nor the surrounding counties is designated 

as a nonattainment area (40 CFR Part 8 1 . 3 1 3) with respect to any of the National Ambient Air 

Quality Standards (40 CFR Part 50). The Idaho National Engineering Laboratory is located in a 

Class 11 area. Three prevention of signiticant deterioration (40 CFR Part 52.2 1) Class I ambieOlI air 

quality areas have been d�,signated in the vicinity of the Idaho National Engineering Laboratory: 

Craters of the Moon Wilderness Area, Idaho, 53 kilometers (33 miles) west-southwest from the, 

center of the Idaho National Engineering Laboratory; Yellowstone National Park, Idaho-Wyoming, 

143 kilometers (89 miles) east northeast from the center of the Idaho National Engineering 

Laboratory; and Grand Teton National Park, Wyoming, approximately 1 45 kilometers (90 miles) east 

from the center of the Idaho National Engineering Laboratory. 

The types and amounts of nonradiological emissions from Idaho National Engineering 

Laboratory facilities and activities are similar to those of other industrial complexes of similar size. 

Baseline concentrations from criteria and hazardous/toxic air pollutants are within applicable standards 

and guidelines. Radioactive emissions occur from Idaho National Engineering Laboratory facilities; 

the calculated annual dose to the maximally exposed offsite individual is 0.00005 rem (0.05 mill irem). 

Essentially no surface water bodies drain the Idaho National Engineering Laboratory�an 

creeks and streams arise in the mountains and much of their water is diverted for irrigation. There is 

little flow of water onsite. Water that does reach the Idaho National Engineering Laboratory through 

the Big Lost River flows past the Test Reactor Area/Idaho Chemical Processing Plant area before 
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going below ground or may be diverted by an onsite dam during heavy flows onto the southern part 

of the Idaho National Engineering Laboratory. The remainder of the water infiltrates near Test Area 

North . All rivers and streams are intermittent. No surface water runs off of the Idaho National 

Engineering Laboratory. 

The Idaho National Engineering Laboratory does not withdraw or use surface water fOlr 

operations, nor does it discharge effluents to natural surface water. However, the three surfac,: water 

bodies at or near the Idaho National Engineering Laboratory (Big and Little Lost Rivers and Birch 

Creek) have the following designated uses: agricultural water supply, cold-water biota, salmonid 

spawning, and primary and secondary contact recreation. In addition. waters in the Big Lost River 

and Birch Creek have been designated for domestic water supply and as special resource waters. 

Depths to the water table at the Idaho National Engineering Laboratory range from 61  meters 

(200 feet) in the north to 274 meters (900 feet) in the south . Flows in the largely unconfined Snake 

River Plain Aquifer are generally to the southwest. Groundwater flows at speeds ranging from 1 . 5  to 

6. 1 meters per day (5 to 20 feet per day). The water quality of the aquifer is generally good, and it 

is designated a sole source aquifer. As of 1992, concentrations of iodine-129, cobalt-60, 

strontium-90, and cesium-137 had exceeded the U . S .  Environmental Protection Agency's maximum 

contaminant levels for drinking water established for radionuclides in localized areas within thf' 

aquifer inside the Idaho National Engineering Laboratory boundary. However, concentrations of 

these radionuclides in groundwater are generally decreasing over time. This decrease is attributed to 

improved waste management practices, reduced discharges, adsorption, and radioactive decay. 

Individual maximum contaminant levels have not been established for plutonium-238, plutonium-239, 

plutonium-240, and americium-241 .  However, these radionuclides have not been detected above the 

established l imits for gross alpha particle activity or the proposed adjusted gross alpha activity 

maximum contaminant levels for drinking water. Extremely low concentrations of iodine- 129 and 

tritium have migrated offsite, but both concentrations are well below the current U . S .  Environmental 

Protection Agency's maximum contaminant levels for drinking water. 

Of the nonradioactive metals, only total chromium has exceeded maximum contaminant levels 

established by the Safe Drinking Water Act. Nitrates have exceeded the maximum contaminant levels 

in the past near the Idaho Chemical Processing Plant but have been below the maximum contaminant 

level since 1988. Carbon tetrachloride. chloroform, I ,  I -dichloroethyl ene, cis- I ,2-dichloroethylene, 

trans-I ,2-dichloroethylene, tetrachloroethylene, trichlorethylene, and vinyl chloride have exceeded 

maximum contaminant levels at various times over the last 5 years. 

Groundwater use on the Snake River Plain includes irrigation, food processing and 

aquaculture, and domestic, rural, public, and livestock supply. Water use for the upper Snake River 

drainage basin and the Snake River Plain Aquifer was 16.4 x 109 cubic meters (4.3 x 10 12 gallons) 

per year in 1985. Most of this water is for agriculture. The aquifer is the source of all water used at 

the Idaho National Engineering LaboralOry. Site activities withdraw an average of 7.4 million cubic 
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meters ( 1 .9 billion gallons) per year, with a substantial portion discharged to the surface or subsurface 

and eventually returned to the aquifer. This withdrawal represents approximately 0.4 percent of the 

water consumed from the Eastern Snake River Plain Aquifer, or 53 percent of the maximum yi,:ld of 

a single typical irrigation well. 

Total consumption of water at the Idaho National Engineering Laboratory averages 0.25 cubic 

meters per second (8.8 cubic feet per second). DOE holds a Federal Reserved Water Right for the 

Idaho National Engineering Laboratory, which permits a groundwater pumping capacity of 2.3 ,:ubic 

meters per second (80 cubic feet per second), though this capacity is not utilized. The DOE priority 

on water rights dates back to the establishment of the Idaho National Engineering Laboratory. 

Localized flooding can occur at the Idaho National Engineering Laboratory when the ground 

is frozen and melting snow combines with heavy spring rains. Test Area North was flooded in 1969; 

and, also in 1969, extensive flooding caused by snowmelt occurred in the lower Birch Creek Valley. 

Studies have shown that both the 25- anJ IOO-year, 24-hour rainfall/snowmelt storm event could 

cause flooding within the Radioactive Waste Management Complex. The drainage system, including 

dikes and erosion prevention features designed to mitigate potential surface water flooding, have been 

upgraded . The area inundated by a prohable maximum flood in the vicinity of Mackay Dam, 7S 

kilometers (45 miles) nOr1heast of the Idaho National Engineering Laboratory, coupled with a dam 

failure, probably exceeds the areas expected to be inundated by 100- and 500-year floods of the Big 

Lost River at the Idaho National Engineering Laboratory. Analyses indicate that the shallow depths 

and low flow velocities resulting from the Mackay probable maximum flood and dam failure would 

not have a significant impact on Idaho National Engineering Laboratory facilities. 

Onsite vegetation is predominantly shrub-steppe. Communities range from shadscale-steppe 

vegetation at lower altitudes, through sagebrush and grass dominated communities, to juniper 

woodlands along the foothills of nearby mountains and buttes. Big sagebrush and rabbitbrush are the 

most common shrub species. Indian ricegrass, wheatgrasses, squirreltail, and cheatgrass are common 

grasses. Common forbs include phlox, mustards, and Russian thistle. 

About 270 vertebrate species have been observed onsite. These include 46 mammal, 

204 bird, 10 reptile, 2 amphibian, and 9 fish species. Major fur-bearing species include coyote, 

badger, and bobcat. Important big-game species include the prongborn. mule deer, and elk. Two 

federally endangered and nine candidate animal species potentially occur on the Idaho National 

Engineering Laboratory. The bald eagle is a winter resident and is locally common in the far north 

end and the western edge of the Idaho National Engineering Laboratory. Peregrine falcons are 

infrequently observed in the winter. Neither species is known to nest onsite, and neither is commonly 

observed near facilities. The candidate species include the white-faced ibis, northern goshawk, 

ferruginous hawk, burrowing owl, Townsend's big-eared bat, pygmy rabbit, long-eared myotis, 

small-footed myotis, and Idaho pointheaded grasshopper (occurs just north of the Idaho National 

Engineering Laboratory). 
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No Federal- or state-listed plant species occur at the Idaho National Engineering Laboratory, 

but eight plant species identified by the U.S.  Bureau of Land Management, the U .S.  Forest Service, 

or the Idaho Native Plant Society as sensitive, rare, or unique are known to occur there. These 

species are not generally located near any facilities and are uncommon on the Idaho National 

Engineering Laboratory because they require unique microhabitats. 

Two interstate highways serve the general region: Interstate 15, a north-south route that 

connects several cities along the Snake River, approximately 40 kilometers (25 miles) east of the 

Idaho National Engineering Laboratory, and Interstate 86, an east-west route that intersects Interstate 

IS  about 64 kilometers (40 miles) south of the Idaho National Engineering Laboratory . 

U .S .  Highways 20 and 26 are the main access routes to the southern portion of the Idaho National 

Engineering Laboratory . State Route 33 provides access to the northern portion of the Idaho National 

Engineering Laboratory from the east, State Routes 28 and 33 from the north, and State Route 22 
from the west. These roads are complemented by an onsite (controlled access) system of about 140 

kilometers (87 miles) of roads. 

The Union Pacific Railroad provides rail service to the Idaho National Engineering 

Laboratory. Idaho Falls receives railroad freight service from Butte, Montana, to the north, and from 

Pocatello, Idaho, and Salt Lake City, Utah, to the south. The Union Pacific's Blackfoot-to-Arco 

route, which crosses the southern portion of the Idaho National Engineering Laboratory, provides rail 

service to the Idaho National Engineering Laboratory. This branch connects with a DOE spur line 

that l inks with developed areas . Most naval reactor SNF has been transported to the Idaho National 

Engineering Laboratory over these rail lines. Other shipments arrive by truck. 

Several airlines provide Idaho Falls with aircraft passenger and cargo service. 

Recorded doses trom 1987 to 199 1  were used as a baseline for comparison with SNF 

management operations for the next 40 years. The average annual occupational dose to individuals 

with measurable doses was 0. 156 rem ( 1 56 millirem), giving an average collective dose of about 

300 person-rem. 

Industrial health and safety statistics from 1987 to 1991 are used as a baseline for comparison 

for the alternatives. There were 1 ,337 total recordable injury and illness cases at the Idaho National 

Engineering Laboratory from 1987 to 199 1 ,  for an average of 8,385 employees working a total of 

79,654,000 hours. One fatality occurred at the Idaho National Engineering Laboratory between 1987 

and 1991 when an employee was struck and killed by a forklift. 

The water supply for the Idaho National Engineering Laboratory is provided by a system of 

about 30 wells, with pumps and storage tanks. The average combined pumpage from the Idaho 

National Engineering Laboratory wells from 1987 through 1991 was 7.4 billion liters per year 

VOLUME I 4-1 4  



(1 .9 billion gallons per year), calculated based on the cumulative volumes of water withdrawn from 

the wells. 

Average annual wastewater discharge volume at the Idabo National Engineering Laboratory 

for 1989 through 1991 was 537 million l iters (142 million gallons). 

The rated capacity of the Idabo National Engineering Laboratory electric power transmission 

loop line is 124 megavolt-amperes. The peak demand on the system from 1990 through 1993 was 

about 40 megavolt-amperes, and the average usage was approximately 200,000 megawatt-hours per 

year. 

No high-level liquid waste resulting from reprocessing activities has been generated at the 

Idabo National Engineering Laboratory since 1992; however, certain other processes generate waste 

classified and handled as high-level waste. These sources are estimated to generate 750 cubic meters 

in 1995. From 1989 through 1992, an average of approximately 48.5 cubic meters of mixed 

low-level waste was generated annually. From 1989 through 1992, an average of approximately 

46.5 cubic meters of low-level waste was generated annually. 

Burial of transuranic waste ended in 1970; since then all transuranic waste has been placed in 

retrievable storage. Receipt of offsite transuranic waste ended in 1988 (with minor case-by-case 

exceptions). After 1988, only minor amounts of transuranic waste have been generated onsite and 

placed into retrievable storage. About 127,000 cubic meters (166,000 cubic yards) are retrievably 

stored or buried at the Idabo National Engineering Laboratory. The average annual volume of 

hazardous waste transported offsite from 1988 through 1991  was approximately 1 80 cubic meters. 

The average annual volume of industrial and commercial solid waste disposed of at the Central 

Facilities Area landfill from 1988 through 1992 was approximately 52,000 cubic meters (68,000 ,�ubic 

yards). 

4.3 Savannah River Site 

This section presents summary environmental characterization information on the Savannah 

River Site. This information has been used to evaluate impacts at the site under various alternatives 

for management of SNF. More detailed information characterizing the Savannab River Site is 

presented in Appendix C, under separate cover. 

The Atomic Energy Commission established the Savannab River Site in 1 950 as the Savannab 

River Project to produce nuclear materials for the national defense. The number of Savannab River 

Site facilities grew to include five nuclear production reactors (now inactive), two chemical 

separations areas, a fuel and target fabrication facility (inactive), and support facilities. 
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The Savannah River Site occupies an area of approximately 800 square kilometers (3 10 square 

miles) in western South Carolina, in a generally rural area about 40 kilometers (25 miles) southeast of 

Augusta, Georgia (see Figure 4-3). The Savannah River Site, which is bordered by the Savannah 

River to the southwest, includes portions of three South Carolina counties: Aiken, Barnwell ,  and 

Allendale. 

Approximately 73,500 hectares ( 18 1 ,500 acres) of the Savannah River Site is undeveloped, 

and 90 percent of this area (more than 65,000 hectares) is forest land. The Savannah River Forest 

Station (a branch of the U.S.  Forest Service) manages the forested areas, many of which are pine 

plantations, under a cooperative agreement with DOE. Facilities that previously produced defense 

nuclear materials occupy approximately 5 percent of the total Savannah River Site land area. The 

remaining area consists of wetlands, ponds, and reservoirs. 

Approximately 90 percent of the Savannah River Site work force lives in six counties around 

the Savannah River Site (Aiken, Allendale, Bamberg, and Barnwell counties in South Carolina and 

Richmond and Columbia counties in Georgia). In 1990, employment at the Savannah River Site was 

20,230, representing approximately 1 0  percent of the employment in the six-county region of 

influence. Employment at the Savannah River Site grew to 23,35 1 in Fiscal Year 1992, with a 

payroll of more than $ 1 . 1  billion. The total number of jobs at the Savannah River Site is projected to 

decrease to approximately 15,800 in Fiscal Year 1995. 

Between 1980 and 1990, the population in the six-county region of influence increased 

1 3  percent, from 376,058 to 425,607. More than 88 percent of the 1990 population lived in Aiken 

(120,940), Columbia (66,031) ,  and Richmond ( 1 89,7 19) counties. According to census data, the 

estimated average number of persons per household in the six-county region was 2.72, and thE' 

median age of the population was 3 1 .2 years. 

The population within 80 kilometers (50 miles) of the Savannah River Site has been 

characterized for the purposes of identifying whether any disproportionately high and adverse impacts 

exist to minority and low-income communities. The population surrounding the Savannah River Site 

is shown to be 38 percent minority and 1 7  percent low-income based on U.S .  Bureau of Census 

information, and the detinitions and approach presented in Appendix L. 

As of the end of Fiscal Year 1992, archaeological surveys have covered about 60 pement of 

the Savannah River Site and recorded 858 archaeological sites. Of these 858 sites, more than 200 

have been evaluated, and 53 have been determined to be eligible for the National Register of flistoric 

Places. 

Three Native American groups-the Yuchi Tribal Organization, the National Council of 

Muskogee Creek, and the Indian Peoples Muskogee Tribal Town Confederacy-have expressed 
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concern over sites and items of religious significance on the Savannah River Site. DOE routinely 

notifies these organizations about major planned actions on the Savannah River Site and asks t.hem to 

comment on the Savannah River Site documents prepared in accordance with the National 

Environmental Policy Act of 1969. 

The Savannah River Site has gently rolling terrain and is heavily wooded. Facil ities are 

scattered about the Savannah River Site, but major production facilities (for example, reactors and 

separations areas) are confined to its interior. As a result, the Savannah River Site facilities are 

generally not visible from outside of the Savannah River Site. 

The Savannah River Site lies in the Coastal Plain physiographic province of South Carolina, 

approximately 32 kilometers (20 miles) southeast of the Fall Line, which separates the Atlantic 

Coastal Plain province from the Piedmont province. Onsite elevations range from 27 to 128 meters 

(89 to 420 feet) above mean sea level . 

The Coastal Plain sediments underlying the Savannah River Site consist of sandy clays and 

clayey sands; however, occasional beds of clean sand, gravel, clay, and carbonate do occur. 

Underlying these sediments are dense crystalline igneous and metamorphic rock or younger 

consolidated sediments of the Triassic Period. A regional aquitard, the Appleton Confining System, 

hydrologically separates the Triassic formations and older igneous and metamorphic rocks from the 

overlying Coastal Plain sediments. 

The area of the Savannah River Site is historically of low-to-moderate seismicity. On a scale 

of 0 to 4, the Savannah River Site is in a Uniform Building Code Seismic Risk Zone 2A. TIle 

partially mapped Pen Branch Fault, which spans the central portion of the Savannah River Site, is 

considered to be Cretaceous/Tertiary ( 140 million to 1 .6 million years) reactivation of a northern 

boundary fault of the Triassic age Dunbarton basin. There is no evidence to indicate that the Pen 

Branch Fault is a capabl e fault as defined by the U .S .  Nuclear Regulatory Commission. Surfa.ce 

mapping, subsurface boring, and geophysical investigations have not identified any faulting of the 

sedimentary strata at th" Savannah River Site that would have an effect on facilities. 

The closest offsite fault system of significance is the Augusta Fault Zone, approximately 

40 kilometers (25 miles) from the Savannah River Site. In this fault zone, the Belair Fault has 

experienced the most recent movement, but it is not considered capable of generating major 

earthquakes. There is no conclusive evidence of recent displacement along any fault within 

320 kilometers (200 miles) of the Savannah River Site, with the possible exception of the buri,� faults 

in the epicentral area of the 1 886 Charleston, South Carolina, earthquake, approximately 

145 kilometers (90 miles) away. 

Two major earthquakes have occurred within 320 kilometers (200 miles) of the Savannah 

River Site: (a) the Charleston earthquake of 1 886, which had an estimated Richter scale magnitude of 
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6.8, and (b) the Union County, South Carolina, earthquake of 1913 ,  with an estimated Richter 

magnitude of 6.0, which occurred about 1 60  kilometers ( 100 miles) from the Savannah River Site. In 

June 1985, a minor earthquake with a local Richter scale magnitude of 2.6 and a focal depth of 

1 .0 kilometer (0.60 mile) occurred at the Savannah River Site. An earthquake with a local Richter 

scale magnitude of 2.0 occurred on the Savannah River Site on August 5 ,  1988, but was not felt by 

onsite workers. 

The Savannah River Site is in a kmperate region with mild winters and long humid summers. 

Average monthly temperatures range from 7.2°C (45°F) in January to 27.2°C (81 °F) in July. The 

average annual precipitation at the Savannah River Site is approximately 122 centimeters (48 inches). 

Prevailing winds are from the nOItheast and southwest, with an annual average windspeed of 

3 .8  meters per second (8.5 miles per hour). Windspeeds are typically highest in winter and lowest in 

summer. 

On average, thunderstorms occur 56 days per year. The estimated probability of a tornado 

striking the Savannah River Site is 7.0 X 10,5 per year. Nine tornadoes have been confirmed on the 

Savannah River Site since 1953. Hurricane-strength winds have been recorded once at the Savannah 

River S ite, from Hurricane Gracie in 195'1. 

Air quality at the Savannah River Site is generally good, meeting National Ambient Air 

Quality Standards for criteria pollutants. The nearest Class [ Area, the Congaree National 

Monument, is more than 80 kilometers (50 miles) from the Savannah River Site. Tritium is the only 

radionuclide of Savannah River Site origin that is routinely detected in offsite air samples in 

concentrations above background. 

Five streams drain the Savannah River Site: Upper Three Runs Creek, Fourmile Branch, Pen 

Branch, Steel Creek, and Lower Three Runs Creek. These streams originate on the A iken Plateau 

and descend IS  to 60 meters (50 to 200 feet) hefore discharging to the Savannah River. 

Surface-water quality in the Savannah River downstream of the Savannah River Site is 

generally good . In 1992, the South Carolina Department of Health and Environmental Control 

changed the classification of the river and its trihutary streams to "freshwaters" from "Class B 

waters , "  imposing more stringent water quality standards. Two elements--iron and manganese (both 

naturally high constituents of local waters)�have historically exceeded maximum concentration limits. 

Two distinct hydrogeologic systems underl ie the Savannah River Site: (a) the southeastern 

Coastal Plain province, where a wedge of unconsolidated sediments of Late Cretaceous and Tertiary 

origin contains the major aquifer systems ,)f the area, and (b) the Piedmont Province, where 

groundwater occurs in mudstones and sandstones within Paleozoic metamorphic and igneous basement 

rock. The vadose zone ranges in thicknes, from approximately 40 meters ( 130 feet) in the 

4- 19 VOLUME I 



northernmost portion of the Savannah River Site to the surface in areas where the water table 

intersects wetlands or streams. 

The sediments of the southeastern Coastal Plain hydrogeologic province are grouped linto 

three major aquifer systems divided by two major confining systems, all underlain by the Appleton 

Confining System. These aquifer systems are known regionally as the Floridan, the Dublin, and the 

Midville systems. The local aquifers associated with these three aquifer systems are the Steed Pond, 

Crouch Branch, and McQueen Branch Aquifers. 

The Crouch Branch and McQueen Branch hydrostratigraphic units are the most impOltant 

aquifers in the vicinity of the Savannah River Site. The McQueen Branch Aquifer, in particular, is 

highly transmissive and serves as the main production aquifer for the Savannah River Site. lbe 

groundwater in the Crouch Branch and McQueen Branch Aquifers is suitable for most domestic and 

industrial purposes. 

Industrial solvents, metals, tritium, or other constituents used or generated at the Savannah 

River Site have contaminated the groundwater over 5 to 10 percent of the Site. Contaminated 

groundwater generally underlies only a few facilities, and the contaminants detected reflect the 

material and processes used in these facilities. Contamination of groundwater in an aquifer supplying 

drinking water has occurred in one relatively small area in the northwest portion of the Savannah 

River Site: two wells in the Dublin-Midville Aquifer System (formerly known as the Tuscaloosa 

Formation) contain low concentrations of trichloroethylene and tetrachloroethylene. 

The aquifers underlying the Savannah River Site sustain single-well yields of about 

10.2 million l iters per day (2.7 million gallons per day). The Savannah River Site withdraws 

approximately 14.0 bill ion liters per year (3 .7  billion gallons per year) of groundwater for domestic 

and industrial uses. The Savannah River Site draws approximately 75.7 billion liters per year 

(20 billion gallons per year) of cooling water from the Savannah River. Water rights are not at issue 

at the Savannah River Site. 

The Savannah River Site lies in the Upper Coastal Plain physiographic province. The: 

Savannah River Site is near the transition area between the oak-hickory-pine forest and the southern 

mixed forest. As a consequence, species typical of both associations are present. 

Plant communities adapted to dry conditions occur on more northern, upland areas of the 

Savannah River Site. (This area is sometimes referred to as the Aiken Plateau .)  The most common 

community types on the northern half of the Savannah River Site are longleaf pine plantations and 

longleaf pine-turkey oak sandhills. Wetter areas along streams support different groups of plant 

species, including loblolly pine and bottomland hardwood forest communities. Other aquatic habitats, 

such as ponds, marshes. river swamps, and Carolina bays, add considerable botanical diversity to the 

Savannah River Site. 
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Four federally listed endangered animal species occur on the Savannah River Site or in lhe 

Savannah River upstream and downstream of the Savannah River Site: the red-cockaded woodpecker, 

the wood stork, the southern bald eagle, and the shortnose sturgeon. The U.S.  Fish and Wildlife 

Service l ists a fifth species, the American alligator, as "threatened due to similarity of appearance" (to 

the endangered American crocodile). Researchers have found one federally listed endangered plant 

species, the smooth coneflower, on the Savannah River Site. 

In 1992, the Savannah River Site hunters (chosen by lottery from a large pool of applicants) 

harvested 1 ,519 deer and 168 feral hogs. The purpose of these hunts is to keep deer and feral hog 

populations in check and to reduce the number of animal-vehicle accidents on the Savannah River 

Site. The Savannah River Site measures each animal killed during the hunts for radioactivity. lbe 

maximum measurement of cesium-137 in a Savannah River Site deer was 22.4 picocuries per gram; 

the average was 6.4 picocuries per gram. For hogs, the maximum value was 22.9 picocuries per 

gram: and the average was 3 .5 picocuries per gram. The estimated maximum dose received by a 

Savannah River Site hunter was 0.049 rem (49 millirem) per year. This estimate assumed a hunter 

whose entire meat consumption for the year consisted of the Savannah River Site deer. 

The major sources of noise at the Savannah River Site are equipment and machinery (for 

example, cooling towers, transformers, engines, pumps, boilers, steam vents, and paging systems) in 

developed operational areas. Studies indicate that, because of the remote locations of the Savannah 

River Site operational areas, existing onsite noise sources do not adversely affect individuals offsite. 

Workplace noise limits established by the Occupational Safety and Health Administration protect 

onsite workers. 

Interstate 20 is the primary east-west corridor in the general area of the Savannah River Site. 

U .S .  Highways I and 25 are the principal north-south routes. Direct access to the Savannah River 

Site from the northwest is provided by South Carolina Highways 125 and 19; South Carolina 

Highway 125 is open to through traffic. South Carolina Highways 39 and 64 also provide access, to 

the Savannah River Site. The CSX railroad line also serves the Savannah River Site. 

Atmospheric releases of radioactive material to the environment from Savannah River Site 

operations from 1990 to 1992 resulted in an average dose of approximately 0.00002 rem 

(0.02 millirem) per year to individuals living within an 80-kilometer (50-mile) radius of the Savannah 

River Site. The collective dose equivalent due to atmospheric releases from the 1992 Savannah River 

Site operations to the population of 620,100 occupying the 80-kilometer (50-mile) radius was 

6.4 person-rem. Atmosph(:ric releases of tritium accounted for more than 90 percent of the estimated 

offsite population dose. 

Similarly, liquid releases of tritium account for more than 99 percent of the total radioactivity 

discharged to the Savannah River from the Savannah River Site activities. The calculated averag(: 

annual dose to the maximum exposed individual resulting from liquid releases from 1990 to 1992 was 
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0.0002 1  rem (0.21 millirem). This resulted in average doses of 0.00004 and 0.00005 rem (0.04 and 

0.05 millirem) per year to consumers of drinking water from the downstream Beaufort-Jasper (South 

Carolina) and Port Wentworth (Georgia) water treatment plants, respectively. 

The Savannah River Site purchases power from South Carolina Electric and Gas Company 

through three purchased power-line interconnects to the Savannah River Site transmission grid. 

Recent total annual power consumption for the Savannah River Site was approximately 659,000 

megawatt hours. The average load was 75 megavolt-amperes, and the peak demand was about 

130 megavolt-amperes. 

Average annual wastewater discharge volume at the Savannah River Site is about 2 million 

liters per day (528,400 gallons per day), which is about 50 percent of capacity. Eighteen waste 

treatment plants currently process all Savannah River Site sanitary waste. A new centralized sanitary 

wastewater treatment facility, scheduled for completion in mid-I995, will replace 14 of these plants. 

The Savannah River Site had 1 27.9 million l iters (33.8 million gallons) of radioactive 

high-level waste onsite at the end of 1'>9 1 ,  in 50 underground tanks, which is more than 90 pe,rcent of 

existing capacity. By 1993, the Savannah River Site had 9,900 cubic meters (350,000 cubic fl!et) of 

transuranic waste in storage. The current volume of mixed low-level waste at the Savannah River 

Site is 1 ,700 cubic mete,rs (60,000 cubic feet). Low-level waste is packaged for disposal onsite in 

carbon steel boxes and deposited in trenches. Hazardous wastes in storage at the Savannah River Site 

total some 1 .6 million kilograms (3.6 million pounds), with a volume of 2,430 cubic meters 

(86,000 cubic feet). 

4.4 Nevada Test Site 

This section presents summary environmental characterization information on the Nevada Test 

Site. This information has been used to evaluate impacts at the Nevada Test Site under variolls 

alternatives for management of SNF. More detailed information characterizing the Nevada Test Site 

is presented in Appendi ( F, under separate cover. 

The Nevada Test Site is located in southwestern Nevada in southern Nye County. Th,! 

Nevada Test Site is bordered on three sides by the Nellis Air Force Base Bombing and Gunnery 

Range (see Figure 4-4). The Nellis Range serves as a buffer zone between Nevada Test Site test 

areas and land open to the public. The Nevada Test Site comprises about 3,500 square kilometers 

(1 ,350 square miles), making this one of the largest contiguous, unpopulated land areas in the United 

States. The Nevada Test Site has been used for underground weapons testing and as a nonnuclear test 

area. Congress has mandated that the Federal Government pursue the development of mined geologic 

repositories for the pennanent disposal of SNF and high-level waste and has directed DOE to study 
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Figure 4-4. Nevada Test Site location and site map. 
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the Yucca Mountain, Nevada, site to determine whether it is a suitable site for the nation's first 

geologic repository. 

The majority of the land near the Nevada Test Site is managed by the U.S. Bureau of Land 

Management and used for livestock grazing. The area is surrounded by recreational areas used for 

activities such as hunting, fishing, and camping. 

The economy of the two-county area near the Nevada Test Site is dominated by support 

services for contractor personnel at the Nevada Test Site, with a direct link to Clark County ;md the 

Las Vegas area where most of the employees reside. Most of the offsite supporting contractors and 

the labor and capital supporting indirect economic activity connected to the Nevada Test Site are also 

located in Clark County. In 1 990, the population of the Las Vegas Metropolitan Statistical area was 

735,000, with a 4.7 percent annual growth rate since 1980. In contrast, Nye County is sparsely 

populated, with employment provided by service industries, some mining, and Government-sector 

jobs. As of January 1994, the work force totaled 8,563. 

The population within 80 kilometers (50 miles) of the Nevada Test Site has been characterized 

for the purposes of identifying whether any disproportionately high and adverse impacts exist to 

minority and low-income communities. The population surrounding the Nevada Test Site is shown to 

be 6 percent minority and 12 percent low-income, based on U.S. Bureau of Census information and 

the definitions and approach presented in Appendix L. 

On the Nevada Test Site, numerous prehistoric sites and prehistoriclhistoric sites have been 

recorded and recommended as eligible for the National Register of Historic Places. However, none 

of them are located in the vicinity of the proposed SNF management facility. Historic activities began 

in 1 849 with the Emigrant Trail, mining camps, and later the settlements of Bullfrog-Goldfield, 

Las Vegas, and Tonopah. Southern Nevada, including parts of what is now the Nevada Test Site, 

was inhabited by peoples of the Southern Paiute and Shoshone Tribes. Areas in the northern portion 

of the Nevada Test Site, including the Pahute and Rainier Mesas, contain sites of cultural affiliation to 

these peoples. Howev(,r, no known Native American resources are located within the areas proposed 

for SNF facilities. Some late Pleistocene terrestrial vertebrate fossils also occur in the area, notably 

at Tule Springs. 

The Nevada Test Site is in a visual setting of low-lying valleys and flats interspersed with 

mountains and the vegetation of the Mojave Desert and Great Basin. Because the public can Ibe 

expected to have little concern about changes in the area's landscape and views are not regionally 

unique, the area may bl� considered to have low to moderate visual sensitivity. 

The Nevada Test Site is located in the southern part of the Great Basin section of the Basin 

and Range Physiographic Province. Local geology is characterized by mountains of Precambrian and 

Paleozoic sedimentary rocks and Tertiary volcanic tuffs and lavas separated by alluvial, 
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topographically closed valleys. Sedimentary rocks are complex, folded, and faulted carbonates in the 

upper and lower parts and shale and sandstone in the middle section. Volcanic rocks are 

predominantly Teniary tuffs with some basalts and scattered granitic plutons. Potential geologic 

resources within the Nevada Test Site boundaries include silver, gold, tungsten, molybdenum, 

zeolites, barite, and fluorite. 

The area of the Nevada Test Site is historically of low-to-moderate seismicity. On a scale of 

o to 4, the Nevada Test Site is in Uniform Building Code Seismic Risk Zones 2B and 3. Seismic 

activity in the Nevada Test Site area generally occurs as thrust faults, normal faults, and strike-slip 

faults. Recent displacements are thought to have occurred as a consequence of underground nuclear 

explosions. Recorded seismic activity before 1978 within 1 0  kilometers (6 miles) of Yucca Mountain 

shows seven eanbquakes; two had magnitudes 3 .6 and 3.4 on the Richter scale, and five had 

magnitudes that were sm,�ler or could not be determined because of instrument problems. Two 

historical earthquakes with a magnitude of 6 (Richter scale) have been reponed 1 10 kilometers (68 

miles) southwest of Yucca Mountain and 210 kilometers (130 miles) to the nonheast. Most 

earthquakes in the area are less than 1 0  kilometers (6.2 miles) in depth. Historic seismic events and 

the length of active faults can be used to infer a maximum magnitude (If 7 to 8 for earthquakes in the 

Yucca Mountain region. Recurrence intervals for eanhquakes with magnitudes greater than 7 are 

25,000 years, greater than 6 are 2,500 years, and greater than 5 are 250 years. 

The climate in the Nevada Test Site region is characterized by high solar radiation, l imited 

precipitation, low humidity, and large diurnal temperature ranges. At Area 6, the mean daily 

minimum and maximum temperatures are -6. 1  to 10.6'C (2 1 to 5 1  'F) in January and 14 to 36'C 

(57 to 96'F) in July. Average precipitation at Area 6 is 15 centimeters (6 inches). 

DOE maintains an extensive network of air sampling stations for radiological parameters such 

as particulates, reactive gases, tritium, and noble gases. Nonradiological air pollutants are within 

state and Federal standards. In recent years, the majority of radioactive effluents at the Nevada Test 

Site have resulted from underground nudear tests. In addition, some (If the radioactivity detect,!(j by 

onsite air monitors can be attributed to resuspension of radioactive particulate matter remaining from 

the atmospheric testing conducted from 195 1 to 1962. Monitoring of airborne paniculates, noble 

gases, and tritiated water vapor on the Nevada Test Site in 1992 indicated onsite concentrations that 

were generally not statistically different from background concentrations. External gamma exposure 

monitoring has indicated rchat the gamma environment has been consistent from year to year. 

Although airborne releases of radioactiVity to offsite areas occurred during the years that atmospheric 

testing was performed, in recent years, 110 Nevada Test Site-related radioactivity has been detected 

offsite at any air sampling station. 

Surface drainage in the Nevada Test Site area is epbemeral, and almost no streamflow data 

have been collected. Perennial surface waters occur as springs and in shon reaches of the Amargosa 

River. Potential evaporation is 152 to 170 centimeters per year (60 to 67 inches per year). RUII-{)ff 
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still occurs in response to infrequent storm events, which may cause local flooding, especially in 

Fonymile Canyon, the Amargosa River, and Jackass Flats drainage. There is the potential for a 

l OO-year magnitude flood to transpon radioactive contaminants released as a result of historic 

underground nuclear testing beyond the boundaries of the Nevada Test Site. 

Six major aquifers occur in the area of the Nevada Test Site, including some perched 

groundwater. The hydrogeology is characterized by great depths to the groundwater table of 200 to 

500 meters (660 to 1 ,640 feet) and slow velocity in the saturated and unsaturated zones. Flow 

velocities in these systems range from 1 .8 to 1 83 meters (6 to 600 feet) per year. Regional 

groundwater flow is from the nonh and nonheast toward the regional discharge area near Ash 

Meadows in the Amargosa Desen. Modeling studies for the Radioactive Waste Management Site at 

Area 5 indicate that the travel time from the surface to the regional water table is on the order of 

thousands of years. 

Water in southern Nevada (excluding the Las Vegas area) is used chietly for irrigation and to 

a lesser extent for l ivestock, municipal needs, and domestic supplies. Almost all water supplies are 

pumped from the groundwater aquifers. although some springs supply water to Death Valley and 

other areas south of the Nevada Test Site. The Nevada Test Site obtains its water supply from the 

aquifers underlying the Nevada Test Site in the Ash Meadows Subbasin and Alkali Flat-Furnace 

Creek Ranch Subbasin. Nevada Test S ite water use is discussed in detail in Appendix F of 

Volume I .  

Groundwater meets U.S .  Environmental Protection Agency secondary standards for major 

cations and anions and the primary standards for deleterious constituents. Contamination by 

radionuclides occurs below the water table as well as in the unsaturated zone above it as a result of 

underground nuclear testing. The extent of this contamination is currently being studied. 

The Nevada Test Site l ies in a transition area between the Mojave Desen and Great Basin, 

supponing tlora and fauna from both areas. Less than I percent of the area has been developed. 

Natural vegetation occurs in nine plant communities identified as creosote bush; blackbrush; 

creosote-blackbrush, hopsage-desen thorn; sagebrush; saltbush; mountains, hills, and mesas; and two 

distinct desen thorn plant communities. Introduced weedy species, such as cheatgrass and Russian 

thistle, are common in di sturbed areas. 

Approximately 273 venebrate wildlife species have been observed onsite, including over 

30 species of reptiles, 190 species of birds, and 50 species of mammals. Common species include 

reptiles, rodents, raptors, and wild horses. A number of game and fur-bearing species are found on 

the Nevada Test Site, but hunting and trapping are not permitted . 

National Wetland Inventory maps of the Nevada Test Site bave not been prepared, nor have 

wetlands been delineated onsite. Available information indicates that wetlands on the Nevada Test 
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Site are limited in distribution and extent. Small riverine and palustrine wetlands may occur adjacent 

to surface drainages, springs, playas, and reservoirs on the Nevada Test Site. There are no per1mnial 

streams on the Nevada Test Site, and permanent surface water sources are limited to a few small 

springs and reservoirs. Springs do not support fish populations onsite, while reservoirs support 

introduced bluegill, goldfish, and golden shiner. 

Twenty-five federally and state-listed threatened, endangered, and other special status species 

have been identified on and in the vicinity of the Nevada Test Site, including 9 birds, 2 reptiles. I 
fish, 2 mammals, and I I  plant species. Federally endangered species include the American peregrine 

falcon, bald eagle, and Devil's Hole pupfish. The federally threatened species is the desert tortoise. 

The major noise sources at the Nevada Test Site occur primarily in developed operational 

areas and include various facilities; equipment and machines (for example, engines, pumps, boilers, 

steam vents, paging systems, construction equipment, and vehicles); aircraft operations; and test ing. 

At the Nevada Test Site boundary away from most facilities, noise levels are barely distinguishable 

from background noise levels. Some wildlife disturbances may occur as a result of these activities. 

Vehicular access to the Nevada Test Site is provided by U .S .  Route 95 from the south and 

off-road access via State Route 375 from the northeast. No major improvements are scheduled for 

these segments providing immediate access to the Nevada Test Site. 

The major railroad in the area is the Union Pacific, which runs through Las Vegas and is 

located approximately 80 kilometers (50 miles) east of the Nevada Test Site. A 15-kilometer (9-mile) 

railroad serves Area 25, hut it does not connect with the Union Pacific l ine. 

Background radiation exposure and releases of radionuclides to the environment from Nevada 

Test Site operations provide the sources of radiation exposure to people in the Nevada Test Site 

region. The estimated dose-equivalent during 1992 for the population within 80 kilometers (50 miles) 

of the Nevada Test Site was 5 .2  x 10-3 person-rem. The average dose was 1 . 1  x 10-5 rem 

( 1 . 1  x 10-2 millirem) in 1992 for a person at the Nevada Test Site boundary. This dose is well below 

the National Emission Standards for Hazardous Air Pollutants standard of 0.01 rem (10 millirem) per 

year and is a very small percentage of the background dose. 

From 1988 to 1993, water use at the l"evada Test Site varied from a higb of 1 34 l iters per 

second (2, 125 gallons per minute) in 1989 to a low of 60 l iters per second (949 gallons per minute) in 

1993. Significant changes in consumption are not anticipated . 

From 1989 to 1993, Nevada Test Site electrical consumption ranged from 1 44,52 1 to 

1 83, 1 88 megawatt hours, with peak demands varying from 30.9 to 38.4 megavolt-amperes. In 1995, 

consumption is projected to be 1 76,440 megawatt hours, with a peak demand of 

39.5 megavolt-amperes. 
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Nevada Test Site manages the following categories of waste: low-level waste, transuranic 

waste, hazardous waste, radioactive mixed waste, and nonhazardous waste. The Nevada Test Site 

does not currently manage high-level waste or SNF. Waste management activities include onsite 

treatment, onsite storage, onsite disposal, and preparation for appropriate offsite disposal . In 

addition, the Nevada Test Site uses and manages an onsite inventory of hazardous materials, including 

some managed in underground storage tanks. 

Total nonradioactive waste generated at the Nevada Test Site in 1992 included approximately 

90,000 kilograms (100 tons) of Resource Conservation and Recovery Act hazardous waste and 

218,000 kilograms (240 tons) of hazardous non-Resource Conservation and Recovery Act waste. 

4.5 Oak Ridge Reservation 

This section presents summary environmental characterization information on the Oak Ridge 

Reservation. This information has been used to evaluate impacts at the Oak Ridge Reservation under 

various alternatives for management of SNF. More detailed information characterizing the Oak Ridge 

Reservation is presented in Appendix F, under separate cover. 

The Oak Ridge Reservation is located on approximately 34,667 acres (140 square kilometers) 

of federally owned land .. The reservation comprises forested lands, public lands, buffer zones and 

three operations areas : Y-12 Plant, Oak Ridge National Laboratories, and the K-25 Site (formerly the 

Oak Ridge Gaseous Diffusion Plant) (see Figure 4-5). The Oak Ridge Reservation is located within 

the incorporated city l imits of Oak Ridge, Tennessee. Bordering land uses are predominantly rural, 

including residences, small farms, forest, and pasture. 

Most of the industrial and commercial development, by energy-related companies in support 

of the Oak Ridge Reservation, has occurred in the City of Oak Ridge in Anderson and Roane 

counties. Regional economic linkages at the Oak Ridge Reservation occur primarily within Anderson, 

Knox, Roane, and Loudon counties, where most of the offsite contractors, labor, and capital are 

located. Employment at the Oak Ridge Reservation in 1990 was approximately 17,080 people, and it 

is projected to decrease to approximately 16,980 by the year 1999. 

The population within 80 kilometers (50 miles) of the Oak Ridge Reservation has been 

characterized for the purposes of identifying whether any disproportionately high and adverse impacts 

exist to minority and low-income communities. The population surrounding the Oak Ridge 

Reservation is shown to be 6 percent minority and 16 percent low-income, based on U . S .  Bureau of 

Census information and the definitions and approach presented in Appendix L. 

There are no identified archaeological sites or historic structures on the proposed site for the 

SNF management facilities on the Oak Ridge Reservation. Invertebrate fossils remains are found in 

early Cambrian to early Mississippian aged formations underlying the Oak Ridge Reservation. In the 
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Figure 4-5. Oak Ridge Reservation location and site map. 
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early 1 700s, the Overhill Cherokee lived in the area of the Oak Ridge Reservation. These Native 

Americans were forcibly moved to Oklahoma in 1 838. While the Cherokee may retain cultural 

affiliation with their ancestral home, there are no known Native Americ�n resources on the proposed 

site for SNF facilities. 

Visual resources are characterized by a series of low ridges and valleys trending northeast to 

southwest. Deciduous and coniferous forest covers about 80 percent of the Oak Ridge Reservation. 

The DOE facilities are brightly lit at night, making them highly visihle. 

The area of the Oak Ridge Reservation is historically of low·to-moderate seismicity. On a 

scale of 0 to 4, the Oak Ridge Reservation is in a Uniform Building Code Seismic Risk Zone 2A. 

The Oak Ridge Reservation l ies entirely within the western portion of the Valley and Ridge Province, 

near the boundary with the Cumberland Plateau. This province is characterized by numerous l inear 

ridges and valleys. There are three regional thrust faults in the area. From 1 8 1 1 to 1975, five major 

earthquakes have affected the Oak Ridge Reservation area, but none has been at an intensity that 
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caused severe damage. There is no evidence of any volcanic activity in the area for more than one 

million years. 

The climate of the region is characterized by moderate to high precipitation in all seasons, 

high humidity, low winds, and low diurnal temperature ranges. At Oak Ridge, mean annual 

precipitation was 54 inches ( 137 centimeters) from 1961 to 1990. Mean daily temperatures range 

from 2.6'C (36°F) in January to 24.8°C (76.7 °F) in July. Daytime winds are usually southwesterly, 

while nighttime winds are northeasterly. In Tennessee, tornadoes are infrequent. The western half of 

the state has experienced three times a, many tornadoes as the eastern half where the Oak Ridge 

Reservation is located . The Oak Ridge Reservation experienced a tornado from a severe 

thunderstorm on February 2 1 ,  1993. 

A network of air monitoring stations at the Oak Ridge Reservation measures several types of 

uranium particulates, heavy metals, and several materials released by a Toxic Substances Control Act 

incinerator. The total dose of 0.0033 rem (3 .3 millirem) per year to the maximally exposed 

individual is well within the 0.01 rem ( 10  mill irem) per year National Emission Standards for 

Hazardous Air Pollutants standard. The estimated collective committed effective dose equivalent to 

the approximately 880,000 persons within 80 kilometers (50 miles) of the Oak Ridge Reservation was 

approximately 52 person-rem for 1992 This represents about 0.02 p�rcent of the 

280,000 person-rem that the surrounding population might receive fwm all sources of natural 

radiation. The Oak Ridge Reservation meets the state and Federal standards for all criteria pollutants. 

The surface drainage of the Oak Ridge Reservation includes numerous creeks (such as White 

Oak, Poplar, and Bear Creeks) and the Clinch River, which subsequently flow to the Tennessee 

River. Melton Hill Dam, immediately south of the Oak Ridge Reservation, controls the flow of the 

Clinch River near the Oak Ridge Reservation. Average discharge from the dam was 1 50 cubk 

meters (5,300 cubic feet) per second ffllm 1963 to 1979. The Clinch River supplies water for the 

Oak Ridge Reservation and for regional industrial uses. 

Geologic units of the Oak Ridge Reservation comprise two hydrologic groups: (a) the Knox 

Aquifer, formed by the Knox Group and Maynardsville Limestone, and (b) the Oak Ridge 

Reservation aquitards, which include other geologic units of the area including sandstones, siltstones, 

and shales. The Knox Aquifer has solution conduits that store and transmit relatively large volumes 

of water, while the aquitards are contwlled by fractures and transmit limited amounts of water . The 

aquifer is the primary source of sustained stream flow on the Oak Ridge Reservation. Howev,:r, 

some flowpaths of the Knox Aquifer lead to discharge points outside the Oak Ridge Reservation 

boundary. Because of the abundance of surface water in the area, groundwater wells are not 

common. Groundwater quality is good above 300 meters ( 1 ,000 feet), but it has high total dissolved 

solids at depth. 
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Groundwater contamination has occurred in the general area of past-practice waste disposal 

sites, waste storage tanks, spill sites, and contaminated inactive facilities. Principal contaminants 

include volatile organics, nitrates, heavy metals, and radioactivity. Exact rates and extent of the 

contamination have not been quantified. However, data indicate that most contamination remains 

relatively close to the source. As an example of the maximum extent of groundwater contamination, 

nitrate has been detected in wells 3,000 feet (900 meters) southwest of the source. Nitrate is 

relatively mobile in groundwater and may therefore define the maximum horizontal migration of 

contamination. At Oak Ridge National Laboratory, 20 waste area groups have been identified and are 

being monitored for groundwater contamination. Monitoring data from each waste area group will 

direct further groundwater studies. At the K-25 Site, organics are the most commonly detected 

groundwater contaminants. Elevated levels of gross alpha and gross beta have been detected in a 

number of wells. Uranium and technetium-99, respectively, appear to be primarily responsible for 

the elevated gross alpha and gross beta levels. The metals chromium, lead, arsenic, and barium have 

been detected in a number of wells at concentrations exceeding drinking water standards. Elevated 

levels of fluoride and polychlorinated biphenyls have also been detected in some wells. 

The offsite residential drinking water quality monitoring program has detected radionuclides 

and organics in some offsite monitoring wells; however, concentrations have been below drinking 

water standards. Fluoride has been detected at concentrations exceeding drinking water standards in 

one offsite wel l .  The high fluoride concentration and accompanying pH are most likely from natural 

chemical reactions in the substrate. 

The Cl inch River supplies most (If the water to the Oak Ridge Reservation, the City of Oak 

Ridge, and other cities along the river. Major surface water uses include withdrawals for industrial 

and public water supplies, commercial and recreational navigation, and other recreational water 

activities. Because of the abundance of surface water, most community and Oak Ridge Reservation 

water supplies come from surface supplies rather than groundwater. One supply well exists on the 

reservation for use as a supplemental water supply to a laboratory. Groundwater is used for some 

domestic, municipal , farm" irrigation, and industrial purposes. A typical well in the aquitard yields 

under 0.25 gallons per minute (0.02 liters per second), and in many places wells are incapable of 

producing enough water to support a typical household. 

The Oak Ridge Reservation area was cleared by logging and agricultural practices in the past, 

but it is currently dominated by pine and pine hardwood, and oak hickory, as well as northern 

hardwood and hemlock-white pine-hardwtlod forest types. 

Approximately 267 different vertebrate wildlife species have heen recorded ansite, including 

39 mammals, 169 birds, 33 reptiles, and 26 amphibians. Local habitats include wetlands, fields, 

pasture, and pine plantations in addition to forest. Undeveloped areas on the Oak Ridge Reservalion 

support game and fur-bearing populations. 
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Wetlands have been identified on the Oak Ridge Reservation, based primarily on the National 

Wetland Inventory maps. Wetlands on the Oak Ridge Reservation include emergent, scrub/shrub, 

and forested wetland. These wetlands are located in embayments of the Melton Hill and Watts Bar 

Reservoir that border the reservation; along all major streams, including East Fork Poplar Creek, 

Bear Creek, and their tributaries; in old farm ponds; and around groundwater seeps. Commerdal 

fishing occurs adjacent to the Oak Ridge Reservation for catfish and carp. Sport fishing for bass, 

catfish, and other fresh-water fish is also popular. 

Forty-seven species of federally and state-listed threatened, endangered, and other special 

status species have been identified on and in the vicinity of the Oak Ridge Reservation, including 

19 plants, 3 amphibians, 4 reptiles, 2 fish, 14 birds, and 5 mammals. Virginia spirea is a federally 

threatened plant species; bald eagle, peregrine falcon, gray bat, and Indiana bat are federally 

endangered species found in the area. The state-listed Tennessee dace has been recorded in Bear 

Creek and tributaries of East Fork Poplar Creek. 

The major noise sources within the Oak Ridge Reservation occur primarily in developed 

operational areas and include facilities and equipment and machines, such as transformers, engines, 

pumps, boilers, and vehicles. Outside the operations area major sources of noise are vehicles :md 

railroad operations. At the Oak Ridge Reservation boundary, away from most of these activities, 

noise from these sources is barely distinguishable from background noise levels. Some disturbances 

of wildlife may occur on the Oak Ridge Reservation as a result of operations and construction 

activities. 

Bear Creek Valley Road provides vehicular access to the Oak Ridge Reservation. Tennessee 

State Routes 58, 62, 95, and 162 pass through the Oak Ridge Reservation and are open to the public. 

Road construction and modification are planned for segments of Bear Creek Valley Road, Scarboro 

Road, and State Routes 58, 62, and 95 in the near future. Interstate 40 is within 8 kilometers 

(5 miles) to the south. Railroad service on the Oak Ridge Reservation is provided by CSX 

Transportation and the Norfolk and Southern Corporation. Knoxville is the closest major airport, 

64 kilometers (40 miles) away. 

Low-level, hazardous, and mixed wastes are generated and managed at the Y-12 Plant, K-25 

Site, and the Oak Ridge National Laboratory. Nonhazardous wastes are generated at all three sites 

and disposed of at the Y-12 Plant Sanitary Landfill .  Oak Ridge Reservation generates and manages 

SNF and transuranic waste. Waste management at the Y-12 Plant and the Oak Ridge National 

Laboratory includes onsite waste treatment, onsite waste disposal, preparation for proper offsit,� waste 

disposal, and onsite waste storage. Liquid and solid hazardous wastes are disposed of offsite. Some 

low-level radioactive wastes are disposed of onsite. 
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4.6 Naval Sites 

This section presents summary environmental characterization information on the naval sites 

that have been evaluated under various alternatives for management or examination of naval SNf. 

This information has been used to evaluate impacts at the sites under various alternatives for 

management of SNF. More detailed inftlTmation characterizing these sites is presented in 

Appendix D, under separate cover. 

The average annual radiation exposure for each naval shipyard radiation worker is 0.26 rem 

(260 millirem) (NNPP 1993). The average lifetime accumulated exposure for shipyard workers is 

1 .2 rem ( 1 ,200 millirem) (NNPP 1993). 

4.6.1 Puget Sound Naval Shipyard 

The Puget Sound Naval Shipyard is located in Bremerton, Washington, 23 kilometers 

( 14 miles) west of Seattle and 32 kilometers (20 miles) northwest of Tacoma (Figure 4-6). The 

population within SO kilometers (50 miles) of the shipyard is about 3 million people. 

The population within SO kilometers (50 miles) of the Puget Sound Naval Shipyard has been 

characterized for the purposes of identifying whether any disproportionately high and adverse impacts 

exist to minority and low-income communities. The population surrounding the Puget Sound Naval 

Shipyard is shown to be 1 3  percent minority and S percent low-income. based on U .S .  Bureau of 

Census information and the definitions and approach presented in Appendix L. 

Puget Sound Naval Shipyard is on 1 32 hectares (327 acres) of highly developed land. The 

waterfront dry dock area is the high-security portion of the shipyard where most production activities 

take place. This area includes production shops, administration, and some public works and supply 

functions. The upland area of the shipyard provides services to military personnel, including housing, 

retail goods and services, recreation, counseling, dental care, and other support services. The 

industrial support area in the southwestern portion of the shipyard includes several piers for 

homeported ships and inaetive fleet, the power plant, warehouses, a steel yard, public works shops, 

and parking. 

There are about 10,200 civilians working at the shipyard . With other Government facilities in 

the area, the Federal payroll in Kitsap C'lUnty, where the shipyard is located, provides about 

45 percent of the total employment. 

There are no prehistoric archaeological sites identified at the shipyard. There are 

four National Registered Historical Districts and one National Historic Landmark within the 

boundaries of the shipyard. Until the mid-1SS0s, Kitsap County was inhabited by several Native 

American tribes of the Salish language group who lived on the shores of Puget Sound. For about 
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Figure 4-6. Puget Sound Naval Shipyard location and vicinity map. 
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100 years, the principal settlement of the Suquamish Tribe lay along the west shore of Agate Passage. 

There are no Native American properties or ceremonial sites in the shipyard areas where SNF 

activities would be conducted. 

The natural topography of the shipyard has been altered significantly from its original 

condition. Portions of the upland areas of the complex were cut to fill marshes and create level land. 

The resulting fill material was predominantly a silty, gravelly sand with occasional pockets of silts 

and clays. The remaining areas of natural soils vary from dense glacial deposits to soft bay mud and 

peat. The upland soil is a stiff, hardpacked, clay soil with low permeability. 

The site lies within Uniform Building Code Seismic Risk Zone 3 .  There have been 

approximately 200 earthquakes in the area since 1 840, most of which caused little or no damage. The 

most recent earthquakes of high magnitude were near Olympia [64 kilometers (40 miles) from 

Bremerton) in 1949 (7. 1  on the Richter scale) and near Seattle in 1965 (6.5 on the Richter scale) .. 

The central Puget Sound area could experience an earthquake of intensity 7.5 on the Richter SCalll. 

There has been no known surface faulting in conjunction with earthquakes in the shipyard region. 

Potential hazards from volcanism are minimal and limited to windbome volcanic ash. 

The potential hazard from tsunamis and seiches is minimal because the system of straits and 

inlets that surround Puget Sound provides a natural barrier, effectively damping the propagation of 

distantly generated tsunamis. 

The general area around Bremerton is damp, cool, and cloudy much of the year. Average 

windspeed at the Seattle-Tacoma Airport is 4 meters per second (9 miles per hour), with prevailing 

winds from the southwest. 

The Code of Federal Regulations (40 CFR Part 81)  states that the Air Quality Control Region 

for this site is better than national standards for total suspended particulate matter and sulfur dioxide. 

The area has no specific classification for ozone, carbon monoxide, and nitrogen dioxide. The 

nearest Class I Area is Olympic National Park, approximately 24 kilometers (15 miles) from the site. 

Puget Sound Naval Shipyard has no important surface fresh waters. Groundwater is generally 

found within 30 meters (100 feet) of the ground surface in sand and gravel layers. The quality of 

most groundwater near Bremerton is good. Groundwater is used for approximately 35 percent of the 

public water supply. Current shipyard use is about 2.6 billion liters (676 million gallons) annually. 

Vegetation and wildlife on the Puget Sound Naval Shipyard are limited to undeveloped areas 

that comprise approximately 1 9  hectares (46 acres) of the entire Bremerton Naval Complex. Most of 

these areas have been previously disturbed and are currently landscaped with native and ornamental 

trees and shrubs. No sensitive, threatened, or endangered aquatic or terrestrial species have been 

observed at the shipyard. 
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Land access to the Seattlerracoma area is over two interstate highways: Interstate 90 and 

Interstate 5 .  The major thoroughfare in south Kitsap County is State Route 16, which runs south 

from Bremerton to Tacoma where it connects with Interstate 5. Bremerton's primary access routes 

include State Routes 3, 303, and 304. 

The Burlington Northern Railroad provides scheduled and on-demand freight service to 

southern and central Kitsap County. A Navy-owned spur line from Shelton, Washington, provides 

additional rail service to the shipyard. SNF originating at Bremerton and Pearl Harbor has 

historically been transported by rail from Bremerton to the Expended Core Facility at the IdallO 

National Engineering Laboratory. Since 1962, all 134 shipments of SNF have been sent from 

Bremerton to the Idaho National Engineering Laboratory by rail - 1 l 4  originating from Puget Sound 

Naval Shipyard and 20 transported by ship from Hawaii to the Puget Sound Naval Shipyard, where 

the containers were transferred to railcars for the journey to the Idaho National Engineering 

Laboratory. 

The annual airborne emissions from the site do not result in any measurable radiation 

exposure to the general public. Emissions of radionuclides from the site result in a calculated 

effective dose equivalent of less than 0.000 1 rem (0. 1 millirem) per year to any member of the 

general public. 

In addition, normal activities associated with current naval nuclear operations at the site do 

not result in the intentional discharge of any radioactive liquid effluent. Environmental monitoring 

programs conducted by the site and independent U .S .  Environmental Protection Agency monitoring of 

shipyard sites have shown that the operations at the site have had no adverse impacts on public health 

or safety. Additional discussion of these monitoring programs is found in Section 4. 1 . 1  of 

Appendix D of Volume I of this EIS. 

4.6.2 Norfolk Naval Shipyard 

Norfolk Naval Shipyard is located in the Tidewater region of Virginia and is contiguous with 

the city of Portsmouth (see Figure 4-7 ). Newport News Shipyard, where some naval nuclear ships 

are defueled, is located in Newport News, Virginia (see Figure 4-8). Six city areas are within 24 

kilometers ( 15  miles) of the Norfolk Naval Shipyard : Portsmouth, Chesapeake, Norfolk, Virginia 

Beach, Hampton and Newport News, and Suffolk. About 1 .5 million people (USBC 1992) reside 

within an 80-kilometer (50-mile) radius of the shipyard, and about 8,500 shipyard workers an: 

employed at the shipyard. 

The population within 80 kilometers (50 miles) of the Norfolk Naval Shipyard has been 

characterized for the purposes of identifying whether any disproportionately high and adverse impacts 

exist to minority and low-income communities. The population surrounding the Norfolk Naval 
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Figure 4-7. Norfolk Naval Shipyard location and vicinity map. 
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Figure 4-8. Newport News Shipyard location and vicinity map. 
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Shipyard is shown to be 33 percent minority and I I  percent low-income, based on U.S.  Bureau of 

Census information and the definitions and approach presented in Appendix L .  

Norfolk Naval Shipyard occupies over 486 hectares ( 1 ,200 acres) and includes over 

500 administrative, industrial, and support structures along 4 miles of shoreline. Over 95 percent of 

the land within its boundaries is covered with structures or paved with concrete or asphalt. The 

facility is divided into a controlled industrial area and a nonindustrial area. All piers, dry docks, and 

work facilities involved with naval nuclear propulsion plant work are within the controlled industrial 

area. 

No prehistoric archaeological sites or submerged cultural resources have been identified at the 

shipyard. Drydock I is a National Historic Landmark. There are no Native American properties or 

ceremonial sites in the areas where naval SNF activities would be conducted. 

Norfolk Naval Shipyard is located in Uniform Building Code Seismic Risk Zone 1 ,  whi<:h is 

the second lowest of four risk categories No volcanic hazards exist. 

The general climate of the area is mild and moist, with predominant winds from the south to 

southwest. In summer, afternoon thunderstorms are very common. Thunderstorms occasionally 

spawn isolated tornadoes throughout the region, but they move through the area rapidly along with 

storm centers. Hurricanes and tidal flooding are not uncommon; tornados are infrequent. The Code 

of Federal Regulations (40 CFR Part 81)  states that the Air Quality Control Region that includes this 

site is in marginal nonattainment for ozone and is better than national standards for total suspended 

particulate matter and sulfur dioxide. n,e area has no specific classification for carbon monoxide and 

nitrogen dioxide. The nearest Class I Area is the Swanquarter National Wilderness Area, which is 

approximately 160 kilometers ( 100 miles) from the site. 

Norfolk Naval Shipyard is located on the Southern Branch of the El izabeth River in a highly 

industrialized area of the dty of Portsmouth, Virginia, 13 kilometers (8 miles) upstream from the 

confluence of the James and Elizabeth R,vers. The Southern Branch is a deep water river that 

provides access to heavy industry in the vicinity of the shipyard. The Southern Branch is brackish 

and is not a source of drinking water. 

Shallow groundwater underlies the whole region. Designated as the Columbia Aquifer, the 

aquifer is comprised of interbedded gravel , sand, silt, and clay and is unconfined throughout the 

region. Underneath the Columbia Aquifer is the Yorktown Aquifer, which is a major source of 

domestic, commercial, and light industrial water. This aquifer is the usual source of drinking and 

domestic consumption water for those localities within the region not served by municipal water 

systems. 
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The shipyard area is highly developed, and its surface is about 95 percent covered wilh 

impervious materials. Several federally designated threatened or endangered species exist in Ihe 

region; however, habitats have not been identified on shipyard property. No state-listed rare, 

threatened, or endangered species exist within the 24-kilometer (I S-mile) tidal influence zone. 

There are three main road corridors within the city of Portsmouth. These roads are High 

Street, Portsmouth Boulevard, and George Washington Highway, and they provide access to suburban 

commercial and residential areas. The Downtown and Midtown Tunnels link Portsmouth and Norfolk 

and join via connecting arteries to the regional interstate highway network consisting of Interstates 64, 

262, 464, and 664 . Interstate 64 crosses Hampton Roads and Interstate 664 crosses the lower James 

River, l inking the south-side cities to Newport News and Hampton on the peninsula. 

Norfolk Southern and CSX operate extensive rail transportation networks for freight and bulk 

cargo. Norfolk and Newport News are the Nation's largest terminals for coal exports, and, along 

with Portsmouth, have a large capacity for containerized and bulk cargos. Lines operated by CSX 

and Norfolk Southern subsidiaries serve the shipyard at the north and south ends and at Southgate and 

St. Juliens Creek annexes. Since 1965, all \0 shipments of naval SNF originating at the Norfolk 

Naval Shipyard have been made by rail to the Expended Core Facility at the Idaho National 

Engineering Laboratory. 

The annual airborne emissions from the site do not result in any measurable radiation 

exposure to the general public. Emissions of radionuclides from the site result in a calculated 

effective dose equivalent of less than 0.0001 rem (0. 1  millirem) per year to any member of the 

general public. 

In addition, normal activities associated with current naval nuclear operations at the site do 

not result in the intentional discharge (If any radioactive l iquid effluent. Environmental monitoring 

programs conducted by the site and independent U .S .  Environmental Protection Agency monitoring of 

shipyard sites have shown that the operations at the site have had no adverse impacts on public health 

or safety . Additional discussion of these monitoring programs is found in Section 4. 1 .2 of 

Appendix D of Volume I of this EIS. 

4.6.3 Portsmouth Naval Shipyard 

Portsmouth Naval Shipyard is located in York County, in the southeast corner of Maine. It is 

on Seavey Island, near the mouth of the Piscataqua River (see Figure 4-9). Seavey Island has an area 

of 1 1 3 hectares (278 acres). To the north l ies the low-{!ensity residential community of Kittery, 

Maine. South of the shipyard, across the river, is the city of Portsmouth (population 22,300) ,md the 

town of New Castle in New Hampshire. The population within an 80-kilometer (50-mile) radius of 

the site is approximately 2.4 million. The shipyard is the region's largest employer, with 5,000 

employees. 
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Figure 4-9. Portsmouth Naval Shipyard location and vicinity map. 
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The population within 80 kilometers (50 miles) of the Portsmouth Naval Shipyard has been 

characterized for the purposes of identifying whether any disproportionately high and adverse impacts 

exist to minority and low-income communities. The population surrounding the Portsmouth Naval 

Shipyard is shown to be 5 percent minority and 7 percent low-income, based on U.S .  Bureau of 

Census information and the definitions and approach presented in Appendix L .  

On November 1 7 ,  1977, the National Park Service, U . S .  Department of the Interior, entered 

the Portsmouth Naval Shipyard Historic District on the National Register of Historic Places. The 

district includes 54 acres of land and 59 buildings and structures. There are no known cultural 

resources in the area of the site where naval SNF would be stored. 

Seavey Island is a rock knob, a prominent bedrock outcrop. The bedrock is a fine-grained, 

l ime-silicate material consisting of chalky sandstone formed under heat and pressure, siltstone, and 

gray sandstone shale. There are no eC<lnomic geologic resources at the site. 

The shipyard is in Uniform Building Code Seismic Risk Zone 2A. Numerous small faults are 

found in rock units across the region, hut only the Rye-Kittery contact is important enough to show 

on a geologic map. 

The typical weather is caused hy various incursions of cold, dry arctic air; warm land air 

from the Gulf States; and cool, damp air from the Atlantic Ocean. Dominance of these systems can 

change on a daily basis, creating highly variahle weather conditions. Precipitation is evenly 

distributed over the year for an annual total of 108 centimeters (42 .6 inches). Local fog is obs.erved 

1 5  percent of the time, and it is dense enough to restrict visibil ity to 2 kilometers (1 .2 miles) or less 

about 35 percent of that time. 

Winds average 3.9 meters per second (8. 8  miles per hour), but speeds greater than 

1 7.9 meters per second (40 miles per hour) can occur any time of year. Severe weather from 

tornadoes and hurricanes is rare. 

The Code of Federal Regulations (40 CFR Part 8 1 )  states that the Air Quality Control Region 

for this site is in moderate nonattainml'nt for ozone and is better than national standards for total 

suspended particulate matter and sulfur dioxide. The area has no specific classification for carbon 

monoxide and nitrogen dioxide. The nearest Class I Area to the site is the Presidential Range-Dry 

River Wilderness Area, which is appwximately 120 kilometers (75 miles) from the shipyard. 

The Piscataqua River, formed hy the confluence of the Cocheco River and the Salmon Falls 

River, flows southeasterly for 2 1  kilometers ( 13 miles) until it enters the ocean at Portsmouth Harbor. 

The entire 2 1  kilometers ( 13  miles) of the river is tidal. The river is one of the fastest flowing tidal 

waterways of any commercial port in the northeastern United States. The Piscataqua River is 

designated as having acceptahle water quality. 
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The limited amount of vegetation and the industrial nature of the shipyard limit the availability 

of suitable habitat for most terrestrial species. There is one small freshwater wetland located at the 

shipyard. No threatened or endangered species have been identified at the site. 

Vehicles can reach the Kittery-Portsmouth area by means of Interstate 95 and U.S.  Route I .  

The shipyard is accessible by two federally owned bridges that cross to the residential streets of 

Kittery, Maine. Walker Avenue is the primary access route to Bridge I ,  and Whipple Road provides 

direct access to Bridge 2.  

There is daily freight rail service to the Shipyard by the Boston and Maine Railroad. The 

railroad connects Portsmouth with Manchester, New Hampshire; Portland, Maine; and Boston, 

Massachusetts. 

Naval SNF has been removed fmm Navy nuclear ships at the shipyard and transported to the 

Idaho National Engineering Laboratory since 1 959. There have been 43 shipments made, all by rail. 

The annual airborne emissions from the site do not result in any measurable radiation 

exposure to the general public. Emissions of radionuclides from the site result in a calculated 

effective dose equivalent of less than 0.0001 rem (0. 1  millirem) per year to any member of the 

general public. 

In addition, normal activities associated with current naval nuclear operations at the site do 

not result in the intentional discharge of any radioactive liquid effluent. Environmental monitoring 

programs conducted by the site and independent U.S .  Environmental Protection Agency monitoring of 

shipyard sites have shown that the operations at the site have had no adverse impacts on public health 

or safety. Additional discussion of these monitoring programs is found in Section 4. 1 .3 of 

Appendix 0 of Volume I of this EIS. 

4.6.4 Pearl Harbor Naval Shipyard 

The Pearl Harbor Naval Shipyard is located in the Southeast Loch of Pearl Harbor, Oahu, 

Hawaii (see Figure 4-10). The population of the island of Oahu was approximately 820,000 people 

in 1990. 

The population within 80 kilometers (50 miles) of the Pearl Harbor Naval Shipyard has been 

characterized for the purposes of identifying whether any disproportionately high and adverse impacts 

exist to minority and low-income communities. The population surrounding the Pearl Harbor Naval 

Shipyard is shown to be 68 percent minority and 7 percent low-income, based on U.S .  Bureau o:f 

Census information and the definitions and approach presented in Appendix L.  
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Figure 4-10. Pearl Harbor Naval Shipyard location and vicinity map. 
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The shipyard employs about 5,000 civilian employees, and, combined with other 

U .S .  Department of Defense civilian employees, it accounts for 10,900 local jobs. 

Pearl Harbor has been the site of several important historical events, and it is most noted for 

its role in the Pacific Theater Defense during World War II. Naval Base Pearl Harbor was designated 

as a National Historic Landmark in 1964; in 1974, it was listed on the National Register of HiSl'Oric 

Places. There are no archaeological sites located within the boundary of the shipyard. There are no 

Native Hawaiian properties or ceremonial sites in the shipyard areas where naval SNF activities 

would be conducted. 

Pearl Harbor estuary lies on the coastal sedimentary plain of southern Oahu. Streams, 

springs, and groundwater flow into the harbor. The estuary was formed by freshwater flows that 

have eroded the coastal plain and retarded coral growth. The west side of the harbor is primarily 

comprised of l imestone reef material . The east side of the harbor is mainly compacted volcanic ash . 

Hard, dense volcanic rock forms the bulle of the rocle material to the north. Much of the land area in 

Pearl Harbor is fill land created by dredge spoils. There are no geologic resources of economic value 

at the shipyard. 

The Pearl Harbor Naval Shipyard is located in Uniform Building Code Seismic Risle Zone I .  
Except for the island of Hawaii, the islands are not a highly seismic area. Even on Hawaii, most of 

the earthquakes originate from volcanic activity and do little or no damage, although a few have been 

quite severe. The Hawaiian Islands were formed by volcanic eruptions; however, the only active 

volcanic area is on the island of Hawaii. There are no volcanic hazards on the Island of Oahu. 

Past tsunami inundation levels have been about I meter (3 feet) above mean sea level. 

Projected tsunami wave elevations for the 10-, 100-, and 500-year event are 0.2, 0.6, and 1 .2 meters 

(0.8, 2 .0, and 3 .8  feet), respectively, for adjacent coastal areas. Maximum reasonably foreseeable 

typhoon storm water level rise would be approximately 4.3 meters (14.5 feet) above mean sea level. 

The predominant winds are from the northeast, particularly from February to November. At 

certain times of the year, south to southwest winds and mild offshore breezes can be expected. 

Winds with speeds up to 2.2 meters per second (49 miles per hour) occasionally strilee from the north 

or northeast, but they rarely reach gale velocities. Southerly winds are usually accompanied by wet 

tropical air and frequent heavy showers . Destructive hurricanes with high tidal surges have hit the 

Hawaiian Islands twice in the past 25 years (both times centered on Kauai), in 1982 and 1992. 

The Code of Federal Regulations (40 CFR Part 8 1 )  states that the Air Quality Control Region 

for this site is better than national standards for total suspended particulate matter and sulfur dioxide. 

The area has no specific classification for ozone, carbon monoxide, and nitrogen dioxide. The 

nearest Class I Area is Halealeala National Parle, on the Island of Maui, which is 188 Ieilometers (1 1 7  

miles) from the shipyard. 
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Eight streams discharge into Pearl Harbor. Some flooding occurs along the major stre.ams, 
but it is not a problem at the naval complex, affecting only a narrow strip along Aiea Stream. Naval 
Base Pearl Harbor receives most of its water from the Koolau Aquifer and a small portion from the 
Waianae Aquifer, which are located in south central Oahu. 

No federally or state-listed threatened or endangered species or critical habitats are known to 
exist within the confines of the shipyard. Because the area has been greatly disturbed and native 
vegetation completely eliminated, there is little remaining terrestrial habitat of any consequenc,�. 
Some migratory birds and indigenous waterfowl occasionally frequent the shoreline areas of the 
shipyard, but none are residents. 

There are several wetland areas within the Pearl Harbor area, including the Pearl Harbor 
National Wildlife Refuge, which provides habitat for the endangered Hawaiian Coot and Hawaiian 
Stilt. 

The traffic into and out of the base is a combination of commuting traffic, residential-related 
traffic, and service traffic. Kamehameha Highway is the primary access route to the base from the 
Ewa/Pearl City/central Oahu direction. Both Kamehameha Highway and Interstate Highway H-I 
provide access to the Naval Base from Honolulu. 

Naval SNF has been removed from Navy nuclear-powered ships and transported to the: 
Expended Core Facility at the Idaho National Engineering Laboratory. Naval SNF shipments to the 
Idaho National Engineering Laboratory were initiated in 1962. Since then, 20 shipments have been 
made. The shipments were taken by ship to the Puget Sound Naval Shipyard, where the containers 
were then transported to the Idaho National Engineering Laboratory by raiL 

The annual airborne emissions from the site do not result in any measurable radiation 
exposure to the general public. Emissions of radionuclides from the site result in a calculated 
effective dose equivalent of less than 0.000 1 rem (0. 1  millirem) per year to any member of the 
general pUblic. 

In addition, normal activities associated with current naval nuclear operations at the site do 
not result in the intentional discharge of any radioactive liquid effluent. Environmental monitoring 
programs conducted by the site and independent U .S .  Environmental Protection Agency monitoring of 
shipyard sites have shown that the operations at the site have had no adverse impacts on public health 
or safety. Additional discussion of these monitoring programs is found in Section 4. 1 . 1  of 
Appendix D of Volume I of this EIS. 
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4.6.5 Kesselring Site 

The Kenneth A. Kesselring Site is located about 24 kilometers ( 15 miles) north of the City of 

Schenectady, New York, and 1 3  kilometers (8 miles) west of Saratoga Springs (see Figure 4- 1 1 ). [t 

contains three operating naval nuclear propulsion prototype plants and support facilities. The site also 

includes one prototype plant that is being permanently shut down and one prototype that has been 

permanently shut down. All operating facilities are located in a secure area near the center of the 

1 ,578-hectare (3,900-acre) reservation. 

In 1993, the site employed about 1 ,450 civilian workers. About 1 . 15 million people l ive. 

within an 80-kilometer (50-mile radius) of the site according to the 1990 Census, but most of the land 

immediately adjacent to the site is either wooded or used for agriculture. The nearest cities include 

those previously mentioned and Gloversv ille, Amsterdam, and Albany. 

The population within 80 kilometers (50 miles) of the Kesselring Site has been characterized 

for the purposes of identifying whether any disproportionately high and adverse impacts exist to 

minority and low-income communities. The population surrounding the Kesselring Site is shown to 
be 6 percent minority and 9 percent low-mcome, based on U.S.  Bureau of Census information and 

the definitions and approach presented in Appendix L. 

The Kesselring Site reservation was used primarily for agricultural purposes before Federal 

Government acquisition in [948. There are no known archaeological, architectural, cultural, or 

Native American Indian sites in the secure area where SNF storage would take place. 

The site l ies on primarily unconsolidated material, primarily of glacial origin, that overlies 

bedrock. Where it exists, the overburden can be up to several hundred feet thick. The overburden 

consists of three basic kinds of depositional units: glacier debris, lake, and ice-contact/outwash 

deposits. Deposits from glaciers overl ie much of the bedrock and form the elliptical hills throughout 

most of the reservation. The glacier deposits are a dense and poorly sorted mixture of clay, silt, 

sand, gravel, and boulders. Thinly stratified lake clay and silt deposits are mapped over the 

southeastern quadrant of the site. The ice-contact/outwash deposits mostly consist of stratified sands 

and gravels. 

The general area of the site is in Uniform Building Code Seismic Risk Zone 2, with a 

moderate risk of damage caused by earthquakes. There is a Zone I (minor damage) area to the south 

and a Zone 3 (major damage) area to the north of the site. The maximum intensity earthquake within 

161  kilometers ( 100 miles) of the site had a Modified Mercalli Intensity Scale value of VII. The most 

recent earthquake of that intensity occurred at Lake George, New York, on April 30, 193 1 .  Because 

the site is located near the fault system that caused this quake, an earthquake of similar intensity could 

occur at the site. There arl: no volcanic hazards in the vicinity of the site. 
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The general climate of the site is cold in winter and cool to warm in summer. Winds 

originate mostly from the west or northwest during the winter, but come from the south in the 

warmer months.  Wind velocities are moderate and generally average less than 4.S meters per second 

(10 miles per hour). Destructive winds Igreater than 36 meters per second (80 miles per hour») occur 

infrequently, and tornadoes are rare. 

The Code of Federal Regulations (40 CFR Part 8 1 )  states that the Air Quality Control Region 

that includes this site is in marginal nonattainment for ozone and is better than national standards for 

total suspended particulate matter and sulfur dioxide. The area has no specific classification for 

carbon monoxide and nitrogen d ioxide. The nearest Class I Area is at Lye Brook Wilderness, 

Suarderland, Vermont, which is 74 kilometers (46 miles) from the site. 

The Kesselring Site is located in a predominately rural area. There are I 3  wetlands on the 

Kesselring S ite; current operations do not impact these wetlands. Federally or state-listed threatened 

and endangered species located in the Saratoga County area include the bald eagle, the karner blue 

butterfly, the peregrine fall con, and the red-shouldered hawk. There are, however, no records of any 

of these species on the sitl!. 

Only secondary roads follow the boundary of the site. They are used primarily by Kesselring 

Site employees and as delivery routes for small products and produce. State Route 29 runs 3 

kilometers (2 miles) to the north, State Route 1 47 runs 6 kilometers (4 miles) to the west, and State 

Route 67 runs 6 kilometers (4 miles) to Ihe south. State Route SO, 1 0  kilometers (6 miles) east, 

running from Saratoga Springs to Scotia. carries the only appreciable amount of truck and bus traffic. 

The majority of through traffic uses either Interstate 87 or parallel route U .S .  Highway 9, 

1 6  kilometers ( 10 miles) to the ea�t. 

Two lines of the Delaware and Hudson Railroad cross the region within 16 kilometers 

(10 miles) of the site. The main north-south line runs through Ballston Spa, just over 8 kilometers 

(S miles) to the east, and a trunkline runs just over 8 kilometers (S miles) to the northeast into the 

central Adirondack area. 

SNF from the Kesselring Site has been sent to the Expended Core Facility at the Idaho 

National Engineering Laboratory since 1 96 1 .  Shipping containers are transported by truck to a 

nearby commercial rail line where the containers were loaded onto rail cars . Since 196 1 ,  

20 shipments of naval SNF have been sent to the Expended Core Facility from the Kesselring Site. 

The annual airborne emissions from the site do not result in measurable radiation exposure to 

the general public. Emissions of radionuclides from the site result in a calculated effective dose 

equivalent of less than 0.0001 rem (0. 1  millirem) per year to any memher of the general public. 
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In addition, normal activities associated with current naval nuclear operations at the site do 

not result in the intentional discharge of any radioactive liquid effluent. Environmental monitoring 

programs conducted by the site have shown that the operations at the site have had no adverse impacts 

on public health or safety. 

4.7 Other Generator/Storage Locations 

In addition to the five major sites, DOE is responsible for the management of SNF generated 

at several other DOE sites and other locations. These sites include DOE reactors at sites other than 

the Hanford Site, Idaho National Engineering Laboratory, the Savannah River Site, and the Oak 

Ridge Reservation; university and domestic research reactors; and three locations where specific types 

of commercial power n:actor SNF for which DOE is responsible are stored . This section summarizes 

environmental characterization information for these sites that might be affected by programmatic 

decisions on SNF management. More detailed information characterizing the sites is presented in 

Appendix E, under separate cover. 

The facilities and installations included in this category preclude the definition of their 

affected environments in a consistent and uniform manner without describing each site. The 

information available in existing facility documents varies widely depending on the nature of the 

installation and the requirements for describing the environment by the overseeing or regulatory 

agencies. For example, the environmental parameters required to be described by the U.S.  Nuclear 

Regulatory Commission for l icensing of small research reactors or material processing and storage 

facilities are fewer in number and less detailed than those required for larger reactor installations at 

DOE facilities. Thus, the ability to represent these environmental parameters in a consistent manner 

based on existing documentation is limited, and several parameters addressed for the major DOE sites 

are not discussed at all or are discussed only to a l imited degree for many of these other generator! 

storage locations. Because alternatives evaluated will not require alteration of these sites, the sites are 

not described in detail. See Appendix E, Chapter 4 for more information. 

4.7.1 DOE Test and Experimental Reactors 

In addition to facil ities at the Hanford Site, Idaho National Engineering Laboratory, Savannah 

River Site, and Oak Ridge Reservation, experimental reactors are located at, and small quantities of 

SNF are in storage at, the following four DOE sites: Brookhaven National Laboratory, Los Alamos 

National Laboratory, Sandia National Laboratories, and Argonne National Laboratory-East. 

4.7. 1 . 1  Brookhaven National Laboratory. Brookhaven National Laboratory is located on 

a 2 , 1 3  I -hectare (5,265-acre) site on Long Island, New York, approximately 97 kilometers (60 miles) 

east of New York City, in a primarily suburban area. About 4 10,000 people reside in Brookhaven 

Township, which houses the Laboratory, and 8,000 people live within 0.8 kilometer (0.5 mile} of the 

Laboratory boundary. 
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In terms of meteorology, the laboratory can be characterized, like most Eastern Seaboard 

areas, as a well-ventilated site. The annual precipitation during 1991 was 45.3 inches ( 1 1 5  

centimeters), which is about 3 . 1  inches (8.0 centimeters) below the 4O-year annual precipitation 

average of 48.4 inches (123 centimeters). 

Suffolk County, in which the site is located, is classified as being in nonattainment of the' 

standards for the criteria pollutant ozone. The county is in attainment of standards for carbon 

monoxide, paniculates, sulfur dioxide, nitrogen dioxide, and lead. 

No active earthquake-producing taults are known in the Long Island area. The area lies in a 

Uniform Building Code Seismic Risk Zone 2A (moderate seismic hazard) area. 

Groundwater flow under the Laboratory site is complex, moving in different directions in 

different sections of the site, but generall y with a velocity estimated to range from 30 to 

45 centimeters per day ( 12  to 1 8  inches per day), Ilowing either toward the Peconic River or in 

deeper layers recharging the Atlantic Ocean. The Nassau/Suffolk Aquifer System underlying the 

Brookhaven National Lahoratory has been designated a sole source aquifer by the U.S.  Environmental 

Protection Agency. 

The releases of radioactive gaseous and liquid effluents from Brookhaven National Laboratory 

from 1988 to 1992 have resulted in calculated average doses to hypothetical maximally exposed 

individuals of 0.0001 13 and 0 .000722 rem (0. 1 1 3 and 0.722 millirem) per year, respectively. 

4.7. 1.2 Los Alamos National Laboratory. Los Alamos occupies an area of about 1 1 ,000 

hectares (28,000 acres) located primarily in Los Alamos county in northern New Mexico, about 39 

kilometers (24 miles) northwest of Santa Fe. The resident population of Los Alamos county in 1990 

was 18 , 1 15;  about 3,900 Los Alamos National Laboratory employees reside in the adjacent Rio 

Arriba and Santa Fe counties. 

The climate at Los Alamos National Laboratory is characterized as semi-arid steppe, with an 

average annual rainfall of ahout 2 1  centimeters (8. 1  inches). Severe weather affecting facility design 

or operation is extremely rare. Los Alamos National Laboratory is located in the New Mexico 

Intrastate Air Quality Control Region. Areas in Los Alamos National Laboratory and its surrounding 

counties are designated as in attainment with respect to the National Ambient Air Quality Standards. 

The Los Alamos National Laboratory is located on the Pajarito Plateau, which is dissected by 

deep canyons separated by long narrow mesas. It lies within Seismic Zone 2B, and seismic hazards 

studies have identified three active faults in the area. Studies suggest seismic events with a magnitude 

of 6.5 to 7 .8  have been produced in the last 500.000 years. 
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Surface water at Los Alamos consists of intermittent streams; several canyons receive treated 

industrial or sanitary effluents that rarely extend aboveground beyond Los Alamos National 

Laboratory boundaries. The depth to the main groundwater aquifer, which supplies nearly all water 

at Los Alamos National Laboratory, ranges from about 366 meters ( 1 ,200 feet) in the west to about 

1 83 meters (600 feet) i n  the east pan of the site, and groundwater discharges to springs along the 

Rio Grande. 

The releases of radioactive effluents from Los Alamos National Laboratory over the period 

1987 to 1991 have resulted in a calculated average dose to the hypothetical maximally exposed 

individual of about 0.004 rem (4 millirem) per year. 

4.7. 1.3 Sandia National Laboratories. The Sandia National Laboratories reactor and SNF 

operations are located on about 3,360 hectares (8,300 acres) of Kinland Air Force Base allocated to 

DOE, approximately 1 0  kilometers (65 miles) southeast of downtown Albuquerque, New Mexico. 

The 1 990 population of Albuquerque was about 385,000. 

The climate at Sandia National Laboratories is characteristic of a semi-arid steppe, with an 

average annual rainfall of about 2 1  centimeters (8 . 1  inches). Severe weather affecting facility design 

or operation is extremely rare. The Sandia National Laboratories is within the Albuquerque-Mid Rio 

Grande New Mexico Intrastate Air Quality Control Region, ponions of which are designated as 

nonattainment by the U .S.  Environmental Protection Agency for Colorado. 

The Sandia National Laboratories is located on the Albuquerque East Mesa in a Seismic 

Zone 2B, in a region of high seismic activity but of low magnitude and intensity. More than 

1 , 100 eanbquakes have occurred during the last 127 years, but only 3 have caused damage in 

Albuquerque. 

The Rio Grande is the main surface drainage route for the area, with an average flow of about 

28.5 cubic meters per second (37.3 cubic yards per second). No perennial streams flow through the 

Sandia National Laboratories area, and flooding is not a high probability at Kinland Air Force Base. 

The groundwater is distinguished by a fault complex underlying the area; depths range from 1.5 to 

30 meters (50 to 100 feet) on the east side of the complex and from 1 15 to 1 52 meters (380 to 

500 feet) on the west side. Groundwater flow west of the complex is generally toward the north and 

nonbwest, and groundwater flow east of the fault complex is typically west toward the fault system. 

4.7. 1.4 Argonne National Laboratory-East. Argonne National Laboratory-East occupies 

about a 688-hectare ( I ,  700-acre) site located in DuPage County, Illinois, within the Chicago 

metropolitan area. The site is surrounded by a 826-hectare (2,040-acre) green belt forest preserve 

operated by DuPage County. The 1990 population of the Chicago metropolitan area was about 

6.6 million people. 
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The climate in the Argonne National Laboratory-East area is characterized as continental, with 

an average annual precipitation of 80 centimeters (3 1 .5 inches). The area experiences about 40 
thunderstorms annually, occasionally accompanied by hail, damaging winds, or tornadoes. The 

theoretical probability of a tornado strike at Argonne National Laboratory-East is about one every 

1 ,200 years, although the site was struck by tornadoes in 1976 and 1978, with minor damage. 

The Argonne National Laboratory-East site is located above about a 30-meter- ( lOO-foot)-thick 

glacial till deposit on top of dolomite bedrock. The site is in Uniform Building Code Seismic Zone 1 .  

Several areas of seismic activity are present at moderate distances from the site, but ground motions 

induced by these seismic sources are expected to be minimal at the site. 

The Argonne National Laboratory-East site contains a number of small ponds and surface 

streams that enter the Des Plaines River about 2.0 kilometers (1 .25 miles) southeast of the site center. 

Groundwater is extracted from two underlying aquifers. No aquifers in the region are considered 

sole-source aquifers by th,� U.S .  Environmental Protection Agency. 

4.7.2 Domestic Research and Test Reactors 

Appendix E also identifies 55 non-DOE facilities representing domestic, licensed, small 

generators of SNF. They include training, research, and test reactors at universities, commercial 

establishments, and several Government instal lations. These facil ities have been l icensed by the 

U .S .  Nuclear Regulatory Commission for reactor operation and the storage of the SNF they generate. 

Although they are not DOE facilities, past practices and long-term plans and agreements have always 

called for the SNF they generate to be transported to DOE facilities. In the past, this SNF was 

generally processed at the Savannah River Site, Hanford Site, or Idaho National Engineering 

Laboratory for recovery of the highly enriched uranium in their fuel . Under all but the No Action 

and Decentralization alternatives, these fuels would be transported to a DOE site for storage until 

ultimate disposition. 

These 55 U.S.  Nuclear Regulatory Commission licensed facilities, 40 of which are operated 

by universities, are located in 28 states. They are located in a wide variety of areas, ranging from 

rural locations to industrial research parks and urban university campuses, which does not permit a 

description of a typical affected environment for these facil ities. Information on the environments of 

three of the larger of these U.S .  Nuclear Regulatory Commission-licensed research reactors [the 

National Institute of Standards and Technology (former National Bureau of Standards), the 

Massachusetts Institute of Technology, and the University of Missouri reactors] is summarized in the 

following sections. 

4. 7.2. 1 National Institute of Standards and Technology. The National Institute of 

Standards and Technology reactor is located on the Institute's 233-hectare (576-acre) campus in the 

city of Gaithersburg, Maryland, about 20 miles northwest of downtown Washington, D.C. The 1990 
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population of Gaithersburg, a Washington suburban area, was about 39,500. The nearest site 

boundary is about 0.40 kilometer (0.25 mile) southwest of the reactor. 

The climate of the area is moderate, with infrequent occurrences of severe weather. Although 

a number of winter storms and hurricanes have affected the general area, the site is not subject to 

flooding, and the recurrence interval for a tornado at the site is about one in 2,000 years. Air quality 

is primarily determined by the presence of 12-lane Interstate Highway 270, used by commuters to and 

from the downtown Washington, D.C , area and suburban residential areas. 

There are no known major faults in the site vicinity, although the site region is moder;ately 

seismic (Seismic Zone I). The maximum ground acceleration for the site area was estimated to be 

0.07g. 

There are no discharges from the National Institute of Standards and Technology reactor to 

surface streams or groundwater; liquid wastes are processed before d ischarge to the local sanitary 

sewer system and have averaged 2.7 curies of tritium and 1 . 9  mill icuries of other beta-gamma 

emitters per year from 1988 to 1992. Over the same period, the site released airborne emissions 

containing an average of 7 10  curies of argon-41 and 353 curies of tritium per year, well below the 

l icense limits for the sit,e. However, individual or collective doses are not reported , and because site 

meteorological data are not monitored. doses cannot be reliably estimated . 

4.7.2.2 Massachusetts Institute of Technology. The Massachusetts Institute of 

Technology reactor, housed in a gaHight building with 0.6-meter (2-feet) concrete shielding, is 

located on a 0.39-hectare ( I -acre) site in a heavily industrial ized section of Cambridge, 

Massachusetts, a few blocks trom the main Massachusetts Institute of Technology campus and about 

1 .6 kilometer ( I  mile) from Boston across the Charles River. The population of Cambridge was 

about 95,800 in 1990. 

The meteorological conditions vary from highly stable with light winds to unstable 

atmospheric conditions with strong winds. Severe weather conditions are uncommon, and flooding of 

the area is not expected even under record rainfall conditions. Air quality is typical of an urban area. 

The Cambridge area has been relatively free of earthquakes over the past 150 years, but it did 

experience an earthquake in 1755, which destroyed some buildings. 'The region is located in 

Seismic Zone 2, and the reactor is conservatively designed to withstand projected seismic activity. 

There are no discharges from the Massachusetts Institute of Technology reactor to surface 

streams or groundwater; liquid wastes are processed before discharge to the local sanitary sewer 

system and have averaged 0.074 curies of trilium and 9.5 mill icuries of other beta-gamma emilters 

per year from 1988 to 1992. Over the same period, the reactor released airborne effluents containing 

an annual average of 1 ,2 1 5  curies of argon-4 1 ,  well below the license I imits for the reactor. 
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However, individual or collective doses are not reported, and because site meteorological data are not 

monitored, doses cannot be reliably estimated, particularly given the highly urbanized vicinity. 

4.7.2.3 University of Missouri. The Columbia Research Reactor is sited within a 

34-hectare (85-acre) Research Park about 1 .6 kilometers ( I  mile) southwest of the main campus of the 

University of Missouri, located south of the main business district of Columbia, Missouri. The 

population of Columbia was about 69,000 in 1 990. Agriculture is the predominant regional activity, 

although there are a number of small industrial activities in the area. 

The climate of the region is continental, and high windspeeds are not uncommon; 

1 50 kilometer per hour (94 mile per hour) winds have a recurrence interval of once in 1 00  years, but 

tornadoes are very uncommon. Air quality is representative of the nonurban midwest. Surface 

drainage from the site moves eventually to the Missouri River. 

Columbia is located in the stable area of Missouri and, despite the proximity to the New 

Madrid area, the probability of seismic damage in the area is low as reflected by its location in 

Seismic Zone 1 .  

There are no discharges from the University of Missouri/Columbia Research Reactor to 

surface streams or groundwater; liquid waste is processed before discharge to the local sanitary sewer 

system and has averaged 0.2 1 curie of tritium and 25.6 millicuries of other beta-gamma emitters per 

year from 1 988 to 1992. Over the same period, the reactor released airborne effluents containing an 

annual average of about 660 curies of argon-4 1 and about 7 curies of tritium, well below the l icense 

l imits for the reactor. However, individual or collective doses are not reported, and because site' 

meteorological data are not monitored, dllses cannot be reliably estimated. 

4.7.3 Spent Nuclear Fuel from Special Nuclear Power Plants 

Three facilities house SNF from power reactors for which DOE has assumed responsibil ity. 

Unlike the facilities discussed previously. no additional SNF is either being generated at or being 

transported to these storage facilities. These facilities include the West Valley Demonstration Project, 

in West Valley, New York; the former Fort SI. Vrain Nuclear Power Plant in Colorado; and the 

Babcock & Wilcox Research Center, Lynchburg, Virginia. Their environmental characterizations are 

summarized in the following sections and presented in more detail in Appendix E. 

4.7.3. 1 West Val/ey Demonstration Project. The West Valley Demonstration Project 

occupies an 88-hectare (220-acre) site formerly housing the tirst United States commercial nuclear 

fuel processing plant, within a larger 1 ,341 -hectare (3,345-acre) site known as the Western New York 

Nuclear Service Center. The Center is located in Cattaraugus County, a rural area of western New 

York State, about 50 kilometers (3 1 miles) south of Buffalo, New York, and 40 kilometers (25 miles) 

east of Lake Erie. 
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A 6O-meter (200-foot) onsite meteorological tower is operated by DOE at tbe West Valley 

Demonstration Project. A review of tbe West Valley Demonstration Project tower's 1992 data 

indicates tbat tbe prevailing wind was from tbe soutb-soutbeast witb a mean wind speed of 2.4 meters 

per second (5.4 miles per hour). The precipitation for 1992 was 1 8  centimeters (7. 1 inches) above 

tbe annual average of 104 centimeters (40.9 inches). The onsite 1992 wind data and National 

Weatber Service wind data collected at tbe Buffalo airport did not compare well, tbereby indicating 

tbat tbe Buffalo airport is not representative for predicting conditions at tbe West Valley 

Demonstration Project. 

The West Valley Demonstration Project is located witbin tbe Cattaraugus Highlands, which is 

a transitional zone between tbe Appalachian Plateau Province and tbe Great Lakes Plain. No fold or 

fault of any consequence is recognized witbin tbe site. The Clarendon-Linden structure is tbe closest 

active "capable" eartbquake- (fault-) producing feature known to exist in tbe region. It is 

approximately 37 kilometers (23 miles) from tbe site. The site has experienced a moderate anlOunt of 

relatively minor seismic activity. During historical times, ground motion at tbe site probably has not 

exceeded a Modified Mercalli Intensity of IV or a horizontal acceleration of 0.05g. It is estimated 

tbat tbe maximum eartbquake on tbe Clarendon-Linden structure would produce an earthquake of 

Modified Mercalli Intensity of VI or VII and a maximum horizontal acceleration of approximately 

0 . 12g at tbe site. 

The West Valley Demonstration Project is located in tbe Cattaraugus Creek drainage basin, 

which is part of tbe Great Lakes - St. Lawrence watershed. All surface drainage from tbe West 

Valley Demonstration Project is to Buttermilk Creek, which flows into Cattaraugus Creek and 

ultimately into Lake Erie. The uppermost water-bearing unit underlying tbe West Valley 

Demonstration Project is a hydrologically isolated part of tbe Cattaraugus Creek Aquifer System, 

which has been designated a sole source aquifer by tbe U.S. Environmental Protection Agency. This 

unit is included in tbe sole source designation due to its hydrologic similarity and proximity to tbe 

producing Cattaraugus Creek Aquifer. 

4.7.3.2 Fort St. Vrain. The Fort St. Vrain site is located in Weld County in northeastern 

Colorado, approximately 5.6 kilometers (3.5 miles) northwest of tbe town of Platteville, 0.8 kilometer 

(0.5 mile) west of tbe Soutb Platte River, and 56 kilometers (35 miles) north of Denver. The 

Fort St. Vrain site consists of 1 , 132 hectares (2,798 acres). Based on tbe 1980 census, tbe 

population witbin an 8-kilometer (5-mile) radius of tbe site was estimated to be 3, 148, witb 1 ,662 

residing in tbe town of Platteville (USEC 1982). Most of tbe land in tbe immediate area of tbe site is 

disturbed, agricultural land. 

The general climate around tbe Fort St. Vrain site is generally mild. In tbis semi-arid region, 

tbe precipitation averages 25 to 38 centimeters (10 to 15  inches) a year, mostly from tbunderstorms in 

late spring and summer. Northeastern Colorado has moderate tbunderstorm activity. The region 

typically experiences 5 tornadoes per year per 25,900 square kilometers (10,000 square miles), witb 
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peak tornado activity occurring during the month of June. A study of tornadoes in the area concluded 

that 161-kilometer-per hour- ( lOO-mile-per-hour) winds should constitute maximum wind forces to be 

expected at Fort St. Vrain. 

The Fort SI. Vrain site is located on the east flank of the Colorado Front Range, a complexly 

faulted anticlinal arch. Numerous faults and smaller folds are superimposed on the arch and are 

related to the uplift of the Front Range. The Fort SI. Vrain site has not experienced any observed 

earthquake activity. A field examination of the area produced no evidence of recent movement along 

any of the known faults. The closest area of recent activity is about 40 kilometers (25 miles) south of 

the site. The site is located in Seismic Zone I .  

The nearest major surface water features to the Fort SI. Vrain site are the South Platte River, 

about 0.8 kilometer (0.5 mile) east of the site, and the SI. Vrain Creek, about 1 .2 kilometer 

(0.75 mile) west of the site. Local surface water diversions from these rivers, which feed irrigation 

ditches to support agriculture, are somewhat closer, about 0.5 kilometer (0.33 mile) east and west of 

the site and about 0.64 kilometer (0.4 mile) to the north of the site, and an irrigation ditch is located 

0. 16 kilometer (0. 1 mile) to the south of the site. 

4.7.3.3 Babcock & Wilcox Research Center, Lynchburg. The Babcock & Wilcox 

Research Center occupies a 1 .6-hectare (4-acre) fenced area within Babcock & Wilcox's 374-hectare 

(925-acre) Mount Athos site. The research center is in Campbell County, Virginia, near the James 

River, approximately 6.5 kilometers (4 miles) east of the city of Lynchburg. The research facility 

and the nearby city of Lynchburg are centrally located within the area of Amherst, Appomattox, 

Bedford, and Campbell Counties. The combined population of these counties is about 180,000. 

The climate of the Lynchburg area is influenced by cold and dry polar continental air masses 

in the winter and warm and humid gulf maritime air masses in the summer. Rainfall amounts can be 

expected to reach 102.4 centimeters (40.3 inches) in any given year. Severe weather is limited to 

thunderstorms with a low probability of tornadoes. The mean number of thunderstorms occurring at 

Lynchburg is approximately 22 per year. The probability of a tornado actually striking the site is 

3.0 x 10-4 per year, with a recurrence interval of 3,333 years. 

The land at the Babcock & Wilcox Research Center is characterized by scattered hills of 

various dimensions lying eastward from the main chain of the Blue Ridge Mountains . The site is 

located in a western part of the central Virginia cluster region, which is classified as Seismic Zone 2. 
Approximately 121 earthquakes with epicenters in Virginia have occurred during the last 236 years. 

Two earthquakes have been recorded with intensities sufficient to cause some damage, but these were 

not in the area of the Center. Earthquakes are not expected to cause serious damage to the 

Lynchburg facilities nor result in release of hazardous materials. 
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The James River is formed about 1 54 kilometers (96 miles) upstream of the site by the 

confluence of the Jackson and Cowpasture Rivers. The James River flows generally south-southeast 

from the Valley and Ridge Province to the Atlantic Ocean through the Hampton Roads and 

Chesapeake Bay. The annual average tlow rate of the James River at the plant is estimated to be 

about 1 10 cubic meters per second (3,900 cubic feet per second). The largest recent flood occurred 

in November 1985 and had a flood stage of 163 meters (534 feet) above mean sea level at Lynchburg. 

The groundwater elevation is between 134 and 140 meters (440 and 460 feet) above mean sea level, 

which is 3 meters ( 10 feet) below surface elevation at the annual average flow rate. Because of the 

relative impermeability of the silt and clay topsoils, neither the water in surface soils nor river flood 

water has a major effect on the groundwater supply or quality. 
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5. ENVIRONMENTAL CONSEQUENCES 

This chapter presents the potential environmental consequences of implementing each of the 

alternatives described in Chapter 3 .  To focus on the most significant issues in the design of the SNF 

Program, this chapter summarizes and simplifies the more detailed site-specific analyses of 

environmental consequences presented under separate cover as self-contained appendices to Volume I .  

The intent is to provide a collection of summary information across DOE sites, SNF interim storage 

alternatives, and issue areas without recounting the detail of the separate appendices. 

The Centralization alternative generally produces the greatest impacts, with somewhat smaller 

impacts associated with the 1992/1993 Planning Basis and Regionalization alternatives. The 

No Action alternative may appear to have the least impact in some of the categories analyzed, such as 

transportation, but it also produces larger impacts in others, such as estimated radiation doses as the 

result of accidents. In addition, the increased exposure of workers to radiation and the increased risks 

of release of radioactive material to the environment with the continuing degradation of certain types 

of DOE SNF are potential impacts that cannot be completely analyzed. 

This chapter is organized into eight sections. The disciplines (topiCal areas) studied that result 

in potential impacts, are of general public interest, or may help to discriminate among sites for 

alternatives are discussed in Section 5 . 1 .  In general, the consequences presented in Section 5 . 1  relate 

to socioeconomic impacts, electricity use, waste generation, and radiological and transportation 

impacts. The disciplines that were studied that showed small impacts or clearly did not discriminate 1 
among sites or alternatives are discussed in Section 5.2. Sections 5.3 through 5.8 address cumulative . 1  
impacts, unavoidable adverse environmental effects, the relationship between short-term use and 

long-term productivity, irreversible and irretrievable commitments of resources, potential mitigation 

measures, and environmental justice, respectively. 

