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Summary!

his study was initiated by the National Academies to meet what it

perceived to be a national need for an independent, objective, and

authoritative analysis of spent nuclear fuel and high-level radioac-
tive waste transportation in the United States in light of

e The federal government’s program to construct and operate a re-
pository at Yucca Mountain, Nevada, to permanently dispose of the nation’s
spent fuel and high-level waste; and

e The commercial nuclear industry’s program to construct and oper-
ate a facility in Utah for the temporary (interim) storage of spent fuel from
some of its power reactors.

As this study was being completed, the federal government initiated
another program to assess the feasibility of developing an integrated facility
to receive, store, and recycle commercial spent fuel. If executed, these pro-
grams could involve the shipment of large quantities? of spent fuel and

IThis summary provides a brief overview of the findings and recommendations in this
report. A more detailed summary of the findings and recommendations is presented in the
next chapter.

2This report identifies two general types of transportation programs, small-quantity ship-
ping programs and large-quantity shipping programs. While there is no precise quantity
demarcation between these two program types, the former involve shipment on the order of
tens of metric tons of spent fuel or high-level waste, while the latter involve shipment on the
order of hundreds to thousands of metric tons.
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2 GOING THE DISTANCE?

high-level waste over the nation’s railways and roadways for periods of
several decades.

The Committee on Transportation of Radioactive Waste (hereafter
referred to as the committee; see Appendix A) was appointed by the Na-
tional Academies to carry out this study. The original objectives of this
study were to examine the risks and identify key current and future techni-
cal and societal concerns for the transport of spent nuclear fuel and high-
level radioactive waste in the United States. After this study was under way,
its scope was expanded to include a congressionally requested and U.S.
Department of Transportation (DOT) sponsored examination of the proce-
dures used by the U.S. Department of Energy (DOE) for selecting routes for
transporting research reactor spent fuel between its facilities in the United
States. This report provides background information on spent fuel and
high-level waste transportation (Chapter 1) and the committee’s findings
and recommendations with respect to the original study charge (Chapters
2, 3, and 5) and the expanded study charge (Chapter 4).

This report does not examine the security? risks for spent fuel and high-
level waste transportation because of an inability to access classified and
otherwise restricted information. It also does not examine the viability of
temporary storage or permanent disposal sites for spent fuel and high-level
waste, or the risk trade-offs involved in transporting spent fuel and high-
level waste to centralized interim storage or permanent disposal sites versus
leaving them in place at current storage sites. The committee operated
within the constraints of federal policy decisions that have set the nation on
a clear path to transport spent fuel and high-level waste for permanent
disposal. The intent of this study is to improve understanding of the issues
associated with the transportation of spent fuel and high-level waste re-
gardless of their ultimate destination.

A brief summary of the committee’s findings and recommendations is
presented below. Readers are strongly encouraged to examine the full text
of the findings and recommendations in the referenced sections of this
report for additional details.

e The committee could identify no fundamental technical barriers to
the safe* transport of spent fuel and high-level radioactive waste in the
United States. However, there are a number of social and institutional

3Security refers to measures taken to protect spent fuel and high-level waste against sabo-
tage, attacks, and theft while it is in transport.

4Safety refers to measures taken to protect spent fuel and high-level waste during transport
operations from failure, damage, human error, and other inadvertent acts.
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SUMMARY 3

challenges to the successful® initial implementation of large-quantity ship-
ping programs that will require expeditious resolution (see Section 3.2 and
Section 5.1). The challenges of sustained implementation should not be
underestimated.

e Malevolent acts against spent fuel and high-level waste shipments
are a major technical and societal concern, but the committee was unable to
perform an in-depth examination of transportation security because of
information constraints. The committee recommends that an independent
examination of the security of spent fuel and high-level waste transporta-
tion be carried out prior to the commencement of large-quantity shipments
to a federal repository or to interim storage (see Section 5.1).

e Transportation packages® play a crucial role in transportation
safety by providing a robust barrier to the release of radiation and radio-
active material. Current international standards and U.S. regulations are
adequate to ensure package containment effectiveness over a wide range
of transport conditions. However, recently published work suggests that
there may be a very small number of extreme accident conditions involv-
ing very long duration fires that could compromise package containment
effectiveness. The committee recommends that the U.S. Nuclear Regula-
tory Commission (USNRC) undertake additional analyses of very long
duration fire scenarios that bound expected real-world accident condi-
tions as outlined in Section 2.5. Based on the results of these investiga-
tions, the USNRC should implement operational controls and restrictions
on spent fuel and high-level waste shipments as necessary to reduce the
chances that such conditions might be encountered in service.

e The committee strongly endorses the use of full-scale testing to
determine how packages will perform under both regulatory and credible
extraregulatory” conditions. The committee recommends that full-scale
package testing continue to be used as part of integrated analytical, com-
puter simulation, scale-model, and testing programs to validate package
performance. Full-scale testing of packages to deliberately cause their de-
struction should not be required as part of this integrated analysis or for
compliance demonstrations (Section 2.5).

e This report provides quantitative health and safety risk compari-
sons for both normal transport conditions and accidents (Section 3.3). The

SThe committee defines success in terms of the program’s ability, under existing statutes,
regulations, agreements, and budgets, to transport spent fuel and high-level waste in a safe,
secure, timely, and publicly acceptable manner.

6Containers used for the transport of spent fuel or high-level waste, whether loaded or
empty.

7That is, under conditions that exceed those embodied in current regulatory requirements.
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radiological health and safety risks associated with the transportation of
spent fuel and high-level waste are well understood and are generally low,
with the possible exception of risks from releases in extreme accidents
involving very long duration, fully engulfing fires. The likelihood of such
extreme accidents appears to be very small, however, and their occurrence
and consequences can be reduced further through relatively simple opera-
tional controls and restrictions. The committee recommends that transpor-
tation planners and managers undertake detailed surveys of transportation
routes to identify and mitigate the potential hazards that could lead to or
exacerbate extreme accidents involving very long duration, fully engulfing
fires (see Section 3.4).

e The social risks® of spent fuel and high-level waste transportation
pose important challenges to the successful initial implementation of pro-
grams for transporting spent fuel and high-level waste in the United States.
Transportation implementers should take early and proactive steps to es-
tablish formal mechanisms for gathering high-quality and diverse advice
about social risks and their management on an ongoing basis using the
steps recommended in Section 3.4.

The committee also provides several recommendations for improving
current and future programs to transport spent fuel and high-level waste to
a federal repository or to interim storage. Although these recommendations
are directed at DOE and DOT, they would also apply to programs for
shipping commercial spent fuel to private storage.

e DOE’s procedures for selecting routes within the United States for
shipments of foreign research reactor spent fuel appear on the whole to be
adequate and reasonable. DOT routing regulations are a satisfactory means
of ensuring safe transportation, provided that the shipper actively and sys-
tematically consults with the states and tribes along potential routes and
that states follow the route designation procedures prescribed by the de-
partment. The committee recommends that DOT take steps to ensure that
states that designate routes for shipment of spent nuclear fuel rigorously
comply with regulatory requirements that such designations be supported
by sound risk assessments (see Section 4.4).

e The committee strongly endorses DOE’s decisions to ship spent
fuel and high-level waste to the federal repository by mostly rail using
dedicated trains. The committee recommends that DOE fully implement

8Social risks arise from both social processes, which influence peoples’ interactions and
shape their communities, and perceptions, which influence peoples’ behaviors, whether or not
such perceptions are an accurate picture of reality.
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these decisions by completing construction of the Nevada rail spur and
making other necessary arrangements before commencing the large-quan-
tity shipment of spent fuel and high-level waste to the federal repository.
DOE should also examine the feasibility of further reducing its needs for
cross-country truck shipments of spent fuel (see Sections 5.2.1 and 5.2.3).

e DOE should identify and make public its suite of preferred high-
way and rail routes for transporting spent fuel and high-level waste to a
federal repository as soon as practicable to support state, tribal, and local
planning, especially for emergency responder preparedness. DOE should
follow the practices of its foreign research reactor spent fuel transport
program (see Chapter 4) of involving states and tribes in these route selec-
tions (see Section 5.2.2).

e DOE should negotiate with commercial spent fuel owners to ship
older fuel first to a federal repository or to federal interim storage. Should
these negotiations prove to be ineffective, Congress should consider legisla-
tive remedies. Within the context of its current contracts with commercial
spent fuel owners, DOE should initiate transport to the federal repository
through a pilot program involving relatively short, logistically simple move-
ments of older fuel from closed reactors to demonstrate its ability to carry
out its responsibilities in a safe and operationally effective manner (see
Section 5.2.4).

e DOE should begin immediately to execute its emergency responder
preparedness responsibilities defined in Section 180(c) of the Nuclear Waste
Policy Act using the innovative steps recommended in Section 5.2.5.

e DOE, the Department of Homeland Security, DOT, and USNRC
should promptly complete the job of developing, applying, and disclosing
consistent, reasonable, and understandable criteria for protecting sensitive
information about spent fuel and high-level waste shipments. They should
also commit to the open sharing of information that does not require such
protection and should facilitate timely access to such information, for ex-
ample, by posting it on readily accessible Web sites (see Section 5.2.6).

e The Secretary of Energy and the U.S. Congress should examine
options for changing the organizational structure of DOE’s program for
transporting spent fuel and high-level waste to a federal repository to in-
crease its chances for success. The following three alternative organiza-
tional structures, which are representative of progressively greater organi-
zational change, should be examined: (1) a quasi-independent DOE office
reporting directly to upper-level DOE management; (2) a quasi-government
corporation; or (3) a fully private organization operated by the commercial
nuclear industry (see Section 5.3).
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Summary of Findings and
Recommendations

he findings and recommendations from this report are reproduced
in full in this summary. Additional background and supporting
information can be found in the body of the report.

S.1 TRANSPORTATION SAFETY AND SECURITY

Based on its examination of spent fuel and high-level waste transporta-
tion in the United States, the committee developed a principal finding on
transportation safety and a finding and recommendation on transportation
security. These are described in greater detail in Chapter 5, Section 5.1.

PRINCIPAL FINDING ON TRANSPORTATION SAFETY: The com-
mittee could identify no fundamental technical barriers to the safe! trans-
port of spent nuclear fuel and high-level radioactive waste in the United
States. Transport by highway (for small-quantity shipments?) and by rail
(for large-quantity shipments) is, from a technical viewpoint, a low-

1As noted in Chapter 1, safety refers to measures taken to protect spent fuel and high-level
waste from failure, damage, human error, and other inadvertent acts during transport opera-
tions.

2This report identifies two general types of transportation programs, small-quantity ship-
ping programs and large-quantity shipping programs. While there is no precise quantity
demarcation between these two program types, the former involve the shipment on the order
of tens of metric tons of spent fuel or high-level waste, while the latter involve the shipment
on the order of hundreds to thousands of metric tons.
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radiological-risk activity with manageable safety, health, and environmen-
tal consequences when conducted with strict adherence to existing regula-
tions. However, there are a number of social and institutional challenges
to the successful’® initial implementation of large-quantity shipping pro-
grams that will require expeditious resolution as described in this report.
Moreover, the challenges of sustained implementation should not be un-
derestimated.

The wording of this finding is carefully and narrowly constructed and
is focused on the technical aspects of transportation programs and the
conduct of transportation operations. It is predicated on the assumption
that these technical tasks are being carried out with a high degree of care
and in strict adherence to regulations. The finding is also based on an
assessment of past and present transportation programs and would apply
to future programs only to the extent that they continue to exercise appro-
priate care and adhere to applicable regulations.

PRINCIPAL FINDING ON TRANSPORTATION SECURITY: Malevo-
lent acts against spent fuel and high-level waste shipments are a major
technical and societal concern, especially following the September 11, 2001,
terrorist attacks on the United States. The committee judges that some of its
recommendations for improving transportation safety might also enhance
transportation security. The Nuclear Regulatory Commission is undertak-
ing a series of security studies, but the committee was unable to perform an
in-depth technical examination of transportation security because of infor-
mation constraints.

RECOMMENDATION: An independent examination of the security of
spent fuel and high-level waste transportation should be carried out prior to
the commencement of large-quantity shipments to a federal repository or to
interim storage. This examination should provide an integrated evaluation
of the threat environment, the response of packages to credible malevolent
acts, and operational security requirements for protecting spent fuel and
high-level waste while in transport. This examination should be carried out
by a technically knowledgeable group that is independent of the govern-
ment and free from institutional and financial conflicts of interest. This
group should be given full access to the necessary classified documents and
Safeguards Information to carry out this task. The findings and recommen-

3The committee defines “success” in terms of the program’s ability, under existing statutes

prog Y g >
regulations, agreements, and budgets, to transport spent fuel and high-level waste in a safe,
secure, timely, and publicly acceptable manner.
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dations from this examination should be made available to the public to the
fullest extent possible.

The committee was unable to perform this examination because much
of the needed information is either classified or otherwise restricted. There
appears to be sufficient information available, however, to undertake a
substantive review of spent fuel and high-level waste transportation secu-
rity by a cleared group if it is given unrestricted access to the relevant
literature. The cooperation of several federal agencies would be required to
obtain the information necessary to carry out this study.

S.2 TRANSPORTATION RISK

This report provides an examination of two types of transportation
risks: bealth and safety risks and social risks. These risks arise both during
normal transport operations and from accidents involving packages loaded
with spent fuel or high-level waste. The health and safety risks arise from
the potential exposure of transportation workers, as well as other people
who travel, work, or live near transportation routes, to radiation that may
be emitted or released from these packages. Social risks arise from social
processes and human perceptions and can have both direct socioeconomic
impacts and perception-based impacts. The health and safety risks and
social risks are collectively referred to as societal risks in this report.

This report also provides comparisons between health and safety risks
for transporting spent fuel and high-level waste and certain other risks that
confront members of society. Comparisons are provided for both normal
and severe accident conditions in Chapter 3 (see especially Figures 3.3 and
3.4). The committee’s objective in presenting these comparisons is to in-
form readers’ understanding about the risks of spent fuel and high-level
waste transportation, not to persuade readers that such risks are—or are
not—acceptable. Acceptability is a normative judgment; there is no basis in
science for judging the acceptability of transportation risks.

FINDING: There are two potential sources of radiological exposures from
transporting spent fuel and high-level waste: (1) radiation shine* from spent
fuel and high-level waste transport packages under normal transport condi-
tions; and (2) potential increases in radiation shine and release of radioac-
tive materials from transport packages under accident conditions that are
severe enough to compromise fuel element and package integrity. The ra-

“4Radiation emitted from a transportation package containing spent fuel or high-level waste.
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diological risks associated with the transportation of spent fuel and high-
level waste are well understood and are generally low, with the possible
exception of risks from releases in extreme accidents involving very long
duration, fully engulfing fires. While the likelihood of such extreme acci-
dents appears to be very small, their occurrence cannot be ruled out based
on historical accident data for other types of hazardous material shipments.
However, the likelihood of occurrence and consequences can be reduced
further through relatively simple operational controls and restrictions and
route-specific analyses to identify and mitigate hazards that could lead to
such accidents.

RECOMMENDATION: Transportation planners and managers should
undertake detailed surveys of transportation routes to identify potential
hazards that could lead to or exacerbate extreme accidents involving very
long duration, fully engulfing fires. Planners and managers should also take
steps to avoid or mitigate such hazards before the commencement of ship-
ments or shipping campaigns.

The finding that “radiological risks . .. are well understood and are
generally low” is based on a large set of data and studies described in
Chapters 2 and 3. These include the following:

e Rigorous international standards and U.S. regulations for the de-
sign, construction, testing, and maintenance of spent fuel packages;

e  More than four decades of worldwide experience in transporting
spent fuel without a significant release of radioactive materials during an
accident;’ the broad sharing of information on experiences and best prac-
tices by transportation planners, implementers, and regulators through or-
ganizations such as the International Atomic Energy Agency promotes the
continued maintenance of this safety record;

e  Full-scale crash testing of transport packages under severe accident
conditions;

e A series of increasingly sophisticated analytical studies of spent fuel
transport package performance; and

e Reconstructions of the mechanical and thermal loading conditions
from severe accidents that did not involve spent fuel transport to asses how
spent fuel packages would have performed under such conditions.

The finding that spent fuel transportation risks are “generally low” at
present does not necessarily mean that such risks will continue to be low in

SMinor releases have been reported in obsolete packages that are no longer approved for
use for transporting spent fuel (see Table 3.3).
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the future. Future risks depend on a number of factors (e.g., the care taken
in fabricating transport packages and executing transportation operations).
Ongoing vigilance by regulators and shippers will be essential for maintain-
ing low-risk programs in the future, especially during the scale-up and
operation of large-quantity shipping programs.

FINDING: The social risks for spent fuel and high-level waste transporta-
tion pose important challenges to the successful implementation of pro-
grams for transporting spent fuel and high-level waste in the United States.
Such risks, which can result in lower property values along transportation
routes, reductions in tourism, and increased anxiety, have received substan-
tially less attention than health and safety risks, and some are difficult to
characterize. Current research and practice suggest that transportation plan-
ners and managers can take early proactive steps to characterize, communi-
cate, and manage the social risks that arise from their operations. Such
steps may have additional benefits: they may increase the openness and
transparency of transportation planning and programs; build community
capacity to mitigate these risks; and possibly increase trust and confidence
in transportation programs.

RECOMMENDATION: Transportation implementers should take early
and proactive steps to establish formal mechanisms for gathering high-
quality and diverse advice about social risks and their management on an
ongoing basis. The committee makes two recommendations for the estab-
lishment of such mechanisms for the Department of Energy’s program to
transport spent fuel and high-level waste to a federal repository at Yucca
Mountain: (1) expand the membership and scope of an existing advisory
group (Transportation External Coordination Working Group; see Chap-
ter 5) to obtain outside advice on social risk, including impacts and man-
agement; and (2) establish a transportation risk advisory group that is
explicitly designed to provide advice on characterizing, communicating,
and mitigating the social, security, and health and safety risks that arise
from the transportation of spent fuel and high-level waste to a federal
repository or interim storage. This group should be comprised of risk ex-
perts and practitioners drawn from the relevant technical and social science
disciplines and should be convened under the Federal Advisory Committee
Act or a similar arrangement to enhance the openness of its operations. Its
members should receive security clearances to facilitate access to appropri-
ate transportation security information. The existing federal Nuclear Waste
Technical Review Board, which will cease operations no later than one year
after the Department of Energy begins disposal of spent fuel or high-level
waste in a repository, could be broadened to serve this function.
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This finding and recommendation spring from several factors: social
risk is a poorly understood phenomenon; expert opinion frequently differs;
the Department of Energy (DOE) does not, to the committee’s knowledge,
have any precedent to guide its understanding and management of social
risks; and most transportation program staff are not likely to be well ac-
quainted with either theory or practice on this issue. Consequently, the
committee concluded that broad input and advice on social risks will be
essential to the establishment and ultimate success of large-quantity ship-
ping programs to transport spent fuel and high-level waste to a federal
repository or interim storage.

The recommendation outlines pragmatic steps that transportation im-
plementers can take immediately and at relatively low cost to better under-
stand and, working with affected communities, manage the social risks
from their programs. The recommendation is focused primarily on DOE,
but it would also apply to any program for shipping large quantities of
spent fuel to a private interim storage site (e.g., Private Fuel Storage in Utah).

$.3 CURRENT CONCERNS ABOUT TRANSPORTATION OF
SPENT FUEL AND HIGH-LEVEL WASTE

The report examines two current concerns about transportation of
spent fuel and high-level waste in the United States: (1) the performance of
packages used to transport spent fuel and high-level waste under both
normal and extreme mechanical forces and thermal loading conditions; and
(2) the procedures used by DOE to select highway and rail routes for ship-
ping research reactor spent fuel between DOE facilities in the United States.®

S.3.1 Package Performance

Package performance—the ability of a transportation package to main-
tain a high level of containment effectiveness in long-term routine use and
under extreme mechanical forces and thermal loading conditions—is a cru-
cial issue for transportation safety and key to understanding and quantify-
ing transportation risks. Packages used to transport spent fuel and high-
level waste are robust structures typically constructed of steel, lead, depleted
uranium, and(or) concrete to provide structural strength and durability as
well as radiation shielding. The International Atomic Energy Agency (IAEA)
has established safety standards for such packages, and these standards are

6This assessment was requested by the Department of Transportation at the direction of
Congress after the study was under way. The study schedule was extended to allow additional
time for information gathering, deliberation, and expansion of this report to address the
added study charge.
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reflected in regulations (10 CFR Part 71) issued by the U.S. Nuclear Regu-
latory Commission (USNRC). Packages used in the United States must meet
testing requirements in 10 CFR Part 71 involving a free-drop test onto an
essentially unyielding surface, a puncture test, an immersion test, and a
thermal test, all with less than the specified loss of containment effective-
ness. The USNRC permits quantitative analysis, scale-model, and full-scale
testing of packages or package components and comparisons with existing
approved package designs to be used to demonstrate such compliance.
Testing of full-scale packages is not a requirement of the regulations. Some
participants at the committee’s information-gathering meetings asserted
that full-scale testing should be required and that some tests to intentionally
destroy the packages should be carried out, presumably to establish their
ultimate strength.

There is a good deal of quantitative information available on the per-
formance of transportation packages under extreme loading conditions.
This information is derived from analytical, computer modeling, scale-
model, and full-scale testing studies carried out in the United States and
abroad over the past three decades. Additional work is now under way at
the USNRC to examine the effects on package performance of severe acci-
dents and very long duration, fully engulfing fires.

FINDING: Transportation packages play a crucial role in the safety of
spent fuel and high-level waste shipments by providing a robust barrier to
the release of radiation and radioactive material under both normal trans-
port and accident conditions. International Atomic Energy Agency package
performance standards and associated Nuclear Regulatory Commission
regulations are adequate to ensure package containment effectiveness over
a wide range of transport conditions, including most credible accident con-
ditions. However, recently published work suggests that extreme accident
scenarios involving very long duration, fully engulfing fires might produce
thermal loading conditions sufficient to compromise containment effective-
ness. The consequences of such thermal loading conditions for containment
effectiveness are the subject of ongoing investigations by the Nuclear Regu-
latory Commission and other parties, and this work is improving the under-
standing of package performance. Nonetheless, additional analyses and
experimentation are needed to demonstrate a bounding-level understand-
ing of package performance in response to very long duration, fully engulf-
ing fires for a representative set of package designs.

RECOMMENDATION: The Nuclear Regulatory Commission should
build on recent progress in understanding package performance in very
long duration fires. To this end, the agency should undertake additional
analyses of very long duration fire scenarios that bound expected real-
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world accident conditions for a representative set of package designs that
are likely to be used in future large-quantity shipping programs. The ob-
jectives of these analyses should be to

e Understand the performance of package barriers (spent fuel cladding
and package seals);

¢ Estimate the potential quantities and consequences of any releases of
radioactive material; and

e Examine the need for regulatory changes (e.g., package testing re-
quirements) or operational changes (e.g., restrictions on trains carrying
spent fuel) either to help prevent accidents that could lead to such fire
conditions or to mitigate their consequences.

Strong consideration should also be given to performing well-instrumented
tests for improving and validating the computer models used for carrying
out these analyses, perhaps as part of the full-scale test planned by the
Nuclear Regulatory Commission for its package performance study.

Based on the results of these investigations, the Commission should
implement operational controls and restrictions on spent fuel and high-level
waste shipments as necessary to reduce the chances that such fire conditions
might be encountered in service. Such effective steps might include, for
example, additional operational restrictions on trains carrying spent fuel
and high-level waste to prevent co-location with trains carrying flammable
materials in tunnels, in rail yards, and on sidings.

FINDING: The committee strongly endorses the use of full-scale testing to
determine how packages will perform under both regulatory and credible
extraregulatory conditions. Package testing in the United States and many
other countries is carried out using good engineering practices that combine
state-of-the-art structural analyses and physical tests to demonstrate con-
tainment effectiveness. Full-scale testing is a very effective tool both for
guiding and validating analytical engineering models of package perfor-
mance and for demonstrating the compliance of package designs with per-
formance requirements. However, deliberate full-scale testing of packages
to destruction through the application of forces that substantially exceed
credible accident conditions would be marginally informative and is not
justified given the considerable costs for package acquisitions that such
testing would require.

RECOMMENDATION: Full-scale package testing should continue to be
used as part of integrated analytical, computer simulation, scale-model, and
testing programs to validate package performance. Deliberate full-scale
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testing of packages to destruction should not be required as part of this
integrated analysis or for compliance demonstrations.

S.3.2 Route Selection for Research Reactor Spent Fuel Transport

DOE transports and stores spent fuel from foreign and U.S. research
reactors at two facilities: the Savannah River Site in South Carolina and the
Idaho National Laboratory. Foreign research reactor spent fuel is trans-
ported by ship to the Charleston Naval Weapons Station in South Carolina.
From there it is transported by rail or highway to the Savannah River Site in
South Carolina. Some of these shipments continue onward to the Idaho
National Laboratory using one of three highway routes established by DOE
in consultation with states and tribes. A 2001 shipment of foreign research
reactor spent fuel across one of these routes prompted a congressional
mandate to the Department of Transportation (DOT) for a National Acad-
emies examination of the procedures used by DOE to select routes for
highway and rail shipments of this fuel. That examination was carried out
as part of this study because it is a good example of a current concern for
transporting spent fuel. The committee’s examination of DOE’s routing
practices resulted in the following findings and recommendations.

FINDING: The Department of Energy’s procedures for selecting routes
within the United States for shipments of foreign research reactor spent fuel
appear on the whole to be adequate and reasonable. These procedures are
risk informed; they make use of standard risk assessment methodologies in
identifying a suite of potential routes and then make final route selections
by taking into account security, state and tribal preferences, and informa-
tion from states and tribes on local transport conditions. The Department
of Energy’s procedures reflect the agency’s position (which is consistent
with Department of Transportation regulations) that the states are compe-
tent and responsible for selecting highway routes. For rail route selection,
the Department of Energy’s practice of negotiating routes with carriers in
consultation with states is analogous to its interaction with states on high-
way routing.

RECOMMENDATION: The Department of Energy should continue to
ensure the systematic, effective involvement of states and tribal govern-
ments in its decisions involving routing and scheduling of foreign and DOE
research reactor spent fuel shipments.

FINDING: Highway routes for shipment of spent nuclear fuel are dictated
by DOT regulations (49 CFR Part 397). The regulations specify that ship-
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ments normally must travel by the fastest route using highways designated
by the states or the federal government. They do not require the carrier or
shipper to evaluate risks of portions of routes that meet this criterion. These
regulations are a satisfactory means of ensuring safe transportation, pro-
vided that the shipper actively and systematically consults with the states
and tribes along potential routes and that states follow the route designa-
tion procedures prescribed by the DOT.

RECOMMENDATION: DOT should ensure that states that designate
routes for shipment of spent nuclear fuel rigorously comply with its regula-
tory requirement that such designations be supported by sound risk assess-
ments. DOT and DOE should ensure that all potentially affected states are
aware of and prepared to fulfill their responsibilities regarding highway
route designations.

S.4 FUTURE CONCERNS FOR TRANSPORTATION OF
SPENT FUEL AND HIGH-LEVEL WASTE

The examination of future concerns focused on five operational issues
and one organizational issue related to the federal program for transporting
spent fuel and high-level waste to a repository at Yucca Mountain, Nevada
(Appendix C). Although these recommendations are focused on DOE’s pro-
gram for transporting spent fuel and high-level waste to a federal repository
or interim storage facility, some of them also apply to any large-quantity
shipping program, whether federally or privately operated.

S.4.1 Mode for Transporting Spent Fuel and High-Level Waste
to a Federal Repository

DOE has decided that it will ship spent fuel and high-level waste to a
federal repository using the “mostly rail” option defined in its final Envi-
ronmental Impact Statement (EIS) for Yucca Mountain. DOE estimates
that this option will require 9600 rail shipments and 1100 highway ship-
ments to transport the legally mandated limit of 70,000 metric tons of spent
fuel and high-level waste to the repository. To implement this option, DOE
must construct a 319-mile (~513-kilometer) rail spur in Nevada and may
have to make other infrastructure improvements to provide rail access at
commercial nuclear sites. DOE must also procure a fleet of rail packages
and railcars. If DOE fails to complete these tasks prior to the opening of the
federal repository, legal and contractual obligations to accept spent fuel
may create pressure for it to initiate a large-scale interim shipping program
using trucks.
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FINDING: Transport of spent fuel and high-level waste by rail has clear
safety, operational, and policy advantages over highway transport for large-
quantity shipping programs. The committee strongly endorses DOE’s selec-
tion of the “mostly rail” option for the Yucca Mountain transportation
program for the following reasons:

e It reduces the total number of shipments to the federal repository by
roughly a factor of five, which reduces the potential for routine radiological
exposures, conventional traffic accidents, and severe accidents (Table 3.8).

¢ Rail shipments have a greater physical separation from other vehicu-
lar traffic and reduced interactions with people along transportation routes,
which also contributes to safety.

e Operational logistics are simpler and more efficient.

e There is a clear public preference for this option.

The committee does not endorse the development of an extended truck
transportation program to ship spent fuel cross-country or within Nevada
should DOE fail to complete construction of the Nevada rail spur or pro-
cure the necessary rail equipment by the time the federal repository is
opened.

RECOMMENDATION: DOE should fully implement its mostly rail deci-
sion by completing construction of the Nevada rail spur, obtaining the
needed rail packages and conveyances, and working with commercial spent
fuel owners to ensure that facilities are available at plants to support this
option. These steps should be completed before DOE commences the large-
quantity shipment of spent fuel and high-level waste to a federal repository
to avoid the need to procure infrastructure and construct facilities to sup-
port an extended truck transportation program. DOE should also examine
the feasibility of further reducing its needs for cross-country truck ship-
ments of spent fuel through the expanded use of intermodal transportation
(i.e., combining heavy-haul truck, legal-weight truck, and barge) to allow
the shipment of rail packages from plants that do not have direct rail access.

S.4.2 Route Selection for Transportation to a Federal Repository

DOE’s program to transport spent fuel and high-level waste to a federal
repository will involve shipments from more than 70 sites in 31 states, most
passing through or near one or more major U.S. metropolitan centers. DOE
did not designate routes for these shipments in its final EIS for Yucca
Mountain but instead plans to make selections about five years before the
federal repository opens. Once DOE selects routes, it may be required to
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undertake selected route infrastructure improvements before any shipments
can be made. It also must decide on safety and security procedures, arrange-
ments for state inspections of shipments, communications and tracking,
emergency responder training, and handling of en route contingencies. Most
of these operations would be carried out by contractors.

FINDING: DOE has not made public a specific plan for selecting rail and
highway routes for transporting spent fuel and high-level waste to a federal
repository. DOE also has not determined the role of its program manage-
ment contractors in selecting routes or specific plans for collaborating with
affected states, tribes, and other parties.

RECOMMENDATION: DOE should identify and make public its suite of
preferred highway and rail routes for transporting spent fuel and high-level
waste to a federal repository as soon as practicable to support state, tribal,
and local planning, especially for emergency responder preparedness. DOE
should follow the practices of its foreign research reactor spent fuel trans-
port program of involving states and tribes in these route selections to
obtain access to their familiarity with accident rates, traffic and road condi-
tions, and emergency responder preparedness within their jurisdictions.
Involvement by states and tribes may improve the public acceptability of
route selections and may reduce conflicts that can lead to program delays.

S.4.3 Use of Dedicated Trains for Transport to a Federal Repository

There has been a long-running controversy in the United States about
whether rail shipments of spent fuel and high-level waste should be carried
out using dedicated trains, which would carry only spent fuel or high-level
waste, or general trains, which would carry other freight in addition to
spent fuel or high-level waste. DOE’s final EIS for Yucca Mountain did not
provide a detailed analysis of the benefits of dedicated trains to support a
decision on this issue. However, a decision by DOE to use dedicated trains
was announced in July 2005.

FINDING: Studies carried out to date on transporting spent fuel by dedi-
cated versus general trains have failed to show a clear radiological risk-
based advantage for either option. However, the committee finds that there
are clear operational, safety, security, communications, planning, program-
matic, and public preference advantages that favor dedicated trains. The
committee strongly endorses DOE’s decision to transport spent fuel and
high-level waste to a federal repository using dedicated trains.
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RECOMMENDATION: DOE should fully implement its dedicated train
decision before commencing the large-quantity shipment of spent fuel and
high-level waste to a federal repository to avoid the need for a stopgap
shipping program using general trains.

S.4.4 Acceptance Order for Commercial Spent Fuel Transport
to a Federal Repository

The Nuclear Waste Policy Act (NWPA) specifies that DOE must accept
spent fuel based on the amount and order in which it was discharged from
owners’ reactors. Each time a commercial nuclear plant discharges fuel
from its reactor, the owner receives an allocation in the “acceptance queue”
to ship an equivalent amount of spent fuel to a federal repository. DOE will
accept commercial spent fuel for shipment to the federal repository starting
at the beginning of the queue and will work its way through the queue
during the planned 24-year life of the transportation program. The NWPA
allows owners to make available to DOE for shipment to the federal reposi-
tory any spent fuel from any of their sites for each of their allocations in the
acceptance queue. There are two exceptions to this requirement: (1) DOE
may accord priority for acceptance of spent nuclear fuel from reactors that
have been permanently shut down; and (2) with the approval of DOE,
owners of spent fuel can exchange positions in the acceptance queue.

The order for accepting commercial spent fuel that is mandated by the
NWPA could require DOE to initiate its transportation program with move-
ments of spent fuel from multiple, geographically dispersed sites. Further, it
gives DOE limited control over the age and radiological content of the fuel
that is provided by owners for transport. Shipping older fuel first would
give DOE a better ability to optimize routing, scheduling, and emergency
responder planning and training, especially during the early phases of the
program.