The period covered in this EIS is the 40 years from 1995 to 2035. Detailed impact analyses 

are performed for the time period from 1995 to 2005. Normal operation impacts at the Idaho 

National Engineering Laboratory are then projected for the remaining 30 years covered by this EIS. 

The level of site-specific detail presented in Sections 5 . 1  and 5.2 is commensurate with the size of the 

SNF inventory and the number and types of sites where SNF would be stored. Therefore, the 

analyses of the major DOE and naval sites are more detailed than the analyses for the other 

generator/storage locations that would have limited inventories under the No Action and 

Decentralization alternatives. There are five major DOE sites that are or may be responsible for 

managing the great majority of SNF: Hanford Site, Idaho National Engineering Laboratory, 

Savannah River S ite, Oak Ridge Reservation, and Nevada Test Site. The DOE did not consider the 

Nevada Test S ite to be a preferred site for the management of SNF because of the State of Nevada's 

current role as the host site for the Yucca Mountain Site Characterization Project and the Nevada Test 

Site's lack of SNF management facilities and high-level waste infrastructure. Minor sites are the 

university and government reactor sites and the three facilities that store small quantities of SNF for 
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which DOE has responsibility: West Valley Demonstration Project, Babcock & Wilcox Research 

Center, Lynchburg, and Fort St. Vrain. 

For more detailed information on analyses of environmental impacts, and for a discussion of 

the analyses supporting the consequences reported here, refer to the appropriate site-specific 

appendix. These site-specific appendices, under separate cover, are organized as follows: 

Appendix 

A 

B 

C 

D 

E 

F 

Focus of Appendix 

Hanford Site 

Idaho National Engineering Laboratory 

Savannah River Site 

Naval Nuclear Propulsion Program 

Other Generator/Storage Locations 

Nevada Test Site and Oak Ridge 
Reservation 

Appendix K presents site-specific data compiled from Appendices A through F that were used 

in developing the discussion of environmental consequences. The summary tables in Appendix K 
allow comparison of quantitative impacts (for example, increases or decreases in direct employment 

resulting from implementation of an alternative) among sites. 

Appendix L presents an evaluation of environmental justice considerations at each of the 

alternative sites considered in this EIS. Environmental consideration and exposure pathways were 

evaluated within a SO-kilometer (50-mile) radius surrounding each of JO potential sites of proposed 

activities. This SO-kilometer (50-mile) radius is in keeping with analysis conducted under the 

National Environmental Policy Act regarding proposed DOE activities to identify environmental 

impacts from proposed activities. This SO-kilometer (50-mile) radius represents the limit in which 

any impacts are considered to be of any potential significance. Minority and low-income 

communities surrounding each alternative site were identified through the use of a Geographical 

Information System, based on 1 990 U.S. Census data. Demographic maps are provided for each site 

under consideration in Appendix L. 

5.1 Environmental Consequences of Key Discriminator Disciplines 

This section presents the environmental consequences of the alternatives, focusing on the key 

discriminator disciplines-those that may differentiate among sites, have the potential for a more 

significant impact, or are of general public interest. This section is organized in two parts: a 
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background discussion providing perspective for each discipline and a presentation of consequences 

by alternative, discipline, and site. 

5.1 .1  Background 

The following discussion provides background and perspective for the environmental 

consequences presented in Section 5.1 .  

5. 1.1.1 Socioeconomics. Socioeconomic impacts are defined in  terms of direct and 

secondary effects. Direct effects include changes in site employment and expenditures resulting from 

SNF-related construction and operation. Secondary effects include changes that result from regional 

purchases, nonpayroll expenditures, and payroll spending by site employees. For the major DOE 

sites, existing projections (regardless of SNF management decisions) indicate that jobs will be lost 

during the next few years for all sites. Potential SNF management impacts onsite and regional 

employment were considered in light of this trend. 

For the sites considered, only minor increases in site employment over the declining job 

baseline would result from SNF management; therefore, secondary effects were considered as a 

lessening of the rate of job loss, without substantial impacts on associated regions. At the Idaho 

National Engineering Laboratory, the potential for appreciable job losses exists under certain 

alternatives. These reductions would contribute to an overall regional decline. The reductions are 

not anticipated to be significant, however, because they would occur over several years. For the 

naval sites, the number of staff required to manage SNF management facilities would be 

approximately less than I percent of site employment and less than 1125 of I percent of regional 

employment, so secondary impacts were also considered small in this analysis. For other 

generator/storage locations, job creation was expected to be minimal even under the No Action 

alternative where long-term management of SNF would be required should operating reactors be 

required to shut down. The number of staff involved for long-term SNF management would be small 

in relation to existing staffing levels at these reactors . 

With employment as an indicator, small changes in population are anticipated, creating 

minimal changes in demand on regional supporting infrastructures. The number of direct jobs that 

would be created under each alternative as a result of SNF management activities was estimated for 

each site. The employment graphs shown on Figures 5-1 through 5-9 (presented and discussed fully 

with the alternatives) represent the l O-year average of the incremental change in direct employment 

resulting from SNF management. Secondary effects, such as the need for additional housing and 

improved community services are discussed if an impact is indicated. Details on the socioeconomic 

impact analysis, as well as the baseline projections from which comparisons were made, are provided 

in Appendices A through F. Employment increases and decreases that are presented in the text are 

l O-year averages rather than the actual maximum increase or decrease in any single year as presented 

in Appendix A through F. Please see the specific site appendix for actual annual employment values. 
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5.1.1.2 UtIlitIes (Electricity). New facilities (or the restarting of idle facilities) would 

result in increased demands on water, power, and sewage. Water and sewage requirements are 

considered minimal and are discussed in Section 5.2.9. However, power consumption under some of 

the alternatives would exceed existing capacity at certain sites and this is discussed in more detail in 

this section. Electricity requirements by site and by alternative vary significantly depending on 

whether a site is processing or storing SNF. For example, at the Hanford Site, the annual increase in 

power use from SNF management activities could vary from 0 megawatt-hours per year under the No 

Action alternative when storing only, to a maximum of about 130,000 megawatt-hours per year under 

the Centralization alternative when processing (Appendix K, Volume I). In addition, the operation of 

an expended core facility consumes approximately 10,000 megawatt-hours per year of electricity. 

Therefore, the power requirements would be highest under alternatives where both processing and 

operating an expended core facility occur simultaneously. The graphs of electricity use in Figures 

5-1 through 5-9 show the maximum and minimum incremental change in power consumption that 

would result from implementing the alternative. Current capacities and baseline usage of utilities and 

energy from which comparisons are made are discussed in Appendices A through F of Volume I .  

5.1.1.3 Materials and Waste Management There are few impacts on materials and 

waste management activities except when SNF is processed. Stabilization of SNF, depending on the 

technology, may yield high-level, transuranic, low-level, mixed, and hazardous wastes. The wastes 

must usually be further treated to make them safe for transport, storage, or disposal . The capacity of 

sites for additional storing of high-level and transuranic wastes is generally limited. Low-level wastes 

are normally disposed of onsite at the major DOE facilities. Hazardous wastes are normally treated 

in some way and then disposed of in approved disposal facilities onsite or offsite. A few categories 

of mixed waste are being treated, but most are in storage awaiting development of treatment 

capabilities. The graphs of waste generation in Figures 5-1 through 5-9 illustrate the estimated 

annual average of low-level waste and high-level, transuranic, and mixed waste that each alternative 

would generate between 1995 and 2005. Site-specific details on materials and waste management and 

the current status of waste management activities at the sites are discussed in Appendices A 

through F. 

5. 1.1.4 Occupational and Public Health and Safety. 

RadIation Effects-Radiation exposure and its consequences are topics of interest to 

the general public near nuclear facilities. Therefore, this EIS places more emphasis on the 

consequences of exposure to radiation than on other topics, even though the effects of radiation 

exposure under most of the circumstances evaluated in this EIS are small. This subsection explains 

basic concepts used in the evaluation of radiation effects to provide the background for later 

discussions of impacts. 

The effects on people of radiation that is emitted during disintegration (decay) of a radioactive 

substance depends on the kind of radiation (alpha and beta particles, and gamma and x-rays) and the 
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total amount of radiation energy absorbed by the body. The total energy absorbed per unit quantity 

of tissue is referred to as absorbed dose. The absorbed dose, when multiplied by certain quality 

factors and factors that take into account different sensitivities of various tissues, is referred to as 

effective dose equivalent, or where the context is clear, simply dose. The common unit of effective 

dose equivalent is the rem (I rem equals 1,000 millirem). 

An individual may be exposed to ionizing radiation externally, from a radioactive source 

outside the body, and/or internally, from ingesting or inhaling radioactive material. The external 

dose is different from the internal dose. An external dose is delivered only during the actual time of 

exposure to the external radiation source. An internal dose, however, continues to be delivered as 

long as the radioactive material remains in the body, although both radioactive decay and elimination 

of the radionuclide by ordinary metabolic processes decrease the dose rate with the passage of time. 

The dose from internal exposure is calculated over 50 years following the initial exposure. 

The maximum annual allowable radiation dose to an individual of the public from 

DOEoQperatai nuclear facilities is 0.1 rem (100 millirem) per year (DOE Order 5400.5) 

(DOE 1993b). All DOE and naval facilities covered by this EIS operate well below this limit (see 

Chapter 4). It is estimated that the average individual in the United States receives a dose of about 

0.3 rem (300 millirem) per year from natural sources of radiation. For perspective, a modern chest 

x-ray results in an approximate dose of 0.008 rem (8 millirem), while a diagnostic hip x-ray results 

in an approximate dose of 0.083 rem (83 millirem). A person must receive an acute (short-term) 

dose of approximately 600 rem (600,000 millirem) before there is a high probability of near-term 

death (NAS/NRC 1990). 

Radiation can also cause a variety of ill-health effects in people. The most significant 

ill-health effect to depict the consequences of environmental and occupational radiation exposures is 

the induction of latent cancer fatalities. This effect is referred to as latent cancer fatalities because the 

cancer may take many years to develop and for death to occur. 

The collective (or population) dose to an exposed population is calculated by summing the 

estimated doses received by each member of the exposed population. This total dose received by the 

exposed population is measured in person-rem. For example, if 1 ,000 people each received a dose of 

0.001 rem (I millirem), the collective dose is 1,000 persons x 0.001 rem (1 millirem) = 

1 person-rem. Alternatively, the same collective dose (1 person-rem) results from 500 people each of 

whom received a dose of 0.002 rem (2 millirem) (500 persons x 0.002 rem = 1 person-rem). 

The factor that this EIS uses to relate a dose to its effect is 0.0004 latent cancer fatalities per 

person-rem for workers and 0.0005 latent cancer fatalities per person-rem for individuals among the 

general population. The latter factor is slightly higher because of the presence of individuals in the 

general public that may be more sensitive to radiation than workers (for example, infants). 

5-5 VOLUME I 



These concepts may be applied to estimate the effects of exposing a population to radiation. 

For example, in a population of 100,000 people exposed only to background radiation [0.3 rem 

(300 millirem) per yearJ, IS latent cancer fatalities per year would be inferred to be caused by the 

radiation [ 100,000 persons x 0.3 rem (300 millirem) per year x 0.0005 latent cancer fatalities per 

person-rem = 15 latent cancer fatalities per yearJ. 

Sometimes, calculations of the number of latent cancer fatalities associated with radiation 

exposure do not yield whole numbers, and, especially in environmental applications, may yield 

numbers less than 1 .0. For example, if a population of 100,000 were exposed as above, but to a 

total dose per individual of only 0.001 rem (I millirem), the collective dose would be 100 

person-rem, and the corresponding estimated number of latent cancer fatalities would be 0.05 

[100,000 persons x 0.001 rem (1 millirem) x 0.0005 latent cancer fatalities/person-rem = 0.05 

latent fatal cancers J .  

How should one interpret a noninteger number of latent cancer fatalities, such as 0.05? The 

answer is to interpret the result as a statistical estimate. That is, 0.05 is the average number of 

deaths that would be expected if the same exposure situation were applied to many different groups of 

100,000 people. In most groups, nobody (0 people) would incur a latent cancer fatality from the 

0.001 rem (I millirem) dose each member would have received. In a small fraction of the groups, 

1 latent fatal cancer would result; in exceptionally few groups, 2 or more latent fatal cancers would 

occur. The average number of deaths over all the groups would be 0.05 latent fatal cancers Gust as 

the average of 0, 0, 0, and I is 'A , or 0.25). The most likely outcome is 0 latent cancer fatalities. 

These same concepts apply to estimating the effects of radiation exposure on a single 

individual. Consider the effects, for example, of exposure to background radiation over a lifetime. 

The "number of latent cancer fatalities" corresponding to a single individual's exposure over a 

(presumed) 72-year lifetime to 0.3 rem (300 millirem) per year is the following: 

I person X 0.3 rem (300 millirem)/year x 72 years x 0.0005 latent cancer 

fatalities/person-rem = 0.0 1 1  latent cancer fatalities. 

Again, this should be interpreted in a statistical sense; that is, the estimated effect of background 

radiation exposure on the exposed individual would produce a 1 .  I-percent chance that the individual 

might incur a latent fatal cancer caused by the exposure. Said another way, about 1 . 1  percent of the 

population is estimated to die of cancers induced by the radiation background. 

The dose-to-risk conversion factors presented above and used in this EIS to relate radiation 

exposures to latent cancer fatalities are based on the " 1990 Recommendations of the International 

Commission on Radiation Protection" (ICRP 1991). These conversion factors are consistent with 

those used by the U.S. Nuclear Regulatory Commission in its rulemaking "Standards for Protection 

Against Radiation" (FR 1991). In developing these conversion factors, the International Commission 
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on Radiological Protection reviewed many studies, including Health Effects of Exposure to Low Levels 

of Ionizing Radiation (BEIR V) and Sources, Effects and Risks of Ionizing Radiation. These 

conversion factors represent the best-available estimates for relating a dose to its effect; most other 

conversion factors fall within the range of uncertainty associated with the conversion factors that are 

discussed in NAS/NRC (1990). The conversion factors apply where the dose to an individual is less 

than 20 rem (20,000 miIlirem) and the dose rate is less than 1 0  rem (10,000 millirem) per hour. At 

doses greater than 20 rem (20,000 miIIirem), the conversion factors used to relate radiation doses to 
latent cancer fatalities are doubled. At much higher doses, prompt effects, rather than latent cancer 

fatalities, may be the primary concern. Unusual accident situations that may result in high radiation 

doses to individuals are considered special cases. 

In addition to latent cancer fatalities, other health effects could result from environmental and 

occupational exposures to radiation. These effects include nonfatal cancers among the exposed 

population and genetic effects in subsequent generations. Table 5-1 shows the dose-to-effect factors 

for these potential effects, as well as for latent cancer fatalities. For clarity and to allow ready 

comparison with health impacts from other sources, such as those from chemical carcinogens, this 

EIS presents estimated effects of radiation only in tenns of latent cancer fatalities. The nonfatal 

cancers and genetic effects are less probable consequences of radiation exposure. Estimates of the 

total detriment (fatal cancers, nonfatal cancers, and genetic effects) due to radiation exposure may be 

obtained from the estimates of latent cancer fatalities presented in this EIS by multiplying by 1 .4 for 

workers and by 1 .46 for the general public. 

Table 5-1. Risk of latent cancer fatalities and other health effects from exposure to radiation.a•b 

Population" 

Workers 

General public 

Latent cancer 
fatality 

0.0004 

0.0005 

Nonfatal cancer 

0.00008 

0.000 I 

Genetic effects 

0.00008 

0.0001 3  

Total detriment 

0.00056 

0.00073 

a. When applied to an individual, units are lifetime probability of latent cancer fatalities per rem 
(or 1 ,000 miIIirem) of radiation dose. When applied to a population of individuals, units are 
excess number of cancers per person-rem of radiation dose. Genetic effects as used here apply to 
populations, not individuals. 

b. Source: ICRP (1991). 

c. The difference between the worker risk and the general public risk is attributable to the fact that 
the general population includes more individuals in sensitive age groups (that is, less than 18  years 
of age and over 65 years of age). 
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During SNF handling and transportation, the principal radiation hazard is the direct radiation 

emitting from the SNF. In comparison, the hazard from release of radioactive fission products (gases 

and particulates) from within the solid SNF is small. Without adequate shielding, the radiation levels 

at the surface of the SNF are often high enough to induce a prompt fatality. Fortunately, this 

radiation is easily attenuated or stopped with the insertion of shielding materials such as lead, steel, 

or water between the SNF and the worker. Because radiation intensity decreases with distance, 

maintaining a distance of a few hundred meters also offers adequate protection from the radiation 

from unshielded SNF. For example, 10 CFR 71  requires sufficient shielding on shipping casks to 

reduce radiation levels at 2 meters (7 feet) from the cask to 0.01 rem (10 millirem) per hour or less. 

At 100 meters (328 feet), the distance effect would reduce this 0.01 rem (10 millirem) per hour by a 

factor of about 2,500, which would not be detectable. 

During SNF interim storage, trace quantities of radioactive isotopes (principally gases and 

particulate fission products) may also be released to the environment from severely corroded SNF. 

These releases would result in small doses to the workers in the immediate vicinity of the SNF and, 

through atmospheric dispersion and groundwater pathways, would ultimately result in very small 

doses to members of the nearby general population. 

Accidents involving SNF can also result in radiation releases and exposures. For most 

accidents, a very small fraction of the radioactive material within the SNF is released. This is 

because the SNF is in a solid form and the radioactive elements are intermingled within the solid 

SNF. Significant quantities of these radioactive elements can be released only when the accident 

generates enough energy to break up or cause particles of SNF to be released to the atmosphere. For 

most accidents, the energy is not high enough to cause much damage to the SNF and a small fraction 

of the radioactive material is released. 

One type of accident, an accidental nuclear criticality (uncontrolled chain reaction), can 

release large quantities of direct radiation, as well as fission products and heat. Within a few tens of 

meters of the incidents, doses from direct radiation can be fatal. Further away, doses are principally 

from the released fission product gases and particulates. This type of accident is well understood and 

is easily prevented when handling solid materials such as SNF. 

Risk-Another concept important to the presentation of results in this EIS is the 

concept of risk. Risk is most important when presenting accident analysis results. The chance that 

an accident might occur during the conduct of an operation is called the probability of occurrence. 

An event that is certain to occur has a probability of I (as in 100 percent certainty). The probability 

of occurrence of an accident is less than one because accidents, by definition, are not certain to 

occur. If an accident is expected to happen once every 5 years, the frequency (and probability) of 

occurrence is 0.2 per year ( 1  occurrence + 5 years = 0.2 occurrences per year). 
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Once the frequency (occurrences per year) and the consequences (for radiation effects, 

measured in terms of the number of latent cancer fatalities caused by the radiation exposure) of an 

accident are known, the risk can be determined. The risk per year is the product of the annual 

frequency of occurrence times the number of latent cancer fatalities. This annual risk expresses the 

expected number of latent cancer fatalities per year, taking account of both the annual chance that an 

accident might occur and the estimated consequences if it does occur. 

For example, if the frequency of an accident were 0.2 occurrences per year and the number 

of latent cancer fatalities resulting from the accident were 0.05, the risk would be 0.01 latent cancer 

fatalities per year (0.2 occurrences per year x 0.05 latent cancer fatalities per occurrence = 

0.01 latent cancer fatalities per year). Another way to express this risk (0.0 1  latent cancer fatalities 

per year) is to note that if the operation subject to the accident continued for 100 years, one latent 

cancer fatality would be likely to occur because of accidents during that period. This is equivalent to 

I chance in 100 that a single latent cancer fatality would be caused by the accident source for each 

year of operation. 

A frame of reference for the risks from accidents associated with SNF management 

alternatives can be developed in the same way. For an average resident in the vicinity of the Idaho 

National Engineering Laboratory, the risk of a latent cancer fatality caused by the water draining 

from the Expended Core Facility after a large earthquake would be approximately 1 .7 x 10-7 per 

year (see Chapter 5 of Appendix D). This risk can be compared with the lifetime risks of death from 

other accidental causes to gain a perspective. For example, the risk of dying from a motor vehicle 

accident is about I in 80. Similarly, the risk of death for the average American from fires is I 

approximately I in 500, and for death from accidental poisoning, the risk is about I in 1 ,000 (NNPP . I 
1993). These comparisons are not meant to imply that risks of a latent cancer fatality caused by 

DOE operations are trivial, only to show how they compare with other, more common risks. 

Radiological risks to the general public from DOE operations are considered to be involuntary risks, 

as opposed to voluntary risks such as operating a motor vehicle. 

Radiological Accidents-Activities associated with transporting, receiving, 

handling, processing, and storing SNF involve substantial quantities of radioactive materials and 

limited quantities of toxic chemicals. Either routine SNF operations or accidents involving either 

radioactive materials or toxic chemicals can result in exposure to workers or members of the public, 

or contamination of the surrounding environment. 

A number of existing accident analyses were evaluated to find a small group with relatively 

severe consequences or risks. These accidents included events such as small fires; severe accidents 

that a facility is designed to withstand; and beyond-design-basis events, which a facility is not 

designed to withstand. These accidents included those initiated by internal events, such as operational 

errors; those initiated by natural external phenomena, such as floods, tornados, and earthquakes; and 

those initiated by human-influenced external events, such as aircraft crashes and nearby explosions or 
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toxic material releases. The accidents evaluated included those with an estimated probability ranging 

from 1 chance in 1 ,000,000 to 1 chance in 10,000,000 per year. 

Appendices A through F summarize the possible accidents involving SNF operations at each 

of the sites and evaluate the potential consequences of the accidents that present the highest risk, in 

terms of estimated frequency of occurrence multiplied by consequences, to the workers and the 

general public. As might be expected, the highest consequences, though frequently not the highest 

risk, were often found to be associated with the accidents with the lowest probabilities. 

The accidents selected, the amount of radioactive and toxic materials released under the 

accident conditions, and the estimated probabilities were based on existing safety analyses for the 

SNF-related operations at each site, or for comparable operations at other sites. The accident 

evaluations also considered the 40 to 50 years of operational experience with SNF at the sites. 

Accident consequences were analyzed utilizing radioactive and toxic material release estimates 

for each accident. The downwind concentrations of materials released in accidents were then 

calculated for a range of potential receptor locations and potential doses to individuals or people at 

those locations evaluated. Doses were evaluated for (a) an individual 100 meters (328 feet) 

downwind of the facility location where the release occurs, (b) a hypothetical resident at the site 

boundary nearest to the facility where the release occurs (called the maximally exposed offsite 

individual), and (c) the general population within 80 kilometers (50 miles) of the release location. 

The potential impacts to workers in the immediate vicinity of the accident were analyzed 

qualitatively. 

Dispersion in air from the release site was estimated with both typical (50th percentile) and 

unlikely (95th percentile) meteorological conditions. The unlikely weather conditions represent those 

that would result in high air concentrations of the material released, elevating the exposure of affected 

individuals.  Concentrations and human exposures are lower than these values 95 percent of the time. 

Dispersion was calculated using the GENII computer code (Napier et aI .  1988) for all sites except 

Savannah River Site, for which the site-specific AXAIR89Q code was used (including 95 percent 

meteorologic conditions). Although the modeling for the Savannah River Site was performed using a 

different code, that code has been validated and shown to be consistent with the GENII code and 

conservative in its model results. The dispersion of nonradioactive materials was modeled using 

EPlcode (Homann 1988). 

Nonradi% gica/ Accidents-Accidents with nonradiological effects include 

industrial hazards from construction and normal operation. Accidents that may affect occupational or 

public health were evaluated for each of the alternatives at each of the potentially affected sites and 

facility locations. The maximum reasonably foreseeable accidents include chemical spills, fires, and 

worker accidents. The accidents estimated to exceed the most widely accepted accident exposure 

(toxicological) guidelines, such as the Emergency Response Planning Guideline-3 and the Threshold 
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Limit Value of the American Conference of Governmental Industrial Hygienists, are summarized in 

Section 5. 1 ,  Volume 1 .  Exceeding these concentrations would result in an unacceptable likelihood 

that the worker or public would experience or develop life-threatening or very serious toxicological 

effects. The analysis methodologies and the accident descriptions are discussed in Appendices A 

through F. 

Industrial accidents that do not involve the release of chemicals could occur at each of the 

existing or proposed storage and generation locations during the transition/construction phase at 

approximately current rates. Construction accidents would primarily occur during the construction 

period (estimated to be approximately 8 years under the Centralization alternative). Construction 

fatalities are estimated to be approximately one per year at the centralized site for the Centralization 

alternative only. After the SNF is transported to the centralized facility, normal operations would not 

be expected to be fatal accident-free, but fatal accident frequency is estimated to be less than one 

accident per year. The sites that are not selected for the centralized facilities would be expected to 

have less than one fatal accident per year throughout the SNF interim management period. 

5.1.1.5 Transportation. In this EIS, one of the ways that may be used to discriminate 

between alternatives is through the transportation impacts associated with each alternative. Some 

alternatives, such as the No Action alternative, would involve limited transportation of SNF and have 

few transportation impacts; while other alternatives, such as the Centralization options, would involve 

extensive transportation of SNF and have greater transportation impacts . 

SNF is transported in large, heavy containers called shipping casks. Shipping casks must 

meet stringent Federal standards and are designed and constructed to contain the radioactivity in SNF 

during severe transportation accidents. There are also standards that describe the routing 

requirements for SNF shipments. Because of the stringent standards for SNF shipping casks, the 

U.S.  Nuclear Regulatory Commission has estimated that shipping casks will withstand 99.4 percent of 

truck and rail accidents without sustaining damage sufficient to breach the shipping cask. Only in the 

worst physically conceivable conditions, which are clearly of low probability, can the shipping cask 

be so damaged that there is a significant release of radioactivity to the environment. 

Transportation impacts may be divided into two parts: (I) the impacts due to incident-free 

transportation and (2) the impacts due to transportation accidents. For incident-free transportation 

and transportation accidents, impacts may be further divided into two parts: (1) nonradiological 

impacts and (2) radiological impacts. The nonradiological impacts are composed of the vehicular 

impacts of transportation, such as vehicular emissions and traffic accidents, and are not related to the 

radioactivity present in the shipments. 

In contrast to the nonradiological impacts, the radiological impacts are due to the radioactivity 

present in SNF shipments. In the case of incident-free transportation, the radiological impacts result 

from the radiation field that surrounds the SNF shipping cask. These impacts are estimated for 
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workers and the general population along the transportation route. In the case of transportation 

accidents, the radiological impacts would result from the radioactivity released from the SNF shipping 

cask during an accident. These impacts are also estimated for the general population along the 

transportation route. 

This EIS evaluated a full range of transportation accidents, up to and including accidents with 

very low probability, estimated to be on the order of one in I million years. In addition, the 

consequences of severe transportation accidents were evaluated. The probability of these severe 

accidents was estimated to be on the order of one in 10 million years. 

For both incident-free transportation and transportation accidents, methodology developed by 

the U.S. Nuclear Regulatory Commission was used to estimate impacts. These impacts were 

quantified in terms of the estimated number of radiation-related cancer fatalities and the estimated 

number of nonradiological fatalities from vehicular emissions and traffic accidents associated with 

each alternative. Appendices A, B, C, D, F, and I contain more details on the methodology, data, 

and assumptions used to develop these estimates. 

5. 1.1.6 UncertaIntIes and Conservatism. The calculations in this EIS have generally 

been performed in such a way that the estimates of risk provided are unlikely to be exceeded during 

either normal operations or in the event of an accident. For routine operations, the results of 

monitoring actual operations provide realistic estimates of source terms, which when combined with 

conservative estimates of the effects of radiation, produce estimates of risk that are very unlikely to 
be exceeded. The effects for all alternatives have been calculated using the same source terms and 

other factors, so this EIS provides an appropriate means of comparing potential impacts on human 

health and the environment. 

The analyses of hypothetical accidents are based on the calculations that in turn must be based 

on sequences of events and models of effects that have not occurred. The models have attempted to 
provide estimates of the probabilities, source terms, pathways for dispersion and exposure, and the 

effects on human health and the environment that are as realistic as possible. In many cases, the 

probability of the accidents postulated is very low and little experience is available; thus, the 

consequences are uncenain. This has required the use of models or values for input that produce 

estimates of consequences and risks that are higher than would actually occur because of the desire to 

provide results that will not be exceeded. 

All the alternatives have been evaluated using the same methods and data, allowing a fair 

comparison of all the alternatives on the same basis. It should be observed that, even using these 

conservative analytical methods, the risks associated with implementing any of the alternatives are 

small. 
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5.1.2 No Action Alternative 

Under the No Action alternative, minimal actions would be taken for safe and secure 

management of SNF. SNF would not be transported to or from DOE facilities after a transition 

period, and facility upgrades or replacements and onsite fuel movements at DOE sites would be 

limited. Existing research and development activities at DOE sites would continue, but no new 

projects would be initiated. Naval SNF would be stored at naval sites at or near the point of 

refueling or defueling without examination at the Idaho National Engineering Laboratory. SNF from 

smaller DOE sites and university and other Government reactors would be stored at those reactors, 

and the special-case commercial fuels would remain at their current location. No foreign research 

reactor fuels would be accepted. 

If this alternative were implemented, the Expended Core Facility at the Idaho National 

Engineering Laboratory would be shut down, the naval sites would store SNF in transport casks at 

naval sites, and the smaller DOE and university and other Government reactor sites would store the 

SNF they generate onsite. After a period of time, some smaller reactors would shut down to avoid 

the expense of building storage facilities, and the spent fuel would be stored in the reactor vessel. 

In reviewing the impacts of the No Action alternative, it should be recognized that the 

consequences summarized in Figure 5-1 only approximately represent the consequences of this 

alternative. These consequences fall within four categories that may apply to one or more sites: 

increasing the potential for higher radiation exposures because of degrading fuels, increasing the 

potential for higher radiation exposures because of the location of SNF in or near major population 

centers, causing a potential loss of employment because research reactors would be shut down, and 

postponing the generation of wastes associated with research and converting SNF to a form acceptable 

for disposition. These issues are discussed in the folJowing paragraphs. 

Because there would be minimal actions taken to stabilize fuel under the No Action 

alternative, the frequency of an SNF-related radiation accident could increase as the stored fuels 

deteriorate with time. The lack of structural integrity of the fuel in some instances could result in an 

increase in handling-related accidents. In addition, releases from stored fuels could increase, 

increasing population doses, as the number of cladding failures increase. While the DOE is 

committed under the No Action alternative to ensure safe and secure management of SNF, future 

deterioration of fuels and facilities may increase accident risks over current risk estimates . 

Under this alternative, DOE-managed SNF would be stored in over 50 locations around the 

country, many of which are in areas of relatively high population density. While the risk of exposure 

would be small for this alternative as with other alternatives, and the worst consequence accident is 

expected to be associated with one of the major DOE sites, the potential consequence of accidents 

could be greater because of the proximity of a larger population at many of the potential storage sites. 
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Figure 5-1. Summary of impacts for the No Action alternative. (The maximum incremental change 
from baseline is illustrated in graphs. Input data are summarized in Appendix K.) 
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The employment associated with SNF management at other generator/storage locations would 

be higher under this alternative than others because economies of scale would not be achievable with 

storage facilities being distributed among more than 50 sites. At the same time, however, non

SNF-related employment would decrease because of SNF management-related concerns. Several 

hundred reactor operations and research jobs could be lost if research reactors were forced to close 

because of the inability to store SNF onsite. This job loss is not represented in the SNF management 

employment consequences presented in Section 5. 1 .2. 1 .  

Under the No Action alternative, no new research would be initiated on appropriate 

technologies for converting fuels to an acceptable form for ultimate disposition and no new facilities 

would be built over the next 40 years for that purpose. Because this research was not initiated, 

potential adverse environmental impacts associated with research activities were not assessed under 

the No Action alternative. The lack of adverse environmental impacts makes the No Action 

alternative appear to be more environmentally acceptable than the other alternatives, when in fact the 

adverse impacts cannot be assessed until the research projects are planned. 

The sites that would be affected by the No Action alternative are the Hanford Site, Idaho 

National Engineering Laboratory, Savannah River Site, naval sites, and other generator/storage 

locations. The environmental consequences at these sites are described below. 

5.1.2.1 Socioeconomics. As shown in Figure 5-1 ,  the graph of the maximum incremental 

change in employment from SNF management activities for the major DOE sites, except the Idaho 

National Engineering Laboratory, indicates there would be little socioeconomic impact associated with 

the No Action alternative between 1995 and 2005. Implementation of the No Action alternative 

would result in the shutdown of the Expended Core Facility at the Idaho National Engineering 

Laboratory, resulting in the loss of approximately 500 permanent jobs from a region with a relatively 

low population and few jobs. Closure of the Expended Core Facility would initially result in an 

increase in direct employment at the facility by 50 jobs over 3 years to handle the transport of 

containers, but then the 500-person work force would decrease to a caretaker work force of 10 (see 

Appendix D, Volume I). This results in the loss of an average of approximately 240 jobs over the 

IO-year period or 3 percent of the Idaho National Engineering Laboratory's work force, as shown in 

Figure 5-1 .  At the Hanford and Savannah River Sites, there would either be no change or less than a 

I percent increase in direct employment, respectively, from implementing the No Action alternative. 

The peak employment would be 50 additional workers at the Savannah River Site, approximately 

0.3 percent of the 1995 baseline. 

Naval sites would require very few additional workers to secure the naval SNF in storage and 

monitor its condition. The incremental labor required for SNF management at the naval sites would 

be drawn from the existing work force and would be insignificant with respect to current employment 

levels at those sites. At the university and other Government reactors, there would be a need for 

security and maintenance personnel for reactors that would shut down. While this would not be an 
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increase in employment at those sites because the staff required to run the reactors would no longer 

be required, it would be an increase in the staff that would be involved directly in SNF management. 

Across all sites, there would be a decrease in employment of less than 0. 1 percent of the total 

workforce. Therefore, implementation of the No Action alternative would have no socioeconomic 

effect on a nationwide scale. 

5.1.2.2 UtIlities (Electricity). Figure 5-1 illustrates the maximum incremental power use 

with the No Action alternative in terms of percentage increase or decrease over baseline site use. For 

each of the sites, this change is very small and easily accommodated. Ongoing SNF operations are 

included in the baseline electric power usage, and the proposed actions under the No Action 

alternative are not power-intensive. At the Idaho National Engineering Laboratory, the shutdown of 

the Expended Core Facility would result in about a 5 percent reduction in electric power consumption 

below existing site usage. At naval and other generator/storage locations, there would be no 

discernable increase in power consumption over baseline use. 

5. 1.2.3 Materials and Waste Msnsgement Figure 5-1 illustrates the annual average 

volume of high-level, transuranic, and mixed wastes and low-level waste that would be generated 

from SNF management over the next 10 years under the No Action alternative. Day-to-day SNF 

management and storage activities would annually generate approximately 20 cubic meters per year 

(26 cubic yards per year) of transuranic wastes and approximately 400 cubic meters per year 

(520 cubic yards per year) of low-level waste at the Savannah River Site. These volumes would be 

generated by activities required to safely store SNF, including the onsite consolidation of existing 

fuels and refurbishment of existing SNF storage pools. No high-level waste would be generated at 

any of the sites under the No Action alternative, and very small levels of all wastes would be 

generated by the Hanford Site and the Idaho National Engineering Laboratory. 

At the naval sites, implementation of the No Action alternative would result in the production 

of limited amounts of solid municipal wastes and low-level radioactive waste. Wastes produced from 

the storage of naval SNF would be controlled and managed in accordance with existing site 

management programs. These small amounts of waste are shown as zero in Figure 5-\.  

5.1.2.4 Rsdlologlcsl lmpscts. For the No Action alternative, the radiological impacts 

from normal operations and accident risks are expected to be small at each of the major DOE and 

naval sites that handle and store SNF. Radiological impacts from normal operations and accidents are 

discussed by site below. 

Rsdlologlcsl lmpscts From Normsl Operations-The airborne releases from the 

SNF interim storage pools at the Hanford Site, Idaho National Engineering Lahoratory, and Savannah 

River Site were estimated to result in low-level exposures to the population in the vicinity of the site 

with no additional latent cancers within that population expected. For naval sites, there would be no 

airborne releases; direct radiation is the only mechanism of exposure associated with the dry SNF 
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interim storage technologies that would be used under this alternative. The estimated annual latent 

cancer fatalities for the general population are illustrated in Figure 5-1 .  

Radiological Impacts From Accident&-

Hanford Site. Under the No Action alternative, a wide range of accident scenarios 

was considered, including accidents initiated by operational events, external hazards such as aircraft 

crashes, and natural phenomena such as earthquakes. The highest risk SNF-related accidents 

identified in Section 5.15 of Appendix A are a liquid metal (sodium) fire in the Fast Flux Test 

Facility fuel storage area (highest to general population) and a spent fuel cask drop at the 105-K 

Basin (highest to workers). Major seismically induced accidents were also identified in buildings 

containing SNF (324 Building and 325 Building). Releases from these buildings were associated with 

materials other than SNF and therefore are not discussed here. Aircraft-crash initiated accidents were 

not considered to be reasonably foreseeable because of their very low frequency. 

For both of the SNF-related accidents identified, the probabilities of occurrence are estimated 

to be less than one chance in 10,000 per year of operation. The estimated population doses, using 

very conservative meteorology and assuming no protective action, for the Fast Flux Test Facility 

sodium fire accident corresponds to an estimated 37 latent cancer fatalities in the general population 

within 80 kilometers (50 miles). The estimated risk per year, taking into account the probability of 

occurrence of this accident, is less than 3 .7 X 10-3 potential latent cancer fatalities in the general 

population. 

The potential dose to the maximally exposed offsite individual corresponds to an estimated 

probability of a latent cancer fatality of 2.5 x 104 for the Fast Flux Test Facility sodium fire. 

Emergency actions would likely reduce the actual exposures to any offsite individuals. 

An onsite worker at the maximum exposure location downwind of the spent fuel cask drop is 

estimated to receive doses that correspond to an estimated probability of a latent cancer fatality of 

1 .4 x 10-3• The estimated risk for a worker is 1 .4  X 10-7 latent cancer fatalities per year. 

Workers (up to 12) in the immediate vicinity of the cask drop accident could receive doses on 

the order of 70 to 140 rem (70,000 to 140,000 millirem). Acute doses of this magnitude are in the 

lower end of the range of doses that might produce symptoms of acute radiation syndrome in humans. 

For that accident, workers could be near the cask when it drops and receive direct radiation and 

inhale airborne fission products. 

Potential secondary impacts identified for the Fast Flux Test Facility liquid metal fire 

(Table 5 . 1 5-2 of Appendix A) include temporary closure of the Hanford Reach of the Columbia River 

to boat traffic, temporary restriction of water use locally, possible loss of crops, environmental 

contamination in the vicinity of the facility and near offsite environs, potential restriction on land use 
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for agriculture, temporary restriction on fishing access, and cleanup costs. The secondary impacts 

associated with the K Basin cask drop would be somewhat lower but similar in nature. 

Idaho National Engineering Laboratory. Under the No Action alternative, a wide 

range of accident scenarios were also considered, including accidents initiated by operational events, 

external hazards such as aircraft crashes, and natural phenomena such as earthquakes. A number of 

SNF-related accidents are identified in Section 5 . 15  of Appendix B. 

The highest risk to the general population is associated with the melting of a small number of 

assemblies as a result of a major earthquake and hot cell breach at the Hot Fuel Examination Facility. 

The estimated probability of this accident is about I chance in 100,000 per year of operation. 

General population consequences are estimated to be approximately 7 latent cancer fatalities, with an 

estimated risk of a latent cancer fatality of 7 .0 X 10.5 latent cancer fatalities per year. 

The highest risk to workers is an inadvertent nuclear criticality in the Idaho Chemical 

Processing Plant CPP-603 Underwater Fuel Storage Facility, which has an estimated probability of 

I chance in 1 ,000 per year of operation. The estimated probability of a latent cancer fatality in a 

worker approximately 100 meters (about 330 feet) downwind of the accident would be 3.9 x 10.5. 

The estimated risk for a worker is 4.0 X 10.8 latent cancer fatalities per year. 

If workers were in the immediate vicinity, doses under some circumstances could be very 

high but are not likely to be fatal immediately. In the criticality accident, the criticality would occur 

under approximately 6. 1 meters (20 feet) of water. Shielding by the water would be sufficient to 

prevent exposure of nearby workers. Expulsion of a cone of water above the criticality might lead to 
significant exposure to any workers who were directly above the location of the criticality. 

Fuel-handling accidents have the highest estimated frequency of occurrence at 1 .0 x 10-2 per 

year, but because of their lower consequences, fuel-handling accidents do not represent the highest 

risk accidents under the No Action alternative. The frequency of fuel-handling accidents is directly 

related to the amount of fuel handled and the annual number of SNF shipments projected under the 

alternative. 

Potential secondary impacts identified (Table 5. 15-8 of Appendix B) for the criticality 

accident at the Idaho Chemical Processing Plant are limited adverse effects to vegetation or wildlife 

and local contamination requiring cleanup around the accident site. More extensive contamination 

and impacts are expected should a cell breach occur at the Hot Fuels Examination Facility. 

Additional secondary impacts identified include the potential for a I-year restriction in agricultural 

use of up to 10,000 acres on and off the Idaho National Engineering Laboratory site, the potential 

interdiction of affected agricultural products on nearby lands, and the potential for temporary 

restricted access to affected public land (less than 10,000 acres). 
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The Expended Core Facility at the Idaho National Engineering Laboratory would be shut 

down after a transition period of approximately 3 years. Potential accidents during this period are 

presented in Attachment F of Appendix D under the subheading of the Decentralization alternative. 

Savannah River Site. Under the No Action alternative. a wide range of accident 

types and accident initiators were considered for the existing SNF wet storage activities, including 

accidents initiated by operational events, external hazards such as aircraft crashes, and natural 

phenomena such as earthquakes. Five types of SNF-related accidents are identified in Section 5. 15 

and Attachment A of Appendix C. These include (a) a fuel assembly breach because of dropping, 

objects falling onto the assembl y, or accidental cutting into the fuel part of an assembly, (b) an 

inadvertent nuclear criticality in an SNF interim storage pool, (c) a fire and explosion in an adjacent 

facility, and (d) spills of contaminated storage pool water either within the storage facility or to the 

ground outside of the facility. The initiators for these accidents include both operational events and 

natural phenomena such as earthquakes. Aircraft-crash-initiated accidents were not considered to be 

reasonably foreseeable because of their very low frequency. 

The highest risk accident, both to the general population and workers, was identified as the 

fuel assembly breach accident with an estimated frequency of 0. 16 per year. The estimated 

population dose for this accident corresponds to 8.5 x 10-3 latent cancer fatalities in the general 

population within 80 kilometers (50 miles). The estimated risk, taking into account the probability of 

occurrence of this accident, is 1 .4 x 10-3 latent cancer fatalities per year. The estimated dose to the 

maximall y  exposed offsite individual corresponds to an estimated probahility of a latent cancer fatality 

of 1 .6 x 10-7 per year. 

A co-located worker downwind of the accident is estimated to receive a dose that corresponds 

to an estimated probability of 4.8 x 10-6 latent cancer fatalities. The estimated risk for a worker is 

7.7 X 10-7 latent cancer fatalities per year. 

Based on past experience at the Savannah River Site (two fuel cuttinglbreach accidents have 

occurred in the Receiving Basin for Offsite Fuels), no fatalities nor high exposures to facility workers 

are expected for this type of accident. This type of accident would likely occur with the assembly 

under 0.3 to 6 meters (1 to 20 feet) of water and result in small amounts of fuel and fission products 

being released to the pool water. The shielding effects of the pool water would attenuate most of the 

radiation released, but the noble gases released would rise to the surface of the water and enter the 

room atmosphere, causing a direct radiation exposure to workers in the area. Upon releases into the 

room's atmosphere, radiation alarms would sound requiring evacuation of nearby workers. Timely 

evacuation would likely prevent substantial radiation exposure. 

Potential secondary impacts identified for the SNF-related accidents (Table 5-25 of 

Appendix C) are land contamination around the site of the accident, with minor contamination outside 
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of the immediate facility area. This would not likely require cleanup of more than 4 hectares 

(10 acres). 

Naval Facilities. Under the No Action alternative, newly generated SNF would be 

stored at naval sites, which differs from the historical practice of SNF management at the Idaho 

National Engineering Laboratory. The naval sites are generally located in densely populated areas. 

As a result, the consequences of an accident involving naval SNF at a naval site would be higher than 

the same accident at the Idaho National Engineering Laboratory. 

After a limited transition period, naval SNF would be stored dry in shipping containers at 

Puget Sound, Pearl Harbor, Norfolk, and Portsmouth Naval Shipyards and the Kesselring Site. A 

review of a wide range of potential accidents (see Attachment F of Appendix D) indicated the limiting 

hypothetical accident scenario with the potential to release radioactive material from the storage 

containers was an airplane crash into the dry storage area. This accident is the highest risk accident 

for the general population and workers among all of the sites. 

The highest risk to the general population occurs at Pearl Harbor. The probability of an 

aircraft crash at the Pearl Harbor facility is estimated to be 1 chance in 100,000 per year of 

operation. The estimated population consequences, using very conservative meteorology, is estimated 

to be 26 latent cancer fatalities in the general population within 80 kilometers (50 miles) of the site. 

The estimated risk to the general population, taking into account the probability of occurrence of this 

accident, is 2.6 x 104 latent cancer fatalities per year. The probability of a latent cancer fatality in 

the maximally exposed offsite individual is estimated to be 9.5 x 10.3. 

The highest risk to workers occurs at Norfolk. The probability of an airplane crash at 

Norfolk is estimated to be 1 chance in 1 ,000,000 per year of operation. An onsite worker 

approximately 100 meters (about 330 feet) downwind of the accident is estimated to receive a dose 

that corresponds to a probability of a latent cancer fatality of 7.4 x 10-2. The estimated risk for a 

worker is 7.4 X 10-8 latent cancer fatalities per year. 

It is not likely that any fatalities would occur in workers in the vicinity because workers are 

nonnally near the containers for only brief periods when a container is being placed in the dry 

storage array. At most, two or three nearby workers might receive significant radiation exposure 

from inhalation of airborne radioactivity if the container seal were breached. The low probability of 

the airplane crash itself, coupled with the probability that workers would be close enough to be 

affected, coupled with the probability that the wind would be blowing in the direction of the workers, 

makes it very unlikely that any worker would receive substantial radiation exposure. 

Secondary impacts are principally land contamination around the site of the accident and 

temporary contamination of naval vessels at the shipyard. A total of approximately 43 hectares 

(106 acres) might require cleanup. The contamination could extend about 0.6 kilometers (0.4 miles) 

beyond the closest site boundary. 
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Other Generator/Storage Locations. Accident analyses were evaluated for these 

facilities. These accidents included (a) handling accidents that resulted in fuel drops with potential 

for fuel cladding breaches that could release portions of the more volatile fission products, such as 

noble gases and iodine, (b) accidental nuclear criticalities, (c) building collapse due to natural 

phenomena or external events such as major earthquakes or aircraft crashes, and (d) release of 

contaminated storage pool water. The analysis of these accidents indicated that they were similar in 

kind and consequence to those described for the major DOE sites and, therefore, these problems are 

not presented for each of the 57 other generator/storage locations. For the No Action alternative, no 

accidents related to SNF management were identified for the Nevada Test Site because no SNF is 

currently managed at the site. Two accidents were evaluated for the No Action alternative at the Oak 

Ridge Reservation. The first involved a dropped dam during refueling at the High Flux Isotope 

Reactor fuel pool. This accident resulted in an estimated 9.2 x 10-6 latent cancer fatalities to the 

worker and 1 .7 latent cancer fatalities to the general population with a risk to the worker of 

9.2 x 10.10 and to the general population of 1 .7 x 104. A beyond design basis accident at the High 

Flux Isotope Reactor could result from a roof collapse triggered by a tornado. This accident could 

result in an estimated 2.0 x 10-2 latent cancer fatalities to the worker and 2.3 latent cancer fatalities 

to the general population with a risk to the worker of 3.8 x 10-9 and to the general population of 

4.4 x 10-6. 

5.1.2.5 Nonradlologlcal lmpacts. A series of the maximum reasonably foreseeable 

accidents was evaluated at each of the SNF management sites that would potentially release hazardous 

or toxic chemicals to the workplace or the environment. The specific accident was defined and 

effects were estimated based on the characteristics of the specific facility, potentially affected public 

adjacent to the facility, and local residents (at the site boundary). 

The maximum reasonably foreseeable chemical accident at SNF management facilities at the 

Hanford Site could result in the release of polychlorinated biphenyls and sulfuric acid at the 105-KE 

and 105-KW Basins. Should these releases occur, workers and the general public travelling adjacent 

to the accident could be SUbjected to chemical concentrations that might cause fatalities or serious 

health effects. The general public at the reservation boundary would be subjected to approximately 

20 percent or less of the guideline value. 

A maximum reasonably foreseeable chemical accident at the Idaho Chemical Processing Plant 

would be expected to release chlorine and nitric acid. Should such an event occur, workers would be 

subjected to chemical concentrations that might cause fatalities or serious health effects. The general 

public at the site boundary would be subjected to approximately 7 percent or less of the guideline 

value (Emergency Response Planning Guideline-3). The expected concentration on public access 

adjacent to the spill would be approximately 30 percent of the guideline value. Because these 

accidents would occur in each of the alternatives evaluated and do not discriminate among 

al ternatives, they are not discussed further. 
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The release of nitrogen dioxide vapor from the interaction of target cleaning solution and 

sodium nitrite at the Receiving Basin for Offsite Fuel is the maximum reasonably foreseeable 

chemical accident at the Savannah River Site. Should this accident occur, the estimated concentration 

would be approximately 1 percent of the concentration that would be expected to cause fatalities or 

serious health effects for the worker and 0. 1 percent for the maximally impacted offsite individual. 

A diesel spill and fire was identified as the maximum reasonably foreseeable accident at each 

of the naval sites. Such an accident would be expected to produce toxic gas concentrations. Such an 

incident, should it occur, would be expected to cause fatalities or serious health effects from three 

chemicals (sulfur dioxide, oxides of nitrogen, and nitric acid) that are produced during the fire. 

Workers and the public on the nearest public access point at each of the five naval sites would be 

affected. The releases might also be expected to adversely affect the public immediately outside the 

facility boundary at the Norfolk Naval Shipyard site. 

5.1.2.6 Transportation. 

Shipments-Under the No Action alternative, the only offsite transportation of SNF 

involves shipments of naval SNF from the Newport News Shipyard to the Norfolk Naval Shipyard 

and shipments of irradiated test specimens from the Expended Core Facility at the Idaho National 

Engineering Laboratory to offsite locations. Onsite transportation of SNF would occur at the 

Hanford Site, Idaho National Engineering Laboratory, and Savannah River Site. 

Incident-Free Transportation-For the No Action alternative, the incident-free 

transportation of SNF was estimated to result in a total of 0.0089 fatalities over the 4O-year period 

1995 through 2035. These fatalities were the sum of the estimated number of radiation-related latent 

cancer fatalities and the estimated number of nonradiological fatalities from vehicular emissions. The 

estimated number of radiation-related latent cancer fatalities for transportation workers was 0.0026, 

the estimated number of radiation-related cancer fatalities for the general population was 0.00032, 

and the estimated number of nonradiological fatalities from vehicular emissions was 0.0059. 

Onsite shipments of SNF were estimated to result in 0.0022 fatalities. Offsite shipments of 

SNF were estimated to result in 0.0067 fatalities. These fatalities represent the sum of the estimated 

number of radiation-related latent cancer fatalities and the estimated number of nonradiological 

fatalities from vehicular emissions. 

Transportation Accidents-The cumulative transportation accident risks over the 

4O-year operational period were estimated to be 4. 1 X 10-6 latent cancer fatalities and 0.047 traffic 

fatalities. If an accident occurred, it would be unlikely to result in the release of any radioactivity. 

The maximum reasonably foreseeable accident has a chance of occurrence between 1 x 10-6 

and 1 x 10.7 per year. If it occurred in an urban or suburban population wne, the likelihood of a 

single latent cancer fatality within the exposed population was estimated to be about 1 in 100. In a 
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rural population zone, the likelihood of a single latent cancer fatality was estimated to be about I in 

500. 

Onsite transportation of SNF would occur under the No Action alternative at the Hanford 

Site, Idaho National Engineering Laboratory, and Savannah River Site. The maximum reasonahly 

foreseeable accident for this alternative would occur at the Idaho National Engineering Lahoratory, 

with a latent cancer fatality risk of about 7.5 x 10.7 for a rural population zone and about 1 . 1  x 10.5 

for a suburban population zone. In the extremely unlikely event that this accident occurred under 

stable (worst-case) weather conditions, it could result in 6 latent cancer fatalities in a rural population, 

such as around the Idaho National Engineering Laboratory, within 80 kilometers (50 miles) of the 

accident, or 85 latent cancer fatalities in a suburban population zone. For comparison, the rural 

population zone would be expected to experience 350 cancer fatalities and the suburban population 

zone would experience 42,000 cancer fatalities from other causes. 

5-23 VOLUME 1 



Decentralization alternative 

5.1.3 Decentralization Alternative 

Under the Decentralization alternative, SNF currently stored or generated at DOE sites would 

remain at those sites, and SNF generated by university, other Government reactors, and foreign 

research reactors would be transported to either the Idaho National Engineering Laboratory or the 

Savannah River Site. Special-case commercial SNF would be transported to the Idaho National 

Engineering Laboratory. Storage facilities would be upgraded or replaced at DOE sites to improve 

the safe and secure storage of SNF. Existing research and development of technologies improving 

the safe and secure storage of SNF at DOE sites would continue, and new projects would commence. 

The Navy would store SNF at or near the point of refueling or defueling (Option A), transport about 

10 percent of its SNF to the Puget Sound Naval Shipyard for limited examinations and storage with 

the remainder stored at or near the point of fueling or defueling (Option B), or transport all naval 

SNF to the Expended Core Facility at the Idaho National Engineering Laboratory for examination and 

then transport it back to naval sites for storage (Option C). 

The implications of this alternative would be the closure of the Expended Core Facility at the 

Idaho National Engineering Laboratory under Options A and B and the modification of an existing 

facility at Puget Sound Naval Shipyard to provide limited examination under Option B. Major DOE 

sites might build new storage facilities to replace existing facilities or to accept newly generated SNF 

from other sites. Degraded fuels at the major DOE sites might be stabilized to improve safe storage. 

The sites affected by the Decentralization alternative include the Hanford Site, Idaho National 

Engineering Laboratory, Savannah River Site, and naval sites. The environmental consequences at 

these sites are described below. 

5.1.3.1 Socioeconomics. For the Decentralization A and B options, one socioeconomic 

consequence would be similar to that described for the No Action alternative-closing the Expended 

Core Facility would result in the loss of an average of approximately 240 direct jobs over 10 years at 

the Idaho National Engineering Laboratory (Figure 5-2), with an ultimate loss of about 500 jobs. 

This represents a decrease in employment at the Idaho National Engineering Laboratory of 

approximately 6 percent. Under the Decentralization C option, the Expended Core Facility would 

continue to operate at the Idaho National Engineering Laboratory with no socioeconomic 

consequences. At the Hanford and Savannah River Sites, this alternative would result in significant 

new construction, employing an additional 80 to 640 workers at the Hanford Site and 200 to 

220 workers at the Savannah River Site over a 10-year period depending on the options chosen for 

SNF management at those sites. The higher value reflects an increase above baseline site 

employment of approximately 3 percent at the Hanford Site and approximately I percent at the 

Savannah River Site. The peak in employment would be an additional 1 , 100 workers at the Hanford 

Site, approximately 6 percent of the 1995 baseline. 
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Figure 5-2. Summary of impacts for the Decentralization alternative. (The maximum incremental 
change from baseline is illustrated in all graphs. Input data summarized in Appendix K). 
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Decentralization alternative 

Increases in construction activity over the short-term at the Hanford Site could strain the 

housing market and put additional demands on school capacity. Operations after the construction 

period would have very small consequences through the overall project timeframe. No secondary 

effects on the local community are expected at the Savannah River Site. 

At the naval sites, the Decentralization alternative would require construction workers and 

laborers to construct fuel storage areas and to staff these areas, but it is expected that these workers 

would come from the sites or the local area, and there would not be a significant socioeconomic 

impact on the surrounding communities. Nevertheless, staff required would be approximately 

I percent increase over existing naval site staffing. 

5.1.3.2 utilities (Electricity). Figure 5-2 illustrates the minimum and maximum 

incremental change in power use with respect to existing site usage from implementing the 

Decentralization alternative. As previously discussed in Section 5. 1 . 1 .2, the variation in power use 

by site shown on this graph reflects whether processing occurs or not. As an example, if the 

Hanford Site were to choose a storage option over a processing option, the power required for the 

storage option would be less than I percent of the overall site use; however, if a processing option 

were selected, then power use could increase to 37 percent above existing site use (see Appendix K). 

At each of the sites, the increase in electricity consumption could be accommodated with the existing 

site electric power infrastructure. At Hanford, if a processing option were selected, an extension of 

existing utilities in the 200 Area to the project area would be necessary. The maximum potential 

electricity usage shown at the Savannah River Site would be associated with the processing option 

that requires the operation of the F- and H-Canyons. These have operated for many years, and onsite 

and offsite utilities are adequate for their operation. At the Idaho National Engineering Lahoratory, 

the principal differences among options are due to the operation or shutdown of the Expended Core 

Facility as was discussed in Section 5. 1 .2.2. 

5.1.3.3 Materials and Waste Management The minimum and maximum volumes of 

high-level, transuranic, mixed, and low-level wastes that would be generated by SNF management 

activities over the next 10 years relative to the baseline are shown in Figure 5-2. The combined 

volume of high-level, transuranic, and mixed waste generated annually, if processing options were 

implemented, is estimated to average from approximately 1 8  to 44 cubic meters per year at the 

Savannah River Site and Hanford Site, respectively. In contrast, if wet storage options for N-Reactor 

fuel were selected at the Hanford Site then no high-level, transuranic, or mixed waste would be 

expected to be generated. Figure 5-2 also illustrates the volume of low-level waste that would be 

generated from implementation of the Decentralization options. It should be noted that the volume of 

low-level waste would increase if a processing option were selected at either the Hanford Site or the 

Savannah River Site. Additional volumes of low-level waste would be generated at the Savannah 

River Site from the limited receipt of SNF shipments from offsite and by the addition of a new 

canning facility. Low-level waste would only be generated at the Idaho National Engineering 

Laboratory under the Decentralization alternative, where the Expended Core Facility would continue 
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Decentralization alternative 

to operate. Operation of an Expended Core Facility could result in the annual production of 

approximately 430 cubic meters (526 cubic yards) of low-level waste (Appendix D). 

At the naval sites, the implementation of the Decentral ization alternative would have the same 

impact as that described in Section 5.1 .2.3 for the No Action alternative because interim storage 

would be at the naval sites under both alternatives. 

5.1.3.4 RadiologIcal Impacts. Radiological exposures to both workers and the public 

from normal operations for the Decentralization alternative were estimated to be small, similar to the 

No Action alternative, with the principal differences associated with possible implementation of the 

processing options at the Hanford and Savannah River Sites because of higher radionuclide releases to 

the atmosphere. This increases the offsite population doses and potential for latent cancer fatalities. 

Figure 5-2 illustrates the estimated latent cancer fatalities associated with SNF operations at the major 

sites. The estimated latent cancer fatalities from 40 years of SNF operation would be less than one 

for each site. 

Hanford Sit_The Decentral ization alternative considers several options for 

construction of new facilities at the Hanford Site, including a new wet storage facility for N-Reactor 

SNF and a new dry storage facility for fuels currently stored at other onsite locations. A second 

option for implementation of the Decentralization alternative at the Hanford Site is processing of the 

N-Reactor SNF followed by dry storage. 

Under this alternative, one of the highest risk SNF-related accidents identified for the 

No Action alternative remains-the spent fuel cask drop at a wet storage facility. Because of the 

locations of the new storage facility, the offsite consequences and risks associated with this accident 

could be reduced to 25 percent of those described under the No Action alternative. The other highest 

risk accident, the sodium fire in the Fast Flux Test Facility fuel storage area, is no longer applicable 

because the Fast Flux Test Facility SNF would be moved to a new dry storage facility. 

Potential accidents at the proposed new facilities include a severe cask impact followed by a 

fire at a new dry storage facility and a uranium metal fire at a new facility for processing N-Reactor 

SNF. Appendix A indicates that the cask impact and fire accident scenario presents the highest 

estimated risk to both the onsite workers and the general public of the accident scenarios identified 

for this alternative at Hanford. 

For the severe cask impact accident, the estimated probability is 6 in 1 ,000,000 per year of 

operation. The estimated population dose, using very conservative meteorology, corresponds to 81  

latent cancer fatalities in the general population within 80 kilometers (50 miles). Th e  estimated risk 

per year, taking into account the chance of occurrence of this accident, would be 4.9 x 10"" latent 

cancer fatalities per year in the general population. The potential dose to the maximally exposed 
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offsite individual, assuming no protective action, corresponds W an estimated probability of a latent 

cancer fatality of 2.5 x 104. 

An onsite individual approximately 100 meters (about 330 feet) downwind of the accident 

who remains within the plume while the fire bums could receive a dose of 120 rem 

(120,000 millirem). Acute doses of this magnitude are in the lower end of the range of doses that 

might produce sympwms of acute radiation syndrome in humans. Because a fire is also involved, the 

close-in dose is highly dependent on the meteorological conditions at the time, the amount of plume 

rise that is generated by the heat from the fire, the exact location of the accident relative W buildings, 

etc. An individual 100 meters (about 330 feet) downwind is estimated w receive a dose that is 

sufficient w cause immediate health impacts, but probably would not be lethal . This dose 

corresponds to an estimated worker probability of a latent cancer fatality of 9.4 x 10-2• The 

estimated risk for a worker is 5.6 x 10.7 latent cancer fatalities per year. 

Workers in the immediate vicinity of this accident could receive very high doses that could be 

lethal unless they immediately evacuated the area of the accident. There are likely to be two time 

scales for releases associated with this accident: immediately following the accident and while the 

fire bums. Nearby workers may not be able w avoid the immediate radiological impacts but could 

likely evacuate the area and avoid most of the fire-related radiological releases unless incapacitated by 

the accident. 

Potential secondary impacts identified for the severe cask impact with fire accident 

(Table 5 . 15-2 of Appendix A) include possible restriction of use of the Hanford Reach of the 

Columbia River for recreation, potential loss of crops, moderate environmental contamination in the 

vicinity of the facility and near offsite environs, temporary restriction on land use for agriculture, 

possible short-term restriction on fishing access, and cleanup costs. 

Idaho National Engineering Laboratory-Under the Decentralization alternative 

at the Idaho National Engineering Laboratory the highest consequence and highest risk SNF-related 

accidents are associated with SNF storage and are the same as described under the No Action 

alternative. Under the Decentralization alternative, there are more SNF shipments, and consequently 

more handling of SNF compared W the No Action alternative. As a result, the potential frequency of 

fuel-handling accidents could be about 20 percent higher than under the No Action alternative, but 

because of lower consequences, fuel-handling accidents would not represent the highest risk accidents 

under the Decentral ization alternative (see DOE-JD 1994). 

Savannah River Sit_The Decentralization alternative considers several options 

for SNF management at the Savannah River Site, including wet sWrage (Option 2b), new facilities for 

dry storage (Option 2a), and processing the SNF followed by dry swrage (Option 2c), which were 

not considered under the No Action alternative. 
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The highest risk accident for botll tile general population and workers, however, would be tile 

fuel assembly breach accident tIIat was discussed under tile No Action alternative. 

The accident frequency is expected to be about 0.35 fuel assembly breaches per year of 

operation witll implementation of tIIis alternative. The risks to tile general public, tile maximally 

exposed offsite individual, and co-located workers were estimated to be 3 x 10-3, 3.5 X 10-7, and 

1 .7 x 10-6 latent cancer fatalities per year of operation, respectively. 

Naval Facl/ltl.-The accident risks for tile tIIree subalternatives were evaluated for 

tile naval facilities under tile Decentralization alternative: (a) decentralization witll SNF retained at 

tile shipyards and tile Kesselring Site witllout examination of tile SNF, (b) decentralization witll 

limited examination at Puget Sound Naval Shipyard, and (c) decentralization witll performance 

assessment examination at tile Expended Core Facility at tile Idaho National Engineering Laboratory 

followed by storage at naval sites. Attachment F of Appendix D presents a fuJI discussion of tile 

accident risks at each of tile naval sites. 

The accident risks associated witll tIIis alternative would be tile same as witll tile No Action 

alternative, witll tile highest risk accident being an aircraft crash into a dry storage container. The 

consequences and risks of tIIis maximum risk accident would be tile same as tIIose described under 

tile No Action alternative. 

Other Generator/Storage Location_For tile Decentralization alternatives, tile 

accident risks at tile Oak Ridge Reservation and otller SNF interim storage sites tIIat do not transport 

tIIeir SNF elsewhere would be expected to be similar to and bounded by tile accident risks under tile 

No Action alternative. 

5.1.3.5 Nonradlologlcal Accidents. The maximum reasonably foreseeable chemical 

accident at tile Idaho National Engineering Laboratory, Savannah River Site, naval sites, and otller 

generator/storage locations would be similar to tIIose described under tile No Action alternative. An 

accident at tile wet storage facility on tile Hanford Site could release sulfuric acid vapor and subject 

workers to up to 1 30 percent of tile chemical concentrations tIIat are associated witll fatalities or 

serious healtll effects. 

5. 1.3.6 Transportation. 

Shipments-Under tile Decentralization alternative, university, foreign, and 

non-DOE research reactors would transport SNF to tile Idaho National Engineering Laboratory and 

tile Savannah River Site. In addition, naval SNF shipments would be equal to or greater tIIan tIIose 

under tile No Action alternative, depending on tile choice of subalternative witll respect to fuel 
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IncIdent-Free Transportatlo�For the Decentralization alternative, the 

incident-free transportation of SNF was estimated to result in total fatalities that ranged from 0. 12 to 

0.38 over the 4O-year period 1995 through 2035. These fatalities represent the sum of the estimated 

number of radiation-related latent cancer fatalities and the estimated number of nonradiological 

fatalities from vehicular emissions. 

The reason for a range of fatalities was because of three factors: (a) different examination 

options for naval SNF (see Appendix D), (b) the option of using truck or rail transport for DOE SNF 

(see Appendix I), and (c) different SNF management options at the Savannah River Site (see 

Appendix C). Navy shipments would be made using a combination of truck and rail; DOE shipments 

were assumed to be made using 100 percent truck or 100 percent rail. 

The estimated number of radiation-related latent cancer fatalities for transportation workers 

ranged from 0.026 to 0.090, the estimated number of radiation-related latent cancer fatalities for the 

general population ranged from 0.041 to 0.24, and the estimated number of nonradiological fatalities 

from vehicular emissions ranged from 0.047 to 0.050 for this alternative. 

Onsite shipments of SNF were estimated to result in 0.0025 to 0.0036 fatalities. Offsite 

shipments of SNF were estimated to result in 0. 12 to 0.37 fatalities. These fatalities also represent 

the sum of the estimated number of radiation-related latent cancer fatalities and the estimated number 

of nonradiological fatalities from vehicular emissions. 

Transportation AccIdents-The cumulative transportation accident risks over the 

40-year operational period were estimated to be in the range of 0.00085 to 0.0009 latent cancer 

fatalities, and 0.20 to 1 .01 traffic fatalities, if all SNF were transported by truck. If all SNF were 

transported by rail, the corresponding risks were estimated to be in the range of 0.00029 to 

0.00034 latent cancer fatalities, and 0.26 to 1 .07 traffic fatalities. The range of fatality estimates 

reflects the different fuel examination options for naval SNF (see Appendix D). 

The maximum reasonably foreseeable offsite transportation accident under the 

Decentralization alternative involves transport of naval SNF by rail in a suburban area. The 

consequences of such an accident were estimated to be 1 .7 latent cancer fatalities. The probability of 

occurrence of such an accident would be slightly greater than 1 .0 x 10-7 per year. This probability 

accounts for the accident rate per mile traveled, the number of miles traveled, the percentage of the 

total distance that occurs in a suburban area, the meteorological conditions, and the severity of the 

accident. Based on DOE guidance (DOE 1993b), accidents with a probability of occurrence less than 

1 .0 x 10-7 per year are not reasonably foreseeable and are not evaluated in this EIS. Consistent with 

this guidance, an accident of similar severity to that above for the suburban area, but occurring in an 

urban area, would not be reasonably foreseeable. This is because the total miles traveled in an urban 

area would be only a few percent of the total transportation route, resulting in a probability of 

occurrence of less than 1 .0 x 10-7 per year. Thus, the maximum reasonably foreseeable offsite 

transportation accident in an urban area would be less severe than postulated to occur in a suburban 
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area and is estimated to result in 0.065 latent cancer fatalities. (A more complete discussion of this 

apparent anomaly is presented in Section A.5.2 of Volume I ,  Appendix D, Part B, Attachment A.) 

Onsite transportation of SNF would occur under the Decentralization alternative at the 

Hanford Site, Idaho National Engineering Laboratory, and Savannah River Site. The maximum 

reasonably foreseeable accident for this alternative occurs at the Idaho National Engineering 

Lahoratory, and the potential impacts would be the same as those described under the No Action 

alternative. 
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5.1.4 199211993 Planning Basis Alternative 

Under the 199211993 Planning Basis alternative, SNF currently stored at major DOE sites 

would remain at those sites, and newly generated SNF from DOE, university, and other Government 

reactors would be transported to the Idaho National Engineering Laboratory or the Savannah River 

Site for storage. Special-case commercial SNF and naval SNF would be transported to the Idaho 

National Engineering Laboratory for storage. Existing research and development of technologies 

improving the safe and secure storage of SNF at DOE sites would continue, and new projects would 

commence. Examination of naval fuels would be conducted at the Expended Core Facility at the 

Idaho National Engineering Laboratory. 

The implications of this alternative for major DOE sites would be similar to those described 

for the Decentralization alternative. New storage facilities would be built at the major DOE sites to 

replace existing facilities or to accept newly generated SNF from other sites. Degraded fuels at the 

Savannah River Site and the Hanford Site might be stabilized to improve safe storage. 

The sites that would be affected by the 1992/1993 Planning Basis alternative are the Hanford 

Site, Idaho National Engineering Laboratory, and Savannah River Site. The environmental 

consequences at these sites are described below. 

5. 1.4.1 Socioeconomics. Implementation of the 199211993 Planning Basis alternative 

would not have a significant socioeconomic impact at any of the major DOE or naval sites 

(Figure 5-3). The impacts at the Hanford and Savannah River Sites would be similar to those 

described for the Decentralization alternative in Section 5. 1 .3 . 1  and shown on Figure 5-2. Proposed 

new construction and maintenance activities at the Idaho National Engineering Laboratory would 

result in the addition of approximately 130 workers over 10 years, less than a 2 percent increase 

above baseline site employment. The peak employment at Hanford would be the same as that 

described for the Decentralization alternative, a maximum of about 1 , 100 additional workers at the 

Hanford Site, an increase of approximately 6 percent above the 1995 baseline. Secondary 

socioeconomic impacts at the Hanford Site would be similar to those described under the 

Decentralization alternative. 

There would be no socioeconomic impact at the naval sites because current practices would 

not be altered. Storage facilities would not need to be constructed at the individual naval sites, and 

no employment would be generated at naval sites. 

5.1.4.2 Utilities (Electricity). The minimum and maximum change in power use from 

implementing the 199211993 Planning Basis alternative with respect to the site baseline is shown in 

Figure 5-3. The impact on power consumption at the sites would be the same as that described for 

the Decentralization alternative in Section 5. 1 .3.2 (compare with Figure 5-2) except at the Idaho 
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National Engineering Laboratory. The variation in power use over site baseline use at the Savannah 

River and Hanford Sites reflects whether a storage or processing option is selected for SNF 

management. The increase in power use at the Idaho National Engineering Laboratory would be 

because of the Electrometallurgical Process Demonstration Project. If processing options were 

implemented at the Hanford Site, an extension of existing utilities to the project area would be 

necessary. 

5.1.4.3 Materials and Waste Management Figure 5-3 illustrates the combined average 

annual volumes of high-level, transuranic, and mixed wastes and of low-level wastes that would be 

generated over the next 10 years as a result of SNF management activities with the implementation of 

the 1992/1993 Planning Basis alternative. The volume of low-level waste and the combined volume 

of high-level, transuranic, and mixed waste would be similar to the volumes generated under the 

Decentralization alternative for the Hanford and Savannah River Sites (see Figures 5-2 and 5-3). The 

minimum and maximum values shown for these sites reflect whether a storage option or a processing 

option would be implemented, respectively. 

At the Idaho National Engineering Laboratory, implementation of the 1992/1993 Planning 

Basis alternative would result in the generation of high-level, transuranic, and mixed wastes. These 

wastes would be generated by the Electrometallurgical Process Demonstration Project. The volume 

of low-level waste generated at the Idaho National Engineering Laboratory would be from the 

construction and operation of new storage and characterization facilities at the site. Adequate storage 

capacity exists at the site for these wastes until 2005, when additional capacity would be expected to 

be required for managing low-level waste (Appendix B). 

5.1.4.4 Radlologleal lmpacts. Radiological exposures to both workers and the public 

from normal SNF management operations and onsite accidents for the 1992/1993 Planning Basis 

alternative would be essentially the same as estimated for the Decentralization option. Figure 5-3 

illustrates the estimated latent cancer fatalities associated with SNF operations at the major sites. 

SNF FacIlity AccIdents-

Hanrord Site. The implementation of the 1992/1993 Planning Basis alternative at the 

Hanford Site would not result in accident risks significantly different from those identified for the 

Decentralization alternative (Section 5. 15 of Appendix A). 

Idaho National Engineering Laboratory. Under the 1992/1993 Planning Basis 

alternative at the Idaho National Engineering Laboratory, the consequences and risks of accidents 

associated with SNF storage would be the same as described under the No Action alternative 

(Section 5 . 15  of Appendix B). The consequences of fuel-handling accidents would be the same as 

described under the No Action alternative, but increased SNF shipments, and consequently more 

handling of SNF, could result in a frequency of fuel-handling accidents about three times higher than 

for the No Action alternative (Slaughterbeck et al. 1995). Because of the increased frequency of 
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fuel-handling accidents, risk to the public from fuel-handling accidents may exceed the risk from SNF 

storage accidents. 

Savannah River Site. The implementation of the 1992/1993 Planning Basis 

alternative at the Savannah River Site would not result in accident consequence estimates 

that differ from those identified under the Decentralization alternative (Section 5. 15 and Attachment 

A of Appendix C). Because of increases in amount of SNF handled, the accident frequencies would 

be expected to increase. 

The accident frequency for the highest risk accident, the fuel assembly breach, would be 

expected to be about 0.40 fuel assembly breaches per year of operation with implementation of this 

alternative. This results in estimated risk to the general public, maximally exposed offsite individual, 

and co-located worker of 3 .4 x 10.3, 4.0 X 10.7, and 1 .9 x 1O.{i latent cancer fatalities per year of 

operation, respectively. 

Naval Facilities. With implementation of the 1992/1993 Planning Basis alternative 

for naval facilities, all storage and examination activities occur at the Idaho National Engineering 

Laboratory. The maximum risk accident at this facility was not the maximum risk accident at the 

Idaho National Engineering Laboratory, so it is not discussed further in this volume. See Attachment 

F of Appendix D for details. 

Other Generator/Storage Locations. For the 199211993 Planning Basis alternative, 

the accident risks at the Oak Ridge Reservation and other SNF interim storage sites that do not 

transport their SNF elsewhere would be similar to the accident risks under the No Action alternative. 

5.1.4.5 Nonradiological Accidents. The maximum reasonably foreseeable chemical 

accident at the Idaho National Engineering Laboratory, Savannah River Site, and other 

generator/storage locations would be similar to those described under the No Action alternative. The 

Hanford Site accidents would be similar to those in the Decentralization alternative. 

Two independent accidents were evaluated to describe the maximum reasonably foreseeable 

chemical hazards during the operation of the Expended Core Facility at the Idaho National 

Engineering Laboratory. Such a release could subject workers to chemical concentrations that could 

cause fatalities or serious health effects but would not subject the public to such concentrations. 

5.1.4.6 Transportation. 

Shipments-Under the 1992/1993 Planning Basis alternative, university, foreign, 

and non-DOE research reactors would transport SNF to the Idaho National Engineering Laboratory 

and the Savannah River Site. Commercial SNF stored at the West Valley Demonstration Project and 

graphite SNF stored at the Fort St. Vrain site would be transported to the Idaho National Engineering 

5-35 VOLUME I 



1 99211993 Planning Basis alternative 

Laboratory. DOE research reactor SNF stored at various DOE sites would be transported to the 

Idaho National Engineering Laboratory and the Savannah River Site. Naval SNF would be 

transported from naval shipyards to the Expended Core Facility and irradiated test specimens would 

be transported between the Expended Core Facility and offsite locations. Onsite transportation would 

relocate SNF from one facility to another for stabilization or storage. 

Incident-Free Trell8porllltJon-For the 1992/1993 Planning Basis alternative, the 

incident-free transportation of SNF was estimated to result in total fatalities that ranged from 0. 14 to 

0.45 over the 4O-year period 1995 through 2035. These fatalities were the sum of the estimated 

number of radiation-related latent cancer fatalities and the estimated number of nonradiological 

fatalities from vehicular emissions. 

The reason for a range of fatalities was due to two factors: (a) the option of using truck or 

rail transport for DOE SNF (see Appendix I) and (b) different SNF management options at the 

Savannah River Site (see Appendix C). Navy shipments would be made using a combination of truck 

or rail; DOE shipments were assumed to be made using 100 percent truck or 100 percent rail. 

The estimated number of radiation-related latent cancer fatalities for transportation workers 

ranged from 0.029 to 0. 1 1 ,  the estimated number of radiation-related latent cancer fatalities for the 

general population ranged from 0.044 to 0.30, and the estimated number of nonradiological fatalities 

from vehicular emissions ranged from 0.045 to 0.07 1 .  

Onsite shipments of SNF were estimated to result in 0.0028 to 0.0036 fatality. Offsite 

shipments of SNF were estimated to result in 0. 14 to 0.45 fatality. These fatalities were also the sum 

of the estimated number of radiation-related latent cancer fatalities and the estimated number of 

nonradiological fatalities from vehicular emissions. 

Trell8porllltJon Accident&-The cumulative transportation accident ris1c:s over the 

40-year operational period were estimated to be 0.0010 latent cancer fatality and 0.70 traffic fatality 

if all SNF were transported by truck. If all SNF were transported by rail, the corresponding ris1c:s 

were estimated to be 0.00035 latent cancer fatality and 0.73 traffic fatality. 

The maximum reasonably foreseeable offsite transportation accident involves a rail shipment 

of special-case commercial SNF in a suburban population zone under neutral (average) weather 

conditions. The accident has a probability of occurrence of about 2.0 x 10-7 per year and would 

result in an estimated 7 latent cancer fatalities in the exposed population. For comparison, the same 

population would be expected to experience about 100,000 cancer fatalities from other causes. The 

probability of this accident occurring in an urban population zone would be less than 1 x 10-7 per 

year. In a rural population zone, the accident consequences would be estimated to be about 0.2 latent 

cancer fatalities. 
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Onsite transponation of SNF would occur under the 199211993 Planning Basis alternative at 

the Hanford Site, the Idaho National Engineering Laboratory, and the Savannah River Site. The 

maximum reasonably foreseeable accident for this alternative occurs at the Idaho National 

Engineering Laboratory, and the potential impacts would be the same as those described under the No 

Action alternative. 
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5.1.5 Regionalizatlon Alternative 

There are two alternatives under Regionalization: Regionalization 4A would relocate SNF 

according to fuel type; Regionalization 4B would relocate SNF according to location. 

Under Regionalization 4A, certain types of SNF from other DOE sites, and SNF from 

university and other Government reactors, special-case commercial SNF, and foreign research reactor 

SNF would be transported to either the Idabo National Engineering Laboratory or Savannab River 

Site for storage. Existing research and development of technologies improving the safe and secure 

storage of SNF at DOE sites would continue, and new projects would commence. Naval SNF would 

be examined at the Expended Core Facility at the Idabo National Engineering Laboratory, then stored 

at the Idabo Chemical Processing Plant. 

The implications of Regionalization 4A are essentially the same as those of the 199211993 

Planning Basis alternative because there would be minor differences in the amounts of fuel 

transported to each destination under these alternatives (see Figure 5-4). 

Under Regionalization 4B, however, two regional sites would be selected, and SNF would be 

moved to one site or the other. In the west, either the Hanford Site, Idabo National Engineering 

Laboratory, or Nevada Test Site would be the regional site; in the east, either the Savannab River 

Site or Oak Ridge Reservation would be designated. SNF stored or generated west of the Mississippi 

River would be transported to the Western Regional Site, and SNF stored or generated east of the 

Mississippi River would be transported to the Eastern Regional Site. An expended core facility 

would be built at either the Eastern or Western Regional Site (unless the Western Regional Site were 

the Idabo National Engineering Laboratory, in which case no new facility would be required). 

Research and development would be conducted at the regional sites. 

Regionalization 4B affects more sites than Regionalization 4A. Only one site would have 

SNF management responsibility in the east and in the west; thus, SNF management activities would 

be phased out at those sites not selected as regional sites. If the Idabo National Engineering 

Laboratory were not selected as the Western Regional Site, the Expended Core Facility in Idabo 

would be closed, and a new facility would be built at either the Eastern or Western Regional Site. If 

the Oak Ridge Reservation were chosen as the Eastern Regional Site, SNF now at Savannab River 

would be transported to the Oak Ridge Reservation. This would require the development of new 

storage facilities at the Reservation. Some fuels might need to be stabilized before transport. If the 

Savannab River Site were selected as the Eastern Regional Site, there would be few differences 

between Regionalization 4B and Regionalization 4A except that an expended core facility might be 

built at the site. In the west, transport of Hanford SNF to another site would require stabilization of 

the N-Reactor fuels, the great majority of the SNF now stored there. Some Idabo National 

Engineering Laboratory fuels would also require stabilization if they were transported to another site. 

New SNF management facilities would be required at any Western Regional Site selected because of 

the large volumes of SNF that would be received. 
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Figure 5-4. Summary of impacts for Regionalization 4A (by fuel type). (The maximum incremental 
change from baseline is illustrated in all graphs. Input data are summarized in Appendix K.) 
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This alternative would affect only the five major DOE sites. The environmental 

consequences at these sites are described below. 

5.1.5.1 Socioeconomics. Under Regionalization 4A, the socioeconomic impacts at the 

Idaho National Engineering Laboratory would be the same as those described for the 1992/1993 

Planning Basis alternative described in Section 5. 1 .4. 1 .  The peak employment under Regionalization 

4A would be an additional 470 workers at the Hanford Site, approximately 3 percent above the 1995 

baseline. Implementation of Regionalization 4A would have no socioeconomic consequences at either 

the Oale Ridge Reservation or the Nevada Test Site because this would result in no changes to 

existing operations at either site. 

Impacts of Regionalization 4A on the naval sites would be the same as that described for the 

199211993 Planning Basis alternative because naval SNF would be transported to the Expended Core 

Facility in Idaho for examination and storage at the Idaho National Engineering Laboratory. 

If either the Hanford Site, Idaho National Engineering Laboratory, or Savannah River Site 

were not selected as a regional site under Regionalization 4B, there would be an eventual reduction in 

employment equal to existing employment for SNF management at these sites. This would add to the 

currently predicted loss of jobs at each of these sites. In the short term, additional jobs would be 

required to prepare SNF for transport offsite (see Figure 5-5). The closure of the Expended Core 

Facility at the Idaho National Engineering Laboratory, however, would lead to a short-term loss of 

jobs as well, increasing the rate of job loss at that site. 

Sites that were selected as regional sites would have generally increased employment over 

baseline levels (see Figure 5-6). Site employment levels would also increase at whatever site an 

expended core facility were constructed (Figure 5-7). Employment at the Oale Ridge Reservation and 

Nevada Test Site would increase if these sites were chosen as the Eastern and Western Regional 

Sites. Operation of storage facilities at both the Oale Ridge Reservation and Nevada Test Site could 

ultimately result in the creation of approximately 500 jobs per year at both sites, a 3-percent increase 

above current site employment at Oale Ridge Reservation and a 6-percent increase above current site 

employment at the Nevada Test Site without the expended core facility or a 7- and 13-percent 

increase with an expended core facility, respectively (Figure 5-6). The peak annual employment 

from implementation of Regionalization 4B would be an additional 1 , 100 workers at the Nevada Test 

Site. The secondary impacts of increased employment at either the Oale Ridge Reservation or the 

Nevada Test Site could result in an increased housing demand. At the Nevada Test Site, overall 

socioeconomic impacts could be absorbed within the projected expansion of the local economy, 

infrastructure, public service, and real estate development. At the Oale Ridge Reservation, increased 

employment could result in increases in capital expenditures to meet the increased demand of 

housing, transportation, and educational facilities. 
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Flgure 5-5. Summary of impacts for Regionalization 4B (by geography) if the site is not selected as 
the regional site. (The maximum incremental change from haseline is illustrated in all graphs. Input 
data summarized in Appendix K.) 
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Flgure 5-6. Summary of impacts for Regionalization 4B (by geography) if sites were selected as a 
regional site and do not have the expended core facility. (The maximum incremental change from 
baseline is illustrated in all graphs. Input data are summarized in Appendix K.) 
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Figure 5-7. Summary of impacts for Regionalization 4B (by geography) if sites were selected as a 
regional site and have the expended core facility. (The maximum incremental change from baseline 
is illustrated in graphs. Input data are summarized in Appendix K.) 

5-43 VOLUME 1 



Regionalization alternative 

For the naval sites, implementing Regionalization 4B would have no socioeconomic 

consequences. 

5. 1.5.2 UtIlities (ElectricIty). As shown in Figure 5-4, implementing Regionalization 4A 

would have a similar impact on power consumption as the 1992/1993 Planning Basis alternative 

(compare Figures 5-3 and 5-4). There would be no effect on power consumption at the Oak: Ridge 

Reservation, Nevada Test Site, or naval sites from the implementation of Regionalization 4A. 

Figures 5-5, 5-6, and 5-7 illustrate the minimum and maximum change from baseline site 

power use from implementing Regionalization 4B with and without an expended core facility and if 

the site were not selected as the regional site. Regionalization at the Hanford Site or the Nevada Test 

Site could produce an impact on power consumption at these sites. 

Figure 5-5 illustrates the impact on power consumption if a site were not selected as a 

regional site. The increase in electricity consumption at the Hanford Site and the Savannah River Site 

reflects the power required to prepare or process the SNF for transport as required. The decrease in 

power consumption at the Idaho National Engineering Laboratory would be from shutdown of the 

Expended Core Facility. 

Figure 5-6 shows the minimum and maximum percent change, without an expended core 

facility, over baseline site power consumption if a site were selected as a regional center. At the 

Hanford Site and Savannah River Site, the power consumption increases slightly with the transport of 

naval fuel to the site. Regionalization at the Oak: Ridge Reservation would result in a small Oess than 

3 percent) increase in electric power demand. The site electricity supply at each of these sites would 

be more than adequate. However, regionalization at the Nevada Test Site would increase power 

consumption about 13  percent above existing site usage and may require additional transmission lines 

or another substation at the site (see Appendices F and K). 

Regionalization 4B with an expended core facility onsite is illustrated in Figure 5-7. The 

electricity requirements at each of the major DOE sites would increase with the addition of an 

expended core facility for examination of naval SNF. Power consumption at the Nevada Test Site 

would increase approximately 18  percent above baseline and about 40 percent at Hanford if the 

processing (figure maximum) option were selected. The storage only options (figure minimum) at the 

Hanford site would result in only a 3-percent increase in electricity consumption. The Nevada Test 

Site would require additional transmission lines or another substation to handle additional loads. The 

increased load could be handled at the Savannah River Site, and relatively minor increases could 

occur at the Idaho National Engineering Laboratory. 

5. 1.5.3 Materials and Waste Management. Figures 5-4 through 5-7 illustrate the effects 

of implementing the different Regionalization alternatives: Regionalization 4A, Regionalization 4B 

with SNF transported offsite, Regionalization 4B without an expended core facility located at the 
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selected site, and Regionalization 4B with an expended core facility located at the selected site. The 

annual average waste volumes generated from SNF management activities at a nonselected site would 

decrease over the next 10 years, but at the selected sites the annual generation rate of waste from 

SNF management activities would increase with implementation of the Regionalization alternative. 

The construction of an expended core facility at any site would also increase the annual volume of 

low-level waste generated. 

The annual waste volumes generated from SNF management activities associated with 

Regionalization 4A are illustrated in Figure 5-4. The effects of Regionalization 4A would be similar 

to those described for the 199211993 Planning Basis alternative in Section 5 . 1 .4.3 (see Figures 5-3 

and 5-4). 

Figure 5-5 illustrates the effect of not being selected as a regional center. In comparison to 

the Decentralization and 1992/1993 Planning Basis alternatives, the annual generation rate of 

high-level, transuranic, mixed, and low-level wastes would ultimately decrease at the affected site 

because the SNF inventory would be transported offsite. However, characterization and stabilization 

activities prior to transport would generate transient increases in waste volumes. 

The effect of being selected as a regional center without a replacement expended core facility 

is illustrated in Figure 5-6. Implementation of this Regionalization 4B alternative would have similar 

effects at the Hanford Site and Savannah River Site as the 1992/1993 Planning Basis alternative. The 

Oak Ridge Reservation and Nevada Test Site would generate waste from SNF management activities 

under the alternative. Regionalization at either of these two sites would be expected to generate 

approximately 16 cubic meters (21 cubic yards) of transuranic waste and approximately 200 cubic 

meters (260 cubic yards) of low-level waste annually from operating an SNF management complex. 

Figure 5-7 illustrates the effect on annual waste volume generation of being selected as a 

regional center with the addition of an expended core facility to examine naval SNF. The addition of 

the expended core facility would have no effect on the annual volume of high-level, transuranic, or 

mixed waste generated, but would increase the volume of low-level waste that would have to be 

managed at any site. 

The effects from implementing either of the Regionalization alternatives at the naval sites 

would be the same as that described for the 1992/1 993 Planning Basis alternatives in Section 5 . 1 .4.3. 

5. 1.5.4 Radiological Impacts. Radiological exposures to both workers and the public for 

Regionalization 4A would to be similar to the 1992/1993 Planning Basis alternative. These are not 

discussed further in this section. Figure 5-4 illustrates the potential latent cancer fatalities to the 

population within 80 kilometers (50 miles) from SNF operations at the major sites for 

Regionalization 4A. 
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Radiological exposures to both workers and the public for Regionalization 4B would to be 

similar to the 1992/1993 Planning Basis alternative if the Savannah River Site, Idaho National 

Engineering Laboratory, or Hanford Site were selected as regional sites. Figures 5-5, 5-6, and 5-7 

illustrate the potential latent cancer fatalities to the population within 80 kilometers (50 miles) from 

SNF operations for Regionalization 4B if SNF is transported offsite, or if the site is selected as the 

regional site without and with the expended core facility, respectively. 

For any of the Regionalization alternatives, the maximum estimated latent cancer fatalities in 

the general population from normal operations are estimated to be 7.6 x 10-3 per year. 

SNF Facility Accidents-

Hanrord Site. Accident risks under Regionalization 4A are the same as those for the 

Decentralization alternative. The selection of the Hanford Site as the regional site would not result in 

accident risks significantly different from those identified for the Decentralization alternative 

(Section 5 . 15  of Appendix A), although higher activity under this alternative would increase the 

annual frequency of accidents. The probability of the cask impact and fire accident scenario was 

estimated to be 7 in 1 ,000,000 if the Hanford Site were selected as a regional site. 

Selecting a different site as the regional site would reduce the estimated accident risks from 

those identified for the Decentralization alternative because the existing wet storage facilities would be 

shut down and the amount of SNF handled at the dry storage facility would change slightly. The 

accident probability for the dry storage cask impact and fire was estimated to be 5 in 1 ,000,000 such 

that the estimated risk from this, the highest risk accident, would be 4 . 1  x 10-4 latent cancer 

fatalities in the general population per year of operation. 

Idaho National Engineering Laboratory. While the consequences of potential SNF 

storage and handling accidents would be similar for all alternatives, the estimated frequency of 

handling accidents depends on the amount of SNF handled under the alternatives. For alternatives 

where all stored SNF is transported to another site, SNF storage and handling risks would be reduced 

to those associated with SNF generated at the Idaho National Engineering Laboratory research 

reactors. Under Regionalization 4A, the consequences and risks of accidents associated with SNF 

storage would be the same as described under the No Action alternative (Section 5 . 15, Appendix B). 

The consequences of fuel-handling accidents would be the same as described under the No Action 

alternative, but increased transporting and handling of SNF would result in a frequency of 

fuel-handling accidents about five times higher than for the No Action alternative (Slaughterbeck et 

aI. 1995). Because of the increased frequency of fuel-handling accidents, risk to the public from fuel

handling accidents may exceed the risk from SNF storage accidents. 

If the Idaho National Engineering Laboratory were selected as a regional site under 

Regionalization 4B, the highest consequences to the offsite population result from accidents involving 

stored SNF and would be the same as described under the No Action alternative (Section 5 . 1 5  of 
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Appendix B). With the resumption of processing at the Idaho Chemical Processing Plant, the 

postulated accident with the highest consequence and risk to workers would be an inadvertent nuclear 

criticality during processing that has an estimated probability of 1 chance in 1 ,000 per year of 

operation. The estimated probability of a latent cancer fatality in a worker approximately 100 meters 

(330 feet) downwind of the accident would be 3.6 x 10-3, corresponding to an estimated risk to a 

worker of 3.6 x 10-6 latent cancer fatalities per year of operation. The consequences of fuel-handling 

accidents would be the same as described under the No Action alternative, but increased transporting 

and handling of SNF results in a frequency of fuel-handling accidents about 20 times higher than for 

the No Action alternative (Slaughterbeck et aI. 1995). Because of the increased frequency of 

fuel-handling accidents, risk to the public from fuel-handling accidents may exceed the risk from SNF 

storage and processing accidents. 

If the Idaho National Engineering Laboratory were not selected as a regional site under 

Regionalization 4B, the consequences and risks of accidents associated with SNF storage would be 

the same as described under the No Action alternative (Section 5.15 of Appendix B). The 

consequences of fuel-handling accidents would be the same as described under the No Action 

alternative, but increased transporting and handling of SNF would result in a frequency of 

fuel-handling accidents about nine times higher than for the No Action alternative (Slaughterbeck et 

aI .  1 995). Because of the increased frequency of fuel-handling accidents, risk to the public from 

fuel-handling accidents may exceed the risk from SNF storage accidents. 

Savannah River Site. Accident risks under Regionalization 4A would be essentially 

the same as those for the 1992/1993 Planning Basis alternative. The accident frequency for the 

highest risk accident, a fuel assembly breach, would be expected to be about 0.44 fuel assembly 

breaches per year of operation with implementation of this alternative. The estimated risk of latent 

cancer fatalities to the general public, maximally exposed offsite individual, and co-located worker 

would be 3.7 x 10-3, 4.4 X 10-7, and 2 . 1  x 10-6 per year of operation, respectively. 

The implementation of Regionalization 4B at the Savannah River Site, including the three 

options of dry storage, wet storage, and processing followed by dry storage, would not result in 

accidents significantly different from those identified for the same options under the Decentralization 

alternative (Section 5 . 15 and Attachment A of Appendix C). Because of an increase in the amount of 

SNF handled, however, the accident frequency for some accidents would increase. 

Under Regionalization 4B, the accident frequency for the highest risk accident, a fuel 

assembly breach, would be expected to be about 0.41 fuel assembly breaches per year of operation 

with implementation of this alternative. This results in a proportional increase in risk to the general 

public and the workers. The estimated risk of latent cancer fatalities to the general public, maximally 

exposed offsite individual, and co-located worker would be 3.5 x 10-3, 4. 1 X 10-7, and 2.0 x 10-6 

per year of operation, respectively. With regionalization elsewhere, the highest risk accident would 
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still be the fuel assembly breach with an estimated risk approximately the same as with the No Action 

alternative. 

Naval Facilities. The accident risks associated with the implementation of the 

Regionalization alternative at sites other than the Idaho National Engineering Laboratory are 

presented in detail in Attachment F of Appendix D. That evaluation considered the accidents 

associated with operation of an expended core facility and wet and dry storage facilities at the 

Hanford Site, Savannah River Site, Oak Ridge Reservation, and Nevada Test Site. Accidents 

evaluated were the same set of accidents identified for the Decentralization alternative. The 

maximum risk accidents, for either the general population and workers at sites where an expended 

core facility might be located if they are associated with an expended core facility, are discussed 

under the affected sites. 

Oak Ridge Reservation. The Oak Ridge Reservation would not be affected by 

Regionalization 4A. The implementation of Regionalization 4B at the Oak Ridge Reservation would 

be expected to be similar to implementation of the Centralization alternative, except that less storage 

requirements would be needed. Section 5.15 (part 3) of Appendix F indicates that the accident 

consequences would be similar for both alternatives and that it is reasonable to assume that the 

accident consequences and risks described for the Centralization alternative would envelop the 

Regionalization alternative. 

A wide range of accident scenarios were considered, including accidents initiated by 

operational events, external hazards such as aircraft crashes, and natural phenomena such as 

earthquakes. The highest risk SNF-related accidents identified were (a) a fuel assembly breach as a 

result of dropping the assembly, objects falling on the assembly, or cutting into the fuel portion of the 

assembly, (b) a dropped fuel cask, (c) a severe impact that results in breach of a transport cask and 

fire, (d) an aircraft crash into the SNF dry storage facility, (e) an aircraft crash into the SNF dry cell 

facility, (t) a wind.iJriven missile impact into storage casks, and (g) and aircraft crash into a water 

storage pool. 

The highest risk to the general population would be a fuel assembly breach, with an estimated 

frequency of 0.16 per year. General population consequences were estimated to be approximately 

2.1  x 10-2 latent cancer fatalities per year. The estimated risk to the general population, taking into 

account the probability of occurrence of this accident, would be 3.4 x 10-3 latent cancer fatalities per 

year. The estimated probability of maximum latent cancer fatalities to the maximally exposed 

individual would be 6.0 x IO�. 

The dropped fuel cask accident has the maximum risk to workers with an estimated frequency 

of less than I in 10,000 per year. A worker downwind of the accident was estimated to receive a 

dose that corresponds to an estimated probability of 1 .9 x 10-3 latent cancer fatalities. The estimated 

risk for a worker would be 1 .9 x 10-7 latent cancer fatalities per year. 
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Workers in the immediate vicinity of the cask drop accident could receive very high doses; 

however, the doses would not result in a fatality. For that accident, workers couid be expected to be 

very near the cask when it drops and receive both direct radiation as well as inhale airborne fission 

products. Workers would be expected to quickly evacuate the area and thus reduce their potential 

radiation exposure. 

Nevada Test Site. The implementation of Regionalization 4B at the Nevada Test Site 

would also be expected to be similar to implementation of the Centralization alternative, except that 

storage requirements would be less. Section 5.15 (part 2) of Appendix F indicates that the accident 

consequences would be similar for both alternatives and that it is reasonable to assume that the 

accident consequences and risks described for the Centralization alternative would envelop the 

Regionalization alternative. 

A wide range of accident scenarios were considered for the Centralization alternative, which 

also apply to Regionalization 4B, including accidents initiated by operational events, external hazards 

such as aircraft crashes, and natural phenomena such as earthquakes. The highest risk SNF-related 

accidents identified for the Nevada Test Site were a fuel assembly breach (highest risk to the general 

public) and a dropped fuel cask (highest risk to workers). 

The fuel assembly breach is the highest risk to the general population with an estimated 

frequency of 0. 16 per year and an estimated offsite population dose corresponding to 6.6 x 10-4 

latent cancer fatalities. The estimated risk to the general population, taking into account the 

probability of occurrence of this accident, would be 1 . 1  x 10-4 latent cancer fatalities per year. The 

potential dose to the maximally exposed offsite individual would correspond to a probability of a 

latent cancer fatality of 1 .6 x 10.7• 

The dropped fuel cask accident was the highest risk accident to workers with an estimated 

frequency of less than I in 10,000 per year. A worker approximately 100 meters (330 feet) 

downwind of the accident would have a probability of a latent cancer fatality of 1 .9 x 10-3 . The 

estimated risk to a worker would be 1 .9 x 10-7 latent cancer fatalities per year of operation. 

Workers in the immediate vicinity of the cask drop accident could receive very high doses; 

however, the doses would not result in a fatality. For that accident, workers could be expected to be 

very near the cask when it drops and receive both direct neutron and gamma radiation as well as 

inhale airborne fission products. Workers would be expected to quickly evacuate the area and thus 

reduce their potential radiation exposure. 

Other Generator/Storage Locations. For Regionalization 4A and 4B, the accident 

risks would be expected to be similar to the accident risks under the No Action alternative. 
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5.1.5.5 Nonradlo/oglcal Accidents. The maximum reasonably foreseeable chemical 

accident at the Idaho Engineering National Laboratory, Savannah River Site, and other 

generator/storage locations would be similar to those described under the No Action alternative. An 
accident during the operation of a wet storage facility at the Hanford Site could release sulfuric acid 

and subject workers to fatalities or serious health effects. 

Two independent accidents have been evaluated to describe the maximum reasonably 

foreseeable chemical accident during the operation of the expended core facility at each of its 

potential locations. Such a release could subject workers to chemical concentrations that could cause 

fatalities or serious health effects but would not subject the public to such concentrations except at 

potential locations on the Oak Ridge Reservation and adjacent to the Savannah River Site. 

5.1.5.6 Transportation. 

Reglonallzatlon 4A (by fuel type)-

Shipments. Under Regionalization 4A, the same SNF types would be transported as 

under the 1992/1993 Planning Basis alternative with differences occurring in the destinations of some 

SNF based on fuel type. Onsite shipments would relocate SNF for continued safe storage or 

stabilization. 

Incident-Free Transportation. For Regionalization 4A, the incident-free 

transportation of SNF was estimated to result in total fatalities that ranged from 0. 17 to 0.61 over the 

4O-year period 1995 through 2035. These fatalities represent the sum of the estimated number of 

radiation-related latent cancer fatalities and the estimated number of nonradiological fatalities from 

vehicular emissions. 

The reason for a range of fatalities was due to two factors: (a) the option of using truck or 

rail transport for DOE SNF (see Appendix I), and (b) different SNF management options at the 

Savannah River Site (see Appendix C). Navy shipments would be made using a combination of truck 

and rail; DOE shipments were assumed to be made using 100 percent truck or 100 percent rail. 

The estimated number of radiation-related latent cancer fatalities for transportation workers 

ranged from 0.031 to 0. 15, the estimated number of radiation-related latent cancer fatalities for the 

general population ranged from 0.054 to 0.41 ,  and the estimated number of nonradiological fatalities 

from vehicular emissions ranged from 0.052 to 0.084. 

Onsite shipments of SNF were estimated to result in 0.0025 to 0.0034 fatalities. Offsite 

shipments of SNF were estimated to result in 0 . 17  to 0.61 fatalities. These fatalities also represent 

the sum of the estimated number of radiation-related latent cancer fatalities and the estimated number 

of nonradiological fatalities from vehicular emissions. 
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Transportation Accidents. The cumulative transportation accident risks over the 

40-year operational period were estimated to be 0.001 1 latent cancer fatality and 0.77 traffic fatality 

if all SNF were transported by truck. If all SNF were transported by rail, the corresponding risks 

were estimated to be 0.00037 latent cancer fatality and 0.76 traffic fatality. 

As in the 199211993 Planning Basis alternative, the maximum reasonably foreseeable offsite 

transportation accident involves a rail shipment of special-case commercial SNF in a suburban 

population zone under neutral (average) weather conditions. The accident has a probability of 

occurrence of about 2.8 x 10-7 per year, and the consequences are the same as those described under 

the 199211993 Planning Basis alternative. 