FINDING: The order for accepting commercial spent fuel that is mandated
by the Nuclear Waste Policy Act (NWPA) was not designed with the trans-
portation program in mind. In fact, the acceptance order prescribed by the
NWPA could require DOE to initiate its transportation program with long
cross-country movements of younger (i.e., radiologically and thermally hot-
ter) spent fuel from multiple commercial sites. There are clear transporta-
tion operations and safety advantages to be gained from shipping older
(i.e., radiologically and thermally cooler) spent fuel first and for initiating
the transportation program with relatively short, logistically simple move-
ments to gain experience and build operator and public confidence.
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RECOMMENDATION: DOE should negotiate with commercial spent fuel
owners to ship older fuel first to a federal repository or federal interim
storage, except in cases (if any) where spent fuel storage risks at specific
plants dictate the need for more immediate shipments of younger fuel.
Should these negotiations prove to be ineffective, Congress should consider
legislative remedies. Within the context of its current contracts with com-
mercial spent fuel owners, DOE should initiate transport through a pilot
program involving relatively short, logistically simple movements of older
fuel from closed reactors to demonstrate the ability to carry out its respon-
sibilities in a safe and operationally effective manner. DOE should use the
lessons learned from this pilot activity to initiate its full-scale transportation
program from operating reactors.

S.4.5 Emergency Response Planning and Training

The transportation of spent nuclear fuel to a federal repository would
utilize the same state and local emergency response capabilities that are in
place to deal with existing materials transport accidents and incidents (see
Appendix C). However, DOE has special responsibilities under the Nuclear
Waste Policy Act for providing technical assistance and funding to states
and tribal nations for training on both routine transportation procedures
and emergency response. DOE will not begin providing such support until
it identifies the routes for shipping spent fuel and high-level waste to Yucca
Mountain.

FINDING: Emergency responder preparedness is an essential element of
safe and effective programs for transporting spent fuel and high-level waste.
Emergency responder preparedness has so far received limited attention
from DOE, states, and tribes for the planned transportation program to the
federal repository. DOE has the opportunity to be innovative in carrying
out its responsibilities for emergency responder preparedness. Emergency
responders are among the most trusted members of their communities.
Well-trained responders can become important emissaries for DOE’s trans-
portation program in local communities and can enhance community pre-
paredness to respond to other kinds of emergencies.

RECOMMENDATION: DOE should begin immediately to execute its
emergency responder preparedness responsibilities defined in Section 180(c)
of the Nuclear Waste Policy Act. In carrying out these responsibilities, DOE
should proceed to (1) establish a cadre of professionals from the emergency
responder community who have training and comprehension of emergency
response to spent fuel and high-level waste transportation accidents and
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incidents; (2) work with the Department of Homeland Security to provide
consolidated “all-hazards” training materials and programs for first re-
sponders that build on the existing national emergency response platform;
(3) include trained emergency responders on the escort teams that accom-
pany spent fuel and high-level waste shipments; and (4) use emergency
responder preparedness programs as an outreach mechanism to communi-
cate broadly about plans and programs for transporting spent fuel and
high-level waste to a federal repository with communities along planned
shipping routes.

These recommended innovations are also potentially applicable to the
transportation program operated by Private Fuel Storage. The committee
judges that there would be significant benefits to that program in terms of
capacity and public confidence building through early and innovative ac-
tions to support emergency responder preparedness.

S.4.6 Information Sharing and Openness

Some participants at the committee’s information-gathering meetings
expressed concerns that federal agencies, in reaction to the September 11,
2001, terrorist attacks, are withholding information that could help the
public evaluate the safety and security of spent fuel and high-level waste
shipments. The committee itself encountered information restrictions in its
efforts to obtain information on the number of past spent fuel shipments in
the United States.

FINDING: There is a conflict between the open sharing of information on
spent fuel and high-level waste shipments and the security of transportation
programs. This conflict is impeding effective risk communication and may
reduce public acceptance and confidence. Post-September 11, 2001, efforts
by transportation planners, managers, and regulators to further restrict
information about spent fuel shipments make it difficult for the public to
assess the safety and security of transportation operations.

RECOMMENDATION: The Department of Energy, Department of Home-
land Security, Department of Transportation, and Nuclear Regulatory Com-
mission should promptly complete the job of developing, applying, and
disclosing consistent, reasonable, and understandable criteria for protecting
sensitive information about spent fuel and high-level waste transportation.
They should also commit to the open sharing of information that does not
require such protection and should facilitate timely access to such informa-
tion: for example, by posting it on readily accessible Web sites.
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The public has a general right, subject to legitimate privacy and na-
tional security restrictions, to obtain information about government pro-
grams that affect their communities. Some general information is appropri-
ate to share before shipments commence: This includes the reasons for
making the shipments; information about the materials to be shipped; likely
shipping modes; and general shipping time frames. Appropriate post-ship-
ment information includes more details on the shipments, including specific
modes and routes used for the shipments; the timing of shipments and
quantities of materials shipped; accidents and incidents during the ship-
ments; and any resulting response actions.

S.4.7 Organizational Structure of the Federal Transportation Program

The program for transporting spent fuel and high-level waste to a
federal repository is embedded within the DOE’s Office of Civilian Radio-
active Waste Management. This agency is responsible for licensing, con-
structing, and operating the planned repository at Yucca Mountain, Ne-
vada. Certain characteristics of the Yucca Mountain transportation program
will make it exceptionally challenging to carry out successfully. The trans-
portation program

e  Will last for more than two decades;

e Is decentralized and involves a large number of parties in both
government and the private sector over which DOE has limited control;

e Must operate with a high degree of consistency and reliability;

e Has limited flexibility over schedules because of spent fuel accep-
tance requirements; and

e Has limited budgetary control within DOE and is subject to the
annual congressional appropriations process.

The transportation program is unusual in another sense: The commit-
tee knows of no other federal government-run program that has a require-
ment to take ownership of private-sector waste for the purposes of trans-
port and disposal. Such programs are usually private-sector responsibilities.

FINDING: Successful execution of DOE’s program to transport spent fuel
and high-level waste to a federal repository will be difficult given the orga-
nizational structure in which it is embedded, despite the high quality of
many current program staff. As currently structured, the program has lim-
ited flexibility over commercial spent fuel acceptance order (Section 5.2.4);
it also has limited control over its budget and is subject to the annual
federal appropriations process, both of which affect the program’s ability
to plan for, procure, and construct the needed transportation infrastruc-
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ture. Moreover, the current program may have difficulty supporting what
appears to be an expanding future mission to transport commercial spent
nuclear fuel for interim storage or reprocessing. In the committee’s judg-
ment, changing the organizational structure of this program will improve
its chances for success.

RECOMMENDATION: The Secretary of Energy and the U.S. Congress
should examine options for changing the organizational structure of the
Department of Energy’s program for transporting spent fuel and high-level
waste to a federal repository. The following three alternative organiza-
tional structures, which are representative of progressively greater organi-
zational change, should be specifically examined: (1) a quasi-independent
DOE office reporting directly to upper-level DOE management; (2) a quasi-
government corporation; or (3) a fully private organization operated by the
commercial nuclear industry. The latter two options would require changes
to the Nuclear Waste Policy Act. The primary objectives in modifying the
structure should be to give the transportation program greater planning
authority; greater budgetary flexibility to make the multiyear commitments
necessary to plan for, procure, and construct the necessary transportation
infrastructure; and greater flexibility to support an expanding future mis-
sion to transport spent fuel and high-level waste for interim storage or
reprocessing. Whatever structure is selected, the organization should place
a strong emphasis on operational safety and reliability and should be re-
sponsive to social concerns.

The committee strongly encourages the program to seek expert advice

to learn about and incorporate best industry practices for designing and
operating this transportation system using an integrated systems approach.
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Introduction

he National Academies’ Board on Radioactive Waste Management!

and Transportation Research Board initiated this study to address

what they perceived to be a national need for an independent, objec-
tive, and authoritative analysis of spent nuclear fuel and high-level radioac-
tive waste? transportation in the United States. The objectives of this study
(Sidebar 1.1) were to identify key current and future technical and societal
concerns about the transportation of spent fuel and high-level waste in the
United States and technical and policy options for addressing those con-
cerns and managing transportation risks.

This study also examined the selection of highway and rail routes for
shipping research reactor spent fuel between U.S. Department of Energy
(DOE) facilities in the United States (Sidebar 1.2). This additional examina-
tion was requested by the U.S. Department of Transportation (DOT) at the
direction of Congress3 after the study was under way. With the consent of
the National Academies and the original study sponsors, the schedule for
the study was extended to allow additional time for information gathering,

IThe Board on Radioactive Waste Management was merged with another National Acad-
emies board in early 2005 to form the Nuclear and Radiation Studies Board.

2Also referred to as spent fuel and high-level waste in this report.

3Consolidated Appropriations Resolution, 2003, P.L. 108-7, February 20, 2003, Division I,
Section 334.
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deliberation, and expansion of this report to address this added study
charge.

The “current concerns” referred to in the original study charge (Side-
bar 1.1) are associated with currently operating transportation programs
and with current planning efforts for future transportation programs. The
congressionally mandated charge (Sidebar 1.2) to examine the routing of
research reactor spent fuel is a good example of a concern about a currently
operating program. The “future concerns” referred to in the original charge
are associated primarily with plans to transport spent fuel and high-level
waste for interim storage or permanent disposal (see Section 1.3.2). As
described in some detail in Chapter 5, these future concerns relate primarily
to the difficulties in scaling-up transportation systems from the relatively
small, centralized programs that presently exist for moving small quantities
of spent fuel to the more complex decentralized programs that will likely be

SIDEBAR 1.1 Transportation of Radioactive Waste Study Task

The principal task of this study is to develop a high-level synthesis of key tech-
nical and societal issues for spent fuel/high-level waste transport and to identify
technical and policy options for addressing these issues and managing transporta-
tion risk. The principal focus of this study is on the transportation of spent fuel and
high-level waste in the United States, but the study will draw on international expe-
riences as well as experiences with transporting other waste types. The study
addresses and provides findings and recommendations on the following four ques-
tions:

1. What are the principal risks for transporting (including container handling,
modal transfers, and conveyance) radioactive waste, and how do they compare
with other societal risks? To what extent have these risks been addressed by
previous analyses?

2. At present, what are the principal technical and societal concerns for trans-
porting radioactive waste? To what extent have these concerns been addressed,
and what additional work is needed?

3. What are likely to be the key principal technical and societal concerns for
radioactive waste transportation in the future, especially over the next two de-
cades?

4. What options are available to address these concerns, for example, options
involving changes to planned transportation routes, modes, procedures, or other
limitations/restrictions; or options for improving the communication of transporta-
tion risks to decision makers and the public?
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SIDEBAR 1.2 Transportation Routing Study Task

The principal task of this study will be to assess the manner in which the De-
partment of Energy and its contractors:

(1) Select potential highway and rail routes for the shipment of spent nuclear
fuel from foreign and domestic research nuclear reactors.

(2) Select specific land routes for such shipments.

(3) Conduct assessments, if any, of the risks associated with such shipments.

The following factors will be considered in conducting the assessments in
point (3):

(i) Proximity of routes to major population centers and the risks associated
with shipments of spent nuclear fuel from research nuclear reactors through dense-
ly populated areas.

(i) Current traffic and accident data with respect to the routes under consider-
ation.

(iii) Quality of the roads comprising the routes under consideration.

(iv) Emergency response capabilities along the routes under consideration.

(v) Proximity of the routes under consideration to places or venues (including
sports stadiums, convention centers, concert halls and theaters, and other ven-
ues) where large numbers of people gather.

The assessment should identify deficiencies, if any, in current procedures for
selecting routes that have important potential health or safety consequences. In
making recommendations to address these deficiencies, a clear distinction should
be made between technical and policy considerations. Recommendations should
be directed at competent regulating authorities or the United States Congress.

required to move large quantities of spent fuel and high-level waste to
interim storage or permanent disposal.*

1.1 STUDY PROCESS

Most National Research Council studies are undertaken in response to
requests from federal agencies, the White House, or Congress. In contrast,
the transportation study described in Sidebar 1.1 was self-initiated by the

4This report refers to these two types of programs as small-quantity shipping programs and
large-quantity shipping programs. While there is no precise quantity demarcation between
these two program types, the former involves shipment on the order of tens of metric tons of
spent fuel or high-level waste, while the latter involves shipment on the order of hundreds to
thousands of metric tons.
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National Research Council. Three federal agencies and two not-for-profit
private organizations recognized the importance of this study and provided
the necessary financial support to enable the National Research Council to
carry it out. These organizations are DOE, DOT, U.S. Nuclear Regulatory
Commission (USNRC), Electric Power Research Institute (EPRI), and Na-
tional Cooperative Highway Research Program. The National Academies
also contributed funding to this effort.

The study was carried out using established National Research Council
procedures to ensure its objectivity and freedom from inappropriate influ-
ences of sponsors and other outside organizations. A committee of 16
experts was provisionally appointed by the chair of the National Research
Council to carry out the study. These appointments were finalized after a
careful screening for conflicts of interest and consideration of public com-
ments on committee balance and bias. The committee had diverse expertise
and perspectives, including experts with experience in a variety of transpor-
tation sectors and related technical disciplines. The biographical sketches of
the committee members (Appendix A) illustrate their collective range of
technical and policy expertise.

The committee was responsible for designing and executing this study.
It made an effort to reach out broadly to obtain information and perspec-
tives, and it benefited greatly from the willingness of a large number of
individuals and organizations to share information and viewpoints. The
committee held six information-gathering meetings in different regions of
the country to address its original charge. The committee chose the loca-
tions of its meetings to enhance attendance and participation of interested
individuals and organizations. An additional information-gathering meet-
ing was added to address the congressionally mandated study charge (Side-
bar 1.2). A list of presentations received at these meetings is provided in
Appendix B.

The committee also visited Yucca Mountain and some of the potential
highway and rail routes within Nevada. Subgroups of the committee visited
a spent fuel storage facility at an operating nuclear power plant (Exelon
Nuclear Corporation’s Dresden Plant in Chicago); the Transportation Tech-
nology Center in Pueblo, Colorado, to learn about rail transportation re-
search and development programs; and Germany and the United Kingdom
to learn about European transportation programs.

Open-microphone sessions were scheduled at each of the committee’s
information-gathering meetings so that any interested individual could
speak directly to the committee. The committee also gathered a large
amount of written material, ranging from peer-reviewed scientific articles
to advocacy papers, for use in its deliberations.

The committee established an electronic notification list so that inter-
ested parties could be informed of upcoming meetings. Additionally, the
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committee established a Web site (hitp://www.national-academies.org/
transportationofradwaste) for the study, where copies of the meeting agen-
das and electronic copies of the meeting presentations were posted. This site
allowed visitors to provide feedback to the committee. The National Acad-
emies Press carried out an informal survey of selected government and
nongovernmental organizations to obtain feedback to guide the future de-
velopment of information products from this study.

The committee’s final report was subjected to National Research Coun-
cil peer review before being approved for unlimited public release. The
report was reviewed by 15 people selected by the Report Review Commit-
tee of the National Research Council to provide a diversity of disciplinary
expertise and viewpoints. The reviewers were asked to comment on whether
the report addressed the study charges (Sidebars 1.1 and 1.2) in a fair and
objective manner and whether the findings and recommendations were
supported by fact and analysis. The committee was required by the Na-
tional Research Council to make appropriate revisions to its report to
address those comments.

The report’s findings and recommendations were not provided to the
study sponsors or to the public until the review process had been completed
and the report was approved for release. This is standard National Re-
search Council procedure to ensure that no outside organization is able to
influence the outcome of its studies inappropriately.

The committee heard a wide range of opinions about spent fuel and
high-level waste transportation during its information-gathering meetings.
It was presented with a range of views about the safety and security’ of
spent fuel transportation in the United States and—although it was not
within the purview of the study—about the desirability of a federal reposi-
tory at Yucca Mountain, Nevada, or a centralized interim storage facility in
Utah. It quickly became clear to the committee that there are many indi-
viduals and groups with strongly held “pro” and “anti” positions on issues
related to nuclear technology, and that some of these positions are ex-
pressed in terms of support for or opposition to the transport of spent fuel
and high-level waste. This report is written in the hopes of providing these
individuals and groups with a broad range of factual information and
analyses to enable them to reach their own conclusions about spent fuel and
high-level waste transportation, and also to inform future planning and
decision making by federal agencies and the private sector.

SSafety refers to measures taken to protect spent fuel and high-level waste during handling
and transport from failure, damage, human error, and other inadvertent acts. Security refers
to measures taken to protect spent fuel and high-level waste during handling and transport
from sabotage, attacks, and theft.
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Although this is a technical report, it was written with the intention
that it be accessible to non-experts. The committee has endeavored to keep
the use of technical terms and acronyms to a minimum and to provide clear
definitions when such terms must be used. A glossary of terms and a list of
acronyms are provided in Appendixes D and E, respectively.

1.2 STRATEGY FOR ADDRESSING THE STUDY CHARGES

The original study charge (Sidebar 1.1) was broadly scoped to give the
committee flexibility in carrying out this study. The committee found it
necessary to make several explicit choices to narrow the scope of its charge
to meet the study schedule. In this section, the committee explains these
choices to set readers’ expectations for the remainder of this report.

The original study charge directed the committee to examine the risks
of transporting spent fuel and high-level waste in the United States. Risk is
a multidimensional concept: It includes the health and safety risks that
potentially arise from exposures of workers and members of the public to
radiation from spent fuel and high-level waste transport. Such exposures
can have both short-term and long-term health and safety consequences.
There is another broad class of risks, referred to as social risks, that is
described in this report. Social risks arise from social processes and human
perceptions and can have economic, institutional, and psychological conse-
quences. The health and safety risks and social risks are collectively referred
to as societal risks in the statement of task given in Sidebar 1.1.

The committee examined the health and safety and social risks associ-
ated with spent fuel and high-level waste transportation activities (Chap-
ter 3) in isolation from the larger systems in which they are embedded.
Programs for transporting spent fuel and high-level waste for interim stor-
age or permanent disposal represent the “back ends” of much larger tech-
nological systems: Commercial spent fuel transport represents the back end
of the nuclear electric power generation system of the United States, whose
needs, benefits, and risks are the subject of controversy for some members
of the public; research reactor spent fuel transport represents the back end
of systems that generate scientific and medical benefits for U.S. society; and
defense spent fuel and high-level waste transport represents the back end of
systems that generated plutonium for national defense.

A risk-benefit analysis of spent fuel and high-level waste transportation
within the context of these larger technological systems, although certainly
desirable, would involve the consideration of issues that are well beyond
the scope of this study. Such issues would include, for example, national
energy policy, global climate change, nuclear nonproliferation, and home-
land security. Such an analysis would also have to address the risks and
benefits of transporting spent fuel and high-level waste to interim storage or
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permanent disposal sites versus leaving it at reactor sites for an indetermi-
nate period of time.

While comparisons of the transport versus leave-in-place options are
conceptually simple, the analysis is not. Each of these options involves
different kinds of risks that have different spatial and time-scale dependen-
cies. The transport option involves the transfer of risk across populations
and geographic regions, possibly leading to significant disproportionate
impacts: for example, the transfer of nuclear materials such as spent fuel
from existing storage sites to new storage or disposal sites that did not
previously contain any nuclear materials or activities. Analysis of these
options would also have to consider important secondary effects: The trans-
port of spent fuel and high-level waste, for instance, might result in im-
provements to transportation infrastructure or first-responder training.
These improvements could result in a reduction of other types of hazardous
materials transport risks.

The committee concluded that while such an analysis would be a useful
contribution to the policy process, it could not be carried out in the abstract
but would have to examine real scenarios. Instead, the committee operated
within the constraints of federal policy decisions, beginning with the Nuclear
Waste Policy Act as described in Section 1.3.2, which set the nation on a
clear path to transport spent fuel and high-level waste for permanent dis-
posal. The intent of this study is to enhance the technical and societal bases
for the transportation of spent fuel and high-level waste, regardless of their
ultimate destination.

The committee also decided to focus its examinations on the transport
of spent fuel and to give less attention to the transport of defense high-level
radioactive waste. The committee judged that the transport of spent fuel
posed more important technical and societal challenges because most spent
fuel is generated commercially (see Table 1.1); it is being stored at a large
number of sites across the United States; and it has been transported on the
nation’s road and rail systems for several decades.

Defense high-level waste, on the other hand, is government generated
and owned and is being stored at only four government sites (Figure 1.1),
all of which have direct rail access. High-level waste has radiological prop-
erties similar to spent fuel, especially for fission product inventories, which
are the greatest contributors to potential external radiation doses during
normal transport. However, high-level waste will be transported in an
inert solid form, and the process used to solidify this waste (see Sidebar 1.3)
eliminates the gaseous fission products that are present in spent fuel. Under

6Some long-lived radionuclides, primarily uranium and plutonium, are removed from high-
level waste during reprocessing.
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TABLE 1.1 Inventories of Spent Nuclear Fuel and High-Level Waste in
the United States

Material Approximate Quantity at End of 2005
Commercial spent fuel 54,000 MTHM?
DOE-managed spent fuel? 2433 MTHM
Colorado (Fort St. Vrain) 15 MTHM
Hanford Site 2129 MTHM
Idaho National Lab 277 MTHM
Savannah River 27 MTHM
High-level waste 386,000 cubic meters of unprocessed waste, which

when processed will consist ofd
21,000 cubic meters
58,000 metric tons®
22,000 canisters/

NOTE: MTHM = metric tons of heavy metal.

aThis quantity is an estimate and was obtained by adjusting the 2002 DOE Energy Infor-
mation Administration (DOE-EIA) estimate of 47,023 MTHM to account for spent fuel
discharges during 2003-2005. Those discharges were estimated using the average of the
annual discharges reported by DOE-EIA for the period 1999-2002. The result was rounded
to the nearest 1000 MTHM.

bData from DOE, written communication. Includes production reactor fuel, naval spent
fuel, foreign and domestic research reactor fuel, and DOE-managed commercial spent fuel.

¢Data from DOE (2005a) for Savannah River and written communications to the National
Academies for Hanford and Idaho.

dData on the processed waste from DOE (2002a, Table A-27).

€This is the processed mass of the waste, not MTHM.

fCanisters contain high-level waste that has been processed (vitrified) in glass matrices. The
canisters are 24 inches (60 centimeters) in diameter by 10 or 15 feet (3 to 4.5 meters) in
length. This number is an estimate because only a small fraction of the high-level waste at
DOE sites has been immobilized (see Sidebar 1.3).

current plans, high-level waste will be transported to the federal repository
in the same types of packages used to transport commercial spent fuel, but
high-level waste shipments will comprise fewer than 20 percent of the total
planned number of shipments to the federal repository at Yucca Mountain
under the “mostly rail” option now favored by DOE (see Table 3.8).

The committee describes the high-level waste locations and inventories
and the plans for disposing of it elsewhere in this chapter. It also reviews the
risk estimates for transport of high-level waste to the federal repository as
part of its risk examinations in Chapter 3. The committee judged that its
focused examination of spent fuel transport would likely identify and bound
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FIGURE 1.1 Top: Locations of current spent fuel and high-level waste storage sites, Yucca Mountain, and Private Fuel Storage.
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SIDEBAR 1.3 Spent Nuclear Fuel and
High-Level Radioactive Waste

The nuclear fuel for most commercial reactors consists of pellets of uranium dioxide
surrounded by a zirconium oxide alloy (zircaloy) fuel cladding that is formed into long
rods. These fuel rods are between 3.5 and 4.5 meters in length and are bundled togeth-
erinto fuel assemblies (see figure), each weighing between about 600 and 1500 pounds
(275 to 685 kilograms). The uranium dioxide pellets contain two isotopes of uranium:
About 3 to 5 percent by weight is uranium-235, which sustains the fission chain reaction
in a nuclear reactor, and about 95 to 97 percent is uranium-238, which can capture a
neutron to produce plutonium and other heavy elements (known as actinides). The
fission of uranium-235 and plutonium in an operating reactor generates heat, which is
used to produce steam. This steam drives turbines that produce electricity. The fission
and neutron-capture reactions also convert uranium, plutonium, and other actinides into
nearly 300 other radionuclides in the fuel. These include fission products such as stron-
tium-90 and cesium-137 and actinides such as neptunium-237.

As uranium-235 is consumed by fission reactions in an operating reactor, the fuel
gradually loses its ability to sustain a chain reaction at full power. After a period of
residence in the reactor (typically four to six years for most currently operating reactors),
the fuel is considered to be spent and is removed from the reactor. At the time of dis-
charge from a reactor, a spent fuel assembly typically generates on the order of tens of
kilowatts of heat and radiation doses on the order of thousands of rads per hour (see
Sidebar 3.2) at its surface. It must be cooled and heavily shielded to protect workers
and the public. A person standing next to an unshielded spent fuel assembly could
receive a lethal dose of radiation in a very short time: on the order of minutes for freshly
discharged fuel with a high fission product content. Heat production and radioactivity
diminish with time as shorter-lived radionuclides decay away. However, some longer-
lived radionuclides persist in the spent fuel for hundreds of thousands of years.

High-level radioactive waste is the liquid by-product of the first stage of chemical
reprocessing of spent fuel. Civilian reprocessing of commercial spent fuel is used to
recover the uranium and plutonium in the spent fuel for recycling into fresh fuel. Repro-
cessing of fuel from defense production reactors was used to recover plutonium for use
in nuclear weapons. High-level waste contains most of the radioactive constituents of
the spent fuel except for long-lived radionuclides such as uranium and plutonium. This
liquid waste also contains a variety of organic and inorganic chemicals from processing
operations.

High-level waste is solidified before it can be transported for interim storage or dis-
posal. The current U.S. technology for solidifying high-level waste is vitrification in boro-
silicate glass. High-level waste is processed to reduce its volume and remove chemi-
cals that would interfere with the glass-forming process. This processed waste is mixed
with molten glass, and the mixture is poured into stainless steel canisters and allowed to
solidify (see figure). Twenty-five percent (by mass) or higher waste loadings in the glass
can typically be achieved with current technologies. Like spent fuel, the high-level waste
canisters generate heat and intense radiation fields. They must be heavily shielded to
protect workers and the public.

aAs noted previously, the United States does not currently reprocess commercial spent fuel, but
power-reactor fuel is reprocessed by some other countries.
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together into fuel assemblies
as shown here. These fuel
assemblies are for a boiling
water reactor. Bottom: Canis-
ter of high-level waste from
the West Valley Demonstra-
tion Project. The canister is 2
feet (0.6 meter) in diameter,
10 feet (3 meters) long, and
weighs about 2 metric tons.
SOURCES: Top photo courte-
sy of the Nuclear Energy
Institute. Bottom photo courte-
sy West Valley Nuclear Ser-
vices Company.
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the risks and the technical and societal challenges for transport of high-
level waste.

The committee also did not address the security risks of spent fuel and
high-level waste transportation in this report. Transportation security has
received a great deal of media and public attention since the September 11,
2001, terrorist attacks on the United States. In fact, several presenters at the
committee’s information-gathering meetings highlighted this issue as an
important current concern for transportation of spent fuel and high-level
waste in the United States.

The committee explored the feasibility of including a substantive ex-
amination of transportation security risks in this report. The committee
determined that there is a rich literature in existence that could inform such
an examination. However, much of this literature is classified or otherwise
restricted from public access, and most committee members do not have the
necessary security clearances to access it. At the committee’s request, staff
from the USNRC’s Spent Fuel Project Office provided a classified briefing
to four committee members and one staff member with security clearances.
This briefing provided an overview of current USNRC-sponsored studies to
assess the vulnerability of transportation packages to certain types of ter-
rorist attacks. This briefing confirmed the committee’s initial view that
adequate information exists to undertake a substantive examination.

The committee also requested written guidelines from the USNRC on
the public disclosure of information from these and related vulnerability
studies. Commission staff were supportive of this request but were unable
to provide the necessary guidelines in time for use in this study.” The
committee concluded that, given these information-access difficulties and
the lack of written guidelines for using such information, it could not
provide a substantive examination of transportation security in this report.

As will be discussed in Chapter 3, the committee judged that transpor-
tation security remains a critical technical issue with important societal
implications for spent fuel and high-level waste transportation in the United
States. While the committee could not examine transportation security in
this report, it judged that this issue could be addressed in a substantive
fashion by a future committee if it is given unrestricted access to the classi-
fied literature on this topic.

1.3 BACKGROUND ON SPENT FUEL AND HIGH-LEVEL WASTE

Spent nuclear fuel and high-level radioactive waste (Sidebar 1.3) are the
by-products of commercial nuclear energy generation, defense plutonium

7The guidelines were still under internal review within the Commission when the commit-
tee held its last meeting in July 2005.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

INTRODUCTION 39

production, and research and medical activities that utilize nuclear reactors
or fission product nuclides. In the United States, these waste by-products
are now being stored at more than 70 sites in 31 states (Figure 1.1). Current
national policy, which is embodied in the Nuclear Waste Policy Act (NWPA;
see Section 1.3.2), calls for these materials to be transported and perma-
nently disposed of in an underground repository that is licensed, con-
structed, and operated by the federal government.® The federal government
is now attempting to site and construct a repository for this purpose at
Yucca Mountain, Nevada (see Figure 1.1). The federal government is also
required by the NWPA to accept ownership of commercial spent fuel for
transport to and disposal in this repository.

While this study is silent on policy decisions related to the storage and
disposal of spent fuel and high-level waste, the decisions themselves are
important to understand because they influence many of the issues that are
addressed in this report. The objective of this section is to provide more
detailed background information on spent fuel and high-level waste, plans
for their long-term disposition, and an overview of the regulations that
govern their transport across the nation’s highways and railways. This
background information will support the more detailed discussions of trans-
portation concerns in subsequent chapters. Knowledgeable readers may
wish to skip this section and turn directly to Chapter 2.

1.3.1 Origin of Spent Fuel and High-Level Waste

The Atomic Energy Act (AEA) of 1954° opened the way for privately
owned companies to build and operate commercial nuclear power plants in
the United States. The nation’s first commercial nuclear power reactor
began operations at Shippingport, Pennsylvania, in late 1957, slightly more
than three years after the AEA became law. Over the ensuing three decades,
more than 100 power reactors were licensed to operate within the United
States. Many more reactors were planned, but their construction was never
realized because of an electrical supply overcapacity and the rapid escala-
tion in nuclear plant construction costs due to increased construction times
and high interest rates.

The development of commercial nuclear reactor designs, siting re-
quirements, and regulation was based on a number of expectations and
requirements. Two of these—situating reactors near populated areas and
reprocessing of nuclear fuel—have had a significant influence on shaping
programs transporting commercial spent fuel and also gave rise to many

8Referred to in this report as the “federal repository.”
9P.L. 83-703, August 30, 1954.
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of the current and future transportation concerns that are addressed in
this report.

Commercial power reactors were designed to meet stringent siting cri-
teria that permitted their construction near power consumers, an important
requirement in the 1960s and 1970s because of technology limitations on
electric power transmission distances.!® Metropolitan sprawl over the past
four decades has greatly increased population densities around many com-
mercial nuclear power plants, especially in the eastern and midwestern
United States. It has also increased population densities along highways and
rail routes, many of which are linked through major cities. Much of the U.S.
commercial spent fuel inventory is now being stored at sites near major
populations, many spent fuel shipments originate from highly populated
areas, and most shipments will pass through population centers on their
way to temporary storage or permanent disposal.

It was also envisioned that the commercial nuclear power industry
would operate under a closed fuel cycle in which spent fuel would be
reprocessed to recover its reusable contents. This could include the recovery
of uranium and plutonium!! for recycling into fresh reactor fuel and other
radionuclides for use in industry, medicine, and research. The liquid waste
product from this operation, high-level radioactive waste, was to be immo-
bilized in solid matrices and eventually disposed of in a permanent reposi-
tory (see Sidebar 1.3). Power plant operators would be required to store
spent fuel on-site in spent fuel pools (see Sidebar 1.4) only for about six
months after its discharge from a reactor. The spent fuel would then be
transported off-site to be reprocessed.

Commercial facilities to reprocess spent fuel were constructed at West
Valley, New York, in the 1960s and Morris, Illinois, in the 1970s (Fig-
ure 1.1). The construction of a third facility at Barnwell, South Carolina,
was eventually withdrawn from the licensing process. The West Valley
facility operated from 1966 to 1972 and reprocessed both commercial and
defense spent fuel. The reprocessing facility at Morris never opened because
of design problems. The facility did, however, accept about 700 metric tons

L0proximity of electrical production to consumption is dictated by electrical generating and
transmission technologies. The U.S. electrical transmission system utilizes mostly alternating-
current circuits so that transformers can be used to control voltages. However, capacitance
build-up in alternating-current transmission lines limits transmission distances to about 300
miles. High-voltage direct-current transmission lines, which allow electrical power to be moved
over longer distances, did not come into common use until the 1970s and are now used
primarily to transmit electricity among different geographic regions of the United States.

HAs described in Sidebar 1.3, plutonium, like uranium-235, can be used as a fuel for
commercial power reactors because it is fissile. That is, it can undergo fission after capturing
a thermal neutron.
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of spent fuel for reprocessing from commercial power plants. That spent
fuel remains in pool storage today.