Onsite transportation of SNF would occur under Regionalization 4A at the Hanford Site, 

Idaho National Engineering Laboratory, and Savannah River Site. The maximum reasonably 

foreseeable accident for this alternative would occur at the Idaho National Engineering Laboratory, 

and the potential impacts would be the same as those described under the No Action alternative. 

ReglonallzBtlon 48 (by geography)-

Shipments. Under Regionalization 4B, the same SNF types would be transported as 

under the 199211993 Planning Basis alternative with differences occurring in the destinations of the 

SNF based on geographical considerations. Non-naval SNF originating from western United States 

locations or points of entry would be transported to the Idaho National Engineering Laboratory, 

Hanford Site, or Nevada Test Site. Non-naval SNF originating from eastern United States locations 

or points of entry would be transported to the Savannah River Site or Oak Ridge Reservation. Naval 

SNF would not be split on an east-west basis because the Navy would operate a facility for examining 

naval SNF at one of the DOE sites. Onsite shipments at major DOE sites may relocate SNF from 

one facility or another for continued safe storage or stabilization, if applicable. 

Incident-Free Transportation. For the six Regionalization 4B alternatives, the 

incident-free transportation of SNF was estimated to result in total fatalities that ranged from 0. 14 

(Idaho National Engineering Laboratory and Oak Ridge Reservation alternative) to 0.90 (Nevada Test 

Site and Oak Ridge Reservation alternative). The other four alternatives would result in fatalities 

between these two alternatives. These fatalities were over the 4O-year period 1995 through 2035 and 

represent the sum of the estimated number of radiation-related latent cancer fatalities and the 

estimated number of nonradiological fatalities from vehicular emissions . 

The reason for a range of fatalities was due to two factors: (1) the option of using truck or 

rail transport for DOE SNF (see Appendix I), and (2) the six regionalization alternatives. Navy 

Shipments would be made using a combination of truck or rail; DOE shipments were assumed to be 
made using 100 percent truck or 100 percent rai\. 
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For regionalization at the Idaho National Engineering Laboratory and Oak Ridge Reservation, 

the estimated number of radiation-related latent cancer fatalities for transportation workers was 0.033, 

the estimated number of radiation-related latent cancer fatalities for the general population was 0.043, 

and the estimated number of nonradiological fatalities from vehicular emissions was 0.059. 

For regionalization at the Nevada Test Site and Oak Ridge Reservation, the estimated number 

of radiation-related latent cancer fatalities for transportation workers was 0.21 ,  the estimated number 

of radiation-related latent cancer fatalities for the general population was 0.60, and the estimated 

number of nonradiological fatalities from vehicular emissions was 0.091 .  

For regionalization at the Idaho National Engineering Laboratory and Oak Ridge Reservation, 

onsite shipments of SNF were estimated to result in 0.0025 fatalities. Offsite shipments of SNF were 

estimated to result in 0.13  fatalities. These fatalities also represent the sum of the estimated number 

of radiation-related latent cancer fatalities and the estimated number of nonradiological fatalities from 

vehicular emissions. 

For regionalization at the Nevada Test Site and Oak Ridge Reservation, onsite SNF shipments 

were estimated to result in 0.0023 fatalities. Offsite shipments of SNF were estimated to result in 

0.90 fatalities. These fatalities also represent the sum of the estimated number of radiation-related 

latent cancer fatalities and the estimated number of nonradiological fatalities from vehicular 

emissions. 

Transportation Accidents. Cumulative accident risks for transportation by truck 

would range from 0.00090 latent cancer fatalities and 0.72 traffic fatalities for regionalization at the 

Idaho National Engineering Laboratory and Savannah River Site, to 0.0012 latent cancer fatalities and 

1 .0 traffic fatalities for regionalization at the Nevada Test Site and Oak Ridge Reservation. 

Cumulative accident risks for transportation by rail would range from 0.00024 latent cancer fatalities 

and 0.72 traffic fatalities for regionalization at the Idaho National Engineering Laboratory and Oak 

Ridge Reservation, to 0.00035 latent cancer fatalities and 0.91 traffic fatalities for regionalization at 

the Nevada Test Site and Oak Ridge Reservation. 

As in the 199211993 Planning Basis alternative, the maximum reasonably foreseeable offsite 

transportation accident would involve a rail shipment of special-case commercial SNF in a suburban 

population wne under neutral (average) weather conditions. The accident has a probability of 

occurrence that ranges from about 2.7 x 10.7 per year for regionalization at the Hanford Site and 

Savannah River Site, to about 3.7 x 10-7 per year for regionalization at the Nevada Test Site and 

Savannah River Site. Accident consequences would be the same for each alternative and would be 

the same as those described under the 199211993 Planning Basis alternative. 

Onsite transportation of SNF would occur under Regionalization 4B at the Hanford Site, 

Idaho National Engineering Laboratory, and Savannah River Site. The maximum reasonably 
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foreseeable accident for tbis alternative would occur at tbe Idaho National Engineering Laboratory, 

and tbe potential impacts would be tbe same as tbose described under tbe No Action alternative. 
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5.1.6 Centralization Alternative 

Under this alternative, all stored and newly generated SNF would be transported to and stored 

at one of five sites: the Hanford Site, Idaho National Engineering Laboratory, Savannah River Site, 

Oak: Ridge Reservation, or Nevada Test Site. SNF management activities at unselected sites would 

cease. All SNF-related research and development activities would be conducted at the selected site, 

and the expended core facility would also be located there. 

The implications of this alternative would be similar to those of Regionalization 4B alternative 

for western sites, but if an eastern site were selected, considerably greater volumes of SNF would be 

stored there than under any other alternative because the site would receive fuels from the Hanford 

Site and the Idaho National Engineering Laboratory. Therefore, substantially larger storage facilities 

would be needed under this alternative than under any other. New facilities with the largest capacity 

for SNF would be built at the Oak: Ridge Reservation and Nevada Test Site because they do not now 

have the capacity to accept additional fuels and do not currently store significant volumes of SNF. 

The potential environmental consequences at these sites are described below. 

5. 1.6.1 Socioeconomics. The Centralization alternative would result in the largest 

socioeconomic impact in terms of the number of direct jobs created (or lost) on a local basis by SNF 

management activities (see Figure 5-7). The change in site employment would range from a decrease 

of less than 3 percent of total site employment at the Idaho National Engineering Laboratory to a 

maximum increase of about 13 percent above existing site employment at the Nevada Test Site when 

an expended core facility were constructed at the site. The intensity of this impact at the major DOE 

sites would depend on (a) whether the SNF management programs used existing personnel or 

required workers to move into the region, and (b) future actions at each site competing for the 

available labor pool. Under Centralization if the site were selected, the peak: in employment would 

occur at the Savannah River Site where an additional 1 ,700 workers would be required for the 

proposed SNF management activities, an increase of approximately 1 1  percent above the projected 

1995 baseline. If the site were not selected, the peak: in employment would be an additional 

580 workers at the Hanford Site or approximately 3 percent above the projected 1995 baseline. If 

either the Hanford Site, Idaho National Engineering Laboratory, or Savannah River Site were not 

selected as a central site under the Centralization alternative, there would ultimately be a reduction in 

employment equal to existing employment for SNF management at these sites. This would add to the 

forecast loss of jobs at each of these sites. In the short term, additional jobs would be required to 

prepare SNF for transport offsite (see Figure 5-5). The closure of the Expended Core Facility at the 

Idaho National Engineering Laboratory, however, would lead to a long-term loss of jobs as well, 

increasing the rate of job loss at that site. 

Sites selected as central sites would generally have increased employment over baseline levels 

(see Figure 5-6). This increased direct employment would also result in an indirect increase in 

employment in the surrounding communities. At the Oak: Ridge Reservation, the associated 
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population growth could result in increases in capital expenditures to meet the increased demand of 

housing, utilities, including electricity generation, wastewater treatment, and water, transportation, 

and education facilities. At the Hanford Site, centralization activities could strain the housing market 

and add to school-capacity concerns. For centralization at the Savannah River Site or the Idaho 

National Engineering Laboratory, DOE expects that potential impacts on the demand for community 

resources and services would be minimal. For centralization at the Nevada Test Site, there is a 

potential increase in housing demand. Overall socioeconomic impacts for centralization at the Nevada 

Test Site could be absorbed within the projected expansion of the local economy, infrastructure, 

public service, and real estate development. 

5.1.6.2 Utilities (Electricity). The effect on power consumption from 

implementing the Centralization alternative would be generally similar to that described for 

Regionalization 4B where the SNF is transported offsite or where the SNF is transported to the 

regional site except at the Savannah River Site. Power consumption minimum increase would be 

about 8 percent over the site baseline usage at the Savannah River Site from the construction and 

operation of additional wet storage facilities under the Centralization alternative. Figures 5-8 and 5-9 

illustrate the Centralization impacts for the two cases: if a site were selected or not selected as the 

central site (compare with Figures 5-5 and 5-1). The impacts would be the same as those described 

in Section 5.1 .  Thus, for example, electric power requirements with centralization at the Nevada 

Test Site would be similar to Regionalization 4B at the Nevada Test Site with a replacement expended 

core facility also located at that site (Figure 5-6). 

Under the Centralization alternative at Hanford, the power consumption would rise by 

approximately 3 percent if SNF were only stored and could rise as much as 40 percent if processing 

were required. While the increase in power required for processing appears large (as a percent of 

baseline) when compared to the Savannah River Site, much of the difference would be the result of a 

higher Savannah River Site baseline with power consumption. 

5. 1.6.3 Materials and Waste Management The Centralization alternative would have 

similar effects at the major DOE sites to those described in Section 5. 1 .5.3 for the Regionalization 

alternative (see Figures 5-5 and 5-1). If a site were not selected as the central site, the annual volume 

of waste generated from SNF management activities would ultimately decrease; however, transient 

activities to stabilize and package the fuel could be substantial. The site selected as the central site 

would increase the annual volume of wastes generated from SNF management activities. The 

increase in waste would not necessarily be proportional to the larger amount of SNF being managed 

onsite because the originating sites would characterize and can their fuel before transport so it could 

be placed directly into storage at the receiving site. The waste volumes would be generated from 

transferring fuel from water pools at some sites, characterizing and canning small amounts of new 

fuel, and operating the expended core facility. Figures 5-8 and 5-9 show the effects of not being 

selected as well as being selected as the central site for SNF management activities. 
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Figure 5-8. Summary of impacts for the Centralization option if sites were not selected as a central 
site. (The maximum incremental change from baseline is illustrated in graphs. Input data are 
summarized in Appendix K.) 

VOLUME I 5-56 



Centralization alternative 

ChllIlge in s�s 9"1'ioyrnenl between 1995snd 2005 for SNF 
mal'\llgement ss .. percent 01 s� .. baseline 

"T --,-----,-'---,----'-----r--'C--r--, � 

I I ,jl 
Note: Naval and Other sites are not 
affected by this alternative. 

'-"====='===�=='== �=='====' =� 
Hanford INEL '" 

Hanford 

Naval Olhe' 

Maximum estimated annual latent cancer fatalities in general population form 
: :::+====="="�""=="===i======�""==�====,"='�id=.="t�-,=re=.=t��="'=,,==rt="="i=" 

t0040t------f-----t-----+-
� 0.035 
� 
� i :  :�:+--=�-::t=__1.£ ====t==t====t:==t � :::t;;;� Hanford INH Nlval 

Percent change in annual eleclncity consumption over site 
baseline from SNF management activities 

- T- - - �-----,----- ,-------� 

INEL Naval Other 

Average annual high-level, Iransuranic, and mixed wastes generated 

.... 175 
• 

between 1995 and 2005 SNF 

� 150 t--------r 
8. 1254---+--
� 100'+--------,[---
• E o 15 , 

() 

INEL 
SRS 
ORR 
NTS 
Naval 

Hanford INEL SAS OAA 

Idaho National Engineering Laboratory 
Savannah River Site 
Oak Ridge Reservation 
Nevada Test Site 
Naval Sites 

-

-

-

-

-

-

- [--. • � 
---
-

-----t= �===-,.� 
NTS Naval Other 

-- H'Ilh Level TrlnsuranlC .,,' 
Hanford minimum , , , 

Hanford m"'''tnum " " , 
INEL m,nlmum =$:= , , 
INEL mllX,mum " , 
SAS minomum --+- " , 
SASmllXimum , " , 
OAAmi"'m .... , " , 

OAAmllXim .... , " , 
NTS mInim .... 

=;� 
" , 

NTS mllXimum " , 
Naval minimum " " " 
Naval max""um " " " 
0Ihe, mir;mum e, " " 

Othef maximum eo " "' 

Mango annual 1ow�8Vel WRaI"" Q8ne,"ed 
'''''T-------;- ",,!ween 1995 andr=' �T  ::":-::�'------ _, ----C 

1.""+--- +-----1 
!. ""i----+ j ,ooot---
� 
o 

I-Ion'"," INEL .... '.1 

Figure 5-9. Summary of impacts for the Centralization option if sites were selected as a central site 
and have an expended core facility, (The maximum incremental change from baseline is illustrated in 
graphs. Input data are summarized in Appendix K.) 

5-57 VOLUME 1 



Centralization alternative 

5.1.6.4 Radlologlcal lmpacts. For the Centralization alternative, the radiological impacts 

from both normal operations and accidents at both the originating site and the central storage site 

would be expected to be low and similar in magnitude. Accident analysis for both existing and 

proposed SNF interim storage facilities indicates that the probabilities of accidents with the potential 

for significant impacts would be extremely low. 

Figure 5-7 illustrates the estimated latent cancer fatalities among the population within 

80 kilometers (50 miles) from SNF operations at each of the major sites. For each major site, this 

figure includes the potential impacts associated with site SNF operations with centralization at another 

site, as well as with centralization at that site. 

Accident risks from SNF activities would be principally because of handling and storage 

activities and, therefore, would be expected to be similar for each of the centralization sites. The 

principal differences would be due to activities at the existing SNF sites necessary to prepare the SNF 

for transport to the central site. 

SNF Facility Accldents-

Hanrord Site. The implementation of the Central ization alternative at the Hanford 

site would be expected to result in accident risks for some accidents slightly different from those 

identified for the Decentralization alternative (Section 5 . 15 of Appendix A). The amount of SNF 

handled at the dry storage facility would be greater, resulting in an increase in the accident 

probability for the dry storage cask impact and fire to approximately 8 in 1 ,000,000. The estimate of 

risk from this, the highest risk accident to the general population, would be 6.5 x 104 latent cancer 

fatalities in the general population per year of operation. The corresponding risk to an individual 

worker would be 7.5 x 10.7 potential latent cancer fatalities per year of operation. 

Implementation of the Centralization alternative (or Regionalization 4B) elsewhere reduces the 

estimates of accident risks from those identified for the Decentralization alternative because the 

existing storage facilities would be shut down and the amount of SNF handled at the site decreases 

slightly. The accident probability for the dry storage cask impact and fire would be expected to 

decrease slightly, to approximately 5 in 1 ,000,000. This yields an estimated accident risk to the 

general population of 4.1  x 104 latent cancer fatalities per year of operation. The corresponding 

highest risk accident to a worker would be 4.75 x 10.7 potential latent cancer fatalities per year of 

operation. 

Idaho National Engineering Laboratory. The implementation of the Centralization 

alternative at the Idaho National Engineering Laboratory is estimated in Section 5. 15  of Appendix B 

to result in additional accident scenarios and accident risks from those identified for the No Action 

alternative due to the assumed resumption of chemical processing of SNF at the Idaho Chemical 
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Processing Plant. The consequences and risks from SNF-related accidents would be the same as 

Regionalization 4B if the Idaho National Engineering Laboratory is selected as a regional site. 

The implementation of the Centralization alternative at a site other than the Idaho National 

Engineering Laboratory would result in potential accident consequences and risks the same as the 

Regionalization 4B when the Idaho National Engineering Laboratory is not selected as a regional site. 

Savannah River Site. The implementation of the Centralization alternative at the 

Savannah River Site, including the three options of dry storage, wet storage, and processing followed 

by dry storage, is assessed in Section 5. 15 and Attachment A of Appendix C to result in accidents not 

significantly different from those identified for the same options under the Decentralization 

alternative. Because of an increase in the amount of SNF handled, however, the accident frequency 

for some accidents would increase. 

The accident frequency for the highest risk accident, a fuel assembly breach, would be 

expected to be about 0.84 fuel assembly breaches per year of operation with implementation of this 

alternative. The estimated risk of latent cancer fatalities to the general public, maximally exposed 

offsite individual, and co-located worker would be 7.2 x 10-3, 8.4 X 10-7, and 4 X 10-6 per year 

of operation, respectively. With centralization elsewhere, the highest risk accident would still be the 

fuel assembly breach with an estimated risk approximately the same as with the No Action 

alternative. 

Oak Ridge Reservation. The accident risks associated with implementation of the 

Centralization alternative at the Oak Ridge Reservation are presented in detail in Section 5 . 15 (part 3) 

of Appendix F. These accident risks are summarized under Regionalization 4B. 

Nevada Test Site. The accident risks associated with implementation of the 

Centralization alternative at the Nevada Test Site are presented in detail in Section 5. 15 (part 2) of 

Appendix F. These accident risks are summarized under RegionaIization 4B. 

Other Generator/Storage Locations. The accident risks under the Centralization 

alternative would be expected to be the same as the accident risks under the No Action alternative. 

5. 1.6.5 Nonradiological Accidents. Abnormal operational events could result in the 

release of toxic or hazardous substances from the centralized facility or from SNF management 

facilities at the other storage/generator sites prior to the shipment of SNF to the central site. The 

events that would be expected to exceed exposure guidelines would be similar to those described 

under the 1992/1993 Planning Basis alternative. 

Two independent accidents have been evaluated to describe the maximum reasonably 

foreseeable chemical hazard during the operation of the expended core facility at each of its potential 
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locations. Such a release could subject workers to chemical concentrations that would exceed the 

Emergency Response Planning Guideline value but would not subject the public to such 

concentrations except at potential locations on the Oak Ridge Reservation and adjacent to the 

Savannah River Site. 

5.1.6.6 Transportation. 

Shipments-Under the Centralization alternative, all stored and newly generated 

SNF would be transported to one of five sites: the Hanford Site, Idaho National Engineering 

Laboratory, Savannah River Site, Oak Ridge Reservation, or Nevada Test Site. 

Incident-Free Transportatlo�For the five Centralization alternative sites, the 

incident-free transportation of SNF was estimated to result in total fatalities that ranged from 0.21 

(centralization at the Oak Ridge Reservation) to 1 .7 (centralization at the Savannah River Site). 

These fatalities were over the 4O-year period 1995 through 2035 and represent the sum of the 

estimated number of radiation-related latent cancer fatalities and the estimated number of 

nonradiological fatalities from vehicular emissions. 

The range of fatalities was due to two factors: (a) the option of using truck or rail transport 

for DOE SNF (see Appendix I) and (b) the five centralization options. Navy shipments would be 

made using a combination of truck and rail; DOE shipments were assumed to be made using 

100 percent truck or 100 percent rail. 

For central ization at the Oak Ridge Reservation, the estimated number of radiation-related 

latent cancer fatalities for transportation workers was 0.050, the estimated number of radiation-related 

latent cancer fatalities for the general population was 0.073, and the estimated number of 

nonradiological cancer fatalities from vehicular emissions was 0.083. 

For centralization at the Savannah River Site the estimated number of radiation-related latent 

cancer fatalities for transportation workers was 0.43, the estimated number of radiation-related latent 

cancer fatalities for the general population was 1 .2, and the estimated number of nonradiological 

fatalities from vehicular emissions was 0. 1 1 .  

For centralization at the Oak Ridge Reservation, onsite shipments of SNF were estimated to 

result in 0.0023 fatalities. Offsite shipments of SNF were estimated to result in 0.20 fatalities. 

These fatalities were also the sum of the estimated number of radiation-related latent cancer fatalities 

and the estimated number of nonradiological fatalities from vehicular emissions. 

For centralization at the Savannah River Site, onsite shipments of SNF were estimated to 

result in 0.0035 fatalities. Offsite shipments of SNF were estimated to result in 1 .7 fatalities. These 
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fatalities were also the sum of the estimated number of radiation-related latent cancer fatalities and the 

estimated number of nonradiological fatalities from vebicular emissions. 

Transportation AccIdents-Cumulative accident risks for transportation by truck 

would range from 0.0048 latent cancer fatalities and 1 .0 traffic fatalities for centralization at the 

Idaho National Engineering Laboratory, to 0.0020 latent cancer fatalities and 1 .44 traffic fatalities for 

centralization at the Savannah River Site. Cumulative accident risks for transportation by rail would 

range from 0.0013 latent cancer fatalities and 0.95 traffic fatalities for centralization at the Idaho 

National Engineering Laboratory, to 0.0014 latent cancer fatalities and 1 . 19 traffic fatalities for 

centralization at the Nevada Test Site. 

For centralization at either the Hanford Site or Idaho National Engineering Laboratory, the 

maximum reasonably foreseeable offsite transportation accident would involve a rail shipment of 

special-case commercial SNF in a suburban population zone under neutral (average) weather 

conditions. The accident has a probability of occurrence of about 5 x 10.7 per year and the 

consequences would be the same as those described under the 1992/1993 Planning Basis alternative. 

For centralization at the Oak Ridge Reservation or the Nevada Test Site, the maximum 

reasonably foreseeable offsite transportation accident involves a rail shipment of special case 

commercial SNF in an urban population zone under neutral (average) weather conditions. The 

accident has a probability of occurrence of about 1 x 10-7 per year and could result in an estimated 

36 latent cancer fatalities in the exposed population for Oak Ridge Reservation; for the Nevada Test 

Site, the accident would result in approximately 36 latent cancer fatalities. For comparison, the same 

population would be expected to experience about 540,000 cancer fatalities from other causes. The 

probability of this accident occurring under stable (worst-case) weather conditions is less than 

I X 10-7 per year for urban and suburban zones; the probability of occurrence is 5.7 X 10-7 per year 

if the accident occurred in a rural population zone and could result in an estimated 2 latent cancer 

fatalities. 

For centralization at the Savannah River Site, the bounding offsite transportation accident 

would involve a rail shipment of commercial SNF in a suburban population zone under stable 

(worst-case) weather conditions. The accident has a probability of occurrence of about 

1 .2 x 10-7 per year and could result in an estimated 55 latent cancer fatalities in the exposed 

population. For comparison, the same population would be expected to experience about 42,000 

cancer fatalities from other causes. The probability of this accident occurring in an urban population 

zone is less than I x 10-7 per year. In a rural population zone, the accident consequences would be 

approximately 3 percent of the suburban zone consequences. 

Onsite transportation of SNF would occur under the Centralization alternative at the Hanford 

Site, Idaho National Engineering Laboratory, and Savannah River Site. The bounding accident 
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among the three sites occurs at the Idaho National Engineering Laboratory, and the potential impacts 

would be the same as those described under the No Action alternative. 

Table 5-2 summarizes the comparison of incident-free transportation fatalities for each of the 

SNF management alternatives. Table 5-3 provides the comparison of transportation accident risks for 

each of the SNF management alternatives. 

Table 5-2. Comparison of incident-free transportation total fatalities for alternatives over the 4O-year 
period. 

No Action 

Decentralization 

199211993 Planning Basis 

Regiona1ization 4A (fuel type) 

Regiona1ization 4B (geography) 

Idaho National Engineering Laboratory and SavaMah 
River Site 

Idaho National Laboratory and Oak Ridge Reservation 

Hanford Site and Savannah River Site 

Hanford Site and Oak Ridge Reservation 

Nevada Test Site and Savannah River Site 

Nevada Test Site and Oak Ridge Reservation 

Centralization 

Hanford Site 

Idaho National Engineering Laboratory 

Savannah River Site 

Oak Ridge Reservation 

Nevada Test Site 

Mmimuml•b 

total 
fatalities 

0.0089 

0.12 to O.IS 

0.14 

0.17 

O.IS to 0.17 

0.14 to O.IS 

0.17 

O.IS 

0.19 

0.17 

0.23 

0.21 

0.26 

0.21 

0.26 

Maximumb,c 
total 

fatalities 

0.0089 

0.3S to 0.38 

O.4S 

0.61 

O.SI to 0.S3 

0.S3 to 0.S4 

O.SS to 0.S6 

0.S7 

0.88 

0.90 

1 .3 

1 . 1  

1.7 

1.6 

1.6 

8. The minimum total fatalities would be associated with transport of DOE fuel by rail; naval SNP shipmcntl would be 
by both truck (onsite) and rail (o[[site). 

h. Total fatalities were calculated for the 4O-year period 1995 through 203S and were the 8um of the estimated number 

of radiation-related latent cancer fatalities for workers and the general population and the estimated number of 
nonradiological fatalities from vehicle emissions. 

c. The maximum total fatalities would be associated with transport of DOE fuel by truck, naval SNP shipments would 
be by both truck (onsite) and rail (o[[site). 
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Table 5-3. Comparison of estimated transportation accident risks for alternatives over the 4O-year 
period. 

Truck Accident Risks" Rail Accident Risks" 

Alternative Latent cancer Latent 
fatalitiCi Traffic fatalitiCI cancer fatalitiCI Trarr", fatalitiCi 

No Action 4.1 X 10-6 0.047 4.1  X 10-6 0.047 

Decentralizationb 0.00085 to 0.20 to 1.01 0.00029 to 0.26 to 1.07 
0.00090 0.00034 

199211993 Planning Basis 0.0010 0.70 0.00035 0.73 

Regionalization 4A (fuel type) 0.0011 0.77 0.00037 0.76 

Regionalization 48 (geography) 

Idaho National Bngineering 0.00090 0.72 0.00034 0.73 
Laboratory and Savannah 
River Site 

Idaho National Bngineering 0.00095 0.73 0.00024 0.72 
Laboratory and Oak Ridge 
Reservation 

Hanford Site and Savannah 0.0013 0.84 0.00075 0.82 
River Site 

Hanford Site and Oak Ridge 0.0013 0.81 0.00050 0.78 
Reservation 

Nevada Test Site and 0.0012 0.99 0.00045 0.91 
Savannah River Site 

Nevada Test Site and Oak 0.0012 1.00 0.00035 0.91 
Ridge Reservation 

Centralization 

Hanford Site 0.0050 1.10 0.0013 1 .05 

Idaho National Engineering 0.0048 1.00 0.0013 0.95 
Laboratory 

Savannah River Site 0.0020 1.44 0.00080 1 .09 

Oak Ridge Reservation 0.0017 1.35 0.00055 1.00 

Nevada Test Site 0.0050 1.33 0.0014 1 . 19 

B. Assumes SNF shipments would be 100 percent by truck or 100 percent by rail, except for naval SNP shipments that 
would be by both truck (onsite) and rail (offsite). 

b. Range of values in each column for the Decentralization alternative reflects the different fuel examination options for 
naval SNF. 
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5.2 Issues Not Discussed in Detail 

This section discusses potential impacts for issues that are not discussed in detail because they 

are small and do not distinguish among alternatives, but about which the public may have general 

interest. The discussion for each discipline generally concentrates on sites and alternatives that have 

the largest expected impacts, demonstrating that the environmental consequences for that discipline 

are not of sufficient importance to be given strong consideration in the programmatic decisionmaking 

process. 

5.2.1 Land Use 

The proposed alternatives would not result in major impacts on land use at either the DOE or 

the naval sites. The largest amount of land that would be disturbed at any of the DOE sites would be 

53 hectares (130 acres) at the Hanford Site. This would occur under the Centralization alternative 

and would take less than 0.5 percent of the land at that site. Less than 6.5 hectares (16 acres) of land 

would be required at the naval sites for the No Action alternative for the storage of SNF on railcars, 

and no additional land outside of the existing sites would be required. At all SNF sites, new facilities 

would be located near existing facilities or new facilities would be built on previously disturbed or 

industrialized land. Additional land might be required for infrastructure and buffer zones if a new 

SNF management facility is required. Because less than 0.5 percent of the land at any of the DOE 

sites would be needed and the current land use at the naval sites would not change, land use was 

determined not to be a discriminating factor (discriminator) among sites or alternatives and is not 

considered further in this volume. Detail on land use impacts is presented in Appendices A 

through F. The EIS does not explicitly consider land that is currently used for SNF operations or 

land that might or might not be made available for other uses under some alternatives. 

5.2.2 Cultural Resources 

Cultural, archaeological, historic, and architectural resources are defined as prehistoric and 

historic sites, districts, structures, and evidence of human use that are considered important to a 

culture, subculture, or a community for scientific, traditional, religious, or other reasons .  

Most of the major DOE sites and some of the naval sites contain areas of archaeological, 

cultural, or historical interest. Direct impacts to archaeological resources would be associated with 

ground disturbance activities. Indirect impacts would result from improved visitor access, changes in 

land status, or other actions that would limit future scientific investigation. Although the major DOE 

sites have not been surveyed completely, the locations for the construction of proposed new facilities 

have generally been evaluated for their cultural importance. No known cultural resources would be 

affected by construction under any of the proposed alternatives. Specific surveys would be conducted 

before beginning any construction to determine the impacts to cultural resources. As described in 

Section 5.7.3, if cultural resources (for example, prehistoric or historic artifacts) were encountered 
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during construction, earth-moving activities would stop and the State Historic Preservation Officer 

would be contacted immediately. If Native American or Native Hawaiian resources were to be 

involved, their leaders would also be contacted. Impacts to cultural resources were determined not to 

be an important discriminator among sites and alternatives; therefore, they are not considered further 

in this chapter. Details on cultural impacts are given in Appendices A through F. 

5.2.3 Aesthetic and Scenic Resources 

At all DOE sites, any proposed new SNF management facilities would be located far from 

areas with public access. Where new facilities would be visible to the public, similar facilities are 

already visible. At naval sites, SNF storage locations would be located at existing industrial facilities. 

Aesthetic and scenic resources would not be significantly affected by SNF management activities and 

are not considered further in this chapter. Discussion of impacts on aesthetic and scenic resources are 

contained in Appendices A through F. 

5.2.4 Geologic Resources 

None of the sites has known significant geologic resources that would be affected by the 

alternatives. Except for the potential existence of gold, tungsten, and molybdenum at the Nevada 

Test Site, geologic resources at the candidate sites consist of surficial sand, gravel, or clay deposits 

that have low economic value. The alternatives that involve constructing new facilities would result 

in disturbing or extracting surface deposits to construct the facilities. New construction would 

increase the use of surface deposits (that is, sand and gravel deposits), but because of the large 

volume of these materials on the sites, the impact is expected to be small .  

All the major DOE sites have experienced earthquakes; however, they are located in areas 

with low to moderate seismic potential with respect to more seismically active areas in the United 

States (Algermissen et aI. 1982, 1990). Because any new facility would be constructed to meet 

current seismic design criteria for a given area, seismic concerns are not a discriminating factor 

among sites. Details on site geology are provided in Appendices A through F. 

5.2.5 Air Quality 

SNF management activities under some alternatives would result in slightly increased releases 

of pollutants to the atmosphere. At the major DOE sites, the projected emissions from SNF 

management activities would not contribute to nonattainment of state or Federal standards. There 

would be no impact on nonradiological ambient air quality at the naval sites (Appendix D). 

Construction activities at several different sites are expected to cause short-term, minor increases in 

fugitive dust emissions, but the use of standard dust suppression techniques would be expected to 

minimize this problem. These particulate emissions could temporarily affect visibility in localized 

areas but would not cause nonattainment of state or Federal standards. Because SNF management 
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activities would not be expected to cause eitber radiological or nonradiological air quality impacts to 

exceed state or Federal standards at any site for any alternative considered, or to significantly affect 

air quality in any otber respect, air quality impacts are not discussed furtber in tbis cbapter. The 

potential radiological impacts on healtb are discussed in Section 5. 1 .  The computer models used for 

evaluating air quality impacts, and detailed results are discussed in Appendices A tbrough F. 

5.2.6 Water Resources 

The proposed alternatives would have small impacts on water resources at each of tbe 

candidate sites. Compared witb existing activities at all proposed SNF sites, additional water 

consumption would be minor and would relate primarily to tbe increased demand of a larger work 

force because SNF water pools use recycled water. The maximum increase of water usage over 

baseline at any candidate site would be approximately 5 percent. There would be net increases in 

employment at tbe Oak Ridge Reservation, and tbe Nevada Test Site; however, water resources 

would not be expected to be appreciably affected under any alternative. Nevertbeless, at tbe Nevada 

Test Site, where available water is limited, a cumulative water supply impact is possible. The effects 

of groundwater witbdrawal from tbe Frenchman Flat hydrographic area at tbe Nevada Test Site to 

support a proposed SNF facility on groundwater yields are unknown and require additional study. 

The Frenchman Flat hydrographic area is part of tbe Ash Meadows sub-basin whose perennial yield 

has greatly exceeded its annual water witbdrawals. Some potential also exists for minor, short-term 

impacts of sedimentation during construction at tbe Oak Ridge Reservation and tbe Savannah River 

Site. 

Storing SNF in water pools creates a potential for radiological groundwater contamination 

tbrough undetected leaks or accidents tbat breach containment systems. Releases to groundwater 

caused by accidental minor breaches of leak containment systems are very small compared witb 

accidental minor releases, which are presented in Appendices A tbrough F under Occupational and 

Public Healtb and Safety. Water resources are discussed in detail in Appendices A tbrough F. 

5.2.7 Ecological Resources 

The major DOE sites under consideration are located on large reservations tbat are 

predominantly "natural."  The naval sites, on tbe otber hand, are generally much smaller witb 

significant industrial infrastructure. Similarly, tbe majority of tbe otber generator and storage sites 

are in urban or suburban settings, where natural flora and fauna are limited to species tbat have 

developed a tolerance to human activities. Therefore, tbe largest impacts to ecological resources are 

expected to occur at tbe five major DOE sites where undisturbed or semi-disturbed natural areas could 

be converted to industrial activity. Under any of tbe alternatives involving tbe construction of new 

facilities at DOE sites, individuals or small populations of some wildlife species may be disturbed, 

displaced, or destroyed. 
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The development of new DOE facilities would affect some natural habitats. The size of the 

areas affected would be small in relation to the size of the sites and the size of remaining natural 

habitats. The type of habitats affected would vary but would be typical of the regional area in which 

the sites are located. The habitat losses would probably not affect any threatened or endangered 

species or critical habitats with the possible exception of the proposed facilities at the Nevada Test 

Site and the Hanford Site. At the Nevada Test Site, the proposed SNF facilities could be constructed 

within the range of the desert tortoise, a federally listed threatened species. At the Hanford Site, 

construction related to SNF management could result in a habitat loss up to 28 hectares (70 acres) for 

Federal and state-listed candidate species (for example, loggerhead shrike, sage sparrows, burrowing 

owls, pygmy rabbits). As described in Section 5.7.7, mitigation plans would be developed in 

consultation with the appropriate agencies if any threatened or endangered species were identified on 

the project site. Habitat fragmentation is not expected because new facilities would be constructed 

adjacent to existing facilities. Because minor impacts to ecological resources would occur at all sites 

for all alternatives involving construction, ecology was not considered a significant discriminator 

among sites and, therefore, is not discussed further in this chapter. Appendices A through F present 

a detailed discussion of ecological impacts. 

5.2.8 Noise 

The construction of SNF management facilities at any of the sites would generate noise levels 

consistent with light industrial activity. However, at the major DOE sites, noise generated onsite 

does not propagate offsite at levels that would affect the general population. Noise at the naval sites 

is primarily from truck and car traffic, shiploading, and diesel-powered equipment. Noise impact 

analyses at the naval sites indicate that noise from construction or operation of facilities would not 

cause the ambient noise levels to exceed U.S. Environmental Protection Agency or state guidelines. 

Construction would occur at the naval sites under the No Action and Decentralization alternatives. 

Noise impacts would be expected to be comparable at the major DOE sites for all alternatives except 

for the No Action alternative, which does not involve construction of new facilities. Because these 

new facilities would be located in industrialized areas, however, no impacts are expected. Because 

noise impacts would be minor and do not differentiate among the sites or the alternatives, they are not 

considered further in this chapter. Details on the noise impact analyses are provided in Appendices A 

through F. 

5.2.9 Utilities and Energy 

New facilities (or the restarting of idle facilities) would result in increased demands on water, 

power, and sewage. The greatest resource requirements would result from the implementation of the 

Centralization alternative. Based on available data, the increased water usage would range from less 

than I percent at the Idaho National Engineering Laboratory to a maximum of less than 5 percent 

above existing site usage at the Savannah River Site. Electricity requirements are discussed in 

Section 5 . 1 .  The increase in sewage generation resulting from implementation of the alternatives 
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would range from less than 1 percent at the Idaho National Engineering Laboratory to a maximum of 

9 percent at the Savannah River Site. A central sewage treatment system would have to be 

constructed for the SNF facilities at the Nevada Test Site under the Regionalization and Centralization 

alternatives if the Nevada Test Site were selected as a regional or central site. The existing system 

capacities at all sites could manage the estimated changes in utility usage rates for water. 

Appendices A through F provide details on utilities and energy consumption. 

5.3 Cumulative Impacts 

A cumulative impact on the environment results from the incremental impact of the action 

when added to other past, present, and reasonably foreseeable actions. "Other" actions include DOE 

projects at the potentially affected sites not related to SNF management, as well as projects proposed 

by other Government agencies, private businesses, or individuals. This type of an assessment is 

important because significant cumulative impacts can result from several smaller actions that by 

themselves do not have significant impacts. The programmatic cumulative impacts from the 

implementation of the DOE SNF Management Program are discussed in Section 5.3. 1 .  The 

site-specific cumulative impacts are described in Section 5.3.2. 

5.3.1 Programmatic Cumulative Impacts 

On a nationwide basis, the implementation of any of the SNF Management Program 

alternatives would not be expected to significantly contribute to cumulative impacts. There would be 

a small change in regional employment, little use of nonrenewable resources, low radiological 

emissions, and a low rate of radioactive waste generation. Under most alternatives, subalternatives, 

and options, the activities required for SNF management would be very small in comparison to other 

non-SNF-related activities already underway at almost all sites where SNF would be stored. Even in 

those alternatives where there would be large changes in nonrenewable resource use at one or more 

sites (Regionalization by geography or Centralization), on a national scale, increases at the selected 

regional or central site would be compensated for by changes at nonselected sites, so the net change is 

very small. 

Reasonably foreseeable projects that could contribute to cumulative impacts are identified for 

each of the DOE and naval sites in Appendices A, B, C, D, and F. For the major DOE sites, these 

projects are primarily associated with environmental restoration and waste management activities, one 

of the priorities being given to site management, and are being covered by the Waste Management 

Programmatic EIS and site-specific EISs. It is expected that SNF management activities would have 

consistently smaller impacts than the environmental restoration and waste management activities, and 

that the overall impact of SNF management would not contribute significantly to cumulative impacts 

on either a regional or a nationwide basis. 
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The transport of DOE and naval SNF over highways and railways is only one of the sources 

of radiological dose to the general public. The potential transport of commercial SNF for disposal in 

a repository, assumed to be in Nevada for purposes of analysis, the proposed transport of transuranic 

wastes to the Waste Isolation Pilot Plant in New Mexico, and the expected transport of radioisotopes 

used in medicine and other activities all would contribute to public exposures. Available historical 

data and projected future doses are summarized in Appendix I. 

During analysis, the potential for significant cumulative impacts to other resources was 

considered; none were found. Cumulative impacts are described qualitatively because programmatic 

considerations do not require detailed information that depends on specific facility location or design. 

More detailed cumulative effects analysis will be performed for any actions that are proposed in the 

course of implementing programmatic SNF management decisions. 

5.3.2 Site-Specific Cumulative Impacts 

All of the sites contain facilities unrelated to SNF that may continue to operate throughout the 

duration of the SNF interim management program (approximately 40 years). Impacts from both 

construction and operation of SNF facilities would be cumulative with the impacts of existing and 

planned facilities or actions such as environmental restoration and waste management activities 

unrelated to SNF. Cumulative effects involving site-specific projects that are planned to occur 

simultaneously with SNF management activities at the major DOE sites are discussed in the site 

appendices. Not all planned facilities were factored into the assessment of cumulative impacts 

pending funding approval or resolution of DOE policy issues. 

The following sections discuss cumulative impacts to those environmental resources identified 

in Appendices A through F. During analysis, the potential for significant cumulative impacts to other 

environmental resources (that is, geologic resources, aesthetic and scenic resources, and cultural 

resources) was evaluated; none were found. 

5.3.2. 1 Land Use. Implementation of any of the SNF alternatives at the major DOE sites 

would have a minimal cumulative impact with respect to either the available land onsite or to the 

continued mission of the sites. The largest proportion of any site that would be required for all 

sitewide activities is less than I percent of the total site area. 

5.3.2.2 SocIoeconomIcs. Depending on the economic status and outlook for an area, SNF 

activities coupled with other actions have the potential to strain or overburden the socioeconomic 

resources of certain areas, particularly if either the Regionalization or Centralization alternatives were 

selected with an expended core facility located at the site. For example, these cumulative effects 

could contribute to housing shortages, the need for additional schools, and increased demand for 

utilities and transportation. 
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Each site is anticipating an overall decline in site employment over the next few years; 

therefore, the existing work force could be reassigned to SNF management activities. However, it 

was assumed that the construction activities associated with the proposed SNF management 

alternatives would require the in-migration of construction workers. Although these construction 

activities are shon-term with a duration of a few years, when addressed cumulatively with other 

reasonably foreseeable activities, there could be a socioeconomic impact in the communities 

surrounding the Hanford Site, Nevada Test Site, and Oak Ridge Reservation. For example, at the 

Hanford Site cumulative employment, housing requirements, and needs for schools would increase up 

to I percent over those based on present Hanford employment for SNF management activities only. 

Impacts to socioeconomic resources associated with the implementation of proposed SNF 

actions at the Idabo National Engineering Laboratory, Savannab River Site, naval sites, and other 

generator sites are not expected to be sufficient to have a cumulative effect on the regional social 

infrastructure within each site's region of influence. 

5.3.2.3 Air Quality. The available data in Appendices A through F indicate that the 

cumulative air emissions from the Savannab River Site, Idabo National Engineering Laboratory, and 

naval sites, including those from the proposed SNF management alternatives, would not exceed the 

limits for nonradioactive air pollutants and would not threaten to exceed the limits for nonradioactive 

pollutants or the 40 CFR Pan 61 limit of 0.01 rem (10 millirem) per year for radioactive emissions. 

5.3.2.4 Water Resources. Based on data available in Appendices A through F, the 

implementation of any of the SNF alternatives at the major DOE sites would result in minimal 

cumulative impacts to water resources under normal operations. The proposed SNF facilities and 

related management operations are designed to generate no liquid releases of wastewater to the 

subsurface or water resources containing radiological constituents or hazardous chemicals. The 

facilities would be constructed using state-Qf-the-an technologies, including secondary containment 

and leak detection and water balance monitoring equipment. Liquid effluent discharges from SNF 

activities will be monitored for the presence of radioactive and chemical constituents and determined 

suitable for land disposal as required under Federal and State regulations. 

Water usage from SNF activities would also have a small cumulative effect on overall 

quantities of water available at the major DOE sites. The maximum increase over baseline water use 

would be approximately 5 percent for any of the proposed locations. 

5.3.2.5 Biotic Resources. Construction of the proposed SNF facilities in addition to other 

planned activities could disturb as much as 9 hectares (24 acres) of terrestrial habitat at the Hanford 

Site and as much as 13  hectares (31 acres) of previously disturbed land at the Idabo National 

Engineering Laboratory. No impacts to biotic resources would be expected at the Savannab River 

Site or Oak Ridge Reservation. However, construction activities at the Nevada Test Site and Hanford 

Site could result in habitat loss for either Federal and state candidate species or federally listed 

VOLUME 1 5-70 



threatened species. For example, at the Hanford Site the cumulative impact from planned activities 

including construction related to SNF management could result in habitat loss for Federal and state 

candidate species (for example, loggerhead shrike, sage sparrows, burrowing owls, pygmy rabbits). 

At the Nevada Test Site, the proposed SNF facilities would be constructed within the range of the 

desert tortoise, a federally listed threatened species. Therefore, the proposed SNF management 

activities in addition to other planned actions could result in a small cumulative loss of habitat for the 

desert tortoise. 

5.3.2.6 Occupational and Public Health. The sources of radiation exposure to 

individuals consist of natural background radiation from cosmic, terrestrial, and internal body 

sources; medical radiation; and radiation from manmade sources, including consumer and industrial 

products, nuclear facilities, and weapons test fallout. At the Savannah River Site, for example, 

natural background radiation contributes about 82 percent of the dose received by an average member 

of the population within 80 kilometers (50 miles) of the site, medical exposure accounts for 

15 percent of the annual dose, and the combined doses from weapons test fallout, consumer and 

industrial products, and air travel account for approximately 3 percent. DOE nuclear facilities at the 

Savannah River Site account for less than 0. 1 percent of the total radiation exposure. 

The radiological impacts from SNF management operations are exposures to both workers and 

the general public from normal operations and the risk of additional radiation exposures due to 

accidents. The major concerns with these exposures are whether the doses are sufficient to cause 

immediate harm and how much they will increase the probabilities, among the exposed population, of 

latent cancer fatalities, nonfatal cancers, and genetic effects. Of further concern is that these SNF 

management-related exposures are in addition to those exposures and risks affecting the same workers 

and members of the general public from other sources. The cumulative impact of both the 

SNF-related increment and other possible sources is also a concern. 

Cumulative Impacts to the General Pub/ic-The principal regulatory limit 

affecting emissions from DOE and naval sites is the Clean Air Act standard (40 CFR Part 61,  

Subpart H for DOE; Subpart I for the Navy) for airborne radionuclide emissions from DOE facilities. 

This rule limits airborne emissions to those amounts that would not cause any member of the public 

to receive in any year an effective dose equivalent of more than 0.01 rem (10 millirem) per year. 

Implementation of any of the alternatives at any of the sites is not expected to result in normal 

releases exceeding this limit. The naval sites have demonstrated to the U.S. Environmental Protection 

Agency that, at 0.0001 rem (0. 1 millirem) per year, they are at 1 percent of the limit and operation of 

SNF management facilities is not expected to change that conclusion. Data available for each of the 

sites (see Appendices A through F) indicate that over the 4O-year planning period, the cumulative 

radioactive emissions from the existing, the potential SNF management activities, and reasonably 

foreseeable future site activities at any of the sites would not be expected to result in an additional 

latent cancer fatality among the general population surrounding the site, except for the Oak Ridge 

Reservation. With centralization at the Oak Ridge Reservation, operation of the proposed SNF 

5-71 VOLUME 1 



management facilities over their expected 4O-year lifetimes is estimated to result in a total population 

dose of approximately 2,500 person-rem. This equates to approximately two latent cancer fatalities 

over the period. 

Cumulative Impacts on the Site Worle: Forc_ The cumulative impact of 

selection of either of the alternatives coupled with the existing and reasonably foreseeable actions has 

the potential to increase the radiological exposure to workers at the sites transporting and receiving 

the SNF. For both the transporting and receiving sites, the routine exposure to the workers is 

expected to increase because much of the dose to the workers is associated with SNF handling 

operations. 

Because occupational worker exposures are easily monitored and controlled to levels a factor 

of 10 or more below the current standards, the overall average exposure per worker is expected to 

remain approximately constant at each of the SNF transporting and receiving sites with each of the 

alternatives. However, with options that involve more SNF activities, the number of SNF-related 

workers is expected to increase, thus increasing the collective radiation dose to the site work force. 

As reported in Appendices A through F and summarized in Appendix K, the increases in collective 

dose to the work force varies from site to site and with the alternatives. At the Oak Ridge 

Reservation, for example, the increases due to SNF-related actions range to 3,200 person-rem over 

the 4O-year planning period. The maximum SNF-related increase is equivalent to approximately one 

additional latent cancer fatality among the workforce. 

5.3.2.7 Transportation. 

RadIologIcal Impacts-Table 54 summarizes the existing and reasonably 

foreseeable actions assessed to determine the cumulative impact for transportation for the SNF 

alternatives. The cumulative radiological impacts of incident-free transportation of SNF are presented 

in terms of radiation-related latent cancer fatalities. These results are summarized in Table 5-5 and 

more details are contained in Appendix I. Over the 93-year period from 1943 through 2035, the total 

number of radiation-related latent cancer fatalities was estimated to be 290, or approximately three 

latent cancer fatalities per year. General transport of radioactive material accounted for about 

90 percent of these radiation-related latent cancer fatalities. The radiation-related latent cancer 

fatalities would be indistinguishable from other cancer fatalities and would be 0.001 percent of the 

total number of cancer fatalities that would be expected to occur. The radiation-related latent cancer 

fatalities associated with the alternatives evaluated in this EIS would be 5 x 10-6 percent of the total 

number of cancer fatalities that would be expected to occur. 

Traffic AccIdent Impacts-Fatalities involving the transport of radioactive 

materials for 1971 through 1993 were surveyed based on data in the Radioactive Material Incident 

Report database. This database contains information on radioactive materials transportation incidents 
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Table 5-4. Other activities included for assessment of cumulative impacts for transportation. 

Activity 

Existing activities: 

Historical shipments 

General transportation 

Reasonably foreseeable activities: 

Geologic repository 

Waste Isolation Pilot Plant 

Submarine reactor compartments 

Return of isotope capsules 

Uranium billets 

Description 

Historical shipments of SNF, Hanford Site, 
Idaho National Engineering Laboratory, 
Savannah River Site, Oak: Ridge Reservation, 
and Nevada Test Site 

Nationwide transport of radioactive materials 
for medical, industrial, fuel cycle, and disposal 
purposes 

Shipments of commercial SNF and defense 
high-level waste to the geologic repository at 
Yucca Mountain, Nevada 

Shipments of transuranic waste to the Waste 
Isolation Pilot Plant at Carlsbad, New Mexico 
(including a 5-year Test Phase and 20-year 
Disposal Phase) 

Shipments of reactor compartments from Puget 
Sound Naval Shipyard to Hanford 

Shipments of cesium-137 isotope capsules to the 
Hanford Site 

Shipment of low-enriched uranium billets from 
the Hanford Site to the United Kingdom 
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Table 5-5. Summary of transpottation radiological cumulative impacts. 

Category of shipment· 

Projected SNF shipments for all 
alternatives 

Truck 

Train 

Historical SNFb 

General transpottation (1943 to 2035)° 

Reasonably foreseeable actionsd 

Truck 

Train 

Total cancer fatalities" 

Occupational latent 
cancer fatal ities 

0.00060 to 0.40 

0.00060 to 0.060 

0.080 

120 

4.4 

0.33 

130 

a. See Table 54 and Appendix I for more details. 

General population latent 
cancer fatalities 

0.00017 to 1 .2 

0.00017 to 0.085 

0.055 

140 

25 

0.85 

160 

b. Shipments to Hanford Site, Idaho National Engineering Laboratory, Savannah River Site, Oak 
Ridge Reservation, and Nevada Test Site. Includes transport of naval SNF to the Idaho National 
Engineering Laboratory. 

c. Shipments are a combination of truck and train. 

d. Shipments to the geologic repository, the Waste Isolation Pilot Plant, and shipments of 
submarine reactor compartments, isotope capsules, and uranium billets 

e. Numbers may not sum due to rounding. 

and accidents from the U.S. Department of Transportation, U.S. Nuclear Regulatory Commission, 

DOE, state radiation control offices, and media coverage. From 1971 through 1993, 2 1  traffic 

accidents involving 36 fatalities have occurred. These fatalities resulted from traffic accidents and 

were not associated with the radioactive nature of the cargo. No radiological fatalities because of 

transpottation accidents have ever occurred in the United States. During the same time period, over 

1 ,000,000 persons were killed in traffic accidents in the United States. 

For the alternatives evaluated in this EIS, about one traffic accident fatality was estimated to 

occur. During the 40-year time period from 1995 through 2035 evaluated in this EIS, approximately 

1 ,600,000 persons would be killed in traffic accidents in the United States. 
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5.3.2.8 Energy/Utilltles. Under certain SNF management alternatives, energy or utility 

requirements for SNF management in combination with other present for future projects, could stress 

or exceed the existing capacity at a site. The existing energy and capacity would be adequate for the 

SNF management alternatives at all sites with the possible exception of the Hanford Site and the 

Nevada Test Site. 

If all SNF were transported to the Hanford Site under the Centralization alternative, then 

existing utilities, including water mains, power lines, sewage facilities, and telephone lines, would 

need to be extended to the project area. If the Centralization alternative was implemented in addition 

to other power-intensive activities (for example, operating a vitrification plant), existing capacity 

might be inadequate based on current consumption. 

If the Centralization alternative were implemented at the Nevada Test Site, additional 

transmission lines might need to be constructed. In addition, a sewage treatment facility for the SNF 

management facility would have to be constructed at the Nevada Test Site if SNF management 

activities were implemented under the Regionalization and Centralization alternatives. Water supplies 

at the Nevada Test Site have been developed from local groundwater sources within the Ash Meadows 

Sub-basin. Existing withdrawals of groundwater from this sub-basin may have already exceeded its 

localized perennial yield (Appendix F). SNF management facilities at this site may result in the need 

for additional water. 

5.3.2.9 Waste Generation. Waste volumes generated from SNF management activities 

depend on the alternative chosen. In general, the Regionalization and Centralization alternatives at 

the Idaho National Engineering Laboratory, and the alternatives at the Savannah River Site involving 

processing, would result in the largest cumulative impact on waste generation. Under some options, 

the total increase in waste generation could be four times the current facility baseline and require the 

construction of additional facilities. 

To evaluate the adequacy of existing storage capacity, waste volumes generated from the SNF 

management alternatives were compared with current generation rates at the major DOE sites. At the 

Navy sites, the rate of low-level waste generation would be small and not stress existing capacity. No 

mixed, transuranic, or high-level waste would be generated from SNF activities at the Navy sites 

(Appendix D). 

At the major DOE sites, increased low-level waste generated from SNF management activities 

would range from about 1 percent above baseline generation rates at the Oak Ridge Reservation to 

approximately four times above baseline at the Savannah River Site for centralization and processing 

options, respectively. Adequate storage capacity exists at all sites except at the Idaho National 

Engineering Laboratory, where beyond the year 2005 low-level waste storage capacity may be 

strained (Appendix B). 
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The increased volume of transuranic waste that could be generated from SNF management 

activities could exceed 100 percent above baseline at the Idaho National Engineering Laboratory, 

Savannah River Site, Oak Ridge Reservation, and Nevada Test Site based on centralization and 

processing options. This percentage is high at both Nevada Test Site and the Oak Ridge Reservation 

because neither of these sites is currently generating transuranic waste and because both sites have 

projected that future transuranic waste volumes will only be produced by SNF management activities. 

However, adequate storage capacity exists at both sites. 

The volume of high-level waste generated from SNF management activities has been estimated 

to range from approximately 21 percent to greater than 100 percent above current site baseline 

generation rates at the Idaho National Engineering Laboratory and the Savannah River Site, 

respectively. Again, the percentage is high at the Savannah River Site because essentially no 

high-level waste is currently being generated onsite, but with processing approximately 2 cubic meters 

per year of high-level waste could be generated. Adequate storage capacity exists at the sites. No 

high-level waste would be generated at either the Nevada Test Site or the Oak Ridge Reservation. 

5.4 Adverse Effects That Cannot Be Avoided 

Adverse impacts would result, no matter the alternative, from radiation exposure associated 

with maintaining facilities that are at or near the end of their design life, until completion of the 

construction of new facilities. However, these exposures would be kept within applicable regulatory 

requirements and other applicable guidelines and would be controlled to levels that are as low as 

reasonably achievable. Implementation of any alternative except the No Action alternative would 

increase the volume of radioactive waste, in particular, low-level waste generated at the major DOE 

sites. Under the action-based alternatives, where SNF is transported to other sites, there would be a 

small increased potential for exposure to the general population when the SNF is in transit. 

Under the No Action alternative, there would be several adverse effects that could not be 

avoided. These include the continuation of the environmentally degraded state of the three major 

DOE sites because existing facilities would deteriorate further. Naval and research reactor SNF 

would be stored near population centers, potentially increasing the consequences of an SNF handling 

or management accident. This alternative also presents a greater personnel requirement for managing 

SNF interim storage facilities. (Under other alternatives, the apparently higher personnel requirement 

would be for additional management activities that would not be done under the No Action 

alternative-they are not just related to storage facilities.) In addition, the shutdown of research 

reactors that could not store SNF onsite would result in the loss of several hundred reactor operator 

and research positions. 

Under Regionalization 4B and Centralization alternatives, one or more major DOE sites 

would transport all its SNF to another major DOE site, the facilities at the transport sites would be 

shut down, and facilities at the receiving site(s) would be built. This would cause the relocation of 
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many jobs associated with SNF management and duplicate some existing facilities. While new 

facilities are generally required at each DOE site under many alternatives, there are existing facilities 

that can be used for storage at major sites that would be shut down prior to the end of their useful 

design life. 

The construction and operation of any of the facilities under consideration for storage of SNF 

would result in some adverse impacts to the environment. Although location-dependent, changes in 

project design and other measures (for example, sound engineering practices during construction) 

would eliminate, avoid, or minimize these impacts. In general, most of the adverse impacts would be 

of short duration and would result from the construction of proposed facilities. For example, noise, 

atmospheric emissions, fugitive dust, sediment runoff, and solid waste would be expected to increase 

during construction. Section 5.7 discusses potential mitigation measures that could be used to control 

or minimize impacts to the environment. See Appendices A through F for site-specific discussion on 

adverse effects that cannot be avoided. 

5.5 Relationship Between Short-Term Use of the Environment 

and the Maintenance and Enhancement of Long-Term Productivity 

The implementation of any of the SNF management alternatives would cause some adverse 

impacts to the environment and permanently commit certain resources. This section describes the 

relationship between short-term influences from the implementation of an SNF management 

alternative and the associated long-term effects. 

The proposed alternatives for SNF management would require the short-term use of multiple 

resources; for example, energy, materials of construction, and labor to achieve the objective of safely 

securing SNF to minimize the risk to workers, to the public, and to the environment. For example, if 

no action were taken, degradation of the fuel and SNF facilities would occur with the potential for 

releases to the environment. Releases to the environment could contaminate land near the point of 

storage, thereby reducing the potential future use. By consolidating and containing the SNF at 

specific locations, the potential for impacting the environment would be reduced at the other 

locations. After the implementation of a comprehensive SNF management strategy, those areas 

currently used for SNF management could be released to allow other productive use, such as for 

research or technology development. 

The premature shutdown of research reactors due to a lack of sufficient SNF interim storage 

space under the No Action alternative could have an impact upon the national and regional 

communities in which they are located. Most of these reactors are the only regional source of 

radiopharmaceuticals and often they are important centers of medical and biological research. The 

sites where these reactors are located, many of them universities, are unique training facilities for 

students in many fields of research and development: materials science, environmental science, 

physics, biology, and electronics. 
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In the medical arena, research reactors have proven to be vital to cancer therapy, diagnostic 

imaging, studies of the biological effects of radiation, and other important medical applications. 

Demand for medically important radioisotopes would not decrease merely because the source was shut 

off. The continued demand for radioisotopes would be met by placing orders with remaining 

reactors, which may be farther away from the place where they are needed. Many medically 

important isotopes (for example, iodine-13I ) have such short half-lives that the amount transported 

must include enough to allow for radioactive decay during shipment. Therefore, shutdown of reactors 

would result in the need to produce and transport larger quantities of radiopharmaceuticals. 

Shutdown of research reactors could produce an impact on commercial enterprises that are 

engaged in the doping of silicon crystals through neutron irradiation. The doped silicon chips are 

widely used in electronic components such as the computers used in automobile engines. 

Graduates trained at these facilities contribute to a wide variety of nuclear industries and to 

Government agencies involved with (a) monitoring nuclear technology, for example, regulatory 

agencies, Federal and international inspections, (b) hardware for inspections, and (c) remote 

monitoring. 

Development of new SNF interim management facilities would commit lands to those uses 

from the time of construction through cessation of operations. At that time, these facilities could be 

converted to other uses or decontaminated, decommissioned, and the site restored to its original land 

use. Existing SNF management facilities could also be converted to other uses or the lands restored 

following their decommissioning. 

See Appendices A through F for site-specific discussions on the relationship between 

short-term use of the environment and the maintenance and enhancement of long-term productivity. 

5.6 Irreversible and Irretrievable Commitment of Resources 

The irreversible and irretrievable commitment of resources resulting from the construction and 

operation of SNF management facilities would involve materials that could not be recovered or 

recycled, or resources that would be consumed or reduced to unrecoverable forms. For example, the 

construction and operation of an SNF facility at any of the locations under consideration would 

consume irretrievable amounts of electrical energy, fuel, construction materials, and miscellaneous 

chemicals. Some construction materials are recyclable and, therefore, should not be considered 

irreversible and irretrievable commitments of resources. Furthermore, some of the resources would 

be irretrievable because of the nature of the commitment or the cost of reclamation. For example, 

human resources used for the construction and operation of the proposed SNF facilities would be 

irretrievably lost since these resources would be unavailable for use in other work activity areas. On 

the whole, however, SNF management is not particularly resource intensive. See Appendices A 

through F for site-specific discussions on irreversible and irretrievable commitments of resources. 
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5.7 Potential Mitigation Measures 

This section summarizes measures that DOE" could implement to avoid or reduce impacts to 

the environment. Possible mitigation measures are generally the same for all alternatives and are 

summarized by resource category below. Although the environmental effects described in 

Sections 5 . 1  through 5.3 may not require mitigation, the range of potential mitigation actions is 

described below. For all sites, impacts to land use and aesthetic and scenic resources would be small; 

therefore, mitigation measures for these attributes would not be required. 

5.7.1 Pollution Prevention 

Implementation of the SNF management alternatives would generate waste with the potential 

for releases to air and water. To control both the volume and toxicity of waste generated and to 

reduce impacts on the environment, pollution prevention practices would be implemented. 

DOE is responding to Executive Order 12856, Federal Compliance with Right to Know Laws 

and Pollution Prevention Requirements, and associated DOE orders and guidelines by reducing the 

use of toxic chemicals; improving emergency planning, response, and accident notification; and 

encouraging the development and use of clean technologies and the testing of innovative pollution 

prevention technologies. Pollution prevention programs have been implemented at each site. 

Program components include waste minimization, source reduction and recycling, and procurement 

practices that preferentially procure products made from recycled materials. Portions of the pollution 

prevention program have been implemented at the existing DOE and naval sites for nearly 10 years. 

For example, the waste minimization program at the Savannah River Site has decreased the amount of 

all waste types generated by material substitutions. 

Implementation of the pollution prevention plans minimizes the amount of waste generated 

during SNF management activities. 

5.7.2 Socioeconomics 

The SNF management alternatives would require additional workers for construction, 

stabilization, monitoring, and maintenance of SNF. This would produce a socioeconomic effect 

depending on the available site work force, regional labor pool, and community infrastructure. Minor 

socioeconomic impacts would be expected from implementation of the SNF management alternatives; 

a. Because this is an EIS issued by the DOE, it contains language concerning compliance with 
applicable environmental requirements, taking appropriate mitigative measures to reduce 
environmental impacts, and other matters phrased in the context of DOE as the party taking the 
actions. As a cooperative agency, and because Navy sites are also evaluated in this EIS, the Navy 
will also assure compliance with applicable environmental requirements and take other appropriate 
measures for its facilities in a consistent and appropriate fashion. 
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the mitigation measures described below could be used to further minimize the effect on the 

community. 

Construction and operation-related impacts resulting from increased labor and capital 

requirements could be reduced by coordinating with local communities and county planning agencies. 

Effective planning would address changes in community services, housing, infrastructure, utilities, 

and transportation. DOE would coordinate, in an appropriate manner, with the local and regional 

planning agencies to address impacts on the work force and community infrastructure. This could be 

facilitated through the development of citizen advisory boards. The timing of certain activities that 

have been proposed to proceed concurrently could also be adjusted to minimize socioeconomic 

impacts. 

5.7.3 Cultural Resources 

Impacts to cultural resources could occur during construction and earth-moving activities 

associated with the SNF management alternatives. Areas of proposed ground disturbance would be 

assessed for the potential to contain important archaeological and paleontological resources. Each 

DOE operations office is responsible for establishing and maintaining mitigation agreements including 

actions to be taken in the event of discovery of archaeological resources or human remains during 

construction. These agreements will be negotiated with their potentially affected tribes and state 

historic preservation officers. These agreements would be referenced in future site-specific National 

Environmental Policy Act documentation when appropriate. An example of a possible mitigation 

measure for archaeological resources would be avoidance or data recovery prior to construction. 

Other measures would be necessary to mitigate potential impacts to values of Native American or 

Native Hawaiian populations, including involvement in the selection of a mitigation strategy for 

impacts to archaeological sites, spiritual geographical features, and land use. This could include the 

SNF Program's participation in liaison programs to understand Native American or Native Hawaiian 

concerns. 

For paleontological resources, assessments could include literature searches, surface surveys, 

and consultation with recognized paleontological experts in the region or limited test excavations in 

geologically similar disturbed areas. If significant paleontological resources were identified, a 

mitigation plan for recovery, stabilization, and caring of the resources would be implemented before 

construction. 

For example, at the Hanford Site, certain site activities would have the potential to adversely 

affect prehistoric archaeological sites. In this case, the specific activity plans would be reviewed to 

determine potential effects before initiation of activities. The activity will then be designed to avoid 

these sites. If avoidance of these sites would not be possible, mitigation measures would be 

developed in conjunction with the appropriate state agencies and Native American tribes. 
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To avoid impacts during operation such as unauthorized artifact collection, workers could be 

educated through programs and briefing sessions to inform personnel of applicable laws and 

regulations for site protection. These educational programs would stress the importance of cultural 

resources and specifics of the laws and regulations for site protection. 

5.7.4 Soils 

Soils could be affected from implementation of the SNF management alternatives if there were 

leaks or a release to soils as a result of SNF activities. DOE would appropriately remediate any soils 

contaminated from SNF management activities. 

5.7.5 Air Resources 

Certain actions under the SNF management alternatives would impact air qUality. For 

example, the construction of new facilities could negatively impact air quality through the emission of 

fugitive dusts and from pollutants from diesel- and gasoline-powered equipment. The increase in 

offsite ambient levels would be small because of the large distance to the nearest public access, and 

use of the mitigation measures described below would further minimize the potential impact. 

DOE would meet applicable regulations regarding the maintenance of air quality from both 

radiological and nonradiological emission sources. DOE does not foresee impacts to air quality from 

SNF management that would warrant measures beyond those employed consistent with good 

construction, engineering, and operations, and management practices. 

5.7.6 Water Resources 

The implementation of some of the SNF management alternatives would require larger 

volumes of water for the stabilization of SNF. DOE would control water consumption through the 

appropriate application of water recycling, water conservation measures and equipment, stormwater 

catchment basins, and worker training programs. Constant process monitoring and mass-balance and 

design to current standards, including double-wall confinement of all vessels and piping, would be 

included in design and operating standards by DOE to limit potential operational releases from a SNF 

processing or storage facility to essentially zero. 

5.7.7 Ecological Resources 

Implementation of the SNF management alternatives could impact terrestrial resources, 

wetlands, aquatic resources, and threatened and endangered species either directly by earth-moving 

activities that disturb habitat or indirectly through construction activities that result in increased runoff 

into wetlands or aquatic environments. 
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To avoid potential impacts to endangered, candidate, or state-identified sensitive species, 

preconstruction surveys would be completed to determine the presence of these species or their 

habitat. If protected species or primary habitat for these species are located near or within an area to 

be disturbed, DOE would evaluate the project design and other program activities to determine if 

modifications would avoid negative impacts. DOE would consult with the U.S. Fish and Wildlife 

Service to develop the most appropriate action-specific mitigation measures. 

Wetland habitat would be delineated in accordance with applicable U.S. Army Corps of 

Engineers procedures and wetlands located near proposed activities would be avoided. However, if 

avoidance were not possible, specific mitigation measures could be developed in consultation with the 

U.S. Army Corps of Engineers. For example, mitigation could include construction of new wetland 

acreage equivalent to the acreage of disturbed wetland habitat or enhancement of existing wetland 

habitat at another location onsite. 

5.7.8 Noise 

Construction and operation from SNF management would result in the generation of noise 

consistent with light industrial activity. DOE does not foresee noise impacts from SNF management 

that would warrant mitigation measures beyond those employed consistent with good construction 

engineering, operational, and management practices. 

Noise impacts to the public and other noise-sensitive receptors could be reduced by providing 

noise buffer areas between sources and receptors, constructing noise walls and other attenuation 

structures, and limiting the emissions to daytime periods. 

5.7.9 Traffic and Transportation 

The number of workers in SNF management activities under some of the alternatives would 

add to the current work force and to additional commuting traffic. At sites with increasing traffic 

concerns, roads could be widened with the addition of lanes or implementation of traffic demand 

management. DOE would also consider using high-Qccupancy vehicles (such as vans or buses), 

implementing car-pooling or ride-sharing programs, or staggering schedules to reduce the potential 

for increased traffic congestion. See Section 5.7. 12 for discussion of transportation accident 

mitigation. 

5.7.10 Occupational and Public Health and Safety 

Implementation of the SNF management alternatives would increase the potential for radiation 

exposure either through direct exposure or through air emissions. Although these effects are small, as 

discussed in Section 5.2, the as low as reasonably achievable principle would be used for controlling 

radiation exposure of workers and the public. Pollution prevention practices would be implemented 
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to avoid or reduce production of potentially harmful substances. Waste minimization would be 

practiced to reduce the toxicity and volume of secondary wastes to be managed. Furthermore, sites 

would update their current worker training, emergency planning, emergency preparedness, and 

emergency response programs as needed to address new SNF management actions for the protection 

of both workers and the public. 

5.7.11 Site Utilities and Support Services 

The SNF management alternatives would put increased demands on utilities at the sites. 

Under certain alternatives, additional transmission lines or substations may need to be added to the 

infrastructure and, at the Nevada Test Site, a sewage treatment facility for the SNF management 

facility would need to be constructed. However, DOE would reduce the need for certain utilities 

(such as water and electricity) through the implementation of resource conservation, pollution 

prevention, and energy efficiency measures. 

5.7.12 Accidents 

The potential exists for an accident associated with either the handling or transportation of 

SNF with the consequence being a significant release of radioactive or other hazardous materials to 

the environment. Although the probability is very small, as discussed in Section 5.2, each of the 

locations considered for SNF management have emergency action plans and equipment to respond to 

accidents and other emergencies to limit the magnitude of potential impacts from any accident. These 

plans include training of workers, local emergency response agencies (such as fire departments), and 

the public; communication systems and protocols; readiness drills; and mutual aid agreements. The 

plans would be updated to cover any new SNF facilities and activities. DOE would coordinate 

activities with state and local agencies to establish and implement an appropriate emergency response 

training program for potential accidents. 

5.8 Environmental Justice 

In February 1994, Executive Order 12898, titled Federal Actions to Address Environmental 
Justice in Minority Populations and Low-Income Populations (FR 1994), was released to Federal 

agencies. This order directs Federal agencies to incorporate environmental justice as part of their 

missions. As such, Federal agencies are specifically directed to identify and address, as appropriate, 

disproportionately high and adverse human health or environmental effects of their programs, 

policies, and activities on minority populations and low-income populations. Appendix L of this EIS 

provides an assessment of the areas surrounding the 10 sites under consideration for the management 

of SNF under all programmatic alternatives considered in this volume. Because DOE is still in the 

process of developing guidance, the approach used in this analysis might depart somewhat from the 

guidance eventually issued. 
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The overall review indicated that the potential impacts calculated for each discipline under 

each of the alternative sites considered for the management of all or some portion of DOE SNF (or 

naval SNF only) present no significant risk and do not constitute a reasonably foreseeable adverse 

impact to the surrounding population. This includes both the impacts of facility operations and the 

transport of SNF, and the risk of reasonably foreseeable accident scenarios postulated for both, all of 

which are small. Therefore, the impacts of the programmatic management of DOE SNF under all 

alternatives evaluated in this EIS do not constitute a disproportionately high and adverse impact on 

any particular segment of the population, minorities or low-income communities included. 

Characterization of the numbers and location of minority and low-income popUlations is 

dependent on how these populations are defined and what assumptions are used in conducting the 

analysis. As discussed in Appendix L, at the time this EIS and the Draft Environmental Impact 

Statement on a Proposed Nuclear Weapons Nonproliferation Policy Concerning Foreign Research 

Reactor Spent Nuclear Fuel (Draft FRR SNF EIS) were prepared, the Federal Interagency Working 

Group on environmental justice had not issued final guidance on the definitions of minority and 

low-income popUlations, or the approach to be used in analyzing environmental justice, as directed by 

the Executive Order (FR 1994). Final internal DOE guidance on environmental justice also has not 

been adopted. As a result, both the definitions and assumptions used by and within agencies for 

conducting environmental justice analyses can vary and the resulting demographic results can differ 

on a case-by-case basis. For example, this EIS and the Draft FRR SNF EIS present demographic 

characterizations derived from the same United States Census Bureau database, but these documents 

used different definitions and assumptions. Several of the same candidate interim SNF management 

sites were evaluated in both documents. As discussed in Appendix L, variations in these definitions 

and assumptions led to differences in the characterization of minority and low-income populations 

surrounding these potential interim SNF management sites. Nevertheless, although the 

characterizations differ, the impacts resulting from the proposed action under all alternatives present 

no significant risk to the population as a whole. Therefore, no disproportionately high and adverse 

effects would be expected for any particular segment of the population, including minority and 

low-income populations, regardless of which set of definitions and assumptions were applied. 
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Years of Experience: 33 
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Years of Experience: 9 
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Years of Experience: 3 
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Years of Experience: 27 
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MA, Physics 
PhD, Materials Science 
Years of Experience: 43 
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BS, Nuclear Engineering 
MS, Nuclear Engineering 
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MS, Limnology 
PhD, Limnology 
Years of Experience: 35 
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Years of Experience: 2 1  
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Years of Experience: 39 
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BS, Electrical Engineering 
MS, Nuclear Engineering 
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Years of Experience: 22 

BA, Operations Management 
Years of Experience: 8 

BChE, Chemical Engineering 
ME, Chemical Engineering 
Years of Experience: 30 

BS, Chemical Engineering 
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Years of Experience: 25 

Naval Reactor Power School 
Naval Reactors Technical 

Assistant Qualification 
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Contributor S 2 3 4 5 6 7 8 9 A B C D E F G H J K L 

Department of Energy 
Thomas L. Wichmann x x x x x I X x x x x x x x 
Kathleen B. Whitaker X X X X X X x 
Robert C. Stump x x x x X X X X X X I X X X X X X X X X 
Mary V. Willcox X X X X X X I X X X X X X X X X 
Robert Brown I : X X X X X 
Robert Creed. Jr. X X X X X X 
Denise M. Glore X 00- 1  Jan Hagers X X 

i: John A. Herritt I X X X X X X 
Mark W. Howard X X X X X X X 
Vicki L. Johnson X X X X X X X X X X X X X X X X X X X X 
Mary McKnight X 
Paul Martin I : X X X X X 
John E. Medema X X X X X 
William A. Owca X 
Mark S. Pellechi I : X X X X X 
Ralph W. Russell X X X X X 

I 
I Roger Twitchell X I x X X X X X 

C. Brooks Weingartner I X X X X X X 
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Science Applications 
International 
Corporation 
Dee H. Walker X X X X X 

Barry Nichols X X X X X X X X 

Robert D. Thomson X X X X X X X 

Ken Bulmahn X X X X 

Robert Cole X X X X 

Mark A. Dagel X '" I Sandy Enyeart X 

6; Thomas D. Enyeart X X X X X 

George A. Freund X 

R. Kingsley House I X X X X 

Scot R. Imus X X 

Irene lohnson I X X X 

Robert A. Kelly X X X X X X X 

Anne Lundahl X 

Steven l. Maheras X X X X 

Diane Morton X X 

Mark D. Otis X 

Douglas Outlaw X X X X X X 
<: 0 Howard Pippen X X t"' 
i Angela Sewall X '" 

Donald C. Siaughterbeck X I X X X X X X 



C§ trable 6-1. (continued). 

� 
'" 

Chapter Appendix 

Contributor S 2 3 4 5 6 7 8 9 A B C D E F G H J K L 

Patricia Swain x 
Jane Tallman X X 

Jeffrey Weiler X X X X X X 

Tom Wierman X X X 

Price L. Worrell X X X 

William Wuest X X 
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Environment, Inc. 

Wendy Green X � I Halliburton NUS 
Robert Abernethy X 

Edward Agoston X 

Adel A. Bakr X X 

Fred R. Bingaman. III X X 

Teresa L. Brandt X X 

James T. Chaconas X 

Steven J. Connor X X 

William J. Craig X 

Karin Crandall X 

James Cross X 

James Doenges X 

J. Peyton Doub X 

Kevin S. Dunn X 
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Alan A. Eclanyre X 

Keven T. Folk X 

Edward Gorczyca X 

Lawrence L. Greenfield X 

Kristine A. Gunther X X 

Ernest C. Harr, Ir. X X 

Richard H. Holder X X X X X X 

Dale T. Huls X 

Kerry P. Humphrey X � I William Hurt X 

Merance A. Iacaruso X 

Thomas L. Ientz X 

Kathy A. Landkrohn X 

Iasper G. Maltese X 

Richard A. Martineit X 

Kevin M. Meehan X X 

Louise S. Moore X X 

Philip R. Moore X X 

Aparajita S. Morrison X 

Iohn Nichols X 
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Richard S. Nugent 0 X .... c 
::: David G. Olsen X 
'" 

Richard F. Orthen, Ir. X 
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Ricky C. petty X 

Hans Renner X 

John G. Ruff X 

Julie B. Scbilling X 

Robert Scblegel X 

Timothy J. Schott X 

Julie A. Secben X 

Michael Septoff X 

Ronald Smith X � I  Barry Sullivan X 

Robin A. Summerhill X 

Ran S. Tammara X X X 

Alan L. Toblin X 

Steven M. Varner X 

Lata R. Venkatesbwara X 

Gilbert H. Waldman X 

Robert H. Werth X X X 

Pacific Northwest 
Laboratory 

Rosanne L. Aabert X 

John C. Abbott X 

John M. Alvis, Jr. X 

Larry K. Berg I x  
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Richard J. Guenther I x 
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John P. McDonald I x 
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Ronald C. Phillips I x 

Katbleen Rboads I x 

Cbikashi Sato I x 

Dillard B. Shipler I x 
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<: Betty Tegner I x 
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Andrew N. Richardson X 

Jeffrey M. Steele X 

Robert H. Steele X 



7. CONSULTATIONS, LAWS, AND REQUIREMENTS 

7.1 Laws and Requirements 

This section identifies and summarizes the major laws, regulations, executive orders, and 

DOE orders that may apply to the programmatic alternatives for SNF. 

Section 7. 1 . 1  discusses the major Federal statutes that impose environmental protection and 

compliance requirements upon DOE. In addition, there may be other Federal, state, and local 

measures applicable to the SNF Management Program because Federal law delegates enforcement or 

implementation authority to state or local agencies. These state- and local-specific requirements are 

addressed in the site-specific appendices. Section 7 . 1 .2 addresses environmentally-related presidential 

executive orders that clarify issues of national policy and set guidelines under which Federal agencies, 

including DOE, must act. DOE implements its responsibilities for protection of public health, safety, 

and the environment through a series of departmental orders that are mandatory for operating 

contractors of DOE facilities. Section 7. 1 .3 discusses those DOE orders related to environmental, � 
health, and safety protection. Hazardous and radioactive materials transportation regulations are 

summarized in Section 7 . 1 .4. 

7.1.1 Federal Environmental Statutes and Regulations 

National Environmental Policy Act of 1969, as amended (42 USC §4321 et seq.) 

The National Environmental Policy Act establishes a national policy promoting awareness of the 

environmental consequences of the activity of humans on the environment and promoting 

consideration of the environmental impacts during the planning and decisionmaking stages of a 

project. The National Environmental Policy Act requires all agencies of the Federal Government to 
prepare a detailed statement on the environmental effects of proposed major Federal actions that may 

significantly affect the quality of the human environment. 

This EIS has been prepared in response to these National Environmental Policy Act 

requirements and policies. It discusses reasonable alternatives and their potential environmental 

consequences of proposed SNF activities at various locations in the country and has been prepared in 

accordance with the Council on Environmental Quality Regulations for implementing the procedural 

provisions of the National Environmental Policy Act Implementing Procedures (40 CFR Parts 1500 

through 1508) and DOE National Environmental Policy Act Implementing Procedures 

(10 CFR Part 1021). 
' 

AtomIc Energy Act of 1954, as amended (42 USC §2011 et seq.). The Atomic Energy 

Act of 1954 authorizes DOE to establish standards to protect health or minimize dangers to life or 
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property with respect to activities under its jurisdiction. Through a series of DOE orders, DOE has 

established an extensive system of standards and requirements to ensure safe operation of its facilities. 

The Atomic Energy Act and the Reorganization Plan No. 3 of 1970 [5 USC (app. at 1 343)) 

and other related statutes gave the U.S. Environmental Protection Agency responsibility and authority 

for developing generally applicable environmental standards for protection of the general environment 

from radioactive material . The U.S.  Environmental Protection Agency has promulgated several 

regulations under this authority, among which are the Environmental Radiation Protection Standards 

for the Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive 

Wastes, at 40 CFR Part 1 9 1 .  

Nuclesr Wsste Policy Act of 1982, ss smended, (42 USC §10101-10270). The Act 

authorizes the Federal agencies to develop a geologic repository for the permanent disposal of SNF 

and high-level radioactive waste. The Act specifies the process for selecting a repository site and 

constructing, operating, closing, and decommissioning the repository. The Act also establishes 

programmatic guidance for these activities. 

Clesn Air Act, ss emended (42 USC §7401 et seq.). The Clean Air Act, as amended, is 

intended to "protect and enhance the quality of the Nation's air resources so as to promote the public 

health and welfare and the productive capacity of its population." Section 1 18 of the Clean Air Act, 

as amended, requires that each Federal agency, such as DOE, with jurisdiction over any property or 

facility that might result in the discharge of air pollutants, comply with "all Federal, state, interstate, 

and local requirements" with regard to the control and abatement of air pollution. 

The Act requires the U.S.  Environmental Protection Agency to establish National Ambient 

Air Quality Standards as necessary to protect public health, with an adequate margin of safety, from 

any known or anticipated adverse effects of a regulated pollutant (42 USC §7409). The Act also 

requires establishment of national standards of performance for new or modified stationary sources of 

atmospheric pollutants (42 USC §74 1 1) and requires specific emission increases to be evaluated so as 

to prevent a significant deterioration in air quality (42 USC §7470). Hazardous air pollutants, 

including radionuclides, are regulated separately (42 USC §7412). Air emissions are regulated by the 

U.S. Environmental Protection Agency in 40 CFR Parts 50 through 99. In particular, radionuclide 

emissions and hazardous air pollutants are regulated under the National Emission Standard for 

Hazardous Air Pollutants Program (see 40 CPR Part 6 1  and 40 CFR Part 63). 

Ssfe Drinking Wster Act, ss emended [42 USC §300 (F) et seq.]. The primary 

objective of the Safe Drinking Water Act, as amended, is to protect the quality of the public water 

supplies and all sources of drinking water. The implementing regulations, administered by the U.S. 

Environmental Protection Agency unless delegated to the states, establish standards applicable to 
public water systems. They promulgate maximum contaminant levels, including those for 

radioactivity, in public water systems, which are defined as public water systems that serve at least 15 
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service connections used by year-round residents or regularly serve at least 25 year-round residents. 

Safe Drinking Water Act requirements have been promulgated by the U.S. Environmental Protection 

Agency in 40 CFR Parts 100 through 149. For radionuclides, the regulations in effect now specify 

that the average annual concentration of beta particle and photon radioactivity from manmade 

radionuclides in drinking water shall not produce an annual dose equivalent to the total body or any 

internal organ greater than 0.004 rem (4 millirem)/year. The maximum contaminant level for gross 

alpha particle activity is 15 picocuries per liter. The U .S .  Environmental Protection Agency 

proposed revisions to limits on regulating radionuclides July 18, 199 1 .  The proposed rule has not 

been finalized. For purposes of analysis, however, the more conservative standards were used. 

Other programs established by the Safe Drinking Water Act include the Sole Source Aquifer 

Program, the Wellhead Protection Program, and the Underground Injection Control Program. 

Clean Water Act, as amended (33 USC §1251 et seq.). The Clean Water Act, which 

amended the Federal Water Pollution Control Act, was enacted to "restore and maintain the chemical, 

physical and biological integrity of the Nation's water." The Clean Water Act prohibits the 

"discharge of toxic pollutants in toxic amounts" to navigable waters of the United States. Section 3 1 3  

of the Clean Water Act, as amended, requires all branches of the Federal Government engaged in any 

activity that might result in a discharge or runoff of pollutants to surface waters to comply with 

Federal, state, interstate, and local requirements. 

In addition to setting water quality standards for the Nation's waterways, the Clean Water Act 

supplies guidelines and limitations for effluent discharges from point-source discharges and provides 

authority for the U.S. Environmental Protection Agency to implement the National Pollutant 

Discharge Elimination System permitting program. The National Pollutant Discharge Elimination 

System program is administered by the Water Management Division of the U.S. Environmental 

Protection Agency pursuant to regulations in 40 CFR Part 122 et seq. Idaho has not applied for 

National Pollutant Discharge Elimination System authority from the U.S. Environmental Protection 

Agency. Thus, all National Pollutant Discharge Elimination System permits required for the Idaho 

National Engineering Laboratory are obtained by DOE through the U.S. Environmental Protection 

Agency Region 10 (40 CFR Part 122 et seq.). 

Sections 401 and 405 of the Water Quality Act of 1987 added Section 402(P) to the Clean 

Water Act. Section 402(P) requires that the Environmental Protection Act establish regulations for 

issuing permits for stormwater discharges associated with industrial activity. Stormwater discharges 

associated with industrial activity are permitted through the National Pollutant Discharge Elimination 

System. General Permit requirements are published at 40 CFR Part 122. 

Resource Conservation and Recovery Act, as amended (42 USC §6901 et seq.). 

The treatment, storage, or disposal of hazardous and nonhazardous waste is regulated under the Solid 

Waste Disposal Act, as amended by the Resource Conservation and Recovery Act and the Hazardous 

and Solid Waste Amendments of 1984. Pursuant to Section 3006 of the Act, any state that seeks to 
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administer and enforce a hazardous waste program pursuant to the Resource Conservation and 

Recovery Act may apply for U.S. Environmental Protection Agency authorization of its program. 

The U.S. Environmental Protection Agency regulations implementing the Resource Conservation and 

Recovery Act are found in 40 CFR Parts 260 through 280. These regulations define hazardous 

wastes and specify hazardous waste transportation, handling, treatment, storage, and disposal 

requirements. 

The regulations imposed on a generator or a treatment, storage, and/or disposal facility vary 

according to the type and quantity of material or waste generated, treated, stored, and/or disposed of. 

The method of treatment, storage, and/or disposal also impacts the extent and complexity of the 

requirements (see also Section 7.2.5). 

Comprehensive Environmental Response, Compensation, and Liability Act, as 

amended (42 USC §9601 et seq.). The Comprehensive Environmental Response, Compensation, 

and Liability Act, as amended, provides a statutory framework for the cleanup of waste sites 

containing hazardous substances and-as amended by the Superfund Amendments and Reauthorization 

Act-provides an emergency response program in the event of a release (or threat of a release) of a 

hazardous substance to the environment. Using the Hazard Ranking System, Federal and private sites 

are ranked and may be included on the National Priorities List. The Comprehensive Environmental 

Response, Compensation, and Liability Act, as amended, requires such Federal facilities having such 

sites to undertake investigations and remediation as necessary. The Act also includes requirements for 

reporting releases of certain hazardous substances in excess of specified amounts to state and Federal 

agencies. 

Emergency Planning and Community Rlght-ta-Know Act of 1986 (42 USC §1 1001 

et seq.) (also known as "SARA Title III''). Under Subtitle A of this Act, Federal facilities, 

including those owned by DOE, provide various information (such as inventories of specific 

chemicals used or stored and releases that occur from these sites) to the State Emergency Response 

Commission and to the Local Emergency Planning Committee to ensure that emergency plans are 

sufficient to respond to unplanned releases of hazardous substances. Implementation of the provisions 

of this Act began voluntarily in 1987, and inventory and annual emissions reporting began in 1988 

based on 1987 activities and information. DOE also requires compliance with Title III as matter of 

Agency policy. The requirements for this Act were promulgated by the U.S. Environmental 

Protection Agency in 40 CFR Parts 350 through 372. 

Toxic Substances Control Act (15 USC §2601 et seq.). The Toxic Substances Control 

Act provides the U.S. Environmental Protection Agency with the authority to require testing of 

chemical substances, both new and old, entering the environment, and regulates them where 

necessary. The law complements and expands existing toxic substance laws such as § 1 1 2  of the 

Clean Air Act and §307 of the Clean Water Act. The Toxic Substances Control Act came about 

because there were no general Federal regulations for the potential environmental or health effects of 
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the thousands of new chemicals developed each year before they were introduced into the public or 

commerce. The Toxic Substances Control Act also regulates the treaunent, storage, and disposal of 

certain toxic substances, specifically polychlorinated biphenyls, chlorofluorocarbons, asbestos, 

dioxins, certain metal-working fluids, and hexavalent chromium. The asbestos regulations under the 

Toxic Substances Control Act were ultimately overturned. However, regulations pertaining to 

asbestos removal, storage, and disposal are promulgated through the National Emission Standard for 

Hazardous Air Pollutants Program (40 CFR Part 61, Subpart M). For chlorofluorocarbons, Title VI 
of the Clean Air Act Amendments of 1990 requires a reduction of chlorofluorocarbons beginning 

199 1 ,  and prohibits production beginning 2000. 

Pollution Prevention Act of 1990 (42 USC §13101 et seq.). The Pollution Prevention 

Act of 1990 establishes a national policy for waste management and pollution control that focuses first 

on source reduction, followed sequentially by environmentally safe recycling, treaunent, and lastly, 

disposal. Disposal or releases to the environment should only occur as a last resort. In response, 

DOE has committed to participation in the Superfund Amendments and Reauthorization Act Section 

3 13, U.S. Environmental Protection Agency 33/50 Pollution Prevention Program. The goal, for 

facilities already involved in Section 3 1 3  compliance, is to achieve a 33 percent reduction in the 

release of 17 priority chemicals by 1997, from a 1993 baseline. On August 3,  1993, Executive Order 

12856 was issued, expanding the 33/50 program such that DOE must reduce its total releases of all 

toxic chemicals by 50 percent by December 3 1 ,  1999. The DOE is also requiring each DOE site to 

establish site-specific goals to reduce generation of all waste types. 

Federal Facility Compliance Act The Federal Facility Compliance Act, enacted on 

October 6, 1992, waives sovereign immunity for fines and penalties for Resource Conservation and 

Recovery Act violations at Federal facilities. However, a provision postpones fines and penalties 

after 3 years for mixed waste storage prohibition violations at DOE sites and requires DOE to prepare 

plans for developing the required treaunent capacity for mixed waste stored or generated at each 

facility. Each plan must be approved by the host state or the U.S. Environmental Protection Agency, 

after consultation with other affected states, and a consent order must be issued by the regulator 

requiring compliance with the plan. The Federal Facility Compliance Act further provides that the 

DOE will not be subject to fines and penalties for land disposal restriction storage prohibition 

violations for mixed waste as long as it is in compliance with such an approved plan and consent 

order and meets all other applicable regulations. 

National HIstoric Preservation Act, as amended (16 USC §470 et seq.). The National 

Historic Preservation Act, as amended, provides that sites with significant national historic value be 

placed on the National Register of Historic Places. There are no permits or certifications required 

under the Act. However, if a particular Federal activity may impact a historic property resource, 

consultation with the Advisory Council on Historic Preservation will generally generate a 

Memorandum of Agreement, including stipulations that must be followed to minimize adverse 
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impacts. Coordinations with the State Historic Preservation officer are also undertaken to ensure that 

potentially significant sites are properly identified and appropriate mitigative actions are implemented. 

Archaeological Resource Protection Act, as amended (16 USC §470aa et seq.). 

This Act requires a pennit for any excavation or removal of archaeological resources from public or 

Indian lands. Excavations must be undertaken for the purpose of furthering archaeological knowledge 

in the public interest, and resources removed are to remain the property of the United States. 

Consent must be obtained from the Indian tribe owning lands on which a resource is located before 

issuance of a pennit, and the pennit must contain tenns or conditions requested by the tribe. 

Native American Grave Protection and Repatriation Act of 1990 (25 USC §3001). 

This law directs the Secretary of Interior to guide responsibilities in repatriation of Federal 

archaeological collections and collections held by museums receiving Federal funding that are 

culturally affiliated to Native American tribes. Major actions to be taken under this law include (a) 

establishing a review committee with monitoring and policy-making responsibilities, (b) developing 

regulations for repatriation, including procedures for identifying lineal descent or cultural affiliation 

needed for claims, (c) oversight of museum programs designed to meet the inventory requirements 

and deadlines of this law, and (d) developing procedures to handle unexpected discoveries of graves 

or grave goods during activities on Federal or tribal land. 

American Indian Religious Freedom Act of 1978 (42 USC §1996). This act reaffinns 

Native American religious freedom under the First Amendment and sets United States policy to 

protect and preserve the inherent and constitutional right of American Indians to believe, express, and 

exercise their traditional religions. The act requires that Federal actions avoid interfering with access 

to sacred locations and traditional resources that are integral to the practice of religions. 

Religious Freedom Restoration Act of 1993 (42 USC §2000bb et seq.). This Act 

prohibits the Government, including Federal departments, from substantially burdening the exercise of 

religion unless the Government demonstrates a compelling governmental interest and the action 

furthers a compelling Government interest and is the least restrictive means of furthering that interest. 

Endangered Species Act, as amended (16 USC §1531 et seq.). The Endangered 

Species Act, as amended, is intended to prevent the further decline of endangered and threatened 

species and to restore these species and their habitats. The Act is joint! y administered by the 

U.S. Departments of Commerce and the Interior. Section 7 of the Act requires consultation with the 

U.S. Fish and Wildlife Service to detennine whether endangered and threatened species or their 

critical habitats are known to be in the vicinity of the proposed action. 

Migratory Bird Treaty Act, as amended (16 USC §703 et seq.). The Migratory Bird 

Treaty Act, as amended, is intended to protect birds that have common migration patterns between the 
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United States and Canada, Mexico, Japan, and Russia. It regulates the harvest of migratory birds by 

specifying things such as the mode of harvest, hunting seasons, and bag limits. The Act stipulates 

that it is unlawful at any time, by any means, or in any manner to "kill . . .  any migratory bird . '  

Although no permit for this project is required under the Act, DOE is required to consult with the 

U.S. Fish and Wildlife Service regarding impacts to migratory birds and to evaluate ways to avoid or 

minimize these effects in accordance with the U.S.  Fish and Wildlife Service Mitigation Policy. 

Bald and Golden Eagle Protection Act, as amended (16 USC §668-668d). The Bald 

and Golden Eagle Protection Act makes it unlawful to take, pursue, molest, or disturb bald 

(American) and golden eagles, their nests, or their eggs anywhere in the United States (Section 668, 

668c). A permit must be obtained from the U.S. Department of the Interior to relocate a nest that 

interferes with resource development or recovery operations. 

Wild and Scenic Rivers Act, as amended (16 USC 1271 et seq. 71:8301 et seq.). 

The Wild and Scenic Rivers Act, as amended, protects certain selected rivers of the Nation, which 

possess outstanding scenic, recreational, geological, fish and wildlife, historical, cultural, or other 

similar values. These rivers are to be preserved in a free-flowing condition to protect water quality 

and other vital national conservation purposes. The purpose of the Act is to institute a national wild 

and scenic rivers system, to designate the initial rivers that are a part of that system, and to develop 

standards for the addition of new rivers in the future. 

Occupational Safety and Health Act of 1970, as amended (29 USC §651 et seq.). 

The Occupational Safety and Health Act establishes standards to enhance safe and healthful working 

conditions in places of employment throughout the United States. The Act is administered and 

enforced by the Occupational Safety and Health Administration, a U.S. Department of Labor agency. 

While the Occupational Safety and Health Administration and the U .S .  Environmental Protection 

Agency both have a mandate to reduce exposures to toxic substances, the Occupational Safety and 

Health Administration's jurisdiction is limited to safety and health conditions that exist in the 

workplace environment. In general, under the Act, it is the duty of each employer to furnish all 

employees a place of employment free of recognized hazards likely to cause death or serious physical 

harm. Employees have a duty to comply with the occupational safety and health standards and all 

rules, regulations, and orders issued under the Act. Occupational Safety and Health Administration 

regulations (published in Title 29 of the Code of Federal Regulations) establish specific standards 

telling employers what must be done to achieve a safe and healthful working environment. DOE 

places emphasis on compliance with these regulations at DOE facilities and prescribes through DOE 

orders the Occupational Safety and Health Act standards that contracts shall meet, as applicable to 

their work at Government-{)wned, contractor-{)perated facilities (DOE Order 5480. IB, 5483. IA). 

DOE keeps and makes available the various records of minor illnesses, injuries, and work-related 

deaths as required by Occupational Safety and Health Administration regulations. 
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Noise Control Act of 1972, as amended (42 USC §4901 et seq.). Section 4 of the 
Noise Control Act of 1972, as amended, directs all Federal agencies to carry out "to the fullest extent 

within their authority" programs within their jurisdictions in a manner that furthers a national policy 

of promoting an environment free from noise that jeopardizes health and welfare. 

7.1.2 Executive Orders 

Executive Order 12088 (Federal Compliance with Pollution Control Standards) 

(October 13, 1978), as amended by Executive Order 12580 (January 23, 1987) Federal Compliance 

with Pollution Control Standards, directs Federal agencies, including DOE, to comply with applicable 

administrative and procedural pollution control standards established by, but not limited to, the Clean 

Air Act, the Noise Control Act, the Clean Water Act, the Safe Drinking Water Act, the Toxic 

Substances Control Act (15 USC §2061 et seq.), and the Resource Conservation and Recovery Act. 

Executive Order 11593 (National Historic Preservation) (May 13, 1971) directs Federal 

agencies, including DOE, to locate, inventory, and nominate properties under their jurisdiction or 

control to the National Register of Historic Places if those properties qualify. This process requires 

DOE to provide the Advisory Council on Historic Preservation the opportunity to comment on the 

possible impacts of the proposed activity on any potential eligible or listed resources. 

Executive Order 1 1514 (National Environmental PoliCY Act) directs Federal agencies to 

continually monitor and control their activities to protect and enhance the quality of the environment 

and to develop procedures to ensure that fullest practicable provision of timely public information and 

understanding of the Federal plans and programs with environmental impact to obtain the views of 

interested parties. The DOE has issued regulations (10 CFR Part 1021) and DOE Order 5440. IE for 

compliance with this executive order. 

Executive Order 11988 (Floodplain Management) directs Federal agencies to establish 

procedures to ensure that the potential effects of flood hazards and floodplain management are 

considered for any action undertalcen in a floodplain and that floodplain impacts be avoided to the 

extent practicable. 

Executive Order 11990 (protection of Wetlands) directs governmental agencies to avoid, to 

the extent practicable, any short- and long-term adverse impacts on wetlands wherever there is a 

practicable alternative. 

Executive Order 12344 (Naval Nuclear Propulsion Program) [enacted as permanent law by 

Public Law 98-525 (42 USC §7158)] prescribes the authority and responsibility of the Naval Nuclear 

Propulsion Program, a joint Navy/DOE organization, for matters pertaining to Naval nuclear 
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propulsion. These responsibilities include all environmental and occupational safety and health 

aspects of the program. 

Executive Orr/er 12580 (Superfund Implementation) delegates to the heads of executive 

departments and agencies the responsibility for undertaking remedial actions for releases, or 

threatened releases that are not on the National Priority List and removal actions other than 

emergencies where the release is from any facility under the jurisdiction or control of executive 

departments and agencies. 

Executive Orr/er 12856 (Right to Know Laws and Pollution Prevention Requirements) This 

order directs all Federal agencies to reduce and report toxic chemicals entering any wastestream; 

improve emergency planning, response, and accident notification; and encourage clean technologies 

and testing of innovative prevention technologies. The executive order also provides that Federal 

agencies are persons for purposes of the Emergency Planning and Community Right-to-Know Act 

(SARA Title III), which obliges agencies to meet the requirements of the Act. 

Executive Order 12898 (Environmental Justice) This order directs Federal agencies to 

achieve environmental justice by identifying and addressing, as appropriate, disproportionately high 

and adverse human health or environmental effects of its programs, policies, and activities on 

minority populations and low-income populations in the United States and its territories and 

possessions. The order creates an Interagency Working Group on Environmental Justice and directs 

each Federal agency to develop strategies within prescribed time limits to identify and address 

environmental justice concerns. The order further directs each Federal agency to collect, maintain, 

and analyze information on the race, national origin, income level, and other readily accessible and 

appropriate information for areas surrounding facilities or sites expected to have a substantial 

environmental , human health, or economic effect on the surrounding populations, when such facilities 

or sites become the subject of a substantial Federal environmental administrative or judicial action and 

to make such information publicly available. 

Executive Orr/er 12114 (Environmental Effects Abroad of Major Federal Actions) This 

order declares that Federal agencies are required to prepare environmental analyses for "major 

Federal actions significantly affecting the environment of the global commons outside the jurisdiction 

of any nation (e.g., the ocean or Antarctica). "  According to the Executive Order, major Federal 

actions significantly affecting the environment of foreign countries may also require environmental 

analyses under certain circumstances. The procedural requirements imposed by the Executive Order 

are analogous to those under the National Environmental Policy Act. 

7.1.3 Department of Energy Regulations and Orders 

Through the authority of the Atomic Energy Act, DOE is responsible for establishing a 

comprehensive health, safety, and environmental program for its facilities. The regulatory 
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mechanisms through which DOE manages its facilities are the promulgation of regulations and the 

issuance of DOE orders. 

The DOE regulations are generally found in Title 10 of the Code of Federal Regulations. 

These regulations address such areas as energy conservation, administrative requirements and 

procedures, nuclear safety, and classified information. For purposes of this EIS, relevant regulations 

include 1 0  CFR Part 820, Procedures for DOE Nuclear Activities; 10 CFR Part 830. 120, Quality 

Assurance; 10 CFR Part 834, Radiation Protection of the Public and the Environment (proposed); 

1 0  CFR Part 835, Occupational Radiation Protection; 10 CFR Part 102 1 ,  Compliance with the 

National Environmental Policy Act; and 10 CFR Part 1022, Compliance with FloodplainsfWetJands 

Environmental Review Requirements. 

DOE orders generally set forth policy and the programs and internal procedures for 

implementing those policies. The major DOE orders pertaining to the eventual construction and 

operation of SNF facilities within the DOE Complex are listed in Table 7- 1 .  The following sections 

provide a brief discussion of selected orders: 

DOE Order 5440.1E, National Environmental Policy Act Compliance Program. This 

order establishes authorities and responsibilities of DOE officials and sets forth internal procedures for 

implementing the National Environmental Policy Act. This order was issued by DOE on 

November 10, 1992. 

DOE Order 5480. 1 B, Environment Safety and Health Program for Department of 

Energy Operations. This order establishes the Environment, Safety and Health Program for DOE 

operations. 

7.1.4 Hazardous and Radioactive Materials Transportation Regulations 

Transportation of hazardous and radioactive materials, substances, and wastes are governed by 

the U.S. Department of Transportation, U.S. Nuclear Regulatory Commission, and U.S. 

Environmental Protection Agency regulations. These regulations may be found in 49 CFR Parts 171 

through 178, 49 CFR Parts 383 through 397, 10 CFR Part 7 1 ,  and 40 CFR Part 262, respectively. 

U.S. Department of Transportation regulations contain requirements for identifying a material 

as hazardous or radioactive. These regulations interface with those of the U.S. Nuclear Regulatory 

Commission or U.S. Environmental Protection Agency regulations for identifying material, but the 

U.S. Department of Transportation hazardous material regulations govern the hazard communication 

(such as marking, hazard labelling, vehicle placarding, and emergency response telephone number) 

and shipping requirements (such as required entries on shipping papers or U.S. Environmental 

Protection Agency waste manifests). 
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Table 7-1. DOE orders relevant to the DOE Spent Nuclear Fuel Management Program. 