In early 1977, President Jimmy Carter made a policy decision not to
provide further federal support for reprocessing of commercial spent fuel
because of the perceived risk of diversion of plutonium.!2 This decision was
made to set an example for other nations in the hope that they would
abandon reprocessing. The decision was later reversed in 1981 during the
administration of President Ronald Reagan, but no U.S. commercial repro-
cessing facilities have been constructed as a result of this decision.!3

The decision by President Carter would have far-reaching implications
for the management, transport, and disposal of spent fuel and high-level
waste. Most significantly, it changed the operating basis for the U.S. com-
mercial nuclear power industry to an open fuel cycle in which spent fuel is
discarded rather than recycled.

The Atomic Energy Commission (AEC), the predecessor agency to the
USNRC and DOE, had established a program in the mid-1950s to investi-
gate options for disposing of high-level waste from commercial reprocess-
ing. However, decisions about locating and constructing a disposal facility
were still decades away, and little thought had been given up to that point
to disposing of spent fuel directly. Lacking a near-term disposal option,
power plant operators were forced to make provisions for interim storage
of spent fuel at plant sites.

By the late 1970s, spent fuel pools at the oldest operating commercial
nuclear power plants were approaching their design storage capacities.
Operators were able to increase storage capacities at some plants by replac-
ing the original storage racks, which were designed with open spaces be-
tween fuel storage cells for water circulation, with dense racks that reduced
this open space. This re-racking process allowed plant operators to increase
storage densities in their pools up to about a factor of five (Emit et al.,
2003). This step postponed but did not eliminate the need for additional
spent fuel storage at most commercial nuclear power plants.

To relieve the growing shortage of spent fuel storage space, the com-
mercial nuclear industry also developed “dry” systems for storing spent fuel
that had been out of the reactor for at least five years (Sidebar 1.4). These

12Fresh commercial nuclear fuel typically contains between 3 and 5 percent uranium-235
and 95 to 97 percent uranium-238. In an operating reactor, plutonium-239 is formed when
uranium-238 captures a neutron.

13France, Russia, and the United Kingdom reprocess spent fuel from power reactors, and
Japan is constructing a reprocessing facility. The United Kingdom shut down its facility for
reprocessing oxide fuel (Thorp) in 2005 when a radioactive leak was discovered in one of its
operating cells. It is not clear whether this facility will be ever be restarted. Reprocessing of
metallic (Magnox) fuel continues.
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SIDEBAR 1.4 Spent Fuel and High-Level Waste Storage

Immediately after removal from a nuclear reactor, spent fuel assemblies are
stored in deep water-filled pools called spent fuel pools (see figure). The water
provides radiation shielding and cooling and also captures non-fixed radioactive
material on the external surfaces of the fuel rods. The fuel is stored in racks that
contain neutron absorbers (e.g., boron, hafnium, cadmium) to help prevent critical-
ity events (i.e., self-sustaining nuclear reactions such as those that occur when the
fuel is in the reactor). The pool water is circulated through heat exchangers for
cooling and ion-exchange filters to capture radioactive contaminants.

When a spent fuel pool reaches its storage capacity, the older fuel in the pool
may be moved to other pools or placed into dry casks, as shown in the figure.
These casks are typically constructed of steel and concrete and are designed to be
placed outdoors on reinforced concrete storage pads at reactor sites. The casks
are loaded by placing them directly into the spent fuel pool. Once loaded, the cask
is closed, water is drained out, the fuel is dried, and the cask is filled with an inert
gas. The exterior surfaces of the cask are also decontaminated to remove radioac-
tive materials picked up from the pool water. The cask is moved by cranes and
shielded transport vehicles to the storage pad.

Dry casks provide passive cooling of the spent fuel through a combination of
heat conduction, natural convection, and thermal radiation. Shielding against radi-
ation is provided by the cask materials: Concrete, lead, depleted uranium, or steel
are used to shield penetrating beta and gamma radiation, and polyethylene, con-
crete, and boron-impregnated metals or resins are used to shield neutrons (neu-
trons are created in spent fuel by spontaneous fission and alpha particle inter-
actions). Criticality control is provided by the basket that holds the spent fuel
assemblies within individual compartments in the cask. The basket may contain
boron-doped metals to absorb neutrons.

Standard industry practice is to place in dry storage only spent fuel that has
cooled for five years or more after removal from the reactor. Dry casks are de-
signed for specific types of spent fuel and for specific fuel burn-ups. The latter is a
measure of the degree to which uranium-235 has been utilized in the reactor,
which determines the amount of heat generation and radiation in the spent fuel.
Dry casks are designed either for storage only or for both storage and transport.
The former are referred to as single-purpose storage systems, and the latter as
dual-purpose systems.

Dry cask storage first began in the United States in the mid 1980s and utilized
single-purpose systems. Today, dry storage facilities utilize dual-purpose systems
that are also suitable for rail transport. A large number of designs are available
commercially.

Top: View into a spent fuel pool showing racks for storage of spent fuel. Workers
are manipulating a spent fuel assembly. SOURCE: Nuclear Energy Institute. Bot-
tom: Spent fuel storage (gray) and transportation (white) packages on a storage
pad at a power plant. The smaller photo shows one of the storage packages being
moved to the storage pad. The workers in the figure provide scale. SOURCE:
Southern Company
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systems store spent fuel in large steel and concrete casks designed to be
placed outdoors on reinforced concrete pads at power plant sites. Each cask
can typically store between about 10 and 18 metric tons (11 and 20 short
tons!#) of spent fuel. The first dry cask storage facility was established at
the Surry Nuclear Power Plant (Virginia) in 1986. By 2004, dry storage
facilities had been established at 29 U.S. power plants. This number is
expected to increase in the future, especially if there are further delays in the
construction of a federal repository or if away-from-reactor interim storage
is not licensed or constructed.

Nuclear power plant operators in some states have encountered oppo-
sition from state regulatory agencies and the public to the establishment of
dry storage facilities at their plant sites. Partly as a result, a consortium of
operators (Private Fuel Storage, LLC) was formed to construct and operate
a centralized dry cask storage facility on Goshute tribal lands in the desert
southwest of Salt Lake City (see Figure 1.1) to relieve the growing storage
pressures at plant sites. If constructed, this facility could store up to 40,000
metric tons of commercial spent fuel from multiple power plants. A license
application for this facility was submitted to the USNRC in 1997. On
September 9, 2005, following extensive hearings by the Atomic Safety Li-
censing Board, the Commission found that there were no further adjudica-
tory issues to be resolved. It authorized staff to issue a license to construct
and operate this facility under the conditions in 10 CFR 72.40.1%

The consortium expects to begin shipping spent fuel to this facility
primarily by dedicated train'® before the end of this decade. To ship by
train, however, the consortium must first build a rail line across lands
managed by the federal Bureau of Land Management (BLM). BLM cannot
approve the use of its land for this purpose until the Secretary of Defense
submits a report to Congress that evaluates the impacts of such construc-
tion on military training, testing, or operational readiness.'” Additionally,
the State of Utah strongly opposes this facility and is considering an appeal
or court action to block the licensing decision.

Approximately 54,000 metric tons (60,000 short tons) of spent fuel
were in storage at commercial power plants nationwide at the end of 2005

144 short ton is 2000 pounds (about 900 kilograms); a metric ton is 1000 kilograms.

15Title 10 Part 72 of the Code of Federal Regulations: Licensing Requirements for the
Independent Storage of Spent Nuclear Fuel, High-Level Radioactive Waste, and Reactor-
Related Greater than Class C Waste. Part 72.40 describes the conditions under which a
license can be issued.

16Dedicated trains are trains that transport only spent fuel and high-level waste and no
other cargo. These are described in more detail in Chapter 5.

17This provision was added to the fiscal year 2000 defense bill by a member of the Utah
congressional delegation.
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(Table 1.1). The U.S. commercial nuclear industry generates about 2000
metric tons (2200 short tons) of spent fuel each year, approximately 20
metric tons (22 short tons) from each of the 103 currently operating reac-
tors. Under current U.S. policy, all of this spent fuel will continue to be
stored at power plant sites or at a centralized storage facility such as Private
Fuel Storage, LLC, until it can be transported to a federal repository for
permanent disposal.

The federal government holds substantial inventories of spent fuel and
high-level waste. The government operated defense reactors and reprocess-
ing plants at sites near Hanford, Washington, and Savannah River, South
Carolina, to produce plutonium for nuclear weapons. These facilities oper-
ated into the 1980s and produced more than 100 metric tons of pluto-
nium. The government operated a facility at the Idaho National Labora-
tory!$ to reprocess naval and test reactor spent fuel. As noted previously,
the commercial facility at West Valley, New York, also reprocessed a small
amount of defense spent fuel. The volumes of currently stored high-level
waste from these reprocessing operations are shown in Table 1.1. About
386,000 cubic meters of high-level radioactive wastel? is stored at Han-
ford, Savannah River, and Idaho. Current U.S. policy calls for all of this
high-level waste to be processed by immobilizing it in glass matrices (a
process known as vitrification) and stored on-site until it can be shipped to
a federal repository.

There are also about 2129 MTHM (metric tons of heavy metal) of
defense reactor spent fuel in storage at the Hanford Site. This fuel was
irradiated in one of the plutonium production reactors (the N-reactor) at
that site but was never reprocessed. The fuel, much of which is highly
corroded from decades of storage underwater, is being dried and placed in
storage canisters. It too will eventually be shipped to a federal repository.

The federal government (through DOE) also supplies reactor fuel to
university, government, and foreign research reactors, the latter under the
Atoms for Peace Program.2? Some of this fuel will eventually be returned to
DOE. Foreign spent fuel is being transported from overseas by ship to the

18Formerly named the Idaho National Engineering and Environmental Laboratory.

19This waste was generated from the reprocessing of about 170,000 metric tons of spent
fuel from plutonium production reactors. The original volumes of high-level waste were much
greater. Volume reductions were obtained through various processing methods.

20The Atoms for Peace Program began under the Eisenhower Administration in 1954. The
U.S. government supplied research reactor technology and nuclear fuel to foreign nations that
agreed to forgo the development of nuclear weapons. Research reactors were built in 41
countries. In 1996, DOE issued an Environmental Impact Statement (DOE, 1996a) on the
management of this fuel and issued a Record of Decision (DOE, 1996b) to return this fuel to
the United States for eventual disposal. See Chapter 4.
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Naval Weapons Station in Charleston, South Carolina.2! From there it is
offloaded and transported by either train or truck to the Savannah River
Site, and some is transported onward to the Idaho National Laboratory by
truck. Domestic research reactor spent fuel is being shipped to Savannah
River and Idaho by reactor operators. Additional details on this program
are provided in Chapter 4. Under current U.S. policy, all DOE’s spent fuel
and high-level waste will eventually be disposed of in a federal repository.

The DOE Naval Nuclear Propulsion Program is responsible for manag-
ing spent fuel from the U.S. Navy. This spent fuel is from nuclear subma-
rines, ships, and training reactors belonging to the U.S. Navy. The spent
fuel is offloaded at Navy facilities and shipped by commercial train to a
naval spent fuel storage facility at the Idaho National Laboratory using U.S.
government-owned transport packages and rail cars. The Naval Propulsion
Program also will be responsible for shipping its naval spent fuel to the
federal repository. At the end of 2005, about 19.5 MTHM of naval spent
fuel was in storage at the Idaho site.

Under current U.S. policies, all of the spent fuel and high-level waste in
the United States will be permanently disposed of in a federal repository.
These policies are described in the next section of this chapter.

1.3.2 Disposal of Spent Fuel and High-Level Waste

The AEC began to consider options for disposal of high-level waste in
the early 1950s. Conferences were held in 1954 at Woods Hole, Massachu-
setts, and Washington, D.C., to explore options for disposing of this waste
in the oceans and on land. In 1955, the AEC signed a contract with the
National Academy of Sciences to establish a committee of leading scientists
to conduct additional conferences on methods for disposing of radioactive
waste and to recommend a program of research.

The first AEC-sponsored Academy conference was held at Princeton
University in September 1955 to discuss the land disposal of radioactive
waste. The proceedings from this conference were published in the Na-
tional Research Council report entitled The Disposal of Radioactive Waste
on Land (NRC, 1957). Although the main topic of consideration at this
conference was disposal options, issues related to transportation cost, feasi-
bility, and safety figured prominently in one of the discussions.

Government research on land disposal options continued through the
1970s and culminated in an unsuccessful effort to establish a disposal
facility in a salt cavern near Lyons, Kansas. Attention then shifted to salt

211n the past, one shipment of foreign research reactor fuel was received at Concord Weap-
ons Station in northern California for transport to Idaho National Laboratory. However,
DOE has no plans to receive future fuel shipments at this site.
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disposal in the Delaware Basin in Texas and New Mexico. These investiga-
tions eventually led to the establishment of what was to become the Waste
Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico. This disposal
facility, which is used to dispose of transuranic waste?? from defense pro-
grams, was opened in 1999.23

The slow pace for addressing the waste disposal problem prompted
action from the U.S. Congress in the 1980s. In 1982, Congress passed the
Nuclear Waste Policy Act,2* which established a federal responsibility and a
federal policy for the disposal of spent fuel and high-level waste and a
schedule for siting, constructing, and operating a federal repository. The
NWPA established that the federal government is responsible for disposal
of spent fuel and high-level waste and that the generators and owners of
spent fuel and waste are responsible for paying the costs of such disposal.

The NWPA vests authority with the Secretary of Energy for carrying
out the federal government’s spent fuel and high-level waste disposal pro-
gram, including transportation. It established a Nuclear Waste Fund?’ to
cover the costs of transportation and disposal. It also authorized the Secre-
tary of Energy to enter into contracts with owners of spent fuel and high-
level waste of domestic origin. These contracts allow the Secretary of En-
ergy to take title to spent fuel and waste for transportation and disposal.

The Nuclear Waste Policy Act established a process to identify two
repository sites in different regions of the United States (one in the eastern
or midwestern United States and the other in the western United States) for
disposal of the nation’s spent fuel and high-level waste. After the NWPA
was passed, DOE initiated a screening program that eventually resulted in
the selection of three potential repository sites in the western United States:
Hanford, Washington; Deaf Smith County, Texas; and Yucca Mountain,
Nevada.

In 1987, Congress amended the Nuclear Waste Policy Act. This amended
act directed DOE to terminate its characterization activities at all sites ex-
cept Yucca Mountain. It capped the disposal capacity of Yucca Mountain at
70,000 MTHM (77,000 short tons) until after a second repository is oper-

22Transuranic waste is a by-product of nuclear weapons production activities. It contains
long-lived radioactive transuranic elements such as plutonium in concentrations greater than
100 nanocuries per gram.

23The land withdrawal act for the Waste Isolation Pilot Plant (P.L. 102-579) specifically
prohibits the transport of spent fuel and high-level waste to WIPP or disposal in the WIPP
repository.

24The Nuclear Waste Policy Act of 1982, P.L. 97-425 (January 7, 1983) and amendments
(P.L. 100-203, Subtitle A [December 22, 1987]; P.L. 100-507 [October 18, 1988]; and P.L.
102-486 [October 24, 1992]).

25The Nuclear Waste Fund was established by the U.S. Treasury and is funded through a
1.0 mil (0.1 cent) per kilowatt-hour fee on nuclear-generated electricity (see DOE, 2001a).
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ating. This capacity has been allocated by DOE for disposal of both com-
mercial spent fuel and DOE-owned spent fuel and high-level waste (Ta-
ble 1.2). It also directed DOE to postpone the identification of a site for a
second repository.

After the passage of the amended act, DOE initiated what would ulti-
mately be a 15-year program to characterize the Yucca Mountain site to
determine its suitability to host a repository. In 1998, DOE issued a viabil-
ity assessment for this site in which it concluded (DOE, 1998a, summary,
p. 2) that “Yucca Mountain remains a promising site for a geologic reposi-
tory” and “work should proceed to support a decision in 2001 on whether
to recommend the site to the President for development as a repository.”

In late 2001, then Secretary of Energy Spencer Abraham recommended
to President G. W. Bush that a federal repository be developed at Yucca
Mountain. The President forwarded the recommendation to Congress,
which in July 2002—and over the objections of Nevada—authorized DOE
to submit an application to the USNRC for a license to construct and

TABLE 1.2 Spent Fuel and High-Level Waste Disposal at Yucca

Mountain
Material Quantity? Number of Shipping Sites
Commercial spent fuel 29,000 cubic meters 73 (72 commercial power
63,000 MTHM? plant sites and one
commercial storage facility)
Defense spent fuel and 7000 MTHM From sites shown below
high-level waste
Naval spent fuel 900 cubic meters 1 (INL)
65 MTHM
Other DOE spent fuel® 1000 cubic meters 4 (Hanford, INL, SRS,
2435 MTHM Fort St. Vrain)
High-level waste When processed: 4 (Hanford, INL, SRS,
21,000 cubic meters West Valley)

58,000 metric tons
22,000 canisters

NOTE: INL = Idaho National Laboratory; SRS = Savannah River Site.

aThe quantities of commercial and defense waste listed in this table represent the current
legislated capacity of Yucca Mountain. Quantities are given in terms of volumes and masses.

bMetric tons of heavy metal.

cIncludes defense and research reactor spent fuel.

SOURCE: DOE (2002a, Appendix A).
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operate a repository. DOE planned to submit this application to the USNRC
before the end of 2004 and to begin operating the repository by 2010.

DOE was unable to submit the application in 2004, however, and has
encountered setbacks that could delay its plans to establish a repository at
Yucca Mountain. In 2004, the Federal Court of Appeals for the District of
Columbia struck down part of the Environmental Protection Agency’s
(EPA’s) health and safety standards for Yucca Mountain (Title 40, Part 197
of the Code of Federal Regulations). This remanded standard must be
reissued?® by the EPA before the USNRC can issue a license for Yucca
Mountain. DOE also encountered problems in establishing the database of
information that will be used to support its license application for Yucca
Mountain. The Nuclear Waste Policy Act requires that this database, re-
ferred to as the Licensing Support Network, be established at least six
months before the license application is docketed by the USNRC. DOE
brought this database on-line in 2004, but the USNRC has so far refused to
certify that it is complete.

The Nuclear Waste Policy Act committed the federal government to
begin disposing of commercial spent fuel in the federal repository by Janu-
ary 31, 1998. However, siting such a repository turned out to be a more
arduous process than envisaged by Congress when the NWPA was passed.
After the 1998 deadline passed, commercial power plant operators began
filing lawsuits against DOE to recover the additional costs incurred for
extended on-site storage of spent fuel. The U.S. government settled with
one of the plaintiffs (Exelon Nuclear Power Corp.) in 2004. Sixty cases are
still pending before the courts, and discussions are under way to settle some
of these cases. The Exelon settlement commits the federal government to
pay the utility $80 million immediately, with further annual payments as
costs are incurred for continued storage of spent fuel at its sites. The federal
government will pay Exelon a total of about $300 million if Yucca Moun-
tain opens by 2010, and possibly more if the opening is delayed beyond that
date. Settlement costs for the entire nuclear industry could cost taxpayers?”
billions of dollars. DOE is under pressure from the nuclear industry and
Congress to move forward with Yucca Mountain or establish one or more
centralized interim storage sites to reduce the growing spent fuel inventories
at commercial power plant sites as well as the federal government’s future
monetary liabilities.

The Private Fuel Storage facility could be used as an interim step to-

26The EPA issued a new draft standard for public comment on August 8, 2005. The final
standard had not yet been issued when this report was being finalized for publication in
December 2005.

27Settlements are being paid out of the federal government’s judgment fund, not out of the
Nuclear Waste Fund.
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ward permanent disposal at Yucca Mountain. The facility’s location in
Utah was selected in part because of its proximity to Nevada. Even though
Private Fuel Storage, LLC, is now poised to receive a license from the
USNRUC, it may still face several obstacles to opening. These include oppo-
sition from the State of Utah as well as other states and communities along
likely transportation routes.

1.3.3 Spent Fuel and High-Level Waste Transportation

Small-quantity spent fuel shipping programs have been carried out
routinely by both the federal government and the private sector for several
decades. The primary objective of these programs has been to move spent
fuel to interim storage. The federal agency responsible for government
transport of spent fuel is DOE. This agency has transported foreign re-
search reactor spent fuel, DOE research reactor spent fuel, naval spent fuel,
and commercial spent fuel from some shut-down power reactors (e.g., Three
Mile Island Unit 2) to centralized interim storage sites in South Carolina
and Idaho. University and non-DOE government research reactor opera-
tors have also transported spent fuel to these interim storage sites. Com-
mercial nuclear power plant operators have transported spent fuel between
reactor sites to consolidate storage.

Transportation of spent fuel and high-level waste takes place under a
number of federal, state, and local statutes and regulations.?8 The complex-
ity of the regulatory environment is illustrated schematically in Figure 1.2
and in tabular form in Table 1.3. The principal federal regulators are DOT
and the USNRC.2? DOT is responsible for regulating the safety of hazard-
ous material shipments, including radioactive material shipments, under
several statutes, including the Department of Transportation Act (49 USC
1655) and the Hazardous Materials Transportation Act (49 USC 1801-
1812).39 The USNRC is responsible for licensing and regulating the receipt,
possession, transfer, and use of source materials, byproduct materials, and
special nuclear materials (see glossary in Appendix D) under the Atomic
Energy Act (42 USC Chapters 6-8) and the Energy Reorganization Act (42
USC 5841).

28ee Clark County Nuclear Waste Division (2004) for a summary of state requirements
concerning the transportation of radioactive waste.

29Under 10 CFR Part 150, the USNRC retains authority for licensing and regulating spent
fuel storage and transport in USNRC Agreement States. All states retain their authorities for
carrier safety and emergency response as shown in Table 1.3.

30Shipments made for national security purposes by the Department of Defense or DOE
may be exempted from DOT regulations if they comply with the security escort requirements
in 49 CFR 173.7(b).
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FIGURE 1.2 Schematic illustration of the regulatory bases for spent fuel and high-
level waste transportation in the United States. As illustrated by the figure, spent
fuel and high-level waste transport is regulated by the federal government and
states under a number of statutes. SOURCE: Earl Easton, USNRC.

DOT and the USNRC have signed a memorandum of understanding
(MOU) (44 FR 38690, July 2, 1979) that delineates responsibilities for
regulating the transport of radioactive materials. This MOU gives USNRC
the primary responsibility, in consultation with DOT, for the development
of standards and regulations for the design, performance, and inspection of
transportation packages for fissile materials, which include spent fuel and
high-level waste. USNRC also has the primary responsibility for approval
of domestic and foreign package designs used to transport spent fuel solely
within the United States.3! The MOU recognizes the USNRC’s responsibil-
ity for imposing DOT regulations and conducting inspection activities for
shipments of spent fuel by its licensees. In addition, DOT routing regula-
tions (49 CFR 397.101) recognize the USNRC’s responsibility for provid-
ing physical protection requirements for spent fuel shipments.

31While DOT has the responsibility for approving packages for import and export ship-
ments, it relies on USNRC’s review under the MOU as the basis for approving or revalidating
the use of foreign-designed spent fuel packages.
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TABLE 1.3 Principal Responsibilities for Spent Fuel and High-Level
Waste Transportation in the United States

USNRC Licensee Spent Fuel DOE Spent Fuel
(AEA) (AEA, NWPA)
Foreign

Commercial  Research Commercial  Research Naval

Reactors Reactors Reactors Reactors Reactors?
Package USNRC USNRC USNRC DOE and DOE and
approvals and USNRCP USNRCP
inspections
Highway route DOT DOT DOT DOT DOT
selection
criteria®

Carrier safety DOT, states DOT, states DOT, states DOT, states DOTY

Emergency Federal, Federal, Federal, Federal, Federal,

response state, tribal, state, tribal, state, tribal, state, tribal, state, tribal,
and local and local and local and local and local
governments governments governments governments governments

Route security USNRC USNRC DOE DOE and DOE

approval USNRC*¢

Physical USNRC USNRC DOE and DOE DOE

protection USNRC/

NOTE: AEA = Atomic Energy Act; NWPA = Nuclear Waste Policy Act.

aNaval Reactors has voluntarily chosen not to designate shipments of defense-related spent
fuel as national security shipments under 49 CFR 173.7 and instead chooses to comply
voluntarily with DOT regulations.

bDOE secks technical reviews from the USNRC on package designs. The USNRC review
provides the basis for DOT approval of foreign package designs under 49 CFR 171.12 or for
USNRC certification of U.S. package designs.

¢cDOT does not have route selection criteria for rail shipments.

dShipments are subject to the Federal Rail Safety Act, which governs railcars and track.
DOE also voluntarily complies with DOT inspection requirements.

¢DOE has made a practice to seek approval from USNRC under a reimbursable agreement
for the foreign research reactor spent fuel shipments that it handles. USNRC approval is not
required when DOE has title and possession of spent fuel.

DOE is required under the Nuclear Waste Policy Act to follow USNRC prenotification
requirements. These are described in Appendix C.

The MOU recognizes DOT as having the primary responsibility, in
consultation with USNRC, for issuing safety requirements for the transport
of radioactive materials, including labeling of packages; placarding of ve-
hicles; equipment maintenance requirements; carrier personnel qualifica-
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tions; procedures for loading, unloading, handling, and storage during trans-
port; and special transport controls (excluding safeguards controls) for
radiation safety during transport. DOT also has the primary responsibility
for inspecting transportation activities by carriers for both USNRC licensee
and non-USNRC licensee activities (e.g., shipments by DOE and USNRC
Agreement State licensees).

As shown in Table 1.3, responsibilities for regulating the transport of
spent fuel and high-level waste are somewhat different for USNRC licens-
ees’2 and DOE. USNRC licensees are required to use USNRC-certified
packages for domestic shipments or a DOT-certified package for import-
export shipments. DOE has authority under DOT regulations (49 CFR
173.7), unless otherwise specified in law, to certify packages for the domes-
tic transport of its own spent fuel and high-level waste—for example, its
shipments of spent fuel from West Valley to Idaho.

DOE’s import shipments of foreign reactor fuel, unless designated as
national security shipments, must be made in DOT-approved packages.
This could include either a USNRC-certified package, a DOE-certified pack-
age, or a foreign package design that is revalidated by DOT. However,
under a cost-reimbursable agreement, DOE has sought USNRC review of
foreign package designs that can be used as the basis for DOT revalidation.
DOE has also made a policy decision to seek USNRC approval of the
physical protection measures used for its shipments of foreign research
reactor spent fuel. Research reactor shipments are discussed in Chapter 4.
A description of some of the USNRC regulations for package certification
and associated package tests is provided in Section 2.1.

States and local governments also play important roles in spent fuel and
high-level waste transportation. States have an important responsibility for
enforcing DOT highway safety regulations concerning federal motor car-
rier safety and hazardous materials transportation. Highway shipments of
spent fuel and high-level waste are subject to state inspection, and state
enforcement officials can stop and inspect vehicles and inspect the premises
of motor carriers to check for compliance with federal and state require-
ments regarding equipment, documentation, and driver fitness. States can
also require carriers to obtain special permits to operate these vehicles and

32The Atomic Energy Act gives the USNRC the authority to issue licenses to private and
government (except DOE) organizations to possess radioactive materials, conduct operations
involving the emission of radiation, and dispose of radioactive waste. Operators of nuclear
reactors for research and power generation are USNRC licensees since these facilities involve
the emission of radiation and the generation of radioactive materials.
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charge fees for such permits.3? Rail shipments of spent fuel and high-level
waste are not subject to state regulation, but they are subject to inspection
by DOT’s Federal Railroad Administration.

Federal, state, tribal, and local governments and shippers share the
responsibility for emergency response and preparedness. The Federal Emer-
gency Management Agency within the Department of Homeland Security is
responsible for providing a national incident response plan. State, tribal,
and local governments are responsible for providing the first line of govern-
ment response to accidents and incidents within their jurisdictions and can
enlist the assistance of other agencies and organizations as circumstances
require.

More detailed information on responsibilities and regulations is pro-
vided in other chapters. Chapter 4 provides a detailed description of high-
way and rail routing regulations. Chapter 2 describes package performance
standards and regulations. Chapter 5 provides descriptions of other regula-
tions governing the transport of spent fuel and high-level radioactive waste
to a federal repository.

33However, the federal hazardous materials transportation law is explicit that federal rules
preempt state rules in cases of conflict (49 USC 5125), consistent with the goal of nationally
uniform regulation. DOT has administrative authority to determine when state rules are to be
preempted. DOT has determined that state requirements for special permits for highway
shipments of radioactive materials are preempted if they require documentation or prenotifi-
cation in excess of federal requirements. DOT also has determined that state fees imposed on
hazardous materials transport are preempted if they are excessive or if the revenue is not used
for purposes related to hazardous materials transport.
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Transportation Package Safety

ackage performance—the ability of a transportation package! to
maintain a high level of containment effectiveness in long-term nor-
mal use and under extreme mechanical forces and thermal loading
conditions (i.e., thermomechanical conditions) generated during severe ac-
cidents—is a crucial issue for transportation safety and key to understand-
ing and quantifying transportation risks. The regulatory requirements for
the design, fabrication, certification, and maintenance of these packages are
substantially more rigorous than those for transporting most other types of
hazardous materials (e.g., hazardous chemicals). Accordingly, the packages
used to transport spent fuel and high-level waste are designed to withstand
extreme thermomechanical conditions without a significant loss of contain-
ment. The slogan “safety is built into the package” is commonly used by
package manufacturers and vendors to describe the ability of these pack-
ages to maintain their containment effectiveness under most conceivable
accident conditions.
This chapter provides a summary of investigations carried out in the
United States and several other countries to examine the performance of
transportation packages. The chapter provides a brief overview of the re-

ITransportation containers loaded with spent fuel or high-level waste are referred to as
packages in international standards, whereas the containers themselves without their contents
are referred to as packagings. For simplicity, the term packages is used throughout this report.
The terms casks and flasks (the latter term is commonly used in the United Kingdom) are
sometimes used synonymously to refer to such packages.

AN
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quirements for spent fuel and high-level waste transportation packages;
describes some key investigations of package loading conditions that have
furthered technical understanding of package performance; and offers find-
ings and recommendations about current standards and regulations and
about improvements in package performance.

There is extensive literature on package performance in response to
extreme thermomechanical conditions. Some of this work appears in the
“gray” literature,? which may or may not be peer reviewed. There is also
extensive classified literature on package performance in response to poten-
tial terrorist acts.> As discussed in Chapter 1, the committee did not review
this classified literature or perform an in-depth examination of package
performance in response to terrorist acts. The committee does, however,
comment on this issue in Chapter 5.

2.1 TRANSPORTATION PACKAGE DESIGNS AND REGULATIONS

Packages for the transport of spent fuel and high-level waste are de-
signed to meet three basic requirements both during normal conditions of
transport* and during a range of hypothetical accident conditions estab-
lished in 10 CFR Part 71:°

1. Prevent an unsafe configuration (i.e., accidental criticality®) of
spent fuel.

2. Prevent or limit the release of radioactive contents.

3. Limit dose rates on external package surfaces to acceptable levels.

A wide range of package designs have been developed to meet these general
performance requirements.

2The U.S. Interagency Gray Literature Working Group defines gray literature as “foreign or
domestic open source material that usually is available through specialized channels and may
not enter normal channels or systems of publication, distribution, bibliographic control, or
acquisition by booksellers or subscription agents.” (Gray Information Functional Plan, Janu-
ary 18, 1995, accessed at hitp://www.osti.gov/graylithwhatsnew.html). This literature includes
technical reports, conference proceedings, and business documents.

3In addition, some unclassified literature on this topic was removed from public circulation
after the September 11, 2001, terrorist attacks.

4Normal conditions of transport subject packages to minor mishaps due to rough handling
or exposure to weather. Such conditions would not be expected to compromise the vital
containment functions of the package.

STitle 10, Part 71 of the Code of Federal Regulations, Packaging and Transport of Radioac-
tive Material. The hypothetical accident conditions are described in subpart 73 (i.e., 10 CFR
71.73).

6That is, a configuration that allows the establishment of a self-sustaining nuclear chain
reaction as occurs in an operating nuclear reactor.
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Most packages consist of a hollow cylindrical body that is open at one
end (Figure 2.1). The body is typically constructed of multiple layers of the
following materials: Steel is used to provide structural strength and durabil-
ity; steel, lead, depleted uranium, or concrete is used to provide shielding
against gamma radiation; and water, borated polymers, or concrete is used
to provide shielding against neutrons.

The package closure system consists of one or two steel lids that are
attached to the open end of the package body with steel bolts. Elastomer or

Truck Package IMPACT LIMITER

NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

CLOSURE LID
OUTER STEEL SHELL
LEAD GAMMA SHIELDING

INNER STEEL SHELL

Rail Package IMPACT LIMITER

NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

CLOSURE LID

OUTER STEEL SHELL
LEAD GAMMA SHIELDING

INNER STEEL SHELL

FIGURE 2.1 Generic truck and rail spent fuel packages. In these particular designs,
lead is used as the shielding material. Other materials such as steel and concrete are
used in other package designs. SOURCE: Sprung et al. (2000).
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metal seals are used between the body and lids to obtain airtight seals. The
package body and lids may contain sealable openings, such as pipes and
tubes, to allow for the removal of water, the addition of inert gases, leak
testing of lid seals, and monitoring of internal pressures after the package is
closed. The lid, lid bolts, pipes, and valves are usually recessed to protect
them from damage.

The package is also designed with impact limiters to absorb mechanical
forces generated in the event of transport accidents and to provide thermal
protection for the lid seals in case of fires. Impact limiters, which are usually
attached to the ends of packages, are typically constructed of wood, rigid
foam, or honeycombed metal. Metal fins may also be machined into (or
welded onto) the exterior surfaces of the package body and closures for
additional impact protection and heat dissipation.

The interior of the package contains a basket to hold the spent fuel
assemblies in a fixed configuration to ensure criticality control and mini-
mize damage to the fuel during transport. In packages designed to hold
multiple spent fuel assemblies, the baskets are typically constructed of ma-
terials containing neutron absorbers (e.g., borated metals) to provide a
further margin of criticality safety. In some package designs, these baskets
are placed into a stainless steel canister with a welded lid, which in turn is
placed into a transportation overpack. Packages containing such canisters
are sometimes referred to as canister-based packages. Packages without
such canisters are sometimes referred to as bare-fuel packages because the
fuel basket is placed directly into the package body.

Packages designed for transport by legal-weight trucks” typically carry
between about 0.5 and 2 metric tons (0.55 and 2.2 short tons) of spent fuel.
These packages are about 3 feet (0.9 meter) in diameter and weigh up to
about 25 metric tons (28 short tons) when loaded. Packages designed to be
transported by train can hold about 10 to 18 metric tons (11 to 20 short
tons) of spent fuel. The packages typically have diameters of about 8 feet
(2.4 meters) and can weigh 150 metric tons (165 short tons) or more when
loaded.

The number and types of spent fuel assemblies that can be carried in a
package are, of course, determined by its size. Package size, in turn, de-
pends on transportation mode (i.e., rail versus truck). Legal-weight truck
package size is limited primarily by highway weight regulations, whereas
rail package size is usually not weight limited but instead limited by railcar
clearance requirements. Regulatory limits on radiation levels on the exte-
rior surfaces of packages (10 CFR 71.47) also restrict the age and burn-up
of spent fuel that can be carried in the package.

7A truck having a total gross weight (i.e., including cargo) of 80,000 pounds (36,300
kilograms) or less.
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The International Atomic Energy Agency (IAEA) has established stan-
dards for the safe transportation of radioactive materials. These standards
were first issued in 19618 and have undergone several revisions and amend-
ments; the latest edition was issued in 2005 (IAEA, 2005a). The IAEA
standards establish recommended requirements for a number of different
package types, each designed to transport specific quantities and types of
radioactive materials:

e Excepted packages are designed for transport of very small quanti-
ties of radioactive material such as radiopharmaceuticals.

o Industrial packages are designed for transport of low-specific-ac-
tivity materials such as uranium ore and low-level radioactive wastes.

e Type A packages are designed for transport of materials of limited
radioactivity—for example, uranium hexafluoride and fresh nuclear fuel.

e Type B packages are designed for transport of larger quantities of
radioactive material including spent fuel, high-level waste, and mixed ox-
ide fuel.’

o Type C packages are designed for air transport of quantities of
radioactive material exceeding a defined (large) threshold including, for
example, plutonium and mixed oxide fuel.

This report is concerned with Type B packages.

TAEA safety standards are recommendations and are not legally bind-
ing on member states. However, the United States and many other member
states adopt these standards, either in whole or in part, in their own na-
tional regulations. U.S. regulations for the packaging and transport of ra-
dioactive materials are provided in 10 CFR Part 71 (see footnote 5). The
Nuclear Regulatory Commission (USNRC) and Department of Transporta-
tion (DOT) recently modified these regulations (USNRC, 2004a) to reflect
the 1996 amended version of the IAEA standards (IAEA, 2000).10,11

8The first comprehensive set of regulations for transporting radioactive materials by com-
mon carrier were established by the Interstate Commerce Commission in 1947-1948. These
regulations were drafted by the National Research Council’s Subcommittee on Shipment of
Radioactive Substances (see NRC, 1951). These and subsequent U.S. regulations served as an
important basis for the establishment of IAEA standards (see Pope, 2004).

IMixed oxide fuel, or MOX, contains uranium and plutonium.

10The updated regulations did not incorporate the IAEA standards for Type C packages,
because U.S. federal law mandates more stringent requirements for air shipments of pluto-
nium.

The IAEA issued updated safety standards in 2003 and 2005 (see http://www-ns.iaea.org/
standards/documentpages/transport-of-radioactive-material.htm). USNRC and DOT staff were
discussing whether to update U.S. regulations to bring them into conformance with these
updated standards when this report was being finalized for publication in December 2005.
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Type B packages that are to be used for transporting spent fuel and
high-level waste in the United States are required to be certified by the
USNRC. To receive a certification, the applicant (i.e., the package manu-
facturer or vendor) must demonstrate to the Commission’s satisfaction that
the package design will meet the testing requirements in 10 CFR Part 71,
the key elements of which are described in Sidebar 2.1. Under these regula-
tions, packages are required to survive a free-drop test onto an essentially
unyielding surface (Sidebar 2.2) as well as a puncture test, an immersion
test,!2 and a thermal test with less than the specified loss of containment
effectiveness (see Sidebar 2.1).

The USNRC permits quantitative analysis (e.g., computer simulations
using finite element models), scale-model (typically one-quarter or one-half
scale; see Sidebar 2.3), and full-scale testing of packages or package compo-
nents, and comparisons with existing approved package designs to be used
to demonstrate compliance with the regulations. Testing of full-scale pack-
ages!3 is not a requirement of the regulations.

Testing of full-scale spent fuel packages is not carried out routinely
because of the cost. A full-scale package can cost more than a million
dollars, and it is generally not reusable after undergoing full-scale testing in
accordance with USNRC regulations. The paucity and costs of suitable
testing facilities are also impediments. There are no package testing facili-
ties in the United States capable of handling large truck or rail packages. A
new facility was recently opened in the Horstwalde region in Germany,
which is located near Berlin.!* Two full-scale 9-meter (30-foot) free-drop
tests on rail packages were carried out at this facility in late September 2004
in conjunction with the 14th International Symposium on Packaging and
Transportation of Radioactive Materials (PATRAM 2004). A subgroup of
the committee’s members visited this facility and witnessed a full-scale test
of a 180 metric ton (198 short ton) rail package (Figure 2.2).

USNRC regulations also require that transportation packages be de-

12package immersion is not discussed at much length in this chapter because the committee
judges it to be of a lower concern than the thermomechanical conditions generated during
truck and train accidents.

13There is sometimes confusion about what is meant by “full scale” in regard to package
testing. The regulatory tests described in Sidebar 2.1 are full-scale tests because they are
carried out using actual Type B packages. These tests are referred to as certification tests. The
term full-scale can also apply to tests made on actual Type B packages under simulated
accident conditions such as those described in Section 2.3. These tests are referred to as
demonstration tests.

14This facility is operated by the German Federal Institute for Materials Research and
Testing (BAM).

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

TRANSPORTATION PACKAGE SAFETY 61

signed and manufactured using an approved quality assurance program.!'?
Packages must be designed to standards that include conservative assump-
tions and design margins for material properties such as yield stress and
ductility. This requirement provides for a built-in “safety margin” (see
Sidebar 2.4) and offers increased confidence that packages will survive
thermomechanical conditions somewhat more severe than regulatory re-
quirements.

The USNRC has certified several spent fuel storage and transportation
package designs for use in the United States. These include storage-only
packages as well as packages that are designed for both transportation and
storage (see JAI, 2005).

IAEA standards and USNRC regulations for Type B packages (see
Sidebar 2.1) were not derived from a comprehensive bounding analysis of
all possible extreme thermomechanical conditions resulting from package
mishandling and accidents. Rather, their development, which dates from
the early 1960s as noted previously, was based on then-available data on
typical impacts (e.g., drops from cranes, other mechanical accidents, ve-
hicular collisions) and thermal environments (e.g., fires from spilled fuel) to
which a package might be exposed in the course of transport (see Pope,
2004). As such, they do not necessarily reflect the most extreme conditions
that might be encountered during spent fuel or high-level waste shipments.

Nevertheless, during the committee’s information-gathering meetings,
several industry presenters asserted that it is very unlikely that a certified
Type B package for spent fuel or high-level waste would fail under any
credible loading conditions that might be encountered during transport.
This assertion is based on the confidence that these presenters place in the
combination of rigorous regulatory requirements for package certification,
the built-in margins of safety in current package designs (see Sidebar 2.4),
and the worldwide decades-long record of spent fuel transport without a
significant package failure (see Chapter 3). However, other presenters
pointed out that the spent fuel transport experience in the United States is
limited, and that the planned large future shipping campaigns to a federal
repository could expose transportation packages to a wider range of load-
ing conditions and longer-term use than have been experienced to date.

1510 CFR 71.101 defines the term quality assurance as those “planned and systematic
actions necessary to provide adequate confidence that a system or component will perform
satisfactorily in service. Quality assurance includes quality control, which comprises those
quality assurance actions related to control of the physical characteristics and quality of the
material or component to predetermined requirements.” Quality assurance requirements ap-
ply to the design, fabrication, assembly, testing, maintenance, repair, modification, and use of
the proposed package.
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SIDEBAR 2.1 U.S. Regulations for Type B Transport Packages

Type B packages for transporting spent fuel and high-level waste are designed to
withstand severe accident conditions without a loss of containment or an increase in
external radiation to levels that would endanger emergency responders or the general
public. USNRC regulations for Type B packages contain requirements for both “normal
conditions of transport” and “hypothetical accident conditions.” Under normal transport
conditions, the regulations require that Type B packages maintain their containment
effectiveness as given by the following three conditions:

1. No loss or dispersal of radioactive contents to a sensitivity of 1076 A, per hour.2
2. No substantial reduction in packaging effectiveness.
3. No substantial increase in external surface radiation levels.

For hypothetical accident conditions, the regulations allow for some degradation of
the packages’ containment effectiveness as given by the following four conditions:

1. No escape of krypton-85 exceeding 10 A, in 1 week.

2. No escape of other radioactive material exceeding a total amount A, in 1 week.

3. No external radiation dose rate exceeding 10 millisieverts per hour (1 rem per
hour) at 1 meter (about 40 inches) from the external surface of the package.?

4. Compliance with these requirements may not depend on filters or mechanical
cooling systems.

These release and radiation limits are designed primarily to protect emergency re-
sponders and members of the public in case of an accident. The values for A, are
tabulated in 10 CFR Part 71 and are radionuclide specific. For krypton-85, the A, value
from Table A-1 in 10 CFR Part 71 is 10 terabecquerels (TBq; approximately 270
curies).€ The regulations do not place any limits on the physical form of the radioactive
materials (e.g., particulate size) that could be released in a hypothetical accident.

The USNRC is responsible for certifying the design of Type B packages. The re-
quirements for certification (10 CFR 71.73) are derived directly from IAEA standards:

Evaluation for hypothetical accident conditions is to be based on the sequential application of the
tests specified in this section, in the order indicated, to determine their cumulative effect on a pack-
age or array of packages . . . . [E]xcept for the water immersion tests, the ambient air temperatures
before and after the tests must remain constant at that value between —29°C and +38°C which is the
most unfavorable for the feature under consideration. The initial internal pressure within the contain-
ment system must be the maximum normal operating pressure, unless a lower internal pressure,
consistent with the ambient temperature presumed to precede and follow the tests, is more un-
favorable.

4The regulations also provide guidance on determining A, activity values for mixtures of radio-
nuclides. See the glossary (Appendix D).

bThese increased doses would result from structural damage to the package shielding.

CThe fission product krypton-85 was selected for use in this regulation because it is the only
noble gas that exists in significant quantities in irradiated fuel that has been cooled for several years.
While it is not a significant contributor to dose, it is likely to be among the most mobile of radionuclid-
es in a spent fuel package.
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The following tests are specified in the regulations (10 CFR 71.73; see figure below):

* A free-drop test in which the specimen is dropped through a distance of 9 meters
(about 30 feet) onto a flat, essentially unyielding horizontal surface (see Sidebar 2.2),
with the package striking the surface in the position expected to produce maximum
damage. A package dropped from this height strikes the ground at a speed of about 13
meters per second (48 kilometers per hour, or about 30 miles per hour).

* A puncture test in which the specimen used in the free-drop test is dropped
through a distance of 1 meter (about 40 inches) onto the upper end of a 6-inch (15.2-
centimeter) diameter solid, vertical, cylindrical mild steel bar mounted on an essentially
unyielding horizontal surface. The package is dropped onto the bar in a position that is
expected to produce maximum damage.

* A thermaltestin which the same specimen is fully engulfed in a hydrocarbon-fuel
fire with an average flame temperature of at least 800°C (about 1475°F) for a period of
30 minutes.

* An immersion test in which a separate, undamaged specimen is subjected to a
pressure head equivalent to immersion in 15 meters (about 50 feet) of water. Addition-
ally, 10 CFR 71.61 also specifies that for packages designed for transport of spent fuel
with activity exceeding 37 petabecquerels (PBq; 106 curies), the undamaged contain-
ment system must be able to withstand an external water pressure of 2 megapascals
(290 pounds per square inch) for one hour without collapse, buckling, or in-leakage of
water. This pressure corresponds to a water depth of about 200 meters (650 feet),
typical of maximum water depths on the U.S. continental shelf.

The velocity of package impact in the free-drop test described above is lower than
many real world crashes (e.g., the Central Electricity Generating Board’s [CEGB’s] full-
scale crash described in Section 2.3.3). Nevertheless, the impact forces on the package
are much higher in the free-drop test because the impact surface is “essentially un-

yielding.”
Impact Puncture Fire Submersion
| I
i |
+ [o ﬂ +
Q Steel Bar N m
9 meter (~30 foot) 1 meter (~40 inch) 800 C (~1472F) 15 meter (~50 feet)
drop onto unyielding drop onto steel bar fully engulfing fire 2 MPa (290 psi)
surface for 30 minutes for 1 hour

lllustration of the hypothetical accident conditions in 10 CFR Part 71. SOURCE: Modi-
fied from a USNRC circular.
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SIDEBAR 2.2 What Is an “Essentially Unyielding” Surface?

An essentially unyielding surface is used for impact tests on Type B packages
under both International Atomic Energy Agency standards (IAEA, 2000) and U.S.
regulations (10 CFR Part 71). The standards and regulations require that the im-
pacting surface be essentially unyielding, that is, sufficiently massive and stiff to
produce maximum damage to the specimen being tested. Such surfaces are usu-
ally constructed of a thick reinforced concrete slab with a steel plate floated onto its
surface (i.e., slid onto the concrete surface while still wet). The concrete provides
a large reaction mass and the steel plate provides stiffness. For tests of Type B
packages, the slab and plate should have a combined mass at least 10 times that
of the specimen being tested (IAEA, 2002).

An article such as a spent fuel transportation package that is dropped onto
such an unyielding surface will be subjected to higher impact forces and will con-
sequently experience greater deformation than if the same article is dropped onto
a surface that is itself deformed by the impact (i.e., a yielding surface). An article
dropped onto an essentially unyielding surface in the 9-meter (30-foot) regulatory
drop test (Sidebar 2.1), for example, will be traveling at about 13 meters per sec-
ond (30 miles per hour, or 48 kilometers per hour) when it impacts the surface. The
deformation of the article caused by this impact will be essentially identical to the
deformation resulting from the head-on collision between two identical copies of
that article if each is traveling at 13 meters per second. This is comparable to the
difference between a collision of a moving vehicle and a parked car versus a head-
on collision between two moving vehicles. The head-on collision between moving
vehicles results in much greater damage.

Gonzales et al. (1986) compared the hardness of an essentially unyielding tar-
get to several other target types in a series of impact tests. These tests involved
impacts of a 2500 kilogram (5500 pound) cylindrical steel test unit resembling a

They also questioned the adequacy of regulations that do not require full-
scale testing to demonstrate package performance.

There is, in fact, a good deal of quantitative information available on
the performance of transportation packages under extreme loading condi-
tions. This information comes from modeling and full-scale testing studies
carried out in the United States and Europe over the past three decades. A
summary of selected studies is provided in the following sections.

2.2 PACKAGE PERFORMANCE MODELING STUDIES

Computer simulation models are routinely used to estimate the thermo-
mechanical behaviors of truck and rail packages under a range of extreme
loading conditions that would not be practicable to obtain from actual
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spent fuel transportation package onto four targets: desert soil, a concrete runway,
a concrete highway, and an unyielding target. The unyielding target was construct-
ed of a 56 metric ton (62 short ton), 3.6-meter (11.8-feet) thick reinforced concrete
slab with a steel face plate. The table below shows the results of these tests for an
impact speed of 13 meters per second (30 miles per hour), which corresponds to
the impact speed for the 9-meter (30-foot) regulatory free-drop test.

In the table, the second column shows how far the test unit penetrated into
each of the targets, and the third column shows the maximum strain in the test unit.
Penetrations ranged from 48 centimeters (19 inches) for the soil target to 0 centi-
meters for the unyielding surface. The maximum strains experienced during the
impact of the test unit on the unyielding surface were several times greater than for
the other target types. The reason for this is simple: The other targets absorbed
some of the impact forces, whereas the test unit absorbed essentially all of the
impact forces when impacted against an unyielding surface. In fact, in only one
case—impact onto the unyielding target—was the strain great enough to produce
permanent deformation of the test unit.

Experimental Results Obtained by Gonzalez et al. (1986)

Test Unit Penetration, Maximum Strain,
Target centimeters (inches) microstrains@
Soil 48 (19) 90
Concrete highway 10 (4) 400
Concrete runway 0.6 (0.25) 500
Unyielding target 0 3500

aMicrostrains are measured in parts per million, for example, centi-
meters per 108 centimeters.

testing of full-scale articles. “Generic” truck and rail packages, which in-
corporate the salient design features of certified packages, are typically
investigated with such models. The loading conditions used in these models
are usually derived from historical accident reconstructions, but hypotheti-
cal accident scenarios may also be used to investigate conditions that ex-
ceed those of any known historical accident. The committee selected a
number of modeling studies for discussion in the following subsections.
These are summarized in Table 2.1.

2.2.1 Modal Study

The modal study (Fischer et al., 1987) examined the expected responses
of spent fuel transportation packages to thermomechanical conditions de-
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SIDEBAR 2.3 Scale Modeling

The term scale modeling is conventionally taken to mean the testing of either
an article that is a miniaturized version of a large structure (see figure), or a large
component of a complex structure. The major benefit of scale modeling is that it
reduces material, fabrication, and testing costs, thus allowing more variables to be
explored, and a multiplicity of data to be obtained, for the same cost as a single
test on the full-scale structure. This is of particular value when the structure is very
expensive, the article needs to be tested to a point at which it has no further utility,
and/or the loads that must be applied exceed the capacities of readily available
testing apparatuses. Typically models of at least one-quarter scale are used in
engineering tests of spent fuel transport packages, although models as small as
one-eighth scale have been used for initial scoping tests.

The failure condition for the full-scale structure generally can be estimated from
the results of scale-model testing through the application of well-known scaling
laws. However, there are a number of pitfalls in this procedure. The most important
is that the weak points in a complex structure are generally associated with joining
processes—bolts, welds, and adhesives—that may not scale precisely. For exam-
ple, in a weldment, the heat-affected zone sizes and mechanical properties, and
the residual stresses that are induced, will depend on the number of weld passes
that are made and the heat input rate that is used, and these parameters depend
on the thicknesses of the materials that are joined. Similarly, the strength of an
adhesive joint will depend on the sizes and surface quality of the materials in-
volved, as well as the thickness of the adhesive layer.

Structures that utilize many component materials that are off-the-shelf items
(e.g., bolts, seals, gaskets) may be hard to scale because these items may not be
available in the exact size or quality that is needed. Also, bolts and other fasteners
that may be required for the actual structure are not always available in the same
metallurgical form in scaled-down sizes. Additionally, there are scaling issues in
monolithic and composite structures. Metallic parts may have different thermome-
chanical properties because of differences in heat treatments, which are affected
by article sizes. Scaling of composite laminates can be done in a practical manner
only by reducing the number of plies, essentially making it into a different material.

Finally, cracks and other potential initiators of brittle failure also do not scale
because it is their absolute size that is of first-order importance, with their relative
sizes generally being of second-order importance. In its simplest form, crack insta-
bility and growth is generally governed by a parameter of the form K = o[nc]'/2 B(c/
h), where Kiis the stress intensity factor, ¢ denotes the crack size, ¢ is the applied
stress, and B is a function of the ratio of the crack size to one of the component
dimensions (h). For small- to moderate-sized cracks, B is on the order of unity.
Although the mathematical relationships for corrosion pits, dents, and gouges are
not as well established as in fracture mechanics, their qualitative behavior will be
similar to cracks. This can make it very difficult to duplicate the failure mechanism
in a small-scale test.
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This does not mean that scale modeling is without value. Rather, it means only
that direct application of the results of small-scale testing to the full-scale article
should be done with great caution. In cases where some features of the test article
cannot be modeled accurately at reduced scale (e.g., the valve assemblies used
on spent fuel transport packages), it may be possible to combine a simplified re-
duced-scale model to determine decelerations and then separately test the full-
scale component when subjected to the appropriately scaled decelerations. An-
other approach is to use scale modeling as a test bed for the calibration and
validation of a computational analysis simulation of the structure. Then, with the
further assurance gained from viable predictions of the results of a small but repre-
sentative set of independent “proof-of-concept” tests made on a full-scale struc-
ture, the computer simulation can be used with confidence, and in a highly cost-
effective manner, for further evaluations of the performance of the structure in a
broad range of anticipated and accident service conditions.

Scale modeling is routinely used in spent fuel transport package testing and
certification. A good technical discussion of scaling laws and properties for materi-
als in pristine condition is provided in Donelan and Dowling (1985). Recent work
on scaling laws for materials with flaws is provided by Bazant (2004).

Full-scale (background) and '2-, ¥s-, and "s-scale models (foreground) of the Mag-
nox flask. SOURCE: Magnox Electric Ltd.
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FIGURE 2.2 The German Federal Institute for Materials Research and Testing
(BAM) carried out two 9-meter regulatory drop tests in September 2004 at its
recently completed testing facility near Berlin. One of the tests was conducted on
the180 metric ton (198 short ton) Mitsubishi rail package shown in these photos.
The top photo shows the package orientation for this test. The package was hoisted
and dropped onto the steel plate embedded in the floor. The bottom photo shows
the package after the test. SOURCE: Photo by K.D. Crowley.
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SIDEBAR 2.4 Margin of Safety

To reduce the possibility of catastrophic failure, engineering structures in which
the weight of the structure is not a critical concern (e.g., buildings, dams, bridges,
power plants, storage tanks) are generally designed with large “margins of safety.”
These safety margins are generally achieved in two ways. First, conservative val-
ues of the mechanical properties of the materials used in the structure (i.e., values
that underestimate the potential strength of the materials) are selected for use in
the design. Second, “worst-case” assumptions are made on the applied loads that
the structure must resist, and/or an arbitrary “factor of safety” is introduced to arti-
ficially inflate the expected loads.

Factors of safety range from as low as 1.4 for natural gas transmission pipe-
lines located in unpopulated areas to 10 or more in especially sensitive applica-
tions, with a value of 3 being a typical choice for noncritical structures. The cumu-
lative effect of conservative design choices and the imposition of a factor of safety
on each structural component means that the actual margin of safety, while not
specifically known, could be well above the safety margin for each individual com-
ponent. In a typical design, loads sufficient to cause structural failure could be
more than four to five times greater than the load anticipated in actual, normal
service.

Large safety margins are necessary because of the multitude of uncertainties
that could affect the integrity and durability of a structural design. These un-
certainties include the potential for fabrication defects from inadequate work-
manship and less than satisfactory material properties and joining techniques;
in-service mechanical damage, fatigue and environmental degradation (e.g., cor-
rosion); and unexpectedly severe operating conditions due to accidents or sabo-
tage. Structures that are designed with large safety margins are very likely to be
able to resist catastrophic failure over their intended service lifetime, even when
the expected operating conditions are substantially exceeded once or many times
during service.

In contrast, in engineering structures for which the weight of the structure is a
critical concern (e.g., aircraft), the safety margins are generally much lower. Air-
planes are typically designed and tested to achieve a margin of safety of only
about 50 percent over the maximum anticipated operating loads. In these applica-
tions, considerable effort is placed on analytical projections of times to failure
based on anticipated defects or other forms of damage, and rigorously scheduled
inspections to determine if or when damage has come to exist at critical locations
within the structure. This approach has come to be known as damage tolerance
methodology.

There are built-in margins of safety for the design of spent fuel transportation
packages. USNRC guidance for the design of spent fuel transportation packages
(USNRC, 1978) adopts portions of the American Society for Mechanical Engineers
(ASME) code for boilers and pressure vessels. The ASME code specifies the use
of highly ductile materials that accommodate unusually high stresses through de-
formation rather than fracture. The code also specifies maximum stress limits for
these materials that are well below their yield strengths. Vessels that are properly
designed, manufactured, and maintained to these codes should perform as intend-
ed even under conditions that exceed design specifications because of this built-in
margin of safety.
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TABLE 2.1 Summary of Selected Studies on Package Performance

Modeling

Test Description

Results in Brief

Reference

Modeling the performance of a
generic truck and rail package under
mechanical and thermal loading
conditions derived from historical
accident records

Modeling the performance of two
generic truck packages and two
generic rail packages for impacts at
various orientations against
unyielding and yielding surfaces at
30, 60, 90, and 120 miles per hour
(48, 96, 144, and 192 kilometers per
hour)

Comparison of the thermomechanical
conditions from severe historical
accidents to regulatory test limits and
other modeling studies

Modeling of thermal performance
of a rail package in the July 2001
Howard Street tunnel fire near
Baltimore, Maryland

Analysis of the thermal conditions in
the December 1984 Summit Tunnel
fire near Manchester, England, and
the likely effect on a fuel package

A very small number of
rail accident scenarios
could result in package
releases in excess of
regulatory limits

No package penetration at
any orientation or impact
speed against yielding or
unyielding surfaces;
package seals may leak
during high-speed impacts
against unyielding surfaces
in excess of regulatory test
limits

No accident produces
mechanical loads in excess
of the 9-meter regulatory
free-drop test. Two
accidents could have
produced thermal loads in
excess of the IAEA 30-
minute fully engulfing fire
test

No package releases
would have occurred

Thermal conditions would
have exceeded those of the
regulatory thermal test
such that package seals
might have failed should a
package have been
exposed in this fire

Modal study:
Fischer et al.
(1987)

Spent fuel
shipment risk
reexamination
study: Sprung
et al. (2000)

Fischer et al.
(1987);
Ammerman
et al. (2002,
2003);
Ammerman
and Ginn
(2004)

USNRC
(2003a)

UK Department
of Transport
(1986)

rived from the historical record of truck and train accidents in the United
States. These data were compiled from government and private databases.
The data included accident speeds and impact angles, the hardness of im-
pacted objects (i.e., other vehicles, wayside terrain), and the frequency and
duration of accident-associated fires. The data were used to develop a suite
of historical accident scenarios and associated accident probabilities that
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*Potentially significant accident scenarios
**Conditional probability which assumes an accident occurs

FIGURE 2.3 The event tree for train accidents from the 1987 modal study (Fischer
et al., 1987). The numbers shown at each branch are probabilities for the accident
branch based on an analysis of historical data. The accident scenarios marked with
an asterisk were determined to produce consequences that would approach or
exceed regulatory limits. SOURCE: Fischer et al. (1987, Figure 2-5).
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SIDEBAR 2.5 Radioactive Material Releases
in Severe Transportation Accidents

There are two barriers to the release of radioactive materials from spent fuel
packages into the environment during a severe accident. The first is the package
itself. As described in this chapter, Type B packages used to transport spent fuel
are designed to withstand severe accidents without a significant loss of contain-
ment or an increase in external radiation to levels that would endanger emergency
responders or the general public.

The second barrier is the fuel rod cladding. The cladding for most commerecial
nuclear fuel is made from a zirconium metal alloy, referred to as zircaloy, which is
fabricated into long (3.5 to 4.5 meter [11.5 to 14.75 feet]) tubes (Sidebar 1.3).
These tubes, which contain the uranium dioxide fuel pellets, are pressurized and
sealed to resist collapse or leaks when placed into the high-pressure operating
environment of the reactor core. Fuel rods are bundled together into fuel assem-
blies using metal structural supports. These supports also help to prevent the fuel
rods from collapsing and buckling in a severe transportation accident.

The release of significant quantities of radioactive materials from a loaded spent
fuel transport package into the environment during a severe accident would occur
only if the package and one or more fuel rods were breached (small amounts of
radioactive contamination from the external surfaces of the fuel rods [crud] could
be released from the package if the package seals were compromised, even if the
fuel rods maintained their integrity). Fuel rod breaching could potentially occur by
two processes: mechanical rupture or thermal creep. The former could occur if
impact forces exceed the mechanical strength of the cladding, causing it to buckle.
The latter could occur at elevated temperatures due to time-dependent elongation
of the cladding along fracture planes. High burn-up fuel rods may be more suscep-
tible to breaching because of cladding embrittlement resulting from their longer
residence in the reactor.

If breached, the fuel rods would depressurize, and radioactive material could

could be displayed as “event trees” (Figure 2.3). Quantitative analyses were
carried out to assess the effects of the loading conditions represented by
these event trees on generic train and truck transportation packages that
were similar in design to the packages in service in the mid-1980s. A more
complete discussion of this study is provided in Chapter 3.

The analysis involved a two-stage screening process. Phase 1 screening
used dynamic linear stress analysis and standard transient heat-transfer
models to screen out those accident scenarios in which the thermomechani-
cal conditions did not exceed the regulatory testing requirements in 10 CFR
Part 71 (Sidebar 2.1). For these scenarios, any radioactive material releases
from the packages were assumed to fall below regulatory limits. Approxi-
mately 99.4 percent of all truck accidents and 99.7 percent of the rail
accident scenarios analyzed fell into this category (Fischer et al., 1987,
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be released into the interior of the transportation package by depressurization flow.
Two types of radioactive materials could be released: (1) gaseous materials (e.g.,
radioactive noble gases such as krypton-85 and volatile materials such as cesium-
137) produced by fission reactions while the fuel is in the nuclear reactor; and
(2) fine particles of the fuel itself, referred to as fuel fines, which are created by
mechanical fracturing. The particle-size distributions of the fuel fines will depend
on the burn-up of the fuel and the magnitude of the mechanical forces on the fuel
pellets during the accident.

Only fuel fines smaller than the size of the cladding breach can be released
from the fuel rod into the package; larger particles can also clog the cladding
breach and reduce the quantity of fine-particle releases into the package. Most of
the released fines would be deposited onto the interior surfaces of the package.
Some of the remaining airborne fines (which typically comprise only a few percent
of the fines released into the package; see Sprung et al., 2000, p. 7-30) and radio-
active gases could be released into the environment, but only if all of the package
barriers (i.e., the package lids and, if present, the inner canister) were breached.
Volatile components such as cesium-137, if present, would condense upon cool-
ing. The quantity of materials released from the package would depend on the size
of the breaches and the presence of a driving force (e.g., depressurization) to
propel material out of the package. Once air pressure between the package interi-
or and outside environment was equalized, further material releases would occur
by much slower diffusion processes.

The process for the release of radioactive materials from transportation pack-
ages containing high-level waste is similar to that for spent fuel with three notable
exceptions. First, high-level waste does not contain fission-produced noble gases;
those gases were removed from the waste during processing. Second, high-level
waste to be transported in a vitrified (glass) form is contained in stainless steel
canisters (see Sidebar 1.3), rather than zircaloy cladding. Third, the canisters are
not pressurized, so there are no large depressurization forces to drive radioactive
material releases from the canister into the package or the environment.

p. 9-2). Phase 2 screening involved more sophisticated analyses of package
responses and radiological releases for the relatively small number of acci-
dent scenarios that exceeded the 10 CFR Part 71 testing limits. This screen-
ing employed nonlinear dynamic stress analysis models to estimate package
deformation and transient thermal models that took into account the phase
change accompanying the melting of lead shielding in the package at high
temperatures. These analyses assumed that the packages contained five-
year-cooled pressurized water reactor fuel having a burn-up of 33,000
megawatt-days per metric ton, which was typical of spent fuel at that
time.1¢ The analyses also considered breaches of the spent fuel cladding due

16present-day fuel burn-ups are typically between 50,000 and 60,000 megawatt-days per
metric ton.
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to both impact and thermally induced creep (see Sidebar 2.5). The radio-
logical effects considered included releases of radioactive materials from the
package as well as increased radiation doses resulting from damage to the
package shielding.

Based on the phase 2 screening, Fischer et al. (1987) concluded that
roughly 0.3 to 0.6 percent of extreme accidents would result in radioactive
releases that approach or slightly exceed the regulatory limits in 10 CFR
Part 71 (Sidebar 2.1), with less than 0.001 percent of the truck and 0.012
percent of the rail accident scenarios actually having releases that would
exceed regulatory limits. Because these conditions pushed the capabilities of
the computer codes, there was no attempt made to model the releases for
the most extreme accidents. Instead, estimates of the releases for these very
extreme accidents were extrapolated from the release behavior during less
extreme accidents.

2.2.2 Reexamination Study

In a “reexamination study,” Sprung et al. (2000) updated the modal
study analyses using different package designs and modeling approaches.
This study examined the performance of four generic transportation pack-
ages: steel-lead and steel-depleted uranium truck packages and steel-lead
and monolithic steel train packages. These packages were similar in design
to the USNRC-certified packages that were in use in the late 1990s. A
detailed description of this study is provided in Chapter 3.

Mechanical performance was estimated using a three-dimensional fi-
nite element code (PRONTO 3D'”), which was developed by Sandia Na-
tional Laboratories for modeling large deformations in nonlinear mechani-
cal behavior for materials subjected to very high strain rates. The code was
used to estimate the mechanical response of the four packages to end,
center-of-gravity over corner, and side impacts onto unyielding and yield-
ing surfaces at speeds of 30 (the impact speed for the regulatory free-drop
test; see Sidebar 2.1), 60, 90, and 120 miles per hour (about 48, 96, 144,
and 192 kilometers per hour). The package impact limiters were assumed
to be in place but fully crushed before impact occurred. This is a very
conservative assumption; in an actual accident the impact limiters would be
expected to absorb most of the impact forces by crushing, as they are
designed to do.