DOE Order 

1300.2A 

1360.2B 

1540.2 

3790.IB 

4330.4B 

4700. 1 

5000.3B 

5400. 1  

5400.2A 

5400.4 

5400.5 

5440. IE 

5480.IB 

5480.3 

5480.4 

5480.6 

5480.7A 

5480.8A 

5480.9A 

5480.10 

5480. 1 1  

5480.15 

5480.17 

5480. 18B 

5480.19 

Subject 

Department of Energy Technical Standards Program (5-19-92) 

Unclassified Computer Security Program (5-18-92) 

Hazardous Material Packaging for Transport-Administrative Procedures 
(9-30-86; Chg. I ,  12-19-88) 

Federal Employee Occupational Safety and Health Program (1-7-93) 

Maintenance Management Program (2-10-94) 

Project Management System (3-6-87; Chg. I ,  6-2-92) 

Occurrence Reporting and Processing of Operations Information 
(1-19-93; Chg. 1 , 7-2-93) 

General Environmental Protection Program (1 1-9-88; Chg. I ,  6-29-90) 

Environmental Compliance Issue Coordination (1-3 1-89; Chg . I ,  1-7-93) 

Comprehensive Environmental Response, Compensation, and Liability Act 
Requirements (10-6-89) 

Radiation Protection of the Public and the Environment 
(2-8-90; Chg. 2 ,  1-7-93) 

National Environmental Policy Act Compliance Program (1 1-10-92) 

Environment, Safety and Health Program for DOE Operations (9-23-86; Chg. 5, 
5-10-93) 

Safety Requirements for the Packaging and Transportation of Hazardous Materials, 
Hazardous Substances, and Hazardous Wastes (7-9-85) 

Environmental Protection, Safety, and Health Protection Standards 
(5-15-84; Chg. 4, 1 -7-93) 

Safety of Department of Energy-Owned Nuclear Reactors (09-23-86) 

Fire Protection (2-17-93) 

Contractor Occupational Medical Program (6-26-92; Chg. I ,  10-19-92) 

Construction Project Safety and Health Management (4-13-94) 

Contractor Industrial Hygiene Program (6-26-85) 

Radiation Protection for Occupational Workers (12-21-88; Chg. 3, 6-17-92) 

Department of Energy Laboratory Accreditation Program for Personnel Dosimetry 
(12-14-87) 

DOE Site Safety Representatives (1O'{)5-88) 

Nuclear Facility Training Accreditation Program (08-3 1-94) 

Conduct of Operations Requirements for DOE Facilities (7-9-90; Chg. 1 , 5-1 8-92) 
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Table 7-1. (continued). 

DOE Order 

5480.20 

5480.21 

5480.22 

5480.23 

5480.24 

5480.28 

5480.3 1 

548 1 . l B  

5482.IB 

5483 . I A  

5484. 1 

5500. 1B 

5500.2B 

5500.3A 

5500.4A 

5500.7B 

5500.10 

5630. 1 1 B  

5630. 12A 

5700.6C 

5820.2A 

6430. I A  

VOLUMB I 

Subject 

Personnel Selection, Qualification, Training, and Staffing Requirements at DOE 
Reactor and Nonreactor Nuclear Facilities (2-20-91;  Chg. 1 , 6-19-91) 

Unreviewed Safety Questions (12-24-91) 

Technical Safety Requirements (2-25-92; Chg. 1 , 9-15-92) 

Nuclear Safety Analysis Reports (4-30-92; Chg. 1 , 3-10-94) 

Nuclear Criticality Safety (8-12-92) 

Natural Phenomena Hazards Mitigation (1-15-93) 

Startup and Restart of Nuclear Facilities (9-15-93) 

Safety Analysis and Review System (9-23-86; Chg. 1 , 5-19-87) 

Environment, Safety, and Health Appraisal Program (9-23-86; Chg. I ,  1 1-18-91)  

Occupational Safety and Health Program for DOE Contractor Employees at 
Government-Owned, Contractor-Operated Facilities (6-22-83) 

Environmental Protection, Safety, and Health Protection Information Reporting 
Requirements (2-21-8 1 ;  Chg. 7, 10-17-90) 

Emergency Management System (4-30-9 1 ;  Chg. 1 , 2-27-92) 

Emergency Categories, Classes, and Notification and Reporting Requirements 
(4-30-91 ;  Chg. 1 , 2-27-92) 

Planning and Preparedness for Operational Emergencies (4-30-9 1 ;  Chg. 1 , 2-27-92) 

Public Affairs Policy and Planning Requirements for Emergencies (6-8-92) 

Emergency Operating Records Protection Program (10-23-91)  

Emergency Readiness Assurance Program (4-30-9 1 ;  Chg. I ,  2-27-92) 

Safeguards and Security Program (8-2-94) 

Safeguards and Security Inspection and Assessment Program (6-23-92) 

Quality Assurance (8-2 1-91) 

Radioactive Waste Management (9-26-88) 

General Design Criteria (4-6-89) 
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U.S.  Nuclear Regulatory Commission regulations applicable to radioactive materials 

transportation are found in 10 CFR Part 71,  which includes detailed packaging design requirements 

and package certification testing requirements. Complete documentation of design and safety analysis 

and results of the required testing is submitted to the U.S. Nuclear Regulatory Commission to certify 

the package for use. This certification testing involves the following components: heat, physical 

drop onto an unyielding surface, water submersion, puncture by dropping package onto a rigid spike, 

and gas tightness. Some of the required tests simulate maximum reasonably foreseeable accident 

conditions. 

U.S. Environmental Protection Agency regulations pertaining to hazardous waste 

transportation are found in 40 CFR Part 262. These regulations deal with the use of the 

U.S. Environmental Protection Agency waste manifest, which is the shipping paper for transporting 

Resource Conservation and Recovery Act hazardous waste. 

7.1.5 Applicability of the Resource Conservation and Recovery Act to Spent Nuclear Fuel 

Historically, DOE chemically reprocessed SNF to recover valuable prOducts and fissionable 

materials, and as such, the SNF was not a solid waste under the Resource Conservation and Recovery 

Act. 

World events have resulted in significant changes in DOE's direction and operations. In 

particular, in April 1992 DOE announced the phase-out of reprocessing for the recovery of special 

nuclear materials. With these changes, DOE's focus on most of its SNF has changed from 

reprocessing and recovery of materials to storage and ultimate disposition. This in tum has created 

uncertainty in regard to the regulatory status of some of DOE's SNF relative to the Resource 

Conservation and Recovery Act. 

DOE has initiated discussion with the U.S. Environmental Protection Agency on the potential 

applicability of the Resource Conservation and Recovery Act to SNF. Further discussions with U.S. 

Environmental Protection Agency Headquarters and regional offices and state regulators are ongoing 

to develop a path forward toward meeting any Resource Conservation and Recovery Act requirements 

that might apply. 

7.2 Consultation 

The National Environmental Policy Act requires that Federal, state, and local agencies with 

jurisdiction or special expertise regarding any environmental impact be consulted and involved in the 

National Environmental Policy Act process. Agencies involved include those with authority to issue 

applicable permits, licenses, and other regulatory approvals, as well as those responsible for 

protecting significant resources (for example, endangered species, critical habitats, or historic 

resources). These agencies will be sent copies of the Final ElS. 
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Consultations with Federal and state agencies and native America tribes were initiated by 

DOE. Table 7-2 shows the dates and locations of the meetings beld. Volume 2, Appendix B, 

contains meeting correspondence generated as a result of these meetings. 

Table 7-2. Meetings held in response to agency or nation comments on the Department of Energy 

Programmatic Spent Nuclear Fuel Management and Idaho National Engineering Laboratory 

Environmental Restoration and Waste Management Programs Draft Environmental Impact Statement. 

Agency or nation Location 

Defense Nuclear Facilities Washington, D.C. 

Safety Board 

U.S. Environmental Protection Washington, D.C. 

Agency 

Center for Disease Control Conference call 

Council on Environmental Washington, D.C. 

Quality 

Seneca Nation of New York 

Shoshone-Bannock Tribes of 

Idaho 
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New York 

Fort Hall, Idaho 
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Date 

November 9, 1994 

December 15, 1994 

November 22, 1994 

December 2 1 ,  1994 

January 10, 1995 

December 2,2 1 ,  and 29, 1994 

January 10, 1995 

February 13,  1995 
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Babcock and Wilcox Nuclear Fuels Research Facility 
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Bald and Golden Eagle Protection Act, 7 . 1 . 1  
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from radiation exposure, Fig. 3-9, Table 5-1 
transportation analyses, App. I 
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Centralization alternative 

consequences, 5 . 1 .6 
description, 3 . 1 .5 
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summary, Table 3-5 
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Centralization alternative, by site, 3 . 1 .5 
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mitigation measures, 5.7.3 
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summary, Table 3-2 
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Nevada Test Site, 3 . 1 .2.5 
Oak Ridge Reservation, 3 . 1 .2.4 
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Savannah River Site, 3 . 1 .2.3 
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disposition technologies (SNP), 1 . 1 .3.4 
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DOE orders and regulations, 7.1.3,  Table 7-1 
DOE test and experimental reactors, 4.7.1,  App. E 
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Sandia National Laboratories, 4.7.1.3 
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Table 1-2, App. E 

Massachusetts Institute of Technology, 4.7.2.2 
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4.7.2.1 
SNP management and inventories, 1 . 1 .2 .5 ,  
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1992/1993 Planning Basis alternative, 5 . 1 .4 
background, 5 . 1 . 1  
Centralization alternative, 5 . 1 .6 
cumulative, 5.3, see also cumulative impacts 
data, App. K 
Decentralix.ation alternative, 5 . 1 .3 
key discriminator disciplines, 5 . 1  

materials and waste management, 5 . 1 . 1.3 
occupational and public health and 

safety, S . 1 . 1 .4 
socioeconomics, 5 . 1 . 1 . 1  
transportation, 5 . 1 . 1 .5 
utilities , 5 . 1 . 1 .  2 

No Action alternative, S . 1 .2 
Regionalization alternative, S . 1 .5 
supporting analyses, .see site appendices 
unavoidable adverse, 5.4 

environmental impact statements, SNF-related, 1 . 2  
environmental justice, S . 8 ,  App. L 
environmental regulations, Chapter 7 
Executive Orders , 7.1.2 

-F-

Federal environmental regulations, 7 . 1 . 1  
Federal Facility Compliance Act, 7 . 1 . 1  
Final EIS distribution, App. M 
foreign research reactors, 1.2.4, 1 . 1 .2.4 
Fort St. Vrain 

characterization, 4.7.3.2, App. E 
SNP management and inventories, 1 . 1 .2.5, 

Table 1-3 

-G-

generation sites (SNP), 1 . 1 .2, Fig. 1-2 
geologic resources 

characterization, see site appendices 
impacts, 5.2.4 

glossary, App. H 



-H-

Hanford Site 
alternatives. 3 . 1  

1992/1993 Planning Basis, 3. 1 .3.1  
Centralization, 3 . 1.5.1 
Decentralization, 3 . 1.2.1 
No Action, 3 . 1 . 1 . 1  
Regionalization. 3 . 1 .4 . 1  

characterization, 4 .1 ,  App. A 
location, Fig. 4-1 
SNF management and inventory, 1 . 1 .2.2, Fig. 1-2, 

Table 1-1 
supporting analyses, App. A, K 

hazardous and radioactive material transportation 
regulations, 7.1.4 

health effects, 3.3.2 
see also occupational and public health and safety 

-1-

Idaho National Engineering Laboratory 
alternatives. 3 . 1  

1992/1993 Planning Basis, 3 . 1 .3.2 
Centralization,  3 . 1 .5.2 
Decentralization, 3 . 1 .2.2 
No Action, 3 . 1 . 1 .2 
Regionalization, 3 . 1 .4.2 

characterization, 4.2, App. B 
location, Fig. 4-2 
SNF management and inventory, 1 . 1 .2.2, 

Table I-I, Pig. 1-2 
supporting analyses, App. S, K 

impacts, environmental 
see environmental consequences 

implementation of alternative costs, 3.3.6 
incident-free transportation comparison, Table 3-7 
inventories (SNP) , Table 1-1 

see also specific alternatives 
irreversible and irretrievable resource commitment, 5.6 

-J-

no enlries 

-K-

Kesselring Site 
characterization, 4.6.5 
location, Fig. 4-11 
supporting analyses, Appendix D 

-L-

land use 
characterization, see site appendices 
impacts, 5.2 . 1 ,  5.3.2.1 

laws and requirements, 7.1 
licensing standards, 3.3.7 
Los Alamos National Laboratory 

characterization, 4.7. 1 .2,  App. E 
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-M-

maps 
Hanford Site, Fig. 4-1 
Idaho National Engineering Laboratory, Fig. 4-2 
Kesselring Site, Pig. 4-11 
Nevada Test Site, Fig. 4-4 
Newport News Shipyard, Pig. 4-8 
Norfolk Naval Shipyard, Pig. 4-7 
Oak Ridge Reservation, Fig. 4-5 
Pearl Harbor Naval Shipyard, Pig. 4-10 
Portsmouth Naval Shipyard, Fig. 4-9 
Puget Sound Naval Shipyard, Pig. 4� 
Savannah River Site, Fig. 4-3 

Massachusetts Institute of Technology reactor 
characterization, 4.7.2.2, App. E 
SNF management and inventories, 1 . 1 .2.5, 

Table 1-2 
materials and waste management 

characterization, see site appendices 
impacts, as key discriminator, 5 . 1 . 1 .3 

1992/1993 Planning Basis, 5.1.4.3 
Centralization, 5.1 .6.3 
Decentralization, 5.1.3.3 
No Action, S . 1 .2.3 
Regionali7.ation, 5.1.5.3 

Migratory Bird Treaty Act, 7 . 1 . 1  
mitigation measures, S. 7 

accidents, 5.7.12 
air resources, 5.7.5 
cultural resources, S.  7.3 
ecological resources, S.  7.7 
noise, 5.7.8 
occupational and public health and safety, 5.7.10 
pollution prevention, S. 7 . 1  
site services, S. 7 . 1 1  
socioeconomics, 5.7 . 2 
soils, 5.7.4 
traffic and transportation, S.  7.9 
water resources, 5.7.6 

-N-

National Environmental PoliCY Act (NEPA), 7 . 1 . 1  
relationship o f  EIS to, 1 .2  
reviews related to this volume, Table 1-4 

National Historic Preservation Act, 7 . 1 . 1  
National Institute o f  Standards and Technology 

reactor, 4.7.2.1, App. E 
Native American Grave Protection and Repatriation 

Act, 7 . 1 . 1  
Naval fuel examination, alternative summaries 

1992/1993 Planning Basis, Table 3-3 
Centralization, Table 3-5 
Decentralization, Table 3-2 
No Action, Table 3-1 
Regionalization, Table 3-4 

Naval Nuclear Propulsion Program 
alternatives, 3 . 1  

1992/1993 Planning Basis, 3 . 1 .3.6 
Centralization, 3 . 1 .5.6 
Decentralization, 3 . 1 .2.6 
No Action, 3 . 1 .1.6 
Regionalization, 3 . 1 .4.6 
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Naval Nuclear Propulsion Program (continued) 
characterization,  4.6, App. D 
EIS scope, 1.3.2 
sites, 4.6 

Kesselring, 4.6.5, Fig. 4-11 
Newp,Jrt News Naval Shipyard, Fig. 4-8 
Norfolk Naval Shipyard, 4.6.2, Fig. 4-7 
Pearl Harbor Naval Shipyard, 4.6.4, Fig. 4-10 
Portsmouth Naval Shipyard, 4.6.3, Fig. 4-9 
Puget Sound Naval Shipyard, 4.6.1,  Fig. 4-6 

spent nuclear fuel management, 1 . 1 .2.3 
supporting analyses, App. D, K 
See also specific alternatives and specific sites 

Nevada Test Site, 
alternatives, 3 . 1  

1992/1993 Planning Basis, 3 . 1 .3.5 
Centralization, 3 . 1 .5.5 
Decentralization, 3 . 1 .2.5 
No Action, 3 . 1 . 1 .5 
Regionalization, 3 . 1 .4.5 

characterization, 4.4, App. F 
location, Fig. 4-4 
supporting analyses, App. F, K 

Newport News Naval Shipyard, Fig. 4-8 
No Action alternative 

consequences, 5 . 1 .2 
description, 3 . 1 . 1  
SNF distribution, location, and inventory, Fig. 3-1 
summary, Table 3-1 

No Action alternative, by site 
Hanford Site, 3 . 1 . 1 . 1  
Idaho National Engineering Laboratory, 3 . 1 . 1 .2 
Naval Nuclear Propulsion Program, 3 . 1 . 1.6 
Nevada Test Site, 3 . 1 . 1 .5 
Oak Ridge Reservation, 3 . 1 . 1 .4 
Other generator/storage sites, 3 . 1 . 1 .7 
Savannah River Site, 3 . 1 . 1 . 3  

noise 
characterization, see site appendices 
impacts, 5.2.8 
mitigation measures, 5.7.8 

Noise Control Act, 7 . 1 . 1  
nonprogrammatic EISs (DOE), 1.2.4, 1.2.5, 1 .2.6 
nonradiological impacts 

1992/1993 Planning Basis, 5 . 1 .4.5 
Centralization, 5.1.6.5 
Decentralization, 5 . 1 .3.5 
No Action, 5.1 .2.5 
Regionalization, 5 . 1 .5.5 

Norfolk Naval Shipyard 
characterization, 4.6.2 
location, Fig. 4-7 
supporting analyses, App. D 

normal operations, cancer fatalities, 3.3.2. 1 ,  
Fig. 3-8, Table 3-7 

Nuclear Regulatory Commission licensing 
standard, 3.3.7 

Nuclear Waste Policy Act of 1982, 7 . 1 . 1  

Oak Ridge Reservation 
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Oak Ridge Reservation (continued) 
alternatives, 3 . 1  

1992/1993 Planning Basis, 3 . 1 .3.4 
Centralization, 3 . 1.5.4 
Decentralization, 3 . 1.2.4 
No Action, 3 . 1 . 1.4 
Regionalization, 3 . 1 .4.4 

characterization ,  4.5, App. F 
location ,  Fig. 4-5 
SNF inventory management, 1 . 1 .2.2, Fig. 1-2, 

Table 1-1 
supporting analyses, App. F 

occupational and public health and safety 
characterization, see site appendices 
impacts 

comparison of impacts, 3.3.2, Fig. 3-8 
cumulative impacts, 5.3.2.6 
as key discriminator, 5 . 1 . 1 . 4  

1992/1993 Planning Basis, 5 . 1 .4.3 
Centralization, 5 . 1 .6.3 
Decentralization, 5 . 1 .3.3 
No Action, 5 . 1 .2.3 
Regionalization, 5.1.5.3 

mitigation, 5.7.10 
see also transportation 

Occupational Safety and Health Act of 1970, 7 . 1 . 1  
other generator and storage sites 

affected environment, 4.7 
alternatives, 3 . 1  

1992/1993 Planning Basis, 3 . 1 .3.7 
Centralization, 3 . 1 .5.7 
Decentralization, 3 . 1 .2.7 
No Action, 3 . 1 . 1 .7 
Regionalization, 3 . 1 .4.7 

overview of EIS 
alternatives, 3 . 1 ,  Tables 3-1 through 3-5 
spent nuclear fuel management, 1 . 1 ,  Tables 1-1 

through 1-3 

-P-

Pearl Harbor Naval Shipyard 
characterization, 4.6.4 
location, Fig. 4-10 
supporting analyses, App. D 

planning basis alternative 
see 199211993 Planning Basis at beginning of index 

pollution prevention mitigation, S. 7 . 1  
Portsmouth Naval Shipyard 

characterization, 4.6.3 
location, Fig. 4-9 
supporting analyses, App. D 

preferred alternative, Chapter 3 introduction 
preparers list, Chapter 6 
programmatic EISs (DOE), 1 . 2 . 1 ,  1.2.2, 1.2.3 
public comment response, 1 . 4  

changes to EIS, 1 .4.2 
National Environmental Protection Act process, 

1 .4 . 1  
public health effects, see occupational and public health 

and safety 
Puget Sound Naval Shipyard 

characterization. 4.6.1 
location, Fig. 4-6 



Puget Sound Naval Shipyard (continued) 
supporting analyses, App. 0 

purpose and need, Chapter 2 

no entries 

-R-

radioactive materials 
transportation regulations, 7 . 1 .4 

radiological impacts 
from alternatives 

199211993 Planning Basis, 5 . 1 .4.4 
Centralization, 5 . 1 .6.4 
Decentralization, 5.1.3.4 
No Action, 5.1.2.4 
Regionalization, 5 . 1 .5.4 

transportation, 5.3.2.6, App. I 
radiation 

health effects, App. K 
from spent nuclear fuel, 1 . 1 . 1  

radioactive waste generation comparison, 3.3.4 
references, Chapter 9 
Regionalization alternative 

consequences, 5 . 1 .5 
description, 3 . 1 .4 
SNF distribution, location, and 

inventory, Fig. 3-4, -5 
summary. Table 3-4 

Regionalization alternatives, by site, 3 1 .4 
Hanford Site, 3. 1 .4.1  
Idaho National Engineering Laboratory, 3 . 1 .4.2 
Naval Nuclear Propulsion Program, 3 . 1 .4.6 
Nevada Test Site, 3 . 1 .4.5 
Oak Ridge Reservation ,  3 . 1 .4.4 
Other generator/storage sites, 3 . 1 .4.7 
Savannah River Site, 3 . 1 .4.3 

regulatory requirements, 7 . 1  
DOE regulations and orders, 7 . 1 . 3 ,  Table 7-1 
Executive Orders, 7 . 1 . 2  
Federal, 7. 1 . 1  
transportation regulations, 7 . 1 .4 

research and development alternative summaries 
1992/1993 Planning Basis, Table 3-3 
Centralization, Table 3-5 
Decentralization, Table 3-2 
No Action, Table 3-1 
Regionalization, Table 3-4 

research reactors (non-DOE), Table 1-2, App. E 
Resource Conservation and Recovery Act, 7 . 1 . 1  
resources commitment, 5.6 

-s-

Safe Drinking Water Act, 7. 1 . 1  
Sandia National Laboratories 

characterization, 4.7. 1 . 3 ,  App. E 
Savannah River Site 

alternatives, 3 . 1  
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Savannah River Site (continued) 
1992/1993 Planning Ba.i., 3 . 1 .3 . 3  
Centralization, 3 . 1 .5.3 
Decentralization, 3 . 1 .2.3 
No Action, 3 . 1 . 1 .3 
Regionalization, 3 . 1 .4.3 

characterization, 4.3, App. C 
location, Fig. 4-3 
SNF management and inventory, 1 . 1 .2.2, 

Fig. 1-2, Table 1-1 
supporting analy.es, App. C, App. K 

scope, EIS Volume I ,  1 .3.2 
scoping process, 1 . 3 . 1  
shipments o f  SNF 

by alternative, see alternative summaries 
comparisons, 3 . 3 . 1 ,  Fig. 3-7, Table 3-6 
historical, Fig. 3-7 

short-term use and long-term productivity, 5.5 
site services 

characterization, see site appendices 
impacts on, 5.2.9 
mitigation mea�ures, 5 .7. 1 1  

sites, alternative, App. F 
Nevada Test Site, 4.4 
Oak Ridge Reservation, 4.5 

socioeconomics 
characterization, see site appendices 
impacts 

cumulative, 5.3.2.2 
as key discriminator, 5 . 1 . 1 . 1  

1992/1993 Planning Basis, 5 . 1 .4.1 
Centralization ,  5.1.6.1  
Decentralization, 5 . 1 . 3 . 1  
N o  Action, 5 . 1 .2 . 1  
Regionalization, 5 . 1 . 5 . 1  

mitigation, 5.7.2 
soils, mitigation measures, 5.7.4 
special-case nuclear fuel power plants, 4.7.3, App. E 

Babcock and Wilcox, 4.7.3.3 
Fort 51. Vrain, 4.7.3.2 
SNF management and inventories at, 1 . 1 .2.5, 

Table 1-3 
West Valley Demonstration Project, 4.7.3.1 

spent nuclear fuel 
alternatives 

consequences, Chapter 5 
description, Chapter 3 
see also alternatives 

defmition, 1 .1 . 1  
disposition technologies, 1 . 1.3.4 
foreign research reactors, 1 . 1 .2.4 
generation, 1 . 1 .2,  Fig. 1-2 
inventories, 1 . 1 .2 . 1 ,  Table 1 - 1 ,  Fig. 3-1 through 

3-6 
location and inventory by alternative.!l, Fig. 1-2 
management 

current DOE, 1 . 1 .2.3 
current Naval, 1 . 1 .2.3 
foreign research reactors, 1 . 1 .2.4 
inventories, 1 . 1 .2 . 1  
non-DOE domestic reactors, 1 . 1 .2.5 
overview, 1 . 1  
technologies, 1 . 1 .3 
vulnerabilities, 1 . 1 . 1 .3 
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spent nuclear fuel (continued) 
overview, 1 . 1  
radioactivity, 1 . 1 . 1  
regulatory requirements, Chapter 7 
regulatory status, 7.1.5 
shipments 

by alternative, see alternative summaries 
historical, Fig. 3-7 

special-case, 1 . 1 .2.5, 1 .3.2.5, Table 1-3 
stabilization (technologies), 1 . 1 .3 . 2  

see also stabilization of SNF 
storage 

historical, 1 . 1 .2, Fig. 1-2 
technologies, 1 . 1 . 3 . 1  
see also storage of SNF 

transportation (technologies), 1 . 1 .3.3 
vulnerability assessment, 1 . 1 . 1.3 

stabilization of SNF 
alternative summaries 

1992/1993 Planning Basis, Table 3-3 
Centralization, Table 3-5 
Decentralization, Table 3-2 
No Action, Table 3-1 
Regionalization, Table 3-4 

EIS scope, 1 . 3 . 2.2 
technologies, 1 . 1.3.2 

Stockpile Stewardship and Management Programmatic 
EIS, 1.2.2 

storage of SNF 
alternative summaries 

1992/1993 Planning Basis, Table 3-3 
Centralization, Table 3-5 
Decentralization, Table 3-2 
No Action, Table 3-1 
Regionalization, Table 3-4 

EIS scope, 1.3.2.3 
other sites, 4.7 
sites, historical, 1 . 1 .2 
technologies, 1 . 1 .3 . 1  

-T-

technologies for SNF management, 1 . 1 .3 
disposition ,  1 . 1.3.4 
stabilization ,  1 . 1 .3.2 
storage, 1 . 1 .3 . 1  
transportation, 1 . 1 .3.3  

test and experimental reactors, 1 . 1 .2.5, 4.7.1 
Toxic Substances Control Act, 7.1.1  
traffic, see transportation 
transportation, Appendix I 

accidents comparison, 3.3.5, Table 3-9 
alternative summaries 

1992/1993 Planning Basis, Table 3-3 
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transportation (continued) 
Centralization, Table 3-5 
Decentralization, Table 3-2 
No Action, Table 3-1 
Regionalization, Table 3-4 

as key discriminator, 5 . 1 . 1 . 1  
1992/1993 Planning Ba.i., 5 . 1 .4.6 
Centralization, 5 . 1 .6.6 
Decentralization, 5 . 1 .3.6 
No Action, 5 . 1 .2.6 
Regionalization, 5 . 1 .5.6 

impacts 
comparison, 3.3.5 
cumulative impacts, 5.3.2.7, Table 5-4 
mitigation, 5.7.9 
traffic accidents, 5.3.2.6 

regulations, 7.1.4 
shipments, 3.3.1,  Table 3-6 
technologies, 1 . 1 .3.3 

Tritium Supply and Recycling Programmatic EIS, 1.2.2 

-u-

University of Missouri reactor 
characterization ,  4.7.2.3, App. E 
SNF management and inventories, 1 . 1 .2.5, 

Table 1-2 
utilities and energy 

characterization, see site appendices 
impacts, 5 . 1 . 1 .2, 5.2.9 

cumulative, 5.3.2.8 
mitigation, 5.7. 1 1  

see also electricity 

-V-, -w-

waste generation (radioactive) 
comparison, 3.3.4 
impacts, 5.3.2.9 

Waste Management Programmatic EIS, 1.2.1  
water resources, 5.2.6, 5.7.6 

characterization, see site appendices 
impacts, 5.2.6, 5.3.2.4 
mitigation, 5.7.6 

West Valley Demonstration Project 
characterization, 4.7.3 . 1 ,  App. E 
SNF management and inventories, 1 . 1 .2.5, 

Table 1-3 
Wild and Scenic Rivers Act, 7. 1 . 1  

-X-, _yo, -Z-
no entries 
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CFR 

DOE 

EA 

ECF 

EIS 

HS 

INEL 

MEl 

MTHM 

NNPP 

NTS 

ORR 

PElS 

PUREX 

SNF 

SRS 

TRIGA 

Appendix G 

Acronyms/Abbreviations 

Code of Federal Regulations 

U.S. Department of Energy 

environmental assessment 

Expended Core Facility 

Environmental Impact Statement 

Hanford Site 

Idaho National Engineering Laboratory 

maximally exposed individiual 

metric tons of heavy metal 

Naval Nuclear Propulsion Program 

Nevada Test Site 

Oak Ridge Reservation 

Programmatic Environmental Impact Statement 

Plutonium Uranium Extraction 

spent nuclear fuel 

Savannah River Site 

training, research, and isotope reactors built by General Atomics 
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Appendix H 
Glossary 

Terms in this glossary are defined based on the context in which they are used in this EIS . 

100-year flood A flood event of such magnitude it occurs, on average, every 100 years (equates to 

a 1 percent probability of occurring in any given year). 

SOO-year flood A flood event of such magnitude it occurs, on average, every 500 years (equates to 

a 0.2 percent probability of occurring in any given year). 

abnormal condition Any deviation from normal conditions. 

accident An unplanned sequence of events that results in undesirable consequences. 

actinide Any of a series of chemically similar, mostly synthetic, radioactive elements with atomic 

numbers ranging from actinium-89 through lawrencium-I 03. 

alpha-emitter A radioactive substance that decays by releasing an alpha particle. 

alpha-low-Ievel waste Waste that was previously classified as transuranic waste but has a 

transuranic concentration lower than the currently established limit for transuranic waste. Low-level 

waste requires additional controls and special handling. This waste stream cannot be accepted for 

onsite disposal under the current waste acceptance criteria; therefore, it is special-case waste. 

alpha particle A positively charged particle ejected spontaneously from the nuclei of some 

radioactive elements. It is identical to a helium nucleus that has a mass number of 4 and an 

electrostatic charge of + 2. 

as low as reasonably achievable (ALARA) A process by which a graded approach is applied to 

maintaining dose levels to workers and the public, and releases of radioactive materials to the 

environment as low as reasonably achievable. 

atomic number The number of positively charged protons in the nucleus of an atom and the 

number of electrons on an electrically neutral atom. 
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background radiation Radiation from cosmic sources; naturally occurring radioactive materials, 

including radon (except as a decay product of source or special nuclear material), and global fallout as 

it exists in the environment from the testing of nuclear explosive devices. 

baseline For purposes of this EIS, the conditions projected to exist in June 1995, the scheduled 

date for the Record of Decision, against which the environmental consequences of the various 

alternatives are evaluated. 

beta-emitter A radioactive substance that decays by releasing a beta particle. 

beta particle A charged particle emitted from a nucleus during radioactive decay, with a mass 

equal to 1/1837 that of a proton. A negatively charged beta particle is identical to an electron. A 

positively charged beta particle is called a positron. 

bOiling water reactor A type of nuclear reactor that uses fission heat to generate steam in the 

reactor to drive turbines and generate electricity. 

breeder reactor A type of nuclear reactor that creates more fissionable fuel than it uses. 

by-product material (a) Any radioactive material (except special nuclear material) yielded in, or 

made radioactive by, exposure to the radiation incident to the process of producing or utilizing special 

nuclear material, and (b) the tailings or wastes produced by the extraction or concentration of uranium 

or thorium from any ore processed primarily for its source material content [Atomic Energy 

Act l l(e)]. By-product material is exempt from regulation under the Resource Conservation and 

Recovery Act. 

calcination The process of converting high-level waste to unconsolidated granules or powder (also 

called calcining). 

calcine The material produced by a calcination. 

canning The process of placing spent nuclear fuel in canisters to retard corrosion, contain 

radioactive releases, or control geometry. 

capable fault In part, a capable fault is one that may have had movement at or near the ground 

surface at least once within the past 35,000 years, or has had recurring movement within the past 

500,000 years. Further definition can be found in 10 CFR 100, Appendix A. 
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characterization The determination of waste composition and properties, whether by review of 
process knowledge, nondestructive examination or assay, or sampling and analysis, generally done for 

the purpose of determining appropriate storage, treatment, handling, transport, and disposal 

requirements. 

cladding The outer jacket of fuel elements and targets usually made of aluminum, stainless steel, 

or zirconium alloy, used to prevent fuel corrosion and retain fission products during reactor 

operation, or to prevent releases into the environment during storage. 

co-located workers Workers in a fixed population outside the day-to-{\ay process safety 

management controls of a given facility area. In practice, this fixed population is normally the 

workers at an independent facility area located some distance from the reference facility area. 

committed dose equivalent (Hso) The dose equivalent to organs or tissues of reference that will 

be received from an intake of radioactive material by an individual during the 50-year period 

following the intake. The International Commission on Radiological Protection defines this as the 

committed equivalent dose. 

committed effective dose equivalent (HE so) The sum of the products of the weighting factors 
, 

applicable to each of the body organs or tissues that are irradiated and the committed dose equivalent 

to these organs or tissues. The International Commission on Radiological Protection defines this as 

the committed effective dose. 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) A Federal law (also known as "Superfund") that provides a comprehensive framework 

to deal with past or abandoned hazardous materials. The Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 (CERCLA) provides for liability, compensation, cleanup, 

and emergency response for hazardous substances released into the environment that could endanger 

public health, welfare, or the environment, as well as the cleanup of inactive hazardous waste disposal 

sites. CERCLA has jurisdiction over any relea�e or threatened release of any "hazardous substance" 

to the environment. Under CERCLA, the definition of "hazardous" is much broader than under the 

Resource Conservation and Recovery Act, and the hazardous substance need not be a waste. If a site 

meets the CERCLA requirements for designation, it is ranked along with other "Superfund" sites and 

listed on the National Priorities List. This ranking and listing is the U.S . Environmental Protection 

Agency's way of determining which sites have the highest priority for cleanup. 

contact-handled waste Packaged waste whose external surface dose rate does not exceed 

200 millirem per hour. 
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contamination The deposition of unwanted radioactive material on the surfaces of structures, 
areas, objects, or personnel. 

coolant A gas or liquid circulated through a nuclear reactor to remove or transfer heat. 

core The central portion of a nuclear reactor containing the fuel elements, moderator, neutron 

poisons, and support structures. 

curie (ei) The basic unit used to describe the intensity of radioactivity in a sample of material. The 

curie is equal to 37 billion disintegrations per second, which is approximately the rate of decay of 

1 gram of radium. A curie is also a quantity of any radionuclide that decays at a rate of 37 billion 

disintegrations per second. 

decay, radioactive The decrease in the amount of any radioactive material with the passage of 

time, due to the spontaneous emission from the atomic nuclei of either alpha or beta particles, often 

accompanied by gamma radiation (see half-life, radioactive). 

decommissioning The process of removing a facility from operation, followed by 

decontamination, entombment, dismantlement, or conversion to another use. 

decontamination The actions taken to reduce or remove substances that pose a substantial present 

or potential hazard to human health or the environment, such as radioactive contamination from 

facilities, soil, or equipment by washing, chemical action, mechanical cleaning, or other techniques. 

degraded (spent nuclear fuel) Spent nuclear fuel whose external cladding has cracked, pitted, 

corroded, or potentially allows the leakage of radioactive materials .  

DOE orders Requirements internal to the U .S. Department of Energy (DOE) that establish DOE 

policy and procedures, including those for compliance with applicable laws. 

DOE site boundary A geographic boundary within which public access is controlled and activities 

are governed by the U .S. Department of Energy (DOE) and its contractors, not by local authorities. 

Based on the definition of exclusion zone, a public road traversing a DOE site is considered to be 

within the DOE site boundary if DOE or the site contractor has the capability to control the road at 

any time necessary. 

dosage The concentration-time profile for exposure to toxicological hazards. 
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dose (or radiation dose) A generic term that means absorbed dose, dose equivalent, effective 
dose equivalent, committed dose equivalent, committed effective dose equivalent, or total effective 

dose equivalent, as defined elsewhere in this glossary. 

driver fuel These fuel tubes or assemblies usually contain enriched uranium, plutonium, or thorium 

materials, which can be fissioned (or split) by neutrons. Because this fuel drives neutron 

bombardment of targets in a production or rese.arch reactor, these fuels are called drivers. 

dry storage Storage of spent nuclear fuel in environments where the fuel is not immersed in liquid 

for purposes of cooling and/or shielding. 

effective dose equivalent (EDE) The sum of the products of the dose equivalent to the organ or 

tissue and the weighting factors applicable to each of the body organs or tissues that are irradiated. It 

includes the dose from radiation sources internal and/or external to the body and is expressed in units 

of rem. The International Commission on Radiation Protection defines this as the effective dose. 

enriched uranium Uranium that has greater amounts of the fissionable isotope uranium-235 than 

occurs naturally. Naturally occurring uranium is 0.72 percent uranium-235. 

environmental monitoring The process of sampling and analysis of environmental media in and 

around a facility being monitored for the purpose of (a) confirming compliance with performance 

objectives, and (b) early detection of any contamination entering the environment to facilitate timely 

remedial action. 

existing facilities Facilities that are projected to exist as of the Record of Decision for this EIS, 

scheduled for June 1995. 

external accident Accidents initiated by manmade energy sources not associated with operation of 

a given facility. Examples include airplane crashes, induced fires, transportation accidents adjacent 

to a facility, and so forth. 

facility worker Any worker whose day-to-day activities are controlled by process safety 

management programs and a common emergency response plan associated with a facility or facility 

area. This definition includes any individual within a facility/facility area or its O.4-mile exclusion 

wne. This definition can also include those transient individuals or small populations outside the 

exclusion wne but inside the radius defined by the maximally exposed co-located worker if reasonable 

efforts to account for such people have been made in the facility or facility area emergency plan. For 

facility accident analyses, the facility worker is defined as an individual located 100 meters (328 feet) 

downwind of the facility location where an accidental release occurs. 
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fissile material Although sometimes used as a synonym for fissionable material, this term has 

acquired a more restricted meaning; namely, any material fissionable by thermal (slow) neutrons. 

The three primarily fissile materials are uranium-233, uranium-235, and plutonium-239. 

fission The splitting of a nucleus into at least two other nuclei and the release of a relatively large 

amount of energy. Two or three neutrons are usually released during this type of transformation. 

fission products The nuclei (fission fragments) formed by the fission of heavy elements, plus the 

nuclides formed by the fission fragments' radioactive decay. 

fissionable material Commonly used as a synonym for fissile material, the meaning of this term 

has been extended to include material that can be fissioned by fast neutrons, such as uranium-238. 

gamma-emitter A radioactive substance that decays by releasing gamma radiation. 

gamma ray (gamma radiation) High-energy, short wavelength electromagnetic radiation (a 

packet of energy) emitted from the nucleus. Gamma radiation frequently accompanies alpha and beta 

emissions and always accompanies fission. Gamma rays are very penetrating and are best stopped or 

shielded against by dense materials, such as lead or uranium. Gamma rays are similar to x-rays, but 

are usually more energetic. 

geologic repository A system that is intended to be used for, or may be used for, the disposal of 

radioactive waste or spent nuclear fuel in excavated geologic media. A geologic repository includes 

(a) the geologic repository operations area, and (b) the portion of the geologic setting that provides 

isolation. A near-surface disposal area is not a geologic repository. 

groundwater Generally, all water contained in the ground. Water held below the water table 

available to freely enter wells. 

grouting Grouting is the process of immobilizing or fixing solid forms of waste so they can be 

more safely stored or disposed. 

half-life The time in which half the atoms of a particular radioactive substance disintegrate to 

another nuclear form. Measured half-lives vary from millionths of a second to billions of years. 

Also called physical half-life. 

hazardous chemical A term defined under the Occupational Safety and Health Act and the 

Emergency Planning and Community Right-to-Know Act as any chemical that is a physical hazard or 

a health hazard. 
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hazardous material A substance or material, including a hazardous substance, which has been 

determined by the U.S. Secretary of Transportation to be capable of posing an unreasonable risk: to 

health, safety, and property when transported in commerce. 

hazardous substance Any substance that when released to the environment in an uncontrolled or 

unpermitted fashion becomes subject to the reporting and possible response provisions of the Clean 

Water Act and the Comprehensive Environmental Response, Compensation, and Liability Act. 

hazardous waste Under the Resource Conservation and Recovery Act, a solid waste, or 

combination of solid wastes, which because of its quantity, concentration, or physical, chemical, or 

infectious characteristics may (a) cause, or significantly contribute to an increase in mortality or an 

increase in serious irreversible, or incapacitating reversibile, illness; or (b) pose a substantial present 

or potential hazard to human health or the environment when improperly treated, stored, transported, 

or disposed of, or otherwise managed. Source, special nuclear material, and by-product material, as 

defined by the Atomic Energy Act, are specifically excluded from the definition of solid waste. 

heterogeneous Pertaining to a substance having different characteristics in different locations. A 

synonym is nonuniform. 

high-efficiency particulate air (HEPA) filter A filter with an efficiency of at least 99.95 percent 

used to separate particles from air exhaust streams prior to releasing that air into the atmosphere. 

high-level waste The highly radioactive waste material that results from the reprocessing of spent 

nuclear fuel, including liquid waste produced directly from reprocessing and any solid waste derived 

from the liquid that contains a combination of transuranic and fission product nuclides in quantities 

that require permanent isolation. High-level waste may include other highly radioactive material that 

the U.S. Nuclear Regulatory Commission, consistent with existing law, determines by rule requires 

permanent isolation. 

hot cell/hot cell facility A heavily shielded enclosure for handling and processing (by remote 

means or automatically), or storing highly radioactive materials. 

hydrogeology The study of the geological factors relating to water. 

hydrology The study of water, including groundwater, surface water, and rainfall. 

incineration The efficient burning of combustible solid and liquid wastes to destroy organic 

constituents and reduce the volume of the waste. Incinerators are designed to bum with an extremely 

high efficiency. The greater the burning efficiency, the cleaner the air emission. Incineration of 
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radioactive materials does not destroy the radionuclides but does significantly reduce the volume of 

these wastes. High-efficiency particulate air (HEPA) ftlters are used to prevent radionuclides and 

heavy metals from going out of the stack and into the atmosphere. 

inconel A metal alloy containing nickel, chromium, and iron, which exhibits good resistance to 

corrosion in aqueous environments. 

interim action (NEPAl An action that may be undertaken while work on a required program EIS 

is in progress, and the action is not covered by an existing program statement. An interim action 

may not be undertaken unless such action: (a) is justified independently of the program; (b) is itself 

accompanied by an adequate EIS or has undergone other NEPA review; and (c) will not prejudice the 

ultimate decision on the program. Interim action prejudices the ultimate decision on the program 

when it tends to determine subsequent development or limit alternatives. 

intermittent surface water A stream, creek, or river that does not contain water during part or 

all of the year. 

internal accidents Accidents that are initiated by man-made energy sources associated with the 

operation of a given facility. Examples include process explosions, fires, spills, criticalities, and so 

forth. 

involved worker Workers that would be involved in a proposed action as opposed to workers that 

would be on the site of a proposed action but not involved in the action. 

isotope One of two or more atoms with the same number of protons, but different numbers of 

neutrons, in their nuclei. Thus, carbon-12, carbon-13, and carbon-14 are isotopes of the element 

carbon, the numbers denoting the approximate atomic weights. Isotopes have very nearly the same 

chemical propenies, but often different physical propenies (for example, carbon-12 and -13 are 

stable, carbon-14 is radioactive). 

life cycle The entire time period from generation to permanent disposal or elimination of waste. 

liquid metal cooled breeder reactor A reactor that creates more fissionable material than it 

consumes and uses liquid metal as a coolant. Liquid sodium is a common metal used to cool this type 

of reactor. 

liquid metal fast breeder reactor A reactor that operates using a type of fission known as fast 

fission where the neutrons that are used to split the atoms are not slowed down or moderated as is 
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usually the case with nonnal fission. It creates more fissionable material than it consumes and uses 

liquid metal as a coolant. Liquid sodium is a common metal used to cool this type of reactor. 

long-tenn storage The storage of hazardous waste (a) onsite (a generator site) for a period of 

90-days or greater, other than in a satellite accumulation area, or (b) offsite in a properly managed 

treatment, storage, or disposal facility for any period of time. 

low-level waste Waste that contains radioactivity and is not classified as high-level waste, 

transuranic waste, or spent nuclear fuel. Test specimens of fissionable material irradiated for research 

and development only, and not for the production of power or plutonium, may be classified as low

level waste, provided the concentration of transuranic elements is less than 100 nanocuries per gram 

of waste. 

major radionuclides The radioisotopes that together comprise 95 percent of the total curie content 

of a waste package by volume and have a half-life of at least I week. Radionuclides that are 

important to a facility's radiological performance assessment and/or a safety analysis and are listed in 

the facility's waste acceptance criteria are considered major radionuclides. 

management (of spent nuclear fuel) Emplacing, operating, and administering facilities, 

transportation systems, and procedures to assure safe and environmentally responsible handling and 

storage of spent nuclear fuel pending (and in anticipation of) a decision on ultimate disposition. 

maximally exposed co-located worker (MeW) A hypothetical individual defined to allow dose 

or dosage comparison with numerical criteria for co-located workers. This individual is located at 

whichever is the greater of 0.4 miles from the facility area boundary (that is, the exclusion zone 

boundary) or 75 percent of the distance to the nearest independent facility area (that is, the low 

population zone boundary). The MCW is irrelevant if the DOE site boundary is closer than the 

MCW location. 

maximally exposed individual (MEl) A hypothetical individual defined to allow dose or dosage 

comparison with numerical criteria for the public. This individual is located at the point on the DOE 

site boundary nearest to the facility in question. Sometimes called maximally exposed offsite 

individual (MOl). 

maximally exposed offsite individual (MOl) A hypothetical individual defined to allow dose or 

dosage comparison with numerical criteria for the public. This individual is located at the point on 

the DOE site boundary nearest to the facility in question. Sometimes called the maximally exposed 

individual (MEl). 
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maximum contaminant level (Mel) Under the Safe Drinking Water Act, the maximum 
permissible concentrations of specific constituents in drinking water that is delivered to any user of a 

public water system that serves 15 or more connections and 25 or more people. The standards set as 

maximum contaminant levels take into account the feasibility and cost of attaining the standard. 

metric tons of heavy metal (MTHM) Quantities of unirradiated and spent nuclear fuel and targets 

are traditionally expressed in terms of metric tons of heavy metal (typically uranium), without the 

inclusion of other materials, such as cladding, alloy materials, and structural materials. 

A metric ton is 1 ,000 kilograms, which is equal to about 2,200 pounds. 

millirem One thousandth of a rem (see rem). 

mixed waste Waste that contains both hazardous waste under the Resource Conservation and 

Recovery Act and source, special nuclear, or by-product material subject to the Atomic Energy Act of 

1954. 

mitigation Those actions that avoid impacl� altogether, minimize impacts, rectify impacts, reduce or 

eliminate impacts, or compensate for the impact. 

nanocurie One billionth of a curie (see curie). 

National Priorities List (NPl) A formal listing of the nation's most hazardous waste sites, as 

established under the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA), that have been identified for remediation. 

natural phenomena accidents Accidents that are initiated by phenomena such as earthquakes, 

tornadoes, floods, and so forth. 

near-surface disposal Disposal in the uppermost portion of the earth, approximately 30 meters. 

Near-surface disposal includes disposal in engineered facilities that may be built totally or partially 

above-grade provided that such facilities have protective earthen covers. A near-surface disposal 

facility is not considered a geologic repository. 

nitrogen oxides (NOx) Gases formed in great part from atmospheric nitrogen and oxygen when 

combustion takes place under conditions of high temperature and high pressure; considered a major 

air pollutant. Two major nitrogen oxides, nitric oxide (NO) and nitrogen dioxide (NOV are 
important airborne contaminants. In the presence of sunlight, nitric oxide combines with atmospheric 
oxygen to produce nitrogen dioxide, which in high enough concentrations can cause lung damage. 
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nonnal conditions All activities associated with a facility mission, whether operation, 

maintenance, storage, and so forth, which are carried out within a defined envelope. This envelope 

can be design process conditions, performance in accordance with procedure, and so forth. 

nonnal operation All normal conditions and those abnormal conditions that frequency estimation 

techniques indicate occur with a frequency greater than 0. 1 events per year. 

NOx A generic term used to describe the oxides of nitrogen (see nitrogen oxides). 

nuclear criticality A self-sustaining chain reaction, which releases neutrons and energy, and 
generates radioactive by-product material. 

nuclear fuel Materials that are fissionable and can be used in nuclear reactors to make energy. 

nuclide A general term referring to all known isotopes, both stable (279) and unstable (about 

5,000), of the chemical elements. 

off-link doses Doses to members of the public within 800 meters (2,625 feet) of a road or 

railway. 

offsite facility A facility located at a different site or location than the shipper. 

on-link doses Doses to members of the public sharing a road or railway. 

onsite The same or geographically contiguous property that may be divided by public or private 

right-of-way, provided the entrance and exit between the properties is at a cross-roads intersection, 

and access is by crossing as opposed to going along the right-of-way. Non-contiguous properties 

owned by the same person but connected by a right-of-way that he/she controls and to which the 

public does not have access is also considered onsite property. 

onsite facilities Buildings and other structures, their functional systems and equipment, and other 

fixed systems and equipment installed onsite. 

operator The organization that operates a facility. 

paSSivation The process of making metals inactive or less chemically reactive. For example, to 

passivate the surface of steel by chemical treatment. 
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perennial stream A water course that flows year-round. 

performance objectives Parameters within which a facility must perform to be considered 

acceptable. 

permeability The degree of ease with which water can pass through a rock or soil. 

playa The shallow central basin of a desert plain in which water gathers and then evaporates. 

picocurie One trillionth of a curie (see curie). 

pollutant migration The movement of a contaminant away from its initial source. 

pollution prevention The use of any process, practice, or product that reduces or eliminates the 

generation and release of pollutants, hazardous substances, contaminants, and wastes, including those 

that protect natural resources through conservation or more efficient utilization. 

polychlorinated biphenyls (PCBs) A class of chemical substances formerly manufactured as an 

insulating fluid in electrical equipment that is highly toxic to aquatic life. In the environment, PCBs 

exhibit many of the characteristics of dichloro diphenyl trichloroethane (DDT); they persist in the 

environment for a long time and accumulate in animals. 

population dose The overall dose to the offsite population. 

porosity (n) Porosity is an index of relative pore volume. It is the total unit volume of the soil or 

rock divided into the void volume. 

pressurized water reactor A nuclear power reactor that uses water under pressure as a coolant. 

The water boiled to generate steam is in a separate system. 

probable maximum flood The largest flood for which there is any reasonable expectancy in a 

specific area. The probable maximum flood is normally several times larger than the largest flood of 

record. 

process knowledge The set of information that is used by trained and qualified individuals who 

are cognizant of the origin, use, and location of waste-generating materials and processes in sufficient 

detail so as to certify the identity of the waste. 
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processing (of spent nuclear fuel) Applying a chemical or physical process designed to alter the 
characteristics of the spent nuclear fuel matrix. 

production reactor A nuclear reactor that is used to irradiate target material to produce special 

nuclear material or by-product material. 

public Anyone outside the DOE site boundary at the time of an accident or during normal 

operation. With respect to accidents analyzed in this EIS, anyone outside the DOE site boundary at 

the time of an accident. 

rad The special unit of absorbed dose. One rad is equal to an absorbed dose of 100 ergs/gram. 

radiation (ionizing radiation) Alpha particles, beta particles, gamma rays, x-rays, neutrons, high

speed electrons, high-speed protons, and other particles capable of producing ions. Radiation, as it is 

used here, does not include nonionizing radiation such as radio- or microwaves, or visible, infrared, 

or ultraviolet light. 

radiation worker A worker who is occupationally exposed to ionizing radiation and receives 

specialized training and radiation monitoring devices to work in such circumstances. 

radioactive waste Waste that is managed for its radioactive content. 

radioactivity The property or characteristic of material to spontaneously "disintegrate" with the 

emission of energy in the form of radiation. The unit of radioactivity is the curie (or becquerel). 

radioisotope An unstable isotope of an element that decays or disintegrates spontaneously, 

emitting radiation. Approximately 5,000 natural and artificial radioisotopes have been identified. 

radiological survey The evaluation of the radiation hazard accompanying the production, use, or 

existence of radioactive materials under a specific set of conditions. Such evaluation customarily 

includes a physical survey of the disposition of materials and equipment, measurements or estimates 

of the levels of radiation that may be involved, and a sufficient knowledge of processes affecting these 

materials to predict hazards resulting from unexpected or possible changes in materials or equipment. 

radionuclide See radioisotope. 

Record of Decision (ROD) A public document that records the final decision(s) concerning a 

proposed action. The Record of Decision is based in whole or in part on information and technical 

analysis generated either during the Comprehensive Environmental Response, Compensation, and 
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Liability Act (CERCLA) process or the National Environmental Policy Act (NEPA) process, both of 

which take into consideration public comments and community concerns. 

recycling Recycling techniques are characterized as use, reuse, and reclamation techniques 

(resource recovery). Use or reuse involves the return of a potential waste material either to the 

originating process as a substitute for an input material or to another process as an input material. 

Reclamation is the recovery of a useful or valuable material from a waste stream. Recycling allows 

potential waste materials to be put to a beneficial use rather than going to treatment, storage, or 

disposal . 

regulated substances A general term used to refer to materials other than radionuclides that are 

regulated by Federal, state, (or possibly local) requirements. 

rem The dosage of an ionizing radiation that wiII cause the same biological effect as I roentgen of 

x-ray or gamma-ray exposure. 

remote-handled waste Packaged waste whose external surface dose rate exceeds 200 millirem 

per hour. 

remote handling The handling of wastes from a distance so as to protect human operators from 

unnecessary exposure. 

repository A permanent deep geologic disposal facility for high-level or transuranic wastes and 

spent nuclear fuel. 

reprocessing (of spent nuclear fuel) Processing of reactor irradiated nuclear material (primarily 

spent nuclear fuel) to recover fissile and fertile material, in order to recycle such materials primarily 

for defense programs. Historically, reprocessing has involved aqueous chemical separations of 

elements (typically uranium or plutonium) from undesired elements in the fuel. 

research reactor A nuclear reactor used for research and development. 

Resource Conservation and Recovery Act (RCRA) A Federal law addressing the management 

of waste. Subtitle C of the law addresses hazardous waste under which a waste must either be 

"listed" on one of the U.S. Environmental Protection Agency's (EPA's) hazardous waste lists or meet 

one of EPA's four hazardous characteristics of ignitability, corrosivity, reactivity, or toxicity, as 

measured using the toxicity characterization leaching procedure (TCLP). Cradle-to-grave management 

of wastes classified as RCRA hazardous wastes must meet stringent guidelines for environmental 

protection as required by the law. These guidelines include regulation of transport, treatment, 

VOLUME I ,  APPENDIX H H-14 



storage, and disposal of RCRA defined hazardous waste. Subtitle D of the law addresses the 

management of nonhazardous, nonradioactive, solid waste such as municipal wastes. 

retrieval The process of recovering wastes that have been stored or disposed of onsite so they may 

be appropriately characterized, treated, and disposed of. 

risk Quantitative expression of possible loss that considers both the probability that a hazard causes 

harm and the consequences of that event. 

safety analysis report A report, prepared in accordance with DOE Orders 548 1 . 1B and 5480.23, 

that summarize the hazards associated with the operation of a particular facility and defines minimum 

safety requirements. 

sanitary waste Liquid or solid wastes that are generated as a result of routine operations of a 

facility and are not considered hazardous or radioactive. 

saturated zone That part of the earth's crust in which all naturally occurring voids are filled with 

water. 

scaling factor A multiplier that allows the inference of one radio nuclide concentration from 

another that is more easily measured. 

scientific notation A notation adopted by the scientific community to deal with very large and 

very small numbers by moving the decimal point to the right or left so that only one number above 

zero is to the left of the decimal point. Scientific notation uses a number times 10 and either a 

positive or negative exponent to show how many places to the left or right the decimal place has been 

moved. For example, in scientific notation, 120,000 would be written as 1 .2 x loS, and 0.00001 2  

would be written as 1 .2 x 10-5. In a variation of scientific notation often used in computer printouts, 

the multiplication sign and number 10  are replaced by the letter E. The above numbers would be 

written as 1 .2E5 and 1 .2E-5, respectively. 

segregation The process of separating (or keeping separate) individual waste types and/or fonns in 

order to facilitate their cost-effective treatment and storage or disposal. 

seismicity The phenomenon of earth movements; seismic activity. Seismicity is related to the 

location, size, and rate of occurrence of earthquakes. 

seiche A wave that oscillates in partially or totally enclosed bodies of water from a few minutes to 

a few hours, caused by seismic or atmospheric disturbances. 
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sole source aquifer A designation granted by the U.S. Environmental Protection Agency when 

groundwater from a specific aquifer supplies at least 50 percent of the drinking water for the area 

overlying the aquifer. Sole-source aquifers have no alternative source or combination of sources that 

could physically, legally, and economically supply all those who obtain their drinking water from the 

aquifer. Sole-source aquifers are protected from federally financially assisted activities determined to 

be potentially unhealthy for the aquifer. 

solid waste Any garbage, refuse, or sludge from a waste treatment plant, water supply treatment 

plant, or air pollution control facility and other discarded material, including solid, liquid, semisolid, 

or contained gaseous material resulting from industrial, commercial, mining, and agricultural 

operations and from community activities. It does not include solid or dissolved material in domestic 

sewage, or solid or dissolved materials in irrigation return flows or industrial discharges, which are 

point sources subject to permits under Section 402 of the Federal Water Pollution Control Act, as 

amended, or source, special nuclear, or by-product material as defined by the Atomic Energy Act of 

1954, as amended [Public Law 94-580, 1004(27) (Resource Conservation and Recovery Act)]. 

solvents Liquid chemicals, usually organic compounds, that are capable of dissolving another 

substance. Exposure to some organic solvents can produce toxic effects on body tissues and 

processes. 

source material (a) Uranium, thorium, or any other material that is determined by the U.S. 

Nuclear Regulatory Commission pursuant to the provisions of the Atomic Energy Act of 1954, 

Section 61 ,  to be source material; or (b) ores containing one or more of the foregoing materials, in 

such concentration as the U.S. Nuclear Regulatory Commission may by regulation determine from 

time-to-time [Atomic Energy Act l 1(z)]. Source material is exempt from regulation under to 

Resource Conservation and Recovery Act. 

SOx A generic term used to describe the oxides of sulfur. The combination of sulfur oxides with 

water vapor produces acid rain (see sulfur oxides). 

special-case commercial reactor spent nuclear fuel Complete or partial spent nuclear fuel 

assemblies from commercial nuclear power plants that were to be used to support DOE-sponsored 

research and development programs. This includes spent nuclear fuel from development reactors 

(Shippingport, Peach Bottom Unit I ,  and Fort St. Vrain); spent nuclear fuel used for destructive and 

nondestructive examination and testing; spent nuclear fuel remaining at the West Valley 

Demonstration Project; and spent nuclear fuel remnants (Three-Mile Island Unit 2). 

special nuclear material (a) Plutonium, or uranium enriched in the isotope 233 or in the isotope 

235, and any other material that the U.S. Nuclear Regulatory Commission, pursuant to the provisions 

of the Atomic Energy Act of 1954, Section 5 1 ,  determines to be special nuclear material; or (b) any 
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material anificially enriched by any of tbe foregoing, but does not include source material . Special 

nuclear material is exempt from regulation under tbe Resource Conservation and Recovery Act 

(RCRA). 

specimen A small sample of material (fuel or non-fuel) inserted into a reactor for testing to 

characterize tbe material's performance. Test specimens may be constructed of plant materials, 

reactor structural materials, or fuel materials. 

spent nuclear fuel Fuel tbat has been witbdrawn from a nuclear reactor following irradiation, tbe 

constituent elements of which have not been separated. For tbe purposes of tbis EIS, spent nuclear 

fuel also includes uranium/neptunium target materials, blanket subassemblies, pieces of fuel, and 

debris. 

stabilization (of spent nuclear fuel) Actions taken to further confine or reduce tbe hazards 

associated witb spent nuclear fuel, as necessary for safe management and environmentally responsible 

storage for extended periods of time. Activities tbat may be necessary to stabilize spent nuclear fuel 

include canning, processing, and passivation. 

stakeholder Any person or organization witb an interest in or affected by DOE activities. 

Stakeholders may include representatives from Federal agencies, State agencies, Congress, Native 

American Tribes, unions, educational groups, industry, environmental groups, otber groups, and 

members of tbe general public. 

storage The collection and containment of waste or spent nuclear fuel in such a manner as not to 

constitute disposal of tbe waste or spent nuclear fuel for tbe purposes of awaiting treatment or 

disposal capacity (tbat is, not short-term accumulation). 

subsurface The area below tbe land surface (including tbe vadose zone and aquifers). 

sulfur oxides Pungent, colorless gases formed primarily by tbe combustion of fossil fuels; 

considered major air pollutants; sulfur oxides may damage tbe respiratory tract as well as vegetation 

(see SOx), 

target A tube, rod, or otber form containing material tbat, on being irradiated in a nuclear reactor 

would produce a designed end product (tbat is, uranium-238 produces plutonium-239 and neptunium-

237 produces plutonium-238). 

total effective dose equivalent The sum of tbe external dose equivalent (for external exposures) 

and tbe committed effective dose equivalent (for internal exposures). 
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transient A change in the reactor coolant system temperature and/or pressure. Transients can be 

caused by adding or removing neutron poisons, by increasing or decreasing the electrical load on the 

turbine generator, or by accident conditions. 

transuranic waste Waste containing more than 100 nanocuries of alpha-emitting transuranic 

isotopes, with half-lives greater than 20 years, per gram of waste, except for (a) high-level radioactive 

waste; (b) waste that the U.S. Department of Energy has determined, with the concurrence of the 

Administrator of the U.S. Environmental Protection Agency, does not need the degree of isolation 

required by 40 CFR 191 ;  or (c) waste that the U.S. Nuclear Regulatory Commission has approved for 

disposal on a case-by-case basis in accordance with 10 CFR 61 .  

transuranium radionuclide Any radionuclide having an atomic number greater than 92. 

tsunami A huge ocean wave caused by an underwater earthquake or a volcanic eruption. 

ultimate disposition The final step in which a material is either processed for some use or 

disposed of. 

vadose zone The zone between the land surface and the water table. Saturated bodies, such as 

perched groundwater, may exist in the vadose zone. Also called the zone of aeration and the 

unsaturated wne. 

vitrification The process of immobilizing waste material that results in a glass-like solid. 

volatile organic compound (VOe) Chemical containing mainly carbon, hydrogen, and oxygen 

that readily evaporates at ambient temperature. Exposure to some organic compounds can produce 

toxic effects on body tissue and processes. 

Volcanic Rift Zones Linear belts of basaltic vents marked by open fissures, monoclines, and small 

normal faults. Volcanic rift zones were produced during the propagation of vertical molten basaltic 

dikes that fed surface eruptions. 

vulnerabilities Conditions or weaknesses that may lead to radiation exposure to the public, 

unnecessary or increased exposure to the workers, or release of radioactive materials to the 

environment. For example, some DOE facilities have had leakage from spent fuel storage pools, 

excessive corrosion of fuel causing increased radiation levels in the pool, or degradation of handling 

systems. Vulnerabilities are also caused by loss of institutional controls, such as cessation of facility 

funding or reductions in facility maintenance and control. 
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waste acceptance criteria (WAC) The requirements specifying the characteristics of waste and 

waste packaging acceptable to a waste receiving facility; and the documents and processes the 

generator needs to certify that waste meets applicable requirements. 

waste certification A process by which a waste generator certifies that a given waste or waste 

stream meets the waste acceptance criteria of the facility to which the generator intends to transport 

waste for treatment, storage, or disposal. Certification is accomplished by a combination of waste 

characterization, documentation, quality assurance, and periodic audits of the certification program. 

waste characterization See characterization. 

Waste Isolation Pilot Plant (WIPP) A facility near Carlsbad, New Mexico, authorized to 

demonstrate safe disposal of defense-generated transuranic waste in a deep geologic medium. 

waste management The planning, coordination, and direction of those functions related to 

generation, handling, treatment, storage, transport, and disposal of waste, as well as associated 

surveillance and maintenance activities. 

waste management facility All contiguous land, structures, other appurtenances, and 

improvements on the land, used for treating, storing, or disposing of waste or spent nuclear fuel. A 

facility may consist of several treatment, storage, or disposal operational units (for example, one or 

more landfills, surface impoundments, or combinations of them). 

waste management program A systematic approach to organize, direct, document, and assess 

activities associated with waste generation, treatment, storage, or disposal . A waste management 

program consists of all the functional elements, organizations, and activities that comprise the system 

needed to properly manage waste. These functions and activities can be performed by various 

organizations. 

waste management systems assessment A systems assessment of the entire low-level waste 

management (or all of waste management) structure/program at a given site that considers treatment, 

storage, disposal, as well as onsite and offsite points of generation with an emphasis on optimization 

of all aspects of the operations, including, but not limited to, protection of human health and the 

environment, regulatory compliance, and cost effectiveness. 

waste minimization An action that economically avoids or reduces the generation of waste by 

source reduction, reducing the toxicity of hazardous waste, improving energy usage, or recycling. 

These actions will be consistent with the general goal of minimizing present and future threats to 

human health, safety, and the environment. 
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water pool A type of facility usually used for the storage of irradiated nuclear materials and spent 

fuel. The water shields the material being stored while allowing it to be accessible for handling. 

Sometimes referred to as a water pit. 

wet storage Storage of spent nuclear fuel in a pool of water, generally for the purposes of cooling 

and/or shielding. 
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Appendix I 

Offsite Transportation of Spent N uclear Fuel 

1-1 INTRODUCTION 

This appendix summarizes the methods and results of analysis for determining the 

environmental impacts of spent nuclear fuel (SNF) transportation on public highways and rail systems 

outside the boundaries of U.S.  Department of Energy (DOE) sites (offsite) . The impacts are 

presented by alternative and include doses and health effects. 

This appendix does not address the impacts of SNF transport within the boundaries of DOE 

sites (onsite). Onsite transport impacts are addressed in site-specific Appendices A through F .  This 

appendix addresses offsite shipments of naval-type SNF stored at the Idaho Chemical Processing Plant 

as of June 1995 to storage locations at other sites as identified by certain alternatives . Transport of 

naval SNF from shipyards and prototypes to the equivalent expended core facility at the alternative 

sites are addressed in this EIS in Appendix 0 in Volume I ,  along with transport of naval test 

specimens. 

This appendix also includes the impacts of shipments of foreign research reactor SNF from 

the six points of entry identified in the Implementation Plan for this EIS (Hampton Roads, Virginia; 

Charleston, South Carolina; Savannah, Georgia; Seattle-Tacoma, Washington; Portland, Oregon; and 

Oakland, California) and the points of entry at the Military Ocean Terminal at Sunny Point, North 

Carolina; and Galveston, Texas. The six points of entry identified in the Implementation Plan were 

chosen using the following criteria: (a) adequacy of harbor and dock characteristics to satisfy the 

cask-carrying ship requirements, (b) availability of safe and secure lag storage, (c) adequacy of 

overland transportation systems from points of entry to the storage sites, (d) experience in safe and 

secure handling of hazardous cargo, (e) emergency preparedness status at the point of entry and 

nearby communities, and (f) proximity of the proposed storage sites. The Military Ocean Terminal at 

Sunny Point, North Carolina, was chosen because it was recently used for foreign research reactor 

SNF shipments. Galveston, Texas was chosen as a point of entry because it was on the Gulf Coast 

and has container-handling experience. A full range of alternative points of entry, including these and 

other points of entry, is being evaluated in the Environmental Impact Statement on a Proposed 

Nuclear Nonproliferation Policy Concerning Foreign Research Reactor Spent Nuclear Fuel,and no 

decision concerning the choice of points of entry will be made until both the Programmatic Spent 

Nuclear Fuel Management and the Idaho National Engineering Laboratory Environmental Restoration 

and Waste Management Programs Environmental Impact Statement and the Environmental Impact 

Statement on a Proposed Nuclear Nonproliferation Policy Concerning Foreign Research Reactor Spent 

Nuclear Fuel are completed . The ocean-going portion of foreign research reactor SNF shipments and 

a detailed evaluation of point of entry activities are also not assessed in this appendix, but will be 
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assessed in the Draft Environmental Impact Statement on a Proposed Nuclear Weapons 

Nonproliferation Policy Concerning Foreign Research Reactor Spent Nuclear Fuel. 

The impacts of historical shipments of SNF to the Hanford Site, Idaho National Engineering 

Laboratory, Savannah River Site, Oak Ridge Reservation, and the Nevada Test Site and cumulative 

transportation impacts are also discussed in this appendix. The historical impacts and cumulative 

impacts include shipments of naval SNF and test specimens. 

VOLUMB 1 .  APPENDIX 1 1-2 



1-2 TRANSPORTATION REGULATIONS 

The regulatory standards for packaging and transport of SNF are designed to achieve four 

primary objectives: 

• Protect persons and property from radiation emitted from packages during 

transportation, by specific limitations on the allowable radiation levels 

• Provide proper containment of the SNF 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 may occur as a 

result of concentrating too much fissile material in one place) 

• Provide physical protection against theft and sabotage during transit. 

The U.S. Department of Transportation regulates the transportation of hazardous materials 

(including SNF) in interstate and intrastate commerce by land, air, and on navigable water. As 

outlined in a 1979 Memorandum of Understanding with the U.S. Nuclear Regulatory Commission, 

the U.S. Department of Transportation specifically regulates the carriers of SNF and the conditions of 

transport, such as routing, handling and storage, and vehicle and driver requirements. The U.S. 

Department of Transportation also regulates the labeling, classification, and marking of all SNF 

packages. 

The U.S. Nuclear Regulatory Commission regulates the packaging and transport of SNF for 

its licensees, which includes commercial shippers of SNF. In addition, under an agreement with the 

U.S. Department of Transportation, the U.S. Nuclear Regulatory Commission sets the standards for 

packages containing fissile materials and SNF. 

The DOE, through its management directives, orders, and contractual agreements, assures the 

protection of public health and safety by imposing on its transportation activities standards equivalent 

to those of the U.S. Department of Transportation and the U.S. Nuclear Regulatory Commission. 

The DOE has authority, granted by a 1973 Memorandum of Understanding between the U.S.  

Department of Transportation and the Atomic Energy Commission, to certify DOE SNF packages. 

The DOE may design, procure, and certify its own SNF packages to be used by the DOE and its 

contractors if the packages provide equivalent safety to that provided in 10 CFR Part 7 1 .  

The U.S. Department of Transportation also has requirements that help to reduce 
transportation impacts. For example, there are requirements for drivers, routing, packaging, labeling, 
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marking, and placarding. There are also requirements that specify the maximum dose rate associated 

with radioactive material shipments, which help to reduce incident-free transponation doses. 

The Federal Emergency Management Agency 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 SNF transponation incident. The Federal 

Emergency Management Agency coordinates Federal and state panicipation in developing emergency 

response plans and is responsible for the development of the interim Federal Radiological Emergency 

Response Plan. The Federal Radiological Emergency Response Plan is designed to coordinate 

Federal suppon to state and local governments, upon request, during the event of a SNF 

transponation incident. 

The Interstate Commerce Commission is responsible for the regulation of the economic 

aspects of SNF transponation for land shipments. The Comission issues operating authorities to 

carriers and also monitors and approves freight rates. 

Spent nuclear fuel is transponed in Type B packages, which are designed and constructed to 

retain their radioactive contents in both normal and severe accident conditions. 

Under normal conditions a cask must withstand: 

• Hot [ lOO°F (38°C)) and Cold [-40°F (40°C)) temperatures 

• External pressure changes from 3.5 to 20 pounds per square inch (24.5 to 140 

kilopascal) 

• Normal vibration experienced during transponation 

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

• Free drop from 1 to 4 feet (0.3  to 1 .2  meters), depending on the package weight 

• Compression loading (the greater of 5 times the weight of package or I .  85 

pounds per square inch (12.75 kilopascal) times the venical projected area of the 

package) applied uniformly to the top and bottom of the package for a period of 24 

hours. 

• Impact of a 13-pound (6-kilogram) steel cylinder with rounded ends dropped from 40 

inches (I meter) onto the most vulnerable surface of the cask. 
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Under accident conditions a cask must withstand: 

• Free drop for 30 feet (9 meters) onto an unyielding surface in a way most likely to 
cause damage to the cask 

• Free drop from 40 inches ( I  meter) onto the end of a 6-inch-diameter (15-centimeter

diameter) vertical steel bar 

• Exposure for not less than 30 minutes to temperatures of 1475°F (802 °C) 

• Immersion in at least 50 feet (15 meters) of water for 8 hours and, for criticality 

considerations, immersion in at least 3 feet (0.9 meters) of water for 8 hours in the 

attitude for which maximum leakage is expected. 

Compliance with these requirements is demonstrated by using a combination of simple 

calculational methods, computer modeling techniques, or full-scale or scale-model testing of casks. 
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1-3 SNF TRANSPORTATION MODES AND ROUTES 

1-3.1 SNF Transportation Routing Models 

To assess incident-free and transportation accident impacts, route characteristics were 

determined for each of the origins and destinations associated with SNF shipments. Each origin 

represents a facility that generates or stores SNF that must be transported, and each destination 

represents a facility that stores SNF. For offsite transport, representative highway and rail routes 

were analyzed using the routing computer codes HIGHWAY (Johnson et aI .  1993a) and INTERLINE 

(Johnson et aI .  1993b). The routes were calculated conforming to current routing practices and 

applicable routing regulations and guidelines. Route characteristics include total shipment distance 

between each origin and destination and the fractions of travel in rural, suburban, and urban 

population density wnes (see Table 1-1). The HIGHWAY and INTERLINE routing computer codes 

are described below. 

The HIGHWAY computer code predicts highway routes for transporting radioactive materials 

within the United States. The HIGHWAY database is a computerized road atlas that currently 

describes approximately 240,000 miles of roads . A complete description of the Interstate Highway 

System, United States highways, most of the principal state highways, and a number of local and 

community highways are identified in the database. The HIGHWAY computer code calculates routes 

that maximize the use of interstate highways. This feature allows the user to predict routes for 
transport of radioactive materials that conform to U.S. Department of Transportation regulations, as 

specified in 49 CFR Part 177, (CFR I 994a). The routes calculated conform to applicable guidelines 

and regulations; therefore, they represent routes that could be used. However, they may not be the 

actual routes used in the future. The code is updated periodically to reflect current road conditions, 
and it has been bench marked against reported mileage and observations of commercial truck firms. 

The INTERLINE computer code is designed to simulate routing of the United States rail 

system. The INTERLINE database consists of 94 separate subnetworks and represents various 

competing rail companies in the United States. The database used by INTERLINE was originally 

based on Federal Railroad Administration data and reflected the United States railroad system in 

1974. The database has since been expanded and modified over the past two decades. The routes 

used for this study used the standard assumptions in the INTERLINE computer code that simulate the 

selection process railroads use to direct transport of radioactive material . Currently, there are no 

specific routing regulations for transporting radioactive material by rail. INTERLINE is updated 

periodically to reflect current track conditions, and it has been bench marked against reported mileage 

and observations of commercial rail firms. 
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Table 1-1. Transportation distances between facilities for spent nuclear fuel shipments. 

Rural Suburban Urb .. 
R ... 1e Mile. (lI) (lIl (lI) 

Tnrl ro_ 

Idaho N .tional Engineeril1B Hanford Site 599.0 91.3 7.6 1 . 1  
Laboratory 

Idaho National Engincerin&' Nevada Tell Site 712.0 82.8 13.7 3.5 
Laboratory 

Idaho National Bngineerin&' Savannah River Site 23 1 1 .0 82.8 15.6 1.6 
Laboratory 

Idaho National Engineering Oat Ridge Reservation 2048.0 86.8 12.0 1.2 
Laboratory 

Idaho National Enainccring Brookhaven National Laboratory 2437.0 81.7 15.9 2.5 
Laboratory 

Idaho National Engineering ArJonnc National Laboratory-Eall 1582.0 91.2 8.2 0.6 
Laboratory 

Idaho National Engineering Loa Alamoa National Laboratory 1 144.0 88.7 9.8 1.4 
Laboratory 

Idaho National Bngincerin&' Sandia National Labon.torici - Albuquerque 1 168.0 88.6 9.8 1 .6 
Laboratory 

Hanford Site Nevada Test Site 1128.0 86.5 10.9 2.6 

Hanford Site Savannah River Site 2727.0 84.3 14.2 U 

Hanford Site Oat Ridge Reservation 2464.0 87.8 1 1.0 1 .2 

Hanford Site Brookhaven National Laboratory 2853.0 83.3 14.5 2.3 

Hanford Site AraOIUlC National Laboratory-East 1998.0 9U 7.8 0.7 

Hanford Site Los Alamos National Laboratory 1560.0 89.8 8.8 1.3 

Hanford Site Sandia National Laboratories - Albuquerque 1584.0 89.7 8.8 1.4 

Nevada Test Site Savannah River Site 2414.0 83.1 15.1 1.8 

Nevada Test Site Oak Ridge Reservation 2151.0 86.9 1 1 .5 1.6 

Nevada Test Site Brookhaven National Laboratory 2670.0 82.3 15.1 2.6 

Nevada Test Site Argonne National Laboratory-Eall 1815.0 9 1 .0 8.0 1.0 

Nevada Test Site Loa Alamos National Laboratory 997.0 93.2 5.7 1 . 1  

Nevada Test Site Sandia National Laboratoriea - Albuquerque 909.0 93.8 4.8 1.4 

Savannah River Site Oak Ridge Reservation 379.0 59.1 38.5 2.4 

Savannah River Site Brookhaven National Laboratory 897.0 58.4 36.6 4.9 

Savannah River Site Araonne National Laboratory-East 892.0 68.8 29.3 1.9 

Savannah River Site Loa Alamoa National Laboratory 1742.0 80.0 17.9 2.1 

Savannah River Site Sandia National Laboratories - Albuquerque 1644.0 80.1 17.8 2. 1 

Savannah River Site Lawrence Livermore National Laboratory 2750.0 80.1 16.8 3.1  

Oak: Ridge Reservation Brookhaven National Laboratory 821.0 56.9 37.9 5.2 
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Table 1-1. (continued). 

Rural Suburban Urban 
Roo .. Mile. (\1\) (\1\) (\1\) 

Oat Ridge R.eservation ArgOMC National Laboratory-East 584.0 67.0 30.1 2.9 

Oat Ridge R.eservation Loa Alamo. National Laboratory 1480.0 84.9 13.3 1 . 7  

Oalt Ridge RClCrvation Sandia National Laboratories - Albuquerque 1382.0 85.4 12.9 1.7 

Traio routes 

Idaho Nati.onal Engineering Hanford Site 658.0 91.4 7.1  1 .4 
Laboratory 

Idaho National Engineering Nevada Test Site 756.0 92.8 5.9 1.3 
Laboratory 

Idaho National Engineering Savannah River Site 2407.0 82.8 15.2 2.0 
Laboratory 

Idaho National Engineering Oalt Ridge Reservation 2055.0 90.7 7.8 1.5 
Laboratory 

Idaho National Engineering Brookhaven National Laborawry 2607.0 71.3 22.6 6.1 
Laboratory 

Idaho National Engineering ArgOMc National Laboratory-East 1655.0 93.4 6.0 0.6 
Laboratory 

Idaho National Engineering Los Alamos National Laboratory 1 179.0 92.2 6.8 1.0 
Laboratory 

Idaho National Engineering Sandia National Laboratories - Albuquerque 1247.0 91.0 7.6 1.4 
Laboratory 

Hanford Site Nevada Test Site 1302.0 93.0 5.9 1 . 1  

Hanford Site Savannah River Site 2953.0 84.7 13.5 1 . 8  

Hanford Site Oat Ridac Reservation 2601.0 91.2 7.4 1.3 

Hanford Site Brookhaven National Laboratory 3153.0 75.1 19.7 5.2 

Hanford Site Argonne National Laboratory-Eall 2200.0 93.3 6.0 0.7 

Hanford Site Lo. Alamos National Laboratory 1725.0 92.5 6.5 0.9 

Hanford Site Sandia National Laboratoriea - Albuquerque 1793.0 91.7 7.1  1.2 

Nevada Tell Site Savannah River Site 2839.0 84.5 13.5 1.9 

Nevada Test Site Oalt Ridge Reservation 2487.0 9 1 .4 7.2 1.5 

Nevada Test Site Brookhaven National Laboratory 3039.0 74.6 20.0 5.4 

Nevada Test SiLe ArgoMe National Laboratory-Eall 2348.0 92.8 6.4 0.8 

Nevada Test Site Los Alamoa National Laboratory 1 169.0 92.8 5.9 1.3 

Nevada Tcll SiLe Sandia National Laboratoriea - Albuquerque 1065.0 94.6 4.5 0.9 

Savannah River Site Oat Ridge Reservation 417.0 68.8 29.8 1 .4 

Savannah River Site Brookhavcn National Laboratory 1239.0 48.0 37.4 14.5 

Savannah River Site Argonne National Laboratory-Eall 976.0 64.3 3 1 .6 4.0 

Savannah River Site Loa Alamos National Laboratory 2252.0 80.3 17.5 2.1 
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Table 1-1. (continued}. 

Rural Suburban Urban 
Route Mile. (lI) (lI) (lI) 

Savannah Riyor Site Sandia National Laboratoric. - Albuquerque 231S.0 79.9 18.1 2.1 

Oat Ridao RCKrvation Brookhaven National Laboratory 1 152.0 395 44.7 15.8 

Oat Ridge Rcacrvation ArJonnc National Laboratory-East 648.0 70.7 15.3 4.0 

Oat Ridac RClCrvation Los AJaRlOl National Laboratory 1686.0 88.9 9.3 1.8 

Oat Ridge Reservation Sandia National Laboratories - Albuquerque 1749.0 87.9 10.3 1.8 

Truck routes 

Fort St. Vrain Nuclear Savannah RiYer Site 1636.0 78.9 19.1  2.0 
Generating Station 

Fort St. Vrain Nuclear Hanford Site 1 108.0 92.5 6.7 0.7 
Gcncnting Station 

Fort 5t. Vrain Nuclear Idaho National Engineering Labontory 692.0 92.3 7.1 05 
Generating Station 

Fort St. Vrain Nuclear Oat Ridge Reservation 1372.0 84.1 14.3 1.6 
Generating Station 

Fort St. Vrain Nuclear Nevada Test Site 852.0 90.2 7.9 1 .9 
Generating Station 

Train routes 

Fort St. Vrain Nuclear Savannah River Site 1853.0 77.3 20.1 2.7 
Generating Station 

Fort St. Vrain Nuclear Hanford Site 1218.0 94.8 4.6 0.6 
Generating Station 

Fort St. Vrain Nuclear Idaho National Engineering Laboratory 672.0 96.0 3.5 0.4 
Generating Station 

Fort St. Vrain Nuclear Oat Ridge Reservation 1526.0 87.0 10.9 2.1 
Generating Station 

Fort St. Vrain Nuclear Nevada Test Site 1104.0 95.4 3.8 0.8 
Generating Station 

Truck _ 

Savannah River Site Hampton R.oads, V A 505.0 71.2 27.0 1.9 

Savannah River Site Seattle·Tacoma, WA 2900.0 85.1 13.8 1.2 

Savannah River Site Charleston, SC 209.0 73.1 24.8 2.2 

Savannah River Site Savannah, G A  265.0 78.8 20.8 0.5 

Savannah River Site Oakland, CA 2791.0 79.5 17.0 3.5 

Savannah River Site Portland, OR 2849.0 84.4 14.0 1.6 

Savannah River Site Military Ocean Tenninal, Sunny Point, NC 250.0 825 17.2 0.3 

Savannah River Site Alexandria Bay, NY 1012.0 66.8 32.4 0.8 

Savannah River Site Galveston, TX 1000.0 70.5 27 2.5 

Hanford Site Hampton Roads, V A 2903.0 85.0 13.3 1.7 

1-9 VOLUME 1. APPENDIX 1 



Table 1-1. {continued}. 

Rural Suburban Urban 
Route Milcs (%) (%) (%) 

Hanford Site Seattle�T.coma, WA 226.0 76.8 20.9 2.3 

Hanford Site Cbarieston, SC 2862.0 85.5 13.2 1.3 

Hanford Site Savannah, GA 2804.0 84.9 13.7 1 .4 

Hanford Site Oakland, CA 875.0 78.1  17.8 4.1 

Hanford Site Portland, OR 236.0 86.0 10.7 3.4 

Hanford Site Military Ocean Terminal, Sunny Point, NC 2868.0 85.7 13.1  1.3 

Hanford Site Alexandria Bay, NY 2768.0 82.8 15.6 1.6 

Hanford Site Galveston, TX 2327.0 86.0 1 1 .8 2.3 

Idaho National Engineering Hampton Roads, VA 2487.0 83.7 14.5 1 . 8  
Laboratory 

Idaho National Engineering Seattle·Tacoma. WA 793.0 88.3 10.5 1 . 1  
Laboratory 

Idaho National Engineering Charleston, SC 2446.0 84.2 14.4 1 .3 
Laboratory 

Idaho National Engineering Savannah, GA 2388.0 83.6 15.0 U 
Laboratory 

Idaho National Engineering Oakland , CA 963.0 84.5 1 1 .0 4.4 
Laboratory 

Idaho National Engineering Portland, OR 721.0 90.2 8.1 1.6 
Laboratory 

Idaho National Engineering Military Ocean Terminal, Sunny Point, NC 2407.0 85.3 13.5 1.2 
Laboratory 

Idaho Natiooal Engineering Alexandria Bay, NY 2352.0 81.0 17.2 1.7 
Laboratory 

Idaho National Engineering Galveston, TX 191 1 .0 84.5 13.0 2.5 

Labontory 

Oat Ridge Reservation Hampton Roads, VA 548.0 70.3 27.3 2.3 

Oat Ridge Reservation SeanJe-Tacoma, WA 2636.0 88.4 10.7 0.8 

Oat Ridge Reservation Charleston, SC 408.0 70.8 27.5 1.8 

Oat Ridge Reservation Savannah, GA 456.0 67.1 3 1 . \  \.8 

Oat Ridge Reservation OakJand, CA 2563.0 86.3 10.7 3.0 

Oat Ridge Reservation Portland, OR 2585.0 87.7 1 1 .0 1.3 

Oat Ridge Reservation Military Ocean Terminal, Sunny Point, NC 496.0 72.4 26.7 0.9 

Oat Ridge Reservation Alexandria Bay, NY 927.0 65.9 33.5 0.7 

Oat Ridge Reservation Galveston, TX 963 .0 73.3 24.6 2.1 

Nevada Test Site Hampton Roads, V A 2590.0 83.9 14.0 2.1  

Nevada Test Site Seattle-Tacoma, WA 1322.0 85.5 12.1  2.4 

Nevada Test Site Charleaton. SC 2549.0 84.5 14.0 1.6 
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Table 1-1. (continued} . 

RUI'1ilI Suburban Urban 
Roule Mile. (%) (%) (%) 

Ne .... da Test Site Savannah, GA 2492.0 83.8 14.4 1.7 

Nevada Test Site Oakland, CA 719.0 81.9 10.6 7.S 

Nevada Test Site Portland, OR 1250.0 86.4 10.8 2.8 

Nevada Teat Site Military Ocean Tcnninal, Sunny Point, NC 24S7.0 83.0 IS.0 2.0 

Nevada Test Site Alexandria Bay. NY 2619.0 82.0 16.0 1.9 

Nevada Test Site Galveston, TX 1862.0 8S.4 I I .S 3.2 

Train routes 

Savannah River Site Hampton Roads, VA S29.0 74.3 24.1 1 .6 

Savannah River Site Seattle-Tacoma, W A 3123.0 8 1 .1 16.1 2.8 

Savannah River Site Charleston, SC 140.0 83.9 13.6 2.5 

Savannah River Site Savannah, GA 114.0 87.9 10.9 1 .2 

Savannah River Site Oakland , CA 3192.0 79.2 16.7 4.1 

Savannah River Site Portland, OR 3154.0 82.0 IS.4 2.6 

Savannah River Site Military Ocean Tenninal, Sunny Point, NC 382.0 77.9 20.5 1 .6  

Savannah River Site Alexandria Bay. NY 1281.0 S3.8 3S.S 10.7 

Savannah River Site Galveston, TX 1 1 74.0 69.6 26.2 4.2 

Hanford Site Hampton Roads, V A 3187.0 83.8 13.6 2.7 

Hanford Site Seattle-Tacoma, WA 416.0 73.7 20.1 6.2 

Hanford Site Charieston, SC 30S9.0 84.5 13.7 1.8 

Hanford Site Savannah, GA 3091.0 8S.3 13.2 1.4 

Hanford Site Oakland, CA 986.0 78.5 IS.8 S.7 

Hanford Site Portland, OR 239.0 82.1 13.4 4.5 

Hanford Site Military Ocean Tenninal. Sunny Point, NC 3203.0 83.6 14.8 I..S 

Hanford Site Alexandria Bay, NY 2878.0 79.6 16.6 3.g 

Hanford Site Galveston, TX 2392.0 89.9 9.1  1 .0 

Idaho National Engineering Hampton Roads, V A 2641.0 81.8  IS.2 3.0 
Laboratory 

Idaho National Engineering Seattle-Tacoma, W A 976.0 8S.8 10.8 3.4 
Laboratory 

Idaho National Engineering Charleston, SC 2513.0 82.6 15.3 2.1 
Laboratory 

Idaho National Engineering Savannah, GA 2545.0 83.6 14.8 1.6 
Laboratory 

Idaho National Engineering Oakland, CA 1 102.0 90.0 7.6 2.4 
Laboratory 
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Table 1-1. {continued). 

Rural Suburban Urban 
Roule Mile. (%) (%) (%) 

Idaho National Engineering Portland, OR 785.0 92.6 5.8 1.6 
Laboratory 

Idaho National Engincerina Military Ocean Tenninal, Sunny Point, NC 2657.0 81.6 16.7 1.7 
Laboratory 

Idaho National Engineering Alexandria Bay, NY 2332.0 76.4 19.1 4.5 
Laboratory 

Idaho National Engineering Galvcaton, TX 1846.0 88.9 10.1 1.0 
Laboratory 

Oak: Ridge Reservation Hampton Roads, VA 689.0 62.2 36.3 1.6 

Oak: Ridge Reservation Seattle-Tacoma, WA 2795.0 84.6 12.8 2.6 

Oat Ridge Reservation Cbarieston, SC 581.0 65.2 33.3 1.5 

Oat Ridge Reservation Savannah, GA 587.0 66.2 32.1 1.7 

Oat Ridge Reservation Oakland, CA 2686.0 89.4 8.5 2.1 

Oat Rid&c Reservation Portland, OR 2827.0 85.5 12.1 2.4 

Oat Ridge Reservation Military Ocean Tenninal, Sunny Point, NC 542.0 61.5 37.1 1.5 

Oat Ridee Reservation Alexandria Bay. NY 972.0 57.5 35.7 6.8 

Oak Ridge Reservation Galveston, TX 1053.0 70.5 26.2 3.3 

Nevada Teat Site Hampton Roads, VA 3073.0 83.6 13.6 2.8 

Nevada Teat Site Seattle-Tacoma, WA 1620.0 89.3 8.4 2.3 

Nevada Teat Site Cbarlcaton. SC 2945.0 84.3 13.7 2.0 

Nevada Tell Site Savannah, GA 2977.0 85.2 13.2 1.5 

Nevada Test Site Oakland, CA 860.0 75.1 17.7 7.2 

Nevada Test Site Portland, OR 1429.0 93.5 5.3 1.2 

Nevada Teat Site Military Ocean Tenninal, Sunny Point, NC 3089.0 83.4 14.9 1.7 

Nevada Test Site Alexandria Bay, NC 2763.0 79.2 16.7 4.0 

Nevada Test Site Galveston, TX 1955.0 92.0 7.2 0.8 

Truck roulei 

Savannah River Site Cornell Univenity 896.0 66.5 32.3 1.2 

Savannah River Site Georgia Institute of Technology 197.0 6 1 . 1  34.5 4.4 

Savannah River Site Idaho Slate University 2248.0 82.7 15.7 1 .5  

Savannah River Site Iowa Slate U nivenity 1 1 75.0 77.9 21.0 1 .2 

Savannah River Site Kansas State University 1 121.0 72.3 25.1 2.7 

Savannah River Site Manhattan College 830.0 62.1 35.2 2.7 

Savannah River Site Massachusetts lnstitute of Technology 1040.0 53.2 39.7 7.0 

Savannah River Site North Carolina Slate University 318.0 68.0 3 1 . 4  0.6 

Savannah River Site Ohio Slate Univenity 708.0 69.6 29.6 0.7 
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Table 1-1. {continued). 

Rural Suburban Urban 
Roo .. Milea (%) (%) (%) 

Savannah River Site Oregon Stlte University 2937.0 83.7 14.6 1.7 

Savannah River Site Pennaylvania Stlte University 849.0 69.6 29.5 0.9 

Savannah River Site Purdue University 768.0 70.0 29.2 0.8 

Savannah River Site Reed College 2849.0 84.4 14.0 1 .6 

Savannah River Site Rcnaaelaer Polytechnic Institute 955.0 64.3 3405 1.2 

Savannah River Site Rhode Wand Nuclear Science Cell1er 1009.0 55.0 38.5 6.5 

Savannah River Site Slate University of New York - Buffalo 1001 .0 68.8 29.8 I .S 

Savannah River Site Texas A&:M University 1099.0 70.6 26.7 2.7 

Savannah River Site University of Arizona 1926.0 79.4 19.1  1 .6  

Savannah River Site University of California - Irvine 2406.0 79.6 17.9 205 

Savannah River Site University of Florid. 496.0 73.4 26.0 0.6 

Savannah River She University of minoi. 803.0 73.9 24.6 I . S  

Savannah River Site University of Lowell 1045.0 53.1 40.2 6.8 

Savannah River Site Uruversity of Maryland 589.0 65.9 3 1 .0 3.1  

Savannah River Site University of Michigan 903.0 62.7 34.8 2.5 

Savannah River Site Univenity of Misaouri - Columbia 858.0 70.6 27.0 2.3 

Savannah River Site University ofMiaaouri - Rolla 835.0 7 1 .2 26.9 1 .9 

Savannah River Site University of New Mexico 1653.0 80.1 17.7 2.1 

Savannah River Site University ofTex88 1 169.0 71.4 26.6 1 .9 

Savannah River Site University of Utah 2127.0 82.3 16.0 1 .7 

Savannah River Site University of Virginia 478.0 73.1 25.9 1.0 

Savannah River Site Uruvenity of Wisconsin 1038.0 67.9 29.4 2.8 

Savannah River Site Washington Slate Uruversity 2699.0 84.8 14.1 1.2 

Savannah River Site Worcester Polytechnic Institute 1002.0 54.2 38.8 7.1 

Train routes 

Savannah River Site Cornell University 1098.0 61.2 33.7 5.1  

Savannah River Site Georgia Institute of Technology 221.0 655 28.3 6.2 

Savannah River Site Idaho State University 2323.0 81.7 16.2 2.1 

Savannah River Site Iowa State Univeraity 1281.0 66.8 28.4 4.8 

Savannah River Site Kansas State University 1274.0 69.3 27.0 3.7 

Savannah River Site Manhattan College 1 156.0 5 U  37.0 1 1 .9 

Savannah River Site Maaaachuscu. Inatitute of Technology 1223.0 50.6 36.6 12.8 

Savannah River Site North Carolina State Univenlity 385.0 78.6 20.1 1 .3 

Savannah River Site Ohio Slate University 726.0 73.6 25.0 1.4 
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Table 1-1. (continued}. 

Rural Suburban Urban 
Route Mile. (It) (It) (It) 

Savannah River Site Oregon Slate University 3381.0 84.4 13.7 1 .9 

Savannah River Site Pennsylvania State University 963.0 65.5 29.6 4.9 

Savannah River Site Purdue University 903.0 64.6 32.4 3.0 

Savannah River Site Reed College 3154.0 82.0 15.4 2.6 

Savannah River Site Rensselaer Polytechnic Institute 1044 .0 52.3 34.9 12.8 

Savannah River Site Rhode bland Nuclear Science Center 1252.0 50.6 37.0 12.4 

Savannah River Site Slate University of New York - Buffalo 1051.0 65.1  30.8 4.1 

Savannah River Site Texas A&M University 1 194.0 66.5 29.1 4.4 

Savannah River Site University of Arizona 2245.0 79.4 17.5 3 . 1  

Savannah River Site University of California - hvine 3 1 80.0 82.1 15.3 2.6 

Savannah River Site University of Florida 328.0 84.7 13.6 1.7 

Savannah River Site University of Dlinois 1028.0 67.7 28.6 3.7 

Savannah River Site University of Lowell 1239.0 5 1 .6 37.2 1 1 .2 

Savannah River Silc University of Maryland 669.0 67.8 27.6 4.6 

Savannah River Site University of Michigan 913.0 68.2 29.2 2.5 

Savannah River Site U Diversity of Missouri - Columbia 1011.0 66.6 29.5 4.0 

Savannah River Site Univcl'8ity of Missouri - Rolla 966.0 65.3 30.7 4.0 

Savannah River Site Univcl'8ity of New Mexico 2315.0 79.9 18.1  2.1  

Savannah River Site Univel'8ity of Texas 1314.0 7 1 .8 23.6 4.6 

Savannah River Site University of Ulah 2378.0 80.3 17.5 2.2 

Savannah River Site University of Virginia 637.0 75.1 22.8 2.2 

Savannah River Site University of Wisconsin 1092.0 62.7 32.0 5.3 

Savannah River Site Washington Slate University 2864.0 8 1 .4 16.0 2.5 

Savannah River Site Worcester Polytechnic Institute 1 176.0 52.1 35.8 12.1  

Truck mutes 

Hanford Site Cornell University 2730.0 82.7 15.4 1 .9 

Hanford Site Georgia Institute of Technology 2550.0 85.6 13.0 1.4 

Hanford Site Idaho Slate University 546.0 90.2 8.1  1 .7 

Hanford Site Iowa Slate University 1703.0 92.6 6.6 0.8 

Hanford Site Kansas State Univenity 1624.0 92.8 6.5 0.7 

Hanford Site Manhattan College 2786.0 85.0 13.5 1.5 

Hanford Site Massachusetta Institute of Technology 2986.0 8 1 .5 17.0 1.6 

Hanford Site North Carolina Slate University 2862.0 83.2 15.5 1 .3 

Hanford Site Ohio Slate U nivenity 2342.0 88.3 10.6 1 . 1  
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Table 1-1. (continued}. 

Rural Suburban Urban 
Route Miles (%) (%) (%) 

Hanford Site Oregon State Univenity 324.0 79.5 16.3 4.2 

Hanford Site Pennaylvania State Univenity 2578.0 86.2 12.7 1 . 1  

Hanford Site Purdue University 2 1 1 1 .0 90.0 8.9 1 . 1  

Hanford Site Reed College 236.0 86.0 10.7 3.4 

Hanford Site Rensselaer Polytechnic Institute 2819.0 82.0 16.1 1 .9 

Hanford Site Rhode Wand Nuclear Science Center 2965.0 81.2 15.9 2.9 

Hanford Site State University of New York - Buffalo 2534.0 84.8 13.4 1 .8 

Hanford Site Texas A&M University 2212.0 88.7 9.7 1.6 

Hanford Site University of Arizona 1699.0 80.2 14.7 5.0 

Hanford Site University of California - lIvine 1270.0 79.3 14.5 6.2 

Hanford Site University of Florida 2894.0 84.1 14.6 1 .4 

Hanford Site University of Dlinois 2033.0 91.2 8.0 0.8 

Hanford Site University of Lowell 2991.0 81.4 17.1  1.5 

Hanford Site Univenity of Maryland 2753.0 84.7 13.8 1.5 

Hanford Site Univenity ofMichigaD 2227.0 87.0 1 1 .8 1.2 

Hanford Site University of Missouri - Columbia 1 870.0 90.6 8.3 1 .1 

Hanford Site University of Missouri - Rolla 2082.0 88.4 10.2 1 . 4  

Hanford Site University of New Mexico 1593.0 89.7 8.8 1 .5 

Hanford Site University of Tens 2216.0 87.0 1 1 .5 1.5 

Hanford Site University of Utah 643.0 87.5 10.6 1 .9 

Hanford Site University of Virginia 2757.0 86.1 12.4 1 . 5  

Hanford Site Univenity of Wisconsin 1943.0 88.2 10.8 1.0 

Hanford Site Washington Slate Univeraity 361.0 87.3 1 1 .6 1 . 1  

Hanford Site Worcester Polytechnic Institute 2948.0 82.2 16.3 1 .l  

Tram routes 

Hanford Site Cornell University 2842.0 81.0 1 1 . 4  3.6 

Hanford Site Georgia lnatitute of Technology 2732.0 86.3 12.3 1 . 4  

Hanford Site Idaho State University 602.0 92.2 6.6 1.2 

Hanford Site Iowa Slate Univenity 1788.0 93.7 5.6 0.7 

Hanford Site Kansas State University 1743.0 91.4 4.1 0.6 

Hanford Site Manhattan College 3070.0 77.0 19.1  3.9 

Hanford Site Massachusetts Institute of Techno logy 3101.0 77.5 18.7 3.8 

Hanford Site North Carolina State Univenity 3172.0 83.8 14.6 1.7 

Hanford Site Ohio State University 2482.0 86.1 1 1 .0 2.9 
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Table 1-1. (continued). 

Rural Suburban Urban 
Route Mile. (%) (%) (%) 

Hanford Site Oregon State University 340.0 70.6 22.2 7.2 

Hanford Site Pennsylvania State University 2760.0 79.3 16.7 4.0 

Hanford Site Purdue University 2359.0 90.8 8.0 1 . 1  

Hanford Site Reed College 239.0 82.1 13.4 4.5 

Hanford Site Rena.selaer Polytechnic Institute 2934.0 78.6 17.3 4.0 

Hanford Site Rhode Island Nuclear Science Center 3166.0 76.0 19.6 4.4 

Hanford Site State University of New York - Buffalo 2637.0 81.7 14.6 3.7 

Hanford Site TeXAS A&M University 2954.0 85.2 1 1 .2 3.7 

Hanford Site University of Arizona 1804.0 80.2 14.5 5.4 

Hanford Site University of California - Irvine 1528.0 88.2 8.6 3.2 

Hanford Site Univeraily of Florida 3138.0 85.5 13.0 1.5 

Hanford Site University of Dlinoia 2158.0 93.0 6.0 1.0 

Hanford Site University of Lowell 3095.0 77.6 18.6 3.9 

Hanford Site University or Maryland 2900.0 82.6 13.7 3.8 

Hanford Site University of Michigan 2369.0 85.7 1 1 .4 2.9 

Hanford Site University of Missouri - Columbia 1948.0 94.1 5.3 0.6 

Hanford Site University of Missouri - Rolla 2246.0 89.1 9.3 1.6 

Hanford Site University of New Mexico 1796.0 9 1 .5 7.2 1 .2 

Hanford Site University of Texas 2473.0 89.8 8.9 1 .3 

Hanford Site University of Utah 774.0 89.6 8.8 1.7 

Hanford Site Univenity of Virginia 2902.0 83.9 13.4 2.7 

Hanford Site Univenity of WillConsin 2210.0 88.9 9.2 1 .9 

Hanford Site Washington State University 251.0 86.0 9.4 4.5 

Hanford Site Worcester Polytechnic Institute 3089.0 77.2 18.7 4 . 1  

Truck routes 

Idaho National Engineering Cornell University 2314.0 80.9 17.1 2.1 
Laboratory 

Idaho National Engineering Georgia Institute of Technology 2134.0 84.2 14.4 1 .4 
Laboratory 

Idaho National Engineering Idaho State University 65.0 83.7 12.5 3.9 
Laboratory 

Idaho National Engineering Iowa State University 1287.0 92.5 6.8 0.7 
Laboratory 

Idaho National Engineering KalUlBs State University 1208.0 92.8 6.7 0.5 
Laboralory 
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Table 1-1. {continued). 