Impacts onto unyielding surfaces provide the most rigorous test of
package performance. Based on their modeling analysis, Sprung et al. (2000)

17PRONTO 3D is a Lagrangian finite element code developed by Sandia National Labora-
tories that is roughly comparable to LS DYNA 3D, a code that is used worldwide for trans-
port package design and verification analyses.
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concluded that package impacts onto an unyielding surface would have
produced strains lower than those required for package penetration at all of
the modeled impact speeds and orientations. The models indicate that the
seals on the truck packages maintained their integrity in all but possibly the
120 mile per hour impact; however, for the latter impact, the seal leak areas
would have been small. The models also suggest that for rail packages,
some seal leakage could occur for some impact orientations at impact
speeds onto unyielding surfaces as low as 60 miles per hour and possibly at
all orientations at speeds of 120 miles per hour.

A one-dimensional heat transport code was used to estimate the time
required to cause the failure of the elastomeric package seals and rupture
fuel rods when the package was subjected to a fully engulfing optically
dense fire at 800°C (1472°F) (the regulatory thermal test; see Sidebar 2.1)
and 1000°C (1832°F). Failure temperatures for elastomeric seals were esti-
mated from data available in the literature. These data suggested that the
seals would experience rapid degradation at temperatures exceeding 350°C
(662°F). For the 800°C fire (1472°F), it was found that the minimum time
to the 350°C (662°F) seal degradation temperature was just over one hour
for one of the truck packages, with the maximum time being almost 2.5
hours for a rail package. For a 1000°C (1832°F) fire, the minimum and
maximum times to degradation were about 0.6 and 1.4 hours, respectively,
for a truck package and a rail package. As noted previously, packages are
required by USNRC regulations to withstand a 30-minute, fully engulfing
fire (see Sidebar 2.1).

2.2.3 Historical Accident Reconstructions

Additional investigations have been undertaken to reconstruct the ther-
momechanical conditions from a number of historical accidents that, had
they involved spent fuel or high-level waste transportation packages, could
have provided a severe test of package performance. It should be empha-
sized that none of these accidents actually involved shipments of spent fuel
or high-level waste. The modal study (Fischer et al., 1987) developed esti-
mates of the thermomechanical conditions for four severe accidents selected
from a database of 400 train and truck accidents in the United States that
were known to have produced extreme loading conditions. These are sum-
marized in Table 2.2. The authors concluded that only one of the four
accidents—the September 1982 Livingstone, Louisiana, train derailment
and fire—could have resulted in any releases of radioactive materials.
Whether releases would have occurred depended on where the package was
placed on the train relative to the location of the fire, which was allowed to
burn for several days.

Ammerman and colleagues (Ammerman et al., 2002, 2003; Ammerman
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TABLE 2.2 Severe Accident Scenarios Examined in the 1987 Modal
Study
Conclusions About
Accident Severity by
Date Location Description Fischer et al. (1987)
January Hunter, Five railcars plunged off No radioactive material
1979 Alabama a rail bridge into the releases or increases in
muddy bottom of a river external radiation expected
about 23 meters (75 feet)
below
March San Francisco, A tractor trailer traveled No radioactive material
1981 California through a bridge railing releases or increases in
and fell onto a soil external radiation expected
surface about 19.5 meters
(64 feet) below the bridge
April QOakland, A truck fire in a highway  No radioactive material
1982 California tunnel involving about releases or increases in
33,300 liters (8800 external radiation expected
gallons) of gasoline
September  Livingston, A train derailment and Package releases could
1982 Louisiana fire fed by plastics and have exceeded regulatory

petroleum products; fires
burned for several days

limits depending on where
the package was located

in the fire

SOURCE: Fischer et al. (1987).

and Ginn, 2004) from the Sandia National Laboratories examined the
thermomechanical conditions for 12 historical accidents, some of which
had been identified by the State of Nevada as potentially being severe
enough to compromise the containment effectiveness of spent fuel transpor-
tation packages (Table 2.3). Accident loading conditions were reconstructed
from National Transportation Safety Board reports and newspaper ac-
counts. These conditions were compared to the loads experienced by trans-
portation packages during regulatory testing (e.g., the 9-meter drop test;
30-minute thermal test); to the accident scenarios estimated in the modal
study (Fischer et al., 1987); and to the 2000 reexamination study estimates
(Sprung et al., 2000).

The authors concluded that the thermomechanical conditions described
in Table 2.3 were encompassed by the event trees used in the Sprung et al.
(2000) study (see Chapter 3). They also concluded that none of these acci-
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TABLE 2.3 Severe Accident Scenarios Examined by Sandia National

Laboratories
Conclusions About
Accident Severity by
Date Location Description Ammerman and Colleagues
June Greenwich, Two trucks and two cars  Impact would have been
1983 Connecticut plunged off an less severe than the
interstate highway bridge = 9-meter drop test onto an
into a river about unyielding surface
21 meters (70 feet) below
August Checotah, Transported military Detonation of military
1985 Oklahoma ordnance (2000-pound ordnance would not have
Mk-84 bombs) exploded  caused package failure
after a truck accident
July Miamisburg, A train carrying yellow Fire would not have
1986 Ohio phosphorus and molten exceeded the 30-minute
sulfur derailed and regulatory thermal test
caught fire
April Amsterdam, Several cars and a truck Impact would have been
1987 New York plunged off an interstate  less severe than the
highway bridge, falling 9-meter drop test onto an
about 24 meters (80 feet) unyielding surface
into a rain-swollen creek
December  Memphis, A tanker truck carrying Package would have
1988 Tennessee about 9500 gallons of experienced only
propane caught fire and superficial damage
exploded
February Helena, A runaway train collided  Fire would not have
1989 Montana with a locomotive at exceeded the 30-minute
15 to 25 miles per hour, regulatory thermal test
causing two large
explosions from
hazardous cargo
February  Akron, Ohio One railcar carrying Fire would not have
1989 butane ruptured, exceeded the 30-minute
releasing its contents in regulatory thermal test
the form of a fireball
May San Bernardino, A train derailed at high Impact would not have
1989 California speed (100 miles per caused package breach or

hour); a gas pipeline
tailed catastrophically
tollowing cleanup of the
derailment

release of contents

continues
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TABLE 2.3 Continued

GOING THE DISTANCE?

Conclusions About
Accident Severity by

Date Location Description Ammerman and Colleagues
July Freeland, A derailed freight train Fire could have exceeded
1989 Michigan carrying flammable the 30-minute regulatory
materials burned for thermal test, but
several days conditions would not have
exceeded those shown by
Sprung et al. (2000) to be
necessary to cause package
seal failure
October Oakland, The upper level of a Collapse of viaduct onto a
1989 California viaduct collapsed onto truck package would not
the lower deck have been severe enough
to cause seal failure, but
package shield could be
somewhat compromised
December  Cajon, A runaway freight train No significant damage to
1994 California struck the rear of another package would have
train at a speed of about  occurred
45 miles per hour
February  Cajon Junction, The derailment of a Fire conditions would not
1996 California freight train caused a fire  have exceeded those shown

that burned for several
days

by Sprung et al. (2000) to
be necessary to cause
package seal failure

SOURCE: Ammerman et al. (2002, 2003); Ammerman and Ginn (2004).

dents would have produced thermomechanical conditions that exceeded
the regulatory test conditions in 10 CFR Part 71.

The USNRC undertook a detailed thermal analysis of the July 2001 fire
in the Howard Street tunnel in Baltimore, Maryland, that resulted from the
derailment of a train carrying hazardous materials. The fire was fed by a
tanker railcar carrying about 28,600 gallons (106,300 liters) of liquid
tripropylene. A National Institute for Standards and Technology (NIST)
study of the fire (McGrattan and Hamins, 2003) used detailed numerical
simulations to develop estimates of temperatures in the tunnel for the most
severe portion of the tripropylene fire, which occurred between the time of
its ignition and the rupture of a water main within the tunnel about three
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hours later.18 The study estimated that peak temperatures in the narrow
flaming region in the tunnel reached about 1000°C (1832°F) and that the
tunnel walls reached peak temperatures of about 800°C (1472°F). The hot
gas layer near the fire had average temperatures of about 500°C (932°F).

Tunnel temperatures were also estimated by analyzing oxide layer thick-
ness, metal loss, and metal melting on railcar components recovered after
the fire (Garabedian et al., 2002). This analysis suggested that gas tempera-
tures in excess of 800°C (1472°F) existed for more than 30 minutes near the
fire source. At 20 meters (66 feet) from the fire source, the analysis sug-
gested that maximum surface temperatures of 600°C (1112°F) could have
been reached for much less than 30 minutes.

USNRC staff modeled the thermal behavior of a specific USNRC-ap-
proved spent fuel package!® subjected to these estimated “extraregula-
tory” thermal conditions. The package and its cradle were modeled using
a two-dimensional finite element code for two scenarios: first assuming a
one-railcar (20-meter, or 66-foot) separation between the package and fire
source, as would be required by DOT regulations had spent fuel and haz-
ardous materials been transported together; and second assuming a 5-
meter (16.4-foot) separation. Both scenarios were analyzed for 150 hours
of fire exposure at the maximum temperature conditions estimated by the
NIST model.

The committee received a briefing from USNRC staff on the results of
this analysis, which can be summarized as follows (see also Bajwa, 2002;
USNRC, 2003a): For the first scenario, the temperature of the fuel element
cladding exceeded regulatory limits of 570°C (1058°F)2V after about 166
hours of fire exposure. For the second scenario, the fuel cladding would
have reached 570°C (1058°F) after 37 hours of exposure. Calculations
were also carried out to estimate the stresses on the welded canister result-
ing from fire exposure. Those calculations indicated that the welded canis-

18The NIST study noted that the distribution of tripropylene fuel within the tunnel, and
thus the duration of the tripropylene fire, are difficult to estimate. The study suggests that the
tripropylene fire was extinguished sometime between 3 and 12 hours after ignition either
from a lack of fuel or from water suppression. Smoldering of combustible materials contained
in closed boxcars on the train continued for several days after the tripropylene fire was
extinguished.

19The Holtec Hi-Star MPC package was modeled. This rail package is designed to hold
five-year-old pressurized water reactor spent fuel assemblies with maximum burn-ups of
45,000 megawatt-days per metric ton. It has a bolted external closure and an internal welded
canister. For the purposes of the USNRC analysis, the spent fuel assemblies were assumed to
generate the maximum internal heat (20 kilowatts) allowed by the package design.

20The 570°C (1058°F) regulatory limit was established to prevent fuel cladding failure
from thermal creep during storage. The actual burst temperature for zircaloy fuel rods is
about is about 750°C (1382°F) (see USNRC, 2003b).
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ter would have maintained its integrity. Consequently, USNRC staff con-
cluded that no radioactive material would have been released from this
package in this fire.

It is noteworthy that this analysis contains several significant “con-
servatisms” (i.e., assumptions that resulted in more dire predictions of
package performance than might have occurred in an actual fire): The
maximum fire temperatures in the tunnel were assumed to have been main-
tained for 150 hours—more than 6 days. The actual duration of the tri-
propylene fire in the Howard Street tunnel was estimated by NIST (Mc-
Grattan and Hammins, 2003) to last from 3 to 12 hours. A two-dimensional
thermal model was used in the analysis. This model ignored axial direction
heat transfer, which could have reduced the peak temperatures.2! Also, the
package was assumed to have the maximum allowed internal heat load
from spent fuel decay heat.

The USNRC is extending its Howard Street tunnel fire analyses to
examine the performance of two additional spent fuel packages: a TN68
rail package mounted on a railcar and NAC-LWT truck package in an ISO
(International Organization for Standardization) container mounted on a
railcar. Both are bare-fuel packages (see Section 2.1). These packages are
currently certified by the USNRC for use in the United States, and the
transport of truck packages by rail, which is one of the scenarios being
examined, is allowed under current regulations.

A draft report containing the Howard Street tunnel fire analyses (Adkins
et al., 2005) was made available to the committee in early September 2005,
after the committee held its last meeting for this study.22 Just prior to the
committee’s final meeting in July 2003, the State of Nevada also provided a
preprint of a paper describing a thermal analysis of a generic steel-lead-steel

21Marvin Resnikoff of Waste Management Associates criticized the USNRC’s analysis on
the basis that it did not use a three-dimensional thermal model and did not explicitly model
the bolts and seals on the external closure. While the committee agrees that additional details
in the models would have been informative, it also judges them unlikely to have changed the
results, given that the modeling predicted that there were no failures of the internal welded
canister of the package.

22This analysis assumed that the packages were located 20 meters (66 feet) from the fire
source and that the fire burned for seven hours, a shorter time than the original analysis.
According to the draft paper, the analysis shows that the maximum temperatures on the seals
of the TN68 and NAC-LWT packages would have exceeded their rated service temperatures,
making it possible for the release of radioactive materials to occur. An analysis was also
carried out to estimate the radioactive releases from these packages. They were characterized
in the paper as “very small—less than an A, quantity” (see Sidebar 2.1) and consisting of
non-fixed radioactive material (crud) from the external surfaces of the fuel rods. The draft
paper indicates that the fuel cladding would have maintained its integrity.
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truck package exposed to a fully engulfing hydrocarbon fire (Greiner et al.,
2005).23 Because these papers were provided so late in the study, the com-
mittee was unable to analyze, discuss, and integrate them into this report.

The United Kingdom Department for Transport (1996) analyzed the
thermal loading conditions in the Summit rail tunnel fire near Manchester,
England, on December 20, 1984. The fire resulted from the derailment of
10 tank cars carrying gasoline. The fire burned for about four days (Fig-
ure 2.4) and completely destroyed several tanker cars. The analysis showed
that fire conditions in the tunnel exceeded those required in the regulatory
thermal test, which suggested that there could have been releases of radio-
active materials had a spent fuel transportation package been involved in
the derailment and fire. As a result of this analysis, an operational rule was
established that prohibited English trains carrying spent fuel packages and
trains hauling flammable materials from crossing in rail tunnels.

2.3 FULL-SCALE PACKAGE TESTING
UNDER EXTREME CONDITIONS

Full-scale testing on transportation packages under severe extraregu-
latory conditions has been carried out in both the United States and the
United Kingdom. In the United States, these tests have been carried out
under the sponsorship of the Atomic Energy Commission and its successor
agencies, the Energy Research and Development Administration (ERDA)
and the USNRC. In the United Kingdom, one test has been carried out by
the British Central Electricity Generating Board (CEGB). In addition, the
USNRC plans to carry out an additional test on a rail package when funds
are made available by Congress. These studies are described in the follow-
ing sections, and the results are summarized in Table 2.4.

2.3.1 Sandia National Laboratories Air-drop Tests

Two air-drop tests were conducted by Sandia National Laboratories in
1975 to provide a demonstration of the ruggedness and survivability of
shielded containers in a manner that was thought to be better appreciated
by the general public than a regulatory test (Waddoups, 1975). The test

23 According to this analysis, the elastomeric seal for this generic package would reach its
melting temperature (referred to as the “temperature of concern” in the paper) in about two
hours if the impact limiter is attached to the lid end of the package and about 0.7 hour
without the impact limiter. The paper did not provide an analysis of the consequences of
exceeding the seal melting temperature in terms of possible releases of radioactive materials
from the package.
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FIGURE 2.4 Photos from the December 1984 Summit Tunnel fire near Manches-
ter, England. The top photo shows two fire plumes emerging from tunnel ventila-
tion shafts. The bottom photo is an interior view of the tunnel. Part of the tunnel
ceiling has collapsed onto one of the tank cars. SOURCE: Photos taken by a mem-
ber of the West Yorkshire Fire Brigade or Manchester Fire Brigade (used with
permission of www.todchat.com).
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TABLE 2.4 Full-scale Package Tests Described in this Chapter

Test Description Results in Brief Reference
600-meter (2000-foot) air drop of Less severe damage Waddoups
two small packages onto hard soil observed than for a (1975)

Crash of a truck carrying a 20 metric
ton (22 short ton) package mounted
on a trailer into a massive reinforced
concrete barrier at 98 kilometers per
hour (61 miles per hour) and

135 kilometers per hour (84 miles
per hour)

Crash of locomotive into 25 metric
ton (28 short ton) package mounted
on a trailer at 130 kilometers per
hour (81 miles per hour)

Crash of a 68 metric ton (75 short
ton) package mounted on a railcar
into a massive reinforced concrete
barrier at 131 kilometers per hour
(82 miles per hour)

9 meter free-drop tests of a package
onto its side and corner

Crash of a locomotive into a package
mounted on a railcar at

160 kilometers per hour (100 miles
per hour)

Full-scale testing of a rail package
mounted on a rail carrier car placed
at 90 degrees to a simulated rail
crossing, subjected to a collision with
a locomotive and several freight cars
traveling at 60 miles per hour,
followed by a fully engulfing,
optically dense, hydrocarbon fire for
a duration of one-half hour post-
collision

9-meter free-drop test
onto an unyielding surface

Superficial package
damage for 98 kilometers
per hour (61 miles per
hour) test; deformation of
package with small
amount of water leakage
observed for

135 kilometers per hour
(84 miles per hour) test

Package was deformed,
and a small leak was
detected when the package
was pressurized

Superficial package
damage

Water spray from lid-body
joint at impact releasing
up to a few liters of water

Superficial damage with
an internal pressure drop
corresponding to the loss
of about 0.5 liter

(0.1 gallon) of water
through the package seal

Test has not yet been
carried out

Huerta (1977)

Huerta and
Yoshimura
(1983)

Huerta (1981)

IME (1985)

IME (1985)

USNRC
(2003c¢,
2004b,c,d,
2005a,b)
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involved 600-meter (almost 2000-foot) air drops of two “obsolete”2* pack-
ages: a Pratt and Whitney 1 package?S and an OD-1 Oak Ridge Research
Reactor Spent Fuel Carrier.2¢ These drops were made onto a hard prairie (a
hard, dry, sandy silt soil) at the Sandia Edgewood Test Range in New
Mexico.

The packages impacted the prairie at speeds exceeding 100 meters (350
feet) per second and created deep impact craters (in one case exceeding 2
meters [7 feet] in depth). One of the packages experienced superficial dam-
age, while the other experienced some bulging and shifting of its internal
lead shielding. Waddoups (1975) noted that the impact velocities for these
drop tests reached speeds of about 230 and 246 miles per hour (103 and
110 meters per second), many times greater than the 30 mile per hour
(about 13 meter per second) speeds in the 9-meter regulatory drop test.
However, the hard prairie surface at the test site was not “essentially un-
yielding,” as evidenced by the deep craters created by the impacts. Based on
a comparison of damage to one of the packages, Waddoups (1975, p. 15)
concluded that “the 30-foot drop test onto an unyielding surface is a more
severe environment than the 2000-foot drop onto hard soil.”

2.3.2 Sandia National Laboratories Crash Testing

ERDA (predecessor agency to the Department of Energy) sponsored a
full-scale testing program at Sandia National Laboratories to obtain a bet-
ter understanding of the behavior of transport packages in severe accident
environments (Jefferson and Yoshimura, 1977). This program had two
primary objectives: (1) assess and demonstrate the validity of analytical
modeling and scale modeling for predicting the damage to transport pack-
ages in accidents; and (2) develop quantitative information on the condi-
tions in extreme accident environments.

This full-scale test program was carried out in three separate phases:
(1) use of computational methods to predict the conditions in accident
environments and the potential damage to shipping containers in such

24Both packages were considered obsolete because they were not designed to meet fire
standards with an acceptable loss of shielding. They also were not as rugged as then-licensed
packages.

25This package had a 0.622-meter (25-inch) outside diameter, 0.9065-meter (36-inch) out-
side height, and a weight of 3054 kilograms (3.4 short tons). The package is smaller than
many of the packages currently in use to transport commercial spent fuel.

26This package had a 0.8-meter (32-inch) outside diameter, 1.2-meter (48-inch) outside
height, and a weight of 7410 kilograms (8.2 short tons). The package also is smaller than
many of the packages currently in use to transport commercial spent fuel.
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environments; (2) determination of physical damage mechanisms through
scale-model testing; and (3) full-scale testing of representative hardware to
validate the computational analysis methodology.

Several criteria were considered in selecting the test scenarios. These
included the desire to expose transport packages to realistic and severe
accident environments, tractability of the scenarios to mathematical analy-
sis and scale-model testing, cost-effectiveness, and the likelihood of success-
ful execution. The last criterion eliminated scenarios that were difficult to
replicate such as skids into barriers. The cost criterion prompted the use of
out-of-service transport packages, used tractors, and a military surplus
locomotive in the tests. Three full-scale test scenarios were eventually se-
lected:

1. Impacts of tractor-trailer rigs carrying spent fuel transport pack-
ages into a concrete barrier at nominal speeds?” of 100 kilometers (62
miles) per hour and 130 kilometers (about 80 miles) per hour.

2. Impact of a locomotive into a spent fuel transport package mounted
on a truck trailer at a simulated grade crossing at a nominal speed of 130
kilometers (about 80 miles) per hour.

3. Impact of a spent fuel transport package mounted on a railcar into
a concrete barrier at a nominal speed of 130 kilometers (about 80 miles) per
hour, followed by exposure to a fire.

Prior to performing these tests, Sandia carried out both analytical and
one-eighth scale-model tests to predict the response of the vehicles and
transport packages under each of these impact conditions. Analyses were
conducted using “lumped parameter models” of the transport systems in
which the vehicle system and package are represented as a series of loads
and couplings. A limited amount of finite element modeling was also car-
ried out to elucidate the details of package deformation.

Scale-model testing was carried out in two phases. First, scale-model
packages were impacted directly against rigid barriers to identify and quan-
tify potential damage mechanisms. Then, scale models of the entire trans-
port system were tested to understand total system response. The latter tests
helped researchers determine the appropriate vehicle-package configura-
tions for the full-scale testing described in the following sections.28

27 Actual test speeds varied slightly from these nominal speeds in some cases.
28Videos of these tests are available on the Department of Energy’s web site at http://
www.ocrwm.doe.govinewsroom/videos.shiml.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

86 GOING THE DISTANCE?

Tractor-trailer Impact Tests

The tractor-trailer impact tests (Huerta, 1977) were carried out using
an obsolete spent fuel transport package weighing 20,500 kilograms (45,000
pounds) that was mounted on a trailer in a head-on position. The trailer
was attached to a standard tandem-axle tractor. The package contained an
unirradiated fuel assembly and was filled with water. Conventional balsa-
wood impact limiters were mounted on each end of the package. The
tractor-trailer was crashed into a massive (626 metric tons [690 short tons])
reinforced concrete barrier backed by more than 1500 metric tons (1650
short tons) of soil. The target was described by Jefferson and Yoshimura
(1977, p. 13) as “essentially unyielding” and of a weight greatly exceeding
what would be encountered along normal truck routes.

The tests were carried out at Sandia’s sled test-track facility on January
18 and March 16, 1977 (Figure 2.5). For each of the two tests, a tractor-
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FIGURE 2.5 High-speed (135 kilometers per hour [84 miles per hour]) crash of a
spent fuel package mounted on a truck trailer into a massive barrier carried out at
Sandia National Laboratories in 1977. The truck cab was destroyed in the crash,
but the package remained attached to the trailer. SOURCE: Sandia National Labo-
ratories.
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trailer was accelerated to the target by a rocket sled mounted on guide rails
behind the trailer. The sled was disengaged from the trailer prior to impact
to allow the vehicle to coast into the barrier at the predetermined speed.
The same transport package was used in both full-scale tests. It was instru-
mented with accelerometers, triaxial strain gauges near the front (impact)
end, and passive water pressure sensors inside the package to measure peak
pressures. The tests were recorded by high-speed photography.

On the first test, the trailer impacted the concrete barrier at a speed of
98 kilometers per hour (61 miles per hour). The tractor and the front end of
the trailer were completely destroyed. The package remained attached to
the trailer throughout the test, although the front package tie-down failed
and the rear tie-down was damaged. The package suffered only superficial
damage. There was no water leakage from the package, and the fuel assem-
bly was intact and undamaged. The package experienced a peak decelera-
tion of about 18 times the acceleration of gravity (i.e., 18 g’s) based on a
velocity-time analysis of the crash photos (see Sidebar 2.6).

On the second test, the vehicle hit the concrete barrier at 135 kilometers
per hour (84 miles per hour). At this speed the vehicle had approximately
double the kinetic energy?? of the first test. Nonetheless, the response of the
tractor-trailer was similar to the first test, and the package remained at-
tached to the trailer. The front impact limiter was partially crushed and
displaced, allowing the package to impact the rigid barrier. The front end of
the package was slightly deformed and the package length was reduced by
about 6 centimeters (2.4 inches). The impact created a 0.95-centimeter (0.4-
inch) gap between the lead shielding and the outer shell at the back of the
package. A small amount of water seepage (two drops per minute) was
observed at the package head (Jefferson and Yoshimura, 1977, p. 29).
Mechanical means had to be employed to remove the package head and a
large force applied to remove the fuel assembly because the package had
deformed. Some of the fuel rods were buckled by the impact.

Rail Grade-crossing Impact Test

The grade-crossing test (Huerta and Yoshimura, 1983) involved a crash
of a locomotive traveling at 130 kilometers per hour (81 miles per hour)
into a tractor-trailer holding a spent fuel transport package at a simulated
grade crossing (Figure 2.6). The test was carried out on April 24, 1977,

29The kinetic energy of a body in motion is equal to Y5 mv?2, where m is the body mass and
v is the body velocity. Because the package masses are the same in both tests, the ratio of the
kinetic energies is equal to the ratios of the test velocities squared: that is, (135/98)2 = 1.90.
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SIDEBAR 2.6 Impact Severity

The accelerations and strains that are routinely measured during package im-
pact tests provide quantitative information for the verification of computation simu-
lation analyses. Analyses of this kind are particularly important for comparing the
relative severity of full-scale crash tests and regulatory free-drop tests.

The tests described in this chapter were designed to generate large forces on
transport packages by accelerating them to a known speed and then impacting
them against rigid barriers. The forces generated by the impact can be calculated
using Newton’s equation:

Force (F) = mass (m) x acceleration (A).

During an impact, the package undergoes a rapid and negative change in A
(i.e., it decelerates) as its velocity goes to zero. It is possible to determine a nom-
inal (average) value for A directly by measuring the change in position of the pack-
age as a function of time. This measurement is typically made using photographs
taken during the crash by high-speed cameras, which record at up to 3000 frames
per second. Instruments, called accelerometers, also can be mounted on the pack-
age to provide this information. Unfortunately, the highest decelerations and forces
occur locally at the point of impact where measurements are very difficult.

Estimates of A as a function of time are usually given in the form of a smooth
curve (see figure), where acceleration is expressed relative to the acceleration
imparted by Earth’s gravity field. The units of measurement are expressed in g’s,
(1 g = 9.8 meters per second squared, or 32 feet per second squared). Because
the mass of the package is known and does not change during the test, the aver-
age forces (F) acting on the package can be determined directly using the above
equation. The peak of the curve provides a good estimate of the peak force of the
test.

The forces imparted during the test will cause both the package and the barrier
to deform. If the deformations are below the elastic limit they will be temporary, and
the deformed materials will return to their original shapes after the forces are re-
moved. If the deformation is above that limit, the deformations will be permanent.
This elastic limit is material specific but tends to be less than 1 percent strain for
steel objects.

using a 2545-kilogram (56,000-pound) stainless steel and lead package3°
containing an unirradiated fuel assembly. The package was mounted to the
trailer with heavy steel bands. The trailer in turn was attached to a used
gasoline tractor. A military surplus locomotive weighing 109,000 kilo-

30This package was constructed of a 2.54-centimeter (1-inch) thick outer stainless steel
shell and a 1.9-centimeter (0.75-inch) thick inner stainless steel shell with a 21.3-centimeter
(8.37-inch) thick sandwich of lead shielding. The package head was attached by eight 2.54-
centimeter (1-inch) diameter stainless steel bolts.
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The amount of deformation can be measured directly by installing strain gaug-
es on the package. These devices provide an estimate of the maximum local (i.e.,
where the strain meter is installed) changes in dimension (strain) of the object.
Strain is usually expressed in units such as microstrains (see table in Sidebar 2.2).
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Curve showing the variation in package acceleration as a function of time after

impact in the Sandia National Laboratories grade-crossing test. SOURCE: Huerta
and Yoshimura (1983, Figure 24, p. 25).

grams (240,000 pounds) was used in the tests. The package was instru-
mented with strain gauges and accelerometers, and the crash was recorded
by high-speed photography.

The test geometry was such that the heavy locomotive frame, which
was constructed of I-beams and welded steel plates, impacted the package
below its centerline. Upon impact, the package plowed through about 3
meters (10 feet) of the lighter locomotive superstructure above the heavy
frame and then became detached from the trailer, which became wrapped
around the front of the locomotive. The impact forces launched the pack-
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FIGURE 2.6 High-speed (130 kilometers per hour [81 miles per hour]) crash of a
locomotive into a package mounted on a truck trailer carried out at Sandia Na-
tional Laboratories in 1977. The top photo shows the impact of the locomotive
and the trailer. The end of the package can be seen near the center of the photo.
The bottom photo shows the package after the test. SOURCE: Sandia National
Laboratories.
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age into the air. It hit the ground about 46 meters (150 feet) from the point
of impact and tumbled for another 15 meters (49 feet). The package at-
tained a maximum horizontal velocity in flight of about 60 meters per
second (about 50 miles per hour).

The impact produced two indentations in the package where it was
struck by the frame of the locomotive. The cooling fins on the package were
crushed and the outer package shell was bulged inward by about 2.5 centi-
meters (1 inch). A small leak in the package head was detected when the
package was pressurized following the test (Jefferson and Yoshimura, 1977,
p. 37). The inside cavity of the package was undeformed, however, and
although some of the fuel rods had bowed slightly, the assembly was other-
wise undamaged. The maximum deceleration on the package was about 33
g’s based on a velocity-time analysis of the high-speed photos. Two acceler-
ometers mounted on the package gave peak readings of about 90 g’s and
200 g’s, but these readings may have been affected by package rotation,
which reached a peak of about 1500 rotations per minute. The peak strain
readings were below the yield strain for the package material.

Railcar Impact Tests

The third full-scale Sandia test involved the high-speed crash of a rail-
car-mounted spent nuclear fuel package into the same concrete barrier used
in the truck crash tests (Huerta, 1981). The railcar system used in this test
was constructed around 1960 but was no longer in use at the time of the
tests. The package weighed about 68,000 kilograms (150,000 pounds). It
was mounted in a steel-frame railcar with a package encasement system of
about the same weight.

The transport package was larger than that used in the rail-crossing
test, but it had a similar construction.3! It was designed to carry 10 spent
fuel assemblies in water. For the purposes of this test, the package was
loaded with nine mock assemblies and one unirradiated assembly, and it
was filled with water. The package was mounted in the railcar with its
closure end facing forward (i.e., toward the impact end of the railcar). The
railcar and package were extensively instrumented with strain gauges and
accelerometers. The crash was recorded by high-speed photography using
both stationary and railcar-mounted cameras.

The test was conducted on September 27, 1977 (Figure 2.7). The rail-
car impacted the barrier at a speed of 131 kilometers per hour (82 miles per

311t had two stainless steel shells, 3.5 centimeters (1.375 inch) thick on the outside and 0.95
centimeter (0.375 inch) thick on the inside. The lead shielding was sandwiched between these
shells. The package head was attached to the body with 24 high-strength bolts.
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FIGURE 2.7 High-speed (131 kilometers per hour [82 miles per hour]) crash of a
spent fuel package mounted in a railcar into a massive barrier carried out at
Sandia National Laboratories in 1977. The railcar was destroyed in the crash,
but the package sustained only superficial damage. SOURCE: Sandia National
Laboratories.

hour). The impact crushed both the front end of the railcar and a spacer
device that was placed at the forward end of the package. The package
suffered some external damage to its cooling fins, but was otherwise un-
deformed. The package remained leaktight after the test. The fuel rods
themselves were undamaged, although one of the support brackets was
slightly distorted.

High-speed photography was used to estimate the deceleration-time
curves for the package. Maximum decelerations were calculated to be 32
g’s. The strain gauge data from the package and fuel showed that maximum
strains were below the elastic limits for these materials, which is consistent
with the observation of no permanent deformations of those objects.
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2.3.3 British Central Electricity Generating Board Tests

In the early 1980s, the British CEGB undertook a testing program
aimed at improving understanding of the performance of spent fuel trans-
port packages. The program had three objectives:

1. Understand how to assess package impact resistance and demon-
strate compliance with regulatory requirements.

2. Estimate the probabilities of transport accident scenarios.

3. Demonstrate to the public that the Generating Board’s packages
that meet regulatory requirements will withstand severe accident conditions.

The impact performance of transportation packages was investigated
over a period of four years through a carefully planned progression of
analytical studies, scale-model testing, drop testing, and a full-scale crash
test. A discussion of these tests is provided in Blythe et al. (1984) and an
Institution of Mechanical Engineers (IME, 1985) report.

CEGB selected the Magnox package for this testing program. This
package has been used since the 1950s for transporting Magnox fuel3? to
the Sellafield site for reprocessing. By the early 1980s this package was
being used for most of CEGB’s fuel movements to Sellafield as well as
shipments to Sellafield by the Scotland Electricity Board and British Nuclear
Fuels Limited (BNFL). The package has undergone several design improve-
ments since being introduced into service. It has a monolithic cuboid body
with a bolted lid with welded steel fins for cooling. A photograph of this
package is shown in Sidebar 2.3. The package can hold up to 400 Magnox
fuel elements and 1 metric ton (1.1 short tons) of water for heat transfer
and radiation shielding. The loaded weight of the package is about 48
metric tons (53 short tons). The packages are transported mostly by train
on specially designed railcars called flatrols.

Analytical studies carried out under the CEGB project indicated that
because of their massive construction, the package body and package lid
would be unlikely to sustain major damage in an accident. Any damage
would likely be minor (e.g., bent cooling fins). These studies also suggested
that any package releases would most likely be caused through impacts that
result in bolt extension and decompression of the elastomer seals at the lid
closure (Dallard, 1985, p. 49).

Analytical studies and scale-model testing undertaken by CEGB had
shown that the maximum deformation would be sustained in a drop test in

32Magnox fuel contains uranium metal encased in a magnesium alloy “can.” The United
Kingdom now operates 6 Magnox reactors, down from a peak of 26. The first reactor (Calder
Hall) began operating in 1956 and is now shut down.
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which there is no package rotation at impact. To achieve this condition, the
drop tests were designed so that the center of gravity of the package was
located directly above the impact point. The drop tests were designed to
produce maximum deformation of the lid-body joint, because this would
have a direct effect on containment integrity. Tests were conducted using
one-quarter- and one-half-scale models and a full-scale package (shown in
Sidebar 2.3). The packages were instrumented by transducers to measure
forces on the bodies, lid displacements, and internal water pressures. Strain
gauges were fitted to the closure bolts to measure elongations. High-speed
photography was used to capture a detailed visual record of each test.
Two full-scale tests were carried out: In the first, the package was
dropped onto the corner of the lid, and the second public demonstration
test, the package was dropped onto the lid edge (Figure 2.8). The same
package was used for both tests. The “public demonstration” drop test was
conducted in March 1984. The package was filled with steel bars to simu-
late the Magnox fuel, and it also contained the other internal components
and water in a manner that would be typical in an actual package shipment.
It was pressurized to 100 pounds per square inch (6.9 bars) for leak testing.
A detailed discussion of the results of these tests is given in IME (1985).
There was generally good agreement between the measured accelerations
and displacements in the scale-model and in the full-scale drop tests. It was
concluded that package behavior can be characterized accurately in scale-
model tests “provided that all the important features are accurately repre-
sented in the models” (Barnfield and Donelan, 19835, p. 82; see Sidebar 2.3).
A small decrease in internal package pressures (ranging from about 1.5
to 6 pounds per square inch [0.1 to 0.4 bar]) was measured in both the
scale-model and the full-scale drop tests. High-speed photography of the
full-scale and half-scale tests showed a water spray from the lid-body joint
lasting about 20 milliseconds. The water loss from one of the full-scale tests
was estimated to be on the order of a few liters. Calculations based on this
observation suggested that the associated radiological releases would have
been less than about 5 percent of the amount permissible under TAEA
regulations for accident conditions.?3
The next phase of the CEGB study involved the identification of pack-
age transport impact hazards along transport routes. The objective of this
hazard analysis was to estimate the probability of occurrence of various
accident scenarios for use in designing the full-scale impact tests. Most
spent fuel transport in the United Kingdom is carried out using rail, so the
analysis focused on the identification of potential hazards along current
and future rail routes used to transport packages to Sellafield. CEGB recog-

33These are given by the A, values described in Sidebar 2.1.
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FIGURE 2.8 Preparation of a Magnox spent fuel package (behind the workers on
the scaffold) for the March 1984 CEGB free-drop test. The package was subjected
to a 9-meter (30-foot) drop onto an unyielding surface. SOURCE: Magnox Elec-
tric Ltd.

nized that most people would have difficulty comparing the severity of a 9-
meter drop test required by the regulations to a rail accident that might
occur when a package was being transported at high speeds on the British
rail system. This test was designed to provide a graphic demonstration of
such a rail accident.

Information was collected on topography, geology, tunnel and bridge
abutments, mobile hazards such as road vehicles and aircraft, and previous
railway collisions. This information was used to construct event trees (e.g.,
see Figure 2.3) that could be used to assess the probability of future acci-
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dent occurrences. The hazard analysis identified a range of potential events
and estimated their probabilities of occurrence. The most likely accident
scenarios range from derailments (5 chances in a hundred per year [5 x 102
per year]) to the impact of a package onto rock from a height exceeding 20
meters (70 feet) (1 chance in 100 million per year [1 x 1078 per year]).

Two scenarios were considered initially for the full-scale crash test
(Hart et al., 1985a, p. 116) based on the hazard analysis: (1) package-
flatrol impact following a fall of 20 meters (65 feet); and (2) a package-
flatrol striking a bridge or tunnel abutment at a speed exceeding 20 meters
per second (about 45 miles per hour), which was the speed limit for trains
carrying spent fuel packages at the time these tests were carried out.’* A
third scenario was added because it was frequently mentioned as a cause of
public concern: a derailed package-flatrol struck by a train traveling at a
closing speed of greater than 20 meters per second (45 miles per hour).
Other possible scenarios were eliminated from consideration because they
were thought to have a very low probability of occurrence. These included
aircraft impacts, explosions, and blasts.

The third scenario (train crash into a derailed package-flatrol) was
finally selected for demonstration because model tests showed that of the
three scenarios, this one would inflict the most damage on the package
closure. The testing was limited to one full-scale crash because of cost and
logistical considerations.

The crash test was carried out using the heaviest locomotive in service,
which had an operating weight of about 140,000 kilograms (310,000
pounds) and a maximum operating speed approaching 45 meters per sec-
ond (100 miles per hour). Three passenger coaches were hooked to the
locomotive to “add realism to the test” (Collins et al., 1985, p. 206), even
though calculations suggested that they would not increase its severity.

The test configuration chosen was similar to that used for the drop test:
an impact on the package-closure joint with the center of mass of the
locomotive aligned with the center of mass of the package to minimize
rotational forces. The same package body used in the drop tests was used
for this crash test, but it was fitted with a new lid. The package was
mounted on a flatrol railcar, which was turned on its side and laid diago-
nally across the track so that the front coupler on the locomotive was
aligned with the package-closure joint (Figure 2.9). The locomotive and
package were instrumented with accelerometers and strain gauges, and the
test was recorded using high-speed photography.

The test was carried out at a test track at Old Dalby in Leicester,

34This speed limit has since been raised to 65 miles per hour (104 kilometers per hour).
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FIGURE 2.9 Configuration for the July 1984 full-scale crash test of a Magnox
spent fuel package carried out in Leicester, England by the CEGB. The Magnox
package was mounted on a flatrol railcar, which was turned on its side and laid
diagonally across the track as shown in this photograph. The wires leading away
from the package are connected to instruments for monitoring conditions during
the early phases of the crash. SOURCE: Magnox Electric Ltd.

England on July 17, 1984, and was shown live on national television.? In
the crash, which was described as “first and foremost a visual spectacle”
(Hart et al., 1985b, p. 234; Figure 2.10), the package suffered only superfi-
cial damage. The peak recorded acceleration, about 49 g’s, occurred about
10 milliseconds after impact. The pressure within the package was checked
after the crash and was found to have decreased by 0.012 megapascal,
corresponding to a fluid loss of about 0.5 liter (Hart et al., 1985b, p. 234).
A significant observation from this test is that the peak force on the
package during the test (29 meganewtons [MN]) was considerably less than
the peak force in the 9-meter drop test (75 MN) on the same package. In
other words, this visually spectacular crash was actually a much less severe
mechanical test of package containment than the 9-meter free-drop test
used in the TAEA standards and USNRC regulations (see Sidebar 2.1).

35A video of this test is available on the Department of Energy’s Web site at http:/fwww.
ocrwm.doe.gov/newsroom/videos.shtml.
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FIGURE 2.10 Full-scale crash test of a Magnox spent fuel package carried out in
Leicester, England by the CEGB in July 1984. This photograph was taken just after
the locomotive, which was traveling at 100 miles per hour (45 meters per second),
collided with the package and flatrol. The collision has lifted the package and
flatrol off the ground. SOURCE: Magnox Electric Ltd.

2.3.4 Package Performance Study

In 1999, the USNRC initiated a five-year project, referred to as the
Package Performance Study, which had the following three objectives
(USNRC, 2003c, p.4):

1. Assess whether finite element analysis is a valuable tool for char-
acterizing package and fuel response in extreme thermomechanical
environments.

2. Demonstrate the inherent safety of spent fuel package design using
public outreach as a significant element.

3. Refine dose and risk estimates to the public and workers through
the collection of additional empirical data and improved transportation
statistics.

USNRC staff embarked on an effort to obtain public input to inform

this study. Initially, the staff held public meetings and solicited comments
through its Web site to identify concerns that could be addressed in this
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study. An analysis of these comments by Sandia National Laboratories
(Sprung et al., 2001) identified several common concerns: Some commenters
asserted that the regulatory testing requirements in 10 CFR Part 71 were
unconvincing as a demonstration of a transport package’s performance
under severe accident conditions. They wanted more realistic full-scale test-
ing to demonstrate package performance. Some members of the public also
thought that the accident statistics used in the analytical studies of package
performance in severe accidents (e.g., the 1987 modal study) needed to be
reanalyzed in light of increased truck traffic and vehicular speed limits on
interstate highways.

USNRUC staff then held additional public meetings to help them assess
the accuracy of the Sprung et al. (2001) analyses of public comments and to
obtain additional comments on a set of proposed package tests. These
comments were used to develop a set of draft protocols for extraregulatory
tests of rail and truck packages (USNRC, 2003c¢). Two draft protocols were
proposed:

1. High-speed (75 miles per hour [120 kilometers per hour]) impact
tests involving drops of rail and truck packages from a tall tower onto an
essentially unyielding surface. The rail package drop would be a package-
corner-over-center-of-gravity test with the impact limiter in place. The truck
package drop would be onto the package body in a so-called back-breaker
orientation that bypassed the impact limiters.

2. A fire test for both the rail and the truck packages that would
involve a fully engulfing, optically dense hydrocarbon fire of a greater-than-
30-minute duration.

Both of these tests are extraregulatory in the sense that they would
exceed the test requirements in 10 CFR Part 71 (Sidebar 2.1). The 9-meter
free-drop test, for example, produces, neglecting windage, a terminal speed
of 13.3 meters per second, which is approximately 30 miles per hour (or
approximately 48 kilometers per hour). This impact speed is much lower
than the 75 mile per hour (120 kilometers per hour) impact speed envi-
sioned in the staff’s draft test protocol.

USNRC staff proposed to perform full-scale testing on two packages
that are currently certified in the United States. These packages are similar
in construction to the generic packages that were used in Sandia’s spent fuel
shipping risk reexamination (Sprung et al., 2000).

These draft testing protocols were put out for additional public com-
ment. USNRC staff identified several groups of suggestions from the public
comments on the draft testing protocols (USNRC, 2004c): full-scale testing
should be conducted to regulatory limits; tests should be based on realistic
accident scenarios; they should be designed to test packages to failure; and
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they should address terrorist acts. USNRC staff commented in its recom-
mendations to the Commissioners (USNRC, 2004c, p. 3) that having realis-
tic accident scenarios and testing to failure are incompatible goals. Staff
also noted that terrorism was being addressed in other studies currently
under way within the USNRC that “are not suitable for the public partici-
patory approach.”

USNRUC staff rejected the suggestion to test packages to failure as unre-
alistic and unworkable for the following reasons: There is no readily agreed-
upon definition of package failure among various stakeholders; package
failure is a design-specific issue that would have little generic application to
risk insights; and there are no realistic accident scenarios that are suffi-
ciently severe to lead to package failure.

USNRUC staff also decided to eliminate extraregulatory testing. In its
place, staff recommended to the Commissioners that one or more of the
following tests be carried out on full-scale truck and train packages:

e A test of a rail package to the regulatory limit. This would subject
a rail package with impact limiters to the regulatory tests in 10 CFR Part 71.

e A test of a truck package with its impact limiters to the same
regulatory limits, except that the 2-megapascal pressure test might be elimi-
nated if the truck and rail packages are tested in combination.

e A full-scale crash demonstration of a rail package with impact
limiters and its railcar with a simulated bridge abutment at about 75 miles
per hour (120 kilometers per hour), followed by a fire from a ruptured
tank car.

e A full-scale crash test of a truck package with impact limiters and
its trailer by a locomotive traveling at about 75 miles per hour (120 kilome-
ters per hour) on a grade crossing followed by a fire.

The staff proposed to the Commissioners a testing protocol involving
various combinations of these tests, as well as an option to perform the
extraregulatory tests originally outlined in USNRC (2003c¢). In December
2004, the Commissioners approved a modified full-scale test that will be
carried out when funds are made available by Congress (USNRC, 2004d).
USNRC staff was directed to plan for a demonstration test involving a
single rail spent fuel package involved in a “viable” transportation acci-
dent. The Commissioners directed that

the test should consist of a simulated rail crossing with a train traveling at
an appropriate speed colliding at a ninety degree angle with a transporta-
tion cask on its rail carrier car in a normal transportation configura-
tion. . . . The test will consist only of the collision and the natural results
of that collision. No separate fire testing or immersion testing will be
conducted on the cask.
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The Commissioners directed USNRC staff to prepare an information paper
that provided details and estimated costs of the test.

The requested information paper was submitted to Commissioners in
March 2005 (USNRC, 2005a). The staff proposed a test involving a full-
scale package of the kind that is likely to be used by the Department of
Energy (DOE) in its Yucca Mountain transportation program. The package
would contain surrogate fuel elements and would be mounted on a rail
carrier car placed at 90 degrees to a simulated rail crossing. The rail pack-
age would be subjected to a collision with a locomotive and several freight
cars traveling at 60 miles per hour (96 kilometers per hour). In accordance
with the Commissioners’ December 2004 directive, no fire or immersion
testing was included in the proposed testing plan.

The Commissioners approved this proposed test in June 2005 (USNRC,
2005b). In addition, the Commissioners reversed their earlier instructions
concerning the thermal test, directing the staff to “add a fire test sce-
nario . . . involving [a] fully engulfing, optically dense, hydrocarbon fire
for a duration of one-half hour post-collision.” The Commissioners di-
rected staff to inform it of the details and estimated costs for the proposed
fire test. They also noted that the proposed test plan provided by staff
(USNRC, 2005a) “is not the final word on this issue, as the project is
subject to additional modifications and Commission direction once addi-
tional information becomes available.” The Commissioners directed staff
to engage with higher-level management in DOE to request financial sup-
port for the demonstration test and to request increased funding from
Congress if DOE is unable to provide support.

2.4 CRITICAL ASSESSMENT OF PACKAGE PERFORMANCE

It is clear to the committee that package performance under severe
accident conditions is a major concern for transportation safety among
many members of the public, especially those who live and work along
shipping routes. Finding a way to resolve this issue continues to be a chal-
lenge to regulators in the United States and may eventually become a chal-
lenge for DOE and the private sector in their commercial spent fuel trans-
portation programs.

The packages used to transport spent fuel and high-level waste are
designed to contain their radioactive contents under normal transport con-
ditions and to withstand accident conditions without an increase in exter-
nal radiation to levels that would endanger emergency responders or the
general public. The package performance standards developed by the IAEA
and embodied in USNRC regulations (Sidebar 2.1) were developed to help
ensure that properly manufactured, certified packages provide such con-
tainment effectiveness. The 9-meter regulatory free-drop test onto an essen-
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tially unyielding surface, for example, is a more severe mechanical test of
package performance than has been produced in any of the severe full-scale
crash tests described in this chapter (see Section 2.3).

The safety of transporting spent fuel and high-level waste depends to a
great extent on the “inherent” safety of transportation packages to contain
their contents even under severe accident conditions. The committee ob-
serves that while the full-scale crash tests described in this chapter have
imposed mechanical conditions on packages that are less severe than the
regulatory free-drop test, some of these tests have resulted in small releases
from package containments.3®¢ However, these releases would not have
exceeded regulatory limits, which have as their goal the protection of emer-
gency responders and the general public. The committee judges that the
regulatory free-drop test imposes mechanical forces that are severe enough
to bound conditions likely to be encountered in foreseeable real-life acci-
dents. At the same time, the committee understands that any releases of
radioactivity could have substantial social risk implications (see Chapter 3).

The accident reconstruction and modeling studies described in Sec-
tion 2.2.3 suggest that there may be a very small number of credible acci-
dent conditions involving very long duration, fully engulfing fires3” that are
potentially capable of damaging the seals on transportation packages if
such fires are allowed to burn in an uncontrolled manner for long periods
of time. Such damage could potentially lead to the release of radioactive
material from the package through the processes described in Sidebar 2.5.

The potential for radioactive material releases from packages involved
in such fires and the consequences of such releases are incompletely under-
stood at present. USNRC staff has completed a solid technical analysis of
the response of one package design to a realistically extreme thermal event
resulting from the Howard Street tunnel fire. Additionally, staff are com-
pleting analyses of the performance of two additional package types for this
fire exposure (see footnote 22 in this chapter). The committee judges that
additional analyses of this type are needed to better understand package
performance for realistic accident conditions involving very long dura-
tion fires.

36The releases described in this chapter consisted of water that leaked from the package
interiors. This water may have been slightly contaminated with radioactive material from the
fuel rod cladding (crud), but the fuel itself remained intact. It is important to note that in the
United States, packages now in use to transport commercial spent fuel are filled with inert
gas, not water. Inert gas is a much less efficient medium than water for transporting radioac-
tive contamination out of leaking packages.

37The committee uses this term to describe fires that burn for periods of hours (or longer).
Such fires could produce thermal loading conditions that exceed those for the regulatory
thermal test specified in 10 CFR 71.73. Some of the real-world accidents described in this
chapter involved fires that burned for hours to days.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

TRANSPORTATION PACKAGE SAFETY 103

The number of additional analyses might be small in number, especially
if they focused on fire scenarios that would essentially bound expected real-
world accident conditions,?® and if they examined the performance of a
representative set of package designs that are likely to be used in future
large-quantity shipping programs. The analyses have to address both the
containment effectiveness of packages in response to very long duration
fires and the consequences of any radioactive releases that result from
package seal failures.

The purpose of these analyses would be to inform changes, if needed, to
regulatory and operational practices to reduce the likelihood of occurrence
and potential consequences of accidents involving very long duration fires.
At least two options are available to regulators and implementers if such
changes are needed:

1. Operational steps to reduce the likelihood of occurrence of long-
duration fires during spent fuel transport, and/or

2. Design or testing requirements to improve the thermal resistance of
transportation packages.

The first option would clearly be preferable from a cost and implemen-
tation standpoint. The objective of taking such operational steps would be
to reduce the potential for accidents between trucks or trains carrying spent
fuel and other vehicles carrying large quantities of flammable materials,
especially flammable liquids, in places where it might be difficult to mount
an effective firefighting response.3® Operational controls are used routinely
by railroads to control transportation hazards. Such controls would prob-
ably be more easily implemented and enforced when shipments of spent
fuel and high-level waste are made by dedicated train.

The second option would be more difficult and expensive to imple-
ment, because it very likely would require expensive changes to regulatory
testing requirements and some existing package designs. However, there
would be no reason to change the testing requirements or package designs
if effective operational controls could be implemented.

The committee received several comments at its meetings on the testing
of transportation packages under extreme loading conditions, especially

38The historical accident record provides perhaps the best available information to identify
bounding accident scenarios. For example, the Livingston, Louisiana, fire (see Table 2.2) and
Summit Tunnel fire (see Section 2.2.3 and Figure 2.4) are possible examples of bounding
scenarios.

39Tunnel fires are of special concern because of access restrictions that can delay or prevent
an effective firefighting response. Such delays could allow the fires to burn in an uncontrolled
manner for long periods of time.
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with respect to the USNRC’s Package Performance Study. Many comment-
ers asserted that the regulatory testing requirements in 10 CFR Part 71 are
unconvincing as a demonstration of a transport package’s performance
under severe accident conditions. They wanted realistic full-scale testing to
be conducted to demonstrate package performance. The State of Nevada
suggested that comprehensive full-scale testing would improve the overall
safety of the package and vehicle system and enhance confidence in risk
analysis techniques. Full-scale testing was proposed as a way to potentially
increase the acceptance of spent fuel shipments by state and local officials
and members of the general public and to “potentially reduce adverse social
and economic impacts caused by public perception of transportation risks”
(Hall, 2003, p. 3).

Full-scale testing can be used to determine how packages will perform
under both regulatory and credible extraregulatory conditions. To be of
value, however, the committee believes that extraregulatory tests must be
designed to closely mimic conditions that would reasonably be expected to
be encountered in actual service. The test program undertaken by the CEGB
in the 1980s (Section 2.3.3) provides an excellent example of the appropri-
ate use of full-scale testing. In that program, the full-scale test was the end
point of a much larger deliberative investigation of the conditions that
could be encountered during transport of spent fuel. The full-scale test was
used both to validate the analytical and scale-modeling work that had been
carried out beforehand, and at the same time to provide a demonstration of
the containment effectiveness of the packages in a way that could be appre-
ciated by the general public.

The USNRC’s Package Performance Study has elements of an appro-
priate full-scale testing program. The design for a full-scale test was devel-
oped through a deliberative process that involved technical analysis and
provided many opportunities for public comment. However, none of the
tests that emerged from this process were selected by the USNRC for execu-
tion. In fact, the scenario that was selected (a collision between a locomo-
tive and a package mounted on a railcar placed at 90 degrees to the rail
crossing in an upright position; see Section 2.3.4) duplicates many features
of the rail-crossing impact test carried out by Sandia National Laboratories
more than 25 years ago. One very important difference between the Sandia
test and the currently proposed test is the packages selected for testing. The
Sandia test used an obsolete truck transport package. The proposed test
would use a rail package that is currently certified and of the type to be used
by DOE for transport of spent fuel to the federal repository. If executed
properly, this full-scale test will be valuable for validating scale-model and
computer simulations of package performance and thereby increasing con-
fidence in current regulatory testing approaches. The test is also likely to be
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visually powerful and could provide the public with useful information
about the performance of transportation packages.

The committee also endorses package testing studies that integrate
full-scale testing, scale-model testing, and finite element and associated
structural analysis methods to demonstrate compliance with regulatory
standards. These analysis methods allow a much wider variety of failure
scenarios to be examined than is possible with full-scale testing alone. The
analysis codes (e.g., LS DYNA, PRONTO) have been well benchmarked for
these applications. Full-scale testing has two primary uses in this integrated
test regime. First, it can be used to validate the computer codes for each
package design, thus providing additional confidence in package perfor-
mance under real-world conditions. Second, it provides a direct demonstra-
tion of a package’s ability to meet specific regulatory test conditions.

Several participants at the committee’s information-gathering meetings
strongly urged that testing to failure should be carried out on all package
designs that will be used to transport spent fuel and high-level waste to
Yucca Mountain. However, they were not clear on what would constitute a
failure. When pressed for specifics, the committee understood that what
was generally meant was that full-scale testing should be carried out to
destruction, presumably to establish the ultimate strength of transportation
packages. The State of Nevada specifically recommended that the USNRC
undertake an evaluation of the costs and benefits of destructive testing of a
randomly selected production model cask (Hall, 2003, p. 3).

The principal argument in favor of destructive testing is that it can
provide information on the magnitudes of thermomechanical loads required
to eliminate containment effectiveness, thus establishing a “safety factor”
for a given package design. There are significant drawbacks to this ap-
proach, however. Most importantly, each of the tests would involve only
one thermal or mechanical loading condition out of the set of many pos-
sible conditions, and the selected loading condition would likely far exceed
what could reasonably be expected to occur even in the most extreme real-
world accidents. Moreover, a separate package might have to be acquired
for each test, which would greatly increase the costs of a testing program
for even a single package design.

It is important to recognize that any transportation package could be
destroyed if no limits are placed on the loads that act upon it. Moreover,
the failure of a package, in the sense that it can no longer perform its
intended containment function, will generally occur under conditions that
are much less severe than needed for destruction. Consequently, even if
costs were not prohibitive, testing to destruction would provide little or no
insight into the conditions that would cause a loss of package containment
under real service conditions.
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Even full-scale testing to failure could be problematical. Because exam-
ining the multitude of possible accident conditions and failure scenarios
through full-scale testing is clearly impractical, the committee judges that
the bounding approach that the IAEA has established is entirely appropri-
ate. The approach is one that reflects four plausible accident-like condi-
tions: free drop, puncture, thermal exposure, and water immersion (see
Sidebar 2.1).

The important question to be answered by testing is not whether a
package could be made to fail; as noted previously, it would certainly be
possible to design tests that would accomplish this goal. Rather, the ques-
tion that needs to be answered is whether there are credible accident condi-
tions that would result in releases of radioactivity to the environment that
would endanger emergency responders or the general public. It is clear from
the modeling and full-scale tests described in this chapter that transporta-
tion packages are extremely rugged. The committee judges that packages
designed, fabricated, used, and maintained under current regulatory stan-
dards are very unlikely to encounter loading conditions under real-world
conditions, with the possible exception of very long duration fires, that
would lead to releases in excess of regulatory limits. The committee recog-
nizes, however, that even minor releases from package containment might
have important social implications. These are discussed in Chapter 3.

2.5 PACKAGE PERFORMANCE FINDINGS
AND RECOMMENDATIONS

The committee offers the following findings and recommendations
based on the analysis of package performance provided in this chapter.

FINDING: Transportation packages play a crucial role in the safety of
spent fuel and high-level waste shipments by providing a robust barrier to
the release of radiation and radioactive material under both normal trans-
port and accident conditions. International Atomic Energy Agency package
performance standards and associated Nuclear Regulatory Commission
regulations are adequate to ensure package containment effectiveness over
a wide range of transport conditions, including most credible accident con-
ditions. However, recently published work suggests that extreme accident
scenarios involving very long duration, fully engulfing fires might produce
thermal loading conditions sufficient to compromise containment effective-
ness. The consequences of such thermal loading conditions for containment
effectiveness are the subject of ongoing investigations by the Nuclear Regu-
latory Commission and other parties, and this work is improving the under-
standing of package performance. Nonetheless, additional analyses and
experimentation are needed to demonstrate a bounding-level understand-
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ing of package performance in response to very long duration, fully engulf-
ing fires for a representative set of package designs.

RECOMMENDATION: The Nuclear Regulatory Commission should build
on recent progress in understanding package performance in very long
duration fires. To this end, the agency should undertake additional analyses
of very long duration fire scenarios that bound expected real-world accident
conditions for a representative set of package designs that are likely to be
used in future large-quantity shipping programs. The objectives of these
analyses should be to

e Understand the performance of package barriers (spent fuel cladding
and package seals);

¢ Estimate the potential quantities and consequences of any releases of
radioactive material; and

e Examine the need for regulatory changes (e.g., package testing re-
quirements) or operational changes (e.g., restrictions on trains carrying
spent fuel) either to help prevent accidents that could lead to such fire
conditions or to mitigate their consequences.

Strong consideration should also be given to performing well-instrumented
tests for improving and validating the computer models used for carrying
out these analyses, perhaps as part of the full-scale test planned by the
Nuclear Regulatory Commission for its package performance study.

Based on the results of these investigations, the Commission should
implement operational controls and restrictions on spent fuel and high-level
waste shipments as necessary to reduce the chances that such fire conditions
might be encountered in service. Such effective steps might include, for
example, additional operational restrictions on trains carrying spent fuel
and high-level waste to prevent co-location with trains carrying flammable
materials in tunnels, in rail yards, and on sidings.

FINDING: The committee strongly endorses the use of full-scale testing to
determine how packages will perform under both regulatory and credible
extraregulatory conditions. Package testing in the United States and many
other countries is carried out using good engineering practices that combine
state-of-the-art structural analyses and physical tests to demonstrate con-
tainment effectiveness. Full-scale testing is a very effective tool both for
guiding and validating analytical engineering models of package perfor-
mance and for demonstrating the compliance of package designs with per-
formance requirements. However, deliberate full-scale testing of packages
to destruction through the application of forces that substantially exceed
credible accident conditions would be marginally informative and is not
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justified given the considerable costs for package acquisitions that such
testing would require.

RECOMMENDATION: Full-scale package testing should continue to be
used as part of integrated analytical, computer simulation, scale-model, and
testing programs to validate package performance. Deliberate full-scale
testing of packages to destruction should not be required as part of this
integrated analysis or for compliance demonstrations.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

3

Transportation Risk

he original statement of task for this study (Sidebar 1.1) directs the

committee to examine the “principal risks” for transporting spent

fuel and high-level waste; determine how well these risks are under-
stood; and compare them to other risks that confront members of society.
Those tasks are addressed in this chapter.

As noted in Chapter 1, risk is a multidimensional concept: It includes
health and safety risks that arise from exposures of workers and members
of the public to radiation from shipments of spent fuel and high-level waste.
It also includes social risks that arise from social processes! and people’s
perceptions,? even in the absence of radiation exposures. The health and
safety risks and social risks are collectively referred to as societal risks in the
statement of task given in Sidebar 1.1.

A great deal of work has been carried out over the past four decades to
understand the risks (Sidebar 3.1) arising from the transport of spent fuel,
both in the United States and abroad. Although the principal focus of this

1Social process is defined as “a characteristic mode of social interaction” (Webster’s Third
New International Dictionary). Social interactions shape the communities in which people
live by, for example, influencing choices about where to purchase or rent a home, where to
work, and where to send children to school.

2Perception is defined as the “integration of sensory impressions of events in the external
world . . . as a function of nonconscious expectations derived from past experience” (Web-
ster’s Third New International Dictionary). Perceptions can have a strong influence on
peoples’ behavior, whether or not such perceptions are an accurate picture of reality.

109
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SIDEBAR 3.1 Background on Risk

Risks for spent fuel and high-level waste transportation arise from conventional
vehicular accidents and exposures to ionizing radiation under both normal and
accident conditions. Radiation risks are primarily a concern for people who live
near, or travel on, spent fuel shipment routes.

Risk considers both the likelihood of occurrence of a specific hazard and its
consequences. Frequently, one considers several scenarios that involve different
kinds of hazards, each with a different likelihood of occurrence and consequence.
One way in which risk can be expressed is in terms of a triplet (Kaplan and Garrick,
1981):

Risk = f (scenarios, probability, consequences),
Where, for spent fuel shipments,

* Scenarios represents transport conditions that can lead to an exposure to
ionizing radiation from either routine operations or severe accidents,

* Probability expresses quantitatively the likelihood that a scenario will actu-
ally occur during one shipment; it is expressed as a dimensionless quantity that
ranges in value from 0 (impossible) to 1 (certain)—for example, a probability of 0.5
indicates that a particular scenario has a 50 percent chance of occurring, and

e Consequences describe the undesirable results if the scenario does occur:
for example, undesirable health effects.

The risks from spent nuclear fuel transport can be characterized by several
measures. For example, risk can be expressed in terms of the expected number of
deaths per quantity of spent fuel transported, per number of packages shipped, or
per number of package shipments. It also could be expressed in terms of the
number of deaths expected for a specific subpopulation exposed to ionizing radia-
tion, for example, the subpopulation of transportation workers. Although they are
difficult to quantify, consequences may also include socioeconomic outcomes.

The choice of scenarios and consequences selected for a risk calculation can
make a difference in how that risk is understood by potentially affected popula-
tions. A risk may be understood as low by one measure in comparison to another,
even though the same risk is being considered (NRC, 1996). This has implications
for informing decision makers, for communicating about risks with non-experts,
and for the legitimacy of risk comparisons in the eyes of interested and affected
people (NRC, 1989, 1996). Comparing risks arising from fundamentally different
activities also requires care in the selection of appropriate scenarios and conse-
quences. This point is discussed in more detail elsewhere in this chapter.

report is on transportation in the United States, much can be learned from
international experiences. Spent fuel and high-level waste are being trans-
ported in many other countries, in some cases in much greater quantities
than in the United States. The committee has drawn upon the experiences
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of foreign transportation programs to inform its judgments. This informa-
tion has been acquired through the review of published documents and
from first-hand experience.’

Transportation risks can arise both during normal transport operations
and from accidents involving loaded spent fuel or high-level waste shipping
packages.* Table 3.1 describes the transportation impacts for these two
operational scenarios. These risks can also arise from incidents (e.g., terror-
ist attacks) involving packages containing spent fuel or high-level waste;
such incidents are not addressed in this report (see Section 1.2).

The health and safety risks to be discussed in this chapter arise from
exposures of people who travel, work, or live near transportation routes,
and transportation workers themselves, to radiation (Sidebar 3.2) from
loaded spent fuel and high-level waste transportation packages. During
normal operations, such exposures can occur as the result of radiation
shine> from transportation packages loaded with spent fuel or high-level
waste. Although the radiation doses to individuals near transport routes are
likely to be very low, large numbers of individuals may receive exposures,
producing a “collective dose” that can be used to estimate health impacts
(see Sidebar 3.3). Degradation and/or loss of package containment in a
severe accident has the potential to increase such radiation exposures and
possibly result in the release of radioactive material from the package to the
environment, although the committee notes in Chapter 2 that the robust
design of transportation packages makes such releases unlikely.

Health and safety risks are frequently characterized in terms of human
health effects: for example, injuries and loss of human life. Modern society
generally considers such consequences to be the most severe harms that can

3Committee member Clive Young has extensive experience with the transport of spent fuel
in the United Kingdom. In addition, a group of committee members visited Germany and the
United Kingdom in September 2004 (see Appendix B) to obtain first-hand information about
European transportation programs.