Rural Suburban Urban 
Route Milcs (%) (%) (%) 

Idaho National Engineering Manhattan College 2370.0 83.6 14.8 1.6 
Laboratory 

Idaho National Engineering Maasachuaetta lnatitute of Technology 2570.0 79.6 18.7 1.6 
Labon.tory 

Idaho National Engineering North Carolina Slate University 2446.0 8I.5 17.2 1.3 
Laboratory 

Idaho National Engineering Ohio Stale University 1926.0 87.3 1 1 .6 I . I  
Laboratory 

Idaho National Engineering Oregon State University 809.0 87.2 10.7 2.2 
Laboratory 

Idaho National Engineering Pennsylvania Stale University 2162.0 84.9 14.0 I . I 
Laboratory 

Idaho National Engineering Purdue University 1695.0 89.3 9.6 I . I  
Laboratory 

Idaho National Engineering Reed College 721.0 90.2 8.1  1 .6 
Laboratory 

Idaho National Engineering Rensselaer Polytechnic Institute 2403.0 80.1 17.9 2.0 
Laboratory 

Idaho National Engineering Rhode Island Nuclear Science Center 2549.0 79.3 17.5 3.2 
Laboratory 

Idaho National Engineering State Univeraity of New York - Buffalo 21 18.0 83.2 14.8 2.0 
Laboratory 

Idaho National Engineering Texas A&M University 1796.0 87.7 10.5 1 .7 
Laboratory 

Idaho National Engineering University of Arizona 1301.0 83.8 12.9 3.3 
Laboratory 

Idaho National Engineering University of California - Irvine 942.0 79.8 13.8 6.4 
Laboratory 

Idaho National Engineering University of Florida 2478.0 82.6 16.0 1.4 
Laboratory 

Idaho National Engineering University of Dlinois 1617.0 90.8 8.5 0.7 
Laboratory 

Idaho National Engineering University of Lowell 2575.0 79.5 18.9 1 .5 
Laboratory 

Idaho National Engineering University of Maryland 2337.0 83.3 15.2 1 .6 
Laborstory 

Idaho National Engineering University of Michigan 1 8 1 1 .0 85.6 13.2 1 .2 
Laboratory 

Idaho National Engineering Univeraity of Misaouri - Columbia 1454.0 90.0 8.9 I . I  
Laborstory 

Idaho National Engineering University of Mia80uri - Rolla 1666.0 87.3 1 1 .3 1 .5 
Laboratory 

Idaho National Engineering University of New Mexico 1 177.0 88.6 9.8 1.6 
Laboratory 
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Table 1-1. (continued). 

Rund Suburban Urban 
Route Miles (%) (%) (%) 

Idaho National Engineering University of Texas 1800.0 85.7 12.7 1.6 
Laboratory 

Idaho National Engineering University of Utah 227.0 77.7 18.9 3.4 
Laboratory 

Idaho National Engineering University of Virginia 2341.0 85.0 13.5 1.5 
Labontory 

Idaho National Engineering University of Wisconsin 1612.0 89.8 9.2 1 .0 
Laboratory 

Idaho National Engineering Washington State University 652.0 91.9 7.3 0.8 
Labontory 

Idaho National Engineering Worcester Polytechnic Institute 2532.0 80.4 18.0 1 .6 
Laboratory 

Train routm 

Idaho National Engineering Cornell University 2296.0 78.1 17.6 4.2 
Laboratory 

Idaho National Engineering Georgia Institute of Technology 2186.0 84.5 13.9 1.6 
Laborstory 

Idaho National Engineering Idaho State University 56.0 82.5 13.2 4.3 
Laboratory 

Idaho National Engineering Iowa State University 1242.0 93.9 5.4 0.7 
Laboratory 

Idaho National Engineering Kan ... State Universily 1 197.0 96.3 3.2 0.4 
Laboratory 

Idaho National Engineering Manhattan College 2524.0 73.5 21.9 4.6 
Laboratory 

Idaho National Engineering Massachusetts Institute of Technology 2559.0 74.1 2 1 .5 4.4 
Laboratory 

Idaho National Engineering North Carolina State University 2626.0 81.8  16.4 1 .8 
Laboratory 

Idaho National Engineering Ohio State University 1936.0 84.1 12.5 3.4 
Laboratory 

Idaho National Engineering Oregon State University 878.0 87.2 9.7 3 . 1  
Laboratory 

Idaho National Engineering Pennsylvania State University 2214.0 75.9 19.4 4.7 
Laboratory 

Idaho National Engineering Purdue University 1 813.0 90.1 8.7 1 .2 
Laboratory 

Idaho National Engineering Reed College 785.0 92.6 5.8 1 .6 
Laboratory 

Idaho National Engineering Rensselaer Polytechnic Institute 2388.0 75.3 19.9 4.8 
Laboratory 

Idaho National Engineering Rhode Island Nuclear Science Center 2620.0 72.4 22.5 5 . 1  
Laboratory 
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Table 1-1. (continued}. 

Rural Suburban Urban 
Route Miles (%) (%) (%) 

Idaho National Engineering Slate University of New York - Buffalo 2091.0 78.7 16.9 4.4 
Laboratory 

Idaho National Engineering Texas A&M University 1920.0 89.6 9.4 1 .0 
Laboratory 

Idaho National Engineering University of Arizona 1376.0 90.8 7.3 1.9 
Laboratory 

Idaho National Engineering University of California - Irvine 982.0 85.4 10.0 4.5 
Laboratory 

Idaho National Engineering University of Florida 2592.0 83.8 14.6 1 .6 
Laboratory 

Idaho National Engineering University of Dlinai. 1612.0 92.9 6.0 1 . 1  
Laboratory 

Idaho National Engineering University of Lowell 2549.0 74.2 2 1 .3 4.5 
Laboratory 

Idaho National Engineering University of Maryland 2354.0 80.1 15.5 4.4 
Laboratory 

Idaho National Engineering Univeraity of Michigan 1823.0 83.4 13.0 3.6 
Laboratory 

Idaho National Engineering University of Missouri - Columbia 1402.0 94.4 5 . 1  0.5 
Laboratory 

Idaho National Engineering University of Missouri - RoUa 1619.0 92.6 6.1 1.3 
Laboratory 

Idaho National Engineering University of New Mexico 1250.0 90.8 7.8 1.4 
Laboratory 

Idaho National Engineering Univeraity of Texas 1927.0 88.8 9.8 1.4 
Laboratory 

Idaho National Engineering University of Utah 228.0 80.7 15.6 3.7 
Laboratory 

Idaho National Engineering University of Virginia 2357.0 81.8 15.1  3 . 1  
Laboratory 

Idaho National Engineering University of Wisconsin 1664.0 87.5 10.3 2.2 
Laboratory 

Idaho National Engineering Washington Slate University 876.0 92.2 6.2 1.6 
Laboratory 

Idaho National Engineering Worcester Polytechnic Institute 2544.0 73.8 2 1 .5 4.7 
Laboratory 

Truck routel 

Oak Ridge Reservation Cornell University 821.0 65.7 33.2 1 . 1  

Oak Ridge Reservation Georgia Institute of Technology 202.0 53.2 45.1 1.8 

Oak Ridge Reservation Idaho State University 1985.0 86.8 12.0 1 .2 

Oak Ridge Reservation Iowa State University 900.0 75.2 23.4 1.5 

Oak Ridge Reservation Kansas Slate University 857.0 78.6 19.2 2.2 
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Table 1-1. !continued�. 

Rural Suburban Urban 
Route Miles (%) (%) (%) 

Oak Ridge Reservation Manhallan College 754.0 60.9 36.4 2.7 

Oat Ridge Rcaervation Massachusetts Institute of Technology 965.0 5 1 .6 4 1 . 1  7.4 

Oak. Ridge Reservation North Carolina State University 408.0 54.5 43.7 1.8 

Oat Ridge Reservation Ohio State University 400.0 67.7 3 1 . 1  1.2 

Oak Ridge Reservation Oregon State Univenity 2674.0 86.8 1 1 .7 1.5 

Oak: Ridge Reservation Pennsylvania State University 774.0 69.1 30.1 0.8 

Oak. Ridge Reservation Purdue Univenity 460.0 68.6 30.2 1 .3 

Oak. Ridge Reservation Reed College 2585.0 87.7 1 1 .0 1.3 

Oak. Ridge Reservation Rensselaer Polytechnic Inatitute 879.0 63.4 35.5 1 . 1  

Oak. Ridge Reservation Rhode Island Nuclear Science Center 933.0 53.4 39.8 6.8 

Oak: Ridae Reservation State University ofNe .... York. - Buffalo 744.0 61.9 35.6 2.5 

Oak. Ridge Reservation Texas A&M University 1004.0 81.5 17.2 1 .3 

Oak: Ridge Reservation Univcnity of Arizona 1782.0 83.2 1 5 . 1  1 .7 

Oak. Ridge Reservation University of California - Irvine 2209.0 86.0 10.9 3.0 

Oak Ridge Reservation University of Florida 546.0 65.4 33. 1 1 . 5  

Oat Ridge Reservation University of D1inois 516.0 68.0 29.9 2.2 

Oak Ridge Reservation University of Lowell 970.0 5 1 .4 4 1 .5 7.1  

Oak Ridge Reservation University of Maryland 537.0 70.2 27.2 2.6 

Oak Ridge Reservation University of Michigan 595.0 57.8 38.5 3.7 

Oak Ridge Reservation University of MislOUri .. Columbia 594.0 79.0 19.5 1.5 

Oak Ridge Reservation University ofMis80uri .. RoUa 571.0 80.2 19.0 0.9 

Oak Ridge Reservation University of New Mexico 1391.0 85.4 12.9 1 .7 

Oak Ridge Reservation University of Texas 1026.0 76.9 20.9 2.2 

Oak Ridge Reservation University of Utah 1864.0 86.6 12.1 1.3 

Oak: Ridge Reservation University of Virginia 402.0 n.8 26.4 0.8 

Oak Ridge Reservation University of Wisconsin 730.0 66.1 30.0 3.9 

Oak Ridge Reservation Washington Stale University 2435.0 88.3 10.8 0.9 

Oak Ridge Reservation Worcester Polytechnic Institute 927.0 52.5 40.0 7.5 

Train mutes 

Oak Ridge Reservation Cornell University 935.0 60.9 32.8 6.3 

Oak Ridge Reservation Georgia Institute of Technology 228.0 47.1 50.9 2.0 

Oak Ridge Reservation Idaho State University 1996.0 89.9 S.5 1 .6 

Oak Ridge Reservation Iowa State University 954.0 71.7 22.0 6.3 

Oak Ridge Reservation Kansas State University 948.0 82.2 14.7 3 . 1  
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Table 1-1. ,continued). 

Ruro Suburban Urban 

Route Miles (%) (%) (%) 
Oak Ridge Rcacrvation Manhattan College 1 1 64.0 54.3 39.1 6.6 

Oak Ridge Reservation Musachusetta Institute of Technology 1 1 99.0 56.1 37.7 6.2 

Oak Ridge Reservation North Carolina State University 5 1 1.0 60.9 36.9 2.2 

Oak: Ridge Reservation Ohio State University 406.0 66.9 27.8 5.3 

Oak Ridge Reservation Oregon State University 3055.0 90.0 8.4 1 . 6  

Oak Ridge Reservation Pennsylvania State Univeraity 822.0 55.2 37.4 7.3 

Oak Ridge Reservation Purdue University 495.0 74.4 22.6 3.0 

Oak Ridge Reservation Reed College 2827.0 85.5 12.1  2.4 

Oak Ridge Reservation Rensselaer Polytechnic Institute 1028.0 55.9 36.8 7.3 

Oak Ridge Reservation Rhode Island Nuclear Science Center 1259.0 53.5 39.0 7 . .1 
Oak Ridge Reservation State University of New York - Buffalo 731.0 57.7 34.9 7.4 

Oak Ridge Reservation Texas A&M Univeraity 1013.0 80.0 18.6 1 .5 

Oak Ridge Reservation University of Arizona 2103.0 85.1 12.9 2.0 

Oale Ridge Reservation University of California - II"I.'ine 2615.0 88.0 9.5 2.5 

Oak Ridge Reservation University of Florida 634.0 68.2 29.9 1 .9 

Oak Ridge Reservation University of D1inois 592.0 75.4 21.3 3.3 

Oak Ridge Reservation University of Lowell 1 189.0 56.2 37.4 6.4 

Oale Ridge Reservation University of Maryland. 582.0 53.9 40.4 5.6 

Oak Ridge Reservation University of Michigan 591.0 63.3 30.1 6.6 

Oale Ridge Reservation University of Missouri - Columbia 695.0 82.5 14.2 3.3 

Oale Ridge Re&ervation University of Mi880uri - Rolla 640.0 82.3 14.4 3.3 

Oale Ridge Reservation University of New Mexico 1749.0 87.9 10.3 1 .8 

Oak Ridge Re&ervation University of Texas 1045.0 75.7 22.1 2.1 

Oale Ridge Reiervation University of Utah 205 1 .0 88.0 10.3 1 . 7  

Oale Ridge Re&ervalion University of Virginia. 451 .0 53.6 44.1 2.3 

Oale Ridge Reservation University of Wisconsin 765.0 67.1 25.5 7.4 

Oale Ridge Reservation Washington State University 2536.0 85.3 12.4 2.3 

Oale Ridge Reservation Worcester Polytechnic Institute 1 183.0 55.2 37.9 6.9 

Truck routes 

Nevada Test Site Cornell University 2547.0 8 1 .7 16.1  2.2 

Nevada Test Site Georgia Institute of Technology 2238.0 84.4 13.8 1 .7 

Nevada Test Sile Idaho State University 649.0 82.5 13.8 3.6 

Nevada Test Site Iowa State University 1520.0 92.0 6.8 1.2 

Nevada Test Site Kansas Stale University 1312.0 92.5 6.4 1 . 1  
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Table 1-1. {continued}. 

Rural Suburban Urban 
Route Miles (%) (%) (%) 

Nevada Test Site Manhattan College 2603.0 84.1 14.0 1.8 

Nevada Tell Site Maaaachusctta Institute of Techno 10M)' 2802.0 80.5 17.7 1 .8 

Nevada Test Site North Carolina Slate Univeraity 2549.0 81.9 16.5 1.6 

Nevada Tell Site Ohio Slate Univcnity 2098.0 85.8 12.3 2.0 

Nevada Test Site Oregon Slate U nivcnity 1245.0 8 1 . 8  13.5 4.7 

Nevada Teat Site Pennaylvania State Univcnity 2395.0 85.3 13.3 1.4 

Nevada Teat Site Purdue University 1928.0 89.3 9.2 1.5 

Nevada Teat Site Reed CoUcgo 1250.0 86.4 10.8 2.8 

Nevada Teat Site Rensaelacr Polytechnic lnBtitute 2636.0 8 1 .0 16.9 2.2 

Nevada Tell Site Rhode Ialand Nuclear Science Center 2782.0 80.1 16.6 3.2 

Nevada Teat Site State University of New York - Buffalo 2350.0 83.8 14.0 2.2 

Nevada Test Site Texas A&M University 1852.0 85.6 1 1 .9 2.5 

Nevada Test Site University of Arizona 723.0 85.0 1 1 . 1  3.9 

Nevada Test Site Univenity of Californill - mine 364.0 76.1 1 1 .6 12.4 

Nevada Test Site Univcnity of Florida 2582.0 82.9 15.4 1.7 

Nevada Test Site University of D1inois 1850.0 90.6 8.3 1 . 1  

Nevada Test Site University of Lowell 2808.0 80.3 17.9 1 . 8  

Nevada Test Site University of Maryland 2509.0 82.3 15.5 2.2 

Nevada Test Site University of Michigan 2044.0 86.1 12.4 1.5 

Nevada Test Site University of Missouri - Columbia 1557.0 89.9 8.5 1.6 

Nevada Test Site University of Missouri · Rolla 1769.0 87.4 10.7 1 . 8  

Nevada Test Site University of New Mexico 918.0 93.8 4.8 1.5 

Nevada Test Site University ofTeus 1662.0 86.5 10.5 3.0 

Nevada Test Site University of Ulah 487.0 85.0 1 1 .4 3.6 

Nevada Test Site University of Virginia 2444.0 85.2 13.0 1 . 8  

Nevada Teat Site University of Wisconsin 1857.0 90.5 8.2 1.3 

Nevada Test Site Washington State University 1286.0 86.6 1 1 . 1  2.4 

Nevada Test Site Worcester Polytechnic Institute 2765 .0 81.2 17.0 1.8 

Train rout8!l 

Nevada Test Site Cornell University 2727.0 80.7 15.5 3.8 

Nevada Teat Site Georgia Institute of Technology 2618.0 86.1 12.3 1.6 

Nevada Teat Site Idaho State University 700.0 93.6 5.4 1.0 

Nevada Teat Site Iowa Slate UniverBity 1674.0 94.0 5 . 1  0.9 

Nevada Test Site Kana.ts State University 1628.0 95.8 3.5 0.7 
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Table 1-1. (continued}. 

Rural Suburban Urban 
Route Milc. (%) (%) (%) 

Nevada Test Site Manhanan College 2956.0 76.6 19.3 4 . 1  

Nevada Test Site Mall88chusettB InstibJte of Technology 2990.0 77.0 19.0 4.0 

Nevada Test Site Nol'1h Carolina State University 3058.0 83.6 14.7 1 .8 

Nevada Test Site Ohio State University 2367.0 86.0 1 1 .0 3 . 1  

Nevada Test Site Oregon State University 1400.0 79.8 14.7 5.4 

Nevada Test Site PCMsylvania State University 2646.0 78.9 16.9 4.2 

Nevada Test Site Purdue University 2245.0 90.9 7.8 1.3 

Nevada Test Site Reed CoUege 1429.0 93.5 5.3 1.2 

Nevada Test Site Rensselaer Polytechnic Institute 2820.0 78.2 17.5 4.3 

Nevada Test Site Rhode Island Nuclear Science Center 305 1 .0 75.6 19.9 4.6 

Nevada Test Site State University of New York: - Buffalo 2522.0 8 1 .4 14.7 3 .9 

Nevada Test Site Texas A&M University 1967.0 92.0 6.6 1.4 

Nevada Test Site University of Arizona 818.0 90.6 7.4 2.0 

Nevada Test Site University of California -Irvine 424.0 78.0 13.8 8.2 

Nevada Test Site University of Florida 3024.0 85.3 1 3 . 1  1 . 6  

Nevada Test Site University of Dlinois 2044.0 93.2 5.6 1 .2 

Nevada Test Site University of Lowell 2980.0 77.2 18.8 4 . 1  

Nevada Test Site University of Maryland 2786.0 82.3 13.7 4.0 

Nevada Teat Site University of Michigan 2255.0 85.5 1 1 .3 3.2 

Nevada Test Site University of Missouri - Columbia 1833.0 94.4 4.8 0.7 

Nevada Test Site University of Miaaouri - RoUa 2050.0 93.0 5.7 1.4 

Nevada Test Site University of New Mexico 1065.0 94.6 4.5 0.9 

Nevada Test Site University of Texu 2358.0 89.9 8.7 1.4 

Nevada Test Site University of Utah 528.0 98.0 1 .8 0.2 

Nevada Te51 Site University of Virginia 2788.0 83.7 13.4 2.9 

Nevada Teat Site University of Wisconsin 2096.0 88.9 9.0 2.1 

Nevada Test Site Washington State University 1520.0 93.2 5.6 1.2 

Nevada Teat Site Worcester Polytechnic Institute 2975.0 76.8 18.9 4.3 

Truck routes 

West Valley Demonstration Savannah River Site 883.0 70.3 28.5 1.2 

Plant 

West Valley Demonstration Hanford Site 2556.0 84.6 13.7 1 .7 

Plant 

West Valley Demonstrstion Idaho National Engineering Lab9f8toC)' 2140.0 83.0 15.2 1.8 

Plant 
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Table 1-1. (continued}. 

Rural Suburban Urban 
Route Miles (%) (%) (%) 

West Valley Demonstration Oat Ridge Reservation 766.0 62.2 36.0 1 . 8  
Plant 

West Valley Demonstration Nevada Test Site 2373.0 83.7 14.3 2.0 
Plant 

Babcock: & Wilcox Savannah River Site 455.0 71 .0 28.2 0.9 

Babcock: & Wilcox Hanford Site 2738.0 85.9 12.7 1.4 

Babcock: & Wilcox Idaho National Engineering Laboratory 2322.0 84.7 13.8 l.5 

Babcock: & Wilcox Oat Ridge Reservation 350.0 65.4 33.8 0.8 

Babcock: & Wilcox Nevada Test Site 2491.0 84.0 14.5 l .5 

Train routes 

West Valley Demonstration Savannah River Site 1217.0 62.8 32.4 4.9 
Plant 

West Valley Demonstration Hanford Site 2654.0 78.3 18.0 3.7 
Plant 

West Valley Demonstration Idaho National Engineering Laboralnry 2108.0 74.9 20.5 4.7 
Plant 

West Valley Demonstration Oat Ridge Reservation 889.0 64.5 30.1 5.5 
Plant 

West Valley Demonstration Nevada Test Site 2554.0 80.8 1 5 . 1  4.0 
Plant 

Babcock: & Wilcox Savannah River Site 661.0 76.8 2l.5 1.6 

Babcock: & Wilcox Hanford Site 2879.0 84.2 13.1  2.7 

Babcock. & Wilcox Idaho National Engineering Laboratory 2333.0 82.1 14.8 3.2 

Babcock. & Wilcox Oat Ridge Reservation 386.0 48.0 49.6 2.4 

Babcock. & Wilcox Nevada Test Site 2765.0 84.0 1 3 . 1  2.9 

Three Mile Island Idaho National Engineering Laboratory 2315.0 75.8 19.6 4.6 

Truck mutes 

Pleasanton. CA Idaho National Engineering Laboratory 969.0 84.0 12.2 3.8 

Pleasanton, CA Hanford Site 881.0 77.5 1 9 . 1  3.4 

Pleasanton, CA Savannah River Site 2768.0 80.1 16.8 3 . 1  

Pleasanton, CA Oat Ridge Reservation 2532.0 87.0 10.5 2.5 

Pleasanton, CA Nevada Test Site 687.0 84.3 9.6 6 . 1  

Gaithersburg, MD Idaho National Engineering Laboratory 2316.0 83.9 14.9 1 .2 

Gaithersburg, MD Hanford Site 2732.0 85.3 13.5 1.2 

Gaithersburg, MD Savannah River Site 597.0 66.8 30.7 25 

Gaithersburg, MD Oat Ridge Reservation 536.0 70.6 27.4 2.0 

Gaithersburg, MD Nevada Test Site 2488.0 82.9 15.2 1 .9 
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Table 1-1. {continued). 

Rural Suburban Urban 
Roule Mile. (Il) (Il) (Il) 

San Ramon, CA Idaho National Engineering Laboratory 962.0 84.4 12.0 3.6 

San Ramon, CA Hanford Site 874.0 17.9 18.9 3.2 

San Ramon, CA Savannah River Site 2775.0 80.0 16.9 3.1  

San Ramon, CA Oat Ridsc RClICl"'Vation 2538.0 86.8 10.5 2.6 

San Ramon, CA Nevada Tell. Site 694.0 83.7 9.9 6.3 

Midland. MI Idaho National Engineering Laboratory 1902.0 82.9 15.8 1.3 

Midland ,  MI Hanford Site 2318.0 84.7 14.0 1.3 

Midland. MI Savannah River Site 1036.0 58.9 37.9 3.2 

Midland , MI Oat Ridge Reservation 719.0 52.7 42.7 4.6 

Midland. MI Nevada Teat Site 2135.0 83.6 14.8 1.6 

San Diego, CA Idaho National Engineering Laboratory 976.0 78.8 17.1 4.1 

San Diego, CA Hanford Site 1352.0 76.3 16.0 7.7 

San Diego, CA Savannah River Sjte 2345.0 8 1 .0 17.0 2.0 

San Diego, CA Oat Ridge Reservation 2193.0 84.1 13.8 2.1 

San Diego, CA Nevada Test Site 398.0 73.9 19.8 6.3 

Denver, CO Idaho National Engineering Laboratory 717.0 9 1 .2 7.9 0.9 

Denver, CO Hanford Site 1133.0 9 1 .8 7.2 1 .0 

Denver, CO Savannah River Site 1613.0 79.2 18.9 1.9 

Denver, CO Oat Ridge Reaervation 1340.0 84.5 14.1 I .S 

Denver, CO Nevada Test Site 819.0 90.7 7.5 1 . 8  

McClellan APS, CA Idaho National Engineering Laboratory 875.0 88.6 8.8 2.6 

McClellan AFD, CA Hanford Site 830.0 80.5 17.0 2.6 

McClellan APB. CA Savannah River Site 2780.0 84.4 13.7 1 .9 

McClellan APB, CA Oak Ridge Reservation 2517.0 87.8 10.5 1 .6 

McClellan APB, CA Nevada Telt Site 735.0 8 1 . 1  1 1 .2 7.6 

Train routes 

Pleasanton, CA Idaho National Engineering Laboratory 965.0 85.6 10.4 4.0 

Pleasanton, CA Hanford Site 1002.0 17.5 16.0 6.4 

Pleasanton, CA Savannah River Site 3 170.0 79.6 16.5 3.8 

Pleasanton, CA Oak Ridge Reservation 3029.0 83.5 13.4 3 . 1  

Pleasanton, CA Nevada Test Site 838.0 76.2 17.4 6.3 

Gaithersburg, MD Idaho National Engineering Laboratory 2335.0 80.5 15.4 4.0 

Gailheraburg, MD Hanford Site 2881.0 83.0 13.6 3.4 

Gaithersburg, MD Savannah River Site 659.0 68.4 27.7 3.8 
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Table 1-1. (continued). 

Rural Suburban Urban 
Route Miles (It) (It) (It) 

Gaithersburg, MD Oak Ridge Reservation 819.0 59.4 37.3 3.3 

Gaithersburg, MD Ne .... ada Test Site 2767.0 82.7 13.7 3.6 

San Ramon, CA Idaho National Engineering Laboratory 965.0 85.6 10.4 4.0 

SlIn Ramon, CA Hanford Site 1002.0 77.5 16.0 6.4 

San Ramon, CA Savannah River Site 3170.0 79.6 16.6 3.8 

San Ramon. CA Oak Ridge Rcacrvation 3029.0 83.5 13.4 3.1 

San Ramon, CA Nevad. Teat Site 838.0 76.2 17.4 6.3 

Midland, MI Idaho National Engineering Laboratory 1961.0 82.3 14.2 3.5 

Midland , MI Hanford Site 2507.0 84.7 12.4 2.9 

Midland, MI Savannah River Site 996.0 65.9 3 1 .2 2.9 

Midland, MI Oak Ridge Reservation 645.0 58.4 37.3 4.3 

Midland, MI Nevada Telll Site 2392.0 84.5 12.4 3.1  

San Diego. CA Idaho National Engineering Laboratory 1076.0 82.6 1 1 .4 6.0 

San Diego. CA Hanford Site 1622.0 86.2 9.5 4.3 

San Diego, CA Savannah River Site 3274.0 81.3 15.6 3.1 

San Diego. CA Oak Ridge Reservation 2709.0 86.8 10.0 3.1  

San Diego, CA Nevada Test Site 518.0 73.4 15.9 10.7 

Denver, co Idaho National Engineering Laboratory 708.0 94.7 4.6 0.6 

Denver, co Hanford Site 1254.0 94.1 5.2 0.7 

Denver, co Savannah River Site 2125.0 77.0 20.5 2.6 

Denver, co Oat Ridge Reservation 1560.0 85.0 12.6 2.3 

Denver, CO Nevada Test Site 1 140.0 94.6 4.4 0.9 

McClellan AFB, CA Idaho National Engineering Laboratory 853.0 90.3 7.8 1.9 

McClellan AFB, CA Hanford Site 890.0 81.0 14.3 4.7 

McClellan AFB, CA Savannah River Site 3 160.0 79.4 16.7 3.9 

McClellan AFB, CA Oak Ridge Reservation 2747.0 87.8 10.2 2.0 

McClellan AFB, CA Nevada Test Site 827.0 75.4 17.7 6.9 
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1-3.2 Spent Nuclear Fuel Shipments 

In the transportation analyses, SNF was divided into a number of categories: (a) commercial , 

(b) DOE research, (c) foreign research reactor, (d) graphite, (e) N Reactor, (t) naval-type, (g) 

Savannah River Site production reactor, and (h) university research reactor. More details on these 

fuel types may be found in Appendix J of Volume I of this EIS. The estimated number of SNF 

shipments are presented by fuel type, origin-destination pair, and transport mode for each alternative 

in Tables 1-2 and 1-3 (Heisel mann 1995). Each shipment, whether by truck or rail, was assumed to 

consist of one shipping container. However, the size of shipping container was variable, depending 

on the type of SNF and the transport mode (truck or rail). At this time, insufficient data exist to 

determine the transport mode for all shipments. Therefore, the number of truck or rail shipments was 

based on either 100 percent transport by truck or 100 percent transport by rail to bound potential 

impacts. 

The shipments in this appendix include offsite transport of naval-type SNF stored at the Idaho 

Chemical Processing Plant as of June 1 995 to storage locations at other sites as identified in the 

alternatives. Transport of naval SNF from shipyards and prototypes to the equivalent Expended Core 

Facility at the alternative sites are addressed in Appendix D of Volume I of this EIS, along with 

transport of naval test specimens. 

This appendix also includes transport of foreign research reactor SNF from the six points of 

entry identified in the Implementation Plan for this EIS (Hampton Roads, Virginia; Charleston, South 

Carolina; Savannah, Georgia; Seattle-Tacoma, Washington; Portland, Oregon; and Oaldand, 

California) to sites as identified in the alternatives. Impacts of shipments to the Military Ocean 

Terminal at Sunny Point, North Carolina, were analyzed because this terminal was recently used for 

foreign research reactor SNF shipments. Impacts of shipments to Galveston, Texas, were analyzed 

because this point of entry is on the Gulf Coast and has container-handling experience. The 

ocean-going portion of foreign research reactor SNF shipments and a detailed evaluation of point of 

entry activities are not assessed in this EIS, but will be assessed in the Environmental Impact 

Statement on a Proposed Nuclear Nonproliferation Policy Concerning Foreign Research Reactor Spent 

Nuclear Fuel. 

The No Action alternative considers only transport of naval SNF and test specimens. These 

shipments are addressed in Appendix D of Volume 1 of this EIS. For the Decentralization 

alternative, university research reactor, foreign research reactor, and non-DOE research reactor SNF 

would be transported to the Idaho National Engineering Laboratory or the Savannah River Site. 

For the 1992/1993 Planning Basis alternative, commercial, DOE research, and graphite SNF 

would be transported to the Idaho National Engineering Laboratory or the Savannah River Site. 

University research reactor, foreign research reactor, and non-DOE research reactor SNF would also 

continue to be transported to the Idaho National Engineering Laboratory or the Savannah River Site. 
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For the Regionalization alternatives, SNF would be consolidated based on fuel type or 

geography. More shipments of SNF would occur than for the 1992/1993 Planning Basis alternative 

and all types of SNF would be transported. For the Regionalization by Fuel Type alternative, 

N-Reactor SNF, naval-type SNF, and Savannah River Site production reactor SNF and targets would 

not be transported. Generally, aluminum SNF would be transported to the Savannah River Site and 

stainless steel SNF would be transported to the Idaho National Engineering Laboratory. For the 

Regionalization by Geography alternative, SNF from west of the Mississippi River would be 

transported to the Hanford Site, the Idaho National Engineering Laboratory, or the Nevada Test Site. 

SNF from east of the Mississippi River would be transported to the Savannah River Site or the Oak 

Ridge Reservation. 

For the Centralization alternatives, all SNF would be transported to the Hanford Site, the 

Idaho National Engineering Laboratory, the Savannah River Site, the Oak Ridge Reservation, or the 

Nevada Test Site. The primary difference between these alternatives, in terms of shipments, is the 

transport of N-Reactor SNF, naval-type SNF, and Savannah River Site production reactor SNF and 

targets. For Centralization at the Idaho National Engineering Laboratory, the Savannah River Site, 

the Oak Ridge Reservation, or the Nevada Test Site, N-Reactor SNF would be transported from the 

Hanford Site. For Centralization at the Hanford Site, the Idaho National Engineering Laboratory, the 

Oak Ridge Reservation, or the Nevada Test Site, Savannah River Site production reactor SNF and 

targets would be transported. For Centralization at the Hanford Site, the Savannah River Site, the 
Oak Ridge Reservation, or the Nevada Test Site, naval-type SNF would be transported from the 

Idaho National Engineering Laboratory. For Centralization at the Oak Ridge Reservation or the 

Nevada Test Site, N-Reactor SNF, naval-type SNF, and Savannah River Site production reactor SNF 

and targets would be transported. 
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Table 1-2. Spent nuclear fuel shipments for the Decentralization, 1992/1993 Planning Basis, Regionalization by Fuel Type, and 
Centralization alternatives. 

CeDlnllization 

199211993 Rcgionalizatioo 
HS SRS INEL ORR 

Decentralization Planning Bali. by Fuel Type 

Origin Delilination Inlek rail truck rail Inlek nil Inlek rail Inlek rail Inlek rail truck mil ln1ck 

Naval-Type 

INEL HS 383 104 

/ITS 383 

ORR 383 1 04  

SRS 383 104 

Savannah River Production 

SRS HS 484 91 

INEL 484 91 

ORR 484 91 

/ITS 484 

ORR SRS 1 1 

Hanford Production 

HS INEL 1 192 60S 

SRS 1 192 60S 

ORR 1 192 60S 

/ITS 1 192 

ORR INEL 1 1 - - . __ .- - - . - -_. -- .. -L __ "------

/ITS 

rail 

1 04  

91 

60S 



§ I Table 1-2. (continued). 
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Origin 

FSV 

/NEL 

AFRRI 

Destination 

HS 

INEL 

SRS 

ORR 

NTS 

HS 

SRS 

ORR 

NTS 

HS 

INEL 

SRS 

ORR 

NTS 

Decentralization 

truck rail 

3 3 

1992/1993 RegionaJization HS 
Planning Basis by Fuel Type 

truck rail truck rail truck mil 

Graphite 

244 35 

244 35 244 35 

162 23 

Domestic non-DOE 

3 3 

3 3 3 3 

Centralization 

SRS INEL ORR NTS 

truck rail truck rail truck rail truck rail 

244 35 

244 35 

244 35 

244 35 

162 23 

162 23 

162 23 

3 3 

3 3 

3 3 

3 3 j 
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Table 1-2. (continued). 

Origin Destination 

USGS HS 

INEL 

SRS 

ORR 

NTS 

NIST HS 

JNEL 

SRS 

ORR 

NTS 

USAF HS 

INEL 

SRS 

ORR 

NTS 

Decentralization 

truck nil 

6 6 

185 185 

3 3 

199211993 RegionaiizatioD 
HS 

Planning Basis by Fuel Type 

truck rail truck rail ,",ck nil 

6 6 

6 6 6 6 

DomeBti.:: non-DOE 

185 185 

185 185 185 185 

3 3 

3 3 3 3 

Cenlnllzation 

SRS INEL ORR Nn 

truck nil ,",ck rail truck rail ,",ck rail 

6 6 

6 6 

6 6 

6 6 

185 185 

185 185 

185 185 

185 185 

3 3 

3 3 

3 3 

3 3 



� I Table 1-2. (continued). 
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Origin 

DOW 

GE 

GA 

-

Destination 

HS 

lNEL 

SRS 

ORR 

NTS 

HS 

lNEL 

SRS 

ORR 

NTS 

HS 

lNEL 

SRS 

ORR 

NTS 

Decentralization 

truc k: rail 

3 3 

4 4 

8 8 

1992/1993 Regionalization 

Planning Basis by Fuel Type 

truck. rail truck. rail 

3 3 3 3 

4 4 

4 4 

8 8 8 8 

Centralization 

HS SRS lNEL ORR NTS 

truck. rail truck rail truck rail truck: rail truck: rail 

3 3 

3 3 

3 3 

3 3 

3 3 

4 4 

4 4 

4 4 

4 4 

4 4 

8 8 

8 8 

8 8 

8 8 

8 8 



Table 1-2. (continued). 

Centralization 

1992/1993 Regionalization 
HS SRS INEL ORR NTS 

Decentntlization Planning Basis by Fuel Type 

Origin Destination truck nil truck nil truck mil truck rail truck rail truck rail truck rail truck rail 

AERO HS 3 3 

INEL 3 3 3 3 3 3 3 3 

SRS 3 3 

ORR 3 3 

NTS 3 3 

Univenities 

Univenities HS 519 519 
-
W 
'" 

INEL 261 261 261 261 1 16 116 519 519 

SRS 258 258 258 258 403 403 519 519 

ORR 519 519 

NTS 519 519 

Commercial 

WVDP HS 83 4 

INEL 83 4 83 4 83 4 

I 
SRS 83 4 . 

ORR 83 4 

:- NTS 83 4 I 

I 
--- - "-----

� 



c§ I Table 1-2. (continued). 

� 
Centralization 

1992/1993 Regionalization 
HS SRS lNEL ORR NTS 

Decentralization Planning Basis by Fuel Type � � Origin Destination truck. ntil truck. rail truck. ntH truck. rail truck. rail truck. rail truck rail truck ntil 

B&W HS 2 2 

INEL 2 2 2 2 2 2 

SRS 2 2 

ORR 2 2 

NTS 2 2 

ORR HS 7 2 

lNEL 7 2 7 2 -

SRS 7 2 
� ... 

NTS 7 2 

SRS HS 27 5 

lNEL 27 5 27 5 

ORR 27 5 

NTS 27 5 

HS lNEL 6 2 6 2 

SRS 6 2 

ORR 6 2 

NTS 6 2 i --_.- . 
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Table 1-2. (continued), 

Origin Destination 

ANL-E HS 

lNEL 

SRS 

ORR 

NTS 

lNEL HS 

SRS 

ORR 

NTS 

ORR HS 

lNEL 

SRS 

NTS 

1992/1993 Regionalization 

Decentralization Planning Basis by Fuel Type 

truck rail truck rail truck: rail 

1 1 

46 10 

67 14 67 14 

Centralization 

HS SRS INEL ORR NTS 

truck: rail truck: rail truck: rail ,,"ok rail truck rail 

Commercial 

1 1 

1 1 

1 1 

1 1 

1 1 

370 74 

370 74 

370 74 

370 74 

DOE Research 

113 24 

113 24 ! 
1 13 24 

i 
113 24 I 
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'" 
:-' 

I 
Origin Delllinatioa 

BNL HS 

INEL 

SRS 

ORR 

NTS 

SNL HS 

INEL 
... 
� 

SRS 

ORR 

NTS 

LANL HS 

INEL 

SRS 

ORR 

NTS 

Decentralization 

lnIek rail 

1992/1993 Regionalizltion 
Planning Basi, by Fuel Type 

lnIek nil truct rail truck. 

71 

35 7 

35 7 71 14 

27 

12 3 12 3 

15 3 15 3 

17 

17 4 

17 4 

Centralization 

HS SRS INEL ORR NJ'S 

mil InIek nil lnIek rail lnIek rail InIek rail 

14 

71 14 

71 14 

71 14 

71 14 

6 

27 6 

27 6 

27 6 

27 6 

4 

17 4 

17 4 

17 4 

17 4 
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Table 1-2. (continued). 

Decentralization 

Origin Destination truck. rail 

ANL-E HS 

INEL 

SRS 

ORR 

NTS 

HS INEL 

SRS 

ORR 

NTS 

INEL HS 

SRS 

ORR 

NTS 

SRS HS 

INEL 

ORR 

NTS 

199211993 Regionaiization 
HS 

Planning Basis by Fuel Type 

tru,k rail truck. rail tru,k 

10 

10 2 10 2 

5 I 5 1 8  3 9  

1003 

114 23 

353 

94 19 

Centralization 

SRS INEL ORR NTS 

rail truck. rail truck. rail truck. rail tru,k rail 

2 

10 2 

10 2 

10 2 

10 2 

5 1 8  3 9  

518 39 

518 39 

518 39 

165 

1003 165 

1003 165 

1003 165 

11 

353 11 

353 11 

353 11 
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Table 1-2. (continued), 

199211993 RegionalizatioQ 
Decentralization Planning Basis by Fuel Type 

Origin Destination truck rail Iru,k rail Iru,k rail 

Poinls of HS 

Entry 
SRS 546 546 546 546 838 838 

INEL 462 462 462 462 170 170 

ORR 

NTS 

TOTAL 1,742 1,742 2,267 1 ,824 3,078 1,926 

Acron�ml 

AERO Aerotest San Ramon. CA 
AFRRI Armed Forces Radiobiology Research Institute Bethesda, MD 

ANL-E Argonne National Laboratory-Ealll 
B&W Babcock & Wilcox Company Lynchburg, V A 

BNL Brookhaven National Laboratory 

DOE Department of Energy 

DOW Dow North America Midland, MI 
FSV Fort St. Vrain Nuclear Generating Station 

GA General Atomics San Diego, CA 
GE Geocral Electric Pleaaaolon, CA 

HS Hanford Site 
--- ----

Centralization i 
HS SRS INEL ORR NTS 

truck rail truck rail truck rail truck nil truck nil I 
Foreign 

1008 1008 i 
1008 1008 I 

1008 1008 

1008 1008 

1008 1008 

5,099 2,375 5,951 2,848 4,897 2,655 6,695 2,995 6,815 3,021 

INEL Idaho National Engineering Laboratory 
LANL Lo. Alamo. National Laboratory 
NIST National Institute of Stand.rd, and Technology Gaithersburg, MD 
NTS Nevada Test Site 
ORR Oak Ridge RelCrvation 
SNL Sandia National Laboratories 
SRS Savannah River Site 
USAF United States Air Force McClellan, CA 

USGS United States Geological Survey Denver, CO 
WVDP West Valley Demonstration Project 

. -
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Table 1-3. Spent nuclear fuel shipments for the Regionalization by Geography alternatives. 

Regionalization by Geography 

HS and SRS INEL and SRS NTS .nd SRS HS and ORR INEL and ORR. 

Origin De8lination truet rail truet nil !Net rail !Net roil lruct roil 

Naval-Type 

INEL HS 383 104 383 104 

NTS 383 104 

ORR 

SRS 

Savannah River Production 

SRS HS 

INEL 

ORR 484 97 484 97 

NTS 

ORR SRS 

Hanford Production 

HS INEL 1192 60S 1192 60S 

SRS 

ORR 

NTS 1 192 60S 

ORR INEL 

NTS and ORR 

!Net roil 

383 104 

484 97 

1192 60S 
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Table 1-3. (continued). 

Origin 

FSV 

INEL 

AFRRI 

Destination 

HS 

INEL 

SRS 

ORR 

NTS 

HS 

SRS 

ORR 

NTS 

HS 

INEL 

SRS 

ORR 

NTS 

HS and SRS INEL and SRS 

truck rail truck rail 

244 35 

244 35 

162 23 

3 3 3 3 

Regionalization by Geography 

NTS and SRS HS and ORR INEL .nd ORR NTS and ORR 

truck rail truck rail truck rail truck rail 

Graphite 

244 35 

244 35 

244 35 244 35 

162 23 

162 23 162 23 

Domestic non-DOE 

3 3 

3 3 3 3 3 3 



Table 1-3. (continued). 

Regionalization by Geography 

HS and SRS INEL and SRS NTS and SRS HS and ORR INEL and ORR NTS and ORR 

Origin Destination truct rail truck rail truck rail truet rail truck rail truck nil 

USGS HS 6 6 6 6 

INEL 6 6 6 6 

SRS 

ORR 

NTS 6 6 6 6 

Domestic non-DOE 

NIST HS 

1: 
- INEL 

SRS 185 185 185 185 185 185 

ORR 185 185 185 185 185 185 

NTS 

USAF HS 3 3 3 3 

INEL 3 3 3 3 

SRS 

ORR 

I NTS 3 3 3 3 
---- - -
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Table 1-3. (continued). 

Origin 

DOW 

GE 

GA 

Destination 

HS 

INEL 

SRS 

ORR 

NTS 

HS 

INEL 

SRS 

ORR 

NTS 

HS 

INEL 

SRS 

ORR 

NTS 

HS and SRS INEL and SRS 

truck rail truck rail 

3 3 3 3 

4 4 

4 4 

8 8 

8 8 

-_ .. 

Regionalization by Geography 

NTS and SRS HS and ORR INEL .nd ORR NTS .nd ORR 

truck rail truck rail "",k rail "",k rail 

3 3 

3 3 3 3 3 3 

4 4 

4 4 

4 4 4 4 

8 8 

8 8 

8 8 8 8 



Table 1-3. (continued). 

RegionalizatioD by Geography 

HS and SRS INEL and SRS Jln'S and SRS HS and ORR INEL and ORR /ITS and ORR 

Origin Destination truck rail truck nil truck rail truck nil truck rail truck rail 

AERO HS 3 3 3 3 

INEL 3 3 3 3 

SRS 

ORR 

/ITS 3 3 3 3 

Universities 

r .... Universities HS 209 209 209 209 

INEL 209 209 209 209 

SRS 310 310 310 310 310 310 

ORR 310 310 310 310 310 310 

/ITS 209 209 209 209 

Commercial 

WVDP HS 

INEL 

I SRS 83 4 83 4 83 4 

ORR 83 4 83 4 83 4 :-' i NTS 

� 



i Table 1-3. (continued). 

� � 
Regionalization by Geography 

HS and SRS INEL and SRS NTS and SRS HS and ORR INEL and ORR NTS and ORR 

Origin Destination truck. rail truck. rail !lUck rail truck rail truck. nil truck. rail 

B&W HS 

INEL 

SRS 2 2 2 2 2 2 

ORR 2 2 2 2 2 2 

NTS 

ORR HS 

- INEL 

t SRS 7 2 7 2 7 2 

NTS 

SRS HS 

INEL 

ORR 27 S 27 S 27 S 

NTS 

HS INEL 6 2 6 2 

SRS 

ORR 

NTS 6 2 6 2 
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Table 1-3. (continued). 

Origin 

ANL-E 

INEL 

ORR 

Destination 

HS 

INEL 

SRS 

ORR 

NTS 

HS 

SRS 

ORR 

NTS 

HS 

INEL 

SRS 

NTS 

HS and SRS INEL and SRS 

lru,k rail truck rail 

I I 1 I 

370 74 

113 24 1 1 3  24 

Regionalization by Geography 

NTS and SRS HS aod ORR INEL and ORR NTS and ORR 

truck rail truck rail tru,k rail truck nil 

Conunercial 

I I 

1 1 I I I 1 

370 74 

370 74 370 74 

ooE Research 

113 24 
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Table 1-3. (continued). 

Origin 

BNL 

SNL 

LANL 

Destination 

HS 

INEL 

SRS 

ORR 

NTS 

HS 

INEL 

SRS 

ORR 

NTS 

HS 

INEL 

SRS 

ORR 

NTS 

HS and SRS INEL and SRS 

truck rail truck. rail 

71 14 71 14 

27 6 

27 6 

17 4 

17 4 

Regionalization by Geography 

NTS and SRS HS and ORR INEL .nd ORR NTS and ORR 

truck. rail truck. rail truck. rail truck:. rail 

71 14 

71 14 71 14 71 14 

27 6 

27 6 

27 6 27 6 

17 4 

17 4 

17 4 17 4 
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Table 1-3. (continued), 

Origin 

ANL-E 

HS 

INEL 

SRS 

Destination 

HS 

INEL 

SRS 

ORR 

NTS 

INEL 

SRS 

ORR 

NTS 

HS 

SRS 

ORR 

NTS 

HS 

INEL 

ORR 

NTS 

HS and SRS INEL aod SRS 

truck rail truck rail 

10 2 10 2 

5 1 8  39 

1003 165 

Regionalization by Geography 

NTS and SRS HS and ORR INELand ORR NTS and ORR 

truck rail truck rail truck. rail truck. rail 

10 2 

10 2 10 2 10 2 

5 1 8  39 

5 1 8  39 518 39 

1003 165 

1003 165 1003 165 

353 71 353 71 353 71 
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'" Table 1-3. (continued). 
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Rcgionalization by Geography 

HS and SRS INEL and SRS NTS and SRS HS and ORR INEL and ORR NTS and ORR 

Origin Destination truck rail truck rail truck noil truck rail truck rail truck rail 

Foreign 

Poinll of HS 230 230 230 230 
Enlry 

SRS 778 778 778 778 778 778 

INEL 230 230 230 230 
ORR 778 778 778 778 778 778 

NTS 230 230 230 230 
-
,j,. TOTAL 4,235 2,202 4,033 2,482 5,951 2,848 4,979 2,349 4,777 2,629 6,695 2,995 
00 

Acron�ms 
AERO Aerolelt San Ramon, CA INEL Idaho National Engineering Laboratory 

AFRRJ Anned Force. Radiobiology Research Instirute Bethesda, MD LANL Lo. Alamos National Labontory 

ANL-E Argonne National Laboratory-East NIST Nationa! Inatitule of Standards .nd Technology 

B&W Babcock & Wilcox Company Lynchburg, VA Gaithersburg, MD 

BNL Brookhaven National Laboratory NTS Nevada Tell Site 
DOE Department of Energy ORR Oak Ridge Reservation 

DOW Dow Norlh America Mtdland. MI SNL Sandia National Laboratories 

FSV Fort St. Vrain Nuclear Generating Station SRS Savannah River Site 

GA General Atomic. San Diego, CA USAF United State, Air Force McClellan, CA 
GE General Electric Pleasanton, CA USGS United Slatea Geological Survey Denver, co 
HS Hanford Site WVDP West Valley Demonstration Project 

-



1-4 INCIDENT-FREE TRANSPORTATION RISKS FOR 

SPENT NUCLEAR FUEL 

1-4.1 Methodology 

Radiological dose during normal, incident-free transportation of SNF results from exposure to 

the external radiation field that surrounds the shipping containers. The 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. 

Radiological impacts were determined for crew workers and the general population during 

normal, incident-free transportation. For truck shipments, the crew were the drivers of the transport 

vehicle. For rail shipments, the crew were workers in close proximity to the shipping containers 

during inspection or classification of railcars. The general population was persons within 800 meters 

(2,625 feet) of the road or railway (off-link), persons sharing the road or railway (on-link), and 

persons at stops. 

Collective doses for the crew and general population were calculated using the RADTRAN 4 

computer code (Neuhauser and Kanipe 1992). SNF was assigned a dose rate of 14 millirem per hour 

at I meter (3.28 feet) from the sh ipping container. This dose rate yields a dose rate of 10  millirem 

per hour at 2 meters (6.56 feet) from the vehicle, which is the regulatory maximum based on an 

exclusive use vehicle (see Madsen et al. 1986). A dose rate of I mill irem per hour at I meter 

(3.28 feet) was used for naval-type SNF shipments, based on measured dose rates from previous 

naval SNF shipments. Three population density zones (rural, suburban, and urban) were used . 

These zones correspond to mean population densities of 6,7 19, and 3,861 persons per square 

kilometer, respectively (Neuhauser and Kanipe 1992). 

Calculating the collective doses is based on developing unit risk factors. Unit risk factors 

provide an estimate of the impact from transporting one shipment of radioactive material over a unit 

distance of travel in a given population density zone. The unit risk factors may be combined with 

routing information, such as the transport distances in various population density zones, to determine 

the risk for a single shipment (a shipment risk factor) between a given origin and destination. 

Cashwell et al. (1986) contains a detailed explanation of the use of unit risk factors. 

Unit risk factors were developed based on travel within rural, suburban, and urban population 

zones using RADTRAN 4, using default data (see Neuhauser and Kanipe 1992). Table 1-4 contains 

the unit risk factors for offsite truck and rail shipments of SNF. Table 1-5 contains the unit risk 

factors for offsite truck and rail shipments of naval-type SNF. Shipment risk factors were also 

developed for offsite shipments by combining the unit risk factors with routing information derived 

from the HIGHWAY and INTERLINE computer codes. 
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Table 1-4. Incident-free unit risk factors for offsite truck and rail shipments of spent nuclear fuel. 

Unit risk factors (person-rem per kilometer)· 

Mode Exposure group Rural Suburban Urban 

Truck 

Occupational 4.6 x 10-5 1 .0 X 10-4 1 .7 X 10-4 

General population 

Off-Iinkb 1 .2 X 10-7 1 .6 X 10-5 1 . 1  X 1 0-4 

On-Iinkc 5.0 X 10-6 1 .5 X 10-5 1 .5 X 10-4 

Stops 1 .2 X 10-4 1 .2 X 10-4 1 .2 X 1 0-4 

General population 1 . 3  X 10-4 1 .5 X 10-4 3 .8  X 1 0-4 

total 

Rail 

Occupationald 1 .0 X 10-5 1 .0 X 10-5 1 .0 X 10-5 

General population 

Off-Iinkb 1 .7 X 10-7 3 .3  X 10-5 2.9 X 10-4 

On-Iinkc 6.6 X 10-8 8.5 X 10-7 2.4 X 10-6 

Stops· 4.8 X 10-6 4.8 X 10-6 4.8 X 10-6 

General population 5.0 X 10-6 3 .8  X 10-5 3.0 X 10-4 

total 

a. The methodology, equations, and data used to develop the unit risk factors are discussed in 
Madsen et al. ( 1986) and Neuhauser and Kanipe (1992). Cashwell et al. (1986) contains a detailed 
explanation of the use of unit risk factors. 
b. Off-link general population were persons within 800 meters (2,625 feet) of the road or railway. 
c. On-link general population were persons sharing the road or railway. 
d. The nonlinear component of incident-free rail dose for crew workers because of railcar 
inspections and classifications is 0.01 1 person-rem per shipment. Ostmeyer (1986) contains a 
detailed explanation of the rail exposure model. 
e. The nonlinear component of incident-free rail dose for the general population because of railcar 
inspections and classifications is 0.0087 person-rem per shipment. Ostmeyer (1986) contains a 
detailed explanation of the rail exposure model . 
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Table 1-5. Incident-free unit risk factors for truck and rail shipments of naval-type spent nuclear 
fuel. 

Unit risk factors (person-rem per kilometer)" 

Mode Exposure group Rural Suburban Urban 

Truck 

Occupational 1 .5  x 10-5 3.3 X 10-5 5.4 X 10-5 

General population 

Off-linkb 8.8 X 10-9 1 .2  X 10-6 7.7 X 10-6 

On-Iinke 3.6 X 10-7 1 . 0 X 10-6 1 . 1  X 10-5 

Stops 4.3 X 10-6 4.3 X 10-6 4.3 X 1 0-6 

General population 4.7 X 10-7 6.5 X 10-6 2.3 X 10-5 
total 

Rail 

Occupationald 7.2 X 10-7 7.2 X 10-7 7.2 X 10-7 

General population 

Off-Iinkb 1 .2 X 10-8 2.3 X 10-6 2. 1 X 10-5 

On-Iinke 4.7 X 10-9 6 . 1  X 10-8 1 .7 X 10-7 

Stops' 3.4 X 10-7 3.4 X 10-7 3.4 X 10-7 

General population 3.6 X 10-7 2.7 X 10-6 2 . 1  X 10-5 
total 

a. The methodology, equations, and data used to develop the unit risk factors are discussed in 
Madsen et aI .  (1986) and Neuhauser and Kanipe (1992). Cashwell et al. (1986) contains a detailed 
explanation of the use of unit risk factors. 
b. Off-link general population were persons within 800 meters (2,625 feet) of the road or railway. 
c. On-link general population were persons sharing the road or railway. 
d. The nonl inear component of incident-free rail dose for crew workers because of railcar 
inspections and classifications is 0.00080 person-rem per shipment. Ostmeyer ( 1986) contains a 
detailed explanation of the rail exposure model. 
e. The nonlinear component of incident-free rail dose for the general population because of railcar 
inspections and classifications is 0.00062 person-rem per shipment. Ostmeyer (1986) contains a 
detailed explanation of the rail exposure model . 
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Incident-free nonradiological fatalities were also estimated using unit risk factors. These unit 

risk factors account for the fatalities associated with exhaust emissions, but the distances used to 

estimate the impacts must be doubled to reflect the round trip distance because these impacts occur 

whether or not the shipment contains radioactive material. Two sets of data were evaluated: (a) data 

from the Non-Radiological Impacts of Transporting Radioactive Material (Rao et al. 1982), and 

(b) data from the Motor Vehicle-Related Air Toxics Study (EPA 1993). In Rao et al. (1982), the 

nonradiological unit risk factor for trucks was 1 .0 x 10-7 fatalities per kilometer and the 

nonradiological unit risk factor for trains was 1 .3 x 10-7 fatalities per kilometer. These unit risk 

factors are applicable only in urban areas. In EPA ( 1993), the unit risk factor was calculated to be 

7.2 x 10- 1 1  fatalities per kilometer; this unit risk factor is applicable in all areas (i.e., rural, 

suburban, and urban). Based on the routes analyzed in this EIS, the unit risk factors from Rao et aI. 
( 1982) were found to overestimate impacts by about 20 to 30 times relative to the unit risk factors 

from EPA ( 1993). Therefore, the unit risk factors from Rao et al. ( 1982) were used as a conservative 

estimate of the incident-free nonradiological fatalities presented in this EIS. It should be noted that 

the unit risk factors from Rao et aI .  (1982) account for all fatalities, not just cancer fatalities. Other 

effects of chronic exposure to diesel exhaust emissions have been followed in occupationally exposed 

workers, but these data are insufficient to make a correlation between the effects and the exposure 

experienced (EPA 1993). Therefore, these impacts were not estimated in this EIS. 

1-4.1 . 1  Maximally Exposed Individual Exposure Scenarios 

Maximum individual doses were calculated using the RISKIND computer code (Yuan et aI .  
1993). The maximum individual doses for the routine transport offsite were estimated for 

transportation workers, as well as members of the general population. For rail shipments, the three 

general population scenarios were (a) a rail yard worker working at a distance of 10  meters (32 . 8  feet) 

from the shipping container for 2 hours, (b) a resident living 30 meters (98.4 feet) from the rail line 

where the shipping container was being transported, and (c) a resident living 200 meters (656.2 feet) 

from a rail stop where the shipping container was sitting for 20 hours. For train shipments, the 

maximum exposed transportation worker was an individual in a rail yard who spent a time- and 

distance-weighted average of 0. 1 6  hours inspecting, classifying, and repairing railcars (Wooden 

1986). 

For offsite truck shipments, the three scenarios for the general population were: (a) a person 

caught in traffic and located 1 meter (3.28 feet) away from the surface of the shipping container for 

one-half hour, (b) a resident living 30 meters (98.4 feet) from the highway used to transport the 

shipping container, and (c) a service station worker working at a distance of 20 meters (65 .6 feet) 

from the shipping container for 2 hours. The hypothetical maximum exposed individual radiological 

doses were accumulated over the 40-year period. However, for the situation involving an individual 

caught in traffic next to a truck, 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 
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all shipments. For truck shipments, the maximum exposed transportation worker is the driver who 

was assumed to drive shipments for up to 2,000 hours per year. 

1-4.2 Results of Calculations 

This section summarizes the results of the incident-free transportation analyses for SNF 

shipments that occur outside the boundaries of U.S.  Department of Energy sites (offsite). These 

results do not include the impacts of SNF shipments within the boundaries of DOE sites (onsite) . 

Onsite transportation impacts are addressed in site-specific Appendices A, B, C, D, and F of this EIS. 

This section includes the impacts of offsite transport of naval-type SNF stored at the Idaho 

Chemical Processing Plant as of June 1995 to storage locations at other DOE sites, as identified in the 

alternatives. Shipments of naval SNF and test specimens are addressed in Appendix D of Volume I 
of this EIS. 

1-4.2.1 Impacts from the No Action Alternative 

Under the No Action alternative, the only offsite transport of SNF involves shipments of 

naval SNF and test specimens. These shipments are addressed in Appendix D of Volume I of 

this EIS. 

1-4.2.2 Impacts from the Decentralization Alternative 

For the Decentralization alternative, the incident-free transportation of SNF was estimated to 

result 0. 1 1  to 0.34 fatalities over the 4O-year period 1995 through 2035 (see Table 1-6 ) .  The 

statistically estimated fatalities were the sum of the estimated number of radiation-related latent cancer 

fatalities and the estimated number of nonradiological fatalities from vehicular emissions. A range of 

fatalities occurs because of the option of using truck or rail transport for SNF shipments . 

The estimated number of radiation-related latent cancer fatal ities for transportation workers 

ranged from 0.023 to 0.082. The estimated number of radiation-related latent cancer fatalities for the 

general population ranged from 0.041 to 0.24. The estimated number of nonradiological fatalities 

from vehicular emissions ranged from 0.017 to 0.044. 

1-4.2.3 Impacts from the 1992/1993 Planning Basis Alternative 

For the 1992/1993 Planning Basis alternative, the incident-free transportation of SNF was 

estimated to result in total fatal ities that ranged from 0. 1 1  to 0.42 over the 40-year period 1995 

through 2035 (see Table 1-7). These fatalities W('fe the sum of the estimated number of 

radiation-related latent cancer fatalities and the estimated number of nonradiological 
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Table 1-6. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for the Decentralization 
alternative ( 1995 to 2035). 

Spent nuclear fuel type 

U niversityA Foreignb DOEc,d Total 

Truck Rail Truck Rail Truck Rail Truck Rail 

Occupational 

Maximum individual dose (rem) 48 1 .8 93 3.4 20 0.73 160 5.9 

Collective dose (person-rem) 59 16 130 37 15 5.0 200 58 

Estimated latent cancer fatalities 0.024 0.0064 0.052 0.015 0.0060 0.0020 0.080 0.023 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1.7 0.088 0.36 0.71 2.9 

Collective dose (person-rem) 140 29 310 43 18 8.0 470 80 

Estimated latent cancer fatalities 0.Q70 Om5 0.16 0.022 0.0090 0.0040 0.24 0.040 

Estimated nonradiological fatalitiesc 0.0050 0.012 0.010 0.027 0.0023 0.0051 0.017 0.044 

a. Mahera, (1995a). 

b. Maheras (1995b). 

c. Maheras (1995c). 

d. DOE SNF includes special-case commercial, DOE research, other domestic research, graphite, N-Reactor, naval-type, and Savannah River production 
reactor SNF (see Tables 1·2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 
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Table 1-7. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for the 199211993 Planning 
Basis alternative (1995 to 2035). 

Spent nuclear fuel type 

UniversityA Foreignb DOE'.d Total 

Truck Rail Truck Rail Truck Rail Truck Rail 

Occupational 

Maximum individual dose (rem) 37 1 .8 71 3.4 52 1 .0 160 6.2 

Collective dose (person-rem) 59 16 130 37 66 7.3 260 60 

Estimated latent cancer fatalities 0.024 0.0064 0.052 0.015 0.026 0.0029 0.10 0.024 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1.7 0.30 0.50 0.92 3.1  

Co11ective dose (person-rem) 140 29 310 43 140 12 590 84 

Estimated latent cancer fatalities 0.070 0.015 0.16 0.022 0.070 0.0060 0.30 0.042 

Estimated nonradiological fatalitiesc 0.0050 0.012 0.010 0.027 0.0054 0.0065 0.020 0.046 

a. Mahera. (1995a). 

b. Mahera. (1995b). 

c. Mahera, (1995c). 

d. DOE SNF includes special-case commercial, DOE research, other domestic research, graphite, N-Reactor, naval-type, and Savannah River production 
reactor SNF (,ee Tablea 1-2. 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 



fatalities from vehicular emissions. Again, a range of fatalities occurred because of the option of 

using truck or rail transport for SNF shipments. 

The estimated number of radiation-related latent cancer fatalities for transportation workers 

ranged from 0.024 to 0. 10. The estimated number of radiation-related latent cancer fatalities for the 

general population ranged from 0.043 to 0.30. The estimated number of nonradiological fatalities 

from vehicular emissions ranged from 0.020 to 0.046. 

1-4.2.4 Impacts from the Regionalization Alternative 

1-4.2.4. 1 Impacts from Regionalization by Fuel Type. For the Regionalization by Fuel 

Type, the incident-free transportation of SNF was estimated to result in total fatalities that ranged 

from 0. 14 to 0.58 over the 40-year period 1995 through 2035 (see Table 1-8 ) .  These fatalities were 

the sum of the estimated number of radiation-related latent cancer fatalities and the estimated number 

of nonradiological fatalities from vehicular emissions. The reason for a range of fatalities was 

because of the option of using truck or rail transport for SNF shipments. 

The estimated number of radiation-related latent cancer fatalities for transportation workers 

ranged from 0.026 to 0. 14. The estimated number of radiation-related latent cancer fatalities for the 

general population ranged from 0.053 to 0.41 .  The estimated number of nonradiological fatalities 

from vehicular emissions ranged from 0.027 to 0.059. 

1-4.2.4.2 Impacts from Regionalization by Geography. For the six Regionalization by 

Geography alternatives, the incident-free transportation of SNF was estimated to result in total 

fatalities that ranged from 0. 1 0  for regionalization at the Idaho National Engineering Laboratory and 

Oak Ridge Reservation to 0.85 for regionalization at the Nevada Test Site and the Oak Ridge 

Reservation (see Tables 1-9 through 1- 1 4). These fatalities were over the 40-year period 1995 through 

2035 and were the sum of the estimated number of radiation-related latent cancer fatalities and the 

estimated number of nonradiological fatalities from vehicular emissions. 

The reason for a range of fatalities was because of two factors: (a) the option of using truck 

or rail transport for SNF shipments, and (b) the six regionalization by geography alternatives. 

For regionalization at the Idaho National Engineering Laboratory and Oak Ridge Reservation, 

the estimated number of radiation-related latent cancer fatalities for transportation workers was 0.028. 

The estimated number of radiation-related latent cancer fatalities for the general population was 

0.042. The estimated number of nonradiological fatalities from vehicular emissions was 0.034. 

For regionalization at the Nevada Test Site and the Oak Ridge Reservation, the estimated 

number of radiation-related latent cancer fatalities for transportation workers was 0.20. The estimated 
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Table 1-8. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for Regionalization by 
Fuel Type (1995 to 2035). 

Spent nuclear fuel type 

U niversityA Foreignb DOEc.- Total 

Truck Rail Truck Rail Truck Rail Truck Rail 

Occupational 

Maximum individual dose (rem) 27 1.8 52 3.4 81 1.3 160 6.5 

Collective dose (person-rem) 54 15 150 41 150 1 1  350 67 

Estimated latent cancer fatalities 0.022 0.0060 0.060 0.016 0.060 0.0044 0.14 0.027 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1.7 0.63 0.67 1.3 3.2 

Collective. dose (person-rem) 120 33 350 54 340 17 810 100 

Estimated latent cancer fatalities 0.060 0.017 0.18 0.027 0.17 0.0085 0.41 0.050 

Estimated non radiological fatalitiese 0.0051 0.014 0.012 0.037 0.0098 0.0081 0.027 0.059 

a. Mahe,", (1995a). 

b. M.hera, (1995b). 

c. M.hera, ( 1995c). 

d. DOE SNF includes special-case commercial, DOE research, other domestic research, graphite, N-Reactor, naval-type, and Savannah River production 
reactor SNF (,ee Tabl .. 1-2, [-3).  

e.  Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 
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Table 1-9. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for Regionalization 
by Geography at the Hanford Site and Savannab River Site (1995 to 2035). 

Spent nuclear fuel type 

Universi� Foreignb DOEc,' Total 

Truck Rail Truck Rail Truck Rail Truck 

Occupational 

Maximum individual dose (rem) 20 1.8 38 3,4 100 2.3 160 

Collective dose (person-rem) 60 17 99 31 ISO 13 310 

Estimated latent cancer fatalities 0.024 0.0068 0,040 0.012 0.060 0.OOS2 0.12 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1 . 7  1 . 1  1 . 1  1 . 7  

Collective dose (person-rem) 140 30 230 44 330 18 700 

Estimated latent cancer fatalities 0.070 oms 0.012 0.022 0.17 0.0090 0.3S 

Estimated nonradiological fatalitiesc O.OOSO 0.012 0.0076 0.031 0.010 0.0084 0.023 

a. Mahera. (I99Sa). 

b. Maheras (I99Sb). 

c. Maher.s (199Sc). 

Rail 

7.S 

61 

0.024 

3.7 

92 

0.046 

O.OSI 

d. DOE SNF includes special-case commercial, DOE research, other domestic research. graphite, N-ReaclOr, naval-type, and Savannah River production 
reactor SNP (see Tables 1-2, 1-3). 

e. Occupational incident-free nonradiological falalities are included with the general population incident-free nonradiological fatalities. 
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Table 1-10. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for Regionalization 
by Geography at the Idabo National Engineering Laboratory and Savannab River Site (1995 to 2035), 

Spent nuclear fuel type 

University· Foreignb DOE" d Total 

Truck Rail Truck Rail Truck Rail Truck 

Occupational 

Maximum individual dose (rem) 21 1 .8 40 3.4 99 3.2 160 

Collective dose (person-rem) 54 15 100 32 140 21 290 

Estimated latent cancer fatalities 0.022 0.0060 0.040 0.013 0.056 0.0084 0.12 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1 .7 1 .0 1 .6 1.6 

Collective dose (person-rem) 120 28 230 42 320 25 670 

Estimated latent cancer fatalities 0.060 0.014 0.12 0.021 0.16 0.013 0.34 

Estimated non radiological fatalitiesC 0.0046 0.0 1 1  0.0081 O.oz8 0.0083 0.0087 0.021 

a. Maheras (1995a). 

b. Maheras (1995b). 

c. Mahera, (1995c). 

Rail 

8.4 

68 

0.027 

4.2 

95 

0.048 

0.048 

d. DOE SNF includes special-case commercial, DOE research, other domestic research, graphite, N-Reactor. naval-type, and Savannah River production 
reactor SNF (see Tables 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 
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Table 1-11 .  Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for Regionalization 
by Geography at the Nevada Test Site and Savannah River Site (1995 to 2035). 

Occupational 

Maximum individual dose (rem) 

Collective dose (person-rem) 

Estimated latent cancer fatalities 

General population 

Maximum individual dose (rem) 

Collective dose (person-rem) 

Estimated latent cancer fatalities 

Estimated nonradiological fatalitiesc 

a. Maheras (1995a). 

b. Mahera. (1995b). 

c. Mahera. (1995c). 

UniversityA 

Truck Rail 

14 1.8 

56 17 

0.022 0.0068 

0.21 0.87 

130 29 

0.065 0.015 

0.0053 0.012 

Spent nuclear fuel type 

Foreignb 

Truck 

27 

110 

0.044 

0.41 

250 

0.13 

0.0076 

Rail 

3.4 

3 1  

0.012 

1.7 

45 

0.023 

0.031 

DOE" -

Truck Rail 

120 

330 

0.13 

1.8 

780 

0.39 

0.040 

4.5 

34 

0.014 

2.2 

37 

0.019 

0.012 

Total 

Truck Rail 

160 

500 

0.20 

2.4 

1200 

0.60 

0.053 

9.7 

82 

0.033 

4.8 

110 

0.055 

0.055 

d. DOE SNF includes special-case commercial, DOE research, other domestic research. graphite, N-Reactor. naval-type, and Savannah River production 
reactor SNF (see Tabl"" 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 
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Table 1-12. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for Regionalization 
by Geography at the Hanford Site and Oak Ridge Reservation (1995 to 2035). 

Spent nuclear fuel type 

U niversityA Foreignb DOE" - Total 

Truck Rail Truck Rail Truck Rail Truck 

Occupational 

Maximum individual dose (rem) 1 7  1 .8 32 3.4 1 I0 2.8 160 

Collective dose (person-rem) 56 16 94 29 170 1 7  320 

Estimated latent cancer fatalities 0.022 0.0064 0.038 0.012 0.068 0.0068 0.13 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1 .7 1 . 4  1 . 4  2.0 

Collective dose (person-rem) 130 26 220 33 390 22 740 

Estimated latent cancer fatalities 0.065 0.013 0.1 I 0.017 0.20 0.01 I 0.37 

Estimated nonradiological fatalitiesc 0.0049 0.0087 0.0066 0.020 0.012 0.0090 0.024 

a. Maheras (1995a). 

b. Maheras (1995b). 

c. Maheras (1995c). 

Rail 

8.0 

62 

0.025 

4.0 

81 

0.041 

0.038 

d. DOE SNF includes special-case commercial, DOE research, other domestic research, graphite, N-Reactor, naval-type, and Savannah River production 
reactor SNF (see Tables 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 
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Table 1-13. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for Regionalization 
by Geography at the Idaho National Engineering Laboratory and Oak Ridge Reservation ( 1995 to 2035). 

Occupational 

Maximum individual dose (rem) 

Collective dose (person-rem) 

Estimated latent cancer fatalities 

General population 

Maximum individual dose (rem) 

Collective dose (penon-rem) 

Estimated latent cancer fatalities 

Estimated nonradiological fatalitiesc 

a. Mahera, (1995a). 

b. Mahera, (l995b). 

c. Mahera, (1995c). 

U Diversity" 

Truck Rail 

17 \ . 8  

50 15 

0.020 0.0060 

0.21 0.87 

1 10 23 

0.055 0.012 

0.0046 0.0077 

Spent nuclear fuel type 

Foreignb DOEc•d Total 

Truck Rail Truck Rail Truck 

34 3.4 110 3.7 160 

95 29 170 24 320 

O.oJ8 0.012 0.068 0.0096 0.13 

0.41 \,7 \.3 \ . 8  \ .9 

220 30 380 30 710 

0 . 1 1  0.Q15 0.19 0.015 0.36 

0.0071 0.017 0.010 0.0094 0.022 

Rail 

8.9 

68 

0.027 

4.4 

83 

0.042 

0.034 

d. DOE SNF includes speciaJ-case commercial, DOE research, other domestic research, graphite, N-Reactor. naval-type, and Savannah River production 
reactor SNF (see Table. 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 
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Table 1-14. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for Regionalization 
by Geography at the Nevada Test Site and Oak Ridge Reservation (1995 to 2035). 

Spent nuclear fuel type 

U niversitr- Foreignb DOE" d Total 

Truck Rail Truck Rail Truck Rail Truck 

Occupational 

Maximum individual dose (rem) 1 2  1 . 8  24 3.4 120 5.0 160 

Collective dose (person-rem) 52 16 100 29 360 37 510 

Estimated latent cancer fatalities 0.021 0.0064 0.040 0.012 0.14 0.015 0.20 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1 . 7  2.1  2.5 2.7 

Collective dose (person-rem) 1 20 25 240 33 840 42 1200 

Estimated latent cancer fatalities 0.060 0.013 0.12 0.017 0.42 0.021 0.60 

Estimated nonradiological fatalitiesc 0.0052 0.0083 0.0066 0.021 0.042 0.013 0.054 

a. Maheras (1995a). 

b. M.heras (1995b). 

c. M.heras (1995c). 

Rail 

10 

82 

0.033 

5.1  

100 

0.050 

0.042 

d. DOE SNF includes special-case commercial, DOE research, other domestic research. graphite. N-Reactor, naval-type, and Savannah River production 
,,",ctor SNF (see Tables 1·2. 1·3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 



number of radiation-related latent cancer fatalities for the general population was 0.60. The estimated 

number of nonradiological fatalities from vehicular emissions was 0.054. 

1-4.2.5 Impacts from the Centralization Alternatives 

For the five Centralization alternatives, the incident-free transportation of spent nuclear fuel 

was estimated to result in total fatalities that ranged from 0.16 for centralization at the Oak Ridge 

Reservation to 1 .7 for centralization at the Savannah River Site (see Tables 1-15 through 1-19). These 

fatalities were over the 4O-year period 1995 through 2035 and were the sum of the estimated number 

of radiation-related latent cancer fatalities and the estimated number of nonradiological fatalities from 

vehicular emissions. 

The reason for a range of fatalities was because of two factors: (a) the option of using truck 

or rail transport for SNF shipment and (b) the five Centralization options. 

For centralization at the Oak Ridge Reservation, the estimated number of radiation-related 

latent cancer fatalities for transportation workers was 0.042. The estimated number of 

radiation-related latent cancer fatalities for the general population was 0.067. The estimated number 

of nonradiological fatalities from vehicular emissions was 0.055. 

For centralization at the Savannah River Site, the estimated number of radiation-related latent 

cancer fatalities for transportation workers was 0.42. The estimated number of radiation-related latent 

cancer fatalities for the general population was 1 .2.  The estimated number of nonradiological 

fatalities from vehicular emissions was 0.074. 

1-4.2.6 Impacts of Using Alternate Points of Entry for Foreign Research Reactor Spent 

Nuclear Fuel Shipments 

For incident-free transportation (radiological and vehicle-related), shipments from 

Jacksonville, Florida, and Wilmington. North Carolina, to the Hanford Site, Idaho National 

Engineering Laboratory, Savannah River Site, Oak Ridge Reservation, and Nevada Test Site would 

yield lower impacts than shipments from Charleston, South Carolina, Galveston, Texas, Hampton 

Roads, Virginia, Savannah, Georgia, and the Military Ocean Terminal, Sunny Point, North Carolina, 

to these same sites. 
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Table 1-15. Cumulative doses and healtb effects from incident-free transportation of spent nuclear fuel for tbe Centralization at 
tbe Hanford Site alternative (1995 to 2035). 

Spent nuclear fuel type 

UniversityA Foreignb DOE" - Total 

Truck Rail Truck Rail Truck Rail Truck Rail 

Occupational 

Maximum individual dose (rem) 16 1 .8 32 3.4 1 10 2.9 160 8.1 

Collective dose (person-rem) 100 26 220 56 430 32 750 1 10 

Estimated latent cancer fatalities 0.040 0.010 0.088 0.022 0.17 0.013 0.30 0.044 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1 .7 1 .5 1 .4 2.1 4.0 

Collective dose (person-rem) 250 38 560 56 990 45 1800 140 

Estimated latent cancer fatalities 0.13 0.019 0.28 0.028 0.50 0.023 0.90 0.070 

Estimated nonradiologieal latalitiesc 0.0057 0.014 0.016 0.035 0.026 0.024 0.048 0.073 

a. Mahera. (1995a). 

h. Mahera. (I99Sb). 

c. Maheras (1995c). 

d. DOE SNF includes specia.l-case commercial, DOE research, other domestic research, graphite, N-Reactor, naval-type, and Savannah River production 
reactor SNF (sec Tables 1-2, 1-3). 

c. Occupational incident-free nonradiological fatalities are included with the general population incident-free nOnradiological fatalities. 



� Table 1-16. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for the Centralization at 

� the Idaho National Engineering Laboratory alternative ( 1995 to 2035). 
'" 

I 

� 

Occupational 

Maximum individual dose (rem) 

Collective dose (person-rem) 

Estimated latent cancer fatalities 

General population 

Maximum individual dose (rem) 

Collective dose (person-rem) 

Estimated latent cancer fatalities 

Estimated nonradiological fatalitiesC 

a. Mohe",. (l995a). 

b. Mohe"" (1995b). 

c. Mahe",. (1995c). 

University" 

Truck Rail Truck 

17 1.8 33 

86 22 190 

0.034 0.0088 0.076 

0.21 0.87 0.41 

210 33 490 

0.11  0.017 0.25 

0.0049 0.012 0.015 

Spent nuclear fuel type 

Foreignb DOE" - Total 

Rail Truck Rail Truck Rail 

3.4 1 10 3.8 160 9.0 

49 380 36 660 110 

0.020 0.15 0.014 0.26 0.044 

1.7 1.4 1.9 2.0 4.5 

49 880 49 1600 130 

0.025 0.44 0.025 0.80 0.065 

0.031 0.022 0.023 0.042 0.066 

d. DOE SNF includes special--case commercial, DOE research, other domestic research, graphite, N-Reactor. naval-type, and Savannah River production 
reactor SNF (see Tablea 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 



� I  

(§ 
� 
:-

� 
S< 

Table 1-17. Cumulative doses and healtb effects from incident-free transportation of spent nuclear fuel for tbe Centralization 
at tbe Savannah River Site alternative (1995 to 2035). 

Spent nuclear fuel type 

UniversityA Foreignb DOE" d Total 

Truck Rail Truck Rail Truck Rail Truck Rail 

Occupational 

Maximum individual dose (rem) 14 \.8 27 3.4 120 4.5 160 9.7 

Collective dose (person-rem) 53 15 140 40 840 60 1 ()()() 120 

Estimated latent cancer fatalities 0.021 0.006 0.056 0.016 0.34 0.024 0.40 0.048 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1 .7 1 .8 2.2 2.4 4.8 

Collective dose (person-rem) 110 34 330 54 1900 85 2300 170 

Estimated iatent cancer fatalities 0.055 0.017 0.17 0.027 0.95 0.043 1.2 0.085 

Estimated nonradiological fatalitiesc 0.0050 0.014 0.012 0.037 0.057 0.032 0.074 0.083 

a. Mahoras (1995a). 

b. Mahora. (1995b). 

c. Mahora. (1995c). 

d. DOE SNF includes spocial-case commercial, DOE research, other domestic research, graphite, N-Reactor. naval-typc, and Savannah River production 
reactor SNF (see Tables 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 



<: 
i2 
� 
i � 

� I  

Table 1-18. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for the Centralization at 
the Oak Ridge Reservation alternative (1995 to 2035). 

Occupational 

Maximum individual dose (rem) 

Collective dose (person-rem) 

Estimated latent cancer fatalities 

General population 

Maximum individual dose (rem) 
Collective dose (person-rem) 

Estimated latent cancer fatalities 

Estimated nonradiological fatalitiesc 

•. Maheraa (1995a). 

b. Mahe"", (199Sb). 

c. Mahe"", (1995c). 

University" 

Truck Rail 

12 1.8 

42 13 

0.017 0.0052 

0.21 0.87 

91 2S 

0.046 0.013 

0.0042 0.0091 

Spent nuclear fuel type 

Foreignb 

Truck Rail 

24 3.4 

130 36 

0.052 0.014 

0.41 1.7 

310 39 

0.16 0.02 

0.0097 0.023 

DOE··d 

Truck Rail 

120 

750 

0.30 

2.1 

1800 

0.90 

0.043 

5.0 

58 

0.023 

2.5 

68 

0.034 

0.023 

Total 

Truck Rail 

160 

920 

0.37 

2.7 

2200 

1 . 1  

0.057 

10 

110 

0.044 

5.1 

130 

0.065 

0.055 

d. DOE SNF includes special-case commercial, DOE research, other domestic research, graphite, N-Reactor, naval-type, and Savannah River production 
reactor SNF (see Tablea 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 



� I  

< a 

� 
:-i � 

Table 1-19, Cumulative doses and health effects from incident-free transportation of spent nuclear fuel for the Centralization at the 
Nevada Test Site alternative (1995 to 2035). 

Spent nuclear fuel type 

U niversityl Foreignb DOEc,d Total 

Truck Rail Truck Rail Truck Rail Truck Rail 

Occupational 

Maximum individual dose (rem) 1 2  1.8 24 3.4 120 5.0 160 10 

Collective dose (person-rem) 94 25 230 54 590 52 910 130 

Estimated latent cancer fatalities 0.038 0.010 0.092 0.022 0.24 0.021 0.36 0.052 

General population 

Maximum individual dose (rem) 0.21 0.87 0.41 1 .7 2.2 2.5 2.8 5.1  

CoUective dose (person-rem) 230 37 540 56 1400 64 2200 160 

Estimated laient cancer fatalities 0. 12 0.019 0.27 0.028 0.70 0.032 1 . 1  0.080 

Estimated nonradiological fatalities!:: 0.0066 0.013 0.016 0.037 0.059 0.028 0.082 0.078 

a. Maheras (19950). 

b. Mahera. (1995b). 

c. Mahera. (1995c). 

d. DOE SNF includes special-case commercial, DOE research, other domestic research. graphite, N-Reactor, naval-type, and Savannah River production 
reactor SNF (see Tables 1-2, 1-3). 

e. Occupational incident-free nonradiological fatalities are included with the general population incident-free nonradiological fatalities. 



1-5 SPENT NUCLEAR FUEL TRANSPORTATION ACCIDENT RISKS 

AND MAXIMUM REASONABLY FORESEEABLE CONSEQUENCES 

1-5.1 Methodology 

The offsite SNF transportation accident analysis considers the impacts of accidents during the 

transportation of SNF by truck or rail . SNF is transported in specially designed casks that meet U.S.  

Department of Transportation and U.S.  Nuclear Regulatory Commission Type B packaging 

specifications in 10 CFR Part 7 1  (CFR 1994b). 

Under accident conditions, impacts to human health and the environment may result from the 

release and dispersal of radioactive material . Because of the rigorous design specifications for SNF 

shipping casks, the U.S.  Nuclear Regulatory Commission has estimated that casks will withstand 

99.4 percent of truck or rail accidents without sustaining damage sufficient to breach the cask 

(Fischer et al. 1987). The 0.6 percent of accidents that could potentially breach the cask are 

represented by a spectrum of accident severities and radioactive release conditions. Accident analysis 

methodology has been developed by the U.S.  Nuclear Regulatory Commission for calculating the 

probabilities and consequences from this spectrum of unlikely accidents, but it is not possible to 

predict where along the shipping route such accidents might occur. 

To provide DOE and the public a reasonable assessment of SNF transportation accident 

impacts, two types of analyses were performed. First, an accident risk assessment was performed 

that takes into account the probabilities and consequences of a spectrum of accident severities using 

methodology developed by the U.S.  Nuclear Regulatory Commission (Fischer et al. 1987). The 

accident risk assessment used route-specific information for accident rates and population densities. 

For the spectrum of accidents considered in the analysis, accident consequences in terms of collective 

dose to the population within 80 kilometers (50 miles) were multiplied by the accident probabilities to 

yield dose risk using the RADTRAN 4 computer code. Second, to represent the maximum 

reasonably foreseeable impacts to individuals and populations should an accident occur, radiological 

consequences were calculated for an accident of maximum reasonably foreseeable severity in each 

population zone. An accident is considered reasonably foreseeable if its probability of occurrence is 

greater than 1 X 10-
7 per year. The accident consequence assessment for maximally exposed 

individuals and population groups was performed using the RISKIND computer code. 

An important variable in the assessment of impacts from SNF transportation accidents is the 

type of SNF. A wide range of SNF types exists within the DOE complex with significant differences 

in radioactive material content, fuel material design, cladding design, reactor operating history, and 

storage (cooling time) history. These differences among SNF types translate into different radioactive 

material release characteristics under accident conditions. To account for the variation in SNF types, 

analyses were performed for the following representative SNF types: (a) naval reactor fuels, 

(b) Savannah River Production Reactor fuels, (c) Hanford N-Reactor fuels, (d) graphite fuels, 
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(e) special-case commercial reactor fuels, (f) university research/test reactor fuels, (g) DOE 

research/test reactor fuels, (h) foreign research reactor fuels, and (i) non-DOE research reactor fuels.  

The impacts for specific alternatives were calculated in units of dose (person-rem) for each 

origin and destination pair associated with each representative SNF type. The impacts are further 

expressed as health risks in terms of latent cancer fatalities in exposed populations . The health risk 

conversion factors used were derived from International Commission on Radiological Protection 

Publication 60 (ICRP 1991). 

1-5.1.1 Accident Rates 

For calculating accident shipment-risk factors, state-level accident rates were taken from data 

provided in Saricks and Kvitek (1994) for rail and heavy combination trucks. For truck 

transportation, separate accident rates were used for rural, suburban, and urban population density 

zones in each state. One average accident rate was used for each state for rail transportation. For 

truck transport, accident fatality risks were based on state-level rates for interstate highways in urban 

and rural areas (Saricks and Kvitek 1994) . Accident fatality risks for rail transportation were 

calculated using a nationwide average rate of 2.64 x 10.8 fatalities per rail-kilometer (Cashwell et al. 

1986). 

1-5.1 .2 Accident Severity Categories and Conditional Probabilities 

Accident severity categories for potential SNF transportation accidents are described in a U.S.  

Nuclear Regulatory Commission report commonly referred to as the Modal Study (Fischer et 

al. 1987). The Modal Study classification scheme for both truck and rail transportation is shown in 

Figure I-\ .  Severity is described as a function of the magnitudes 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 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 category associated with that range. The 

accident severity scheme is designed to take into account all reasonably foreseeable transportation 

accidents, including accidents with low probability but high consequences and those with high 

probability but low consequences . 

The severity category matrix represents a set of scenarios defined by a combination of 

mechanical and thermal forces. A conditional probability is assigned in each category as shown in 

Figure 1-2. For example, Category R(I , 1 )  accidents are the least severe but most frequent, whereas 

Category R(4,5) accidents are very severe but very infrequent. To determine the expected frequency 

of each severity category, the conditional probability in each category was multiplied by the baseline 

accident rate. Each population density zone has a distinct baseline accident rate and distribution 
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Figure 1-1. Matrix of cask response regions for combined mechanical and thennal loads. 
(Source: Fischer et aI. 1987) 
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Figure 1-2. Fraction of truck and rail accidents expected within each severity category, assuming an 
accident occurs. (Source: Fischer et aI. 1987). 
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of accident severities related to differences in average vehicle velocity, traffic density, and other 

factors, including rural, suburban, or urban location. 

For the accident risk assessment, accident risk was generically defined as the consequences of 

an accident multiplied by the probability of the occurrence of that accident, an approach consistent 

with the methodology suggested by the existing RADTRAN computer code. Accident unit-risk 

factors were calculated using the RADTRAN 4 computer code, then summed over the accident 

conditional probabilities and route characteristics for the origin and destination pairs to yield risk per 

shipment estimates. These accident risk factors take into account the entire spectrum of reasonably 

foreseeable transportation accidents, including low probability accidents that have high consequences 

and high probability accidents that have low consequences. 

For the maximum reasonably foreseeable accident consequence assessment, the doses were 

assessed for populations and individuals assuming the most severe accident scenario with a probability 

greater than 1 x 10.7 per year. In terms of the radioactivity released to the environment, the most 

severe reasonably foreseeable accident is represented by eight accident severity categories [R(4, I )  

through R(4,5) and R(I ,5) through R(3,5)]. Each of the eight most severe accident categories result 

in the same total release of radioactive material, but the conditional probabilities of occurrence vary. 

Therefore, the accident consequence assessment is based on a maximum reasonably foreseeable 

release of radioactivity with a conditional probability that is the sum of the conditional probabilities of 

the eight most severe accident categories. Accidents of this severity are extremely rare, occurring 

approximately once per 100,000 truck or 10,000 rail accidents involving a SNF shipment. 

1-5.1 .3 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. For accident 

risk assessment, neutral weather conditions (pasquill Stability Class D) were assumed. Neutral 

weather conditions are typified by moderate windspeeds, vertical mixing within the atmosphere, and 

good dispersion of atmospheric contaminants. Because neutral meteorological conditions compose the 

most frequently occurring atmospheric stability condition in the United States, these conditions are 

most likely to be present in the event of an accident involving a SNF shipment. On the basis of 

observations from National Weather Service surface meteorological stations at over 300 locations in 

the United States, on an annual average, neutral conditions (Pasquill Class C and D) occur 50 percent 

of the time, while stable (pasquill Class E and F) and unstable (Pasquill Class A and B) conditions 

occur 33 percent and 17 percent of the time, respectively (Doty et al. 1976). The neutral category 

predominates in all seasons, but most frequently in the winter (nearly 60 percent of the observations). 

For the accident consequence assessment, doses were assessed under both neutral (Class D with 4 

meters per second windspeed) and stable (Class F with 1 meter per second windspeed) atmospheric 

conditions. Stable weather conditions are typified by low windspeeds, very little vertical mixing 

within the atmosphere, and poor dispersion of atmospheric contaminants. Class F meteorology in 
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combination with windspeeds of I meter per second generally occur no more than 5 percent of the 

time. Results calculated for neutral conditions represent the most likely consequences, and the results 

for stable conditions represent a worst-case weather situation. 

1-5.1.4 Population Density Zones 

Three population density zones (rural, suburban, and urban) were used for the offsite 

population risk assessment. These zones respectively correspond to mean population densities of 6, 

7 19, and 3,861 persons per square kilometer. The three population density zones are based on an 

aggregation of the 12 population density zones provided in the HIGHWAY and INTERLINE output. 

For calculating, population density information was generated at the state level and used as 

RADTRAN input for the origin and destination pairs. 

1-5.1 .5 Exposure Pathways 

Radiological doses were calculated for an individual located near the scene of the accident and 

for populations within 50 miles (80 kilometers) of the accident. Rural, suburban, and urban 

population densities were assessed . Dose calculations considered a variety of exposure pathways, 

including inhalation and direct exposure (cloudshine) from the passing cloud, ingestion from 

contaminated crops, direct exposure (groundshine) from radioactivity deposited on the ground, and 

inhalation of resuspended radioactive particles from the ground. 

1-5 . 1 .6 Health Risk Conversion Factors 

The health risk conversion factors used to estimate expected latent cancer fatalities from 

radiological exposures were derived from International Commission on Radiological Protection 

Publication 60 (ICRP 1991): 5.0 x 104 and 4.0 X 104 latent fatal cancer cases per person-rem for 

members of the public and workers, respectively.  

1-5.2 Spent Nuclear Fuel Characterization and 

Radioactive Release Characteristics 

1-5.2.1 Characterization of Representative Spent Nuclear Fuel Types 

Shipments of naval reactor SNF are addressed in Appendix D of Volume I of this EIS, with 

the exception of naval-type SNF that has been transferred from the U.S.  Navy to the DOE and is 

currently in storage at the Idaho National Engineering Laboratory Idaho Chemical Processing Plant. 

Characterization data for naval-type SNF were derived from Appendix D of Volume I of this EIS. 

Savannah River Site production reactor SNF was assumed to include both the spent driver fuel 

used to power the production reactors, as well as the quantities of irradiated plutonium target material 
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currently in storage at the Savannah River Site. Spent driver fuel stored at the Savannah River Site 

includes fuel used in tritium and plutonium production. Analysis of these two fuel types showed that 

typical tritium production SNF contains a higher fission product and transuranic inventory than 

plutonium production SNF. Analysis of the characteristics of typical irradiated plutonium target 

material also showed that the radionuclide inventory would be bounded by the inventory in spent 

tritium production driver fuel. Therefore, for analysis purposes, both spent driver fuel and irradiated 

plutonium target material at the Savannah River Site was assumed to have the characteristics of spent 

tritium production driver fuel. Table 1-20 shows the radionuclide inventory developed to represent 

Savannah River Site production reactor SNF based on published reports (WSRC 1991;  WSRC 1990). 

Characterization data for Hanford N-Reactor SNF were based on Mark IA fuel irradiated to 

an average burnup of 3,000 megawatt-days per metric ton uranium and assuming a IO-year cooling 

time since removal from the reactor. The IO-year cooling time is conservative because the Hanford 

N Reactor was last operated in 1987 and SNF of this type is expected to be at least 10 years old by 

the time shipments would begin. Table 1-21 shows the radionuclide inventory used to represent 

Hanford N-Reactor SNF. 

Most of the graphite SNF under the responsibility of the DOE is from the Fort SI. Vrain 

reactor owned by Public Service of Colorado. Some Fort SI. Vrain SNF is already in storage at the 

Idaho National Engineering Laboratory, but most SNF is still in storage at the Fort SI. V rain site 

awaiting transport to a DOE facility. In addition to the Fort SI. Vrain SNF, smaller amounts of other 

graphite SNF are currently in storage at the Idaho National Engineering Laboratory. Characteristics 

for graphite SNF are, therefore, based on Fort SI. Vrain SNF. Table 1-22 shows the radionuclide 

inventory used to represent graphite reactor SNF based on six Fort SI. Vrain fuel blocks irradiated to 

an average burnup of 70,000 megawatt-days per metric ton uranium and assuming a cooling time of 

1 ,600 days (Block 1993). The 1 ,600-day (about 4.3 years) cooling time is conservative because the 

Fort SI. Vrain reactor was shut down in August 1989, and shipments will not be made before June 

1995. 

SNF from various commercial reactors is currently in storage at various DOE sites, mostly at 

the Idaho National Engineering Laboratory. Special-case commercial SNF currently in storage at the 

Idaho National Engineering Laboratory includes core debris from the damaged Three Mile Island 

Unit 2 reactor. Commercial SNF includes both boiling water reactor and pressurized water reactor 

SNF. Pressurized water reactor SNF was chosen as most representative because it is most prevalent 

and typically contains the highest levels of radioactivity (Fischer et al. 1987). Table 1-23 shows the 

radionuclide inventory used to represent commercial SNF based on one pressurized water reactor fuel 

assembly irradiated to an average burnup of 33,000 megawatt-days per metric ton uranium and 

assuming a cooling time of 1 0  years (Fischer et aI .  1987). The 1 0-year cooling time is conservative 

because the majority of special-case commercial SNF currently in storage at DOE sites will be at least 

1 0  years old by June 1995. 
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Table 1-20. Radionuclide inventory for representative Savannah River Site production reactor spent 
nuclear fuel." 

Inventory 
Isotope (curie) 

H-3 1 .21 x 101 

Kr-85 2.62 x 102 

Sr-90 3.21 x 103 

Y-90 3.21 x 103 

Ru-I06 7.64 x 1 00 

Rh-I06 7.64 x 10° 

Cs-134 1 .48 x 102 

Cs-137 3 . 1 8  x 103 

Ba-137m 3.01 x 1 03 

Ce-l44 1 .5 1  x 1 01 

Pr-l44 1 .5 1  x 1 01 

Pm-147 1 .07 x 1 02 

Pu-238 6.84 x 101 

Pu-239 7.69 x 10. 1 

Pu-240 5.23 x 10.1 

Pu-24 I 9.52 x 101 

Am-24 I 1 .97 x 1 0° 

a. Inventory based on one fuel assembly from a tritium producing charge, 1 0  years cooling out of 
reactor. 

1-77 VOLUME I ,  APPENDIX I 



Table 1-21. Radionuclide inventory for representative Hanford N-Reactor spent nuclear fuel.' 

Inventory 
Isotope (curie per metric ton uranium) 

H-3 3.09 x 101 

Kr-85 5.89 x 102 

Sr-90 6.80 x 103 

Y-90 6.80 x 103 

Ru-I06 5.56 x 1 01 

Sb-125 1 .26 x 102 

Cs-I34 1 .49 x 102 

Cs-I37 8 .39 x 103 

Ba-137m 7.94 x 103 

Ce-l44 3.24 x 101 

Pm-147 2.24 x 103 

Pu-238 5.06 x 101 

Pu-239 1 . 10 x 1 02 

Pu-240 5.97 x 101 

Pu-24 I 4.47 x 103 

Am-241 9.33 x 101 

a. Inventory based on Mark IA N-Reactor fuel, 10 years cooling out of reactor, average burnup 
3 ,000 megawatt-days per metric ton uranium. 
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Table 1-22. Radionuclide inventory for representative graphite reactor spent nuclear fuel.· 

Inventory 
Isotope (curie) 

Kr-85 2.35 x 103 

Sr-90 1 .57 x 10" 
Rh-l06 5.94 x 1 02 

Ru-l06 5.94 x 102 

Sb-125 3.36 x 102 

Cs-134 7.45 x 103 

Cs-137 1 .65 x 10" 

Ce- l44 3.77 x 103 

Pr-l44 3 .77 x 103 

Pm-147 6.32 x 103 

Sm-151 5.4 x 101 

Eu-154 9.48 x 102 

Eu-155 1 .38 x 102 

U-232 1 . 8  x 101 

U-233 2.4 x 101 

Pu-238 4.20 x 102 

Pu-241 3.06 x 102 

a. Inventory based on six Fort SI. Vrain fuel blocks, 1600 days cooling out of reactor, average 
burnup of 70,000 megawatt-days per metric ton uranium. 
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Table 1-23. Radionuclide inventory for representative special-case commercial spent nuclear fuel.· 

Isotope Inventory 
(curie) 

Co-{j() 6.28 x 102 

Kr-85 2.23 x 103 

Sr-90 2.75 x 104 

Y-90 2.73 x 104 

Ru-I06 2.52 x 102 

1-129 1 .48 x 10-2 

Cs-134 4.85 x 103 

Cs-137 3.85 x 104 

Ba-137m 3.62 x 104 

Ce-144 9.01 x 101 

Pu-238 1 .36 x 103 

Pu-239 1 .67 x 102 

Pu-240 2.06 x 102 

Pu-24 I 4.32 x 104 

Am-24 I 9.66 x 102 

Cm-244 6.90 x 102 

a. Inventory based on one pressurized water reactor fuel assembly, 10 years cooling out of 
reactor, average burnup 33,000 megawatt-days per metric ton uranium. 
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Domestic university research and test reactors represent a variety of reactor types and fuel 

designs. High-enriched training, research, and isotope reactor (fRIGA) SNF was chosen as 

representative of university reactor SNF because it is one of the largest groups of university SNF to 

be transported and because it is a rod-type fuel that would be expected to have the highest release of 

fission products under severe accident conditions. The radionuclide inventory of high-enriched 

TRIGA fuel was calculated using the ORIGEN2 computer code (Croff (980) assuming a 17-year 
reactor operating cycle based on operation of the Texas A&M University TRIGA reactor. To 

facilitate the modeling of accident consequences, the radionuclide inventory generated by the 

ORIGEN2 program was truncated to eliminate minor contributors to dose. The radionuclides 

eliminated accounted for less than I percent of the total dose. Additional details are available in 
Enyeart (1995). Table 1-24 shows the radionuclide inventory representative of university research and 

test reactor SNF based on 19 TRIGA fuel rods irradiated to an average burnup of 20.2 percent and 

assuming a cooling time of I year. 

DOE research and test reactors are also represented by a variety of reactor types and fuel 

designs. Experimental Breeder Reactor-II Mark-V SNF was chosen as representative of DOE 

research and test reactors because the reactor at the Idaho National Engineering Laboratory is one of 

the few DOE research and test reactors still operating. Mark-V fuel is the current generation of 

Experimental Breeder Reactor-II fuel types. The high plutonium content of Mark-V fuel increases the 

relative hazard of the radionuclide inventory compared to other DOE SNF types. The radionuclide 

inventory of the Mark-V fuel was calculated using the ORIGEN2 computer code assuming a typical 

Experimental Breeder Reactor-II operating cycle. To facilitate the modeling of accident 

consequences, the radio nuclide inventory generated by the ORIGEN2 program was truncated to 

eliminate minor contributors to dose. The radio nuclides eliminated accounted for less than I percent 

of the total dose. Additional details are available in Enyeart (1995). Table 1-25 shows the 

radionuclide inventory representative of DOE research and test reactor SNF based on one Mark-V 

fuel assembly irradiated to a burnup of 7.88 percent and assuming a cooling time of I year. 

Foreign research and test reactors use a number of different fuel designs. DOE has evaluated 

the characteristics of foreign research reactor SNF types in a separate EIS on a Proposed Nuclear 

Weapons Nonproliferation Policy Concerning Foreign Research Reactor Spent Nuclear Fuel. Based 

on this evaluation, a shipment of 40 TRIGA-type SNF elements was determined to result in the 

highest potential release of radioactivity in the event of an accident. To provide a bounding analysis 

for this EIS, foreign TRIG A-type SNF was selected as representative of all foreign research reactor 

SNF. To facilitate the modeling of accident consequences, the radionuclide inventory generated by 

the ORIGEN2 program was truncated to eliminate minor contributors to dose. The radio nuclides 

eliminated accounted for less than I percent of the total dose. The radionuclide inventory of a single 

shipping cask, shown in Table 1-26, is based on a reactor operating period of 3 years, with a burnup 

of 3 1  grams of uranium-235 per fuel element, followed by a cooling period of 1 year. 
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Table 1-24. Radionuclide inventory for representative university research/test reactor spent nuclear 
fueL" 

Isotope Inventory Isotope Inventory 

(curie) (curie) 

H-3 3.25 x 10° Cs-137 9.72 x 102 

Kr-85 8.60 x 101 Ba-137M 9.20 x 102 

Sr-89 4.28 x 101 Ce-141 3 .86 x 10° 

Sr-90 9.30 x 102 Ce-l44 1 .47 x 103 

Y-90 9.30 x 102 Pr-l44 1 .47 x 103 

Y-91 9.77 x 101 Pm-I 47 8 .81  x 102 

Zr-95 1 .48 x 102 U-235 4.00 x 10.3 

Nb-95 3.20 x 102 U-236 5.50 x 10.3 

Ru-I03 7.47 x 10° Pu-238 1 .00 x 10° 

Rh-103m 6.74 x 10° Pu-239 1 .57 x 10.1 

Ru-I06 1 .36 x 102 Pu-240 6.70 x 10.2 

Te-125m 4. 1 1  x 10° Pu-24 I 5.88 x 10° 

Te-127 2.08 x 10° Am-24 I 4.57 X 10-2 

Te-127m 2.12 x 10° Cm-242 1 .8 1  X 10.1 

Cs-134 1 . 10 x 102 

a. Inventory based on 19 TRIGA fuel rods (70 percent enrichment; 122 g/rod uranium-235 

beginning-{)f-life), I year cooling out of reactor, 20.2 percent average burnup. 
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Table 1-25. Radionuclide inventory for representative DOE research/test reactor spent nuclear fuel.' 