4International Atomic Energy Agency regulations for the safe transport of radioactive mate-
rials define three levels of severity for transportation conditions: routine conditions of trans-
port, normal conditions of transport, and accident conditions of transport. Routine condi-
tions are free of any transport mishaps; normal conditions can involve minor mishaps due to
rough handling or exposure to weather. Accidents subject packages to severe conditions that
well exceed normal conditions of transport.

STransportation packages contain heavy shielding to protect workers and the public from
the radiation emitted by the spent fuel or high-level waste contained within them. The pack-
ages are effective in shielding well over 99 percent of this emitted radiation, but a small
amount (below regulatory limits) of radiation, primarily gamma rays, can escape from the
interior of the packages and provide external doses to workers and the public. This report
uses the term radiation shine to refer to this external radiation.
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TABLE 3.1 Transportation Risks Examined in this Report

Transportation Impacts

Transportation
Conditions Health and Safety Risks Social Risks
Normal Health impacts arising from the Direct socioeconomic impacts:
emission of radiation (i.e., loss of economic or social well-
radiation shine) from being as a direct result of
transportation packages transportation program
operations
Perception-based impacts:
anxiety and associated illness;
loss of property values; and
reduced economic activity
Accidents Health and environmental Direct socioeconomic impacts:
impacts arising from elevated Temporary loss of transportation
radiation and/or the physical route use and associated business
release of radioactive material as  disruptions such as a loss of
a result of the degradation or tourism

loss of package containment
Perception-based impacts: social
amplification of the normal
impacts as a result of accidents;
these can result in secondary or
tertiary impacts, including
stigmatization of people and
places; loss of trust in
transportation program
management; moratorium on
transportation program
operations; and/or increased
program costs

result from any hazard, especially anthropogenic hazards that can be con-
trolled through regulation. Society places a high value on human life and
routinely demands that governments strictly regulate life-threatening haz-
ards. Reductions in severe injuries and loss of human life are generally
considered to be primary measures of regulatory effectiveness. Because of
this emphasis on protecting human life, risk assessment experts have devel-
oped methodologies to quantitatively estimate risks to human life. Side-
bar 3.1 provides a description of one way in which such risks are estimated.
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Social risks can have both direct socioeconomic and perception-based
impacts such as those shown in Table 3.1. These risks may reduce the
desirability of living and working in communities associated with spent fuel
and high-level waste transportation operations. The social risks of interest
in this chapter are harder to measure than the corresponding health and
safety risks, and even identifying cause-and-effect relationships can be diffi-
cult. The impacts of social risk occur within a much larger sphere of social
and economic activities that can mask important effects. The measurement
of perception-based impacts can be especially difficult, because it frequently
requires the use of surveys to measure people’s anticipated, rather than
actual, behaviors.

The health and safety risks and the social risks associated with spent
fuel and high-level waste transportation can have significant interactions.
Increases in radiation exposures or in the incidence of health effects from
transportation operations (e.g., because of well-publicized mishaps, acci-
dents, or fatalities) may, over time, increase the perception-based impacts.
On the other hand, transportation operations that are carried out without
demonstrable health impacts may, over time, reduce the perception-based
impacts. A shipping incident or accident that leads to a moratorium on
transportation operations might well change the entire profile of social
risks associated with a transportation program.

There is another class of nonradiological impacts that are not consid-
ered in detail in this chapter: conventional vebicular impacts associated
with the transportation of spent fuel and high-level waste. These include the
health impacts of exhaust emissions from transport conveyances and ve-
hicular accidents that result in fatalities, injuries, and property damage.
While these impacts are real and predictable, they generally do not garner
the same level of awareness or concern among members of the public as the
radiation-based impacts described previously. Moreover, it could be argued
that given the higher standards for driver training and equipment mainte-
nance, and the conduct of vehicle and package inspections and operations
for spent fuel and high-level waste transportation, conventional vehicular
impacts associated with accidents would actually be lower than for other
types of hazardous materials or heavy-freight transport. In any case, spent
fuel and high-level waste transportation programs are a very small compo-
nent of the overall transport system for hazardous materials, as measured
both by load mass and by volume of traffic.

The committee provides an examination of health and safety risks of
spent fuel and high-level waste transportation in Section 3.1. The social
risks are examined in Section 3.2, and the risk comparisons called for by
the study charge (see Sidebar 1.1) are described in Section 3.3. The com-
mittee’s findings and recommendations on transportation risks are pro-
vided in Section 3.4.
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SIDEBAR 3.2 Radiation Dose

Materials that are radioactive are unstable (i.e., the nuclei in the atoms of the
material possess too much energy) and transform spontaneously (decay) through
the emission of radiation. This radiation may be in the form of energetic particles,
such as alpha particles, beta particles, or neutrons, or energy may be emitted in
the form of electromagnetic radiation (e.g., gamma rays). Collectively these emis-
sions are known as ionizing radiation because they are sufficiently energetic to
directly or indirectly ionize the matter (i.e., remove electrons from the atoms) they
travel through.

Absorption of radiation energy by a cell of a living organism can alter its chem-
ical and physical state. The absorption of large amounts of radiation can produce
short-term or “acute” effects in the cell. The most severe effect would be cell death.
Small amounts of radiation (not sufficient to cause cell death) potentially can dam-
age the cell’s genetic material (i.e., DNA contained in the chromosomes). If the
cell’s natural repair mechanisms cannot repair this damage correctly, it may lead to
the induction of cancer at some future time. Because of the long time periods
involved in their development, such cancers are referred to as “latent.”

The following quantities are commonly used to characterize radiation expo-
sures in living organisms:

* Absorbed dose. The quantity of ionizing radiation deposited into an organ or
tissue, expressed in terms of the energy absorbed per unit mass of tissue. The
basic unit of absorbed dose is the rad or its Sl (international system of units, also
known as the metric system) alternative the gray (Gy; 1 Gy = 100 rad).

e Equivalent dose. The absorbed dose averaged over the organ or tissue of
interest multiplied by a weighting factor that accounts for the differences in biolog-
ical effects (per unit of absorbed dose) for different types of radiation. The weight-
ing factor ranges from 1 for X-rays and gamma rays to 20 for alpha particles and
some neutrons. The equivalent dose is expressed in units of rem or its Sl alterna-
tive the sievert (Sv; 1 Sv = 100 rem).

» Effective dose. A measure of dose that accounts for the differences in bio-
logical effects of different types of radiation and for the varying sensitivity of differ-
ent organs to the biological effects of radiation. Effective doses are also expressed
in rem or sieverts.

Radiation and radioactivity can be found in nature in a number of different
forms. The natural radiation environment consists of cosmic and solar radiation,
external radiation from radioactive materials present in rocks and soil, and inhaled

3.1 HEALTH AND SAFETY RISKS

Two approaches are used in this section to estimate the health and
safety risks of spent fuel and high-level waste transportation: (1) an exami-
nation of the worldwide record of spent fuel transport (Section 3.1.1); and
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and ingested radioactive materials from air, food, and water. These sources have
been present since the creation of Earth and provide an effective dose to all living
organisms. The table below shows that, worldwide, the average annual effective
dose to individuals is about 2.4 millisieverts (mSv; 240 millirem). This annual expo-
sure is a good starting point to use in judging the magnitude of equivalent doses
received from man-made sources. The National Council on Radiation Protection
and Measurements (NCRP, 1987) estimates that man-made sources of radiation
and radioactivity contribute an additional effective dose of 0.6 mSv (60 millirem)
annually to an average person living in the United States. Most of this dose is due
to medical procedures such as diagnostic X-rays and nuclear medicine proce-
dures. Since the NCRP report was published, new diagnostic medical procedures
that utilize ionizing radiation (especially computed tomography scanning) have
come into wide use in the United States. Consequently, the average annual doses
from medical procedures are probably increasing.

It is important to keep in mind that the effective dose statistics presented in this
sidebar are averages. Individuals can receive much more or much less than the
average depending on where they live (i.e., location as well as height above sea
level), the type of house in which they reside, their occupation, the medical proce-
dures they undergo, and many other factors determined by the individual life-style
(e.g., air travel, watching television, diet).

TABLE Worldwide Exposure to Natural Sources of Radiation
and Radioactive Material

Average Annual Effective  Typical Range of Effective

Source of Exposure Dose, mSv (millirem) Doses, mSv (millirem)
Cosmic radiation 0.39 (39) 0.3-1.0 (30-100)
External terrestrial 0.48 (48) 0.3-0.6 (30-60)
radiation

Inhalation (U, Th, 1.26 (126) 0.2-10.0 (20-1,000)
222R;, 220Rp)

Ingestion (40K) 0.29 (29) 0.2-0.8 (20-80)

Total 2.42 (242) 1.0-10.0 (100-1,000)

SOURCE: Adapted from UNSCEAR (2000, Annex B, Table 31).

(2) an examination of the principal quantitative risk analyses that have
been carried out for spent fuel and high-level waste transport, including the
analysis for transporting spent fuel and high level-waste to a federal reposi-
tory at Yucca Mountain, Nevada (Section 3.1.2).
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SIDEBAR 3.3 Collective Dose and Latent Cancer Fatalities

Collective dose is defined as the sum of all radiation doses received by all
members of a population at risk (NCRP, 1995). The units of collective dose are
usually given as person-sieverts or person-rem. This concept is frequently used in
radiation protection applications, both for controlling actual exposures and for es-
timating potential exposure risks. The use of the collective dose for radiation pro-
tection purposes assumes the following (NCRP, 1995):

1. There is a direct proportionality between radiation dose and risk over their
respective ranges of concern.

2. Risk is independent of dose rate.

3. A radiation dose leads to an identical risk whether it is administered to a
single individual or to a population.

NCRP (1995, p. 1) notes that “[w]hile these assumptions may or may not be valid,
they are considered to be conservative and have been generally accepted by the
scientific community concerned with radiation protection.”

The Department of Energy (DOE) used the collective dose concept to estimate
latent cancer fatalities (LCFs) in the final Yucca Mountain Environmental Impact
Statement (EIS). These cancers are expected to be produced many years after a
radiation dose is received (i.e., after a latency period) and are never traceable
directly to the received dose. DOE calculated collective doses for populations of
workers and the public from prospective exposures to radiation from its transporta-
tion program. These doses were calculated using computer programs such as
RADTRAN (see Sidebar 3.4). DOE then estimated the number of latent cancer
fatalities using the International Commission on Radiological Protection (ICRP,
1991) recommended conversion factors: 5 x 10~4 latent cancer fatality per person-
rem (5 x 102 per person-sievert) of collective dose for the general public and 4 x
104 latent cancer fatality per person-rem (4 x 102 per person-sievert) of collec-
tive dose for workers; these factors were doubled when doses greater than 20 rem
are received over short time periods. The conversion factor for the public is higher
because it applies over an entire lifetime, whereas the factor for workers applies
only for working ages.

Radiation is a weak carcinogen at the low doses involved in the routine trans-
port of spent fuel and high-level waste. Consequently, the incremental increase in
latent cancers from low doses of radiation is very small relative to the natural
occurrence of this disease in human populations. Moreover, radiation-induced can-
cers do not have any special characteristics that allow them to be differentiated
from cancers developed from other causes.

3.1.1 Historical Record of Spent Fuel Transport

Spent fuel has been transported routinely in more than a dozen coun-
tries, including the United States, for many decades. The quality of record
keeping on these shipments varies significantly, especially between the mid-
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1940s and 1970s. The committee first provides a brief review of the trans-
portation experience in the United States and then examines experiences in
some other countries.

U.S. Transportation Experience

The United States has been transporting irradiated nuclear fuel since
World War II. The first irradiated fuel shipments were made by the Man-
hattan Project as part of the national effort to develop atomic weapons.
More than 170,000 MTHME of irradiated fuel were transported within the
Hanford (Washington) and Savannah River (South Carolina) sites as part
of the nuclear weapons production effort between 1944 and the end of the
Cold War in the late 1980s. Most of this transport occurred over very short
distances (a few kilometers [miles]) on publicly restricted lands, mostly
by rail.

By the early 1960s, civilian spent fuel was being transported routinely
on the nation’s road and rail systems by the Atomic Energy Commission
(AEC).” In 1974, the AEC was reorganized,® and authority for regulating
the commercial transport of radioactive materials transportation was given
to the newly established U.S. Nuclear Regulatory Commission (USNRC).
The most complete records of spent fuel transportation date from the cre-
ation of this agency.

Most spent fuel transport across the nation’s public highways and
private railroads has involved small-quantity shipments of commercial spent
fuel. Estimates of quantities of commercial spent fuel shipments are avail-
able from several sources. Pope et al. (1991, 2001) provide commercial
spent fuel shipping estimates since 1964. These estimates were developed
from Department of Energy (DOE) and Department of Transportation
(DOT) databases supplemented with data from the USNRC and private
sources. Pope et al. (1991) note that their estimates do not include ship-
ments from six commercial reactors because of the difficulty in obtain-
ing data.

6Metric tons of heavy metal, where the heavy metal is uranium. This is a commonly used
measure of fuel quantity. For comparison purposes, a typical reactor core contains about 100
MTHM (110 short tons) of nuclear fuel. A typical truck transport package typically holds
between 0.5 and 2 MTHM (0.55 and 2.2 short tons) of spent fuel; a typical rail package
holds between 10 and 18 MTHM (11 and 20 short tons).

7The AEC was created by the Atomic Energy Act (also known as the McMahon Act) in
1946 to control and promote the use of nuclear power.

8The Energy Reorganization Act of 1974 abolished the AEC and created two federal agen-
cies in its place: the Nuclear Regulatory Commission and the Energy Research and Develop-
ment Administration. The Energy Research and Development Administration became the
Department of Energy after the Energy Reorganization Act of 1977.
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TABLE 3.2 Commercial Spent Nuclear Fuel
Shipments in the United States, 1964-2004

Mass of Spent Fuel Number of

Shipped (MTHM) Shipments
Time Period Highway Rail Highway Rail
1964-1978 473 348 1565 126
1979-1997 356 1097 1181 153
1998-2004 16 766 102 261
Totals 845 2211 2848 540

NOTE: MTHM = metric tons of heavy metal.

SOURCES: Pope et al. (1991, 2001); USNRC, written communica-
tion, 2005.

Additional unpublished information was made available to the com-
mittee from Energy Resources International (Supko, 2000; Supko, 20035,
written communication) and the USNRC (USNRC, 2005, written commu-
nication). The latter communication provided shipping data for 1998-2004
based on shipper notifications required under regulation 10 CFR Part 73.°
This communication is an update of USNRC’s public circular on spent fuel
shipments (USNRC, 1998). Updated information has not been released
since the September 2001 terrorist attacks. The agency was preparing an
updated version for public release when the present report was being final-
ized in December 2005.

Table 3.2 provides an estimate of commercial spent fuel shipments in
the United States since 1964. The committee was not able to assess the
completeness or accuracy of these data, except to note that the pre-1979
data are likely incomplete. Information on spent fuel shipments prior to
1964 is not available, although accident and incident reports dating back to
the mid-1950s are available, as discussed elsewhere in this chapter.

One conclusion that can be drawn from these data is that the previous
U.S. spent fuel shipping experience as measured by the total number of
shipments or mass of spent fuel shipped is small compared with anticipated
future transportation campaigns. The federal repository and Private Fuel
Storage, LLC, programs, for example, plan to ship about 20 and 13 times,
respectively, the amount of commercial spent fuel that has been shipped in
the United States since 1964. Moreover, both programs plan to ship spent
fuel primarily by rail. The planned number of rail shipments to a federal

9Code of Federal Regulations, Title 10, Part 73: Physical Protection of Plants and Materials.
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repository at Yucca Mountain under the mostly rail scenario (9600 ship-
ments; see Table 3.8) is approximately 18 times the number of rail ship-
ments that have occurred in the United States since 1964.

Spent nuclear fuel shipments in the United States are usually made under
the USNRC’s or DOT’s exclusive use regulations (10 CFR 71.47(b)).10 Such
shipments can be transported using public road and rail systems in the
United States only if they do not exceed the following dose limits:

e 2 millisieverts (mSv) per hour (200 millirem [mrem] per hour) (see
Sidebar 3.2) on the external surface of the transport package!! and at any
point on the outer surface of the vehicle.

e 0.1 mSv per hour (10 mrem per hour) at any point 2 meters (6.5
feet) from the outer lateral surfaces (but not the top or bottom) of the
vehicle.

e (0.02 mSv per hour (2 mrem per hour) in any normally occupied
space. This provision does not apply to private carriers if exposed personnel
under their control wear approved radiation dosimetry devices.!2

U.S. agencies do not collect records of radiation exposures resulting
from the transportation of irradiated nuclear fuel as is done for personnel
exposures in nuclear power plants. Private carriers will keep records for
those workers who use radiation monitoring devices in accordance with
regulations, but these records are not published. Consequently, the doses
received by workers and the public associated with spent nuclear fuel ship-
ments in the United States are not precisely known, although the committee
judges that they are likely to be relatively small given the external dose
limits allowed by regulations combined with the small numbers of ship-
ments that have been made to date. Estimates of doses to populations and
to hypothesized maximally exposed individuals in future shipments have
been made by the USNRC, DOE, and DOT based on the projected number
and characteristics of shipments and the populations that live in the prox-
imity of planned transportation routes. These estimates have generally as-
sumed that the dose rates from the packages are the maximum allowed

LOExclusive use is defined in 10 CFR 71.4 as “sole use by a single consignor of a convey-
ance for which all initial, intermediate, and final loading and unloading are carried out in
accordance with the direction of the consignor or consignee. The loading and unloading must
be carried out by personnel having radiological training and resources appropriate for the
safe handling of the consignment.”

A limit of 10 mSv per hour (1000 mrem per hour) applies when the shipment is made in
a closed transport vehicle in which the package is secured so that its position remains fixed
and there are no loading or unloading operations between the beginning and end of trans-
portation.

121p this case, the normal occupational dose limits apply (see Table 3.10).

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

120 GOING THE DISTANCE?

under USNRC or DOT regulations. This is illustrated elsewhere in this
chapter for the planned transportation program to a federal repository at
Yucca Mountain.

Information on accidents and incidents involving spent fuel shipments
in the United States has been reported since the late 1940s. Data for 1949-
1971 are provided in AEC reports. In 1971, DOT established the Hazard-
ous Materials Incident Reporting System (HMIS).13 This computerized
database contains information on incidents involving the interstate trans-
portation of hazardous (including radioactive) materials by air, highway,
rail, and water. DOT regulations (49 CFR 171.15) require that all accidents
and incidents involving radioactive materials transport that meet one or
more of the following criteria be reported to it for inclusion in this database:

Deaths or injuries requiring hospitalization
Property damage in excess of $50,000
Evacuations of the public that last for one or more hours
Closure of major transportation arteries or facilities
Changes to flight patterns or routing of aircraft
Fire, breakage, spillage, or suspected contamination involving ra-
dioactive materials
e  Unintentional release from a package or any discharge during trans-
portation

USNRC regulations (10 CFR 20.2201-2206; 10 CFR 73.71) also require
that thefts, exposures, and releases of radioactive materials be reported.

In 1981, the Transportation Technology Center at Sandia National
Laboratories established the Radioactive Material Incident Report (RMIR)
database (Weiner and Tenn, 1999). This database contains information
about radioactive materials transportation incidents that have occurred in
the United States since 1971. It incorporates information from the HMIS in
addition to information from the USNRC and other organizations such as
state radiological authorities and the media.

The RMIR records accidents involving vehicles carrying radioactive
materials that involve fatalities or injuries or that involve sufficient damage
that the vehicle cannot move under its own power. It also records incidents
that involve actual or suspected releases or surface contamination that
exceeds regulatory limits. This database was discontinued in 1998 due to
funding cutbacks. DOT’s HMIS is now the primary source of data on
hazardous material transportation incidents in the United States.

L3Information about this database can be found on the DOT Web site at hetp://bazmat.dot.
govlabhmis.htm.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

TRANSPORTATION RISK 121

TABLE 3.3 Summary of Spent Fuel Shipping Accidents and Incidents,

1949-1996

Accidents Radioactive
Time or Incidents ~ Material Surface No Vehicular
Period Reported Contamination? Contamination?  Description Deaths*
1949-1970 14 6 None reportedd 2 1
1971-1996 58 2¢ 49 0 1

aAny detectable loss, dispersal, or escape of radioactive material from the package’s con-
tainment system.

bDetectable non-fixed contamination on external surfaces.

cDeaths caused by vehicular accidents, not the release of radiation.

dIt is unclear whether surface contamination was routinely tested for or reported during
this period.

eOne incident (in 1984) involved an empty package; the other (in 1976) involved a pinhole
leak of coolant or moderator on the outside jacket of the package, not the release of spent fuel.

SOURCE: Data compiled by DOE Office of Civilian Radioactive Waste Management.

A summary of available data on transportation accidents and incidents
is provided in Table 3.3. These data were compiled by DOE’s Office of
Civilian Radioactive Waste Management. According to DOE, the AEC
reported radioactive material contamination incidents between 1949 and
1970. This contamination involved the package and/or the conveyance and
in some cases the surrounding environment. Two additional radioactive
material contamination incidents were reported between 1971 and 1996.
One involved an empty package, and the other involved a pinhole leak of
coolant or moderator. These older incidents apparently involved packages
that were designed to transport spent fuel in water for cooling and shield-
ing, and the leaks presumably involved the release of small amounts of this
water through holes in pipes, valves, and seals. At present, only spent fuel
cooled for more than five years is transported in the United States, and all
spent fuel is transported in a dry state. However, some package designs still
utilize water jackets for shielding neutrons, but these are physically sepa-
rated from and are not in contact with the interior of the package.

Most of the reported incidents did not involve package leaks, but rather
the detection of non-fixed surface contamination'# on the transport pack-

14Non-fixed contamination adheres to the outer surfaces of the package and can be de-
tected by wiping. The limits for such contamination, which are established by international
standards and U.S. regulations (49 CFR 173.443 and 10 CFR 71.87 (i) by reference to 49
CFR 173.443), are as low as reasonably achievable and not to exceed 4 becquerels per square

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

122 GOING THE DISTANCE?

ages, and these incidents were described as minor. Such surface contamina-
tion typically results from inadequate decontamination of packages follow-
ing the loading of spent fuel.!> However, there is no confirmation of cause
of contamination in the database.

Table 3.4 provides a list of transportation accidents involving spent
fuel transport packages between 1971 and 2005 in the United States. There
were four accidents involving trucks and five accidents involving trains
during this time.'® None of these accidents resulted in the release of radio-
activity. It is important to recognize that all but the December 1971 acci-
dent were minor in that they did not result in severe impacts or fires that
would test the integrity of transport package containment. However, claims
about this safety record in the United States have to be interpreted carefully
given that spent fuel transport quantities are quite limited, especially for rail
transport.

The U.S. government opened a repository for the disposal of defense
transuranic waste in New Mexico in 1999. This repository, the Waste
Isolation Pilot Plant (WIPP), had, as of April 2005, received shipments of
waste from eight DOE sites across the continental United States. About
3500 truck shipments traveling about 3.5 million truck-miles had been
made to the repository as of April 20057 using Type B packages of a
special design mounted on legal-weight trucks. To date, there have been
three highway accidents involving WIPP shipments. None resulted in the
release of radioactivity from the transportation package to the environment.

Worldwide Transportation Experience

There is no centralized database for the worldwide shipment of radio-
active materials, nor is there an international mandate to collect such infor-

centimeter averaged over a 300 square centimeter sampling area for beta, gamma, and low-
toxicity alpha emitters, and one-tenth that limit for other alpha emitters. The International
Atomic Energy Agency (IAEA) recently issued a technical document resulting from a coordi-
nated research project aimed at evaluating the adequacy of these limits under current radio-
logical protection and transportation practices. The document notes (IAEA, 2005b, p. 84)
that “the studies carried out under [the research project] indicate that the present limits on
non-fixed contamination on the surfaces of packages and conveyances are conservative.”

15Contamination occurs when the package is placed into the spent fuel pool for loading
and is contaminated with small amounts of radioactive material present in the pool water.
The external surfaces of these packages are decontaminated to remove non-fixed contamina-
tion before shipment.

16]¢ is interesting to note that while the number of rail accidents exceeded the number of
truck accidents during this period, the number of truck shipments was much higher (Ta-
ble 3.2). Between 1979 and 2004, for example, there were roughly three times more truck
shipments than rail shipments.

Yhttp:/www.awipp.ws/shipments.btm. Accessed on April 18, 2005.
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TABLE 3.4 Summary of Transportation Accidents Involving Commercial
Spent Fuel Packages, 1971-2005¢

Mode  Date Location Description
Truck  December 8, Tennessee Package thrown free of trailer and landed
1971 in ditch following head-on collision with
car. No package damage or release.
Driver killed
Truck  February 2, Illinois Trailer collapse while crossing railroad
1978 tracks. No package damage or release
Truck  August 13, New Jersey Trailer collapse while empty package was
1978 being loaded. Package not damaged
Truck  December 9, Indiana- Trailer’s fifth wheel failed. No package
1983 Illinois border  damage or release
Train  March 29, North Carolina Empty package struck by a derailed tank
1974 car on adjacent track. Superficial package
damage. No release
Train  March 24, Missouri Train-auto collision at grade crossing. No
1987 package damage or release
Train  January 9, Illinois Train carrying empty packages derailed.
1988 No damage to packages
Train  December 14, North Railway car carrying empty packages
1995 Carolina derailed. No damage to packages
Train  September 22, New York Railcar carrying an empty spent fuel

2005

package derailed in a rail yard. Railcar
tipped over. No release

aThis table lists only accidents involving loaded and empty spent fuel packages; it does not

include all of the incidents listed in Table 3.3.

SOURCES: Weiner and Tenn (1999); data from the RMIR compiled by Energy Resources
International (December 11, 1997) and DOE correspondence; media reports (for the 2005
accident).

mation. However, since 1980, the International Atomic Energy Agency
(TAEA)!8 has been collecting such data at the recommendation of its trans-
portation advisory committee.!” The agency is developing databases on

18The IAEA was established under the United Nations in 1957 as part of the “Atoms for
Peace” program to promote the safe, secure, and peaceful uses of nuclear technologies.

19The Standing Advisory Group on the Safe Transport of Radioactive Material was the
predecessor body to the Transport Safety Standards Committee (TRANSSC). Committee mem-
ber Clive Young is a past chairman of TRANSSC.
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radioactive materials shipments, accidents, and radiation exposure. Mem-
ber states provide information to these databases on a voluntary basis. The
response of member states to requests for information to populate these
databases has been mixed. Consequently, the databases are incomplete and
contain only a limited representation of available data.

As part of this database development effort, the IAEA launched a litera-
ture search and a series of informal contacts with 25 member countries in
2000 to obtain information on worldwide shipments of spent fuel?Y and
high-level radioactive waste. A summary of this information was provided
in a paper published by IAEA staff (Pope et al., 2001; see Table 3.5). This
information is characterized by Pope et al. (2001) as “informal and incom-
plete” because not all countries responded, and some respondents provided
incomplete data or data that were inconsistent with other published sources.

Although the data are incomplete, they nevertheless allow several use-
ful observations to be made about the worldwide spent fuel transportation
experience. Spent fuel is being transported within and across the borders of
many countries. Worldwide, a major purpose for shipping spent fuel is to
reprocess it. Reprocessing facilities have been constructed in France (La
Hague) and the United Kingdom (Sellafield) for reprocessing domestic and
foreign spent fuel. Belgium, Germany, Italy, Japan, and Spain have shipped
spent fuel to these facilities for reprocessing, and some return shipments of
high-level waste have been made to some of these countries. Spent fuel from
Finland also has been shipped to the USSR or Russia for reprocessing. Most
of the other spent fuel shipments being made within or between countries
are for the purpose of interim storage.

The total quantity of spent fuel shipped worldwide was estimated in the
2001 TAEA study (see Table 3.5) to be between about 73,000 and 98,000
MTHM. The amount of spent fuel shipped in the United States is small in
comparison. The total quantity of spent fuel transported worldwide also
exceeds the legislated capacity of Yucca Mountain (70,000 MTHM) and is
about twice the planned capacity of Private Fuel Storage (40,000 MTHM).
Moreover, a majority of the worldwide spent fuel shipments have been by
rail, the preferred mode for shipping to Yucca Mountain and Private Fuel
Storage. Shipments to reprocessing plants in France and the United King-
dom have been made for more than 35 years. In contrast, the shipment of
the first 70,000 MTHM of spent fuel and high-level waste to a federal
repository or interim storage facility would likely take place over periods of
a little more than two decades.

Spent fuel rail shipments to France are made using general and dedi-
cated trains, whereas shipments within the United Kingdom are made using

20The IAEA refers to this fuel as “irradiated nuclear fuel.”
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TABLE 3.5 Worldwide Spent Fuel Transportation Estimates

125

Mass of Spent Number of
Fuel Shipped Packages Shipping
Country of Origin (MTHM)“ Shipped Modes Destination
Canada 100 187
Czech Republic 242 65 Rail To and from
Slovakia
Finland 233 65 Highway USSR or the
and rail Russian
Federation
France
Domestic 11,700 2,600 Mostly rail La Hague
Other Europe 10,000 2,500 Mostly rail La Hague
Japan 2,940 660 Sea and La Hague
highway
Germany >25 66 Highway Domestic
and rail
Hungary 258 72
Italy 81 52  Highway Domestic
Japan
1995-1999 161 50 Sea and land Domestic
2000-2004 (proj.) 1,700 Sea and land
Russian Federation 3,500 500 Domestic
Slovakia 239-380 635-700
Sweden 3,300 1,100 Sea Domestic
Ukraine 1,300 300
United Kingdom
Domestic 20,900-43,200 11,300-28,900 Mostly rail Sellafield
Other Europe 2,860 1,100 Rail Sellafield
Japan 4,720 1,420 Sea and rail  Sellafield
United States 2,270 3,020 Highway Domestic
and rail

Approximate Totals

73,000-98,000

24,000-43,000

aNumbers are rounded to three significant figures.

SOURCE: Modified from Pope et al. (2001).
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dedicated trains.2! DOE recently announced that it planned to use dedi-
cated trains when possible for shipments to a U.S. federal repository (see
Chapter 5). The shipments in Europe share the rails with other freight and
passenger trains. This is similar to current plans for spent fuel shipments in
the United States. Moreover, trains carrying spent fuel in France and the
United Kingdom are on routes that pass through large cities. This too is
likely to be the case for spent fuel and high-level waste transport in the
United States because many mainline rail routes pass through large cities.
Some of the spent fuel being transported to La Hague and Sellafield is
cooled for less than a year before being shipped.?2 In contrast, current
practice in the United States is to cool commercial spent fuel for at least five
years before shipping it, and some of the spent fuel to be shipped to Yucca
Mountain will have been cooled much longer than five years.23 Road and
rail shipping distances to La Hague and Sellafield are generally 1000 kilo-
meters (about 600 miles) or less, compared with the several thousand kilo-
meters for shipping spent fuel from the eastern United States to interim
storage or a federal repository in the United States. In the United Kingdom,
the average transport package transport distance is about 300 miles (480
kilometers).

Data on accidents and incidents are kept by individual countries, but
there is no standardized reporting format. In the United Kingdom, for
example, accidents and incidents have been tracked since 1958 in the Ra-
dioactive Material Transport Events Database. Since 1989, annual reports
of accidents and incidents have been issued. The latest report reviewed by
the committee was issued in 2003 (Watson and Jones, 2004).

Since 1958, there have been 786 incidents involving the transport of
radioactive materials in the United Kingdom. Approximately 24 percent of
these have involved transport of spent fuel. These range from derailments
of the conveyance to incidents involving non-fixed radioactive contamina-
tion above regulatory limits on the external surfaces of transport packages
(see footnote 14). There have been no reported accidents involving spent
fuel transport packages that have resulted in the release of radioactive
material from the containment system to the environment.

The most recent significant spent fuel transport incidents in Europe
occurred in 1997-1998, when inspections by the French nuclear safety

21As noted in Chapter 1, dedicated trains are trains that transport only spent fuel or high-
level waste and no other cargo.

22 discussed in Chapter 5, decay heat production in spent fuel drops rapidly in the first
five years after its discharge from a power reactor; see Figure 5.2.

23See, however, Section 5.2.4 for a discussion of the acceptance order for commercial spent
fuel to be shipped to Yucca Mountain.
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regulator (Nuclear Installations Safety Directorate) showed that a high
percentage of transport packages and conveyances at one reactor and at the
rail terminal at Valognes (the receiving terminal for La Hague) contained
non-fixed external contamination in excess of regulatory limits. The cause
was eventually traced to inadequate decontamination of transport packages
after they were loaded with spent fuel at reactors in France, Germany, and
Switzerland. There was a three-year moratorium on spent fuel shipments in
these countries while the incidents were investigated and new procedures
were put into place to eliminate the contamination problems. A subsequent
investigation by regulatory authorities concluded that no workers or mem-
bers of the public had received radiation doses exceeding the relevant regu-
latory limits as a consequence of these incidents (HSK, 1998).

Two major conclusions can be drawn from the historical record of
worldwide transport of spent fuel. The first is that there have been no
recorded instances of which the committee is aware of any releases of
radioactive material exceeding regulatory limits from any transport pack-
age in Western Europe, Japan, or the United States. There are, however,
well-documented instances of exposures to radioactivity from inadequate
decontamination of the external surfaces of transport packages after they
are loaded with spent fuel. However, these releases have been small, and the
committee is not aware of any documented instances in which exposures to
workers or the public exceeded regulatory limits.

3.1.2 Quantitative Analyses

The AEC and its successor agencies have conducted several assess-
ments of radioactive materials transport risk in the United States. These
assessments have used numerical models, informed by expert judgment, to
estimate the performance of transportation packages under normal and
accident conditions. These studies are summarized in Table 3.6 and are
described in this section. Two of these assessments have produced quanti-
tative estimates of risks to workers and members of the public from such
transport activities.

The committee was not charged to perform an in-depth technical re-
view of these studies to assess the technical quality of the assumptions,
models, results, and uncertainties. The committee does, however, provide
comments where appropriate on the assumptions used in these studies and
their impact on the resulting consequence estimates. All of these studies
have undergone some level of technical review by the issuing organizations,
but there are differences in assumptions and approaches among the studies
that must be considered when comparing results.
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TABLE 3.6 Description of the Analytical Assessments of Transportation
Risk Described in This Chapter

Study
Reference Objective Summary of Results
WASH-1238 Estimate doses to workers Risks due to radiological AEC
and public from spent fuel effects from transportation  (1972)
transport accidents are small
Transportation Estimate radiological Impacts of normal USNRC
EIS effects from land, water, transport and accidents are ~ (1977)
and air transport of sufficiently small to allow
radioactive materials continued shipments of
radioactive materials by all
modes
Modal study Improve understanding of Risks from severe accidents  Fischer
spent fuel package involving spent fuel were et al.
performance under severe lower by at least a (1987)
accident conditions factor of three than
estimated in the
transportation EIS
Reexamination Update the modal study Risks from severe accidents  Sprung
study using improved models and  are comparable to or lower et al.
data than modal study estimates  (2000)
Final Yucca Estimate spent fuel and Expected transportation DOE
Mountain EIS  high-level waste shipping impacts are small given the  (2002a)

risks for transportation

of spent fuel and high-level
waste to Yucca Mountain,
Nevada

size of the transport
program

WASH-1238 Study (1972)

The first analytical study of the health effects of spent fuel transporta-
tion in the United States was undertaken by the AEC in 1972 (AEC, 1972).
This study is known as the “WASH-1238” study after its report identifica-
tion number. This study estimated doses to workers and the general public
from nuclear fuel and solid radioactive waste transport both under normal
transport conditions and for severe accidents. The study’s main conclusion
was (AEC, 1972, p. 2) that “[w]hen both the probability of occurrence and
extent of the consequences are taken into account, the risk to the environ-
ment due to radiological effects from transportation accidents is small.”
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The study has limited applicability to modern-day spent fuel transport
programs: It examined highway transport of spent fuel along routes with
very different population densities than present-day routes using transpor-
tation packages that do meet current regulatory requirements.

Transportation Environmental Impact Statement (1977)

A transportation Environmental Impact Statement (EIS) was under-
taken by the USNRC to evaluate the effectiveness of its regulations for the
transport of radioactive materials by air and other modes (USNRC, 1977).
This EIS provided a more complete analysis of the radiological conse-
quences for land, water, and air transport of radioactive materials than
WASH-1238 and has become the “baseline” analysis for assessing radioac-
tive materials transportation risk in the United States.

The 1977 transportation EIS characterized environmental impacts in
terms of fatalities, expressed as an annual probability of occurrence for two
types of transport: incident-free transport, where the main health impact is
expected to be cancer fatalities due to exposure of workers and the general
public to small doses of radiation from the shipping containers; and acci-
dents that produce either conventional traffic fatalities or, for more severe
conditions, latent cancer fatalities resulting from the release of radioactive
materials from a damaged transport package.

Sandia National Laboratories performed this study. A computer code
(RADTRAN 1; Sidebar 3.4) was developed to estimate radiation doses and
latent cancer risks of transporting (including temporary storage and modal
transfers) 25 different radioactive materials by plane, truck, train, ship, or
barge. One of the 25 categories of materials considered was spent power
reactor fuel. The study estimated risks to workers involved in shipping the
materials and to members of the general public who lived near or traveled
on the transportation routes. Latent cancers during incident-free transport
were assumed to arise solely from external radiation doses from the trans-
port packages. Latent cancers during accidents were assumed to arise from
both internal and external exposure pathways.

The study estimated risks for transport of spent fuel on a generic high-
way route and a generic rail route. The study provided only a limited
consideration of accidents in highly urbanized areas—one analysis was
carried out for an accident in New York City. Additional analyses of re-
leases in highly urbanized areas were undertaken in a subsequent series of
studies known as the “urban studies” (DuCharme et al., 1978; Finley et al.,
1980; Sandoval et al., 1983; Sandoval, 1987). Public circulation of all but
one of the unclassified versions of these reports (Sandoval et al., 1983) was
restricted after the September 11, 2001, terrorist attacks; consequently,
these reports were not available for review by the committee.
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SIDEBAR 3.4 RADTRAN

RADTRAN is a computer code that can be used to estimate radiological expo-
sures and consequences under both incident-free and accident conditions. It can
provide estimates of collective dose as well as doses to maximally exposed indi-
viduals. The code was first developed by Sandia National Laboratories for use in
the 1977 transportation EIS (USNRC, 1977). The code has been expanded and
refined several times and is now in version 5 (RADTRAN 5). This code, which is
written in FORTRAN 77, is available from Sandia National Laboratories. It has
become a worldwide standard for assessing incident-free radiological transporta-
tion risks.

The program allows risks to be estimated for seven different transport modes
(two highway modes, rail, barge, ship, and two air modes) using a series of models
that account for the following:

e Sources and isotopic contents of transport packages,

e Transportation routes and stops,

* Population distributions of workers, residents who live along transportation
routes, and vehicle occupants on transportation routes,

* Number and severity of accidents,

* Releases of radioactivity from packages in accidents,

* Dispersion of released radioactivity in the environment,

* Radiation exposure pathways for inhalation, ingestion, resuspension, cloud-
shine, and ground-shine exposures,

* Radiological fatalities using a dose-response model,

* Nonradiological fatalities, including vehicular fatalities and fatalities from ve-
hicle emissions.

Like all computer codes, the validity of the results is only as good as the infor-
mation used as input to the various models and embedded assumptions in the
models themselves. Of particular importance in this regard is the input information
for population densities, accident numbers and severities, radiation releases, and
dispersion in the environment.

INTERTRAN 2 is a development of RADTRAN for international application. It
was developed by the Swedish Nuclear Power Inspectorate (SKI) for the IAEA.

The 1977 transportation EIS concluded that the average radiation doses
to at-risk populations from radioactive materials transportation were a
small fraction of the limits recommended for the general public from all
anthropogenic sources of radiation other than medical sources. The USNRC
determined that the “environmental impacts of normal transportation of
radioactive material and the risks attendant to accidents involving radioac-
tive material shipments are sufficiently small to allow continued shipments
by all modes” (USNRC, 1977, p. viii). The Commission concluded that
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“present regulations are adequate to protect the public against unreason-
able risk from the transport of radioactive materials” (46 FR 21629, April
13, 1981).

The applicability of the 1977 transportation EIS for estimating risks for
current and potential future transport of spent nuclear fuel is limited, owing
mainly to the simple models and limited data used in the analysis. Since the
issuance of this EIS, the USNRC has sponsored two additional studies to
improve its understanding of the risks from commercial spent nuclear fuel
transportation by road and rail. Those studies are discussed in the follow-
ing sections.

Modal Study (1987)

The modal study (Fischer et al., 1987) was undertaken to improve
understanding of spent fuel shipping package performance under severe
accident conditions. The study examined the response of generic truck and
rail spent fuel packages to both severe impact and fire conditions. As part of
the analysis, historical data on real accidents were compiled from govern-
ment and private databases to develop accident scenarios and their prob-
abilities (see Figure 2.3). The scenarios are displayed as “event trees.” These
trees provide a graphic illustration of the sequence of events leading to an
accident along with the probability of each event. Each branch of the tree
depicts a sequence of events that leads to the accident outcome depicted at
the end of the branch. The probability of an accident is equal to the product
of the probabilities of each segment along the branch.

Historical data also were used to estimate the magnitudes of impacts
and fire loads associated with each scenario. These were calculated from
records of accident speeds and angles, the hardness of the objects involved
in the impacts, and the frequency and duration of accident-associated fires.
A total of 31 truck accident scenarios and 24 train accident scenarios were
developed for the analysis. The 1977 transportation EIS, in contrast, de-
fined only eight accident severity categories based on expert judgment.

Analyses were carried out to assess the effects of these accident sce-
narios on generic rail package and truck packages. The design of these
packages was based on analyses of the features of rail packages and truck
packages in service at the time of the study and accounted for typical built-
in safety margins (see Sidebar 2.4).

The analysis involved a two-stage screening process. Phase 1 screening
used dynamic linear and standard transient heat-transfer models to identify
those accident scenarios in which the impact and fire conditions would not
exceed the regulatory requirements in 10 CFR Part 71 (see Sidebar 2.1).
For these scenarios, any releases from the packages are presumed to be
below regulatory limits. Approximately 99.4 percent of truck accidents and
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99.7 percent of the rail accident scenarios analyzed fell into this category
(Fischer et al., 1987, p. 9-2).

Phase 2 screening involved more sophisticated analyses of package
responses and radiological releases for those accident scenarios that ex-
ceeded the 10 CFR Part 71 limits. This screening employed dynamic non-
linear models to estimate package deformation and transient thermal mod-
els that took into account the phase change that accompanied the melting
of lead shielding at high temperatures. The analyses assumed that the pack-
ages contained five-year-cooled pressurized water reactor fuel having a
burn-up of 33,000 megawatt days per metric ton, typical of spent fuel for
that day.2* The analyses considered breaches of the spent fuel cladding due
to both impact and thermal creep (see Sidebar 2.5). The radiological effects
considered included releases of radioactive materials from the package as
well as increased radiation doses from a loss of package shielding.

Based on the Phase 2 screening, the authors concluded that roughly
0.39 percent of severe accidents involving truck or rail packages would
result in radioactive material releases or doses that approached or slightly
exceeded the regulatory limits in 10 CFR Part 71. The report concluded
that fewer than 0.001 percent of the truck and 0.012 percent of the rail
accident scenarios could actually produce hazards that would likely exceed
regulatory limits.2> No attempt was made to model the radioactive releases
for the most severe accidents, because these conditions pushed the capabili-
ties of modeling programs. Instead, estimates of the releases for these very
severe accidents were simply extrapolated from the release behavior during
less severe accidents (see Fischer et al., 1987, Table 8.3).

The 1987 study did not include “consequence calculations” to estimate
risks to workers and the public from exposure to radiation as was done in
the 1977 transportation EIS. However, a comparison of the frequencies and
magnitudes of radiological releases from the two studies led the authors of
the 1987 study to conclude that their risk estimates for both truck and rail
were at least three times lower that those documented in the 1977 transpor-
tation EIS (Fischer et al., 1987, p. 9-11). There are several possible reasons

24present-day fuel burn-ups are typically between 50,000 and 60,000 megawatt-days per
metric ton. High-burn-up fuel produces more decay heat than low-burn-up fuel of the same
age, which has implications for internal package heating in an accident involving fires. How-
ever, the generic packages used in the modal study analysis probably would not be suitable
for transporting high-burn-up fuel.

25T place these numbers in perspective, consider that the planned transportation program
to a federal repository at Yucca Mountain by the “mostly rail” scenario (described later in
this chapter) would, according to DOE, involve about 9600 rail shipments and 1100 truck
shipments (see Table 3.8). Multiplying these shipment numbers by the number of modal
study scenarios that result in radiation releases above regulatory limits results in about 0.01
truck release and 1.1 rail releases during the life of the repository transportation program.
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for this difference, including reductions in accident rates in the decade
between this study and the 1977 transportation EIS.

Resnikoff (1994, unpublished paper) criticized several aspects of the
modal study. These included the transport package designs used in the
analyses; the failure to model the end closures of the packages; and the
methods and data used to estimate impact and fire conditions. He provides
an analysis of 38 severe accidents that he claims shows that the 1977
transportation EIS and 1987 modal study underestimate severe impact and
fire conditions and probabilities. He provides his own estimates of releases
based on a reanalysis using the RADTRAN 4 code. He concludes that these
releases are many times higher than estimated by the 1977 transportation
EIS.2¢ Resnikoff’s analysis prompted Sandia researchers to perform addi-
tional historical accident reconstructions (described in Chapter 2), for which
they concluded that spent fuel packages would likely maintain their con-
tainment integrity in all but possibly the most severe accidents involving
long-duration fires.

Reexamination of Spent Fuel Shipment Risk Estimates (2000)

In 2000, Sandia National Laboratories published a reexamination of
spent fuel shipment risk estimates (Sprung et al., 2000) using updated mod-
els and data. Since this is the most current generic study and has been used
as the basis for a more recent analysis of transportation to a Yucca Moun-
tain repository, as discussed later in this chapter, it is described in some
detail in this section.

The 2000 reexamination study utilized an updated version of
RADTRAN (RADTRAN 35; see Sidebar 3.4) to estimate population doses
to workers and the general public during both incident-free transport and
severe accidents involving releases of radioactivity or loss of shielding.
Estimates were obtained for five potential exposure pathways (direct inha-
lation, resuspension inhalation, ingestion, cloud shine, and ground shine;
see glossary in Appendix D) versus the single direct inhalation pathway
considered in the 1977 transportation EIS.

The 2000 study considered transport of spent fuel along 741 truck and
741 rail routes: 249 truck routes and 249 rail routes developed in a previ-
ous routing study (Cashwell et al., 1986), as well as 492 truck and 492 rail
routes developed specifically for this study. The latter routes connect the 79
spent fuel storage sites in existence when the study was initiated with six
hypothetical interim storage sites located in different regions of the United
States (474 routes), and those interim storage sites to three hypothetical

26The committee did not undertake a detailed review of Resnikoff’s claims.
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permanent repository sites (18 routes). One of the permanent repository
sites considered was Yucca Mountain.

To make the analyses tractable, these routes were sampled to obtain a
smaller set of routes having representative characteristics. The samples were
generated as follows. First, distributions were constructed of route lengths;
fractions of those lengths that contain urban, suburban, and rural popula-
tion densities; and the actual population densities for each of those length
fractions for the 741 truck and 741 rail routes. Next, these distributions
were sampled using Monte Carlo methods to generate two sets of “repre-
sentative” routes: 200 highway routes and 200 rail routes. These represen-
tative routes were used in the RADTRAN calculations.

The 2000 reexamination study used slightly modified versions of the
accident event trees from the 1987 modal study (Figure 3.1). An additional
branch was added to the rail event tree to account for accidents involving
fires that did not result from either collisions or derailments. Additionally,
new estimates of route wayside hardness were developed based on surveys
of selected transportation routes and Department of Agriculture data on
near-surface locations of coherent rock formations. This information was
used to estimate how “yielding” these surfaces would be in accidents in-
volving impacts of truck and rail transportation packages.

Truck and train accident rates used in the study were estimated sepa-
rately from state-level data for the 48 contiguous U.S. states. These data
represent heavy-truck accidents on interstate highways and train accidents
on mainline rail routes. The heavy-truck data were detailed enough to
support the development of accident rate distributions for suburban and
rural routes as well as a single average accident rate for urban routes. The
rail data were only detailed enough to support the development of a single
accident rate distribution by combining all of the state-level data.

The study modeled the performance of four generic package types
whose physical specifications were based on a review of data on packages
in use at the time of the study: steel-lead and steel-depleted uranium truck
packages and steel-lead and monolithic steel rail packages. The packages
were assumed to contain total activities equivalent to three-year-cooled
pressurized water reactor (PWR) fuel with a burn-up of 60,000 megawatt-
days per metric ton, or three-year-cooled boiling water reactor (BWR) fuel
with a burn-up of 50,000 megawatt-days per metric ton. These estimates
are characterized in the study as conservative.2” The rail package was

27The study characterizes the total activities used in the RADTRAN calculations as being
conservative by about a factor of 4. While these high burn-up levels are now achieved rou-
tinely in U.S. power reactors, most stored spent power reactor fuel has much lower burn-ups.
Moreover, spent fuel is generally expected to be stored for at least five years before being
moved from pools to dry casks for storage or transport, and some of it will have been stored
for several decades.
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FIGURE 3.1 Accident event trees for rail accidents from the 2000 reexamination
study, slightly modified from the modal study (see Figure 2.3). The numbers shown
at each branch are probabilities for the accident branch based on an analysis of
historical data. The accident scenarios that are marked with an asterisk were deter-
mined to produce consequences that would approach or exceed regulatory limits.
SOURCE. Sprung et al. (2000, Figure 7.4, p. 7-12).
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assumed to contain 24 PWR or 52 BWR assemblies. The truck package was
assumed to contain between 1 and 3 PWR or 2 and 7 BWR assemblies.

External package surface dose rates were also important inputs to the
model. These were estimated for commercial spent fuel discharged from
reactors in the United States. These dose rates depend on fuel burn-up, time
since discharge (or cooling time), and package shielding. For conservatism,
the dose rate distribution estimates were rescaled upward so that their
upper limits were equal to the regulatory dose limit of 0.1 mSv (10 mrem)
at 2 meters (about 6.5 feet) from the package surface.

Analyses of package behavior in severe accidents were carried out using
a standard finite element code (PRONTO 3D). This computer code is com-
monly used to model high strain rates in nonlinear materials. Although
material failure is not included explicitly in this code, such failure can be
estimated based on the calculated deformation of package components
such as lid bolts. This code was used to estimate package deformations
resulting from impacts onto unyielding surfaces (see Sidebar 2.2) at speeds
of 30, 60, 90, and 120 miles per hour (48, 96, 144, and 192 kilometers per
hour). To make the results conservative, the impact limiters were assumed
to be attached to the package but fully crushed before impact.

The analyses indicate that even at the highest of these impact speeds,
strains were well below the levels needed to fail or penetrate the package
body or lid. The analyses also indicate that the truck package seals would
not fail in any impact orientation at any impact speed. Nevertheless, it was
arbitrarily assumed that seal leaks having a cross section of 1 square milli-
meter would result from impacts of these packages onto unyielding surfaces
at speeds of 120 miles per hour (193 kilometers per hour). The analyses
also suggest that for rail packages, some seal leakage could occur for some
impact orientations at impact speeds onto unyielding surfaces as low as 60
miles per hour (97 kilometers per hour) and possibly at all orientations at
speeds of 120 miles per hour (193 kilometers per hour).

Surfaces along transportation routes (e.g., soils, concrete structures) are
likely to be partially yielding and will absorb some impact energy in severe
accidents. Consequently, the finite element results for impacts onto unyield-
ing surfaces must be adjusted to account for this energy loss. This was done
by calculating the impact speeds onto three types of yielding surfaces (soil,
concrete, hard rock) that would result in the same peak contact forces on
the package as the equivalent impact onto an unyielding surface. This
calculation took into account the energy-absorbing effects of the package
impact limiters.

If the package seal was determined to fail in an accident, the release of
radioactive material (noble gases, volatiles, and particulates), collectively
referred to as the accident source term, was calculated. These calculations
took into account several phenomena: rod cladding failures; radionuclide
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inventory releases from the failed rods; partial deposition of radionuclides
on internal surfaces in the package; pressurization of the package interior
from failed rods or package heating; and leakage of radionuclides through
package seal failures driven by package depressurization (see Sidebar 2.5).
The estimates of particulate releases and behavior were based on actual
experiments performed on spent fuel rods subjected to burst failure.

For accidents involving fires, package heating calculations were car-
ried out using a commercial code (PATRAN/PThermal), which can be used
to model heat convection, conduction, and radiation transport processes.
Calculations were made for each of the four generic packages for a fully
engulfing, optically dense hydrocarbon fire that would heat the package
sufficiently to cause the pressurized rods to fail by burst rupture. The
calculations included the effects of internal package heating from radioac-
tive decay of three-year-cooled spent fuel.28 Package seal leakage and acci-
dent source terms were estimated in a manner similar to that described
previously for severe accidents.

Several sets of RADTRAN calculations were performed in this study:

e Calculations for the 200 truck and 200 rail routes obtained by
Monte Carlo sampling as described previously;

e Calculations for 5 truck and § rail routes selected from the 1977
transportation EIS or from the 474 routes that connect spent fuel storage
sites to the locations of the hypothetical interim storage facilities considered
in this study—the latter calculations were carried out to demonstrate that
results for real routes would fall within the envelope of results for the
representative 200 rail and 200 truck routes;

e Calculations comparing the consequences and risks for RADTRAN
1 with RADTRAN 5 for a single transportation route; and

e Calculations comparing the risks and consequences using the pack-
age inventories and assumptions about radionuclide releases developed for
the 1977 transportation EIS, 1987 modal study, and this study.

The study provided RADTRAN calculations for both incident-free and
severe accident scenarios. The conservative assumptions used in these analy-
ses (e.g., the packages contain three-year-old spent fuel with high burn-ups;
the external package dose rate distribution estimates were rescaled upward
so that their upper limits were equal to the regulatory dose limits; package

28The use of three-year-cooled spent fuel in the calculations yielded external steady-state
package surface temperatures as high as 194°C (Sprung et al., 2000, Table 6.4). This would
have exceeded the regulatory limits in 10 CFR 71.43(g), which restricts external surface
temperatures to 85°C for exclusive-use shipments. The authors described these temperatures
as “conservative” for the purposes of the analysis.
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deformation estimates were made using fully crushed impact limiters; truck
package seals were assumed to have small leaks at high-impact speeds even
though the analyses did not indicate seal failure) are reasonable for produc-
ing bounding estimates of accident consequences or radiological exposures.
However, the 200 rail and 200 truck routes selected through Monte Carlo
techniques for use in the analyses were based on realistic, not bounding,
characteristics. Consequently, the overall results of the Sandia analyses are
likely to be neither realistic nor bounding and probably overestimate the
transport risks.2?

One result is discussed below for the sake of illustration: Population
risk estimates for severe accidents involving rail transport of PWR spent
fuel in a steel-lead rail package. This example was selected because PWR
fuel is the most common fuel used in U.S. power reactors and because train
transport is the preferred mode for shipping to a federal repository and to
Private Fuel Storage (see Chapter 2).

The population risk estimates for each of the 200 route calculations for
the rail package are displayed as complementary cumulative distribution
functions (CCDFs), which are also sometimes referred to as “risk curves”
(Figure 3.2). The horizontal (x-axis) is referred to as the accident conse-
quence value. Simply put, this is the collective dose that would be received
by the population defined in the model as a result of the assumed accident
scenario calculated by the model. The vertical (y-axis) is the probability
that the collective dose will exceed that accident value on a per-shipment
basis. This probability is given in dimensionless units ranging from 0 to 1.
The right vertical axis is the expected number of years between accidents
exceeding the accident consequence value when 100 shipments per year are
assumed.

The total set of 200 CCDFs would produce a plot like that shown in the
inset in Figure 3.2. To improve the visual utility of such plots, compound
CCDFs can be constructed that represent certain statistical properties of the
200 individual CCDFs. For the compound CCDFs shown in Figure 3.2,

e The mean compound CCDF is computed by averaging the 200
CCDFs;

e The 50th percentile compound CCDF represents the median value
of the 200 CCDFs; and

e The 95th and 5th percentile compound CCDFs represent the 190th
highest and 10th lowest of the 200 CCDFs.

29The committee hedges this statement with the word “probably” because there are a great
many other uncertainties in the input data to the calculations, especially with respect to local
accident rates and route wayside conditions, that could affect the realism of the calculations.
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FIGURE 3.2 Compound CCDF (complementary cumulative distribution function)
for train transport of PWR fuel using steel/lead packages. The left vertical axis is
the probability expressed on a per-shipment basis; the right vertical axis represents
the expected years between accidents assuming 100 shipments per year. Inset: Plot
showing individual CCDFs for 200 routing calculations of the type used to derive
the compound CCDFs shown in the main figure. SOURCE: Sprung et al. (2000,
Figure 8.7).

Two general observations can be made from this plot. First, the esti-
mated risk of exposure from an accident that is severe enough to compro-
mise fuel rod and package seal integrity is very small on a per-shipment
basis. For example, the expected (mean) probability of receiving a popula-
tion dose of 1 person-rem (i.e., 10° person-rem in the figure) is about 1 in
100 million (10-8) per package shipment. Assuming a shipment frequency
of 100 packages per year, the expected mean time between such accidents is
estimated to be about 1 million years.

Second, the spread of probability (left vertical axis) values of the com-
pound CCDFs at a given consequence value (horizontal axis), which is
represented by the vertical distance between the Sth and 95th percentile
compound CCDFs, reflects the sensitivity of the calculations to route char-
acteristics (e.g., route length, wayside hardness, traffic conditions). The
variability is about an order of magnitude at low consequence values and
increases to more than 5 orders of magnitude at high consequence values.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

140 GOING THE DISTANCE?

The collective dose risk3? for all of the RADTRAN 5 calculations dis-
played in the figure is equal to 9.4 x 1076 person-rem on a per-shipment
basis. If an accident has a 1 in one million probability of occurrence (i.e.,
1 x 107¢), the mean collective dose received by the population (the size of
which must be specified) would be about 9 rem per accident. The mean
collective dose risks are most useful as a tool to compare different accident
risks as shown in Table 3.7.

The population (collective) dose risks for all of the packages modeled in
the 2000 reexamination study are shown in Table 3.7. The authors of this
study also calculated the collective dose risks using the source terms from
the 1977 transportation EIS and the1987 modal study. Two observations
are particularly noteworthy. First, estimated population dose risks for the
reexamination study are on the order of 106 to 10~7 person-rem per ship-
ment for all of the packages and scenarios examined in the study. Given the
uncertainties in the parameters used in the calculations, these values are
essentially identical. Second, estimated population dose risks from the 2000
reexamination study are about three orders of magnitude lower than esti-
mates calculated using the source terms in the1977 transportation EIS and
the 1987 modal study. These differences are probably significant and may
reflect a lack of realism in some of the assumptions used in the earlier
analyses, especially with respect to package release behavior in a severe
accident. As noted previously, this behavior was based largely on expert
judgment in the 1977 transportation EIS. Release behavior was modeled
explicitly in the 2000 reexamination study.

Final Yucca Mountain EIS (2002)

DOE has prepared an EIS (DOE, 2002a) as part of a larger effort to site
and construct a federal repository for spent fuel and high-level waste at
Yucca Mountain, Nevada. This EIS provides estimates of spent fuel and
high-level waste transportation risks. The EIS considers two scenarios for
transporting spent nuclear fuel and high-level radioactive waste from 72
commercial and 5 defense sites to the proposed repository at Yucca Moun-
tain, Nevada: a mostly truck scenario that would involve transporting most
of the spent fuel and high-level waste by legal-weight truck across the

30The mean collective dose risk is the collective dose that is received by the population from
an accident times the probability of occurrence of that accident. This follows from the general
risk equation, risk = probability x consequences, where consequences = collective dose. The
collective dose is conditional because it will be received only if the accident occurs. In that
case, the collective dose can be calculated by dividing the risk by the probability that the
accident will occur, or consequences = risk + probability. The mean collective dose risk is
most useful as a comparative tool.
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TABLE 3.7 Population (Collective) Dose Risks for Severe Accidents from
the 2000 Reexamination Study

Population Dose Risk (person-rem)?

Truck Rail

Package Type PWR BWR PWR BWR
2000 reexamination study

Steel-lead 8.0 x 1077 3.3%x 1077 9.4 %1076 9.2 x 1076

Steel-DU 2.3x 1076 1.1 x 1076

Monolithic steel 2.0 x 1076 1.5 x 1076
Calculated using 1977 1.3 x 1072 to 1.9 x 1072 to
transportation EIS and 1987 1.3 x 1074 4.9 x 1074

modal study sources terms

NOTE: Numbers are rounded to two significant figures; BWR = boiling water reactor; DU =
depleted uranium; PWR = pressurized water reactor.

aExpected values per shipment.

SOURCE: Sprung et al. (2000, Tables 8.4, 8.5, E.2).

nation’s highways, and alternatively, a mostly rail scenario that would
involve transporting most of this material using commercial railroads and a
railroad spur to be constructed in Nevada. The numbers of truck and rail
shipments under each scenario are shown in Table 3.8.

DOE considered the impacts of two repository scenarios in this EIS.
The first assumes that Yucca Mountain would receive the legislatively man-
dated limit of 70,000 metric tons of spent fuel and high-level waste over a
period of 24 years. The second assumes that the repository would operate
for 38 years and would receive between 119,000 and 125,000 metric tons
of spent fuel, high-level radioactive waste, and other special requirements
waste (e.g., greater-than-class-C waste).

DOE’s analysis of transportation impacts examined several classes of
hazards for workers and the general public, two of which are of particular
interest in this discussion:

1. Incident-free transportation in which populations in proximity to
transportation routes would receive small radiation doses during the rou-
tine transport of spent fuel and high-level waste. These doses would be the
result of radiation shine from the transport packages.

2. Accidents that involve a loss of transport package shielding, which
could result in more severe radiological exposures. The EIS analyzed a
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TABLE 3.8 Transportation Scenarios, Collective Doses, and Radiological
Impacts from the 2002 Yucca Mountain Repository EIS for Routine
Transport and Accidents

Mostly Truck Mostly Rail

Scenario Scenario Comment
Scenario Definitions
Operational period 24
(years)
Repository capacity 70,000
(MTHM)
Number of legal-weight
truck shipments
Commercial SNF 41,000 1100
DOE SNF 3500
DOE HLW 8300
Number of rail shipments
Commercial SNF 300 7200
DOE SNF 770
DOE HLW 1700

Radiological Impacts, Routine Transport?

Worker collective dose 29,000 7900-8800 Collective dose

(person-rem) received over 24 years
assuming specified
crew sizes for loading,
transport, and
inspections; total
numbers of workers
not specified

Dose to maximally 48 48 Assumes that worker
exposed worker (rem) receives the DOE
occupational

administrative dose
limit of 2 rem per year
for 24 years?

Estimated number of 12 3.2-3.5
worker latent cancer
fatalities

continues
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TABLE 3.8 Continued

143

Mostly Truck Mostly Rail

Scenario Scenario Comment

Dose to maximally 2.4 0.29 Maximally exposed

exposed member of the person for mostly truck

public (rem) is a service station
worker; mitigation
would be required to
keep doses below
0.1 mSv (100 mrem)
per year. Maximally
exposed person for
mostly rail is resident
near a rail stop

Public collective dose 5000 1200-1600 Distributed across

(person-rem) 10.4 million people for
mostly truck scenario
and 16.4 million
people for mostly rail
scenario over 24 years

Estimated number of 2.5 0.6-0.8

public latent cancer

fatalities

Total estimated number 14 3.8-4.3

of latent cancer fatalities

Radiological Impacts, Maximally Reasonably Foreseeable Accident (MRFA)¢

Accident scenario Long-duration  Long-duration
fire that leads  fire that leads
to breach of a  to breach of a
package and package and
dispersal of a dispersal of a
portion of its ~ portion of its

contents contents
Annual probability that 2.3 in 2.8 in
the accident will occur 10 million 10 million
Dose to maximally 3 29

exposed individual
assuming the accident
does occur (rem)

During each year of
the 24-year shipping
campaign

Maximally exposed
individuals are located
downwind of the
package and receive
dose from a cooling
plume of radioactive
particles released from
the package

continues
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TABLE 3.8 Continued

Mostly Truck Mostly Rail

Scenario Scenario Comment
Collective dose assuming 1100 9900 Analysis assumes that
the accident does occur the accident occurs in
(person-rem) an urban area, and that

populations up to 50
miles (80 kilometers)
from the release point
could receive a dose.
Population densities
used in the calculations
were based on 1990
census data
extrapolated to 2035
for 21 large urban
centers in the United
States. Accident was
assumed to occur at
the center of the
population zone

Total number of latent 0.6 5 Calculated by

cancer fatalities assuming multiplying the

accident does occur collective dose by the
nominal probability
coefficient

Annual collective dose 2.5 x 1074 2.8 x 1073 See footnote 30

risk (rem)

Nonradiological Impacts

Total fatalities from 6.8 3.1-4.2
vehicular collisions,

industrial accidents, and

air emissions

NOTE: Numbers are rounded to two significant figures.

aThe dose estimates shown in this section of the table have a probability of occurrence of 1;
that is, it is certain that these doses would be received by workers and members of the public
if the Yucca Mountain transportation program were carried out as described in Appendix J of
the final Yucca Mountain EIS.

bThe final Yucca Mountain EIS also notes that if a lower administrative dose limit is
imposed on transportation workers in the future, maximally exposed worker doses would
be correspondingly lower.

cDose estimates shown in this section of the table are conditional upon the actual occur-
rence of the accident, which has a very low probability of occurrence.

SOURCES: DOE (2002a, Table 6-1, Table J-1, Table J-16, table on p. S-69, table on p. S-80).
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“maximum reasonably foreseeable accident”3! to provide some perspec-
tive on the largest expected transportation impacts on populations that
live along potential transportation routes. The EIS analyzed the conse-
quences of accidents that are expected to occur with a frequency greater
than 107 (i.e., with a likelihood greater than 1 in 10 million times per
year).

The EIS estimated the consequences of these hazards to several groups
of individuals: workers involved in loading, transporting, inspecting, and
escorting the shipments; members of the public in vehicles that share trans-
portation routes with the shipments; members of the public who live in
proximity to transportation routes; and members of the public who are
exposed while shipments are stopped en route to Yucca Mountain.

Appendix J of the final Yucca Mountain EIS provides a detailed discus-
sion of the models, data, and assumptions that were used to produce these
estimates. In developing these analyses, DOE used the RADTRAN 5 code
developed by Sandia National Laboratories (see