Inventory Inventory 

Isotope (curie per assembly) Isotope (curie per assembly) 

H-3 7.98 x 100 Te-127 3.32 X 101 

Mn-54 7.48 x 102 Te-129m 1 . 14 x 10° 

Fe-55 6.12 x 102 Cs-I34 9.15 x 101 

Co-58 1 .25 x 102 Cs-I37 1 .04 x UP 
Co-60 3.55 x 10° Ba-I37m 9.80 x 102 

Kr-85 9.75 x 101 Ce-141 1 .49 x 101 

Sr-89 1 .45 x 102 Ce-l44 7.76 X 103 

Sr-90 7.23 x 102 Pr-l44m 1 . 1 1  x 102 

Y-90 7.23 x 102 Pr-l44 7.76 X 103 

Y-91 3.67 x 102 Pm-147 2.65 x 103 

Zr-95 7.00 x 102 Sm-151 2.91 x 101 

Nb-95 1 .52 x 103 Eu-155 1 .00 x 102 

Ru-103 4.88 x 101 U-235 2.90 x 10-3 

Rb-103m 4.40 x 101 U-236 3.34 x 10-3 

Ru-I06 3.65 x 103 Pu-238 1 .48 x 10° 

Rb-I06 3.65 x 103 Pu-239 4.05 x 101 

Sn-123 2.48 x 101 Pu-24O 3.61 x 101 

Sb-125 1 .2 1  x 102 Pu-24 I 1 .39 x 103 

Te-125m 2.96 X 101 Am-24 I 4.74 x 10° 

Te-127m 3.37 x 101 

a. Inventory based on EBR-II Mark-V fuel, I year cooling out of reactor, total bumup of 

317 megawatt-days. 
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Table 1-26. Radionuclide inventory for representative foreign research/test reactor spent nuclear 

fuel." 

Isotope 

H-3 

Kr-85 

Sr-89 

Sr-90 

Y-90 

Y-91 

Zr-95 

Nb-95 

Ru-I03 

Rh-103m 

Ru-I 06  

Rh-I06m 

Sn-123 

Sb-125 

Te-125m 

Te-127m 

Te-129m 

Cs-134 

Cs-137 

Inventory 

(curie) 

1 .31  X 101 

3.63 x 102 

2.75 x 103 

3 . 16  X 103 

3 . 16 X 103 

4.56 X 103 

6.48 X 103 

1 .28 x 104 

8.44 x 102 

8.44 x 102 

2.54 x 103 

2.54 X 103 

2.71 X 101 

1 . 19 x 102 

2.87 x 101 

5.57 X 101 

2 .31  X 101 

1 . 16 X 103 

3.19 X 103 

Isotope 

Ce-141 

Ce-l44 

Pr-l44 

Pm-147 

Pm-148m 

Eu-154 

Eu-155 

U-234 

U-235 

U-238 

Pu-238 

Pu-239 

Pu-24{) 

Pu-24 I 

Am-241 

Am-242m 

Am-243 

Cm-244 

Cm-242 

Inventory 

(curie) 

6.97 x 102 

2.55 x 104 

2.55 x 104 

7.02 x 103 

4.68 X 101 

4. 1 8  X 101 

2.27 X 1 01 

1 . 8 1  X 104 

7.91 X 10-3 

6.51 X 10-3 

3 .03 x 10° 

5.50 X 10-1 

2.09 x 10° 

2 . 1 3  x 1 02 

4.07 x 10-1 

9.00 X 10.3 

4.38 X 104 

7 . 14 X 10-3 

5.25 x 10° 

a. Inventory based on 4{) foreign TRIGA fuel elements, I year cooling out of reactor, average 

bumup of 3 1  grams uranium-235 per fuel element. 
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Non-DOE research reactor types are generally similar to domestic university research and test 

reactors. Therefore, TRIGA reactor SNF was also chosen as representative of non-DOE research 

reactor SNF. 

1-5.2.2 Radioactive Release Characteristics 

Radiological consequences were calculated by assigning cask release fractions to each accident 

severity category for each chemically and physically distinct radioisotope. The release fraction is 

defined as the fraction of the radioactivity in the cask that could be released from the cask in a given 

severity of accident. Release fractions vary according to SNF type and the physical/chemical 

properties of the radioisotopes. Most solid radionuclides in SNF are nonvolatile and are, therefore, 

relatively nondispersible. Gaseous radionuclides, such as krypton-85, are relatively easy to release if 

the fuel cladding and cask are compromised. 

Representative cask release fractions were developed for each of the representative SNF types. 

The U.S.  Nuclear Regulatory Commission Modal Study developed release fractions for commercial 

pressurized water reactor SNF. The Modal Study release fractions, shown in Table 1-27, are based 

on best engineering judgment and are conservative for most SNF types. For this analysis, the release 

fractions recommended in the Modal Study were applied only to commercial pressurized-water reactor 

SNF and TRIGA SNF, both of which are rod-type fuels. Because of the significant differences in 

fuel designs and the availability of more appropriate fuel-specific release characterization data, less 

conservative release fractions were applied to the other representative SNF types. 

Release fractions for aluminum fuels (aluminum alloy fuel, aluminum cladding) were based on 

laboratory measurements of release fractions from aluminum fuels at high temperatures (Shibata et al. 

1984) and the U.S.  Nuclear Regulatory Commission Modal Study (Fischer et al. 1987). Because of 

the lower melting point of aluminum compared to metals used in other metallic fuels, the aluminum 

fuel release fractions are considered bounding for metallic fuels (that is, Savannah River Production 

Reactor, Hanford N-Reactor, and EBR-II Mark V SNF). Release fractions for the aluminum and 

other metallic fuel types are listed in Table 1-28. 

Release fractions for graphite fuels, specifically Fort St. Vrain SNF, were based on 

engineering analyses. Fort SI. Vrain fuel is in the form of carbide particles, encased within a highly 

retentive four-layer ceramic coating. Stress analysis tests have shown that the fuel particles can 

withstand stresses well in excess of those that might be encountered in severe accidents. Thermal 

diffusion across the ceramic barrier under extreme temperature conditions is the only significant 

mechanism for release of fission products from intact Fort St. Vrain fuel. Fuel particles that have 

failed during reactor operation (less than I percent of the inventory) are vulnerable to vaporization 

and impact-induced releases of particulates, but volatile fission products would have been released 

within the extreme thermal environment of the operating reactor. Table 1-29 summarizes the release 

fractions applied to Fort St. Vrain SNF, assuming I percent fuel failure during reactor operations. 
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I 
Table 1-27. Release fractions for transportation accidents involving special-case commercial, university, foreign, and non-DOE research reactor 
spent nuclear fuel types for the U.S. Nuclear Regulatory Commission Modal Study cask response regions. 

::- Release fraction" 

Cask response region Inert gas Iodine Cesium 

R(I , I ) 0.0 0.0 0.0 I 
-

R(I ,2),R(1 ,3) 9.9 x 10.3 7.5 x 10.5 6.0 X 10-6 

R(2,1),R(2,2),R(2,3) 3.3 x 10.2 2.5 X 104 2.0 x 10.5 

R(I,4 ),R(2,4),R(3,4) 3.9 x 10.1 4.3 X 10.3 2.0 X 104 

R(3,1) ,R(3,2),R(3,3) 3 .3  x 10.1 2 .5 X 10.3 2 .0 X 104 

R(l ,5),R(2,5),R(3,5), 
R( 4,5),R( 4,1 ),R( 4,2), 6.3 x 10.1 4.3 X 10.2 2.0 X 10.3 

R(4,3),R(4,4) 

... 
� I  a. U.S. Nuclear Regulatory Commission Modal Study (Fischer et a1. 1987). 

Ruthenium Particulates 

0.0 0.0 

8 . 1  X 10.7 6.0 X 10.8 

2.7 X 10-6 2.0 X 10.7 

4.8 x 10.5 2.0 X 10-6 

2 .7 x 10.5 2 .0 X 10-6 

4.8 X 104 2.0 x 10.5 



Table 1-28. Release fractions for transportation accidents involving aluminum and metallic spent nuclear fuel types" 
for the U.S. Nuclear Regulatory Commission Modal Study cask response regions. 

Release fractionb 

Cask response region Inert gas Iodine Cesium Ruthenium 

R(I , I )  0.0 0.0 0.0 0.0 

R(I,2),R(I,3) 9.9 x 10-3 1 . 1  X 10-7 3.0 x IO� 4 . 1  X 10-9 

R(2, 1),R(2,2),R(2,3) 3.3 x 10-2 3.5 X 10-7 1 .0 X 10-7 1 .4 X 10-8 

R(I ,4),R(2,4),R(3,4) 3 .9 x 10-1 6.0 x IO� 1 .0 x IO� 2.4 X 10-7 

R(3, 1),R(3,2),R(3,3) 3 .3  x 10-1 3.5 x IO� 1 .0 x IO� 1 .4 X 10-7 

R(I,5),R(2,5),R(3,5), 6.3 x 10-1 6.0 X 10-5 1 .0 X 10-5 2.4 x IO� 
R(4,5),R(4, 1 ),R(4,2), 
R(4,3),R(4,4) 

� I a. These release fractions are applicable to the following SNF types: 
I .  N Reactor 
2. Savannah River Site production reactor 
3 .  DOE research/test reactor 

b. Derived from Shibata et a1. (1984) and U.S.  Nuclear Regulatory Commission Modal Study (Fischer et a1 .  1987). 

I 
:-� � 

Particulates 

0.0 

3.0 X 10-10 

1 .0 X 10-9 

1 .0 x IO� 

1 .0  X 10-8 

1 .0  X 10-7 



" 

; 
I 
-

-

Table 1-29. Release fractions for transportation accidents involving graphite spent nuclear fuel for the U.S. Nuclear Regulatory 
Commission Modal Study cask response regions. 

Cask response region 

R(1 , I) 

R(1 ,2),R(I,3),R(1 ,4), 
R(2,1),R(2,2),R(2,3), 
R(2,4),R(3 , 1),R(3,2), 
R(3,3),R(3,4),R(4, I), 
R( 4,2) ,R( 4,3), R( 4,4) 

R(1,S),R(2,S),R(3,S), 
R(4,S) 

Inert gas" 

0.0 

S.3 X 10-3 

1 .2 X 10-2 

Strontium, 
ceriumb 

0.0 

3.7 X 10-7 

S.o X 10-6 

Release fraction 

Antimonyc Cesiumb 

0.0 0.0 

1 .0 X 10-6 2.4 X 10-7 

1 .0 x IO-fi 9 . 1  x IO-fi 

Ruthenium, 
rhodiumc 

0.0 

7.3 X 10-8 

7.3 X 10-8 

Particulatesd 

0.0 

1 .0 X 10-9 

1 .0 X 10-9 

gg I a. Thermally induced, from NUREG/CR-{)722, Table 40, all fuel (Lorenz et al. 1980). 

b. Empirical data from the Fort St. Vrain Final Safety Analysis Report, Rev. 8, Table A.3-1 (pSC no date). 

c. Thermally induced semivolatiles from incore failed fuel; 1 percent fuel failure, 100 percent respirable; release fraction from Lorenz et 
al. (1980). 

d. Impact induced nonvolatiles, 1 percent incore failed fuel, S percent respirable, release fraction of 2 x 10-6 from Wilmot (1981). 



1·5.3 Results of Calculations 

1-5.3.1 Impacts from the No Action Alternative 

There are no offsite shipments of DOE, university, foreign, or non-DOE research reactor 
SNF under this alternative. Consequently, there are no transportation accident impacts. The l imited 
number of naval fuel shipments made under the No Action alternative are covered in Appendix 0 of 
Volume I of this EIS. 

1-5.3.2 Impacts from the Decentralization Alternative 

The SNF shipments included under this alternative are those of domestic university, foreign, 
and non·DOE research reactor SNF to the Idaho National Engineering Laboratory and Savannah 
River Site. Naval fuel shipments made under different options of the Decentralization alternative are 
covered in Appendix 0 of Volume I of this EIS. Shipments are expected to be made by truck, but 
the impact analysis also assessed transportation by rail. The same shipping cask was assumed to be 
used for both truck and rail shipments, and a single shipping cask was assumed for each shipment. 

The cumulative accident risk for transportation by truck was calculated to be 0.0009 latent 
cancer fatality and 0. 15 traffic fatality. The cumulative accident risk measures the total impact of 
transportation accidents over the entire shipment campaign (1995 to 2035). The cumulative accident 
risk for transportation by rail was calculated to be 0.0003 latent cancer fatality and 0.21 traffic 
fatality. Table 1-30 summarizes the transportation accident risks for the Decentralization alternative. 

As shown in Table 1-3 1 ,  the maximum reasonably foreseeable transportation accident has a 
probability of occurrence of about 1 .6 x 10.7 per year for a suburban population zone. Under 
normal (neutral) weather conditions, the total population dose is estimated to be about 14 person-rem, 
which would be expected to result in less than one latent cancer fatality in the exposed population. 
For comparison, the same population would be expected to experience about 100,000 latent fatal 
cancers from other causes. The probability of this accident occurring in an urban population zone, or 
occurring under stable weather conditions in any population zone, is less than I X 10,7 per year. 

1-5.3.3 Impacts from the 199211993 Planning Basis Alternative 

This alternative includes the transport of five types of SNF. It assumes that the Fort St. 
Vrain SNF currently in storage in Colorado is transported to the Idaho National Engineering 
Laboratory. Likewise, special-case commercial SNF currently stored at West Valley is transported to 
the Idaho National Engineering Laboratory. DOE research and test reactor SNF is transported to 
either the Idaho National Engineering Laboratory or Savannah River Site, with most going to the 
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Table 1-30. SNF transponation accident risks for the Decentralization alternative (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

1 . 7  

0.57 

Latent 
cancer fatalities8 

0.0009 

0.0003 

Traffic 
fatalitiesb 

0. 1 5  

0.21 

8. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents . 

b. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table 1-31. Health effects from maximum reasonably foreseeable offsite SNF transponation accident 
under the Decentralization alternative ( 1995 to 2035). 

Alternative: Decentralization 
Maximum reasonably foreseeable accident: University research reactor SNF shipment by rail 
Population zone: Suburban8 
Maximum reasonably foreseeable accident probability: 1 . 6  x 10-7 per year with neutral meteorology, less than 
1 x 1 0-7 per year with stable meteorology 

Doses and health Transport 
Population Maximum exposed individual 

effects mode Neutralb StableC Neutralb StableC 

Dose Rail 14 person-rem (e) 0.032 rem (e) 

Latent cancer 
fatalitiesd Rail 0.007 (e) 1 .6 x 10-5 (e) 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone. The probability of the 
accident occurring in an urban population zone is less than 1 x 10-7 per year. In a rural population zone, the dose 
would be approximately 9 percent of the suburban population dose. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of latent fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 x 10

4 fatal cancers per person-rem (ICRP 1991).  

e. Consequences not developed for accidents with probabilities less than 1 x 10-7 per year. 
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Idaho National Engineering Laboratory. Shipments of university, foreign, and non-DOE research 
reactor SNF are split between the Idaho National Engineering Laboratory and the Savannah River 
Site. Shipments could be by truck or rail, so the analysis addresses the two extremes of all shipments 
by truck or all shipments by rail. 

The cumulative accident risk for transportation by truck was calculated to be 0.0009 latent 
cancer fatality and 0. 19  traffic fatality. The cumulative accident risk measures the total impact of 
transportation accidents over the entire shipment campaign (1995 to 2035). The cumulative accident 
risk for transportation by rail was calculated to be 0.0003 latent cancer fatality and 0.22 traffic 
fatality. Table 1-32 summarizes the transportation accident risks for the 1992/1993 Planning Basis 
alternative. 

The maximum reasonably foreseeable transportation accident involves a rail shipment of 
special-case commercial SNF. The accident has a probability of occurrence of about 2.0 x 10.7 per 
year for a suburban population zone. Under normal (neutral) weather conditions, the total population 
dose is estimated to be about 13,000 person-rem (average dose of 26 millirem per person), which 
could result in an estimated seven latent fatal cancers in the exposed population. For comparison, the 
same population would be expected to experience about 100,000 latent fatal cancers from other 
causes. The probability of this accident occurring in an urban population zone, or occurring under 
stable weather conditions in any population zone, is less than 1 x 10.7 per year. Table 1-33 
summarizes the doses and health effects from the maximum reasonably foreseeable consequence 
assessment. 

1 .5.3.4 Impacts from the Regionalization Alternative 

This alternative includes Regionalization 4A (by fuel type) and Regionalization 4B (by 
geography). Under Regionalization by Fuel Type, the same SNF types are transported as in the 
1992/1993 Planning Basis alternative with differences occurring in the destinations of some SNF 
based on fuel type. DOE research and test reactor SNF is transported to either the Idaho National 
Engineering Laboratory or the Savannah River Site, with most SNF going to the Idaho National 
Engineering Laboratory. Graphite-type and special-case commercial SNF is transported to the Idaho 
National Engineering Laboratory. As with the 1992/1993 Planning Basis alternative, shipments could 
be by truck or rail, and the analysis evaluates impacts assuming either of two extremes: all shipments 
by truck or all shipments by rail. 

Under Regionalization by Fuel Type, the cumulative accident risk for transportation by truck 
was calculated to be 0.0010 latent cancer fatality and 0.26 traffic fatality. The cumulative accident 
risk measures the total impact of transportation accidents over the entire shipment campaign (1995 to 
2035). The cumulative accident risk for transportation by rail was calculated to be 0.0003 latent 
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Table 1-32. SNF transportation accident risks for tbe 1992/1993 Planning Basis alternative 
( 1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

1.9 

0.61 

Latent 
cancer fatalities-

0.0009 

0.0003 

B. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

Traffic 
fatalitiesb 

0.19 

0.22 

b. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table 1-33. Healtb effects from maximum reasonably foreseeable offsite SNF transportation accident 
under tbe 1992/1993 Planning Basis alternative ( 1995 to 2035). 

Alternative: 1992/1993 Planning Basis 
Maximum reasonably foreseeable accident: Special�ase commercial SNP shipment by rail 
Population zone: SuburbanS 

Maximum reasonably foreseeable accident probability: 2.0 x 10-7 per year with neutral meteorology, leu than 
1 .0 x 10-7 per year with stable meteorology 

Doses and health 
effects 

Dose 

Latent cancer 
fatalities

d 

Transport 
mode 

Rail 

Rail 

Neutralb 

13,000 person-rem 

7 

Population 

Stablec 

(e) 

(e) 

Maximum exposed individual 

Neutralb 
Stablec 

54 rem (e) 

0.027 (e) 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone. The probability of the 
accident occurring in an urban population zone is less than 1 X 10-7 per year. In a rural population zone, the dose 
would be approximately 3 percent of the suburban population dose. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 

radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 

the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 X 10-4 fatal cancers per person-rem (ICRP 1991). 

e. Consequences not developed for accidents with probabilities less than 1 x 10-7 per year. 
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cancer fatality and 0.25 traffic fatality. Table 1-34 summarizes tbe transportation accident risk for tbe 
Regionalization by Fuel Type. 

As in tbe 199211993 Planning Basis alternative, tbe maximum reasonably foreseeable 
transportation accident involves a rail shipment of special-case commercial SNF. The accident has a 
probability of occurrence of about 2.8 x 10-7 per year for a suburban population zone. The 
consequences under normal (neutral) weatber conditions are tbe same as tbose described under tbe 
1992/1993 Planning Basis alternative. Table 1-35 summarizes tbe doses and healtb effects from tbe 
maximum reasonably foreseeable consequence assessment. 

The maximum reasonably foreseeable accident under stable weatber conditions has a 
probability less tban 1 x 10.7 per year for all population zones except rural. A total population dose 
of 3,500 person-rem was estimated for tbe rural population zone (average dose of 2 rem per person), 
which could result in an estimated two latent fatal cancers in tbe exposed population. For 
comparison, tbe same population would be expected to experience about 350 latent fatal cancers from 
otber causes. 

The Regionalization by Geography alternative contains six separate alternatives, and tbe 
transportation impacts of each option have been analyzed for comparison. Under tbis alternative, tbe 
same SNF types are transported as under tbe 1992/1993 Planning Basis alternative witb differences 
occurring in tbe destinations of tbe SNF based on geographical considerations. Non-Navy SNF 
originating from western United States locations or points of entry would be transported to tbe Idaho 
National Engineering Laboratory, Hanford Site, or tbe Nevada Test Site. Non-Navy SNF originating 
from eastern United States locations or points of entry would be transported to tbe Savannah River 
Site or tbe Oak Ridge Reservation. Navy SNF would not be split on an east-west basis because tbe 
Navy would operate a facility for examining naval SNF at only one of tbe DOE sites. 

Cumulative accident risks for transportation by truck range from 0.0009 latent cancer fatality 
and 0.21 traffic fatality for Regionalization at tbe Idaho National Engineering Laboratory and tbe 
Savannah River Site, to 0.001 1 latent cancer fatality and 0.39 traffic fatality for Regionalization at tbe 
Nevada Test Site and tbe Oak Ridge Reservation. Cumulative accident risks for transportation by rail 
range from 0.0002 latent cancer fatality and 0.21  traffic fatality for Regionalization at tbe Idaho 
National Engineering Laboratory and tbe Oak Ridge Reservation to 0.0003 latent cancer fatality and 
0.30 traffic fatality for Regionalization at tbe Nevada Test Site and tbe Savannah River Site. 

As in Regionalization by Fuel Type, tbe maximum reasonably foreseeable transportation 
accident involves a rail shipment of special-case commercial SNF. The consequences of tbe 
maximum reasonably foreseeable accident are tbe same for each of tbe six Regionalization by 
Geography alternatives. The maximum reasonably foreseeable accident under neutral weatber 
conditions occurs in a suburban popUlation zone because tbe accident probability for an urban 
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Table 1-34. SNF transportation accident risks for Regionalization by Fuel Type (1995-2035). 

Transport mode 

Truck 2.0 

Rail 0.65 
----�---

Dose risk 
(person-rem) 

Latent 
cancer fatalities-

0.0010 

0.0003 

0.26 

0.25 

!I.. Estimated number of latent fatal cancers as II. result of radiation dose from transportation accidents. 

Traffic 
fatalitiesb 

b. Estimated number of fatalities from nonradiological effect of transportation accident, for example. physical impact. 

Table 1-35. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under Regionalization by Fuel Type (1995 to 2035). 

Alternative: Regionalization by Fuel Type 
Maximum reasonably foreseeable accident: Special-case commercial SNF shipment by rail 
Population zone: Suburban (neutral) and rural (stable)a 

Maximum reasonably foreseeable accident probability: 2.8 x 10-7 per year with neutral meteorology; 1 . 1  x 10-7 per 
year with stable meteorology 

Dose.!l and health Transport 

Dose 

effects mode 

Rail 

Latent cancer 
fatalitiesd Rail 

-----

Population 

Neutralb StableC 

1 3 ,000 person-rem 3,500 person-rem 

7 2 

Maximum exposed individual 

Neutral
b 

StableC 

54 rem 180 rem 

0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather 
conditions. The accident probability is less than 1 x 10.7 per year under stable weather conditions, except in a rural 
population zone. For urban population zones, the accident probability is less than 1 x 10-7 per year for both neutral 
and stable weather conditions. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d.  Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk. factor: 5 x 10-4 fatal cancers per person-rem (ICRP 1991).  
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population zone is less than I X 10-7 per year. The total population dose is estimated to be about 
13,000 person-rem (average dose of 26 millirem per person), which could result in an estimated seven 
latent fatal cancers in the exposed population. For comparison, the same population would be 
expected to experience about 100,000 latent fatal cancers from other causes. 

The probability of the maximum reasonably foreseeable transportation accident varies slightly 
among the six Regionalization by Geography alternatives. The maximum reasonably foreseeable 
accident in a suburban population zone has an estimated probability of occurrence ranging from about 
2.7 X 10-7 per year for Regionalization at the Hanford Site and Savannah River Site, to about 
3 .7 x 10-7 per year for Regionalization at the Nevada Test Site and Savannah River Site. The 
maximum reasonably foreseeable accident in a rural population zone has an estimated probability of 
occurrence ranging from about 1 .5 x 10-7 per year for Regionalization at the Hanford Site and 
Savannah River Site, to about 3.3 x 10.7 per year for Regionalization at the Nevada Test Site and 
Oak Ridge Reservation. 

Tables 1-36 through 1-47 summarize the doses and health effects from the accident risk 
assessment and the maximum reasonably foreseeable consequence assessment for each of the 
Regionalization by Geography alternatives. 

1-5.3.5 Impacts from the Centralization Alternatives 

The impacts from centralization at the Hanford Site, Idaho National Engineering Laboratory, 
Savannah River Site, Oak Ridge Reservation, and the Nevada Test Site are presented in this section. 

1-5.3.5.1 Centralization at the Hanford Site. Under this alternative, SNF currently stored 
at other DOE sites, Fort St. Vrain, university, foreign, and non-DOE research reactors is eventually 
transported to the Hanford Site. The analysis evaluates impacts assuming either all shipments by 
truck or all shipments by rail. 

The cumulative accident risk for transportation by truck was calculated to be 0.0050 latent 
cancer fatality and 0.57 traffic fatality. The cumulative accident risk measures the total impact of 
transportation accidents over the entire shipment campaign (1995 to 2035). The cumulative accident 
risk for transportation by rail was calculated to be 0.0013 latent cancer fatality and 0.52 traffic 
fatality. Table 1-48 summarizes the transportation accident risks for the Centralization at the Hanford 
Site alternative. 

As in the 1992/1993 Planning Basis and Regionalization alternatives, the maximum reasonably 
foreseeable transportation accident involves a rail shipment of special-case commercial SNF. The 
accident has a probability of occurrence of about 5 . 1  X 10-7 per year under neutral (normal) weather 
conditions and 3.6 x 10-7 per year under stable (worst-case) weather conditions. The consequences 
are the same as those described under the Regionalization by Geography alternative. Table 1-49 
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Table 1-36. SNF transportation accident risks for Regionalization by Geography (Idabo National 
Engineering Laboratory and Savannab River Site) (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

1 .7 

0.59 

Latent 
cancer fatalities· 

0.0009 

0.0003 

8. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

Traffic 
fatalitiesb 

0.21 

0.22 

h.  Estimated number of fatalities from nonradiological effect of transportation accident, for example. physical impact. 

Table 1-37. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under Regionalization by Geography (Idabo National Engineering Laboratory and Savannab River 
Site) (1995 to 2035). 

Alternative: Regionalization by Geography (INEL & SRS) 
Maximum reasonably foreseeable accident: Special-case commercial SNF shipment by rail 
Population zone: Suburban (neutral) and rural (stable)8 

Maximum reasonably foreseeable accident probability : 3.0 x Hr7 per year with neutral meteorology, 1 . 9  x 10'" per 
year with stable meteorology 

Doses and health Transport 
Populationa Maximum exposed individual 

effects mode Neutralb Slablec Neutralb StableC 

Dose Rail 1 3 ,000 person-rem 3,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 7 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather conditions. 
The accident probability is less than 1 X 10-7 per year under stable weather conditions, except in a rural population zone. 
For urban population zones, the accident probability is less than 1 x 10-7 per year for both neutral and stable weather 
conditions. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of the 
radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a result 
of the radiation dose. Fatal cancer risk factor: 5 x ]0-4 fatal cancers per person-rem (ICRP 1991). 
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Table 1-38. SNF transponation accident risks for Regionalization by Geography (Idaho National 
Engineering Lahoratory and Oak Ridge Reservation) ( 1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

1 .8 

0.40 

Latent 
cancer fatalities-

0.0009 

0.0002 

Traffic 
fatalitiesb 

0.22 

0.21 

a. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents . 

h. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table 1-39. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under Regionalization by Geography (Idaho National Engineering Laboratory and Oak Ridge 
Reservation) (1995 to 2035). 

Alternative: Regionalization by Geography (INEL & ORR) 
Maximum reasonably foreseeable accident: Special-case commercial SNP shipment by rail 
Population zone: Suburban (neutral) and rural (stable)' 

Maximum reasonably foreseeable accident probability: 3.0 X 10.7 per year with neutral meteorology, 2.0 X 10-7 per 
year with stable meteorology 

Doses and health Transport 
PopulationS Maximum exposed individual 

effecta mode Neutralb StableC Neutralb StableC 

Dose Rail 13,000 person-rem 3,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 7 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather 
conditions. The accident probability is less than 1 X 10-7 per year under stable weather conditions, except in a rural 
population zone. For urban population zones, the accident probability is less than 1 X 10-7 per year for both neutral and 
stable weather conditions. 

b. Neutral meteorological conditions occur greater than SO percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual. results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 X 104 fatal cancers per person-rem (ICRP 1991). 
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Table 1-40. SNF transportation accident risks for Regionalization by Geography (Hanford Site and 
Savannah River Site) (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

1 .8  

0.62 

Latent 
cancer fatalities-

0.0009 

0.0003 

8. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

Traffic 
fataUti.,.b 

0.24 

0.22 

h. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table 1-41. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under Regionalization by Geography (Hanford Site and Savannah River Site) (1995 to 2035). 

Alternative: Regionalization by Geography (HS & SRS) 
Maximum reasonably foreseeable accident: Special-case commercial SNF shipment by rail 
Population zone: Suburban (neutral) and rural (stable)8 
Maximum reasonably foreseeable accident probability: 2.7 x to-7 per year with neutral meteorology, 1 .5  x 10,7 per 
year with stable meteorology 

Doses and health Transport 
PopulationS Maximum exposed individual 

effects mode Neutralb StableC Neutralb StableC 

Dose Rail 13,000 person-rem 3,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 7 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather 
conditions. The accident probability is leu than I x 10.7 per year under stable weather conditions, except in a rural 
population zone. For urban popUlation zones, the accident probability is less than 1 x 10.7 per year for both neutral and 
stable weather conditions. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in "less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 x 104 fatal cancers per person-rem (ICRP 1991). 
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Table 1-42. SNF transportation accident risks for Regionalization by Geography (Hanford Site and 
Oak Ridge Reservation) (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

1 .9 

0.43 

Latent 
cancer fatalities· 

0.0009 

0.0002 

Traffic 
fatalitiesb 

0.24 

0.21 

a,  Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

b. Estimated number of fatalities from nonradiological effect of transportation accident. for example, physical impact. 

Table 1-43. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under Regionalization by Geography (Hanford Site and Oak Ridge Reservation) (1995 to 2035). 

Alternative: Regionalization by Geography (HS & ORR) 
Maximum reasonably foreseeable accident: SpeciaJ-case commercial SNF shipment by rail 
Population zone: Suburban (neutral) and rural (stable)8 
Maximum reasonably foreseeable accident probability: 2.7 x 10-7 per year with neutral meteorology, l.S x 10.7 per 
year with stable meteorology 

Doses and health Transport 
PopulationS Maximum exposed individual 

effects mode Neutratb Stablec Neutralb StableC 

Dose Rail 1 3 ,000 person-rem 3 ,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 7 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather 
conditions. The accident probability is less than 1 X 10-7 per year under stable weather conditions. except in a rural 
population zone. For urban population zones, the accident probability is less than 1 x 10-7 per year for both neutml and 
stable weather conditions. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 X 1 0-4 fatal cancers per person-rem (ICRP 1991). 
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Table 1-44. SNF transportation accident risks for Regionalization by Geography (Nevada Test Site 
and Savannah River Site) (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

2.0 

0.61 

Latent 
cancer fatalities· 

0.0010 

0.0003 

a. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

Traffic 
fatalitiesb 

0.38 

0.30 

b. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table 1-45. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under Regionalization by Geography (Nevada Test Site and Savannah River Site) (1995 to 2035). 

Alternative: Regionalization by Geography (NTS & SRS) 
Maximum reasonably foreseeable accident: Special-case commercial SNP shipment by rail 
Population zone: Suburban (neutral) and rural (stable)8. 
Maximum reasonably foreseeable accident probability: 3.7 X 10.7 per year with neutral meteorology, 3.3 X 10,7 per 
year with .table meteorology 

Doses and healUl Transport 
Population8. Maximum exposed individual 

effects mode Neutralb Stablec Neutralb StableC 

Dose Rail 13 ,000 person-rem 3 ,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 7 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather 
conditions. The accident probability is less than 1 x 10-7 per year under stable weather conditions, except in a rural 
population zone. For urban population zones, Ule accident probability is less Ulan 1 x 10-7 per year for both neutral and 
stable weather conditions. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as Ule estimated number of latent fatal cancers expected in Ule impacted population a5 a result of 
the radiation dose; for the maximally exposed individual, results express Ule probability of contracting fatal cancer as a 
result of Ule radiation dose. Fatal cancer risk factor: 5 X 10-4 fatal cancers per person-rem (ICRP 1991). 
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Table 1-46. SNF transportation accident risks for Regionalization by Geography (Nevada Test Site 
and Oak Ridge Reservation) (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

2 . 1  

0.42 

Latent 
cancer fatalities8 

0.0011 

0.0002 

Traffic 
fatalitiesb 

0.39 

0.30 

8. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

b. Estimated number of fatalities from nonradiological effect of transPJrtation accident, for example, physical impact. 

Table 1-47. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under Regionalization by Geography (Nevada Test Site and Oak Ridge Reservation) (1995 to 2035). 

Alternative: Regionalization by Geography (NTS & ORR) 
Maximum reasonably foreseeable accident: Special-case commercial SNF shipment by rail 
Population zone: Suburban (neutral) and rural (stable)8 
Maximum reasonably foreseeable accident probability: 3.6 x 10-7 per year with neutral meteorology, 3.3 x 10-7 per 
year with stable meteorology 

Doses and health Transport 
Population8. Maximum exposed individual 

effects mode Neutralh Stablec Neutralb StableC 

Dose Rail 13 ,000 person-rem 3,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 7 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather 
conditions. The accident probability is less than 1 x 10-7 per year under stable weather conditions, except in a rural 
population zone. For urban population zones, the accident probability is less than 1 X 10-7 per year for both neutral and 
stable weather conditions. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 x 10-4 fatal cancers per person-rem (ICRP 1991). 
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Table 1-48. SNF transportation accident risks for the Centralization at the Hanford Site alternative 
(1995 to 2035). 

Dose risk Latent Traffic 
Transport mode (person-rem) cancer fatalities· fataliticab 

Truck 9.9 0.0050 0.57 

Rail 2.5 0.0013 0.52 

a. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

h. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table 1-49. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under the Centralization at the Hanford S ite alternative (1995 to 2035). 

Alternative: Centralization at the Hanford Site 
Maximum reasonably foreseeable accident: Special-case commercial SNF shipment by rail 
Population zone: Suburban (neutral) and Rural (stable)a 

Maximum reasonably foreseeable accident probability: 5.1  x 10.7 peT year with neutral meteorology. 3.6 x 10.
7 per 

year with stable meteorology 

Doses and health Transport 
PopulationS Maximum exposed individual 

effects mode Neutralb Stablec Neutralb StableC 

Dose Rail 13,000 person-rem 3,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalities d Rail 7 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral wcather 
conditions. The accident probability is less than 1 X 10-7 per year under stable weather conditions, except in a rural 
population zone. For urban population zones, the accident probability is less than 1 X 10-7 per year for both neutral 
and stable weather conditions. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 x 104 fatal cancers per person-rem (ICRP 1991). 
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summarizes the doses and health effects from the maximum reasonably foreseeable consequence 
assessment. 

1-5.3.5.2 Centralization at the Idaho National Engineering Laboratory. Under this 
alternative, all SNF currently stored at other DOE sites, Fort St. Vrain, and university, foreign, and 
non-DOE research reactors is eventually transported to the Idaho National Engineering Laboratory. 
The analysis evaluates impacts assuming either all shipments by truck or all shipments by rail. 

The cumulative accident risk for transportation by truck was calculated to be 0.0048 latent 
cancer fatality and 0.49 traffic fatality. The cumulative accident risk measures the total impact of 
transportation accidents over the entire shipment campaign ( l 995 to 2035). The cumulative accident 
risk for transportation by rail was calculated to be 0.0012 latent cancer fatality and 0.44 traffic 
fatality. Table I-50 summarizes the transportation accident risks for the Centralization at the Idaho 
National Engineering Laboratory alternative. 

As in the 199211993 Planning Basis and Regionalization 4A and 4B alternatives, the 
maximum reasonably foreseeable transportation accident involves a rail shipment of special-case 
commercial SNF. The accident has a probability of occurring of about 4.7 X 10-7 per year under 
neutral (normal) weather conditions and about 3 .3  x 10-7 per year under stable (worst-case) weather 
conditions. The consequences are the same as those described under Regionalization by Geography 
alternative. Table I-51 summarizes the doses and health effects from the maximum reasonably 
foreseeable consequence assessment. 

1-5.3.5.3 Centralization at Savannah River Site. Under this alternative, SNF currently 
stored at other DOE sites, Fort St. Vrain, university, foreign, and non-DOE research reactors is 
eventually transported to the Savannah River Site. The analysis evaluates impacts assuming either all 
shipments by truck or all shipments by rail. 

The cumulative accident risk for transportation by truck was calculated to be 0.0016 latent 
cancer fatality and 0.84 traffic fatality. The cumulative accident risk measures the total impact of 
transportation accidents over the entire shipment campaign (1995 to 2035). The cumulative accident 
risk for transportation by rail was calculated to be 0.0004 latent cancer fatality and 0.49 traffic 
fatality. Table I-52 summarizes the transportation accident risks for the Centralization at Savannah 
River Site alternative. 

As in the 1992/1993 Planning Basis and Regionalization alternatives, the maximum reasonably 
foreseeable transportation accident involves a rail shipment of special-case commercial SNF. The 
maximum reasonably foreseeable accident under neutral (normal) weather conditions occurs in an 
urban population zone and has a probability of occurrence of about 1 .7 x 10-7 per year. A total 
population dose of 72,000 person-rem was estimated (average dose of 27 millirem per person), which 
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Table I-50. SNF transportation accident risks for the Centralization at the Idabo National 
Engineering Laboratory alternative (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose risk 
(person-rem) 

9.S 

2.4 

Latent 
cancer fatalities· 

0.0048 

0.0012 

a.  Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

Traffic 
fatalitiesb 

0.49 

0.44 

b. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table 1-51 .  Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under the Centralization at the Idabo National Engineering Laboratory alternative (1995 to 2035). 

Alternative: Centralization at the Idaho National Engineering Laboratory 
Maximum reasonably foreseeable accident: Special-case commercial SNP shipment by rail 
Population zone: Suburban (neutral) and rural (stablc)8 
Maximum reasonably foreseeable accident probability: 4.7 x 10-7 per year with neutral meteorology, 3.3 X 10-7 per 
year with stable meteorology 

Doses and health Transport 
effects mode 

Dose 

Latent cancer 
facilitiesd 

Rail 

Rail 

Populationa 

Neutralb Stablec 

13,000 person-rem 3,500 person-rem 

7 2 

Maximum exposed individual 

Neutralb 
Stablec 

54 rem 180 rem 

0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather 
conditions. The accident probability is less than 1 x 10-7 per year under stable weather conditions, except in a rural 
popUlation zone. For urban popUlation zones , the accident probability is less than 1 x 10-7 per year for both neutral 
and stable weather conditions. 

b .  Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 x 1 0-4 fatal cancers per person-rem (ICRP 1991). 
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could result in an estimated 36 latent cancer fatalities. For comparison. the same population would be 
expected to experience about 540.000 latent cancer fatalities from other causes. 

The maximum reasonably foreseeable accident under stable (worst-case) weather conditions 
occurs in a suburban population zone and has a probability of occurring of about 1 .2 x 10·7 per 
year. A total population dose of 1 10,000 person-rem was estimated (average dose of 0.53 rem per 
person), which could result in an estimated 55 latent cancer fatalities. For comparison, the same 
population would be expected to experience about 42,000 latent cancer fatalities from other causes. 

Table I-53 summarizes the doses and health effects from the maximum reasonably foreseeable 
consequence assessment. 

/-5.3.5.4 Centralization at Oak Ridge Reservation. Under this alternative, SNF 
currently stored at other DOE sites, Fort St. Vrain, university, foreign, and non-DOE research 
reactors is eventually transported to the Oak Ridge Reservation. The analysis evaluates impacts 
assuming either all shipments by truck or all shipments by rail. 

The cumulative accident risk for transportation by truck was calculated to be 0.0014 latent 
cancer fatality and 0.78 traffic fatality. The cumulative accident risk measures the total impact of 
transportation accidents over the entire shipment campaign (1995 to 2035). The cumulative accident 
risk for transportation by rail was calculated to be 0.0003 latent cancer fatality and 0.43 traffic 
fatality. Table I-54 summarizes the transportation accident risks for the Centralization at Oak Ridge 
Reservation alternative. 

As in the 1992/1 993 Planning Basis and Regionalization alternatives, the maximum reasonably 
foreseeable transportation accident involves a rail shipment of special-case commercial SNF. The 
maximum reasonably foreseeable accident under neutral (normal) weather conditions occurs in an 
urban population zone and has a probability of occurring of about 1 . 1  x 10-7 per year. The accident 
consequences are the same as those described for the urban zone accident under the Centralization at 
Savannah River Site alternative. 

The maximum reasonably foreseeable accident under stable (worst-case) weather conditions 
occurs in a rural population zone and has a probability of occurring of about 5 .7  x 10-7 per year. 
The accident consequences are the same as those described for the rural zone accident under the 
Regionalization by Geography alternative. 

Table 1-55 summarizes the doses and health effects from the maximum reasonably foreseeable 
consequence assessment. 
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Table I-52. SNF transportation accident risks for the Centralization at the Savannah River Site 
alternative (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose Risk 
(person-rem) 

3 . 1  

0.80 

Latent 
cancer fatalities-

0.0016 

0.0004 

a. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

Traffic 
fataiitiesb 

0.84 

0.49 

h. Estimated number of fatalities from non radiological effect of transportation accident, for example, physical impact. 

Table I-53. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under the Centralization at the Savannah River Site alternative (1995 to 2035). 

Alternative: Centralization at the Savannah River Site 
Maximum reasonably foreseeable accident: Special-case commercial SNF shipment by rail 
Population zone: Urban (neutral) and Suburban (stabJe)& 
Maximum reasonably foreseeable accident probability: 1 .7 X 10-7 per year with neutral meteorology, l .2 X 10-7 per 
year with stable meteorology 

Population a Maximum exposed individual 
Doses and health Transport 

effects mode Neutralb Stablec Neutralb Stablec 

Dose Rail 72,000 person-rem 1 10,000 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 36 55 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in an urban population zone under neutral weather conditions. 
The probability of the accident in an urban zone unde,r stable weather conditions is less than 1 x 10-7 per year. The 
maximum reasonably foreseeable accident for stable weather conditions occurs in a suburban population zone. 

b. Neutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results ex.pressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 x 10-4 fatal cancers per person-rem (lCRP 1991). 
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Table I-54. SNF transportation accident risks for the Centralization at the Oak Ridge Reservation 
alternative ( 1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose Risk 
(person-rem) 

2.8 

0.52 

Latent 
cancer fatalities8 

0.0014 

0.0003 

Traffic 
(atalitiesb 

0.78 

0.43 

a. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

h. Estimated number of fatalities from nonradiological effect of transportation accident, (or example, physical impact. 

Table I-55. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under the Centralization at the Oak Ridge Reservation alternative (1995 to 2035). 

Alternative: Centralization at the Oak Ridge Reservation 
Maximum reasonably foreseeable accident: Special-case commercial SNP shipment by rail 
Population zone: Urban (neutral) and rural (stable)8 

Maximum reasonably foreseeable accident probability: 1 . 1  X 10-7 per year with neutral meteorology, 5.7 x 10-7 per 
year with stable meteorology 

Doses and health Transport 
PopulationS Maximum exposed individual 

effects mode Neutralb StableC Neutralb StableC 

Dose Rail 72,000 person-rem 3,500 person-rem 54 rem 180 rem 

Latent cancer 
fatalitiesd Rail 36 2 0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in an urnan population zonc under neutral weather conditions. 
The accident probability under stable weather conditions is less than 1 x 10-7 per year, except in a rural population 
zone. 

h. Neutral meteorological conditions occur greater than SO percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 x 10-4 fatal cancers per person-rem (lCRP 1991). 
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1-5.3.5.5 Centralization at Nevada Test Site. Under this alternative, SNF 
currently stored at other DOE sites, Fort St. Vrain, university, foreign, and non-DOE research 
reactors is eventually transported to the Nevada Test Site. The analysis evaluates impacts assuming 
either all shipments by truck or all shipments by rail. 

The cumulative accident risk for transportation by truck was calculated to be 0.0050 latent 
cancer fatality and 0.72 traffic fatality. The cumulative accident risk measures the total impact of 
transportation accidents over the entire shipment campaign (1995 to 2035). The cumulative accident 
risk for transportation by rail was calculated to be 0.0012 latent cancer fatality and 0.58 traffic 
fatality. Table I-56 summarizes the transportation accident risks for the Centralization at Nevada Test 
Site alternative. 

As in the 199211993 Planning Basis and Regionalization alternatives, the maximum reasonably 
foreseeable transportation accident involves a rail shipment of special-case commercial SNF. The 
accident has a probability of occurring of about 1 .0 x 10-7 per year under neutral (normal) weather 
conditions in a suburban population zone and about 5.0 x 10-7 per year under stable (worst-case) 
weather conditions in a rural population zone. The consequences are the same as those described 
under the Regionalization by Geography alternative. Table I-57 summarizes the doses and health 
effects from the maximum reasonably foreseeable consequence assessment. 

1-5.3.6 Impacts of Using Alternate Points of Entry for Foreign Research Reactor Spent 

Nuclear Fuel Shipments 

For transportation accident risks (radiological and vehicle-related), shipments from 
Jacksonville, Florida, to the Hanford Site, Idabo National Engineering Laboratory, Savannab River 
Site, Oak Ridge Reservation, and Nevada Test Site would yield lower impacts than shipments from 
Charleston, South Carolina, Galveston, Texas, Hampton Roads, Virginia, Savannab, Georgia, and the 
Military Ocean Terminal, Sunny Point, North Carolina, to these same sites. Shipments from 
Wilmington, North Carolina, to the Savannab River Site and Oak Ridge Reservation would also yield 
lower impacts than shipments from Charleston, South Carolina, Galveston, Texas, Hampton Roads, 
Virginia, Savannab, Georgia, and the Military Ocean Terminal Sunny Point, North Carolina, to these 
same sites. Shipments from Wilmington, North Carolina, to the Hanford Site, Idabo National 
Engineering Laboratory, and Nevada Test Site would yield slightly higher impacts (about 
6 percent) than shipments from Charleston, South Carolina, Galveston, Texas, Hampton Roads, 
Virginia, Savannab, Georgia, and the Military Ocean Terminal, Sunny Point, North Carolina, to these 
same sites. 
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Table I-56. SNF transportation accident risks for the Centralization at the Nevada Test Site 
alternative (1995 to 2035). 

Transport mode 

Truck 

Rail 

Dose Risk 
(person-rem) 

10.0 

2.4 

Latent 
cancer fatalities-

0.0050 

0.0012 

NonradioiogicaJ 
fataliticsb 

0.72 

0.58 

a. Estimated number of latent fatal cancers as a result of radiation dose from transportation accidents. 

b. Estimated number of fatalities from nonradiological effect of transportation accident, for example, physical impact. 

Table I-57. Health effects from maximum reasonably foreseeable offsite SNF transportation accident 
under the Centralization at the Nevada Test Site alternative (1995 to 2035). 

Alternative: Centralization at the Nevada Test Site 
Maximum reasonably foreseeable accident: Speciai-case commercial SNF shipment by rail 
Population zone; Urban (neutral) and Rural (stable)8 
Maximum reasonably foreseeable accident probability: 1 .0 X 10.7 per year with neutral meteorology, 5.0 X 10-7 per 
year with stable meteorology 

Doses and health Transport 
effects mode 

Dose 

Latent cancer 
fatalitiesd 

------

Rail 

Rail 

Population8 

Neutralb StableC 

72,000 person-rem 3,500 person-rem 

36 2 

Maximum exposed individual 

Neutralb Stablec 

54 rem 180 rem 

0.027 0.09 

a. The maximum reasonably foreseeable accident occurs in an urban population zone under neutral weather conditions. 
The accident probability is less than 1 X 10"7 per year under stable weather conditions, except in a rural population 
'lone. 

b. Ncutral meteorological conditions occur greater than 50 percent of the time. 

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of 
radioactivity released to the atmosphere. 

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted popUlation as a result of 
the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer as a 
result of the radiation dose. Fatal cancer risk factor: 5 X 10

-4 fatal cancers per person-rem (lCRP 1991). 

1-109 VOLUME 1. APPENDIX 1 



1-6 POTENTIAL MITIGATION MEASURES 

The possible impacts from transportation associated with the alternatives could be mitigated in 
a number of different ways. For example, the routes used for truck shipments could be chosen using 
V.S. Department of Transportation routing guidel ines. These guidelines are designed to reduce the 
radiological impacts associated with transportation. The guidelines consider as primary factors (a) the 
radiation exposure from incident-free transport, (b) the risk to general population from an accidental 
release of radioactive material, and (c) the economic risk from an accidental release of radioactive 
material. The guidelines consider as secondary factors (a) emergency response effectiveness, 
(b) evacuation capabilities, (c) location of special facilities such as schools or hospitals, and (d) traffic 
fatalities and injuries unrelated to the radioactive nature of the cargo. 

Impact mitigation is also provided through the use of approved shipping containers. For 
shipments containing large amounts of radioactivity, such as SNF, Type B containers will be used. 
These containers are designed to withstand normal transport conditions and hypothetical accident 
conditions. 

If an accident did occur, Federal, state, local, and Tribal authorities are trained in emergency 
response. For example, the Shoshone-Bannock Tribes, the State of Idaho, Bingham County, Bingham 
Memorial Hospital , Bannock Regional Medical Center, Pocatello Regional Medical Center, Idaho 
Power Company, Intermountain Gas Company, and the V.S. Department of Energy participated in a 
comprehensive, cooperative Transportation Accident Exercise held in Idaho in 1992 (TRANSAX '92). 

The V.S .  Environmental Protection Agency has developed protective action guides (EPA 
1991)  and protective actions that are designed to limit doses in the event of a nuclear incident. V se 
of these guides and actions also mitigates the impacts of transportation accidents involving radioactive 
material. 
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1-7 SPENT NUCLEAR FUEL TRANSPORTATION BY BARGE 

As an alternative to truck or rail transport of SNF, barge transport of 7 1  SNF shipments from 
Brookbaven National Laboratory, located on Long Island, New York, to the Savannah River Site was 
evaluated. This section summarizes the impacts from transporting the 7 1  shipments from Brookbaven 
National Laboratory to the Savannah River Site. 

1-7.1 Transportation Routes 

Several routing options were evaluated for the barge shipments from Brookbaven National 
Laboratory to the Savannah River Site: 

• Truck transport from Brookbaven National Laboratory to the Shoreham, New York, 
dock or Port Jefferson, New York. Shoreham and Port Jefferson are both located on 
Long Island near Brookbaven National Laboratory . 

• Barge transport from Shoreham or Port Jefferson, New York, to Hampton Roads, 
Virginia; the Military Ocean Terminal, Sunny Point, North Carolina; Charleston, 
South Carolina; Savannah, Georgia; or directly to the Savannah River Site. 

• Truck transport from Hampton Roads, Virginia; the Military Ocean Terminal, Sunny 
Point, North Carolina; Charleston, South Carolina; or Savannah, Georgia to the 
Savannah River Site. 

The HIGHWAY computer code (Johnson et aI .  1993a) was used to estimate the truck routes 
and the INTERLINE computer code (Johnson et aI .  1993b) was used to estimate the barge routes. 
The truck and barge routes are summarized in Pippen (1995). 

1-7.2 Incident-Free Transportation 

Incident-free transportation assessments were conducted for barge shipments from Brookhaven 
National Laboratory to the Savannah River Site and included transport by truck, transport by barge, 
and intermodal transfers (e.g., truck to barge and barge to truck transfers). The methods and data 
used to estimate the radiological and nonradiological impacts of these shipments are discussed in 
Pippen (1995). 

For barge shipments using the Shoreham, New York, dock as a point of departure from Long 
Island, the cumulative number of total fatalities (radiological plus nonradiological fatalities) ranged 
from 0.0048 to 0.0092. The lower number of fatalities was estimated when the barge shipments were 
made directly to the Savannah River Site. The larger number of fatal ities was estimated when the 
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barge shipments were made from Brookhaven National Laboratory to Shoreham, New York, to 
Hampton Roads, Virginia, to the Savannah River Site. 

For barge shipments using Port Jefferson, New York, as a point of departure from Long 
Island, the cumulative number of total fatalities (radiological plus nonradiological fatalities) ranged 
from 0.0052 to 0.0093. The lower number of fatalities was estimated when the barge shipments were 
made directly to the Savannah River Site. The larger number of fatalities was estimated when the 
barge shipments were made from Brookhaven National Laboratory to Port Jefferson to Hampton 
Roads, Virginia, to the Savannah River Site. 

1-7.3 Transportation Accidents 

Transportation accident assessments were conducted for barge shipments from Brookhaven 
National Laboratory to the Savannah River Site. These assessments included evaluations of accident 
risks (both radiological risks and traffic fatalities) and accident consequences . The methods and data 
used to estimate the accident risks and consequences of these shipments are discussed in Pippen 
(1995). 

For barge shipments using the Shoreham, New York, dock as a point of departure from Long 
Island, the cumulative accident risk (radiological plus nonradiological fatal ities) ranged from 0.001 1 
to 0.0019. The lower number of fatalities was estimated when the barge shipments were made 
directly to the Savannah River Site. The larger number of fatalities was estimated when the barge 
shipments were made from Brookhaven National Laboratory to Shoreham, New York, to Hampton 
Roads, Virginia, to the Savannah River Site. 

For barge shipments using Port Jefferson, New York, as a point of departure from Long 
Island, the cumulative accident risk (radiological plus nonradiological fatalities) ranged from 0.00087 
to 0.0018 .  The lower number of fatalities was estimated when the barge shipments were made 
directly to the Savannah River Site. The larger number of fatalities was estimated when the barge 
shipments were made from Brookhaven National Laboratory to Shoreham, New York, to Hampton 
Roads, Virginia, to the Savannah River Site. 

The consequences of the maximum reasonably foreseeable accident for barge shipments were 
less than the consequences of the maximum reasonably foreseeable accident for truck shipments, as 
discussed in Section 1-5. This was because the barge routes are further from populations than truck 
routes . 
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1-8 TRANSPORTATION IMPACTS OF 

FOREIGN PROCESSING OF SPENT NUCLEAR FUEL 

CURRENTLY LOCATED AT THE HANFORD SITE 

This section summarizes the transportation impacts of processing the Hanford Site N-Reactor 
SNF at a foreign processing facility. The detailed assessment of this transportation option, including 
a description of the foreign processing option and the methods and assumptions used in the analysis, 
is contained in Volume 1 ,  Appendix A, Attachment B of this EIS. 

1-8.1 Radiological Dose to Workers 

This subsection describes expected radiological consequences to workers during transportation 
of N-Reactor SNF currently stored at the Hanford Site. The transportation analysis included shipment 
from the Hanford Site to representative West and East Coast points of entry (portland, Oregon; 
Seattle, Washington; and Norfolk, Virginia) followed by overseas transport to a representative 
commercial processing facility in the United Kingdom. Overland shipment by barge, truck, or rail 
was considered as appropriate for each point of entry. 

1-8.1.1 Worker Dose from Shipment Preparation Activities at the Hanford Site 

Packaging of the K Basin fuel for overseas shipment was estimated to result in worker doses 
of approximately 140 person-rem (5.5 x 10-2 latent cancer fatalities) over a period of approximately 
2 years. However, if stabilization of the fuel before transport were necessary, an additional 
180 person-rem might be accumulated by onsite workers over a 4-year period, resulting in 
7.0 x 10-2 latent cancer fatalities. Consequences of fuel-handling accidents of the K basins are 
addressed in Volume 1 ,  Appendix A. 

1 .8.1.2 Worker Doses from Transportation 

Collective worker impacts from incident-free transportation were estimated to range from 
1 . 3  X 10-3 latent cancer fatalities for barge transportation between the Hanford Site and the point of 
entry at Portland, Oregon, to 4.3 X 10-2 latent cancer fatalities for the option of transport by truck 
between the Hanford Site and the point of entry at Norfolk, Virginia. These impacts account for 
transport of SNF leaving the Hanford Site as well as the return transport of high-level waste, 
plutonium oxide, and uranium oxide. 

Radiological consequences to workers from activities at the point of entry for transport of 
SNF to the United Kingdom were evaluated based on commercial experience during the last 9 months 
of 1994. The consequences for loading and unloading 408 casks during shipment from the United 
States to the United Kingdom were estimated to be approximately 1 .2 person-rem to all workers over 
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the expected 5-year campaign. An additional two fuel-handling activities per cask at the Hanford Site 
and at the United Kingdom process facility would approximately double that estimate, resulting in a 
collective dose of 2.4 person-rem and a potential for 9.8 x 104 latent cancer fatalities for all 
shipments. The maximum dose to an individual worker, assuming that worker was involved in 
handling all 408 casks at one point in the shipping sequence, would be approximately 0.4 rem over 
5 years. 

The consequences to a nearby worker were evaluated for accidents at, or on the approach to, 
the representative points of entry considered in the overland transponation analysis. In addition, the 
point of entry at Newark, New Jersey, was included in this pan of the analysis because of its large 
surrounding population (it is adjacent to New York City) whereas the other points of entry are located 
in smaller population centers. The consequences of the maximum reasonably foreseeable accident 
(frequency > I x 10.7 per year) to a worker at a distance of 100 meters (328 feet) ranged from 
1 .7 rem (6.8 x 104 latent cancer fatalities) at Seattlerracoma, Washington, to 2. 1 rem 
(8.4 x 10_4 latent cancer fatalities) at Ponland, Oregon, or Norfolk, Virginia. The corresponding 
total risks from accidents of all severity categories for 17  SNF shipments were 8.0 x 10.9 latent 
cancer fatalities at Seattle/Tacoma to 1 .0 x 10.8 latent cancer fatalities at Norfolk or Ponland. 

Radiological consequences were estimated for workers as a result of normal transpon 
operations and accidents during overseas shipments of SNF from the Hanford Site to the United 
Kingdom. The primary impact of routine (incident-free) marine transpon of SNF would be potential 
radiological exposure to crew members of the ships used to carry the casks. While at sea, the crew 
dose would be limited to those individuals who may enter the ship's hold during transit and receive 
external radiation in the vicinity of the packaged fuel. The consequences to crew members would 
depend on the duration of the voyage and the time spent inspecting each cask. Assuming surface dose 
rates at the regulatory limit, the collective dose to the inspection crew from all SNF shipments could 
range from 2.4 to 12  person-rem, depending on the routing. Return shipments of high-level waste, 
uranium, and plutonium would result in lower doses to the crew. All doses to individual crew 
members would be within administrative control and regulatory limits for radiation workers. Actual 
commercial experience indicates that worker consequences could be much lower than these bounding 
estimates. 

The consequences of accidents during ocean transit would likely be similar to those of point 
of entry workers who are near the scene of an accident. Individuals in the immediate vicinity of the 
impact would probably not survive an accident severe enough to release radioactive materials from a 
SNF shipping cask. Effects on the ocean environment would not be expected to be discernable 
because of uispersion during an airborne release. 

The frequency of accidents on the open ocean was estimated to be 4.6 x 10.5 for an average 
duration voyage of approximately 20 days to transpon SNF from foreign research reactors to the 
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United States. The frequency of accidents for overseas shipment of SNF and process materials via 
ships built for this purpose would likely be within a factor of 2 or 3 of this estimate. 

1-8.2 Consequences to Members of the Public 

This subsection describes expected consequences to the public from activities required to 
transport N-Reactor SNF to the United Kingdom. 

1-a.2.1 Public Impacts from Shipment Preparation Activities at the Hanford Site 

Activities at the Hanford Site before and during preparation for shipment of N-Reactor SNF 
would result in generally small consequences to the public, as discussed in Volume 1 ,  Appendix A, of 
this EIS. Removal and packaging of SNF at the K Basins was estimated to result in offsite 
consequences comparable to those observed during initial segregation of the fuel, or less than 
3 X 10_7 rem (1 .5  x 10·[0 probability of latent cancer fatalities) to the maximally exposed offsite 
individual. The risk from accidents involving handling of N-Reactor fuel at the K Basins is presented 
in Volume I ,  Appendix A, of this EIS . 

1-a.2.2 Public Impacts from Transportation Activities 

Members of the public exposed to radiation during transportation include persons on the 
highway, railroad, or waterway with the shipment; persons residing near these transport links; and 
persons at intermediate stops along the route (such as refueling stops and stops at rail classification 
yards). 

Public impacts from incident-free transportation include radiological impacts from direct 
radiation as well as nonradiological impacts from vehicle emissions. Radiological impacts from 
incident-free transportation were estimated to range from 2 . 1  x 104 latent cancer fatalities for barge 
transportation between the Hanford Site and the point of entry at Portland, Oregon, to 1 . 3  X 10'[ 

latent cancer fatalities for the option of transport by truck between the Hanford Site and the point of 
entry at Norfolk, Virginia. Nonradiological impacts from incident-free transportation were estimated 
to range from 1 .2 x 10-3 latent cancer fatalities for the option of truck transport from the Hanford 
Site to the point of entry at Seattle/Tacoma, Washington, to 1 .6 x 10.2 latent cancer fatalities for the 
option of truck transport from the Hanford Site to the point of entry at Norfolk, Virginia. 

Public impacts from potential transportation accidents include radiological risks from 
radioactive materials that could be released to the environment as well as nonradiological risks 
associated with traffic accidents (i.e. , vehicle coll isions). Cumulative radiological transportation 
accident risks range from 1 . 8  x 10.6 latent cancer fatalities for the option of rail transport between 
the Hanford Site and the point of entry at Seattle/Tacoma, Washington, to 4.2 x 10.5 latent cancer 
fatalities for either truck or rail transport between the Hanford Site and the point of entry at Norfolk, 
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Virginia. Traffic accident risks range from 8.9 X 10.3 fatalities for the option of truck transport 
between the Hanford Site and the point of entry at Seattle/Tacoma, Washington, to 1 .3 x 10.1 

fatalities for the option of truck transport between the Hanford Site and the point of entry at Norfolk, 
Virginia. 

The maximum reasonably foreseeable transportation accident involves a return shipment of 
high-level waste transported by rail from the point of entry at Seattlerracoma, Washington, to the 
Hanford Site. If this accident were to occur in an urban population zone, it could result in an 
estimated one latent cancer fatality within the affected population. The probability of this accident is 
about 1 . 3  X 10.7 per year. 

Normal port activities during transport of N-Reactor SNF are not expected to have any 
consequences for members of the public other than point of entry workers. The consequences to the 
public from accidents during point of entry transit were estimated using the same assumptions as for 
worker consequences. The highest risk to the public from point of entry activities was estimated to 
result from accidents at the dock. Under stable atmospheric dispersion conditions, the maximum risk 
to the public was estimated to be 8.4 x 10.5 latent cancer fatalities. The maximum foreseeable 
accident resulted in an estimated 380 latent cancer fatalities in the population within 80 kilometers 
(50 miles) of Newark, New Jersey. The estimated frequency of this accident was 2.2 x 10.7 for 
17  overseas shipments of SNF. 

There is not expected to be any dose to members of the public or marine life resulting from 
incident-free ocean transport of N-Reactor SNF to the United Kingdom. The effects of losing a cask 
at sea are estimated to be comparable to those evaluated for transporting foreign research reactor SNF 
to the United States based on similar Shipping inventories of long-lived radionuclides per cask. The 
maximum dose to an individual for a cask lost in coastal waters was expected to be 1 1  mill irem per 
year if the cask was left in place until all its contents dispersed. The corresponding consequences to 
marine biota were 0.24 millirad per year for fish, 0.32 millirad per year for crustaceans, and 
13 millirad per year for mollusks. The consequences resulting from loss of a cask in the deep ocean 
would be many orders of magnitude lower than the estimates for coastal waters. 
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1-9 HISTORICAL SPENT NUCLEAR FUEL TRANSPORTATION 

ACCIDENTS 

Transportation incidents for 1949 through 1 970 were surveyed using summary reports 
prepared by the U.S. Atomic Energy Agency (AEC 1957, Patterson and DeFatta 1962, Patterson and 
Mehn 1963, AEC 1966, McCluggage 1971). In these summary reports, incidents are classified into 
six classes based on the extent of radioactive material release (patterson and DeFatta 1962) and 
accidents and incidents are not differentiated. For 1949 through 1970, there were 14  incidents 
involving irradiated fuel elements. No packages approximating a Type B shipping cask were 
breached as a result of these incidents (McCluggage 197 1 ). Two representative incidents are 
summarized below. 

On November 15,  1960, a tractor-trailer carrying 7 steel-jacketed lead casks containing 
25 irradiated fuel elements was involved in an accident with a station wagon. The station wagon was 
completely demolished and the driver killed. The tractor was badly damaged and the driver suffered 
a broken hand and abrasions. The irradiated fuel elements were undisturbed. This incident was 
classified as a Class I radiation release, which means that no radioactive material was released and 
there was no loss of integrity to the package. 

In another case (June 2-6, 1960), leakage of contaminated cooling water from a rail shipment 
consisting of irradiated fuel elements and some ruptured elements in aluminum cans resulted in 
contamination of three railroad yards. This incident was classified as a Class IV radiation release, 
which means that radioactive material was released to the ground or trafficway with no runoff or 
aerial dispersion. There were no injuries associated with this incident. 

Spent nuclear fuel transportation accidents for 1971 through 1993 were surveyed based on 
data in the Radioactive Materials Incident Report database. This database contains information on 
radioactive materials transportation incidents and accidents from the U.S.  Department of 
Transportation, U.S. Nuclear Regulatory Commission, U.S. Department of Energy, state radiation 
control offices, and media coverage of radioactive materials transportation incidents and accidents 
(Cashwell and McClure \992). The Radioactive Materials Incident Report database contains 
information on transportation accidents, handling accidents, and reported incidents; this discussion is 
limited to transportation accidents involving SNF. 

Between 1971 and 1993, there were seven transportation accidents involving SNF. Three of 
these accidents involved rail shipments, and four of these accidents involved truck shipments. These 
accidents were summarized in Cashwell and McClure (1992). Only one of these accidents resulted in 
more than minor damage to the SNF cask. On December 8, 197 1 ,  a truck transporting a SNF 
element in a Type B shipping cask on U.S.  Highway 25 in Tennessee swerved to avoid a head-{)n 
collision with another vehicle and was forced off the road. The driver of the truck was killed by the 
impact and the SNF cask was thrown into a ditch. The DOE Radiological Assistance Team from Oak 
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Ridge, Tennessee, arrived and surveys indicated that the structural integrity of the cask was intact and 

there was no release of contents. 
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1-10 CUMULATIVE IMPACTS OF TRANSPORTATION 

1-1 0.1 Radiological Impacts 

The cumulative impacts of the transportation of SNF consist of impacts from (a) historical 
shipments of SNF to the Hanford Site, Savannah River Site, Idaho National Engineering Laboratory, 
Oak Ridge Reservation, and the Nevada Test Site; (b) the alternatives evaluated in this EIS; (c) other 
reasonably foreseeable actions that include transportation of radioactive material; and (d) general 
radioactive materials transportation that is not related to a particular action. The discussion of 
cumulative transportation impacts concentrates on the cumulative impacts of offsite transportation, 
because offsite transportation yields potential doses to a greater portion of the general population than 
does onsite transportation. The collective dose to the general population and workers is the measure 
used to quantify cumulative transportation impacts. This measure of impact was chosen because it 
can be directly related to latent cancer fatalities using a cancer risk coefficient and because of the 
difficulty in identifying a maximally exposed individual for shipments throughout the United States 
spanning the period 1943 through 2035 (93 years). 

Collective doses from historical shipments of SNF to the Hanford Site, Savannah River Site, 
Oak Ridge Reservation, and the Nevada Test Site were summarized in Jones and Maheras (1994a, 
1994b, 1994c, 1 994d). Data for these shipments were available for 1971 through 1993 and were 
linearly extrapolated back to the start of operations at each site because data before 1971 were not 
available. For the Hanford Site and Oak Ridge Reservation, the start of operations was 1943; for the 
Savannah River Site, the start of operations was 1953; and for the Nevada Test Site, the start of 
operations was 195 1 .  The results of these analyses are summarized in Table I-58. 

The historical shipments of SNF to the Idaho National Engineering Laboratory consisted of 
Shipments of naval SNF and test specimens from 1957 through 1995 (see Attachment A to Appendix 
D of Volume 1 of this EIS). Extrapolation of naval shipments was not necessary because a detailed 
records search accounted for all shipments. Historical SNF also consisted of shipments of other DOE 
SNF to the Idaho National Engineering Laboratory besides naval shipments, such as research reactor 
SNF and special-case commercial SNF (Maheras 1994). Data for these shipments were available for 
1973 through 1993 and were linearly extrapolated back to 1953, the start of operations at the Idaho 
Chemical Processing Plant, because data for 1953 through 1972 were not available. The results of 
these analyses are also summarized in Table I-58. 

There are considerable uncertainties in these historical estimates of collective dose. For 
example, the population densities and transportation routes used in the dose assessments were based 
on census data for 1990 and the United States highway and rail system as it existed in 1993. 
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Table I-58. Cumulative transportation-related radiological collective doses and latent cancer fatalities 
(1943 to 2035). 

Category 

Historical spent nuclear ruel 

Hanford Site 
(1943 to 1993) 

Savannah River Site 
(1953 to 1993) 

Idaho National Engineering Laboratory 
(1953 to 1993) 

DOE spent nuclear fuel 
Naval spent nuclear fuel 

Oak Ridge Reservation 
(1943 to 1993) 

Nevada Test Site
(1951 to 1993) 

Spent nuclear Cuel shipments Cor Alternatives 1-5 
Navalb 

DOE truck (100%)' 
(1995 to 2035) 

DOE train (100%)' 
(1995 to 2035) 

Reasonably foreseeable actioos 

Geologic repositoryc,d 
Truck (100%) 
Train (100%) 

Waste Isolation Pilot Plante 
Test phase (100% truck) 
Disposal phase 

Truck (100%) 
Train (maximum)f 

Submarine reactor compartment disposall 

Return of cesium-13? isotope capsulcsh 

Uranium billetsi 

General transportation 

1943 to 1982 

1983 to 2035 
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Collective 
occupational 

dosc 
(person-rem) 

52 

50 

56 
62 

35 

1.4 

1.5 to 15 

0.0 to 1 ,000 

0.0 to 130 

8,600 
750 

110 

1,800 
68 

0.42 

0.50 

220,000 

89,000 

Collective 
general 

population 
dosc 

(person-rem) 

27 

29 

30 
1.6 

18 

0.70 

0.34 to 12 

0.0 to 2,300 

0.0 to 170 

48,000 
740 

48 

1,500 
940 

0.053 

5.7 

0.014 

170,000 

98,000 



Table I-58. (continued). 

Collective 
Collective general 

occupational population 
dose dose 

Category (person-rem) (person-rem) 

Summary 

Historical 200 1 10 

Spent nuclear fuel shipments for 
AlternaLives 1-5 

Truck 1.5 to 1 ,000 0.34 to 2,400 
Train 1.5 to 150 0.34 to 190 

Reasonably foreaeeable actions 
Truck 1 1 ,000 50,000 
Train 820 1700 

General transportation (1943 to 2035) 310,000 270,000 

Total ""Declive dose 320,000 320,000 
Total latent cancer r.taUIi .. 130 160 

B. Shipments from Turkey Point Power Plant in Florida to Ole Engine Maintenance, As.!lcmbly. and Disa.!lScmbly Facility 
at the Nevada Test Site. 

b. Naval SNF and test specimen shipments based on a combination of truck and rail transport. 

c. Shipments based on 100 percent transport by truck or 100 percent transport by rail. 

d. Reference: DOE (1986) 

e. Reference: DOE (1990) 

f. The maximum rail case is based on rail transport where rail access is available and truck transport where rail access 
is not available. 

g. Reference: USN (1984) 

h. Reference: DOE (1994). 

i. Reference: DOE (1992). 
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Using census data for 1990 overestimates historical collective doses because the United States 
population has continuously increased over the time covered in these assessments. Basing collective 
dose estimates on the United States highway and rail system as it existed in 1993 may slightly 
underestimate doses for shipments that occurred in the 1940s, 1950s, and 1960s, because a larger 
portion of the transport routes would have been on non-interstate highways where the population may 
have been slightly closer to the road. Data were not available that correlated transportation routes 
and population densities for the 194Os, 1950s, 196Os, and 1970s; therefore, it was necessary to use 
more recent data to make dose estimates. By the 1970s, the structure of the interstate highway 
system was largely fixed and most shipments would have been made on interstates. 

Shipment data were l inearly extrapolated for years when data were unavailable, which also 
results in uncertainty. However, this technique was validated by linearly extrapolating the data in 
SAlC (1991)  for 1973 through 1989 to estimate the number of shipments that took place during the 
time period 1964 through 1972 (also contained in SAlC 1991) .  The 1973 through 1989 time period 
corresponded to the time period when data were available for the Idaho Chemical Processing Plant. 
The data in SAlC (1991) could not be used directly because only shipment counts are presented for 
1 964 through 1982 and no origins or destinations were listed for years before 1983. Based on the 
data in SAlC (1991 ), linearly extrapolating the data for 1973 through 1989 overestimates the 
shipments for 1964 through 1972 by 20 percent when compared to the actual shipment counts for 
1964 through 1972. 

Collective doses for SNF shipments associated with Alternatives 1 through 5 were 
summarized previously in this appendix and in Appendix D of Volume 1 of this EIS (for naval spent 
nuclear fuel). For truck shipments, the collective dose to workers ranged from 1 .5 person-rem (the 
No Action alternative) to 1 ,000 person-rem (Centralization at Savannah River), or 0.00060 to 
0.40 latent cancer fatalities. Collective dose to the general population ranged from 0.34 person-rem 
(the No Action alternative) to 2,400 person-rem (Centralization at Savannah River), or 0.00017 to 
1 .2 latent cancer fatalities. These doses and latent cancer fatal ities include shipments of naval SNF 
and test specimens. 

For train shipments, the collective dose to workers ranged from 1 . 5  person-rem (the No 
Action Alternative) to 150 person-rem (Centralization at Nevada Test Site), or 0.00060 to 0.060 latent 
cancer fatalities. Collective dose to the general population ranged from 0.34 person-rem (the No 
Action Alternative) to 190 person-rem (Centralization at Savannah River), or 0.0001 7  to 0.095 latent 
cancer fatalities. These doses and latent cancer fatalities include shipments of naval SNF and test 
specimens. 

Transportation impacts may also result from reasonably foreseeable projects. Two major 
proposed projects that involve extensive transportation of radioactive material are: (a) shipments of 
SNF and defense high-level waste to a geologic repository, and (b) shipments of transuranic waste to 
the Waste Isolation Pilot Plant, located in Carlsbad, New Mexico. DOE is presently determining the 
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suitability of Yucca Mountain, Nevada, as a site for a geologic repository for commercial SNF and 
defense high-level waste; therefore, the geologic repository was assumed to be located in Yucca 
Mountain, Nevada, for the transportation cumulative impacts analysis. 

Based on the transportation dose assessments presented in DOE (1986), the worker collective 
dose for truck shipments to a repository was 8,600 person-rem or 3.4 latent cancer fatalities . The 
collective dose to the general population from truck shipments to a repository was 48,000 person-rem 
or 24 latent cancer fatalities. The worker collective dose for train shipments to a repository was 
750 person-rem or 0.30 latent cancer fatalities. The collective dose to the general population from 
train shipments to a repository was 740 person-rem or 0.37 latent cancer fatalities. 

Based on the transportation dose assessments presented in DOE (1990), the worker collective 
dose from truck shipments to the Waste Isolation Pilot Plant was 1 ,900 person-rem or 0.76 latent 
cancer fatalities. The collective dose to the general population from truck shipments to the Waste 
Isolation Pilot Plant was 1 ,500 person-rem or 0.75 latent cancer fatalities. The worker collective dose 
from train shipments to the Waste Isolation Pilot Plant was 1 80 person-rem or 0.072 latent cancer 
fatalities. The collective dose to the general population from train shipments to the Waste Isolation 
Pilot Plant was 990 person-rem or 0.50 latent cancer fatalities. These collective doses include the 
5-year Test Phase and the 20-year Disposal Phase. 

There are three other reasonably foreseeable projects that involve limited transportation of 
radioactive material: (a) 100 shipments of submarine reactor compartments from the Puget Sound 
Naval Shipyard to the Hanford Site for burial, (b) return of cesium-137 isotope capsules to the 
Hanford Site, and (c) transport of uranium billets from the Hanford Site to the United Kingdom. The 
transport of submarine reactor compartments is an ongoing activity that is not yet completed; 
therefore, it was categorized as a reasonably foreseeable action. The doses for these actions are 
presented in Table Hi 1 .  

There are also general transportation activities that take place that are unrelated to the 
alternatives evaluated in this EIS or to reasonably foreseeable actions. Examples of these activities 
are shipments of radiopharmaceuticals to nuclear medicine laboratories and shipments of commercial 
low-level radioactive waste to commercial disposal facilities. The U.S. Nuclear Regulatory 
Commission evaluated these types of shipment� based on a survey of radioactive materials 
transportation published in 1975 (NRC 1977). Categories of radioactive material evaluated in NRC 
(1977) included: (a) l imited quantity shipments, (b) medical, (c) industrial, (d) fuel cycle, and 
(e) waste. 

The U.S. Nuclear Regulatory Commission estimated that the annual collective worker dose 
for these shipments was 5,600 person-rem or 2.2 latent cancer fatalities. The annual collective 
general population dose for these shipments was estimated to be 4,200 person-rem or 2 . 1  latent cancer 
fatalities. Because comprehensive transportation doses were not available, these collective dose 
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estimates were used to estimate transportation collective doses for 1943 through 1982 (40 years). 
These dose estimates included SNF and radioactive waste shipments and truck and rail shipments. 

Based on the transportation dose assessments in NRC (1977), the cumulative transportation 
collective doses for 1943 through 1982 were 220,000 person-rem for workers and 170,000 person
rem for the general population. These collective doses correspond to 88 latent cancer fatalities for 
workers and 85 latent cancer fatalities for the general population. 

In 1983, another survey of radioactive materials transportation in the United States was 
conducted (lavitz et aI .  1985). This survey included U.S.  Nuclear Regulatory Commission and 
Agreement State licensees and the U .S .  Department of Energy. Both SNF and radioactive waste 
shipments were included in the survey. Weiner et aI .  (1991a, b) used the survey by lavitz et aI .  
(1985) to estimate collective doses from general transportation. The transportation dose assessments 
in Weiner et aI .  (199 1  a, b) were used to estimate transportation doses for 1983 through 2035 
(53 years). The interval 1995 through 2035 corresponds to the interval of time associated with the 
spent nuclear fuel management activities evaluated in this EIS. 

Weiner et aI. (1991a) evaluated eight categories of radioactive material shipments by truck: 
(a) industrial, (h) radiography, (c) medical, (d) fuel cycle, (e) research and development, 
(f) unknown, (g) waste, and (h) other. Based on a median external exposure rate, an annual 
collective worker dose of 1 ,400 person-rem and an annual collective general population dose of 
1 ,400 person-rem were estimated. These collective doses correspond to 0.56 and 0.70 latent cancer 
fatalities per year for workers and the general population, respectively. Over the 53-year time period 
from 1983 through 2035, the collective worker and general population doses would be 
74,000 person-rem or 30 and 37 latent cancer fatalities for workers and the general population, 
respectively. 

Weiner et al. ( 1991b) also evaluated six categories of radioactive material shipments by plane: 
(a) industrial, (h) radiography, (c) medical, (d) research and development, (e) unknown, and 
(f) waste. Based on a median external exposure rate, an annual collective worker dose of 
290 person-rem and an annual collective general population dose of 450 person-rem were estimated. 
These collective doses correspond to 0. 12  and 0.23 latent cancer fatalities per year for workers and 
the general population, respectively. Over the 53-year time period from 1983 through 2035, the 
collective worker dose would be 15,000 person-rem and the general population collective dose would 
be 24,000 person-rem or 6.0 and 12  latent cancer fatalities for workers and the general population, 
respectively.  

Like the historical transportation dose assessments, the estimates of collective doses because 
of general transportation also exhibit considerable uncertainty. For example, data for 1975 were 
applied to general transportation activities from 1943 through 1982. This approach probably 
overestimates doses because the amount of radioactive material that was transported in the 1950s and 
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1960s was less than the amount transported in the 1970s. For example, in 1968, the shipping rate for 
radioactive material packages was estimated to be 300,000 packages per year (patterson 1968); in 
1975 this rate was estimated to be 2 ,000,000 packages per year (NRC 1977). However, because 
comprehensive data that would enable a more realistic transportation dose assessment are not 
available, the dose estimates developed by the U.S. Nuclear Regulatory Commission were used. 

The total worker and general population collective doses are summarized in Table I-58. Total 
collective worker doses from all types of shipments (historical, the alternatives, reasonably 
foreseeable actions, and general transportation) were estimated to be 320,000 person-rem (130 latent 
cancer fatalities), for the period of time 1 943 through 2035 (93 years). Total general population 
collective doses were also estimated to be 320,000 person-rem (160 latent cancer fatalities). The 
majority of the collective dose for workers and the general population was because of general 
transportation of radioactive material. The total number of latent cancer fatalities over the time 
period 1943 through 2035 was estimated to be 290. Over this same period of time (93 years), 
approximately 28,000,000 people would die from cancer, based on 300,000 latent cancer fatalities per 
year (NRC 1977). It should be noted that the estimated number of transportation-related latent cancer 
fatalities would be indistinguishable from other latent cancer fatalities, and the transportation-related 
latent cancer fatalities are 0.0010 percent of the total number of latent cancer fatalities. 

1-10.2 Vehicular Accident Impacts 

Fatalities involving the transport of radioactive materials were surveyed for 1971 through 
1993 using the Radioactive Material Incident Report database. For 1971 through 1993, 2 1  vehicular 
accidents involving 36 fatalities occurred. These fatalities resulted from vehicular accidents and were 
not associated with the radioactive nature of the cargo. No radiological fatalities because of 
transportation accidents have ever occurred in the United States. During the same period of time, 
over 1 ,000,000 persons were killed in vehicular accidents in the United States. 

For Alternatives 1 through 5, 0.047 to 1 .4 vehicular accident fatalities are estimated to occur. 
During the 4O-year time period from 1995 through 2035, approximately 1 ,600,000 people would be 
killed in vehicular accidents in the United States. 
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Appendix J 
Spent Nuclear Fuel Management 

This appendix describes a range of technologies potentially available for management of spent 
nuclear fuel (SNF) and the status of each technology. The identified technologies support the SNF 
programmatic objective to define a management path and proceed toward ultimate disposition of all 
U.S. Department of Energy (DOE) SNF. Included are technologies for fuel preparation, storage 
(stabilization) or, where appropriate, direct interim storage. The stabilization and direct storage 
technologies may also be applicable to ultimate disposition in some instances. The stabilization 
technologies selected for discussion range from the minimal to the extensive stabilization processing 
technologies that could be applied to prepare the SNF for extended interim storage or ultimate 
disposition. In addition, programmatic and institutional factors, which are considerations in the 
selection of technology options for application, are discussed. Also presented is a brief description of 
the types of DOE SNF, particularly as their characteristics apply to the technology options. 

J-1 BACKGROUND 

During the last 40 years, DOE and its predecessor agencies have generated, transported, 
received, stored, and reprocessed SNF at facilities in the nationwide DOE complex. This SNF was 
generated from various sources, including DOE production reactors; the Naval Nuclear Propulsion 
Program reactors; DOE, university, and other research and test reactors; special-case commercial 
power reactors; and foreign research reactors. Production reactors were constructed and operated at 
the Hanford and Savannah River Sites to provide special nuclear material and other radioactive 
isotopes for the DOE's defense programs. These production reactors are no longer operated . Naval 
Nuclear Propulsion Program reactors and some test and research reactors are still operating. DOE 
has reprocessed SNF at the Idaho National Engineering Laboratory, Hanford Site, and Savannah 
River Site to recover fissile materials (uranium-235 and plutonium-239) and other valuable 
radionuclides. 

More than 100,000 metric tons of heavy metal (MTHM) of SNF was produced by DOE and 
its predecessor agencies since 1943. In the past, most of the SNF was chemically processed to 
recover the fissile materials, largely uranium-235 and plutonium-239, either for the national defense 
programs or reactor research and development. 

With the end of the Cold War, DOE and the U.S. Department of Defense reevaluated the 
scale of their weapons production, nuclear propulsion, and research missions. Because of the lack of 
need for additional fissile materials, DOE decided in 1 992 to phase out reprocessing for the recovery 
of fissile materials. Approximately 2,700 MTHM of SNF remains that has not been processed. 
Additionally, approximately 100 MTHM of DOE SNF is expected to be generated in the next 
40 years. This DOE SNF, which is in a wide range of enrichments and physical conditions, is stored 
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at various locations in the United States and overseas. This material requires management until a 

decision regarding its ultimate disposition is reached. 

Most of the existing fuel is currently stored in 10- to 4O-yearo()ld water pools (designed for 

temporary storage of SNF until it could be reprocessed) at several locations at the Hanford Site, Idaho 

National Engineering Laboratory, and Savannah River Site. Smaller quantities are stored at 

approximately 60 locations nationwide, including 55 non-DOE United States research reactor 

facilities. The vulnerabilities associated with the storage of SNF are identified in a recent DOE report 

to the Secretary of Energy entitled, Spent Fuel Working Group Repon on Inventory and Storage of the 

Deparrment 's Spent Nuclear Fuel and Other Reactor Irradiated Nuclear Materials and Their 

Environment, Safety, and Health Vulnerabilities (DOE 1993). A DOE plan of action (Phases I, II, 

and III) to address these vulnerabilities has been issued (DOE 1994a, b, c). 
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J-2 SPENT NUCLEAR FUEL 

Individual fuel elements and assemblies in nuclear reactors are constructed in many 

configurations, but tbey generally consist of tbe fuel matrix, cladding, and structural hardware. The 

fuel assemblies and structural hardware constitute tbe reactor core. Section 1 . 1 . 1  of Volume I of tbis 

EIS presents a summary description of SNF. 

The fuel matrix contains tbe fissile material (typical I y uranium as a metal , metal alloy, or an 

oxide). For water-cooled reactors, tbe matrix form is typically plates or cylindrical pellets. 

Typically, for gas-cooled reactors, tbe matrix is particles, which are an oxide or carbide composite of 

tbe fuel material encapsulated by a ceramic coating. 

Cladding materials surrounding tbe fuel matrix serve two principal functions: (a) protection 

of tbe fuel matrix from corrosion by tbe fluid tbat removes heat from tbe reactor core, and 

(b) containment of radioactive fission products generated witbin tbe fuel during reactor operation. 

The degree and rate of cladding corrosion varies witb reactor design. 

The structural hardware serves botb to support tbe fuel assemblies and to maintain a fixed 

geometry for tbe fissile materials in tbe reactor core. For example, structural materials fix tbe 

location of tbe fuel elements relative to one anotber in a fuel assembly and also fix tbe location of tbe 

fuel assemblies relative to one anotber in tbe reactor core. Structural hardware also provides 

mechanical support for tbe assemblies and tbe core, as well as providing defined patbs for cooling tbe 

core. These functions are essential to control tbe nuclear reactions in tbe reactor core and ensure tbat 

adequate cooling is provided to all heat-generating regions of tbe reactor core. 

The characteristics of tbe fuel elements in a reactor are tailored to tbe purpose of tbe reactor 

system. Two examples, important to SNF management, are discussed below. One example is for 

fuel witb high-integrity cladding and tbe otber is for fuel witb lesser cladding integrity. Integrity 

refers to tbe corrosion resistance of tbe fuel to tbe reactor coolant and/or to its corrosion resistance in 

tbe environment in which it is stored. 

• High-Integrity Fuels Used in Naval Reactors and Nuclear Power Plants. Naval fuels 

use highly enriched uranium, while nuclear power plant fuels generally use 

low-enriched uranium. These types of reactors use water for cooling tbe fuel 

assemblies. The reactors are operated at high coolant temperatures and pressures. 

The design objectives associated witb commercial fuel and tbese reactor types are to 

maximize power output and minimize time spent refueling. For naval reactors, otber 

design objectives are also critical: ability to witbstand battleshock, ability to preclude 

release of any fission products because operating personnel must live and work in 

close proximity to tbe reactor, and ability to change reactor power levels quickly so 

tbe ship can alter speed when needed. As a result, tbe cladding materials are selected 

to be very corrosion resistant at high temperatures (a zirconium alloy is used). Long-
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term fuel element integrity is emphasized. From the standpoint of SNF management, 

such fuel element designs are well-suited for direct storage of the SNF (either wet or 

dry) without additional stabilization. Aggressive (concentrated) chemical and/or 

mechanical means are required to remove cladding if fuel processing is considered as 

an option for stabilization. 

• Savannah River Production Reactor Fuels (and targets). The Savannah River Site 

production reactors also used water for cooling fuel assemblies. However, the 

reactors were operated at relatively low temperatures and essentially at atmospheric 

pressure. The design of these production reactor cores was optimized for production 

of special nuclear materials and other valuable radioactive isotopes. Fuel irradiation 

times were generally on the order of a few months. Fuel element cooling times prior 

to reprocessing were relatively shon because the fuel elements were designed for 

special nuclear materials production and recovery. A high degree of corrosion 

resistance for the cladding was not part of the design. Aluminum cladding was 

selected so that the fuel elements could be dissolved for processing by less highly 

concentrated chemical solutions than for fuel with higher integrity cladding. 

Therefore, this fuel type is not as suitable for long-term storage (either wet or dry) as 

are the higher integrity fuels. 

The DOE SNF represents a broad spectrum of fuel element designs, both for the fuel matrix 

material and the cladding. To provide perspective, the characteristics of the principal types of DOE 
SNF are briefly discussed below. Inventories for the various types (current and projected), in units of 

MTHM, are summarized in Table J -I ,  along with a qualitative statement regarding fuel element 

enrichment and cladding integrity. 

J-2.1 Category 1-Naval Fuel 

This SNF type includes the fuel from the Naval Nuclear Propulsion Program, including fuel 

from submarines, surface vessels, and prototype reactors. Naval fuel is highly enriched and is clad 

with a zirconium alloy. This fuel design is structurally strong (able to withstand battleshock loads 

well in excess of 50 times the force of gravity), the cladding is highly corrosion-resistant (no release 

of fission products), and the fuel is designed to operate for more than 20 years. 

J-2.2 Category 2-Aluminum-Clad Production Reactor Fuel 

The principal source of DOE aluminum-clad SNF was target and driver fuel from the 

Savannah River Site defense production reactors. The driver fuel is highly enriched aluminum

uranium alloy clad with aluminum. Most of the targets are depleted uranium metal (containing less 

uranium-235 than natural uranium), also clad with aluminum. Corrosion resistance of the cladding 
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Table J-1 .  Spent nuclear fuel inventories and corrosion resistance. a 

Projocl<d 

new SNF 

inventory Total 

Existing for the next projected Cladding 

SNP inventory 40 ycan inventory corrosion 

category Reactor type (M1lIM) (M1lIM) (M1lIM) I'CIistance Enrichment 

Naval reacton 10 55 65 High High 

2 Production reacton, with 190 25 210 Medium High and low 

aluminum-dad fuel; also aluminum-dad 

fuel from I'CIC8rch and development 

reactors 

3 Production reacton, :r.irconium-aUoy-clad 2100 0 2100 Medium Low 

fuel \0 low 

4 High-tcmpenture gas-cooled reactor fuel 28 0 28 High High 

� I  5 Commercw.1 TClCU'Ch and development 160 0 160 Variable Variable 

fuel 

6a Experimental, atainlcss-steel-clad fuel 83 14 91 Variable Variable 

6b Experimental zin:onium-alloy .. dad fuel 18 0.42 18 Medium Variable 

6e Miscellaneous fuel 0.42 1.3 1 .1 Variable Variable 

8. Numbers may not lum due to rounding. 

I 
:-

I 
� 



is moderate. Aluminum cladding is susceptible to corrosion when stored in water pools with poor 

water qUality. Also, this category is used for SNF from the Advanced Test Reactor at the Idaho 

National Engineering Laboratory, some domestic and foreign research reactors SNF, and some 

production reactor fuel at the Hanford Site. With proper water quality, this fuel has been stored for 

more than 20 years without cladding corrosion problems. 

Some of the fuel and targets have been in storage in water pools (with poor water quality) 

since 1989. Fuel is showing signs of corrosion, and targets are heavily corroded. 

J-2.3 Category 3-Zirconium-Clad Production Reactor Fuel 

All fuel in this category is from the Hanford Site N Reactor. It consists of a low-enriched 

uranium alloy fuel matrix, clad with a zirconium alloy. The fuel irradiation times were such that 

relatively large concentrations of fissile plutonium were produced. 

Some of the N-Reactor's SNF has been in storage for over 20 years and a large number of 

fuel elements have holes in the cladding (breached), which permits corrosion of the fuel matrix. One 

result is contamination of the water in the storage pools at the Hanford Site. With respect to fuel 

with breached cladding, it is known that the irradiated metallic uranium can undergo reactions with 

water to produce uranium hydrides. The hydrided, irradiated uranium can be pyrophoric (subject to 

spontaneous burning) if it is permitted to dry out and is exposed to air (lTAT 1994). The potential 

pyrophoric nature of the fuel is an important consideration as management strategies for this fuel 

(including stabilization and transportation) are evaluated. 

J-2.4 Category 4-High-Temperature Gas-Cooled Graphite Reactor 

Fuel 

Graphite-matrix fuel was primarily used in two gas-cooled, commercial reactors: Fort St. 

Vrain and Peach Bottom. This type of fuel consists of small pellets of highly enriched uranium

carbide fuel surrounded by layers of pyrolytic carbon and protective layers of other carbide 

compounds that serve as the primary cladding. The pellets are dispersed in much larger graphite 

structures that provide neutron moderation and secondary containment. The fuel has high corrosion 

resistance when stored dry. However, the fuel is not amenable to wet storage. 

J-2.S Category 5-Commercial Reactor Research and Development 

Fuel 

DOE has participated in numerous commercial reactor and SNF safety investigations. These 

activities have resulted in accumulations by DOE of SNF elements from a number of commercial 

reactors. Typically, this SNF consists of zirconium-alloy-clad, low-enriched uranium oxide fuels. 

Many of these elements were examined in DOE analytical facilities; others were used in test reactors 
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to study fuel behavior in simulated accidents. The damaged core from the Three Mile Island-Unit 2 
reactor was investigated extensively by DOE, under cooperative research and development 
agreements, at several DOE sites. This damaged fuel is also included in this category. 

J-2.6 Category 6-Test and Experimental Reactor Fuels 

This is a category of fuels of broad description. The fuels range from low to high enrichment 
and encompass metal , metal alloy, and oxide fuel matrices. The fuel can be divided into three 
categories. 

J-2.6.1 Category 6a-5tainless-Steel-Clad Fuels from Experimental Reactors 

Uranium enrichments are generally high in fuels from these reactors, but low-enrichment fuels 
are included as well .  Fuel matrices consist of uranium-zirconium hydride, uranium dioxide, 
plutonium oxide, plutonium alloy, uranium carbide, uranium metal, and uranium alloys. The 
principal sources of fuel in this category are the Experimental Breeder Reactor-II and Zero Power 
Physics Reactor at the Idaho National Engineering Laboratory, Hanford Fast Flux Test Facility, and 
the blanket assemblies from the FERMI reactor. 

J-2.6.2 Category 6b-Zirconium-Alloy-Clad Spent Nuclear Fuel from Experimental 

Reactors 

Typically, fuel in this category has a uranium dioxide fuel matrix, but there is uranium
molybdenum alloy fuel also in this inventory. Enrichment can be either high or low. Most of this 
SNF originated at the Shippingport Power Reactor where the light water breeder reactor concept was 
tested . Some thorium and uranium-233 fuels are found in this category. 

J-2.6.3 Category 6c-Miscellaneous Fuel 

Fuel in this miscellaneous category is derived mainly from the Molten Salt Reactor 
Experiment at the Oak Ridge Reservation. That fuel is now stored in the salt storage tanks beneath 
the reactor. 
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J-3 SPENT NUCLEAR FUEL INTERIM MANAGEMENT OPTIONS 

In 1992, the Secretary of Energy directed the DOE to develop an integrated long-term SNF 
management program. The program is assessing DOE's current SNF inventory and SNF storage 
facilities, integrating DOE's many existing SNF activities into one program, developing an integrated 
decisionmaking and policy basis for SNF operations, and ensuring that all issues associated with SNF 
are resolved safely and cost effectively. 

Until ultimate disposition is determined, it is not possible to define the SNF characteristics 
suitable for ultimate disposition. Pending selection of an ultimate disposition, SNF must be 
maintained in safe storage. Solutions to the storage questions may require changes in management 
strategies for these fuels, including such options as the construction of new facilities and stabilization 
of certain fuels. 

Technologies for SNF management are required to ensure safe, environmentally sound, and 
economic management until ultimate disposition is implemented. There are a number of technology 
options available for accomplishing these objectives. Key design factors to be considered include the 
fuel design, structural integrity of the fuel, degree of corrosion of the cladding, fuel enrichment, and 
the chemical stability of the cladding and the fuel matrix. The principal technology option categories 
for storage are outlined in a general way on a flow chart (Figure I-I). 

The options for SNF management include direct storage (high-integrity fuels) or SNF 
stabilization in preparation for continued storage. Technologies included under SNF stabilization are 
containerization, processing without separation of fissile materials, and processing in which there is 
separation of the fissile material. The status of technologies for each of the approaches are discussed 
in Section 1-4. Related institutional factors associated with implementing the various management 
approaches are discussed in Section 1-5. 
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J-4 SUMMARY OF TECHNOLOGIES FOR SPENT NUCLEAR FUEL 

MANAGEMENT 

In 1992, DOE had proposed to engage in research and development activities for technology 
development and demonstration required to ensure that SNF could be appropriately prepared for 
disposition in a geologic repository. Any such repository is not expected to be available until after 
the year 2010. Therefore, DOE has changed its focus in this effort to better define the SNF research 
and development program. The DOE is utilizing a system approach (a logical, structured approach to 
assure effective actions) to technology development for preparing SNF for safe interim storage and 
ultimate disposition in a geologic repository. 

Figure I-I summarizes the technology options available for preparing SNF for interim 
storage. Indicated under each of the four general categories on the figure is a range of representative 
technology options. This section describes technology options l isted on Figure I-I and discusses the 
following: 

• The option (describes what it involves) 

• Applicable fuel types 

• Maturity (demonstrated technology, early stages, or developmental) 

• Status of commercial and foreign applications/development that may be applicable to 
DOE SNF management 

• References that contain more detail on the technology. 

When evaluating SNF management options, criticality control is an important factor, 
particularly for SNF with enriched uranium fuel . 

Criticality considerations apply for both direct storage and stabilization. The storage system 
must meet applicable requirements governing nuclear criticality, which specify that the system be 
designed to ensure that a nuclear criticality is not possible unless at least two independent (concurrent 
or sequential) changes occur in the systems essential to the control of nuclear criticality. 

Also important in selecting management options for SNF are the characteristics of the fuel 
type and the physical condition of the fuel . For specific types of fuel , characterization may be 
necessary to determine the extent of stabilization required and/or the most suitable stabilization 
process to transition the particular SNF into interim storage. 
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J-4.1 Direct Storage 

Direct storage means storing SNF in essentially the same physical form in which it is 

removed from the reactor (that is, little or limited stabilization of the fuel elements). Fuel that has 

high-integrity cladding is amenable to direct storage provided criticality issues can be adequately 

addressed for the planned storage interval (IAEA 1988). Specific examples are naval SNF and SNF 

removed from most types of commercial nuclear electric generating stations (both in the United States 

and foreign countries). 

If a reactor that has operated at high power has fuel removed soon after shutdown (within 

weeks), the level of heat generation associated with fission product decay may be sufficient to damage 

and possibly melt the fuel if the fuel assembly is not cooled adequately. In addition, radiation levels 

are high from decaying fission products and radionuclides in the irradiated structural materials. Thus, 

both effective cooling and effective shielding of the stored SNF are essential . Common practice is to 

place the SNF in a water pool, for at least a period of time, following removal from the reactor. The 

level of heat generation and radioactive decay associated with SNF decreases with time after removal 

from the reactor. With the passage of time, it is possible and may be desirable to transfer SNF from 

a wet to a dry storage mode because, in general, the costs and potential environmental safety and 

health vulnerabilities associated with dry storage are less than those associated with wet storage 

(Lopez 1994, Taylor and Shikashio 1993). The status of wet and dry storage technologies is 

discussed in the following two subsections. 

J-4.1 .1  Wet Storage 

Water pools (or water pits) are part of the design of nearly all nuclear reactor facilities. They 

are used to provide a storage location for SNF when it is removed from the reactor. The pools 

usually are designed to store the inventory of fuel removed from a reactor for a number of years. 

Pool depth is sufficient to provide shielding for personnel working in the region of the water pool. 

The water pool system normally includes a subsystem for water chemistry control with a purpose of 

maintaining the conditions of the water in the pool so cladding corrosion is minimized, water in the 

pool is clean enough that the SNF can be viewed underwater during fuel movement and fuel removal 

operations, and chloride content is controlled to maintain pool liner integrity. The water pools 

usually are of concrete construction and lined with stainless steel so as to minimize the potential 

accumulation of radioactivity on or under the surface of the concrete pool walls. 

Wet storage systems generally have more heat removal capability than dry storage systems 

because heat transfer to liquids is more efficient than to gases, such as air or nitrogen. 

Design, construction, and operation of water pools for SNF storage is a mature technology 

option for DOE and for commercial nuclear power plants (fakats 1994). Wet storage system design 

modifications usually center around re-racking the fuel in a pool to permit more fuel to be stored in a 

given pool. Fuel element spacing in rack designs is carefully analyzed to ensure that there is an 
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adequate margin relative to criticality prevention for existing or contemplated SNF to be stored in the 

racks in the water pool. 

J-4.1.2 Dry Storage Systems 

In a dry storage system, cooling is provided by heat transfer to the inner wall of the storage 

system with eventual heat rejection to the air surrounding the storage system. Dry storage systems 

are mature technologies that are being applied for DOE SNF and for SNF at United States 

commercial and foreign nuclear electric generating systems (Schneider et aI .  1992). 

Dry storage system options generally are of three types: (a) stand-alone modular casks, (b) 

modular vault arrays, and (c) multiple-unit vault storage systems. Hot cells are also employed but are 

not generally considered cost efficient for storing significant quantities of SNF. Multiple examples of 
each of these three types have been built and are storing SNF at the present time in DOE, 

commercial, and foreign applications. 

• Stand-Alone Modular Casks. A number of large stand-alone casks are available in 

the DOE system and in commercial applications. The casks are top- or end-loading, 

made from a variety of materials, and have been developed primarily in North 

America and Europe (Monthey and Bergsman 1994). Some cask designs are licensed 

for offsite transport of SNF and others are used principally for onsite fuel movement. 

There are also a variety of smaller stand-alone casks that are designed primarily for 

onsite transportation and storage of specific irradiated fuels and other materials. The 

safety basis documentation for these casks can be found in accompanying safety 

analysis reports (for example, Saito 1992). 

• Modular Vault Arrays. A second type of dry storage system uses a basic concrete 

housing with an arrangement of openings in the concrete. Canisters containing fuel 

are placed in the openings. The concrete housing provides supplementary shielding 

and prohibits unauthorized access to the SNF. Depending on the design, fuel can be 

stored either vertically or horizontally in canisters. 

• Multiple-Unit Vault Storage Systems . Multiple-unit vault systems tend to be large 

facilities that contain cask unloading stations, fuel handling cells, ventilation systems, 

and office space (Carter 1994). In the main storage area array, fuel assemblies or 

fuel assemblies in canisters are stored vertically in floor wells topped with shielded 

plugs. Insertion or removal of a canister containing the fueled component is 

accomplished using a shielded, floor-supported machine or a wall-mounted, 

unshielded bridge crane. 
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J-4.2 Containerization 

Some SNF has deteriorated because of past storage conditions, fuel damage during operation 

or destructive tests, or use of cladding materials that are quite susceptible to deterioration if placed in 

prolonged wet storage without adequate protection. To provide adequate protection for the public, 

environment, and facility workers, containerization technologies have been employed to (a) add 

additional containment to the SNF, (b) provide a passivating environment for the spent fuel (a 

passivating environment is one where corrosion is minimized), or (c) place the spent fuel into an inert 

atmosphere to retard or eliminate the fuel-element deterioration process. These technologies are 

described below. 

J-4.2.1 Canning 

Canning is the technology whereby the SNF is placed into an engineered metal canister, 

which then is usually sealed. This technology (commonly called overpacking) is usually done in a 

water pool. Overpacking is used as a temporary corrective action if the SNF is releasing fission 

products. Further refinements include blowing the water out of the overpack canister while it is still 

underwater and then evacuating the canister (vacuum) to evaporate the remaining water. An inert 

gas, such as helium or nitrogen, can also be added. Another refinement to this technology involves 

adding a chemical for passivation to the water inside the canister to retard the corrosion of the SNF 

by the water. This approach has been attempted at the K-West Basin at the Hanford Site; however, 

its effectiveness is unknown because the fuel has not been inspected since it was canned. Small vents 

in the lid of the can, which allow release of gases generated by radiolysis or corrosion, have also 

been used. 

Canning can also be carried out in a shielded, dry cell having remote-handling capabilities. 

The SNF is brought into the remote cell and dried, either by normal drip-drying or employing heating 

ovens to expedite the drying process. The SNF can be visually inspected in the remote cell and then 

placed into a metal canister that is welded closed. Inert gas can be added; high quality inspection of 

the closed canister is also possible. 

This technology has been used extensively throughout DOE and foreign countries for research 

fuels. The commercial industry has not done a significant amount of direct canning because the 

commercial nuclear fuels have been designed for high integrity and so rarely require an overpack. 

J-4.2.2 Passivation 

The passivation approach is applicable to SNF that may contain regions that could undergo 

adverse chemical reactions if exposed to air or moisture during dry storage. Passivation increases the 

stability of the fuel by reducing its reaction rate with air or other oxidants. Consequently, if the fuel 

were inadvertently exposed to air during dry storage, the heat generated would be less than the 

minimum heat dissipation rate, thus minimizing the chances of a fuel fire or rapid adverse chemical 
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reactions. This process potentially could be used to stabilize metallic fuel with damaged cladding, 

such as Hanford Site N-Reactor fuel. 

Passivation could also include preparatory steps such as SNF cleaning, drying, and heating in 

a controlled environment to remove any bound water or to potentially remove or oxidize uranium 

hydride. A typical process first involves fuel cleaning. When cleaning is completed, a flow of dry 

inert gas is introduced around the fuel, which is maintained at the predetermined elevated 

temperature. A small concentration of oxidant is introduced into the flowing inert gas. Reactive 

regions of the fuel matrix react with the small amount of oxidant at the elevated temperature to 

oxidize them and make them nonreactive. When process instrumentation indicates that the reaction 

rate between the oxidant and the fuel (in the controlled environment) is sufficiently low, the fuel is 

cooled down and appropriately packaged . The fuel packaging must restrain the fuel from excessive 

movement to prevent the formation or exposure of new highly reactive fuel regions. 

A passivation process has been used on metallic fuel in a laboratory setting by the British, 

who considered it to be a potentially viable method to transition their SNF from wet to dry storage. 

Passivation is being investigated for use on N-Reactor fuel at the Hanford Site. 

J-4.2.3 Coating 

Coating is a technology whereby the SNF is placed into a metal container, dried to remove 

any water, and then heated to the casting temperature for particular materials such as lead, copper, or 

an epoxy. The fuel element is covered with the molten material. The intent is to provide monolithic 

containment around the fuel element to ensure that the SNF will not release any fission products, nor 

encounter an atmosphere that causes the fuel to degenerate further. To date, this technology has been 

investigated primarily as an approach for preparing SNF for disposal. Pressing copper around SNF at 

high pressures has been studied by the Swedish government. 

J-4.3 Processing 

For over 40 years, DOE has employed aqueous reprocessing. The purpose for reprocessing 

was to separate plutonium and residual uranium materials in the SNF from the radioactive fission 

products and structural material, including fuel element cladding. 

Some of the SNF that is currently in storage at the Savannah River Site, Hanford Site, and 

Idaho National Engineering Laboratory shows signs of degraded cladding. Aqueous processing may 

be a way of preventing safety and environmental problems with fuels that have questionable cladding 

integrity (DOE 1994a). From the standpoint of SNF stabilization, processing is a technology for 

which DOE facilities exist and where there are still capable technical and facility operating personnel 

to staff and support facility operations. By removing part of the SNF inventory from the present wet 

storage environments, processing affords an additional level of stability for the inventory of stored 

SNF. 
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Processing of SNF with separation of fissile materials has a long history of operations. The 

technology is mature and well understood. The primary process used for fissile materials separation 

for DOE SNF, commercial fuels, and foreign separations processing has been the PUREX (plutonium 

URanium EXtraction) process or variations of this process. Facilities for PUREX-type processing 

have been built in the United States, a number of European countries, Russia, and Japan. In the 

United States, all of the recently operating facilities are owned and operated by DOE. With the end 

of the cold war, DOE and the U.S.  Department of Defense reevaluated the need for additional fissile 

materials and decided in 1992 to phase out processing for recovery of fissile materials. DOE's 

processing facilities at the Hanford Site and Idaho National Engineering Laboratory are now shut 

down. One processing facility at the Savannah River Site has recently been restarted to stabilize 

aqueous solutions of uranium. 

While chemical separation is the only technology currently available, there are other 

technologies that could accomplish fuel processing. The following technologies are intended to 

provide representative examples of technologies that could be employed for various types of SNF 

subject to the appropriate National Environmental Policy Act documentation. All technologies are not 

applicable to all types of fuel. 

Several processes have been proposed and studied to stabilize SNF that do not involve 

separation of uranium and/or plutonium from the other highly radioactive contaminants. These 

processes involve changing the SNF physical and chemical form to make the volume smaller, material 

less reactive, or the material more homogeneous. Materials to assist in preventing nuclear criticality 

(nuclear poison) may also be introduced into the process. Because none of these methods remove 

fissile material, the possibility of a nuclear criticality exists for DOE SNF with a fuel matrix of highly 

enriched uranium-235, unless the uranium-235 is diluted with uranium-238 or a nuclear poison is 

added to assist in preventing nuclear criticality. 

J-4.3.1 Oxidation 

An oxidation process can be used for two purposes. It can be used to (a) separate the fuel 

from the cladding, minimize the volume of material to be stored, or prepare the fuel matrix to be 

more easily dissolved, or (b) convert fuel matrix or graphite fuel elements into a stable oxide form. 

The decladding options include 

• AIROX-Holes are drilled into the fuel matrix. Uranium dioxide (U� is oxidized to 

U30S by injecting oxygen gas at 400°C (750°F). There is an increase in fuel matrix 

volume of about 70 percent. The uranium then is reduced back to U� using 

hydrogen gas. The process is repeated several times until the cladding breaks apart. 

This process is in the developmental stages. 
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• RAHYD-Holes are drilled into the fuel matrix. Uranium metal is reduced with 

hydrogen gas at 225°C (435°F) to produce uranium trihydride. There is about a 

70 percent volume increase. The fuel matrix is then converted back to uranium metal 

by heating to 780°C (1400°F). The process is repeated several times until the 

cladding breaks apart. This process is in the developmental stages. 

• CARBOX-Holes are drilled into the fuel matrix. Oxygen is injected into uranium 

carbide fuel at 400 to 700°C (750 to 1300°F) to form U30S• There is about an 

85 percent volume increase. This process is in the developmental stages. 

After the fuel is declad, the fuel matrix material can be consolidated and packaged for storage. 

Development work was performed on decladding technologies in the late 1950s and early 

1960s in connection with dry SNF reprocessing research at Atomics International. 

The fuel elements can also be oxidized to convert the cladding and/or the fuel matrix into 

oxide form. One example is the burning of the graphite and metal fuels. The oxidized fuel and any 

ash would contain the uranium, plutonium, and most of the fission products, which then would be 

consolidated and packaged for storage. Technology for burning graphite fuels is well developed and 

has been used at the Idaho National Engineering Laboratory (WINCO 1992). 

J-4.l.2 Chemical Dissolution 

The fuel is dissolved chemically by a highly concentrated acid or base solution. If necessary, 

a nuclear poison can be added to assist in criticality control. Separation of the fissile material from 

the fission products and cladding material does not occur. The resultant product is converted into an 

SNF interim storage form, such as a glass, oxide, or ceramic, with improved characteristics relative 

to criticality control. This process applies to all DOE fuel types except graphite fuel. The dissolution 

technology is well developed (Long 1978) and has been used throughout the DOE complex and in 

several foreign countries. 

J-4.l.l Mechanical 

Several mechanical processes, such as shredding, chopping, grinding, and disassembly, have 

been proposed to change the configuration of the fuel. The resultant product can be mixed with other 

material, such as glass formers or depleted uranium, for safe interim storage. All DOE fuel can be 

treated by this method. Choppers have been used at several DOE facilities, and shredders have been 

evaluated at the Idaho National Engineering Laboratory for graphite fuel (WINCO 1992). 
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J-4.3.4 Aqueous Processing 

The primary aqueous extraction processing approach used is called PUREX. Aqueous 

processing consists of chemically dissolving the fuel in an acid, adjusting the solution pH for stability 

and uranium extraction, and contacting (mixing) the acid solution with an organic phase, such as 

kerosene or n-{jodecane, usually with tributyl phosphate added (Long 1978, Benedict 1981). The 

organic compound forms a complex with the uranyl ion that is extracted into the organic phase, thus 

separating the uranium from other dissolved constituents of the fuel. Depending on the fuel type, the 

entire fuel element may be dissolved, or the cladding can be breached by chopping the element to 

enable the acid to leach the fuel matrix. For the chop-leach approach, there remains undissolved 

cladding hulls. The acid solutions used in the process are tailored to the fuel type. By adjusting the 

valence of plutonium, it can be separated from the uranium and/or fission products by a series of 

water-solution-to-Qrganic-phase extraction steps. The PUREX process is applicable to almost all fuel 

types, if there is a suitable fuel matrix dissolution (headend) process. A process variation called 

TRUEX, developed at Argonne National Laboratory, can be used to recover the transuranic elements 

other than uranium or plutonium. 

Aqueous processing of SNF utilizing the basic PUREX separation approach is a mature 

technology and is used world-wide (Leigh 1992). The United States has used PUREX aqueous 

processing for separating fissile materials from irradiated defense fuels since the 1950s at the 

Savannab River Site, Hanford Site, and Idabo National Engineering Laboratory. The West Valley 

Plant in New York, constructed for fissile material extraction from commercial light water reactor 

fuels, used a PUREX-type process. The United Kingdom, France, Russia, and Japan use large-scale 

aqueous PUREX processing to recover fissile materials from spent fuels. 

J-4.3.5 Electrometallurgical Processing 

Electrometallurgical processing employs rapid anhydrous (or water-free) chemical reactions at 

high temperature for the extraction of metal from mixtures or concentrates and for refining metallic 

elements and compounds. The process is based on passing an electrical current through fused salts. 

It involves three steps. First, a basket of chopped fuel is made anodic with respect to the 

electrorefiner crucible, which promotes rapid dissolution of the fuel into the electrolyte salts. These 

salts float on a pool of liquid cadmium metal . Second, a metallic cathode is introduced into the salts 

and much of the uranium is deposited on the metallic cathode (which is removed for uranium 

recovery). Third, a liquid cadmium cathode is then used to collect the remaining uranium, 

plutonium, and fission products . Zirconium and noble metals remain in the molten electrorefiner 

cadmium pool. Most fission products remain in the electrolyte salts. Cadmium in the liquid 

cadmium cathode can be distilled, leaving the fissile materials and uranium/plutonium for further 

disposition, as appropriate. The process is being developed at Argonne National Laboratory-West and 

being demonstrated on a near-commercial pilot-plant scale in the Fuel Cycle Facility at the Idabo 

National Engineering Laboratory using sodium-bonded metallic fuel. In principle, other metallic fuel 
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can be processed electrometallurgically. This developmental process is unique to DOE witb no 

foreign or commercial counterparts at tbe present time. 

J-4.3.6 Halide Volatility 

A dry chloride volatility process is being developed for separation of tbe nonradioactive bulk 

cladding material (e.g., zirconium), fissile uranium, and otber fissile or nonfissile transuranic 

products in SNF. This process is in tbe conceptual stage (Christian 1994). The process involves 

complete volatilization of a SNF element. Fuel is exposed to chlorine gas at high temperature 

[greater tban 1200'C (2200· F)]. All of tbe fuel constituents form volatile chlorides. The chloride 

compounds are separated by scrubbing tbe gases tbrough a molten zinc chloride batb to remove tbe 

fission products and transuranic radionuclides. The fission products and transuranic radionuclides are 

recovered by evaporating away tbe zinc chloride. The remaining chloride gases are fractionally 

condensed to separate and recover nonradioactive constituents, uranium, iodine, and krypton. The 

process produces a single waste form (e.g., glass) for ultimate disposition. A significant reduction in 

volume can be achieved. The process can be applied to fuels witb almost any of tbe existing 

claddings (such as zirconium alloys, aluminum, and stainless steel). 

J-4.4 Capabil ities of Existing Facilities for Processing Each of the 

Fuel Types 

The current DOE SNF inventory was characterized into six categories as discussed previously 

in Section J-2 and Table J-1 .  Table J-2 summarizes tbe locations for each category of SNF as well as 

tbe processing capabilities tbat might be brought to bear on tbem. The information in tbe tables is 

expanded on below. 
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Table J-2. Capabilities of existing facilities for processing each type of spent nuclear fuel (SNF). 

SNF 
category 

1 

2 

3 

4 

5 

Description 

Metallic fuel with 
zirconium-aUoy 
cladding 

Highly enriched 
metallic fuel with 
aluminum clad 

Low enrichment, 
metallic fuel with 
zircaloy-clad 

Uranium carbide in 
graphite matrix 
within a graphite 
structure U02 fuel 
with zirconium 

Zircaloy-clad rods 
typicaUy with low-
enrichment U02 
pellets 

Source 

Naval fuel 

Fuel (rom the 
Savannah 
River Site 
production 
reactors; 
Idaho National 
Engineering 
Laboratory 
Advanced Test 
Reactor driver 
fuel; some 
domestic and 
foreign 
research 
reactor fuels 

Hanford Site 
N-Reactor fuel 

Gas-cooled 
commercial 
reacto� at 
Port St. Vrain 
and 
Peachbottom 

DOE testB of 
commercial 
reactor fuel; 
damaged 
Three-Mile 
Island core 
debris 

Conditioning and 
stabilization needs 
(or interim storage 

Excellent condition; 
minimal stabilization 
required 

Condition varies; 
stabilization is a 
near-tenn issue; fuel 
in wet storage will 
degrade further 
during interim 
period; long-tenn 
dry storage has 
unresolved questions 

Poor condition and 
degrading; about 
half of the SNF has 
breached cladding 
with fuel leaching; 
stabilization is a 
near-tenn issue 

ExceUent condition; 
minimal stabilization 
necessary 

Condition excellent 
with the exception 
of Three-Mile Island 
core debris; minimal 
stabilization 
necessary 

J-19 

ProcCflsing 
technology 

status 

Proven on a 
production 
scale 

Proven on a 
production 
scale 

Proven on a 
production 
scale 

Proven on a 
production 
scale for 
ROVER SNF; 
proven on a 
prototype 
scale for other 
graphite fuels 

Proven on a 
production 
scale 

Existing appticable 
facilities 

Existing Idaho National 
Engineering Laboratory 
facilities using second 
generation dissolution 
facilities (fluorinel 
dissolution process cell) 
and extraction via 
cpp� I facility 

Existing Savannah River 
Site facilities for Savannah 
River fuel; other research 
and development SNP can 
be processed at either the 
Savannah River Site or 
Idaho National 
Engineering Laboratory 

Existing Savannah River 
Site or Idaho National 
Engineering Laboratory 
facilities with new chop-
leach head-end; certain 
foreign facilities exist that 
have the capability to 
process N-Reactor SNP 

Idaho National 
Engineering Laboratory or 
Savannah River Site 
facilities could be used 
with a new head-end 
facility 

Existing Idaho National 
Engineering Laboratory or 
Savannah River Site 
facilities perhaps with new 
head..,nd facility 
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Table J-2. (continued). 

Conditioning and ProcelJsing Existing 
SNP stabilization needs technology applicable 

category Description Source for interim storage status facilitiCi 

6a Various stainless-steel Idaho National Various and Proven on a Existing Idaho 
clad fuels with either Engineering sometimes unknown production National 
high or low enrichment Laboratory and fuel condition. scale for steel- Engineering 

Hanford Site test Degradation of some clad high- Laboratory or 
reactors fuels expected enriched Savannah River 

because of long uranium SNF; Site facilitiea 
storage timcs prototype with new or 

demonstration. modified head-
are needed for end 
other type. 

6b Zircatoy-clad U02 or Shippingport Various and Proven for Existing Idaho 
U-Mo alloy of high or power reactor and sometimes unknown some fuel National 
low enrichment various fuel condition; types; others Engineering 

experiment degradation of some may require Laboratory or 
reactors fuels expected further work Savannah River 

because of long Site facilities 
storage times with an 

upgraded 
dissolution 
facility 

6c Liquid uranium-23S in a Molten salt Unknown; corrosive Processing None at present 
salt solution, no reactor nature of fuel raises technology not 
cladding experiment at Oak questions regarding yet identified 

Ridge National present conditions; 
Laboratory evidence of 

corrosion of storage 
container exists; 
stabilization will be 
required 
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J-5 SPENT NUCLEAR FUEL INSTITUTIONAL CONSIDERATIONS 

This section, in a general way, summarizes potential impacts of institutional considerations on 

SNF management. The institutional factors include availability of an infrastructure of personnel with 

knowledge and training in SNF management; facility capacity for SNF operations; and availability of 

equipment, facilities, railheads, and roadways for transport of SNF. These factors are important 

considerations in evaluating and selecting technology options for SNF management. 

J-5.1 Availability of Technical Personnel Trained in Spent Nuclear 

Fuel Management 

The management of SNF requires personnel qualified and experienced in a number of 

appropriate skill areas and operations. The skill areas include proficiency in the design, fabrication, 

and use of special tooling; specific training in safety and radiation protection; specific understanding 

of critiCality controls; an understanding of SNF and SNF handling and shipping operations; and 

emergency preparedness capabilities. Most operations involving SNF must be performed remotely in 

hot cells. 

The disciplines specific to SNF management include mechanical and structural engineering, 

construction engineering, radiation protection, nuclear safety, industrial safety, chemistry, and nuclear 

physics. 

J-5.2 Availability of Facilities for Spent Nuclear Fuel Management 

Operations 

Important facilities factors to be considered in SNF management include availability and 

adequacy of existing facilities for storing and stabilizing of SNF and the design requirements for new 

facilities. Important factors when evaluating existing facilities include fuel type to be handled, fuel 

integrity, type of storage (for example, wet or dry), stabilization requirements, capacity and condition 

of dry storage facilities, and any conditioning or processing that could be required for ultimate 

disposition. 

J-5.3 Transport of Spent Nuclear Fuel 

Important factors relating to transport of SNF include fuel reactivity or stability, availability 

of shielded casks, availability of cask·handling cranes with adequate capacity, status of licenses and 

permits for a particular site, availability of transport equipment and loading and unloading facilities, 

availability of qualified roadways and/or railheads, and vehicle tracking and communications 

capabilities. 
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J-S.4 Safeguards and Security 

The management of SNF typically requires rigorous safeguards and security controls to 

protect the fissile material within the SNF from diversion. In addition, protection of personnel, the 

public, and environment must be maintained . These requirements result in specific safeguards and 

security criteria that include access control to areas where SNF is handled, stored, and processed and 

the maintenance of controlled databases to account for fuels and their inventory of fissile materials. 

J-S.S Current Federal and State Agreements 

DOE has entered into agreements with state governments that apply to SNF sites. The DOE 

agreement with the State of New York provides that the SNF will be removed from the West Valley 

Site to another DOE site. An agreement among the DOE, Navy, and State of Idaho regarding the 

Idaho National Engineering Laboratory provides for removal of SNF from underwater storage in the 

north and middle basins of Building CPP-603 by the end of 1996 and from the south basin of this 

facility by the end of 2000. There is also an agreement among the DOE, U.S.  Environmental 

Protection Agency, and State of Washington regarding the Hanford Site that requires the removal of 

SNF and pool sludge from the Building I05-K basins. 

J-S.6 Maintaining Flexibility Until Ultimate Disposition is Available 

Some stabilization technologies for storage may be undesirable if they could potentially make 

a later conversion to an acceptable fonn for ultimate disposition very difficult. For example, SNF 

stabilized for interim storage could be precluded from ultimate disposition by certain possible 

acceptance criteria. 
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Appendix K 
Environmental Consequences Data 

This appendix presents data that were used to discuss environmental consequences and to 

generate the graphics used in comparing environmental consequences among alternatives (in 

Chapter 3) and among alternatives and sites (in Chapter 5). These data are taken from Volume I 

Appendices A through F and converted as required to different units or time periods. To understand 

the technical basis and context for each of the reported data elements, refer to the appropriate site 

appendix: 

Hanford Site 

Idaho National Engineering Laboratory 

Savannah River Site 

Naval Nuclear Propulsion Program 

Other Generator/Storage Locations 

Nevada Test Site and Oak Ridge Reservation 

Appendix A 

Appendix B 

Appendix C 

Appendix 0 
Appendix E 

Appendix F 

The appendix contains (a) a key to alternatives, (b) a summary of data by alternative, and 

(c) a summary of data by alternative and site. The key to alternatives defines the site combinations 

represented by the subalternatives and options and relates these to the columns in Tables K-l and K-2. 

The summary of data by alternative in Table K-I presents the summed (or maximum) impacts across 

all sites involved in that alternative, subalternative, and option. The summary of data by alternative 

and site in Table K-2 presents data for each site that is affected by that alternative, subalternative, and 

option. Those sites not affected by a particular option are not shown. 

Ten categories of data, numbered in the first column of the attached tables, were used to 

develop the discussions and graphs in Chapter 5 and are summarized by discipline below. 

I .  Land Use-The value presented is an estimate of the amount of additional acreage that would 

be disturbed if a particular alternative was implemented. Minimum and maximum values 

were provided for options within each alternative where available. The maximum percent of 

the total site area that would be dedicated to spent nuclear fuel (SNF) management activities 

was also calculated. Land use impacts are discussed in Section 5.2. 1 of Volume I .  A 

detailed discussion on land use is provided in Appendices A through F. 

2 .  Employment Related to SNF Management-The values presented are the projected IO-year 

average changes in site employment related to proposed SNF management activities for the 

period from 1995 to 2005. Minimum and maximum values were calculated where data were 

available. Baseline site employment refers to the sitewide employment at June 1995, inclusive 

of those employed in SNF management activities. The maximum percent of baseline site 

employment represents the maximum incremental change in sitewide employment that might 
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occur because of the proposed SNF management activities. SNF-related employment is 

discussed by alternative in Section So l ,  Chapter 5, Volume I .  A detailed analysis of 

socioeconomic impacts is provided in Appendices A through F. 

3. Population Collective Dose-The radiation dose that would be received by the population 

within 80 kilometers (50 miles) of each site per year from normal operations. It is derived 

from data in the site appendices and represents the dose for the maximum option within each 

alternative. Because of the differences in methods used to generate the data, the estimated 

SNF management doses are sometimes higher than total site doses. The SNF management 

doses were developed by modeling releases from existing and proposed facilities, and sitewide 

doses were determined by a combination of modeling of existing facilities and monitoring 

data. The monitoring data are more accurate, while the modeling approach overestimates 

expected dose, making the expected dose higher than would probably be realized. Population 

collective doses are described by alternative in Section 5 . 1 ,  Chapter 5, Volume I .  

4. Maximally Exposed Individual (MEI)-The MEl is a hypothetical person located downwind at 

the site boundary closest to the facilities that might have radiation releases. The MEl doses 

are calculated by modeling releases from existing and proposed facilities from normal 

operations. Data on the MEl doses can be found in Appendices A through F and represent 

the dose for the maximum option within each alternative. 

5. Worker Dose-The dose that would be received by workers at facilities, based on expected 

radiation levels at those facilities for normal operations. Sitewide worker doses are based on 

historical monitoring of workers. These values are not particularly useful in comparing 

among sites or alternatives as worker doses are controlled by limiting worker involvement in 

activities that could result in exposures to radiation. Both individual doses and collective 

doses to workers are taken from Appendices A through F. 

6. Water Use-The values represent an estimate of the change in annual consumption of water 

(in millions of gallons) that may result from the proposed SNF management activities for a 

given alternative. Minimum and maximum values are provided where available. The 

baseline water use is the annual water consumption for a site for all operations. The 

maximum percent of baseline site water represents the annual maximum incremental change in 

water use that would occur because of the proposed SNF management activities. Water 

impacts are discussed in Section 5.2.6, Chapter 5, Volume I .  A detailed discussion of water 

use and related consequences is provided in Appendices A through F. 

7. Electricity Use-The values represent an estimate of the change in annual power consumption 

(in megawatt-hours per year) that would result from the proposed SNF management activities 

for a given alternative. Minimum and maximum values are provided where available. The 

baseline site electricity use is the annual power consumption for a site for all operations. The 
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maximum percent of site electricity use represents the annual maximum incremental change in 

power consumption that would occur because of the proposed SNF management activities. 

Electricity use is discussed by alternative in Section 5 . 1 ,  Chapter 5, Volume 1 .  A detailed 

discussion of electricity use is provided in Appendices A through F. 

8 . Sewage-The values represent an estimate of the change in annual rate of wastewater 

generation (in millions of gallons) that would result from the proposed SNF management 

activities for a given alternative. Minimum and maximum values are provided where 

available. The baseline site sewage value represents the annual volume of wastewater 

generated from total site operations. The maximum percent of baseline site sewage represents 

the annual maximum incremental change in wastewater generation that would occur because 

of the proposed SNF management activities.  Wastewater generation is discussed in Section 

5.2.9 of Volume 1 .  A detailed discussion of wastewater generation is provided in Appendices 

A through F. 

9. Waste Volume Estimates (high-level, transuranic, mixed, and low-level waste)-The annual 

generation rate of these waste types (in cubic meters per year) from the proposed SNF 

management activities is provided. These values represent lO-year cumulative generation 

rates divided by ten. Minimum and maximum values are provided where available. The 

waste volumes are discussed by alternative in Section 5 . 1  of Volume I .  A detailed discussion 

of the waste-generating activities at each site is provided in Appendices A through F. 

10. Facility Accidents-For accidents, the individual and collective dose values in the tables 

represent the consequences for the accident having the highest radiological risk (dose times 

frequency, not necessarily the highest dose) to the public or to workers . The accidents 

selected for reporting are not necessarily the same for workers and the general population. In 

each category, the accident with the highest risk was selected, which may be different for 

workers and the general population. Doses and risks in Table K-2 are the maximum values 

from each alternative in Table K-1 .  Accident analyses reported in this summary are based on 

SNF management-related activities only and are found in the site appendices. Doses from 

accidents are described by alternative in Section 5 . 1  of Volume I .  The Savannah River Site 

did not quantify the worker dose for the maximum risk accident because the safety analysis 

reports from which accident information was extracted were prepared before the issuance of 

DOE Order 5480.23 (DOE 1992). Before 1992, applicable DOE orders did not require the 

inclusion of worker doses in safety analysis reports. Appendix C to Volume I of this EIS 

provides a co-located worker dose rather than a worker dose for the maximum risk accident. 

I I .  Transportation-For incident-free transportation, the values in Table K-2 represent the total 

annual average fatalities from shipments of SNF for each alternative. Total fatalities are the 

sum of radiation-related latent cancer fatalities for transportation workers and the general 

population, plus nonradiological fatalities from vehicular emissions. These data are an 
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risks, two sets of data are presented in Table K-2 for each alternative. The estimated risks of 

cancer fatalities represent the radiological risk from transportation accidents. The estimated 

risk of traffic fatalities represent the nonradiological risk from traffic accidents. Both 

quantities are on an annual average basis. These data are an aggregate of the data presented 

in Appendices 0 and I. 

The data in Table K-l have been rounded to two significant figures, the greatest number of 

significant figures that can be justified with this analysis. Zero values indicate no impact for that 

parameter. In the summary table by alternatives, however, missing site data are treated as zeroes, so 

the impacts for given alternatives can be understated. Missing data are indicated by blanks. Missing 

values exist only where impacts are expected to be very small or trivial, so the magnitude of 

underestimation is probably also small. 

Table K-I shows the magnitude of differences between alternatives is very low. To 

understand observed differences between alternatives, Chapter 5 of this EIS should be consulted. 

Differences between sites within an alternative require examination of the site-specific appendices for 

the reasons noted above. 
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Key to Alternatives and Sites 

No Action: Very limited SNF shipmen18, limited upgrades to facilities, limited stabilization. 

Decentra6zatioo: Non-DOE sites (except Navy) transport to DOE sites, some upgrades to facilities, stabilization. 

Option A: No examination of naval SNP 
Option B: Limited examination of naval SNF at Puget Sound Naval Shipyard 
Option C: Full examination of naval SNF at Idaho National Engineering Laboratory; SNF returned to Navy sites 

for storage 

1992/1993 Planning Basis: . New SNF transported to Idaho National Engineering Laboratory or Savannah River Site, 
facility upgrades and expansion, stabilization. 

Regiooa6zation: SNF transported to regional sites, facility upgrades and expansion, stabilization. 

4A: SNF to Idaho National Engineering Laboratory or Savannah River Site depending on fuel type 

48: SNF to Western or Eastern Regional Site depending on geography 

Expended Core Facility 
Option Western Regional Site Eastern Regional Site location 

IE Hanford Site Savannah River Site Savannah River Site 

l W  Hanford Site Savannah River Site Hanford Site 

2W Idaho National Engineering Savannah River Site Idaho National Engineering 
Laboratory Laboratory 

3E Nevada Test Site Savannah River Site Savannah River Site 

3W Nevada Test Site Savannah River Site Nevada Test Site 

4E Hanford Site Oak Ridge Reservation Oak Ridge Reservation 

4W Hanford Site Oak Ridge Reservation Hanford Site 

SW Idaho National Engineering Oak Ridge Reservation Idaho National Engineering 
Laboratory Laboratory 

6E Nevada Test Site Oak Ridge Reservation Oak: Ridge Reservation 

6W Nevada Test Site Oak Ridge Reservation Nevada Test Site 

Ceotra6zatioo: SNF transported to central site, facility upgrades and expansion, stabilization. 

Option A: Hanford Site is the central site 
Option B: Idaho National Engineering Laboratory is the central site 
Option C: Savannah River Site is the central site 
Option D: Oak Ridge Reservation is the central site 
Option E: Nevada Test Site is the central site 

Hanford Site 
Idaho National Engineering Laboratory 
Savannah River Site 
Oak Ridge Reservation 

Nevada Test Site 
Navy shipyards and prototype locations 

Hanford 
INEL 
SRS 
ORR 
NTS 
Navy 
Other SmaU DOE, other government, and university research reactor sites 
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Table K-l. Summary of impacts by alternatives and by site." 

Hanford INEL SAS OAA NTS Naval 0Ihe< 

I No-Action No-Action No-Action No-ActIon No-Action No-Action No·Action 

Optio U,', 
ILand ,a< ..... '''', .... ml�m"" Ac� 0 , 0 IS 0 

ILand for new facilities, maximUTI � 0 1 0 IS 1 

ISlt, ,,,,a Ac"" 358.400 570.914 19aOOO S.055 48.770 
, a",a. m";mum 0.00 0.00 0.00 02S 0.00 

employmenl, minimLnl po< 0 -236 50 B 0 ""'" 
employment, maximUTI pa' 0 -236 50 B 0 "'''' 

Baseline site emplovment 
""'" 

PO' 18,700 8,620 15,800 30.050 27,820 

, -"' ,'" . ml"'mum 0.00 -2.7' 0.32 0.03 0 00  

baseUne site employment, maximLm 0.00 -2.74 0.32 0.03 0 00  

I cancer fatalities in 8a. latent cancer 1.3E-5 2.3E-Q ',SNF, fidaJiti9& per year 5.0E-5 2.1E-S 

, ,t cancer fatalities in 80 , .. �:: :;';a, 2.0E-4 4.0E-5 4.4E-3 3.DE-S ','" """",tiona 1 . 1 E·2 

, T , 01 1  La:'" ,",::" 1.3E·9 2.0E-Q 4.0E-14 1.SE-6 . , , MEl. 
, T 01 latent cancer La:'" ,",::" I.oe-a 2.8E·8 B.SE-S 1 . 1 E-8 2.2E-6 , ' MEl . . 
, ., ,011 Lat�"";:" 1.6E-4 I.OE-S 4.0E-5 2.3E-6 I , .... ,tv ', wo",,,. 

, .
. f of latent cancer fatality in ':::� ""'"" 7.3E-6 6.2E-5 a.SE-S 2.2E-8 "1,, 

0. management, minimLm M"Ii," , I ' ... 0.0 -3.0 9.3 0.0 
ye", 

w. SNF management, maximUTI M'Hi," :'!"'" PO' 0.0 i -3.0 9.3 0.0 

Baseline water use, site operalions Million �Ions ptlf 
"'" 

3,963 i 1,717 23,700 , 9,859 

Max'm,m PO""'" , , wata" ", 0.00 -0.17 0.04 0.00 , 
Electricity use, SNF mal"lBgement. minimum 

vea, 
0 -9,929 

, 
1,400 0 

Electricity use, SNF managemenl, maximLm ""a, 0 -9,820 1,400 0 
. _---

Baseline site electricity use 
yea, 340,000 208,000 660,000 411.067 

0.00 -4.n 0.21 0.00 
,. ma'm"", 0.00 -4.72 0.21 0.00 

management, minimum M,""'" ::;'" pa' 1 . 1  0.0 •. 3 0.0 

:Sewage, SNF managemenl, maximLm ... ,,�" gal''''' pe' 1.1  0.0 •. 3 0.0 
""a, 

Baseline site sewage Million _�I� per 55 143 182 0 I ""'" I 

" b .. �''''''' sawa •• , m";mum 1.90 0.00 5 09  0 
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Table K-l. (continued). 

Hanlo", INEL SRS ORR NTS Naval Ott"" 

AHemativt No·Action No-Action No-Action No-Action No-Action No-Action NQ.Action 

-- --- -" --

SlbaltematM 
- --- -----" 

Opt;", Uo", 

High level waste, SNF management, minimum 
Cubic meters per 

0 0 0 0 
.... --

Cubic meters per 
High level waste, SNF management, maximum 

_., 
0 0 0 0 

ITransuranic waste, SNF mBllBgement, minim...,.. 
Cubic meters per 

0 0 17 0 
"""' 

ransuranic waste, SNF management, maximl.n 
Cubic metel1l per 

0 0 17 0 
-., 

Mixed waste, SNF management, minim...,.. 
Cubic meters per 

1 0 0 0 
""'" 

Mixed waste, SNF management, maxim...,.. 
Cubic meters per 

1 0 0 0 
""'" 

Low level waste, SNF management, minimum 
Cubic meters per 

150 0 400 0 
""'" 

Low level waste, SNF management, maximum 
Cubic meters per 

150 0 400 0 
""'" 

High-level, transuranic, and mixed wast. Cubic meters per 1 0 17 0 
aenerated minimL.m ""'" 
Higtt.level, \rBl'lBuranic, and mixed wastes Cubic meters per 

1 0 17 0 
.m�;m� ""., 

Estimated maximum latent cancer fatalities In � Latent cancer 
3.7E+l 7.0E+O 8.5E·3 

km population from maxim...,.. risk accident falailliea 
2.6E+l 

---- --
Estimated maximum risk of latent cancer 

atalities in 8O-km populalion from maximum risk Latent cancer 
3.7E·3 7.0E·5 1.4E-3 2.6E-4 

accident 
fatalities per year 

Estimated maxim...,.. wof1(er latent cancer Latent cancer 
tAE·3 3.9E-5 (bl 7.4E-2 

fatalities from maxim...,.. nak accident fatalities --
Estimated maximum risk of worXer latent cancer Latent cancer 

1.4E·7 4.0E-8 (bl 7.4E·7 
fatalities from maximum risk accident fatalities per year 
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Table K-l. (continued). 

Hanford 

AHemativl 
Decel1lrall-

zatiOn 
. 

SubaltemallVl 
-- --

Opb� Units A 

Land for new facilities, minimum Ace .. 1 1  

Land for new facilities, maximum Acn>' " 

Site area "'n>' 358,400 

Percent 01 Site area, maximum 0.01 

SNF-relaled employment. minimum 
Person-years per 60 """-----

$NF-relat&d employment, maximlJ'Tl 
Person-years per 636 '""'----

Baseline site employment 
Person-years per 

16,700 �-

Percent of baseline site employment. minimum 0.43 

Percent of baseline site emplo'llTlent, maximlJ'Tl 3.41 

Estimated maximum latent cancer fatalities In 80- Latent cancer 
6.3E-4 km population, SNF management fatalities per year 

Estimated maxlmLm lalent cancer fatalities In SD- latent cancer 
2.0E-4 km oooulation site OPerations latalitles oar vear 

Estimated m8ldmlJ'Tl probability 01 latent cancer l...sIent cancer 
l . l E-8 

atalities In MEl SNF manaaement latalltles Dflr vaar 
Estimated maximum probability 01 latent cancer l...sIent cancer 

1 .0E-8 
atalities in MEl site ooerations latalitles oer vear 

Estimated m8ldmlJ'Tl probability 01 latent cancer Latent cancer 
2.0E-4 

atality in worker SNF manaaem�nt latalit� 
Maximum probability of latent cancer latality In l...sIent cancer 

7.3E-6 iwo",,,. ,'e ooecatioos 
Water use, SNF management, minimum 

MIllion gallons per 
O.S """-----

Water use, SNF management, maximum 
Million gallons per 

39.6 
-- -;;;- """-----

Baseline water use, site operations 
Million gallons per 

3,963 �- ------

Maximum percent of baseline site water use 1.00 

Electricity use, SNF management, minimum 
Megawatt-hours per 

100 '""'--
Electricity use, SNF management. maximlJ'Tl 

Megawatt-hours per 
127,000 �

:: 
Baseline sita electricity use Megawatt-hours per 

340,000 �-

Percent of site electricity use, minimtm 0.03 
--

Percent of site electricity use, maximum 37.35 

Sewage, SNF management, minimlJ'Tl 
Million oaHons per 

1.1  """-----
Sewage, SNF menagement, maximlJ'Tl 

Million gallons ptlr 
3.2 '""'---

Baseline site sewage 
Million gallons per 55 �-

Percent of baseline site sewage, maximum 5.71 
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INEL SRS 

Decentrall- Decentrall-
zalion zation 

A A 

1 0 

1 10 

570,914 198,000 

0.00 0.01 

-236 200 
·236 21S 

8,620 15,BOO 

-2.74 1.27 

-2.74 1.36 

S.OE-5 a.DE-3 

4.QE-S 4.4E-3 

2.0E-Q 2.0E-7 

2.SE-S 6.SE-S 

t.OE-S 6.0E-S 

6.2E-S s.sE-S 

-3.0 14.S 

-3.0 9S.0 
--_. 

1,717 23,700 

-D.17 0.40 

-9,929 19,400 

-9,S20 56,400 

206,000 660,000 

... n 2.94 

-4.72 S.S5 

0.0 12.S 

0.0 13.3 

143 1 62  

0.00 7.31 

ORR NTS 

Oecentrali- Decentrali-
zation zalion 

A A 

- ---

-

-

. _  .. -

No"" Othee 

Decenlmli- Decentrali 
zation mtion 

A A 

16 
-- --_._-

16 

_ .  6.0�_ ----

6 

272 

30,050 

0.03 

0.91 

l.4E-4 

3.DE-S 

1.5E-6 
--

l . l E-8 

2.3E-6 

2.2E-S 

0.0 

0.0 

9,659 

0.00 

0 

0 
--

41 1 ,067 
---

0.00 

0.00 

0.0 

0.0 

0 
- - - -



Table K-l. (continued). 

Hanford INEL SRS ORR NTS Naval Othe, 

AIIemativ 
DecentraJi- Oecentrali- DecentraJi- Decentrali- Decentrali- Decentrali- Decentrali 

mtion ",tion mlion zaban zation zation zalion 
. 

Subahemaliv 

Opti� Un .. A A A A A A A 

High level waste, SNF management, minimum 
Cubic meters per 

0 0 0 0 yO" 
High level waste, SNF management, maximum 

Cubic melel'8 p8( Zl 0 2 0 
""a, 

ransuranic waste, SNF management, mlnimlnl 
Cubic meteltl per 

0 0 ,. 0 
yOa, 

ransuranic waste, SNF management. rnaxirnUIT 
Cubic meteltl per 20 0 ,. 0 

"" .. 
Mixed waste, SNF management, minimum 

Cubic meters per 
0 0 0 0 "" .. 

Mixed waste, SNF management, maximum 
Cubic metalS per 1 0 0 0 

yO" 

Low level waste, SNF management, minimum 
Cubic meters per 

94 0 400 0 --- +_. 
Low level waste, SNF management, maximum 

Cubic meters per 220 0 800 0 .. 
HigtHevel, transuranic, and mixed wastes Cubic meters per 

0 0 ,. 0 
eneraled minimum "'"'' 

High-level, lransuranic, and mixed wastes Cubic metel'FJ per 
44 0 21 0 

Estimated maximum latent cancer fatalities Irt 80 Latent cancer 
B.1E+l B.5E-3 

km population from maximum risk accident lal8lttles 
7.0E+O 2.SE+l 

--
Estimated maximum rist< 01 latent cancer 

atalities in 8O-km population lrom maximum risk Latent cancer 
4.9E-4 7.0E-S 3.oe-3 2.6E-4 

accident 
latalities per year 

-
Estimated maximum wot1l.er latent cancer Latent cancer 

Q.4E-2 3.9E-S (b) 7.4E-2 
atalities from maximum risk accident lalalities -- _._- , ----

Estimated maximum risk 01 worker latent cancer Latent cancer 
S.6E-7 4.0E-8 (b) 7.4E-7 

latalities from maximum risk accident fatalities per year 
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Table K-l. (continued). 

Hanford INEL SAS OAA NTS Naval Qthe, 

AHemallVE Decentrali- Decentrali· Decentrali- Decentrali- Decentrali- Decentrali- Decentrali 
zelion "''''" ,.;"" mtion mlion "'''''' zation 

Sub&nemativ 
0 .. '", Units 8 8 8 8 8 8 8 

Land lor new facUlties, minimum Acres 1 1  1 a ,. 
Land for new facilities, maxim\XTl "'.e. " 1 10 ,. 
Site area Acres 358.400 570,914 196,000 6,055 
Percent of site area, maximum 0.01 0.00 0.Q1 

SNF-relaled employment, minimum Person-years per 80 ·236 200 73 
",a. -

Person-ye8f8 per SNF'related employment, maxlmlXTl 638 ·236 215 337 
yea. 1-' - --

Baseline site emplo-,ment Person-years per 18,700 8,620 15,800 30.050 ----Yt!ar 
Percent of baseline sll:e employment, minimLITI 0.43 -2.74 127 0.24 

Percent of baseline site employment, maximum 3.41 -2.74 1.36 1.12 

Estimated maximum lalent carlC8f fatalities in 80- Latent cancer 6.3E-4 5.0E-5 B.0E-3 1.4E-4 km populallon, SNF management fatalities per year 
. . 

Estimated maxlmum latent cancer fatalities in 80- Latent cancer 
km pOpulation site ooerations 2.0E-4 4.0E-5 4.4E-3 3.0E-5 fataJltles� --
Estimated maximUTl probability of lalent cancer Latent cancer 1.1E·S 2.0E·9 2.0E·7 1 .5E--6 fatalHles In MEl SNF manaaement fatalities oar war 
Estimated maximlXTl probability of lalent cancer Latanl cancer 1.0E-8 2.BE·S 6.5E·S 1 . 1 E·S atalHies in MEl site operations fatalities� --
Estimated maximum probability of latent cancer Latem cancer 2.0E-4 1.0E·5 6.0E·5 2.3E-6 atalltv in worker SNF manaoement fatalities Der war 
Maximum probability of letent cancer fatalHy in Latent cancer 7.3E-6 6.2E·5 S.BE·5 2.2E·B 

Water use, SNF management, minimum Million gallons per 0.' ·3.0 14.5 0.0 
yea. --

Water use, SNF management. maxJmlXTl Million gallons per 
39 .• ·3.0 ".0 0.0 vear - - -

Baseline water use, site operations M"lion gallons per 3,963 1,717 23,700 9,859 .......Y.aar --�--

Maximum percent of baseline site waler use 1.00 -0.17 0.0 0.00 

Electricity use, SNF management, minimum Megawatt·houlS per 100 ·9,929 19,4OO i a 
"' .. 

Electricity use, SNF management, maximum Megawatt·hours per 127,000 ·9,820 56,400 I a 
yea. � -

Baseline site eleclrlclty use Megawatt-hours per 340,000 206,000 660.000 411,067 "' .. 
r-·O.03 

- --

Percent of site electricity use, minimum ".77 2.94 0.00 -�-

Percent of site electricity use, maximlXTl 37,35 -4.72 8.55 0.00 

Sewage, SNF management. minimum Million gallons per U 0.0 12.8 0.0 
yea. --

Million gallons per Sewage, SNF management, maximum ye .. 
3.2 0.0 13.3 0.0 

Baseline site sewage Million gallons per " '" 162 a 
--'1"a. -

Percent of baseline sHe sewage, maximum 5.71 0.00 7.31 
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Table K-l. (continued). 

I 

Opt"" 

' W"',. : . mlnlm,m 

High level waste, SNF management. maximUTI 

waste, SNF mBl"lagement. minimOOl 

'.' '"w .. 

Mixed waste. SNF management, minimUTI 

Mixed waste, SNF management, rnaxirnOOl 

Low level waste, SNF management minimum 

Low level waste, SNF management, maximUTI 

, 

I 

I 

lala"'" , 

arod.nt 

I 

I 

I 

• and mixed wastes 

,mini"""" 
'. m""'m� . '"" "" ad  w"' .. 

. 
lelen! cancer fatalities In 80-

, from maximum risk accident 

I of latent cancer 

8O·km population from maximum risk 

'""'"' 
, m""'m� "'k '''d.nt 

maximum risk 01 worker latent cancer 

fatalities from rnaximOOl risk accident 

c,�� 
Cubic " ' 
C'�':..., 
C'�':..., 
C,�, 

""., 
" '  

C,�, 

""., 
Cubic " t"  

"" ... 
C,�, :..., 
Cubic 

va., 
""., 

latent CBIlC&r 

falaJlliea 

latent CBIlC&r 

fatalities per year 

Latent CBIlC&f 

fatalities 

Latent cancer 

fatalities per year 

Hanford 

I 

zation 

B 

0 

23 

0 

20 

0 

1 

94 

220 

0 

44 

8.1E+1 

4.9E-4 

9.4E-2 

5.6E-7 

K-l l  

INEL SRS ORR NTS No"'" A""" 

I I II " " , 
zation zation "'oo ""oo _n zation 

B B B B B B 

0 0 0 

0 2 0 

0 " 0 

0 1 9  0 

0 0 0 

0 0 0 

0 400 0 

0 800 0 

0 " 0 

0 21 0 

7.0E+O 8.5E-3 2.6E+l 

7.0E-S 3.0E-3 2.6E-4 

3.9E-5 (b) 7.4E-2 

4.0E-S (b) 7AE-7 
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Table K-l. (continued). 

H""'''' INEl 

A/temativ 
DecentraJl- Oecentralj· 

zalion zation 

Subaltemativ 

OptiOi Units C C 

land fOf new facilities, minim.." A,"" 1 1  1 

Land fOf new facilities, maximOOl A,"" 18 1 

Site area A,"" 35B,400 570,914 

Percent of site area, maximum 0.01 0.00 

SNF-related employment, minimOOl 
Person-years per 

SO 20 
,.0< -

Person-years per 
SNF-related employment, maximum 

�ar 
63B 20 

Baseline site employment 
Person-years per 

18,700 8,620 
,.ac --

Percent 01 baseline site employment. minimum __ 0.43 023 

Percent 01 baseUne site employment, maxlm.." 3.41 0.23 

Estimated maximum tatent cancer facalities in eo- Latent cancer 
6.3E-4 S.I E-S km population, SNF management fatalities per year 

Estimated maximum latent cancer fatalities In 80- Latent cancer 
2.0E-4 4.0E·5 

km DODulation alte ooeratione fatalities oar vear 
Estimated maximum probability of latent cancer Latent cancer 

1 . 1 E·8 2.1E·9 
fatalities in MEl SNF management; fatalitles per vear 
Estimated maximum probability of latent cancer Latent cancer 
fatalities in MEl site ooerations fatalities oer vear 

1.0E-8 2.8E·8 

Estimated maximOOl probability of latent cancer Latent cancer 
fatality in wol1ter SNF ma�emer:rt fatalities nflr Wlar 

2.0E·4 1.0E·5 

Maximum probability of latent cancer fatality in latent cancer 
7.3E-6 6.2E·5 Iwocke" ,rt. oo.catiOns 

Water use. SNF management, minim.." 
Million gaHons per 

0.5 0.0 
"" 

Water use. SNF m8llSgement. maximOOl 
Million gallons per 

39.6 0.0 
�O< 

Baseline water use, site operations 
Million gallons per 

3.963 1,717 
,.0< ----

Maximum percent of baseline site water use 1.00 0.00 

Electricity use. SNF management. minimOOl 
Megawatt-hours per 

100 71 
�" --

Electricity use, SNF management. maximum 
Megawatt-hours per 

127.000 180 
,." 

Megawatt-hours per 
Baseline site electricity use 

�" 
340.000 2M,COO 

Percent of site electricity use. minimum 0.03 0.03 

Percent of site electricity use. maximum 37.35 0.09 

Sewage, SNF management, minimOOl 
Million gallons per 

1 . 1  0.0 
�" --

Sewage, SNF management, maximum 
Million gallons per 

3.2 0.0 
�ar 

Baseline site sewage 
Million gallons per 

55 143 =--- -5.71 Percent of baseline site sewage, �axlmum 0.00 

VOLUME I,  APPENDIX K K-1 2  

SAS OAA NTS 

Oecernrali- Decentrali· Decentrali-
nOon zation zation 

-

C C C 

a 
-

10 

198,000 

0.01 

200 
-- � .-

215 

15,800 
-��-

1.27 

1.36 

8.0E-3 

4 4E-3 
-

2.0E-7 

6.5E-8 

6.0E·5 

B.BE-5 

14,5 

95.0 

23,700 

0.40 

19,400 
-

56,400 
-� -

660,000 
-� 

2." 

8.55 

12.8 

13.3 

182 

7.31 

Naval Ot"'" 

Decentrall- Decentrali 
zation zation 

C C 
--

16 

16 

8 
- ---- ---- -

272 

30,050 

0.03 -

0.91 

l.4E-4 

3.0E-5 

1.5E-6 

1.1  E-8 
. ---,----

2.3E-6 

2.2E-8 

0.0 
-

0.0 
-_. _. . _ _  .-

9,859 
._---

0.00 

0 

0 i 
4 1 1 .067 

----

0.00 
.. 

_ 
-� - -

0.00 

0.0 
... _ . _ - - -

0.0 

0 
. -----� 



Table K-l. (continued). 

""",0", INEL SRS ORR NTS No,,, Ott ... , 

Ahemaltv Decentrali· Decentrali- Decentrali· Oecentrali- Decentrali- DecentraJi· DecentraJi 
zation zation zation zelion zation zation zelian .--

Subahemativ 
0",,,, Units C C C C C C C 

High level waste, SNF management, minimum Cubic meters per 0 0 0 0 wa, --
Cubic meters per High level waste, SNF management. maximum "'a, ZJ 0 2 0 

ransuranic waste, SNF management, minimum Cubic meters per 0 0 '0 0 
w'" 

ITransuranic waste, SNF management. maximum Cubic meters per 
20 0 " 0 "'''' 

Mixed waste, SNF management, minimum Cubic metBrs per 0 0 0 0 yea, 
Mixed waste, SNF management, maximum Cubic meters per , 0 0 0 

wa, 

low level waste, SNF management, minimum Cubic meters per 
94 42. 400 0 "'''' -- i Low level waste, SNF management, maximum Cubic mecers per 220 42. I BOO 0 ",a' , 

High-level, lransuranic, and mixed wastes Cubic meters per 0 0 , '0 0 laeneraled minimum wa' --
High-level, transuranlc, erw:l mixed was1es Cubic mum per 

44 0 21 0 11=,., m8>dmun 'atent oan .. " fata''' .. '0 00- latent cancer B.tE+1 7.0E+O 8.5E-3 2.6E+l population from maximum rtsk accident fatalities 

IEstimated maximum risk 01 latent cancer Latent cancer atalilies in 8O-km population from maximum risk fatalities per year 4.9E-4 7.0E-S 3.0E-3 2.£E-4 
accident --
Estimated maximum wOrXer latent cancer lBtent cancer 9.4E-2 3.2E-3 (bJ 7.4E-2 atalities from maximum risk accident fatalities 

1---
Estimated maximum risk of wol1<er latent cancer Latent cancer S.£E-7 7.2E-B (bJ i 7.4E-7 atalities from maximum risk accident fatalities per year 
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Table K-l. (continued). 

A1temaliv 

Suballemallv 

Opti" 

Land lor new facilities, minimum 

Land for new IBdlltiea. maximum 

Site area 

Percent 01 site area, maximum 

SNF-related employment, minimum 

SNF-relaled employment, maximun 

Baseline sile employmerd 

Percent 01 baseline site employment. minimum 

Percent 01 baseline site employment, maxlmun 

Estimated maximum lalent e&ncerfatalltlea In 8D-
km population, SNF management 

Estimated maximum latent cancer fatalities in eo-
km oooulation site ooeratlons 
Estimated maximum probability of latent cancer 

fatalities in MEl SNF manaoement 
Estimated maximum probability 01 latent cancer 

fatalities in MEl site operations 
Estimated maximlJTl probability of latent cancer 

latalitv in wori<er SNF manaaement 
Maximum probability of latent cancer lalality in 

o.k, . 

Water use, SNF management, minimum 

Water use, SNF management, maximum 

Baseline water use, site operations 

Maximum percent of baseline Me water use 

Electricity use, SNF management. minimum 

Electricity use, SNF management, maximum 

Baseline site electrldty use 

Percent of site electricity use, minimum 

Percent of site electricitv use, maximum 

Sewage, SNF management, minimum 

Sewage, SNF management, maximum 

Baseline site sewage 

Percent of baseline site sewaoe, maximum 

VOLUME I, APPENDIX K 

Units 

Acno. 

Acmo 

Acres 

Person-years per 

""" 
Person-years per 

�" 
Person-years per 

""" 

Latenl cancer 

fatalities per year 

Latent cancer 

fatalities NOr ""'ar 
Latent cancer 

fatalities oer vear 
Latent cancer 

fatalities nAr VIllar 
Latent cancer 

fatalities oar vaar 
Latent cancer 

Milion gallons per 
�" 

MiMion gallons per 

""" 
Million gallons per 

-" 

Megawatt-hours per 

""" 
Megawatt-hours per 

""" 
Megawatt-hours per 

�", � 

Million gallons per 

"'., 
Million gallons per 

""" 
MilliOn gallons per 

V#lar .. _ 

Hanford tNEL 

Plaming Planning 

..... ..... 

11  ,.  

18 ,. 

358.400 570,914 

0,01 0.00 

'" 220 
638 220 

18,700 8,620 

0.43 2.55 

3.41 2.55 

8.3E-4 1 .0E-4 

2.0E-4 4.0E·5 

1 .IE-8 4.0e·g 

1.0E-8 2.8E-8 

2.0E-4 1.0E-5 

7.3E-6 S.2E-S 

0.5 0.0 

39.6 0.6 

3.963 1,717 

1.00 0.03 

100 150 
-

127,CKlO 2,200 

340,CKlO 2OB,CKlO 
-' 

0.03 0.07 

37.35 H16 

1 . 1  0.0 

32 0.' 

55 143 
--

5.71 0.30 

K-14 

SRS ORR NTS Naval Othe, 

Plaming Planning Plaming PLaMing PIQrVling 

..... BasiS Basis ..... Basis 

0 

10 

198,CKlO 

0,01 

200 
235 

,--

15,800 
-

127 

1.49 

B.OE-3 

4.4E-3 
--

2.0E-7 
--

6.5E-8 

6.0E-S 

8.8E-5 

14.5 

95.0 
---

23,700 
----

0.40 

19,400 
-

58.400 

6&).000 I 
.---

2.94 

6.55 

12.8 
--

13.3 

182 
--

7.31 



Table K-l. (continued). 

Hanford INEl SRS ORR NTS Naval Othe, 

Ahemativ 
PLaming Plaming Plaming Planning PlarYling Planning Planning 

BasI, BasI, .... , -, Basi. _. Basis 
..-

Subaftemativ 

Opti� Units 

High level waste, SNF management, miniml.n1 
Cubic meters per 

0 0 0 "'""-- --
Cubic meters per 

High level wBBte, SNF management, maximl.n1 
""., 23 6 2 

ransuranic waste, SNF management. minimum 
Cubic meter& per 

0 0 16 "'""-- --
Cubic meters per 

ransuranic waste, SNF management, maxlmt.m 
""., 20 ,. I. 

Mixed waste, SNF management, miniml.n1 
Cubic meters per 

0 0 0 "'""-- _.-f- --
Cubic meters per 

Mixed wasle, SNF management. maximum "" .. 
1 1 0 

Low level waste, SNF management, minimum 
Cubic meters per 94 6" 400 "'""-- -

Low level waste, SNF management, maximl.n1 
Cubic meters per 220 1.035 750 """ 

High-level, transuranic, and mixed wastes Cubic meters per 
0 0 16 laenerated minimum "'""-- -

High-level, transuranic, and mixed wastes Cubic meters per 
44 43 21 

Estimated maxlml.n1 latent cancer fatalities in 80- lalani cancer a,I E.! 7.oe.o 8.SE-3 km populetion from rnaJdmum risk: accident fatalities 

Estimated maximum risk ol laten! cancer 
lalani cancer 

fatalities in BO-km population from maximum risk 
fatalities per year 

4.9E-4 7.0E-5 3.4E-3 

accident 

Estimated maximum worker latenl cancer Lalenl cancer 
9.4E-2 3.2E-3 (bl fatalities from maximum risk accident fatalities 

Estimated maximum risk of worker latenl cancer lalani cancer 
5.6E-7 7.2E-8 (bl fatalities from maximum risk accident fatalities per year 
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Table K-l . (continued), 

Hanford INEL SRS ORR NTS Naval O.h,,, 

Ahemativ 
Reglonall. Reglonali- Regionali. Reglonali- Regionali- Reglonali- Regionali-

.. lion zalion zation ",lion zation zarian zaOOn 

SubaltemativE , , , , , , , 
Optio< Units 

lland for new facilities, minimUTI ,,, .. " 19 0 
-

lland lor new tacliltie&. maximUTI " ... IB " 10 
--

Site area Ao ... 358,400 570,914 196,000 

Percent 01 site area, maximum 0.01 0.00 0.01 

SNF-related employrrtenl, minimum Person-years per .. 220 200 �- I SNF-related employment, maximum Person-years per 46B 220 235 ----
Baseline site employment 

Person-years per 
18,700 8,620 15,800 

, 
---- ----0:33-Percent 01 baseline site employment, mlnimUTI 2.55 127 --

Percent 01 baseline site employment, maximum 2.50 2.55 1.-49 

Estimated maximOOl latent cancer fatalities In SO- Latent cancer 
6.3E-4 1.0E-4 9.0E-3 km population, SNF management fatalities per year 

Estimated maximum latent cancer fetalitles in SO- Lslent cancer 
2.0E-4 4.0E-5 4.4E-3 Ian Dooulation site ooerations tatallti�8 per V8�_ --.. - -�-

��--.--
Latent cancer 1 . 1 E-S 4.0E-9 2.0E-7 

as In MEl SNF management fatalltl�!_�.L 
maximum probability oI latenl cancer Latent cancer 

1.0E-8 2.SE-S S.SE-S 
in MEl site ooeratiOllS lala1lti�s oar Year ._-

ted maximum probability of latent cancer Latent cancer 
2.0E-4 1.00-S 6.0E-S 

in worker SNF marum....ement fatalities par year -
Maximum probability of latent cancer IEdality In Latant cancer 7.3E-6 6.2E-S S.SE-S Iwmk". ,.� ""''''''''''' '''''''' 
Water use, SNF management, minimum 

Million gallons per 
0.5 0.0 1-4.S ---- --

Water use, SNF management. maximum 
Million gallOIlS per 

39." a." 94.2 
yea, 

Baseline water use, site operati0f\9 
Million gallons per 

'""'-----
3,963 1,717 23,700 

Maximum percent of baseline site water use 1.00 0.03 0.40 

Electricity use, SNF management, minimum 
Megawatt-hours per 

100 150 2-4,-400 '""'-----
Electricity use, SNF management, maximum 

Megawatt-hours per 127,000 2,200 67.-400 
�-:-:: 

Baseline site electricity use 
Megawatt-hours per 340,000 208,000 660,000 '""'----- -� 

Percent of site electricity use, minimUTI 0.03 0.07 3.70 ----� 

Percent 01 site electricity use, maximUTI 37.35 1.06 10.21 

Sewage, SNF management. minimum 
Million gallona per 

1 . 1  0.0 12.6 
�- �-

Million gallons per , 
Sewage, SNF management, maximum 32 0.' 13.-4 �� . -� 

Baseline Bite sewage 
Million gallons per 55 143 162 � - -

Percent of baseline site sewage, �aximum S.71 028 7.36 
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Table K-l. (continued). 

Hant"'" INEL SRS ORR NTS Naval O\he, 

Allemal'" 
Regional!- Reglonali- Reglonall- Reglonali- Regionali- Regionali- Regionali-

zelion ",tion mon zation zation zation zation 

SubaHematiV1 A A A A A A A 

apt;� Units 

High level waste, SNF management, mlnlmUTI 
Cubic meters per 

0 0 0 
"'''' .. - _ .  

Cubic metel'S per 
High level waste, SNF management, maximOO1 

�" 
23 , 2 

ransuranlc waste, SNF management, minimum 
Cubic meters per 

0 0 17 
""" --

:-rransuranic waste, SNF management, maximum 
Cubic meters per 

�" 
20 " " 

Mixed waste, SNF management, minimUTI 
Cubic meters per 

0 0 0 
""" 

Mixed waste, SNF management, maximOO1 
Cubic meters per 

1 1 0 ""., 
low level waste, SNF management, minimum 

Cubic metel& per 
94 62. 400 -., --

Low level waste, SNF management, maxlmUTI 
Cubic meters per 

220 1,035 700 
""., 

High-level, lransuranic, and mixed wastes Cubic meters per 
0 0 17 loeneraled minimum �., 

High-level, lransuranic, and mixed wastes Cubic meters per 
,,"" 44 '" 20 

Estimated maxlmUTI latent cancer fatBllliee In 80- Latent cancer 
8.1E+1 7.0E+O 8.5E·3 

km population from maximUTI Ittk accident fatalities 

Estimated maximum risk of latent cancer 
Latent cancer 

fatalities in 8O-km population from maximum risk 
fatalities per year 

4.9E-4 7.0E-S 3.7E·3 

accident --
Estimated maximOO1 wOf1<er latent cancer Latent cancer 

9.4E-2 3.2E-3 (b) 
atalities Irom maxlmOO1 risk accident fatalities 

Estimated maximum liak 01 worker latent cancer Lalent cancer 
S.6E-7 7.2E-8 (b) 

fatalities from maximum liak accident fatalities per year 
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Table K-l. (continued). 

Hanford INEL 

Ahemaliv Regionall- Regionali-
",lion zalion 

SubatlematiVE • • 
Opti� Units lW,4W 2W,5W 

land for new facilities, mlnimLnl A" .. 56 31 

land lor new facilities, maximum "" .. 98 31 --
Site ares "" .. 358.400 570,914 
Percent of site area, maximum 0.00 0.01 

SNF-relaled employment. minimum Person-years per 734 220 � 
SNF-related employment, maximum Person-years per 

� 1 .366 220 

Baseline site employment Person-years per 
� 18,700 8,620 

Percent 01 baseline site employment, minlmOOI '.92 2.55 

Percent 01 baseline site employment. rT\8ldmLnl 7.'" 2.55 I�d ma>dmum 101 ... "an,," fa1�" .. '0 ro Latent cancer 6.3E-4 2.0E-4 ulalion, SNF management fatalities per year l�d maximum latent cancer fatalities in 8(). Latent canoer 2.0E-4 4.0E-S 
)ulation site ooerations fataliti�r 

Estimated maximLnl probability of latent cancer latent cancer 1 . I E-8 2.0E-8 fatalities in MEl SNF manaoement fatalities per year 
Estimated maximLnl probability of latent cancer Latent cancer 
atalities in MEl site operations fatalities per year I.DE-8 2.8E-8 

Estimated maximum probability of latent canC8f Latent cancer 2.0E-4 I.DE-S atalitv in worker SNF manaaement fataliti�r 
Maximum probability of latent cancer fatality in Latent cancer 7.3E-6 B.2E-S 

Water use, SNF management, minimLnl Million gallons PElr 5.7 0.6 � 
Water use, SNF management, maximOOI Million gallons PElr 44.5 13.0 � 
Baseline water use, stte operations Million gallons pEtr ',963 t,717 �r 
Maximum percent of baseline site weter use 1.12 0.76 

Electricity use, SNF management. minimum Megawatt-hours per 10,100 2,100 �--
Electricity use, SNF management. maximum Megawatt-hours per 137,000 1 1 ,000 

-- r.-.::� � 
Baseline site electricity use Megawatt-houlS per 340,000 208,000 """--
Percent of site electricity use, minimum 2.97 1.01 
Percent of site electricitv use, maximum 40.29 5.29 

Sewage, SNF management, minimOOI Million gallons per I.' 0.1 � ---
Sewage, SNF management, maximum Million gallons p;.-;:- 5.' 1.2 � 
Baseline site sewage Million gallons per 

55 143 � 
Percent of baseline sile sewage, maximOOI 952 0,83 
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i 

i 
, 

SRS ORR NTS 

Regionali- Regionali- Regionali-
zation zalion zalion 

• • • 
lE,2E,3E 4E,5E,6E 3W,6W 

35 120 120 

70 120 120 

198,000 34,667 864.000 
0.04 0.35 0.01 

797 1 , 1 1 8  1 . 1 1 8  
-

852 1 , 1 1 8  1 , 1 1 8  
-

15,600 17,082 '.563 
5.04 '.54 13.05 

5.35 6.54 13.05 

9.0E-3 2.6E-3 4 . 1 E-5 
._-

4.4E-3 2.7E-2 2.6E-6 

2.0E-7 3.1E-6 S.9E-8 

6.SE-8 9.2E-6 S.SE-9 
-

7.0E-S I.BE-S 1.6E-S 

8.8E-S 1.1E-6 2.0E-6 

17.0 6.1 6.1 

96.7 6.1 6.1 

23,700 6.680 1,120 

0.41 0.09 0.54 

34.400 33,000 ! 33,000 
� - -------j 

66,400 ",000 , 33,000 
• - ----.� 

I 
660,000 : 1 ,000,000 I 183,100 

---j-
5.21 r 3.

30 ! 10.06 '.30 

12.B '.6 

13.4 '.6 

182 200 

7,,. 180 

18.02 
18.02 

' 6  

' 6  

0 

Naval "'he, 

Regionali- Regionali-
zation zation 

• • 
NlA NlA 

. -

--

._-

--

--

--

.-.-

I 

, 

� -.. ._-

._. _ -

.... -

-----



Table K-l. (continued), 

Hanford INEL SAS OAA NTS Naval Ott,., 

AllemalM 
Regionali- Reglonali- Regionali- Regionali- Regionali- Regionali- Regionali. 

"" on  mllon Ziltion zetion zalion zelion zalion ,-.-
Subahemativ B B B B B B B -

Opt'''' Units 1W,4W 2W,5W 1E,2E,3E 4E,5E,6E 3W,6W NlA NlA 

High level wasta. SNF management, minlm..m 
CUbic meters per 

0 0 0 0 0 """ 
High level waste, SNF management, maximun 

Cubic meters per Zl 160 2 0 0 ... 
Transuranic waste, SNF management, miniml.nl 

Cubic meters per 
0 0 17 16 16 "" ... --C-' -� 

ransuranlc waste, SNF management, maximurr 
Cubic meters per 

20 ,. 16 16 16 "" ... 
Mixed waste, SNF managemenl, miniml.nl 

Cubic meters per 
0 0 0 0 0 

._- -""-"'��-�-
c meters per 

Mixed waste, SNF management, maximun "" ... 1 1 0 0 0 

low level waste, SNF management, minlmOOl 
Cubic mel:el1l per 520 795 62' 628 626 "' ... 

Low level waste, SNF management. maximOOl 
Cubic meters per 64' 1,035 1,215 626 626 "" ... 

HiQh-level. transuranic, and mhced wastes Cubic meters per 
0 0 17 16 16 

oenerated minimum "" ... 
High-level, transuranic, and mixed wastes Cubic meters per 

44 197 20 16 16 . ma><im"" ""'" 
Estimated maximum latent cancer fatalities in 81). Latent cancer 

8.1E+l 7.0E+O 4.8E+O B.4E+O l _BE-l 
km population from ma.ximun risk accident fatalities 

Estimated maximum Iisk of latent cancer 
Latent cancer 

atalities in BO-km population from maximum risk 
fatalities per year 

S.7E-4 7.oe·S 3.SE·3 3.4E-3 1.IE-4 

�-
Estimated maximun woi'Xer letent cancer Latent cancer 

9.7E·2 3.2E--3 Ibl l.3E-l 1.3E·l 
fatalities from maximun I19k accident fatalities 

Estimated maximum risk of wortter latent cancer Latent cancer 
6.9E·7 7.2E-B Ibl 3.2E·7 2.4E·7 

fatalities from maximun nsk accident fatalities per year 
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Table K-l. (continued). 

Hanford INfL SAS OAA NTS Naval i Othec 

AHemativ 
Aegionali- Regionali- Aegionali- Regionali- Regionali- Regionali- Aegionali-

zalion mtion zation zaOOn zalion zation zation 
- I -

SlbaltematiVl 8 8 8 8 8 8 I 8 
Opti� Units 1E,4f NlA /,,"',' 

4W,5W,6W 3E,6E NlA NJA 
land lor new facilities, minimum Acres 36 35 go go 

-� . .  -
Land lor new facilities, maximum Acres 68 '" go 90 

+-- � 

Site area Acres 358,400 198,000 34,667 864,000 --
Percent of site area, maximum 0.02 0,02 0.26 0.01 

SNF-related employment. miniml.lTl Person-years per 
172 "'5 556 556 ." .,- -_ .. -

SNF-related empIO)"TI8nt, maximum Person-years per B04 290 556 556 YO" 
Baseline site employmem Person-years per 

vear 
16,700 15,BOO 17,082 8.563 -- - �  

Percent of baseline site employment, minim� 0,92 1�� 3.25 6.49 

Percent of baseline site employment, maximum 4.30 1,84 3.25 6.49 

Estimated maximum latent cancer Imatities in So. Latent cancer 
6.3E-4 9.Of-3 2.Se-3 4.1 E-S km population, SNF management fatalities per year 

Estimated maxlml,lTl latent cancer fatalities in 80- Latent canoer 
2.0E-4 4.4E-3 2.7E-2 2.6E-6 km population site ooerations fatalities per vear 

Estimated maximum probability of latent callcer latent cancer 
1 .tE-8 2.0E-7 3.1E-6 S.QE-8 

fatalities In MEl SNF manaaement fatalltles� --
Estimated maximum probability of latent cancer latent cancer 

I.OE-8 6.SE-8 9.2E-6 S.SE-Q ; 
fatalities in MEl site operations fatalities� 
Estimated maximum probability 01 latent cancer Latent cancer 2.0E-4 7.0E-S 1.6E-S 1.6E-S 
atalitv in worker SNF manaoement lalalities� I 

Maximum probability of latent cancer fata.lity in Latent cancer 
7.3E-6 8.8E-S 1 .1E-6 2.0E-6 I""� ' ." 

Water use, SNF management, minimum Million gallons per 
32 14.S 3.6 3 6  - year , 

Water use, SNF management, maximum Million gallons pet" 42.0 94,2 3,6 3.6 , ." 
Baseline water use, aite operations 

Million gallons per 
3,963 23,700 6,680 1,120 ! 

year I 
-- --� 

Maximum percent of baseline site water use 1.06 0,40 O.OS 0.32 

ElectriCity use, SNF management, minimum Mega.watt-hours pet 100 24,400 23,000 23,000 
vesr ----

Electricity use, SNF management, maximl.lTl Megawatt-houl!i per 127,000 56,400 23,000 23,000 
year f-- -� 

Baseline site electricity use 
Megawatt-hours per 

340,000 660,000 1 ,000,000 183,100 
---year 

Percent of site electriCity use, minimum r-� 0.03 3.70 2,30 12.56 I 
Percem of site electricitv use, maximum 37.35 ',55 2.30 12.56 ! 
Sewage, SNF management. minimum 

Million gallons per 
1,8 12.8 3,6 3,6 V9" I-�-- - -

Sewage, SNF management, maximl.lTl 
Million gallons per 

5 3  13.4 3 6  3.6 ! ." -- -�. �= Baseline site sewage 
Million gallons per 55 ,., 200 ° 

"year 
Percent of baseline site sewage, maximum 9,52 , 7,36 1 80 
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Table K-l . (continued). 

0",001 IHlgh �"'" w ..... SNF 

IHigh level waste, SNF managemel'd, maximum 

waste, SNF management, mlnimun 

I IilIIt;U',.,Il' waste, SNF management, 

I SNF management, minimum 

I SNF managemenl, maximum 

!LOW level waste, SNF managemenl, minimum 

Low level w88Ie, SNF management, maxlmun 

, and mixed WEBS 
. mlolm"'" 

, and mixed WEBS 
lalanl cancer fatalities in 80-

Ikm population from maximum r1ak accident 
maximum risk of latan! cancer 

Ie 
BO-km popul&1loo lrom maxlmom ri,' 

worker latent cancer 
; frnm m8Jdmumnsk a�nI � m";mom ri,k 01 wo"., late" "'0',,, 
!I from maximum r1ak acciderd 

U"" G"'';;'' PB' 

CO" mel." .... 
va" 

Co., mel." .... 
, .. , 

CO" mel." ... 
ve.' 

Cubic meters per 
'"" 

CU.'�., " 

Co." 
'""' 

Cubic .. I" 
va ... 

Co", 
""" 

Cubic 

lalani cancer 
fatalities 

lalani cancer 
fatalities per year 

lalani cancer 
fatalities 

lalani cancer 
fEdallllB8 per year 

Hanford INEL 

Regionali- Aegionali-
"'''''' zalion 

B B 
lE,4E NlA 

0 

23 

0 

20 

0 

I 

,. 

220 
0 

44 

e. 1E+1 

S.7E-4 

9.4e-2 

6.6E-7 

K-2 1 

SAS OAA NTS N."" Othe, 

Regionali- Regionali- Regionall- Reglonali· I 
zation mllon ",lion zation 

B B B B B 
n ..... ' 

3E.6E NlA NlA 

0 0 

2 0 0 

17 16 16 

18 16 18 

0 0 0 

0 0 0 

400 203 203 

"" 203 203 

17 I. ,. 

20 ,. ,. 

B.SE-J 2.1E-2 B.SE-4 

3.5E-3 3.4E-3 1 . 1 E-4 

(bj l.QE-3 1.9E-3 

(bj 1.9E-7 1.9E-7 
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Table K-l. (continued). 

"onion! 

".malM 
ReglonaJl-

zation 

S_.mati", • 

Optio< UnitS 2,3,5,8 

Land for new facilities, minimum Ac"" • 

Land for new facilities, maximum Ac"" 12 

Site area Ao"" 350,400 

Percent of site area, maximum 0.00 

SNF-related employment. minlmlXl'l Person-years per 391 -----
SNF'related employment, maximlXl'l Person-years per 585 -----
Baseline site employmem Person-years per 18,700 -----
Percent of baseline site employment, mlnimlXl'l 2.09 

Percent of baseline site employment, maxlrmxn 3.13 

Estimated maximum latent canesf fatalities in 80- Latem cancer 6.3E-4 krn population, SNF management fatBiities per year 

Estimated maxlml.m latent cancer fatalities in 80- latent cancer 
kin pOpUlation site �tions fatalities 08r vear 2.0E-4 

Estimated maximum probability of latent cancer Latent cancer l.tE-B 
fatalities in MEl SNF manaaement fatalities oer year . 
Estimated maximum probability of latent cancer Latent cancer 
atalities in MEl site ooarations fatalities per year 1.0E-S 

Estimated maximum probability of latent cancer Latent cancer 2.0E-4 
fatality in wor1<er SNF rnanaaement fatalities oer year 
Maximum probability of latent cancer fatality in Latent cancer 7.3E-6 I�"" ,'.�""I� " .. ,'" 
Water use, SNF management, mlnimlXl"l Miilion galtons per 19.8 � 
Water use, SNF management, maximum Million gallons per 39 .• � 
Baseline water use, site operations Million gallons pM 

� ',963 

Maximum percent 01 baseline site water use 1.00 

Electricity use, SNF management, minimum MegawatHlOurs per 0 � 
Electricity use, SNF managemenl, maximum Megawan-nours per 

� 20,000 

Baseline sile elec:lria'ty use Megawatt-hours per 

--""'. ,,",,000 

Percent of site electricity use, minimlXl"l 0.00 
Percent of site electricity use, maximum 5." 

Sewage, SNF management, minimum Million gallons per 2 1  --""'. 
Sewage, SNF management, maximum Million ga"ons per 2 .• � 
Baseline site sewage Million gallons per 

55 --""'. 
Percent of baseline site sewage, maximum 4.76 
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INEL 

AegionaJi. 
.. "'" 

• 
1,3,4,6 

1 

1 

570,914 

0.00 

·226 

·22. 

8,620 

-2.62 

-2.62 

4.0E-S 

4.0E-S 

2.0E-9 

2.SE-8 

1.0E-5 

6.2E-5 

-3.0 

-2.9 

1,717 

-0.17 

-9,990 

-8,000 

208,000 

".80 
-3.85 

0.0 

0.1 

14' 

0.09 

SRS ORR 

Reglonali- Regionali-
zalion u"'" 

• • 
4,5,6 1,2,3 

0 

0 . 
198,000 

0.00 

00 
00 

15,600 

0.57 

0.57 

2.3E-9 

4.4E-3 

4.DE-14 

6.5E-B 

4.0E-5 

S.8E-5 

10.9 

10.9 

23,700 , 
. 

0.05 

1 1 ,400 

1 1 400t=
. 

660,000 

1.73 . 
1 .73 

10.0 

10.0 

182 I 
5.49 I 

NTS N."", Othe' 

Regionali- Regionali- Regionali-
zation zation zalion 

• • .-� 
1,2,4,5 NlA NlA 

.� 

--

--

- --

I 

- _ .-

� . �  

� 

i-- . 
I . -

.-

--

'.- ---
. -



Table K-l. (continued). 

H""om INEL SAS ORR NTS Naval Ott"" 

Altemativt 
AegionaN- Reglonali- RegionaJi- Reglonal!- Regiona"- Regionali- Regionali-

,..on ""'., mllon mUon mllon mtion zallon 

Sltlaltemativt B B B B B B B_� 
0pU� u," 2,3,5,6 1,3,4,6 4,5,6 1,2,3 12,4,5 NJA NJA 

High level waste, SNF management, mlnimun 
Cubic rnetel1l per , 0 0 

""a< 

High level waste, SNF mSllBgement, maximL.m 
Cubic meters per 23 , 0 

YO" 

ransuranic waste, SNF management, minimun 
Cubic meters per 

0 0 5 
""a< 

ransuranic wasle, SNF management, maximum 
Cubic meters per 

20 '" 5 ., 
Mixed waste, SNF rnBllagement, minimL.m 

Cubic metSniI per 
0 0 0 

""a< 

Mixed waste, SNF managemenl., maximum 
Cubic meters par 

1 1 0 
""a< 

Low level waste, SNF mallBgement, mlnlmL.m 
Cubic meters per 

1 1 0  0 4()() 
yea< 

Low level waste, SNF management. maximum 
Cubic mum per 220 130 4()() 

""a< 
High-level, lransuranlc, and mixed wastes Cubic meters per • 0 5 
oenerated minimL.m yea< 
High-level, lransuranic, and mixed wastes Cubic meters per 44 36 5 

Estimated maximum latent cancer fatarrti9S in SO- Lalani. cancer 
8.1E+l 7.0E+O B.5E-3 

km popolBlIon from maxim.an risk accident fatalities 

Estimated maximum rlsk of latenl. cancer 
Lalent cancer 

fatalities in 8O-km population from maximum risk 
fatalhles per year 

4.1E-4 7.0E-S 1.4E-3 

accident 

Estimated maximl.m wor1<.er latent cancer Latent cancer 
9.4E·2 3.9E·S (bl atallties lrom maximL.m risk accident fatalilles 

Estimated maximum risk of worker lateot cancer Latent cancer 
4.1E-7 4.0E·a (bl atalities from maximL.m lisk acciderd. fatalities per year 
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Table K-l. (continued). 

""",0", INEL 

AHemaliv Centrall- Centrali-
zation zation 

SubaltematiVE 

Optior Units , B 

Land lor new facilities, minimum Acres 1 1 6  31 

Land lor new facilities, maximum Acres 123 , 31 

Site area Acres 358.400 ! 570,914 

Percent 01 site area, maximum 0.03 0.Q1 

SNF-related employment, minimum Person-years per 848 220 � 
SNF-relaled employment. maximum Person-yesra per 

1.464 220 
yea< 

Baseline site employment Person-years per 
18,700 B.620 � 

Percent 01 baseline site employment. minimum 4.53 2.55 

Percent 01 baseline site employment, maximum 7.83 2.55 

Estimated maximum latent cancer fSl&lltles in 80- L..sI:ent cancer 
6.3E-4 2.0E-4 kin popuIallon, SNF management fatalities per year 

Estimated maximum latent cancer fatalities in 80- Lalalll. cancer 
Z.OE-4 4.0E-S km population site operations lataljtle�_ --

Estimated maximum probability 01 latent cancer Latent cancer 
1.1E-8 2.0E-8 

atalities In MEl SNF manaaement latalitle� 
Estimated maximum probability 01 latent cancer Latent cancer 

1.0E-8 Z.8E-8 
atalities in MEl site ooeratlons latalitie� 

Estimated maximum probability 01 latent cancer Latent cancer 
2.0E-4 1.00-S 

ataliW inw�er SNF m�aement �� 
Maximum probability of latent canC8f fatality in Latelll. cancer 

7.3E-6 6.2E-S "1,,,. ,He ooe",';oo, ,�" 
Water use, SNF manage melli., minimum Million gallons per 

B.' 0.6 � ---- --

Water use, SNF management. maximum Million gallons per .... 13.0 
_

._. _ -----
--� 

Baseline water use, site operations -Million gallons per 
3.963 1,717 

�--� 

Maximum percent of baseline site water use 1.12 0.76 

Electricity use, SNF management, minimum Megawatt-hours per 
10,100 2,100 

�-:-:� --
Electricity use, SNF management, maximum Megawatt-hours per 

137,000 , 1 1 ,000 � 
Baseline site electricity use Megawatt-hOUI1l per 

340.000 ! 208.000 
� ---=-Percent 01 site electricity use, minimum 

__ 
2.97 I 1.01 

Percent of site electricitv use, maximum 4029 .29 

Sewage, SNF management, minlml6l"1 Million gallons per 
1.B 0.1 ---� 

Sewage, SNF management, maximum Million gallons per 
'.3 1.2 �-- -

Baseline site sewage Million gallons per 
55 143 

� 
Percent 01 baseline site sewage, �axImurn 9.52 0.83 
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SRS 

Centrali-
zation 

C 

70 

130 

198,000 

0.07 

1,602 

1,672 

15,BOO 

10.14 

10.58 

Q.oe-3 

4.4E-3 

Z.OE-7 

6.SE-8 

6.0E-4 

8.8E-S 

22.0 

102.5 

23,700 

0.43 

54,400 

120,400 

660.000 

8.24 

18.24 

17.9 

16.4 

182 

10.11 

ORR 

Centrali-
zalion 

D 

120 

120 

34,667 

0.35 

1 ,118 

1 ,118 

17,082 

6." 

6." 

2.6E-3 

Z.7E-Z 

3.1E-6 

9.2E-6 

1.6E-S 
1.IE-6 

B.l 

6.1 

•. 680 
0.09 

33,000 

33,000 

1,000,000 

3.30 

3.30 

3 .• 

3.6 

200 - - ---
1 80  

NTS 

Centrali-
zation 

E 

120 

120 

664.000 

0.01 

1.118 

1,118 

B.563 

13.05 

13.05 

4.1 E-5 

Z.6E-6 

S.9E-8 
. _-

S.SE-9 

1 .6E-S 

2.0E-6 

6.1 

6.1 
_. __ . 

1,120 

D ... 

33.000 

33,000 

183,100 

18.02 

18.02 

3.6 

3 6  

0 

Naval 

Centrali-
zation 

.-
"" 

---� 

._ ...• _---

-_ .. -

I 

Dlhe, 

Centrali-
zation ----
"', 

-

--_ .. 

----

- - - -

- -----

-----

---. -
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Table K-l. (continued). 

Opti..jl 
..•. waste, SNF management, minimum 

waste, SNF management, maximum 

waste, SNF management. minimum 

i waste, SNF management. 

Mixed waste, SNF management, minimum 

Mixed waste, SNF management, maximum 

. SNF management, minimum 

low level waste, SNF management. maximum 

i 

i ' . •  od mi,ed w"" .. 
.. mioimum 

i , and mixed wastes 

i cancer fatalities in So. 
, 'rom m""m,m riak "",�.m 

i I maxim,m "" 011 
fatalities in 8O·km population from maximum risk 
oo.d.m .. .. 

i 
r 

i 
Ij · 

I maximum worker latent cancer 
, maximum nsk accident 

. 

maximum risk 01 worker latent cancer 
maximum risk accident 

U'Os 

ye ... ' PO' 
PO' 

"''' 
po, 

ve ... 
PO' 

"' ... 
po' 

"''' 
po, 

"''' 
po, 

"''' 
po, 

vea.-
PO' 

",a.-
PO' 

Lstent canoer 
fatalities 

Latent cancer 
falalities per year 

Latent cancer 
fatalities 

Latent cancer 
fatalities per year 

Hant"" INEL 

Centrali- Centrali· 
zation zation 

• 9 

0 0 

Zl 160 

0 0 

20 ,. 
1 0 

1 1 

585 "" 

715 1.0:35 

1 0 

44 197 

B.1E+l 7.0E+O 

8.5E-4 7.0E·5 

9,7E-2 3.2E-3 

7.9E-7 7.2E-8 

K-25 

SRS ORR NTS Naval 0",., 

I Centrali- Centra/i- Centrali- Centrali- Centrali-
zalion zation .. lion zation zation 

C 0 E "'. "'. 
0 0 0 

2 0 0 

16 16 16 

20 16 16 

0 0 0 

0 0 0 

825 , 628 628 

1 .225 628 628 

16 16 16 

22 16 18 

4.SE+O 8.4E+O I.SE-t 

7.2E-3 3.4E-J 1.1E-4 

(b) 1.3e-' 1.3E·! 

(b) 3.2E·7 2.4E·7 
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Table K-l. (continued), 

Han'''''' INEL SAS ORA NTS Naval Qthe, 

AHemativ 
Centrall· Centrall- Centrall- Centrali- CentraJi- Centrali- Centrali-

zation mtion mlion ,.tion zation zalion zabon 

Subaltemativ 

O,,� UoKs B,C,D,E A,C,D,E A,a,D,E A,B,C,E A,a,C,D NlA NlA 

land lor new facilities, minlmlSl'l A"", 8 , 0 

Land lor new facilities, maximum A"", 12 1 0 

Site area """ 358,400 570,914 198,000 

Percent of site area, maximum 0,00 0,00 0,00 

SNF-related employment, mlnlmlSl'l 
Person-years per 

391 ,228 00 � 
SNF·related employment. maximOO1 

Pel'!lon-yeal'!l per 
'"5 -226 OJ 

-- -..; � --
Baseline site employment 

Person-years per 
18,700 8,620 15,800 

� 
PefC8f'llof baseline slle employment, minimum 2.09 -2.62 0.57 

Percem of baseline Site employment, maximOO1 3.13 -2.62 0.57 

Estimated maximum latent cancer latalitias in SO- Latent cancer 
6.3E-4 4.0E·S 

km population, SNF management fatalities per year 
2.3E-9 

Estimated maximum latent cancer fatalities In 80 Lat8lll cancer 
2.0E-4 4.0E-S 4.4E-3 km 00[ ulallon site MAr tions fatalities per yeS! 

Estimated maximum probability of latent cancer Latent cancer t .tE-S 2.0E-S 4.oe-14 
atalitles in MEl SNF manaoement fataltties� 

Estimated maxlmln probability of latent cancer Latent cancer 
1.oe-S 2.SE-8 6.5E-S 

atalitles in MEl site ooerations fatalities oar vear 
Estimated maxlmln probability of latent cancer Latent cancer 

2.oe-4 1.0E-5 4.0E-5 
atalitv In worker SNF manaaement fatalities per year 

Maximum probability 01 latent cancer fatality In Latent cancer 
7.3E-8 6.2E-5 S.8E-S ,.t�lti .. e'" �M 

Water use, SNF management, minimln 
MilliOn gallons per 

19.5 -3.0 10.9 
� 

Water use, SNF management, maximOO1 
Million gallons per 

39.8 -2.9 10.9 � 
BaseUne water use, sIle operations 

Million gallons pel' 

� 3,983 1,717 23,700 

Maximum peroant 01 baseline site water use 1.00 ..(J.17 0.05 

Electricity use, SNF management, minimOO1 
Megawatt-hours per 

0 -9,990 1 1 ,400 
� 

Electricity use, SNF management, miLldmOO1 
Megawatt-hours per 

20,000 ",000 1 1 ,400 
� - --

Baseline site electridty use Megawatt-hours per 
340,000 208,000 880,000 

� 
Percent of site electricity uee, minimln 0.00 ".80 1.73 -- --
Percent of site electricitv use maximOO1 5.88 -3.85 1.73 

Sewage, SNF management, minimum 
Million gallons per 

2.1 0.0 10.0 
� 

Sewage, SNF management, maximl.nl 
Million gallons per 

2.6 0.1 10.0 
� 

Baseline site sewage 
Million gallons per " 143 182 

� 
Percent of baseline site sewage, maximum 4.76 0.09 5.49 
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"",,,,JI iH;,h l ',SNF, ., mlo;m� 

:High level wU18, SNF management, maximlm 

, SNF management, minimum 

, SNF management, 

, SNF management, mininun 

, SNF management, maximlm 

ILOW level waste, SNF management, mlnimlm 

ILOW level waste, SNF management. maximlm 

"V' 

I 

; I·m l 
; 

loed'om 

; 

I, ', '''' ' 
I,ml"'m� 
I, and mixed wastes 

I.m"",m� 
cancedalalllia8ln B() 

maximlm risk accident 

:I maximum risk of latent cancer 

8O-km pop.Jiation from 
. 

:I maximum woriter lalant cancer 
, "' • •  cdde'" 

maximum risk of workar latent cancer 

risk accident 

Hanford 

Centra/i· 
zetion 

Uo," B,C,D,E 

... • 
yea< 

PO' Zl 
.... , 

Cubic meters per 
0 

.",a< 
Cu�'mat." ... 

20 
.... , 

Coo, mat." PO' 
0 

... a< 
Cu�' mat."' ... 

1 
,.a< 

Cu�'m ... "' ... 
110 

""a< 
Cubic meters per 

22Q 
""M 

Cu�, mel.", PO' 
6 

yea< 
Cubl, mat.", PO' 44 ""a< 

Latent cancer 
8,1E+1 

fatalitiea 

Latent cancer 

latalltiea per year 
4.1E-4 

Latent cancer 
9.4E·2 

lataiitiea 

Latent cancer 
4.7E·7 

fatalities per year 

INEl SRS ORR NTS N."'" QIhe, 

Centrall· Centrall- Centra/I· Centrall- Centrall· Centrali· 
,.1Ion ,.000 zetion zalion zation zation 

A.C,D,E A.B,D,E A,B,C,E A,B,C,D NlA NlA 

0 0 

3 0 

0 5 

32 5 

0 0 

1 0 

0 400 

130 400 

0 5 

36 5 

7.0E+O 8.5E·3 

7.0E-5 1.4E-3 

3.9E·5 (b) 

4.0E-8 (b) 

a, E indicates exponential notation, Refer to scientific notation in Appendix H,  Glossary, for an 
explanation of this way of writing very large and very small numbers. 

b,  SRS did not quantify the worker dose for the maximum risk accident. 
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Table K-2. Summary of impacts by alternative. a 

AltematiY 

SubaltemaliY 

Op!;a 
Land fOf new facllilies, minimum 

land tOl' new faclUlies, maximum 

Site I.rea 
Percent of site area. maximum 

SNF-rela.ted employment, minimum 

SNF-related employment, maximum 

Saseline site employment 

Percent of baseline site employment, minimum 

Percent of baseline site employment, maximum 

Estimated maximum latent cancer fatalities in 80-
km pooulation. SNF management 

Estimated maximum latent cancer fatalities in so-
m oooulation, site ooerations 

Estimated maximum probability of latent cancef 
atalnies in MEl, SNF management 
Estimated maximum probability of latent cancer 
atalities in MEl, site OPerations 

Estimated maximum probability of lalent cancer 
atalilv in wo..xer, SNF managerTl�t 

Maximum probability of lalent cancer fatality in 
Worker sit�ations 

Water use, SNF management, minimum 

Water use, SNF management, maximum 

Baseline water use, site operations 

Maximum percent of baseline site water use 

Electricity use, SNF management, minimum 

Electricity use, SNF management, maximum 
-
Baseline site electricity use 
:;:----�e��nt of site electricity use, minimum 
Percent 01 site electricIty use, maximum 

Sewage, SNF management. minimum 

Sewage, SNF management, maximum 

Baseline s�e sewage 

. .  __ . -

--

Percent of baseline site sewage, maxllTlum ._ 

No-ActiOll 

Units No-Action 

"'os \ 7  

Acres " 

"'" .. 1 , 1 82,139 

0.00 

Person-y8B1S per 
-178 

yo., 
Person-y8815 per 

-178 yo., 
Person-yealS per 

100,990 
Yea' 

-(I.1B 

-o.lB 

Latel1l. cancer 
fatalities per year 

B.4E-S 

Lalenl cancer 
fatalities per year 

1.6E-2 

Latent cancer 
1.SE-6 

fatalities per year . .  
Lateot cancer 

fatalities per year 
2.2E-6 

Latel1l. cancer 
fatalities oer Year 

1.6E-4 

Latel1l. cancer 
fatalities per year 

B.BE-S 

MiUion gallons per 
6.' 

year 
Million gallons per 

6.3 
year 

Million gallOl1s per 
39,239 

year 

0.02 

Megawatl-hours per 
-B.S29 

year 
Mega.watl-houfs per 

-8,420 
year 

Megawatl-hours per 
1,61 9,067 

year 
-0.S3 -
-0.52 

Million gallons per 1 0.3 
year 

Million 9allOl1s per 
10.3 

""., 
Million gallons per 

380 
year 

2.71 

Decentrali· Decentrs1i- Oecentrali-
zation zation zillion 

A • C 

28 28 28 

" 45 45 

1 , 1 33,389 1 , 133,369 1 , 1 27,314 

0.00 0.00 0.00 

52 \ \ 7  308 

... 954 1,145 

73,170 73,170 73,170 

0.07 0.16 0.42 

1.21 1.30 1 .S6 

B.BE-3 B.BE-3 8.8E-3 

4.7E-3 4.7E-3 4.7E-3 

1.SE-6 1.5E-6 1.SE-6 

6.SE-8 6.SE-B 6.SE-8 

2.0E-4 2.0E-4 2.0E-4 

B.BE-5 B.BE-S B.BE-S 

12.0 12.0 15.0 

131.6 131.6 134.6 

39,239 39,239 39,239 

0.34 0.34 0 34  

9,571 9,S71 19,571 

173,S80 173,saO 183,saO 

1,619,067 1,619,067 1,619.067 

0.59 0.59 1.21 

10.72 10.72 1 1 .34 

I 13.9 13.9 1 3.9 

16.5 16.5 16.5 

380 380 380 

4.33 433 4.33 

Planning Regionali- Regionali- Regionali- Regionali- Regionllli-
Basis zillion zation zation zalion zation 

A • • • • 
IE I W 2W 3E 

30 25 72 102 72 132 

47 47 13. 13. 83 \73 

1,127,314 1,127,314 1, 127,314 1,127,314 1,127,314 1,991,314 

0.00 0.00 0.01 0.01 0.01 0.01 

500 482 743 743 846 1,51B 

1,093 923 1.430 1,430 1,095 1,766 

43,120 43,120 43,120 43,120 43,120 51 ,683 

1.16 1 . 1 2  1.72 1.72 I." 2." 

2.S3 2.14 '.32 ' 32  2 54  3.42 

8.7E-3 9.7E-3 9.7E-3 9.7E-3 9.8E-3 9.7E-3 

4.6E-3 4.6E-3 4.6E-3 4.6E-3 4.6E-3 4.6E-3 

2.0E-7 2.0E-7 2.0E·7 2.0E-7 2.0E-7 2.0E-7 

6.SE-B 6.SE-B 6.SE-8 6.SE-B 6.SE-B B.SE-B 

2.0E-4 2.0E-4 2.0E-4 2.0E-4 2.0E-4 2.0E-4 

B.BE-S 8.8E-5 B.BE-S a.8E-5 B.BE-5 8.8E-S 

15.0 IS.0 17.2 17.2 34.' 37.4 

135.2 134.4 135.B 135.B 146.B 137.1 

29,380 29,380 29,380 29.380 29,380 30,500 

0.46 0.46 0.46 0.46 0.50 O.4S 

19,650 24,650 24,S10 24,S10 26,500 47,410 

18S,6OO 196,600 185,400 185,400 87,400 101 ,400 

1,208,000 1,208,000 1,208,000 1,208,000 1,208,000 1,391,100 

1.63 2.04 2.03 2.03 2.1 9 3.41 
15.36 16.27 15.35 1S.35 7.24 7 29  

13.9 13.7 
, 

14.6 14.6 15.0 18.5 

16.9 17.0 18.8 18.8 17.2 19.8 

380 380 380 380 380 380 
-

, 4.44 4 46 4.94 4.94 4.53 S.19 --
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Table K-2. (continued). 

Altemativ 

Subaltemativ 

Optia 

High level waste, SNF management, minimum 

High level waste, SNF management, ma:.Umum 

ransuranic ¥ll85IS, SNF management, minimum r--- ---- - --�--

ransuranic waste, SNF management, maximum 

Mixed waste, SNF management, minimum 

Mixed waste, SNF management, maximum 

low level waste, SNF management, minimum 

ow level waste, SNF management, maximum 

High-level, transuranic, and mixed wastes jgenerated, minimum 

High-level, transur8l1ic, aod mixed wastes 

Ioooerated maximum 

Estimated maximum tatent cancer fatalities in BO-
m population from mallimum risk aCCident 

Estimated maximum risk of latent cancer fatalities 

in 8O-km population from maKimum risk aCCident 

Estimated maximum worKer latent cancer 

atalilies from maximum risk accident 

Estimated mSKimum risk of worker tatent cancer 

atalities from maximum risk accident 

Estimated maximum tOlal fatalities from incident-

rae SNF transportation 

Estimated maximum risk of cancer fatalities from 

II transportation accidents 

Estimated maximum risk of trattic fatalities from 

ransoortation accidents 

No-Action 

Units No-Action 

Cubic metet1l per 
0 

year 

Cubic melet1l per 
0 

year 

Cubic meters per 
17 

yea< 
Cubic met81'S per 

1 7  
yea< 

Cubic meters per 
1 

vear 

Cubic melers per 
1 

vear 

Cubic meters per 
550 

yea< 

Cubic melers per 
550 

year 

Cubic meters per 
18 

vear 

Cubic meters per ,. "' 
Latent cancer 

3.7E+l 
latalilies 

Latem. cancer 
3.7E-3 

latatilies per year 

Latem. cancer 
7.4E-2 

fatalities 

Latem. cancer 
7.4E-7 

fatalities per year 

Fatalities per year 2.2E-4 

Cancer fatalities per 
I.OE-7 

ye" 

Fatalities per year 1.2E-3 

Decenlrali- Decenlrali- Decentrali· 

za.tion zalion zation 

A 8 C 

0 0 0 

25 25 25 

,. ,. 18 

39 3. 3. 

0 0 0 

1 1 1 

494 494 .,. 

I 1,020 1,020 1,445 

,. " " 
65 65 65 

8.1E+l B.1E+l B.1E+l 

3.0E-3 3.0E-3 3.0E-3 

9.4E-2 9.4E-2 9.4E-2 

7.4E-7 7.4E-7 7.4E-7 

8.7E-3 8.8E-3 9.4E-3 

2.3E·S 2.3E-S 2.4E-S 

6.4E-3 6.6E-3 2.6E-2 

PlaMing Regionali- Regionali- Regionati- Regionali- Regionali-

Basis zation zation zation zation zalion 

A B 8 8 B 

" lW 2W 3. 

0 0 0 0 6 6 

31 31 28 ,. 185 2B 

18 17 17 17 17 33 

75 74 70 70 74 56 

1 1 1 1 1 1 

2 2 I 2 I 2 2 2 

1,119 1 ,119 920 920 1.305 1,138 

2,005 2.045 I 1,565 I 1.565 2,045 1.768 

,. ,. 18 18 " 40 

lOB 107 100 100 261 118 

8.1E+l 8.1E+l 8.1E+l 8.1E+l B.1E+l B.1 E+l 

3.4E-3 3.7E-3 3.SE-3 3.SE-3 3.SE-3 3.SE-3 

, 9.4E-2 , 9.4E-2 , 9.4E-2 9.7E-2 9.4E-2 9.4E·2 , 

S.6E-7 S.6E-7 6.6E-7 6.9E·7 4.7E-7 4.7E-7 

l.lE-2 1.SE-2 1.4E-2 1.3E-2 1.3E-2 2.3E-2 

2.4E-S 2.BE-S 3.3E-5 2.4E-S 2.4E-5 3.BE-S 

1.8E-2 1.9E-2 2.1E-2 1 .9E·2 I .BE-2 2.4E-2 
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Table K-2. (continued). 

AHemativ 

_._-
Suballamaliv 

--" 

Land for new facilities, minimum 

Land for new facilities, maximum 

Site area 

Percent of site area, maximum 

SNF·related employment, minimum 

SNF-relatec! employment, maximum 
- --

Baseline site employment 

Opt;", 

Percent 01 baseline site employment, minimum 

Percent 01 baseline site employment, maximum 

Estimated maximum latent cancer fatalities in 80-

km population, SNF management 

Estimated maximum latent cancer fatalities in 80-

km populalion, site opEIralioos 
Estimated maximum probability of latent cancer 
alalilies in MEl, SNF mana�ent 

Estimated maximum probability 01 latent cancer 
alalilies in MEl, site operations 

Estimated maximum probability of latent cancer 
atalitv in wortl:er, SNF manaoement 

Maximum probability 01 latent cancer fatality in 

orker site ations 

Water use. SNF management. minimum 
-

Water use. SNF management, maximum 

Baseline water use, site operations 

MaXimum percent 01 baseline site water use 

Electricity use. SNF management, minimum 

f---- . .  " .-

Electricity use, SNF management, maximum 

f---
Baseline s�e electricity use 

� sit�' e!actricity use, minimum 

Percent of s�e electricity use, maximum 

Sewage. SNF management, minimum 
-- -

Sewage, SNF management. maximum 
----

Basehne site sewage 

1::-- . ----c � 
Percent of baseline site sewage, maximum 

-

Units 

Acres 

Acres 

Acres 

Person-years per 
year 

Person-years per 
vear 

Person-years per 
year -� 

Latent cancer 
fatalities per year 

Latent cancer 
fatalities per year 

Latenl cancer 
fatalities oar vear 

Latent cancer 
fatalities per year 

Latent cancer 
fatalities oar vear 

Latent cancer 
fatalities r ear 
Million gallons per 

year 
Million gallons per 

vear 
Million gallons per 

year 

Magawatt-hours per 
vear 

Megawatt-hours per 
year 

Megawatt-hours per 
vear 

Million gallons per 
year 

Million gallons per 
vear 

Million gallons per 
year 

Regionali- Regionali- Aegionali· Regionali-
zation zation zalion zalion 

B B B B 

3W 4E 4W 5W 

162 157 157 127 

173 18. 18' 133 

1,991,314 1,161,981 1,161,981 1 ,161,981 

0.01 0.02 0.02 0-01 

I,SIB 1.154 1 , 1 5<11 1,257 

1,766 1,766 1 ,786 ',451 

51,683 eo�02 00,202 60,202 

2.94 1.92 1.92 2.09 

3.42 2.97 2.97 2.41 

9.7E-3 3.2E-3 3.2E-3 3.3E-3 

4.6E-3 3.2E-2 3.2E-2 3.2E-2 

2.0E-7 3.1E-6 3.1E-6 3.1E-6 

B.5E-8 9.2E-6 9.2E-6 9.2E-6 

2.0E-4 2.0E-4 2.0E-4 2.0E-4 

a.BE-5 a.BE-5 B.BE-5 B.BE-5 

37.4 17.2 17.2 3< .• 
1 

137.1 56.1 56.1 67.1 

30,500 36,060 36,060 36,060 

0.45 0.16 0.1 6 0.19 

47,410 34,510 34,510 36,500 

101,400 163,400 163,400 65,400 

1,391,100 2,206,000 2,2OB,OOO 2,2OB,OOO 

3.41 1.56 1.56 1 .65 

7.29 7.40 7.40 2 96  

; I 
lB.5 I 15.4 15.4 15.B 

19.8 19.0 19.0 17.4 

, 
390 I 560 5SO 5SO 

5.19 I 3.27 3.27 3 00  

Regionali- Regionali- Ceotrali-
zation zation zalion 

B B 

6E 6W A 

217 217 1 1 7  

223 223 124 

2,025,981 2,025,981 1,127,314 

0,01 0.01 0.01 

1,929 1 ,929 712 

2,122 2,122 1,328 

68,765 68,765 43,120 

2.80 2.80 1.65 

3.09 3 09  I 3.08 

3.3E-3 3.2E-3 ! S.7E-4 

3.2E-2 3.2E-2 4.SE-3 

3_1E-8 3.1E-6 1.1E-8 

9.2E-6 9.2E-6 6.5E-B 

2.0E-4 2.0E-4 2.0E-4 

8.8E·5 B.BE-5 B.BE-5 

37.4 37.4 16.4 

57.3 57.3 52.5 

37,180 37,IBO 29,380 

0.15 0.15 O.IB 

57,410 57,410 1 1 ,510 

79,400 79,400 140,400 

2.391,100 2,391,100 1,2OB,OOO 

2.40 2.40 0.95 

3.32 3.32 1 1 .62 

19.3 19.3 11.8 --

20.0 20.0 15.4 
--

560 I 5SO 390 

3.44 
--1---4 05 3.44 

Centrali- Centrali-
z81m zation 

B C 

37 77 

43 143 

1,127,314 1,127,314 

0.00 0.01 

701 1,767 

.95 2,030 

43,120 43,120 

1.63 4.10 

2.07 4.71 

8_3E-4 9.7E-3 

4.SE-3 4.6E-3 

2.0E-8 2.0E-7 

6.5E-8 6.5E-8 

2.0E-4 6.0E-4 

B.BE-5 B.BE-5 

31.3 39.' 

63.5 139.3 

29.380 29.380 

0.22 0.47 

13.500 44,410 

42.400 132,400 

1,2OB,OOO 1,2OB,OOO 

1.12 3." 

3 51 10.96 

12.2 20.0 

13.8 21.2 

390 390 

3.64 5.56 

Ceolrali-
zation 

D 

127 

133 

1,161,981 

0.01 

1,373 

1,566 

60,202 

2.28 

2.eo 

3.2E-3 

3.2E-2 

3.1E-6 

9.2E-6 

2.0E-4 

B.BE-5 

! 33 .• 

53.7 

36,060 

0.15 

34,410 

56.400 

2.2OB.OOO 

1.56 

2.55 

15.7 

16.4 

560 

2.82 

Centrali-
zaUDn 

E 

127 

133 

1,991,314 

0.Q1 

1,373 

1,566 

51,683 

2." 

3.03 

7.1E-4 

4.SE-3 
� - . . .  --.-

5.9E-8 

6.5E-S 

2.0E-4 

a.BE-S 

33.' 

53.B 

30,500 

O.IB 

34.410 

56.400 

1.391.100 

2.47 

4.05 

15.7 

16.4 

390 

4 30 
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Table K-2. (continued). 

Alternativ 

Subaltemativ 

Optio 

Htgh level waste, SNF management, minimum 

High level waste, SNF management, maximum 

ransuranic waste, SNF management, minimum 

ransuranic waste, SNF management, maximum 

Mixed waste, SNF management. minimum 

Mixed waste, SNF management, maximum 

Low level waste, SNF management, minimum 

Low level waste, SNF management, ma:o:imum 

HigJ-level, transuranic, and mixed wastes �rated, minimum 
High-level, Iransuranic, and mixed wastes 
klenerated maximum 

Estimated maximum latent cancerfatalilies in Bo-
km population from maximum risk accident 

Estimated maximum risk of latent cancer fatalities 
in Bo-km poptJlatiOll from maximum risk accident 

Estimated maximum worker tatent cancer 
atalities from maximum risk accident 

Estimated maximum risk oi WOrker lalent cancer 
atalities from maximum risk accident 

Estimated maximum total fatalities from incldeot-
ree SNF transportation 

Estimated maximum risk of cancer fatalitieS from 
all transportation accidents 

Estimated maximum risk of traffic fatalitieS from 
ransportatoo ...!...ccidents -- --

----- -

Units 

Cubic melers per 

year 
Cubic meters per 

vear 
CubIC meters per 

year 
Cubic melers per 

vear 
Cubic meters per 

year 
Cubic meters per 

vear 
CubIC meters per 

year 
Cubic meters per 

vear 
Cubic meters per 

vear 
Cubic meters per 

vear 

Latent cancer 

fatalities 

Latenl cancer 
fatalities per year 

Latent cancer 

fatalities 

Latent cancer 
fatalities per year 

Fatalities per year 
- -

Cancer fatalities per 
year 

Regionali-
zation 

B 

3W 

• 

28 

33 

•• 

1 

2 

1,138 

1,768 

40 

"" 

B.1E+l 

3.5E-3 

1.3E-l 

4.7E-7 

2.3E-2 

f---
2.9E-5 

Fatalities per year 2.5E-2 
- -'--

Regi0ll811-
zation 

B 

'E 

0 

2. 

21 

73 

1 

2 i 
1,123 

1,37B 

I 22 

101 I 

B.1E+l 

3.4E-3 

1.3E-l 

, 
I 6.6E-7 

1.4E-2 i ----
3.0E-5 

2.0E-2 

, 
Regionali- Aeglonali- Regionali- Aegionali- Centrali-

zalion zaUon 281ion 281ion zalion 

B B B B 

'W ,W .E .W A 

0 • • • 0 

2. 183 2' 26 26 

21 21 37 37 , 

73 n ., B9 57 

1 1 1 1 1 

2 2 2 2 2 

1,123 1.508 1,3Jll 1,341 98' 

1,37B 1,B5B 1,5Bl 1,581 1,245 

22 27 ., '" • 

101 
I 

262 1 1 7  1 1 7  " 

B.1E+l B.1E+l B.1E+l B.1E+l B.1E+l 

3.4E-3 3.4E-3 3.4E-3 3.4E-3 1.4E-3 

' 3E�' t 1.3E-1 9.7E-2 9.7E-2 I 9.4E-2 

I 

6.9E-7 4.7E-7 4.7E-7 4.7E-7 7.9E-7 

I.4E-2 1.4E-2 2.2E-2 2.3E·2 3.2E-2 , - - ----
2.4E-5 2.4E-5 3.5E-5 3.1E-5 1.3E-4 

1.9E-2 1.BE-2 2.4E-2 2.5E-2 2.BE-2 i 

a. E indicates exponential notation. Refer to scientific notation in Appendix H, Glossary, for an 
explanation of this way of writing very large and very small numbers. 

Centrali- Centrali- CenlfaJi- Centrali-
zalion zillion zalion zation 

B C D E 

• • • • 

183 2' 2' 26 

, 16 21 21 

61 72 73 73 

1 1 1 1 

2 I 2 I 2 2 

1,305 93' 1,138 1,138 

1,655 1,575 1,37B 1,37B 

1 1  22 27 27 

". 102 101 101 

B.1E+I B.lhl B.1E+l B.1E+l 

1.4E-3 7.2E-3 3.4E-3 I.4E-3 

9.4E-2 9.4E-2 1.3E-' 1.3E-l 

4.7E-7 4.7E·7 I 4.7E-7 4.7E-7 

2.6E-2 4.3E-2 3.9E-2 4.0E-2 

1.2E-4 5.1E-5 4.3E-5 1.3E-4 

2.5E-2 3.6E-2 3.4E-2 3.3E-2 
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Appendix M 
FEIS Distribution 

Table M-l. Distribution of the FEIS 
Andrew A. 

John Abbott 
Bateile Pacific Northwest Laboratories 

Randy S. Acselrod 

Department of Health 
Christopher Adams 

JoAnn Adams 
01a District Library 

Michael Adams 

William C. Adams 

Tony Aducci 
U.S. DOE, Oakland Operations Office 

Nico M. Aguilar, III 
Barnwell County Disaster Preparedness 

Carol Aiken 
Rowena Akana 

State of Hawaii 
Office of Hawaiian Affairs 

Cheryl Alford 
Jason Associates, Inc. 

Peter Allan 
The Honorable Duane S. Allen 

Laborers' International Union 
James Allen 

Arrakis, Inc. 
Robert Allen 

EOP Group 
Lane Allgood 

Pocatello INEL Outreach Office 

Dr. Bruce Anderson 
Department of Health 

Office of Environmental Quality 
Control 

Carl R. Anderson 
Richard R. Anderson 
Bill Andrews 

Harry Reid Center for Environmental 
Studies 

Bruce Angle 
LITCO 

Jim Antizzo 
U.S. DOE, EM-36 

John W. Arendt 

John W. Arendt Associates, Inc. 
Lisa K. Argabright 
Don Armour 

W ASTREN, Inc. 
Ted Armstrong 
Irene Atney-Yurdjn 

Brookhaven Area Office 

Nancy Aungst 

Virgil R. Autry 

DHEC Director RAD Waste 
Mllllagement 

Halil Avci 
Argonne National Laboratory West 

Chrys Baggett 
North Carolina Department of 
Administration 

Habib Bagheri 
Michael Bailey 
Anne Baker 

Idaho Department of Administration 
Division of Public Works 

Lynn W. Ball 
Rick Bamsey 

Iowa Emergency Management 
Tonya Barnett 

Attorney General's Office 

Ecology Di.vision 
Peter Barry 
Albert Bates 

The Natural Rights Center 

Carl Bauer 
U.S. DOE, E\.1-44l 

M. Bauser 
Morgan, Lewis & Bockius 

David Bean 

Richard Belanger 
Allen Belensz 

New York Department of Law 
Bureau of Environmental Protection 

Carol Bellin 

Evan Belnap 
Richard Belsey 

Oreg,lll Health Sciences University 
C .  Lee Bendixsen 

U.S.  DOE, Idaho Operations Office 

Joyce Benson 
Maine State Planning Office 

Edward J. BenlZ 
E. J .  Bentz & Associates, Inc. 

J. A. Benz 
DRB Hobby Horses 

Richard J. Berglund 
Central Washington Building and Trades 

Ken Bergsman 
Craig Berry 

William J.  Berry 
Ted Bertsch 
Dr. Manohar Bhide 
Alan Biggs 
Michael W. Biggs 
Scott Bingham 
Fritz Bjurnsen 
George Blankenship 
Dougla!> C Bleakly 

Versar Inc. 
Bob Blyth 
Dr. Larry Boesch 

INTECH, Inc. 
Jack Bogdanski 

Lewis & Clark Law School 
Mike Bonkoski 

U.S.  DOE, Idaho Operations Office 
Tim Boone 

U.S. Department of Tr!l.osportation 
Federal Ra11road Administration 

M- I 

Lou Borghi 

Meta-Berger Co. 
Carol M .  Borgstrom 

U.S. DOE, Office of NEPA Oversight 

(). Lee Bostic 
Jennifer Boteler 

Morrison-Knudsen EnvironmenUlI 

Services 
Al Bowman 

LITCO 
Gerry Bowman 

U.S. DOE, Idaho Operations Oftice 
B.  J .  Bowser 

U.S. Department of Energy, Idaho 

Operations Office 
Environment, Safety, & Health 

June Boynton 
U.S.  Department of the Interior 

Bureau of Indian Affairs 
Leonard Bradley 

State of Tennessee 
Governor's Planning Office 

T. M. Bradley 
U.S.  Department of Energy 

Pittsburgh Naval Reactors Office 
Gary Bray 

Wisconsin Project 
Jeff Breckel 

Special Liaison of Hanford Cleanup 
Department of Ecology - PV-I l 

Hal Brodie 
New York State Energy Research and 
Development Authorities 

Marvin Brooks 
Waste Policy Institute 

Charles Brown 
Tennessee State Planning Office 

Douglas R. Brown 

Martin Marietta Energy Systems, Inc. 
Mary Lou Brown 

International Technology (IT) Corp. 
Mike Brown 
Ralph Brown 

CCHOM 
Walter Brown 
Harry A. Bryson 
Brad Bugger 

U.S.  DOE, Media Relations 
Kenneth D. Bulmahn 
John Bunyak 

U .S .  Department of the Interior 
Natiomtl Park Service 

Neil Burell 
Cheryl Burgess 

Boise IN EL Outreach Office 
Nancy Burgoyne 

E. J .  Bentz & Associates 
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Table M-l. (continued) 

Samuel D. Burke 
Savannah River Site 

Reactor Engineering Department 
Dan Burnfield 

Defense Nuclear Facilities Safety Board 
T. F. Burns 

U.S .  Department of Energy, Idaho 
Operations Office 

Office of Program Executi()o 
Loretta Bush 

U.S .  Department of Energy 
Nevada Opertions Office 

Diane W. Butler 
Julie Butler 

State Clearing House 
Dept. of Administration 

Kristi Byerly 
Numatec 

M. J .  Byrne 
U.S.  DOE 

BlI.rhara Byron 

California Energy Commission 
Joao Cabrezza 

U.S .  Environmental Protection Agency 

Region X 
George Caueoas 

Stragetic Planning international 
Edith J .  Cain 
Vanessa Cain 
Larry Caldwell 
Terry Calhoun 

ATLC. MMES 
William J. Caligan 

Duke Engineering 
Paul H .  Calverley 

U.S.  Department of Agriculture 
Don Campana 
Tim Campbell 

WASTREN, Inc. 
Rohert Cantey 

Lisa Capozzoli 
U.S. Department of Energy 

Trans. & Emergency Mgmt Resource 
Center 

Bob Capstick 

Yankee Atomic Electric Company 

Drew P. Caputo 
Natural Resources Defense Council 

Nuclear Program 
William C .  Carey 
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VOLUME I ,  APPENDIX M 



Table M-l. (continued) 

Ernie Harr 

Halliburton NUS 
Scott Harrington 
John G. Harris 

LCD Incorporated 
Susan Harris 

Twin Falls INEL Outreach Office 

John T. Harrison, Ph.D. 
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U.S.  Department of Energy 

Nuclear Safety Policy and Standards 
Ron Keltr 

Harlan Keaton 
Department of Health & Rehabilitation 
Services 

Environmental Radiation Section 
Radiation Control 

Judy Kelley 
Cindy Kelly 
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Barbara Lither 

V . S .  Environmental Protection Agency 
Region X 

Tink Lodchart 
LITCO 
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John A. Logan 
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Carla S. Loosier 
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Carl A. Mazzola 
S. W. McAlhll.ny 
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W. Hugh O 'Riordan, Esq. 

Givens Pursley & Huntley 
SUhan Offerdal 
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U . S .  Department of Defense 
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IdahO) House of Representatives 

Donald Kelly 

County Offic� Building 

Elizaheth Kelly 

Dr. Mllry Kelly 

League of W,)men Voters 
Robert Kelly 

City of Kennewick 

The Honorable Sharon Kelly 

District of Columhia 

The H('norable ,sue Kelly 

U .S .  House of Representatives 

The H('norahle Dirk Kempthorne 

United States Senate 

The H(lnorahle .lim D. Kempton 

Idah<l House of Representatives 

Alexandra Kennedy 

J02 DI 'n Kennedy 

The Flagship 

The H(lllorahle Edward Kennedy 

United States Senate 

Nancy Kennedy 

The Honorable Patrick Kennedy 

U.S House of Representatives 

The Honorable Roy Kennedy 

Timhisha Indian Tribe 

The Honorable Joseph P. Kl::nnedy II 

U . S .  HOllse of Representatives 

The HI.norable Barbara B. Kennelly 

U.S House <If Representatives 

Dick Kenney 

The Honorable Walter T. Kenny 

City of Richmond 

Virginia Kepan<I 

The Honorable Sylvia Kercldloff 
The H(.norable .l.  Robert Kerrey 

United States Senate 

The H('norable David E Kerrick 

Idah,) Senate 

Laurie Kerrigan 

M-23 

The Honorable John F. Kerry 

United States Senate 

Dwight Kessel 
Peter Kessler 

The Honorahle Billy Keyserling 

South Carolina House of Representatives 

Harriet Keyserling 
Charles Kilbury 

Pasco City Council 

The Honorable Dale E. Kildee 

U . S .  House of Representatives 

Debby Kilmer 

Washington OffiCI:: 

State of Florida 

The Honorable Jay Kim 

U.S.  House of Representatives 

s.cott Kim 

KHPR 

Matthew Kimball 

Scott Kimmich 

Deborah Kinard 

Karen Kincheloe 

The Honorll.ble Angus King 

State of Maine 

JlI.mes B. King 

OffiCI:: of Personnel MlI.nll.gemenl 

Joan King 

The Honorable Peter T. King 
U.S.  House of Representatives 

Randall King 

The Honorable Rohbi King 

Idaho House of Representatives 

The Honorable Jack Kingston 
U . S .  House of Representatives 

Anne Kinnll.man 

Ronald W. Kinney 

South Carolina Department of H�alth 

and Environmental Control 

Division of Waste Assl::ssmenl & 
Emergency Response 

David Kipping 

Amy Kirk 

R. J .  Kirkpatrick 

Ann Kirkwood 

Idaho Department of Health & Welfare 

Nancy Kirner 

Enserch Environmental 

The Honorahle John Kitzhaher 

State of Oregon 

The Honorable Paul Kjellander 

Idaho HOU5e of Representatives 

The Honorable Gerald D .  K1eczka 

U.S. House of Representatives 

Marilyn Klem 

U.S.  Department of Transportll.tion 

Federal Railroad Administrati,m 

Richard F. Klein 

Robin Klein 

Amy Kleiner 

Governor's Office 

Karl K1einklof 

The Honorable Gill K1einkoff 

City of Twin Falls 
Dr.Klesch 

U . S .  Army Corps of Engineers 

Office of Environmental Policy 
(CECW-PO) 
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The Honorable Ron Klink 
u.s.  House of Representatives 

The Honorable Scott L. Klug 
u.s.  House of Representatives 

Malcolm R. Knapp 
U.S. Nuclear Regulatory Commission 

Division of Waste Management 
Dieter A. Knecht 

EM Site Specific Advisory Board - INEL 
Carol Knight 
Joseph Knight and Glendel k.night 
Paige Knight 

Hanford Watch 
The Honorable Joe Knollenberg 

U.S.  House of Representatives 
Ronald E. Knotts 
The Honorahle Tony Knowles 

State of Alaska 
Harry W. Knox 
The Honorable Ann Kobayashi 
Marcia Kohen 

U.S. Postal Service Union, APWU 
Ann Kocher 
Faye Kochneff 
Dwight D. Koeberl 
John Koestler 
William Kogut 
The Honorable Herb Kohl 

U oited Slates Senate 
Calherine Kolb 

Suquamish Elemen18ry School 
The Honorable Jim Kolbe 

U.S.  House of Representatives 
Peter Korn 

City of Peoria 
George Koslowsky 
Ann Kotowicz Lloyd 
Angela Kramer 

Suquamish Elementary School 
Konrad B. Krausk.opf 

Stanford University 
Geology Depanment 

Sally Krebs 
Town of Hilton Head Island 

Fuji Kreider 
Jay Krell 
Michele Kresge 
Mauhew Kridler 

City of Springfield 
Mike Krokos 

Barnwell People Sentinel 
Dr. Peggy Kruger 

University of Texas-Austin 
Ron Kucers 

Missouri Department of Natural 
Resources 

Henry Kuhlman 
Roben R. Kulikowski 

New York. City Department of Heallh 
The Honorable Theodore R Kulongoski 

State of Oregon 
Kennelh Kumor 

National Aeronautics and Space 
Administration 

Facilities Engineering Division Code 
lXG 

Kristian Kunert 
Atomic Energy Clearinghouse 
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Dan Kunicki 
Arline Kunttu 
Gayle Kunttu 
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KGU 
The Honorable Jon Kyl 

United States Senate 
Richard L. 
The Honorable John J. LaFalce 

U.S.  House of Representatives 
Genevieve La fargue 
Mary Belh Lagenaur 
The Honorahle Ray LaHood 

U.S.  House of Representatives 
Jerry Lahti 

Sa rgent & Lundy 
James Lambert 
Kathryn (Cherie) Lambert Holenstein 
Jame� Lambolot 
Christian Lamotte 
Coll�en Lancllster 
The Honorable Alan Lance 

StHte of Idaho 
Lois Lane 
Lanc!! Lang 

Washington Physicians for Social 
Responsibility 

The Honorable Richard Lang 
City of Modesto 

The Honorable Ossie Langfelder 
City of Springfield 

Lynn Langley 
Charleston News & Courier 

Maria Langwnrthy 
The Honorable Bob Lanier 

City of Houston 
Karen Lanigan 
Stew Lanigan 
The Honorable Tom Lantos 

U . S .  House of Representatives 
The Honorable Tom Lantos 

U . S .  House of Representatives 
Committee on International Relations 

James Lapinski 
PPRC 

The Honorshle Steve Largent 
U S. House of Representatives 

DaviJ LaRoche 
Securities find Exchange Commission 

Public Utility Regulation 
The Honorable Allan F. Lanen 

Idaho House of Repres�ntatives 
Rex Larsen 

City of Rexburg 
Jim Larson 
Lestt'f Larson 
Barry LaSala 

AFL-CIO 
Transportation Trades Department 

The Honorable Gregory Lashutks 
City of Columbus 

Brian Lalham 
U S . DOE, Idaho Operstions Office 

The Honorable Tom Latham 
U S . House of Representatives 

The Honorable Steven LaTourette 
U S. House of Representatives 
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Ed Lau 
Massachusetts Institute of Technology 

The Honorable Greg Laughlin 
U.S. House of Representatives 

Marianne Laursen 
Royal Dsnish Embassy 

The Honorable Frank R. Lautenherg 
United States Senate 

Denise Laverty 
Joe M. Law 

Norfolk Naval Shipyard-Portsmouth 
Association 

William F. Lawless 
EM Site Specific Advisory Board - SRS 

Linda Lawrence 
The Honorable Mark Lawrence 

Maine State Senate 
u)retta Lawson 
The Honorable Rick Lazio 

U.S.  House of Representatives 
The Honorable James A .  Leach 

U . S .  House of Representatives 
The Honorable Patrick J .  Leahy 

U oited States Senate 
The Honorable Mike Leavitt 

State of Utah 
Janet Lee 
The Honorable Rohert R. Lee 

Idaho Senate 
Jack Lefcoski 
Myrna Lefferts 
Chris Legeros 

KIRO TV NEWS 
Klaus Lehrad 
Kevin Lehto 
Allen Leibrand 
Kal Leichtman 
Ron Leistiko 

Nuclear Free Pon Coalition 
The Honorable Mathew Leivas, Sr. 

Chemehuevi Tribal Council 
Charles Lemmon 

KMVT-TV 
John Lenker 
Charles Lenkner 
Mark Leonard 
Jennifer Leslie 

WB[R-TV 
Da vid Lester 

Council of Energy Resource Trihes 
Msnin Letourneau 
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Hawaii State Senate 
The Honorable Carl Levin 

United States Senate 
The Honorable Sander M .  Levin 

U.S.  House of Representatives 
Brian Levy 

ILSR 
The Honorahle JoAnn Levy 
Debra J .  Lewallen 
Bob Lewis 

Louden County Emergency Managment 
The Honorable Jerry Lewis 

U.S. House of Representatives 
The Honorable John Lewis 

U.S.  House of Representatives 
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Marvin Lewis 

Nicholas D. Lewis 
Chemical Waste Management, Inc. 

The Honorable Ron Lewis 

U.S. House of Representatives 
Richard Lewnow 

Bernard Lieberman 
The Honorable Joseph I .  Lieberman 

United States Senate 

Marvin Light 

USC-Salkehatchie, University Campus 
The Honorable Jim Lightfoot 

U . S .  House of Representatives 
The Honofahle Blanche Lambert Lincoln 

U.S. House of Representatives 
Greg Linder 
The Honorable John Linder 

U . S .  House of Representatives 

Kelly Lineweaver 
Washington Office of the Governor 

State of South Carolina 

The Honorable Golden Linford 
Idaho House of Representatives 

William S Linnell 
Committee for Safe Energy Future 

The Honorahle William O. Lipinski 

U.S. House of Representatives 

L. Lippard 
Tom Lippman 

Washington Post 
The Honorable Barbara Lisk 

Washington House of Representatives 

Thomas R. Litjen 
Washington Office 

State of Nehraska 

Glen Little 
The Honorable Carol Livellara 

Environmental Management Council 
County Offices 

The Honorahle Bob Livingston 
U.S.  House of Representatives 

The Honorable Robert L Livingston 
U.S.  House of Representatives 

Committee on Appropriations 
Alan Lloyd 

Navy League 
Hawaii Council 

William G. Lloyd 
U . S .  Department of EnergyIdaho 

Operations Office 

Anna G. Loadholt 
EM Site Specific Advisory Board - SRS 

Charles Lobdell 
U.S.  Department of the Interior 

Fish and Wildlife Service 
Ingrid Lobet 

KPUI 
The Honorahle Frank A. LoBiondo 

U.S.  House of Representatives 
The Honorable Thomas Loertscher 

Idaho House of Representatives 
The Honorable Zoe Lofgren 

U.S. House of Representatives 
Clifford Long 

Bonneville County 
Board of Commissioners 

Everett Long 

Jim Long 

The Portland Oregonian 
Jim Long 

WCMS 

Bee Longley 

The Honorahle .lim B. Longley, Jr. 
U . S .  House (If Representatives 

Richard Longmire 
Administration of Native Americans 

Henry Loo 

Alexandra Loomis 
Brandon Loomis 

The Post Register 
The H(,norahle Mitch Loomis 

City of Spring City 
Carla Loosier 
The Hflnorable S. Lynn Loosli 

Idahn House of Representatives 
Pete Lopez 

KWEI-AM (1 260) ,nd KWEI-FM (99) 
Maria Lopez-Olin 

U.S _ Nuclear Regulatory Commission 

Kathy C. Lorella 
Stuart Loseke 

Hanford Downwinder 
The Honorable Gary Loster 

City of Saginaw 

The Hunorable Trent Lott 

United States Senate 

The Hunorable Trent Lou 
United States Senate 

Committet� on Armed Services 
A. L Lotts 

Fairview Technology Center Ste 105 
The Honorable Loren Lounsbury 

Patti Lousen 
The Honorable Valoria Loveland 

Washington Senate 
The Honorable Ronald O. Loveridge 

City of Riverside 

Frances E. Lowe 
The Honorahle Newt Lowe 

City of Lava Hot Springs 

The Honorable Nita M .  Lowey 
U.S House of Representatives 

The Honorable Michael Lowry 
Stak of Washington 

The Hunorable Frank D. Lucas 
U.S House of Representatives 

The H\)fiorable James R. Lucas 
Idaho House of Representatives 

Pamelll L Lucas 

Ka Lahui Hawaii 

Beverly Ludders 
Andy Ludlum 

KING Radio News 

The Honorable Richard G. Lugar 

United State!! Senate 
Tom Lundstedt 

The Hnnorable Daniel E. Lungren 
OffIce of the Attorney General 

The Honorable Bill Luther 
U . S  House of Representatives 

Louise Luthy 
Cynthia Lynch 

Pahrump Indian Tribe 
Louis B. Lynn, Ph.D. 

ENVIRO Ag Science, Inc. 
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Robert Mabry 

The Honorable Mac MacCartney 
City of Springfield 

Don Macdonald 

U . S .  Department of Energy, Idaho 

Operations Office 
Peter MacDowell 
Dr. Donald MacGregor 

MacGregor-Bates 

The Honorable Connie Mack 
United States Senate 

The Honorahle Samuel T. Macrane 

City of Naperville 

Martha Madden 

Louisiana Governor's Office of Permits 
The Honorable Dan Mader 

Idaho House of Representatives 

The Honorable Roger B. Madsen 
Idaho Senate 

Herman Maestas 

Joan Magee 

Paul Maginnis 

James Maheras 
Mary Maikmus 

The Honorable Patricia Makely 
Environmental Management Council 

Leo Maki 

Kaonohi Malamll 
Ka Lahui Hawaii 

Linda Malan 
Jean Malia 

Municipal Reference & Records Center 
Lisa J Mallant 
Paul Malone 

Terence W. Malone 

The Honorable Carolyn B. Maloney 
U . S .  House of Representatives 

Ronald Mangum 

Elaine Manheimer 
Union River Basin Protection 

Association 

Hudson Mann 
Idaho Department of Health & Welfare 

Division of Environmental Quality 
Melissa Mann 

Ed!ow International Company 
Ken Manne!!a 

Washington Office of the Governor 
State of Maryland 

Lillian Manning 

Mary Manning 

Mary Manning 

Las Vegas Sun 
Duncan Mansfield 

Associated Press 

The Honorable Rene Mansho 
Honolulu City Council 

The Honorable Thomas J. Manton 

U.S.  House of Representatives 
Bill Manwill 

Bonneville County 
The Hononlble Donald A. Manzullo 

U . S .  House of Representatives 
Joyce Marcus 
The Honorable Edward J. Markey 

U . S .  HOllse of Representatives 
'The Honorable Robert T .  Markez 

City of Springfield 
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Jeff Markiewicz 
IntI. Federation of Professional & 
Technical Engineers 

Israel Solo Marrereo 
Puerto Rico Planning Board 

Margaret Martensen 
Clarence Martin 
Marilyn Martin 
Pauline Martin 
Terry Martin 
Dennis Martineau 

University of Massachussetts-L()well 
Research Foundation 

The Honorahle Matthew G. Martinez 
U.S.  House of Representatives 

The Honorable Bill Martini 
U.S. House of Representatives 

The Honorable Frank Mascaro 
U.S. House of Representatives 

Jerry Mason 
TSMT 

The Honofahle Rudy Mason 
South Carolina House of Representatives 

The Honorahle Dave Mastin 
Washington House of Representatives 

Dominic Mastrapasqua 
U.S.  Department of Health and Human 
Services 

Administration of Native Americans 
Harold S. Masumoto 

Office of State Planning 

John C .  Matheson 
U.S.  Department of Health and Human 
Services 

Food and Drug Administration 
Harold Mathews 

Franklin County 
James C. Mathews 

Quality Inn Lake Wright 
Yuki Matsu-pissot 
The Honofable Robert T. Matsui 

U.S. House of Representatives 
Colm Matsuzaki 

Peafl Harbor Naval Shipyard 
David Mattern 

Parametrix, Inc. 
The Honorahle John Matthews 

South Carolina Senate 
Judy Mattulat 
Joey Matz 

Suquamish Elementary School 
The Honorahle Roger E. Maughmer 

City of Manhattan 
Kathryn May 

EM Site Specific Advisory Board - SRS 
M. K. "Mike" Mazon 
James McAffee and Bernice McAffee 
Sister Anna McAnnay 

Peace Education 
Mike McAuley 
The Honorahle John McCain 

United States Senate 
Anita McCann 
Larry McCann 

Bettis Atomic Power Lahofatory 
The Honorable Karen McCarthy 

U.S.  House of Representatives 
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Philip O. McCarthy 
Town of Kittery, Maine 

W. A McCarthy 
Mildr�d McClam 

EM Site Specific Advisory Board - SRS 
Gil McClenahfln 

WKXT-TV 
Lyn t-.lcCollen 
The Honorablt� Bill McCollum 

U.S.  House of Representatives 
The Honorablt� Dannel McCollum 

City of Cha mpaign 
The Honorablt� Mary Anne McCollum 

City of Columbia 
The Honorablt� Dan McComas 

North Carolina Genefal Assembly 
Plltricla A. McComhs 
M. R McConnell 
The Honorabk Mitch McConnell 

United States Senate 
Mavi& McCorrnic 

Leflgue of Women Voters 
The Honorll.hk Jim McCrery 

U.S .  House of Representatives 
Kathee McCright 

Washington Office 
State of Minnesota 

The Honorahk Joseph M. McDade 
U.S.  House of Representatives 

Trimelda McDaniels 

Sharron McDermit 
U.S.  Department of Health and Human 
Services 

Food and Drug Administration 
The Honorsbl�, Jim McDermott 

U.S.  House of Representatives 
Patricia McDermott 
Angus McDonald 

Elk Bend Fire Phone 
The Honorll.bl�, Dan McDonald 

Wa�hington Senate 
Tim McDonald 

Cincinnati Fire Division 
Robert McEnaney 
Dllvid R. McFllull 
Marion McFee 

Shivwits Band of Southern Paiutes 
Pat McGavran 

Idaho Depaltment of Health & Welfare 
Connie McGehee 
Shirley McGec.ghegan 

City of Lewiston 
Charles McGhee 
The Honorahle Leo McGhee 
Al MrGlinsky 
Patty McGrath 
David R. McGuire 

U.S.  Nuclear Regulatory Commission 
Region II 

Jack McGurk 
Cailfornia Department of Health 
Services 

The Hunorll.hle Paul McHale 
U . � .  House of Representatives 

The Honorable John M.· McHugh 
U.S.  House of Representatives 
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The Honorable Scott Mcinnis 
U .S.  House of Representatives 

The Honorable David Mcintosh 
U.S.  House of Representatives 

The Honorahle David Mcintosh 
U.S. House of Representatives 

Committee on Government Reform 
and Oversight 

Ken McKay 
NAERP 

Ross McKay 
Federal Emergency Management 
Agency 

Kevin McKee 
City of Boise 

The Honorahle Sylvia McKeeth 
Idaho House of Representatives 

The Honorable Howard P. McKeon 
U.S.  House of Representatives 

Charles McKibben 
Research Reactor Facility 

The Honorahle Cynthia A. McKinney 
U.S. House of Representatives 

Stan M. McKinney 
South Carolina Emergency Preparedness 
Division, aT AG 

Virginia McKnight 
Dennis Mclaughlin and Pam McLaughlin 
The Honorable Marquerite McLaughlin 

Idaho Senate 
Janis McLemore 
The Honorahle Harold McMillen 

City of Hampton 
Harry a. McNabb 
Lori McNamara 

urca 
The Honorable Michael R. McNulty 

U .S .  House of Representatives 
Susan McReynolds 
Tom McReynolds 
The Honorable B. Joyce McRoberts 

Idaho Senate 
James McSweeney 

City of Portsmouth 
The Honorable Douglas E. McTetlr 

South Cllrolina House of Representatives 
Brian E. Meacham 

Utah Peace Test 
The Honorll.hle Glenn J .  Mecham 

City of Ogden 
M .  Medin 
Nancy Medwell 
The Honorable Martin T. Meehan 

U.S. House of Representatives 
The Honorll.ble Carrie Meek 

U.S. House of Representatives 
Clark. Meek 

Idaho Office of the Governor 
Bureau of Disaster Services 

Phil Mees 
Benton County Planning Department 

Maxey Megrue 
Roz Mellen 
Frank Meltzer 
Chi Melville 
Mary Mendoza 
The Honorable Rohert Menendez 

U.S.  House of Representatives 
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The Honorable Jerry Meninick. 
Yakama Tribal Council 

The Honorable Lewis Mentor 
City of Bremerton 

Donna Mercado-Kim 
Honolulu City Council 

Monty Merchant 
Tennessee Safety & Environmental 
Corporation 

The Honorable Stephen Merrill 

State of New Hampshire 
Wade Messick. 

LITCO 
The Honorable Jack Metcalf 

U.S.  House of Representatives 
Sharon Metcalf 

City of Seattle 

Dave Meyer 

Loretta Meyer 
Port of Oakland 

Environmental Department 

Richard Meyer 

The Honorable Wayne R. Meyer 
Idaho House of Representatives 

The Honorable 1IIn Meyers 
U . S .  House of Representatives 

Patrece Mez8. 
Richard Meznarich 
The Honorahle Kweisi Mfume 

U . S .  House of Representatives 

The Honorahle John L. Mica 
U.S.  House of Representatives 

Lewis Michaelson 

Earth Technology Corp. 

Iris Micokmi 

The Honorable Rosalynn Mike 
Moapa Band of Paiutes 

The Honorable Barbara A. Mikulski 
United States Senate 

The Honorahle Linda Milam 

City of Idaho Falls 
EM Site SpecifIC Advisory Board -
INEL 

Don Miles 
Bremerton-Kitsap County Health 
Department 

Heston Millagan 

Bob Miller 
The Honorable Bob Miller 

State of Nevada 

Car! Miller 
Idaho Business Review 

Dan Miller 

Colorado Department of Law 

The Honorable Dan Miller 

U.S.  House of Representatives 
George Miller 

City of Laudon 
The Honorable George Miller 

City of Tucson 
The Honorable George Miller 

U.S.  House of Representatives 

The Honorable George Miller 
U.S.  House of Representatives 

Committee on Resources 
Dr. George Miller 

University of California-Irvine 
Joseph Miller 

The Honorable. Maynard M. Miller 

Idaho House of Representatives 
Pat L. Miller 

Washington Office of the Governor 
Commonwealth of Kentucky 

Rod Miller 
Wyoming Planning Coordinators Office 

Terry Miller 

KIDK-TV Channel 3 (CBS) 
Ver",-,n Miller 

Fort Independence Indian Tribe 

Winifred E. Miller 

The Honorabl�, Zell Miller 
Stale of GeorgiA 

John David Mills 
Karen Minear and Va lara Minear 

The HonorabJt, Norman Mineta 

U . S .  House of Representatives 

The HonorabJt, David Minge 

U.S. House of Representatives 

The Honorahle Patsy T. Mink 
U.S.  House of Representatives 

Lawrence B. Minor 

The Honorabh, Tom Minor 
City of San Bernadino 

George Minot 
The Honorablt, Andy Mirikitani 

Honolulu City Council 
Catherine MitC'hell 

York Weekly 
Don Mitchell 

Graham Mitchell 
Ohio Environmental Protection Agency 

Herb Mitchell 
Small Business Administration 

The Honorab!t: John R. Mitchell 

City of Fall River 
Kelly Mitchell 

Suquamish Elementary School 
Sue Mitchell 

NtJMATEC' 
Thomas Mitchell 
The Honorable Alfreda Mitre 

Las Vegas Paiute Indian Colony 

Norman Mizuguchi 
Hawaii State Senate 

Thomas Moak 

Mid-Columbia Library 

The Honorable John Joseph Moakley 

U . S .  House of Representatives 
The Honorable Phil Moeller 

Washington Senate 
Ed M,)ffett and Jennifer Moffett 
Dan Mohtiak 

Fist of FUr) 
The Honorabll� Susan Molinari 

U . .  'i. House of Representatives 

Collin Moller 
The Honorable Alan B. Mollohan 

U . S .  House of Representatives 
T. L. Monast�,rio 

Dean Monroe 
U . S .  DOE, Office of the General 
Counsel, GC- l l  

Frank Monteferrante 
U S . Department of Commerce 

Economic Development 
Adminisl ration 

M-27 

Richard Montgomery 

Sylvia De Montigny 
Office of the Selectmen 

Town Office 

The Honorable G. V. (Sonny) 
Montogomery 

U.S.  House of Representatives 

Avagene Moore 
ORISE 

Brent Moore 
Sheetmetal Workers 

Local #213-P 

Emma E Moore 
Mamie S. Moore 
Marc Moore 

Armed Forces Radiobiology Research 

Institute 
Radiation Sources Department 

Marie Moore 
Suquamish Elementary School 

Richard Moore 

U . S .  Department of Housing and Urban 
Development 

Region X 
Ron Moore 

Idaho State Police 
Department of Law Enforcement 

The Honorable Thomas Moore 
South Carolina Senate 

Wilson C. Moore 
The Honorable Carlos J. Moorhead 

U . S .  House of Representatives 

Bertha Moose 
Big Pine Indian Tribe 

The Honorable James P. Moran 
U.S. House of Representatives 

Elizabeth Moredock 

Terri Moreland 
Washington Office 

State of Illinois 

The Honorable Constance A. Morella 
U . S ,  House of Representatives 

The Honorable Arnold Morgado 
Honolulu City Council 

Jenmfer Morgan 
Reynolds Electrical and Engineering Co. 

Larene Morgan 

The Honorable Linda Morgan 

City of Atomic City 
The Honorable P J .  Morgan 

City of Omaha 
R. L. Morgan 

META 

Art Mori 
Li fe of the Land 

Mary Kay Morley 
Doris Z. Morris 
Evelyn Murris 
Heloise Mnrris 
J .  W. Morris 

Anita Morrison 
Mike Morrissey 

Save Our Cumberland MountaIns 
M .  Morse 
Macy Morse 

Portsmouth Community Coalition 
The Honorable Max C. Monensen 

Idaho House of Representative� 
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Richard L. Mortland 
The Honorable Lorraine Morton 

City of Evanston 
Steve Morzenti 

Power Resources, Inc. 
Robert Moscardini 

U.S. Tool & Dye, Inc. 

The Honorable Carol Moseley-Brsun 
United States Senate 

Dean Moss 
Beaufort-Jasper County Water & Sewer 

W. J. (Bill) Mottel 
The Honorable Linda Moulten-P8tt�rson 

City of Huntington Beach 
Arthur Mowry 
The Honorable Daniel Patrick Moynihan 

United States Senate 
James Mraz 

County Building 
Dave Muhlbaler 
Dr. R. U. Mulder 

University of Virginia 
Department of Nuclear Engineering 

Roger Mulder 
Office of the Governor 

Environmental Policy Division 
Frank Munger 

Knoxville News Sentinel 
Gerald Munyan 
Victoria Muraki 
The Honofable Frank H. Murkowski 

United States Senate 
The Honorable Frank H .  Murkowski 

V nited States Senate 
Committee on Energy and Natural 

Resources 
Jane Murphy 
The Honorable Patty Murray 

V nited States Senate 
The Honorable Patty Murray 

Vnited States Sena.te 
The Honorable John P. Murtha 

V.S. House of Representatives 
Mike Muua 

Aiea Neighborhood Board No. 20 
Brian Myers 
Calvin Myers 

Moapa Band of Paiutes 
The Honorable John T. Myers 

U.S.  House of Representatives 
The Honorable John T. Myers 

V.S.  House of Representatives 
Committee on Appropriations 

Joy Myers 
Joy Myers 

EM Site Specific Advisory Board - INEL 

The Honorable Sue Myrick 
V.S.  House of Representatives 

Richard Myser 
Ohio State Vniversity 

The Honorable Tim Nader 
City of Chula Visla 

The Honorable Jerrold Nadler 
U.S.  House of Representatives 

Kawika Nahoopii 
Ka Lahui Hawaii - Oahu Vice-Pn'o 

Charles Nakaoka 
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Sister Nasrah 
Citizens for Environmental Justice 

Pat Navarro 
Keith Navia 
The H,)florable Richard E. Neal 

V.S. House of Representatives 
Jack Neckles 

V.S. Department of the Interior 
National Park Service 

Ted Needles 
V.S.  DOE 

Barban Nelns 
The Honorable Ben Nelson 

Stak of Nebraska 
Bruce Nelson 
Jon Ndson 

Cit} of Corvallis 
Lois E. N elsan 
Michael A. Nelson 
Morley Nelson 

Citizens Ad ... isory Committee 
Jo-Ann Nestor 

EM Site Specitic Advisory Board - SRS 
The Honorable George Nethercutt 

V.S. House 'Df Representatives 
Donald Neubeny, Jr. 
Joanne Snow Neumann 

Wa�hington Office of the Governor 
State of Vtah 

The H<lllorable Mark Neumann 
U . S .  House of Representatives 

The HLlllorable Bruce Newcomb 
Idaho House of Representatives 

R. l. Newman 

Tom Newton 
Massachusetts Institute of Technology 

The H\lnorable Bob Ney 

V.S House of Representatives 
The Hnnorable Benjamin Nichols 
Don Nichols 
The H,)florable Grace Nichols 

Cit)" of Saint Charles 

Mary II. Nichols 
Nick Nichols 

LITCO 
Russell Nickerson 

National Association of Retired Federal 
Eml'loyees 

The Honorable Don Nickles 
United Slates Senate 

Alex Nicolson 
American Technology Group, Inc. 

Lokesh Nigam 
Ken Nimmer 

wrC-EVP 
Claren..::e Nishihara 

Waipahu Neighborhood Board 1/22 
Mr.Noe 

Hawkins County CD Director 
The H' lnorable Laird Noh 

Idaho Senate 
Jane Noland 

Seattle City Council 
Cliff Noll 

Foster Wheeler Energy Corporation 
Pat Norlelt 

BOM 
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Robert A. Norman 
Cooper, Norman & Co. 

The Honorable John O. Norquist 
The Honorable Chuck Norris 

Washington House of Representatives 
Jerry B. Norris 

Pacific Basin Development Council 
The Honorable Eleanor Holmes Norton 

U.S. House of Representatives 
The Honorable Charlie Norwood 

U.S.  House of Representatives 
Laura Nowlin 

Texas A&M University 
The Honorable Sam Nunn 

United States Senate 
The Honorable Sam Nuno 

United States Senate 
Committee on Anned Services 

The Honorable Jim Nussle 
V.S.  House of Representatives 

Dean Nygard 
Idaho Department of Health & Welfare 

Division of Environmental Quality 
Frank O'Brien 

American Nuclear Society 
\iary O'Brien 

Nye County 
Vincent 0' Brien 

Bingham County Board of 
Commissioners 

Rosemary 0' Connell 
John O'Connor 

Farm Management Inc. 
.lames O'Neal 
Ted O'Neil 

May Fire Department 

Robert 1. O' Neill, Jr. 
Terri O'Sullivan 

Laborers ' International Union 
The Honorable Meyera Oberndorf 

Municipal Center 
'The Honorable James L. Oberstar 

V.S. House of Representatives 
The Honorable David R. Obey 

V.S. House of Representatives 
The Honorable David R. Obey 

U.S.  HOllse of Representatives 
Committee on Appropriations 

Ed Offley 
Seattle Post-Intetligencer 

William L. Offutt 
County of Nye 

City of Tonopah 
Vnice Ohte 

Moapa Band of Paiutes 
The Honorable Tom Okamura 

Hawaii Slate House of Representatives 
Owen Okumura 

Federal Managers Association 
Charles Oleszycki 

U .S .  Arms Control and Disannament 
Agency 

The Honorahle Tommy Olmstead 
City of Macon 

Ken Olsen 
Moscow-Pullman Daily News 

The Honorable Kirk Olsen 
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Dennis Olson 

Umatilla County Emergency 
Management 

Lynn Olson 
The Honorable John W. Olver 

U.S.  House of Representatives 
Phil Olwell 

Jim Omaos 
U.S.  Department of Defense 

Bill Ormsby 

Jennifer Orpilla 
U.S. DOE, Idaho Operations Office 

The Honorable Solomon P. Ortiz 
U.S. House of Representatives 

The Honorable Bill Orton 

U.S.  House of Representatives 
The Honorable Marvin Osborne 

Shoshone-Bannock Tribes 
Charlie Osolinn 

Argonne National Lahoratory East 

Johnathan K. Osorio 
University of Hawaii-Manoa 

Ed Ossley 
Seattle Post-Intelligencer 

Peter Ostromecky 

International Association of Fire Fighters 
Joan R. Owen 
Robert E. Owen and Elizabeth Owen 

The Honorable Major R. Owens 
U.S.  House of Representatives 

The Honorahle Sherri Owens 
City of Island Park 

The Honorable Michael G. Oxley 
U.S.  House of Representatives 

The Honorable Michael G. Oxley 
U.S.  House of Representatives 

Committee on Commerce 

Marian Pack 
The Honorable Ron Packard 

U.S.  House of Representatives 
The Honorable Bob Packwood 

United States Senate 
Robert Page 

County Offices 
Sharon Pahlka 

The Honorable James Painter 
City of Gainesville 

Pekka Pakkala 
Embassy of Finland 

Douglas Palenshus 

Department of Ecology/Kennewick 
The Honorable Jacob A. Palillo 

City of Niagara Falls 

The Honorable Frank Pallone, Jr. 
U.S.  House of Representatives 

The Honorable Frank Pallone, Jr. 
U.S. House of Representatives 

Committee on Commerce 
Doug Palmer 

Jimmy Palmer 
Mississippi Department of 

Environmental Quality 
George Pannell and Dehorah Pannell 
Lea I. Paquin 
Pauline Pardy 
Genevieve M .  Parker 
Land D. Parker 

EM Site Specific Advisory Board - SRS 

The Honorable Mike Parker 

U.S.  House of Representatives 
Richard C. Parker 
Ron A. Parker 
The Honorable Roy Parker 
Sharon Parker 

T. F. Parkinson 
Steve Parks 

Genevieve M. Paroni 
EM Site Specific Advisory Board - INEL 

Joe PArrette 
The Honorable Atwell J .  Parry 

Idaho Senah� 
Dr. Richard M. Parry, Jr. 

U.S.  Department of Agriculture 
Agricultural Research Services 

Andrew Parypll 
Jane Pascual 

KRTR 

The Honorable Ed Pastor 
U.S .  House of Representatives 

The Honorable George E. Pataki 
State of New York 

The Honorahle Elwood H .  Patawa 
Confederated Trihes of the Umatilla 
IndIan Reservation 

Colen Pathe.al and Helen Patheal 
Helen Pathe.al 

Lewis W. Patrick 
John Patton 
Arnold Paul 

Federal Employees Metal Trades 
Council 

WiUiam S. Paulsen 

Steve Paulson 
Friends of the Clearwater 

The Honorable Bill Paxon 
U.S.  House of Representatives 

The Honorable Donald M. Payne 
U.S .  House of Representatives 

The Honorahle L. F. Payne 

U.S .  House of Representatives 
S. Pa}ne 

Sa\'annah River Regional Diversification 
Inillative 

Ernest Pearson 
Esther Pearson 
The Honorable Lin Pearson 
The Honorable George Pederson 

City of Santa Clarita 
Gord()n Pedrow 

City of Longmont 
Bob Peel 

Ecology & Environment, Inc. 
The Honorable. Claiborne Pell 

United States Senate 

Committee on Foreign Relations 
The Honorable, Clairbone Pell 

UOlted States Senate 

The Honorabk Nancy Pelosi 
U.�.  House of Representatives 

R. L. Pence 
U.S.  Department of Energy, Idaho 
Operations Office 

Ned Pendarvis 

ES\lltes, Inc 
Janet Penfield 
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R. Leo Penne 
Washington Office 

State of Nevada 
Margaret Pense 
Leonard J .  Pepper 

Hawaii State House of Representatives 
Pedro Perez 

North Carolina State University 

Terry L. Perez 
EM Site Specific Advisory Board - INEL 

Gail Peters 
The Honorable Colin C. Peterson 

U.S. House of Representatives 

Committee on Government Reform 
and Oversight 

The Honorable Collin C. Peterson 
U.S. House of Representatives 

The Honorable Douglas Peterson 
U.S.  House of Representatives 

Gregory P. Peterson 

Jill Peterson 
Samara Peterson 

Andrew Petkofsky 
Williamsburg Bureau 

Richmond Times-Dispatch 

The Honorahle Thomas E. Petri 
U.S.  House of Representatives 

Guy Petty 
Robert Petty 

Central Intelligence Agency 
Environmental Safety Group 

Barbara Petura 
Washington State University 

Arden Pfeiffer and Pat Pfeiffer 
Mike Phelan 

CNN 

Alberta Phillips 

Keith E, Phillips 
State of Washington 

Department of Ecology 
Paula Phillips 
Thomas Phillips 

Washington Office 
State of Mississippi 

The Honorahle Owen B. Pickett 
U.S.  House of Representatives 

Cheryn Picquet 
The Honorahle Carol A. Pietsch 

Idaho House of Representative� 
Steve Pike 
Dan Ping 

Roane County News 
Brad Pinkerton 
Isaac J .  Pi no 

City of Santa Fe 

The Honorable Don Piscbner 
Idaho House of Representative� 

Kathleen A .  Pitt 
Obsidian, Inc. 

Rosemary Pittman 
James E. Pitton 

Navy League of the U.S.  
Jason Pitts 

Lincoln County Nuclear Waste Project 
Anthony F.  Poche 
Mike Pochop 

South Dakota Dept. of Environment & 
Natural Resources 

VOLUME 1 ,  APPENDIX M 



Table M-2. (continued) 

D. Leo Pocuis 

The Doctors Clinic 
Dr. George A. Pods 
Florence Podraza 

Sam Pole 

LITCQ 

Charles S. PolitYKa 

U . S .  Department of the Interior 

Herb Pollard 
Idaho Department of Fish & Game 

Robert D. Pollard 
Union of Concerned Scientists 

The Honorahle G .  B. Pollard Jr. 

Georgia State Senate 
Marilyn Pollock 

The Honorable Richard W. Pombo 

U . S .  House of Representatives 
The Honorable Earl Pomeroy 

U ,S. House of Representatives 

The Honorable Horace Pomeroy 
Idaho House of Representatives 

Nelson Pomeroy 
Charles Pope 

Knight-Ridder 

The Honorable lohn Edward porter 
U . S .  House of Representatives 

Lynn Porter 
Hanford Watch 

The Honorable Rob Portman 
U . S .  House of Representatives 

The Honorable Glenn Poshard 
U . S .  House of Representatives 

William Possidente 

Reynolds Electrical and Engineering Co. 

Bruce Post 
Oft-ice of Policy Research & 
Coordination 

Roderick Potter and Martha Potter 

Ross D .  Potter 

Hart Crowser, Inc. 

Donna Powaukee 
Nez Perce Trihe 

Marheth Powell 

Mark Powell 

Julian Powers 

George Prater 

Carol Pratt 
WGOV-TV 

Ray Pressan 
The Honorable Larry Pressler 

United States Senate 
In Price 

Mariann Price 

Roy Price 
State of Hawaii Civil Defense Council 

Schunn Price 

The Honorahle Anne Pringle 

John Priolo 
Federal Managers Association 

Lloyd Pritchett 

Bremerton Sun 

Dennis J. Proksa and Margo Proksa 
Margo Proksa 

The Honorable Deborah Pryce 
U.S.  House of Representatives 

Eric Pryne 
The Seattle Times 
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The Honorable David Pryor 

United States Senate 

Raymond Pua 
Office of the City Clerk 

Laurel Pumphrey 

BOise Peace Quilt Project 
leff Pumer 

Andrt"w L. Puzzio 

Waste Policy Institute 

RonalJ Qualman 

Marclls Quiakana 
Nancy Quigglt� 
The Honorable James H Quillen 

U . S .  House of Representatives 

Vicki�� Quinley 

Frank Quinn 

Yankee Atomic Electric Company 
The Honorahle Jack Quinn 

V . S .  House of Representatives 

Katherine Quinn 
University of Massachussetts-Lowell 

Stanfurd Rahin 

Tawfic Raby 
University of Maryland 

The Honorable Marc Racicort 
State of Montana 

John Radacsi 

Connecticut Office of Policy and 
Mflnagemer,t 

The Honorahlt� George Radanovich 

U . S .  HOLise of Representatives 

The Honorahle Jay Radford 
Dr. Jl!.mes B. Radziminski 

Vniversity of South Carolina 
College of Engineering 

Ann Ragan 
EM Site Specific Advisory Board - SRS 

Environmental Quality Control 

The Honorablt� Nick. 1. Rahall II 
V . S .  House of Representatives 

Rochdle Ramey 

Phil J;! amsey 
Council 

The Honorablt� Jim Ramstad 

U . S .  HOLise of Representatives 
Robert Randall 

Glynn Environmental Coalition 
Sperry Randolph 

The Honorable Charles B. Rangel 
U . S .  House of Representatives 

Richard Rangen 

V.S.  Nuclellr Regulatory Commission 

Division of Low-Level Waste 

Phil Rassier 
Idaho Department of Water Resources 

Tom Rausch 

Commonwealth Edison 

Kamaiak.ar B. Raut 
EM Site Specific Advisory Board - SRS 

Vern Ravenscroft 

Dehorah Ray 
Dr. Junaid Razvi 

General Atomics 
Andrt"w W. Re� 

EM Site Specific Advisory Board - SRS 
Heidi Read 

BOise Peace Quilt Project 
Terry Record 
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LeAnne Redick. 

Washington Office of the Governor 
State of Michigan 

The Honorable E. David Redwine 
North Carolina General Assemhly 

Myra Reece 

EM Site Specific Advisory Boud � SRS 
Warren Reece 

Texas A&M V niversity 
David Reed 

The Honorable Jack. Reed 
U .S .  House of Representatives 

Kristi Reed 

The Honorable Mary Lou Reed 

Idaho Senate 

Ron Reed 

MACTEC 
The Honorahle Steven R. Reed 

The Honorable Sue Reents 
Idaho Senate 

The Honorable R. Scott Reese 

City of Blackfoot 
The Honorable Kenneth E .  Reeves 

City of Camhridge 
Jack. Regan 

Nevada State Assembly 
The Honorahle Ralph Regula 

V.S. House of Representatives 
The Honorable Harry Reid 

United States Senate 

The Honorable Lydia Reid 

City of Mansfield 
Pete Reid 

Whitman College 
Michael Reitenour 
Dr. J .  I. Frederick Reppun 

Physicians for Social Responsibility 

C. T. Resch 

Rhone Resch 

Projects Performance 
The Honorable Dorthy L. Reynolds 

Idaho House of Representativef. 
The Honorable Mel Reynolds 

U.S.  House of Representatives 
Vic Rezendes 

U.S.  General Accounting Office 

Community & Economic 

Development 
The Honorable Thomas Rhoad 

South Carolina House of Representatives 
Charles Rice 

EM Site Specific Advisory Board - INEL 

Joann Rice 
Kevin Rice 
The Honorable Norman Rice 

City of Seaule 

Sue Rice 
Envirocare of Utah 

William T. Richards 
U.S.  Department of Agriculture 

Soil Conservation Service 

The Honorable Bill Richardson 
V . S .  House of Representatives 

Kermit W. Richardson and Janet E .  
Richardson 
The Honorable Melvin M. Richardson 

Idaho Senate 
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The Honorable Scott H .  Richardson 
South Carolina House of Representatives 

Steven D. Richardson 
EM Site Specific Advisory Board - SRS 

Dr. Peter Rickards 
Vote on INEL 

W. Ricketts 
The Honorable Tom Ridge 

State of Pennsylvania 
The Honorable Tim Ridinger 

Idaho House of Representatives 
Richard Riemer 

ST ATCON Inc. 
The Honorable Frank Riggs 

U.S. House of Representatives 
Ward Rigot 

Dow Chemical Company 
Charles D. Rilhury 
The Honorable Joseph P. Riley, Jr. 

City of Charleston 
Mark Rinehart 

Ralph Rinella 
The Hononble Larry Ringer 

City of College Station 

The Honorable Richard Riordan 
The Honorable Lynn Rivers 

U . S .  House of Representatives 
The Honorable Tommy Rivers 

City of Williston 
The Honorable Charles S .  Rohh 

United States Senate 

Jean C. Roberts 
Lucy Roberts 
The Honorable Pat Roberts 

U.S. House of Representatives 

Randy Roberts 
Dave Robertson 

U.S.  Department of Energy, Idaho 
Operations Office 

Shaun Robertson 
Shoshone-Bannock Tribes 

Environmental Program 
Mark Robinowitz 
Professor Enders A. Robinson 

Columbia University 
Krumb School of Mines 

Mark Robinson 

Puget Sound Naval Shipyard 
The Honorable Kenneth L. Robison 

Idaho House of Representatives 
The Honorable John D. Rockfeller rv 

United States Senate 
The Honorable David Roderick, Jr. 

Office of the Mayor 
Patricia M Rodgers 

The Honorable Tim Roemer 
U . S .  House of Representatives 

Rich Roesler 
The Yakima Herald-Republic 

Hal Rogers 
The Honorable Harold Rogers 

U . S .  House of Representatives 
Keith Rogers 

Las Vegas Review Journal 
Kris Rogers 

First Light Acupuncture 
The Honorahle Dana Rohrabacher 

U.S.  House of RepresenUltives 

The H('norable Dana Rohrabacher 
U . S .  House of Representatives 

C()mmittee on Science 
Kevin Rohrer 

International Technology (IT) Corp. 
Russ Ruland 
The H('norable Roy Romer 

Stak of Colorado 
The Honorable Carlos A. Romero-Barcel{l 

U . S  House of Representatives 
The H(lnorable John Rooff 

City of Waterloo 
James Rooks 
The H('norable Ileana Ros-Lehtinen 

U . S .  House of Representatives 
The Honorable Charlie Rose 

U . S  House of Representatives 
Fred Rose 

IdahLl Falls Center For Higher Education 
Edwin L. Rosenburg 

Dep!lrtment of City Planning & Codes 
Administration 

The Honorable Pedro Rossello 
Commonwealth of Puerto Rico 

The Honorable Toby Roth 
U.S House of RepresenUltives 

The Honorahle William V. Roth, Jr. 
United States Senate 

The Honorable William V. Roth, Jr. 
United States Senate 

Committet� on GovernmenUlI Affairs 
The Hunorable Marge Roukema 

U.S House of Representatives 
Jennifer Ruwe 

J .  Victllf Rowell 
Williamsburg County 

The HI'norable 1. Harold Rowland 
City of Waynesboro 

The Honorable John Rowland 
State of Connecticut 

T. J. Rowland 
West Valley Project Office 

Bryan Roy 
The H('norable Lucille Roybal-Allard 

U . S  House of Representatives 
The Honorable Edward R. Royce 

U . S  House of Representatives 
Wanda Rubianes 

Puerto Rico Federal Affairs 
Administration 

E. Ruiz 
U . S  DOE, Idaho Operations Office 

Helen Runstein 
Cheryl Runyon 

Nati"nal Council of SUIte Legislatures 

Maryaun Ruppf� 
The Honorahle Bobby L. Rush 

U.S House of Representatives 
Donald Russell 
Rosemll.ry Russdl 
David Rutherford 

Metro Planning Commission 

Brendan Ryan 
Kansas State University 

Elizabt'th Ryan 
Wa�hington Office 

State of Delaware 
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Matt Ryan 

Kitsap County 
The Honorahle Greg Ryberg 

South Carolina Senate 
The Honorahle Martin Olav Sabo 

U . S .  House of RepresenUltives 
Bill Sacco man and Patty Sacco man 
Dr. Joe Sacco man 
Gordon Sakamoto 

Associated Press 
Peggy Salaets 
Hallette R. Salazar 
The Honorahle William T. Sali 

Idaho House of RepresenUltives 
The Honorable Matt Sal mon 

U . S .  House of Representatives 
The Honorable Donald Sampson 

Umatilla Board of Trustees 
Krista L. Sanda 

Minnesota Department of Public Service 
The Honorable Bernard Sanders 

U.S. House of Representatives 
The Honorable H .  Creech Sanders 

City of Barnwell 
The Honorable Mark Sanford 

U.S.  House of Representatives 
The Honorable Rick Santorum 

United States Senate 
The Honorable Paul S .  Sarbanes 

United States Senate 
G. Sargent 

LITCO 
The Honorable Tod Satterthwaite 

City of Urbana 

Leah W. Saltgast 
Lisa Sattler 

Council of State Governments 
Midwestern Office 

Gevene Savala 
Kaibab Paiute Indian Tribe 

Elmer SaviUa 

America's Eagle Magazine 
Wendy Savkranz 
The Honorable Thomas C. Sawyer 

U . s .  House of Representatives 
The Honorable Jim Saxton 

U . S .  House of Representatives 
Dr.Sayala 

Science Applications International Corp 
Michael Scalingi 

Maryland University Training Reactor 
Joe Scannella 
The Honorable Joe Scarborough 

U.S.  House of Representatives 
The Honorable Dan Schaefer 

U.S.  HOllse of Representatives 
The Honorable Dan Schaefer 

U.S.  House of Representatives 
Committee on Commerce 

The Honorable Robert E. Schaefer 
Idaho House of Representatives 

The Honorable Edward T. Schafer 
State of North Dakota 

D. Kate Schalck 
R. B. Schappel 
Todd Schedin 
Peggy Scherbinske 
Brooke Schierloh 
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The Honorable Steven Schiff 
u.s.  House of Representatives 

Helena Schimdt 
Bruce L Schmalz 

Jeff Schmatjen 
Suquamish Elementary School 

Gail Schmidt 
Lawrence Schmidt 

New Jersey Dept. of Environmental 
Protection and Energy 

Peter W. Schmidt 
Commonwealth of Virginia 

Deptanment of Environmental Quality 

Roland Schmitten 
U.S.  Department of Commerce 

National Marine Fisheries Service 

The Honorahle Kurt Schmoke 
Pam Schnetzler 

Clint Schoff 
American Federation of Government 

Employees 

Bill Schrock 

EFA NW 

The Honorable Gar)' J. Schroeder 
Idaho Senate 

The Honorable Patricia Schroeder 
U.S. House of Representatives 

The Honorable Arthur Schultz 
City of Joliet! 

The Honorable Charles E. Schumer 
U.S. House of Representatives 

Dale S. Schutte 

E. G. Schwartz 
Idaho State Police 

Steve Schwartz 
Ted M. Schwarz 
Jim Schweitzer 

Purdue University 
Thomas W. Scionti 
Frank Scott 

The Honorable Robert C. Scott 

U.S.  House of Representatives 
Gary Scudder 
Thomas Seaman 

The Honorable Andrea Seastrand 
U.S. House of Representatives 

The Honorable James Seastrand 
City of North Las Vegas 

Phyllis Seels 

The Honorable Nikki Seizler 
South Carolina Senate 

Ivan Selin 
U.S.  Nuclear Regulatory Commission 

The Honorable F, James Sensenbrenner, 
lL 

U.S.  House of Representatives 
Yvonne Seperich 

The Honorable loe Serna, Jr. 

Steve Serr 
Bonneville County 

The Honorable Jose E. Serrano 
U.S.  House of Representatives 

Jim Setser 
Georgia Environmental Protection 
Division 

Chris Sewall 
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The Honorable John Shadegg 

U S. House of Representatives 
The Honorahle Jean Shaheen 

New Hampshire State Senator 

Chris Shane 
1. R. Shanehrook 

Union College 
Beth L. Shannon 
John Shannon 
Michael J .  Sharp 

Llborers' Health and Safety Fund 
Tom Sharp 

Associated Press 
The Honorable Charles Sharpe 

Souili Carolina House of Representatives 
Roberta R. Sharpe 

Pacific School of Religion 
P. F, Shaw 
The Honorable E. Clay Shaw, Jr. 

U ,S o  House of Representatives 
The Honorable Christopher Shays 

U S . House of Representatives 

Don�ld R. Shea 

Mal) Sheehy 
Washington Office 

State of Wisconsin 
The Honorable Dwight E. Sheffler 
Steven Sheiffer 
The Honorable Richll.rd C. Shelby 

U Ilited States Senate 

The Honorable Ingrid B. Sheldon 
City of Ann Arhor 

Ken Shepard 
CKY 

The Honorable Alex Shepherd 

Paiute Indidn Tribe of Utah 
William M. Shepherd 

Aiken County 
William Sherman 

Vt'rmont Department of Public Service 
Bill Sherrerd 
Dou!' Sherwood 

U S. Environment.al Protection Agency 

Julie Shim 

Philip Shimer 
Washington OffIce 

State of Hawaii 

Diana Y. Shipley 

John Shirey 
City of Cincinnati 

EdWArd Shokal 
EIJRU Innovators 

Charles Shoot mall 
Harold Shore 
Timothy Shortt 
Corndia Shotwell 

Evelyn Shotwell 
Jeanne Shreeve 

University of Idaho 
Edna E. Shroy 
Mrs. Laura Shumate 

Vectra Technology, Inc. 
Connie Shumway 

Dynamac Corporation Library 
The Honorable Bud Shuster 

U S. House of Representatives 
Lind" Sickles 
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Mark. H. Sidran 
City of Seattle 

Taggart Siegel 

Karyn Sieger 
Jim Sieverson 

F.M.C 
Martha Sifnas 
Larry Silverman 

Heart of America Northwest 
The Honorable Paul Simon 

United States Senate 

Wayne Simoneau 
Rhode Island Nuclear Science Center 

Sidney B. Simonton 

Georgia Depan.ment of Natural 

Resources 
Environmental Protection Division 

Douglas Simpkins 
University of Florida 

The Honorable Alan K. Simpson 
United States Senate 

Erik Simpson 
LITCO 

The Honorable Michael Simpson 

Idaho House of Representatives 
The Honorable Harold Sims 
Lynn Sims 

Don't Waste Oregon 
Robert Singleton 

Boundary County School District 101 
Emma L. Sirhall 
The Honorable Norman Sisisky 

U.S.  House of Representatives 
Mark Sisk. 

American Samoa 
Kathleen Sisneros 

Waste and Water Management Division 
Health Department 

The Honorable David E. Skaggs 
U.S.  House of Representatives 

The Honorable Joe Skeen 
U.S.  House of Representatives 

The Honorable Ike Skelton 
U.S. House of Representatives 

The Honorable Ike Skelton 
U.S.  House of Representatives 

Committee on National Security 
Lawrence Skinner 

Lawrence Skinner 
Nevadans Opposing Nuclear Extinction 

Roben. Skinner 
American Nuclear Society 

Idaho Section 
Cyril M. Slansky 
Dr. David Slaughter 

University of Utah-Salt Lake City 
Mechanical Engineering Dept. 

The Honorable Louise Mcintosh Slaughter 
U.S. House of Representatives 

Carol Siaughterbeck 
Herrera Environmental Consultant 

Robert H .  (Bob) Slay 
EM Site Specific Advisory Board - SRS 

B. Slifer 
Paul Sloca or Leo Williams 

The Oak Ridger 
The Honorable Jesse R. Smart 

City of Bloomington 
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Jane Smiley 
Arthur P. Smith 

Ben L. Smith 
The Honorable Christopher H .  Smith 

U.S.  House of Representatives 
The Honorable Christopher H .  Smith 

U.S.  House of Representatives 
Committee on International Relations 

Deanna Smith 

Snake River Alliance 

Dennie Smith 

General Electric Company 

Desmond F. Smith 
Eric Smith 

Fran Smith 
Hilton Head Island Packet 

Gary W. Smith 
B&W Nuclear Environmental Services 

Gus Smith 

The Honorahle J. Roland Smith 
South Carolina House of Representatives 

Jack L. Smith 

Idaho State University 
College of Engineering 

The Honorable Kendall Smith 
The Honorable Lamar S .  Smith 

U.S.  House of Representatives 
The Honorable Linda Smith 

U.S.  House of Representatives 

Lois Smith 

Matt Smith 
Morgan Smith 

Norfolk Naval Base 

Neil Smith 
University of Missouri-Rolla 

The Honorahle Nick Smith 
U.S.  House of Representatives 

Perjetta. K. Smith 
EM Site Specific Advisory Board - SRS 

Philip C. Smith 

Washington Office 
State of Iowa 

Renee Smith 
KSRA-AM (960) and KSRA-FM (92.7) 

The Honorahle Robert C. Smith 
United States Senate 

Vicki Smith 
Lome R. Smithhart 
Vicki Snitzler 

U.S. Department of the Interior 
Craters of the Moon National 
Monument 

Rachel Snook 
Recorder-Herald 

Dickey Snow 
Renee Snow 

The Honorable Olympia J. Snowe 

United States Senate 

Keith Snyder 
New York Times 

Linda Soderquist 
The Honorahle Paul Soglin 
The Honorable R. C. Soles 

North Carolina General Assembly 
The Honorahle Gerald B. H. Solomon 

U.S.  House of Representatives 

Ray Solomon 

U.S.  Department of Agriculture 
U.S. Forest Service 

Julie A Somers-Gulsvig 

Vicky Song 
Pennsylvania State University 

Robert Sorenson 
City ofTonoJlah 

The Honorable Shiela Sorenson 

Idahl1 Senate 
Jim Souhy 

Western Governors ' Association 
The Honorable Mark Souder 

U.S.  House of Representatives 

Joseph M .  Souki 

Hawaii State House of Representatives 
Sherry Southern 

U.S.  DOE, SROO 
Robert E. Southland 
Bob W Sower 
Fred Sower 

U.S.  Geological Survey 
Denver Federal Center 

Linda Spagnola 

State University of New York at Buffalo 
The Honorahle Molly Speannan 

South Carolina House of Representatives 
Elaine Specht 

Energy & Tr .... nsportation Network News 

Scott Species 
Fellowship of Reconciliation 

The Honorable Arlen Specter 
Unikd States Senate 

The Honorable Henry Speight 
City of Ocala 

Phillip D. Speigh.t 
City of Henderson 

The Honorahle Floyd Spence 
U.S.  House of Representatives 

The Honorahle Floyd D. Spence 
U.S.  House of Representatives 

C,)mmittee on National Security 
Thomas Spencer 

KVEW-TV News 
Carolyn W. Sperry 
Robert D. Spies 

Paul Spitalny 
Dehra A. Spitzer 
Markus Spitzer 
Suzanne Spore 
Donnie L Sprague 

The Honorable John M. Spratt, Jr. 
U.S. House of Representatives 

Elizabeth Springer 
Tim St<tllings 

City of Oak Ridge 
Edith Slanger 

Bonneville County 
Bllard of Commissioners 

Lila A .  Stanger 

The Honorable Woodrow Stanley 

City ,)f Flint 
The Honorable Fortney Pete Stark 

U.S.  House of Representatives 
Jenny Stark 

Suquamish Elementary School 
Jim Starling 
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Ron Staton 

Associated Press 
Carrie L Stauffer 

William C .  Stauffer and Patricia Z. Stauffer 
The Honorable Cliff Steams 

U.S.  House of Representatives 

Charles Steele 
Commonwealth of Massachusetts 

Office of Federal-State Relations 
Karen Dorn Steele 

Seattle Post-Intelligencer 
The Honorahle Ralph J. Steele 

Idaho House of Representatives 
Selma A. Steele 
William K. Steele 
Veronica Steffens 
Karen Stein 
Dr. Ronald Stein 

State University of New York al Buffalo 
Shirley Stein 
The Honorable Charles W. Stenholm 

U.S.  House of Representatives 
Clint Stennett 
The Honorable W. Clinton Stennett 

Idaho Senate 
Alan Stephens 

Idaho State University 
Edward Stern 

U.S. Department of Labor 

Occupational Safety and Health 
Administration 

Alexander R. Stevens 
Ed Stevens 
The Honorable Ted Stevens 

United States Senate 

Brenda Stewart 
The Honorable George Stewart 

City of Provo 
Mark Stewart and Margaret M .  Stewart 

Kevin Stigile 
Roger Stillwell 

Commonwealth of the Northern �ariana 
Islands 

Washington Representative 

James Stireman 
Snake River Alliance 

Dale A. Stirling 
Landau Associates, Inc. 

Gary Stivers 
Environmental News Network 

Jeri Stockdale 
The Honorahle Steve Stockman 

U.S.  House of Representatives 
The Honorable Jim Stoicheff 

Idaho House of Representatives 
Don R. Stokes 

The Honorahle Louis Stokes 
U.S.  House of Representatives 

Marilyn Stnknes 
Bettie Stone 
Gary Stone 

The Honorahle Ruby R. Stone 
Idaho House of Representatives 

. George Stonhill and Sheila Stonhill 
Mary Stori 
Marty Story 
Al Stotts 

Sandia National Laboratory 
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Dean Stout 
Dr. "Raz" Stowe 

Idaho State University 
Department of Mathematics 

Milan Straka 
Halliburton NUS Environmental Corp. 

Amy J .  Strand ell 
Betty Stratten 
Cindy Straushaugh 

Snake River Alliance 
Owen Straw 

Punk Rock 
Doreen Strawick. 

Richland City Council 
Sandi Strawn 

Batelle Pacific Northwest Laboratories 
Mary Strawser 
Jack Streeter 

Streeter Real Estate 
The Honorable La Vinna Stroud 
The Honorable Mark Stubbs 

Idaho House of Represenl.o.tives 
The Honorahle Gerry E. Studds 

U . S .  House of Representatives 
Betty Ann Stume 
The Honorahle Boh Stump 

V . S .  House of Representatives 
The Honorable Bart Stupak 

U . S .  House of Representatives 
Chris Sturges 

Times Union 
Mark Stutz 

Fort St. Vrain, Public Service Company 
Dan Suciu 

Environmental Research & Development 
A. Suer 
Debbie Suhr 
Steven Suhring 
Mike Sujka 
Dr. Jim Sullivan 

U . S .  Department of State 
Office of Energy & Infrastnlcture 

Marquerite Sullivan 
Washington Office of the Governor 

State of New Jersey 
Michael Sullivan 

Saratoga County (New York) Board of 
Supervisors 

Amy Sumarmall 
Huntingdon 

The Honorable Allen Summers 
Bishop Paiute Indian Tribe 

The Honorable Don Sundquist 
State of Tennessee 

Mary Suntag 
Erie County 

Don Susla 
IFPTE 

The Honorable Dean Sutherland 
Washington Senate 

Barry Sutton 
The Honorable Gertrude Sutton 

Idaho House of Representatives 
Mike Sutton 
Richard Sutton 

Pearl Harhor Survivors 
Shelley Sutton 
Thomas B. Sutton 
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The Honorable Sam Swafford 
City of Dayton 

Kerrigan A. Swan 
John Swanson 
Mat) Swanson 
Margaret Swartzman 
Mark Swearingen 

Mllrco Enterprises 
The Honorable Bruce L. Sweeney 

Idll.ho Senate 
The Honorable Michael Sweeney 

City of Hayward 
Sallie Sweet 
Pamela Swenson 
The Honorable Bernie Ray Swiney 

City of Loudon 
Susan Switzer 
Brad Swope 

Savannah News-Press 
Marl'ella Swords and Vincent McDermott 
The Honorahle Fife Symington 

StJlte of Arizona 
Dana Takahashi 
Richll.rd Takahashi 

Pearl Harbor Lions Club 
Dr. Tim K. T akaro 

HHrborview Medical Center 
Occupational & Environmental 
Medicine Program 

The Honorable James M .  Talent 
U S . House of Representatives 

John Talkington and Edwina Talkington 
Jerry Taniyama 

Military-Civilian Advisory Council 
Aiea-Pearl City Business Assn. 

John Tanner 
The Honorable John S. Tanner 

U S. House of Representatives 
The Honorable Ben Tarver 

City of Pleasanton 
Deborah Tate 
The Honorable Marvin Tate 

City of Bt)'an 
The Honorable Randy Tate 

U , S o  House of Representatives 
Patricia Tatich 

Planning &; Community Development 
The Honorable David Taub 

City of Benufort 
The Honorab Ie Paul Tauer 

City of Aurora 
Mik.t- Taugher 

Greeley Trihune 
Carol Tauscher 
The Honorable W. J .  "Billy" Tauzin 

U S . House of Representatives 
Committee on Commerce 

The Honorable W. J .  (Billy) Tauzin 
U , S .  House of Representatives 

The Honorable Charles H .  Taylor 
U , S o  House of Representatives 

The Honorable Donald Taylor 
City of Midland 

The Honorable Gene Taylor 
U S. House of Represenlatives 

Joe Taylor 
A�sociated Press 

Larry L. Taylor 
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Michael Taylor 
Robert Taylor 

South Carolina Radio Network 
Ron Taylor 

Washington Times 
Steve T. Taylor 
Tuss Taylor 

Kentucky Department for Environmental 
Protection 

Division of Waste Management 
The Honolllhie W . O .  Taylor 

Idaho House of Representatives 
Zach Taylor 
Marlese Teasley 
The Honorable James Tedisco 

New York Slate Assembly 
Terry Tehan 

Rhode Island Nuclear Science Center 
Thomas Teitge 
The Honorable Frank Tejeda 

U . S .  House of Representatives 
Richard Telfer 
Chief Frank Temoke 

Western Shoshone Elders Council 
Jan TenBruggencats 

Honolulu Advertiser 
Ray Tenpenny and Peggy Sue Tenpenny 
Charles Terrell 

U . S .  Department of Agriculture 
Soil Conservation Service 

Phillip S _ T eumim 
State of New York Department of Public 
Service 

Meryle Teusher 
Ioanna C. Tewell 
Pierre Theriot 
The Honorable Craig Thomas 

United States Senate 
David Thomas 

Illinois Hazardous Waste Research and 
Information Center 

Tim Thomas 
The Honorable William M. Thomas 

U . S .  House of Representatives 
Angle Thompsen 
Angie Thompson 

Federal Emergency Management 
Agency 

The Honorable Bennie G. Thompson 
U .S .  House of Representatives 

Blake Thompson 
Pave the Wilderness 

Chuck Thompson 
Dick Thompson 

Northern Nef, Inc. 
The Honorable Fred Thompson 

United States Senate 
The Honorable James Thompson 

Citizens Advisory Committee 
The Honorable Tommy G. Thompson 

State of Wisconsin 
The Honorable William Thornherry 

U . S .  House of Representatives 
The Honorable I. L. Thome 

Idaho Senate 
The Honorable Ray Thornton 

U . S .  House of Representative:; 
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The Honorable Karen L. Thurman 
U.8.  House of Representatives 

The Honofahle Strom Thurmond 
U oited States Senate 

The Honorable Strom Thurmond 
United Slates Senate 

Committee on Armed Services 
The Honorable Todd Tiahn 

U . S ,  House of Representatives 
The Honorable Jay Tibshraeny 

City of Chandler 
Catherine A. Tice 

Woodward-Clyde Federal Services 
Leo Tierney 

Union Pacific Railroad 
Jao.Okie Tillett 
The Honorable Fred Tilman 

Idaho House of Representatives 
Kent Tingey 

Idaho State University 
The Honorable Keith Tinno 

Shoshone-Bannock Tribes 
Fan Hall Business Council 

The Honorable John H. Tippets 
Idaho House of Representatives 

Verna L. Tippett 
Al Tiringoli 
Bruce Todd 

City of Austin 
Lisa R. Todd 
Megan Todd 

Suquamish Elementary School 
Moses Todd 

EM Site SpecifIC Advisory Board - SRS 
Paul Todd 
Stuart Toler 
Niles Toole 

Toole Supply Company, Inc. 
R. L. Toole 

Carolina Metals, Inc. 
Rick. Toole 

W. R. Toole Engineers 
Mrs. Fred Topik 
Mark Torf 

TEM 
The Honorable Peter G. Torkildsen 

U . S .  House of Representatives 
The Honorable Esteban Edward Torres 

U.S.  House of Representatives 
The Honorable Robert G .  Torricelli 

U.S.  House of Representatives 
Solveig Torvik 

Seattle Post-Intelligencer 
Patricia Jean Tousignant 

EM Site Specific Advisory Board - SRS 
Jim Townley 
The Honorable Edolphus Towns 

U.S.  House of Representatives 
Ben Toyama 
The Honorable James A. Traficant, Jr. 

U .S .  House of Represen18.tives 
Jack. Travelstead 

Marine Resource Commission 
Fishery Management 

James Travis 
WSMV-TV 

Robert R. Trenkle 
Laborers' Local #872 

Dorothy L. Trenor 
Wilbur Trieble 

Saratoga County . New York. 
Town of Milton 

Kelly Ahe Trifonovitch 
KHET TV-I I 

Todd Trigsted 
Dr. Gerald Tripard 

Washington State University 
Nuclear Radiation Center 

John Trivellin 
HlI.nover Fire Administration 

Robert E. Trojanowski 
Nucltaf Regulatory Commission 

Region II 
Robert Trout 
Doris G Troxel 
Sarajant" M .  Trol{ei 
Scott Tschirgi 
Ray Tsukimuru 

Aerolest Operations, Inc. 
Frank Tuck 
Daniellt" Tucker 

KHVH 
The Honorable Jim Guy Tucker 

State of Arkansas 
The Honorable Tim Tucker 

Idaho Senate 
The Honorable Walter R. Tucker III 

U.S. House of Representatives 
Gary Tumlin 
Patricia Tummons 

Environment Hawai'i 
Eloise TungpalaIl 

Hawaii S18.te Senate 
Tildy TllrchinelZ 
Johnnie Turnbill 
Kaye Turner 
Lisa Turner 

Fremnnt Herald/Chronicle 
The Honorable Michael R. Turner 

City of Dayton 
Roger Turner 
Roger Turner 

Shoshone-Bannock Tribes 
Patrick A. Turri 

Tennessee Department of Health 
The Honorable Jerry T. Twiggs 

Idaho Senate 
Nancy Tyler 
William A. Tyler 
The Honorable Robert A. Underwood 

U . S .  House of Representatives 
Richard Unger 
The Honorable Fred Upton 

U . S .  House of Representatives 
Steve Usdin 

Nuclt"ar Remediation Week 
David F. Utterback. Ph.D., CIH 

National Institute for Occupational 
Safety and Health 

Division of Surveillance, Hazard 
Evaluation and Field Studies 

The Honorable Dennis Vacco 
State of New York 

Mr.Vad<!r 
Stephen Vail 
John Van Der Harst 
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Jack Van Kley 
National Association of Attorneys 
General 

Sally J Van Niel 
Uldis Vanags 

Maine State Planning Office 
Al Vance 

Pearl City Lions Club 
Jesse Vance 
Russell Vande Velde 

ACZ Laboratories. Inc. 
The Honorable Marvin G. Vandenberg 

Idaho House of Representatives 
Gloria Vanderbilt 
Peter Vanderven 

Heart of America Northwest 
The Honorable Tom Vandever 

City of Charlottesville 
Robert Vanevery 
Stephen C .  VaIlZandt 
Judy Vargas 

Benton Paiute Indian Trihe 
Margaret Varney 
Louis Varricchio 

Champlain College 
William L. Vasconi 

NTS Community Advisory Board 
Edna R .  Vaughan 
Doug Vaught 
Peggy Vega 

Bishop Paiute Indian Tribe 
Mark Vegwert 

Vegwert & Thomas, Chartered 
Steve Velasco 
The Honorable Nydia M. Velazquez 

U . S .  House of Representatives 
Mary Velhradsk.y 

U . S .  Department of Veterans Affairs 
Veterans Administration Medical 
Center 

The Honorable Bruce F. Vento 
U . S .  House of Representatives 

Dr. W. G. Vernetson 
University of Florida 

Gary D. Vesl 
U . S .  Department of Defense 

U . S .  Air Force 
The Honorable Karen Vialle 

City of Tacoma 
Therese VicK 
Vincent Vieten 
Frances Viglielmo 

Spark M .  Matsunaga Institute for Peace 
Jim Vine 

CATV-TV 
The Honorable Richard Vinroot 

City of Charlotte 
Jeff Viohl 

Washington Office 
State of Indiana 

The Honorable Peter J .  Visclosky 
U.S. House of Representatives 

Micheal 1 .  Vitacco, Jr. 
George L. Vivian 

U . S .  Bureau of Mines 
Idaho National Engineering 
Laboratory 
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The Honorable George V. Voinovich 
State of Ohio 

The Honorable Harold L. Volkmer 
U.S. House of Representatives 

The Honorahle Barbara F. Vucanovich 

U.S .  House of Representatives 
Larry W 8eker 

City of Salem 
Marty Wade 

Mik.e Wade 

R. P. Wadkins 
Dr.Wagner 

University of Massachussetts-Lowell 
Loree Wagner 

KaMO-TV News 
Paul Wagner 
Peter Wagner 

Honolulu Star Bulletin 
The Honorable Rob Wagner 
Robert J .  Wagner 

State University of New York 
Russell Wagner 
The Honorable Mac Wagoner 

City of Dubois 
The Honorable Leigh Wai 000 

Honolulu City Council 
C. L. Wakaffio 

U,S. Environmental Protection Agency 
Region IV 

The Honorable Enid Waldholtz 
U.S.  House of Representatives 

Amy Walker 
Arthur H .  Walk.er 
The Honorable Charles Walker 

Georgia State Senate 
John Walker 

Aiken Chamber of Commerce 
Norvia R. Walker 

Allendale County Disaster Preparedness 
The Honorable Paul Walker 

Jefferson County Board of County 
Commissioners 

The Honorable Robert S. Walker 

U.S.  House of Representatives 
Tom Walker 

City of Kennewick 
Merrill Wall 

Shivwits Southern Band of Paiutes 

Ann Wallace 
Bill Wallack 

Stevens Publishing Corporation 
Gary Wallbaum 
Robert Waller 

Halliburton NUS Environmental Corp. 
The Honorable James T. Walsh 

U.S.  House of Representatives 
Mike Walsh 

Montana Office of the Govern<)r 
Curtis Walters 
The Honorable George Walters 

National City 
Myrna J .  Walters 

Puhlic Utilities Commission 
Barbara A. Walton 
John Wamer 
The Honorable Zach Wamp 

U.S. House of Representative" 
Melinda Wang 
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Fred WaflZenried 
Cia Smalley Ward 

State of New Mexico 
The Honorable Michael Ward 

City of Irvine 

The Honorable Mike Ward 
U.S.  House of Representatives 

The Honorable John W. Warner 
United States Senate 

SharPn Warner 

Pam Warnken 
Chamber of Commerce of Hawaii 

Military Affairs Council 
Camilia Warren 

EM Site Specific Advisory Board - SRS 
Charlie Warren 

City of Hood River 
Jeffrey Warren 
Jim Warren 

NC Warn 
Sandra Warren 

Aerotest Operations, Inc. 
Dennis Washhurn 

Rotary Club of P .. arl Harbor 

James Washburn 

Isaac Washington 
South Carolina Black Media 

Jim Washington 
The Honorable Maxine Waters 

U . S .  House of Representatives 
Elaine Wathen 

N( lrth Carolina Division of Emergency 

Management 
Karen Watkins 
Brian E. Watson 
Harnet Watson 

Reed College 
lachon L Watson and Carole Watson 
Kelky Watson 
The Honorable Melvin L Watt 

U S. House of Representatives 

Marilyn J .  W.Eltteyne 
Frances Watts 
The Honorable J. C .  Watts, Jr. 

U S.  House of Representatives 
Carol S. Waud 
The Honorable Elwyn E. Wax 

City of Rolla 
The Honorable Henry A. Waxman 

U S . House of Representatives 

Charles R. Weagel 
Norman E. Weare 

BllrnwelI County Economic 

Development Commission 
Matthew Weatherley-White 
Joseph Weav�r 

Chul,k Webb 
David R G Webb 

The Honorable Gloria O. Webb 
City of Portsmouth 

The Honorable Wellington Webb 
Stephen Weeg 
Con"tance Weeks 
Jerry Wegman 
The Honorable Susan Weiner 

Clty of Savannah 
Melva Weir 

Minnesota Legislative Relation 
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The Honorable Bill Welch 

City of State College 
The Honorable William F. Weld 

State of Massachusetts 

The Honorable Curt Weldon 

U.S.  House of Representatives 

The Honorable Dave Weldon 

U.S.  House of Representatives 
The Honorable Jeny Weller 

U.S.  House of Representatives 
Matthew Wells 

The Honorable Paul Wellstone 
United States Senate 

The Honorable Herman Welm 
City of San Ramon 

The Honorable Stella Welsh 
City of Or em 

Chris Wentz 
State of New Mexico Radioactive Waste 

Task Force 
Marsha Werle 

City of Emmett Public Library 
Robert Werth and Wendy Werth 
R. L Wesley 
Harold Wessell 

The Ballston Journal 

Peggy Wessner 
Steve West 

State of Idaho 
OffIce of Environmental Health 

The Honorable William Westbrook 
T. Weste 
Kevin Westervelt 

The Honorable R. Clair Wetherell 

Idaho Senate 
David Wetmore 

Washington Office of the Governor 

State of California 
Kirk Whatley 

Alabama Department of Public Health 
Division of Radiation Control 

The Honorable "Moon" Wheeler 
Idaho Senate 

Paige Wheeler 
Kathy Whitaker 

U.S. DOE, Idaho Operations Office 
Charles E. White 

The Honorable Del White 

Nez Perce Trihal Executive Committee 
The Honorable Juanita M .  White, 

South Carolina House of Representatives 

The Honorable Rick White 
U.S.  House of Representatives 

The Honorable Rick White 
U.S .  House of Representatives 

Sue White 

The Honorable Edward Whitfield 
U.S.  House of Representatives 

The Honorable Christine Whitman 
State of New Iersey 

The Honorable Lin Whitworth 
Idaho Senate 

The Honorable Roger Wick.er 
U.S.  House of Representatives 

Frank. Wicks 
Kirk Wicks 
Iudith E. Widener 
The Honnrable Raymond J .  Wieczorek 
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Richard E. Wiethorn 
Douglas Wiggins 

Seneca Nation of Indians Environmental 
Protection 

Thomas Wiggins 
Bernard Wilcox 
The Honorable Don Wilde 

City of Mud Lake 
The Honorable Gayle Ann Wilde 

Idaho House of Representatives 
The Honorable Richard Wilder 

Fort Independence Indian Tribe 
Edna Wiler 

RIMS 
Steve Wilhelm 

Puget Sound Business Journal 
Beaurine H. Wilkins 

EM Site Specific Advisory Board - SRS 
1. R. Wilkinson 

Confederated Tribes of the Umatilla 
Indian Reservation 

Hanford Environmental Restoration 
Program 

Dennis Williams 
Augusta NAACP 

Doug Williams 
Dr. 1. Williams 

University of Arizona 
Nuclear Energy Department 

Janice Williams 
Kent Williams 

Madison Middle School 
Leroy Williams 
The Honorable Marshall Williams 

South Caroline. Senate 
The Honorahle Pat Williams 

V.S. House of Representatives 
Paul Williams 
The Honorable Robin Williams 

Georgia House of Representatives 
Theresa E. Williams 
Thomas E. Williams 

V.S.  Department of Energy , Idaho 
Operations Office 

Xenia Williams 
The Honorable Rudy Willis 

Owens Valley Board of Trustees 
Paiute Professional Center 

Steve Wills 
School District 4 1 1  

The Honorable Charles Wilson 
V.S. House of Representatives 

Christopher B. Wilson 
George Wilson 
Kay W. Wilson 
The Honorable Pete Wilson 

State of California 
Jan Wimberly 
Chuck Winder 
Tom Winston 

Ohio Environmental Protection Agency 
John Winters 

Augusta Chronicle 
Richard Winters 

V.S. Department of the Interior 
National Park Service 

The Honorable Robert E. Wise. Jr. 
V . S .  House of Representatives 

Sandra Wisecaver 
Mountain Express 

Hazel Wison 
Rick Wolcott 

Dow North America 
The Honorable Frank. R. Wolf 

V.S.  House of Representatives 
Nelson Wolff 

Military Plaz;� 
Jeanette Wolfley 

Sho!ohone-Bannock Tribes 
Donna Wong 

Hawaii's Thousand Friends 
Jeannine Wood 

Idah,) Senate 
The H(>norable JoAn E. Wood 

Idah,) House of Representatives 
Mark S .  Wood 
The Honorahle Martha S .  Wood 
Thomas Wood 
Wade Woodland 
The Honorable Cheryll N .  Woods-Flowers 

City of Mount Pleasant 
Karen Woodward 
Mark Woodward 
The Honorahle Lynn C .  Woolsey 

V . S  House of Representatives 
The Honorable William D. Workman 

City of Greenville 
Annie Worth 
Bill Wurth 
Marjone Worthington 
Jane Wrenn 
Alden Wright 
Catherine Wright 
Creed Wright 
The H"norable Thomas Wright 

Nonh Carolina General Assembly 
Harold Wulke 
Connie Wurster 
The Hunorabie Ron Wyden 

V . S  House of Representatives 
Don Wyman 
The Honorable Alben Russell Wynn 

V.S House of Representatives 
The Honorahle Paul Wynn 
Kenneth Yager 
Forres1 Yamiell 
The Hunorable Sidney R. Yates 

V.S House .)f Representatives 
Roy J .  Yee 

KEMS Kewalo 
Margaret M .  Yeoman 
Diana Yerpe 

Cultural Resource 
Rohen M .  Yoh� 

Idaho State Historical Society 
Nohom Yonamine 

Hawaii State House of Representatives 
Jon Yoshishige 

Honolulu Advertiser 
The H.\Dorable C. W. Bill Young 

V . S .  House 'Jf Representatives 
The Hnnorable Daniel Young 

City of Santa Ana 
Diana O. Young 
The Hnnorable Don Young 

V . S .  House ·�)f Representatives 
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The Honorable Don Young 
V.S.  House of Representatives 

Committee on Resources 
Doug Young 

Office of Policy and Initiatives 
Linda Young 

MTC 
Richard Young 
The Honorable Ronnie Young 

City of Aiken 
Tin Hu Young 
Karen Yourish 

Weapons Complex Monitor 
The Honorable Raymond Yowell 

Western Shoshone National Council 
Neva Yribarren 
Rafiq Zaidi 
Nell Zajac 

Heart of America Northwest 
The Honorable Terrence Zaleski 

City of Yonkers 
Sally Zanover 
Emma Zaratian 
Carl W. Zeh 
Hank Zeile 
The Honorable William H .  Zeliff, Jr. 

V . S .  House of Representatives 
Barbara Zepeda 

Washington Demonstration Council 
Steve Zerguhurdt 

The Sun 
Terry Zerk.le 

City of Tempe 
Boh Ziel 

KID Radio 
The Honorable Dick Zimmer 

V.S.  House of Representatives 
Walter Zimmermann 

KITV TV-4 
David Zink 
James Zitzelberger 
Frank Zollo 

Knolls Action Project 
Marian Zucco 

Big Pine Indian Trihe 
William Zuercher 
Anthony J .  Zuvela 

Suquamish Elementary School 

Ammon City Council 
Bannock County 

Highway Department 
Bannock. County 

Planning and Development Services 
Bingham County 

City of Blackfoot 
Bingham County 

Road Superintendent 
Bingham County 

Sheriff s Department 
Bonneville County 

Civil Defense and Disaster Relief 
Boulder City 
Butte City Council 
Butte County 

Sheriffs Department 
Chesapeake Bay Sierra Club 
Churchill County 
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Managers Office 
City of Areo 
City of Arimo 
City of Blackfoot 

Water & Sewer Department 
City of Caliente 
City of Cincinnati 
City of Declo 

Declo City Council 
City of Downey 

Downey City Council 
City of Dubois 
City of Firth 
City of Firth 
City of Hagerman 
City of Hamar 
City of Idaho Falls 
City of Indian Springs 
City of Needles 
City of Oak Ridge 

Environmental Quality Advisory 
Board 

City of Pahrump 
Advisory/Planning Board 

City of Ririe 
City of Sugar City 
Clark County Managers Office 
Clark County Nuclear Waste Division 
Clearwater Memorial Library 
Clinton Courier News 
Confederated Tribes and Bands of the 
Yak.ama 
County of Nye 

Nuclear Waste Protection Office 
Defense Nuclear Agency 

Nevada Operations Office 
Egan & Associates, P. c. 

McGil Special Services Inc. 
Egan & Associates, P.C. 

Tri-State Motor Transit Co. 
Environmental Advisory Council 

County Legislature 
Environmental Protection Agency 

Pacific Islands Contact 
Esmerelda County Commission 
Eureka County Commission 
Fred' s  Signs and Art 
Hawaii Navy News 
Heritage Conservation and Recreation 
Service 

Division of Environmental 
Compliance and Review 

Hood River News 
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Indian People's Muskogee Tribal Town 
Confederacy 
INEL Boise Office 
Jefferson County 
Jefferson County Board of County 
Commissioners 
Journal and Guide 
KCMU Radio 
KCTS TV-9 

Newsroom 
Kelly Temporary Services 
KEPR-TV 
KING-TV 5 News 

Newsroom 
KLAS-TV 
KLVX-TV 
KNDI-TV N�ws 
KNEV 
KONA Radio 
KORD Radio News 
KOTY Radio 
KROW/KBUL News 
KSTW TV-I I 

Newsroom 
KTNV-TV 
KVHC-TV Channel 3 
KVEW-TV 
Lander County Commission 

City of Battle Mountain 
Linn)ln County Commission 

City of Pioche 
Madison County 
National Council of lhe Muskogee Creek 
Navy News 
Nevada Test Site Economic Adjustment 
TAS 
Nye County Commission 

City of Round Mountain 
Nye County Nuclea.r Waste Repository 

Project Office 
OKl}5IKALE Radio 
Pea..:h State Public Radio 
Pearl City Neighborhood Board No. 2 1  
Rexburg City Council 
Rexburg Standard Journal 
Rigby City Council 
Rot.: ky Mountain Peace Center 
Salmon Public Library 
South Carolina Engineer 
Spokesman-Review 
Slallley City Council 
Sun Newspaper 
T. A. Rivard, Inc. 
Tacoma News Tribune 
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Tea.msters Local 533 
The Daily Times 
The Idahonian 
The Morning News 
The Sho-Ban News 
Town of Shelley Police Department 
U-102 Radio Station 
U . S .  Army Corps of Engineers 
U.S.  Department of Agriculture 
U . S .  Department of Agriculture 

Soil Conservation Service 
U.S. Department of Commerce 

Economic DeVelopment 
Administration 

U . S .  Department of Heallh and Human 
Services 

National Institutes of Health 
U . S .  Department of Labor 

Occupational Safety and Heallh 
Administration 

U . S .  Department of the Interior 
Bureau of Indian Affairs 

U . S .  Department of Veterans Atfairs 
Regional Office-Loan Gty. (026) 

U.S. Naval Administrative Unit 
WAGA-TV 5 
WAGT-TV 
Washington Office of the Governor 

Commonwealth of Pennsylvania 
WASTREN, Inc. 
WATE-TV 
WATO Radio Station 
WCBD-TV 
WCSC-TV 
Weaver Farms 
WFOG 
White Bird City Council 
White Pine County Commission 
WIS-TV 
WJBF-TV 
WLTX-TV 
WNOR 
WNTS 
WOLO-TV 
Worldwatch Institute 
WOWI 
WRAP 
WRDW-TV 
WSB-TV 
WfAR 
WTOC-TV 
WXIA-TV 1 1  
Yuchi Tribal Organization, Inc. 


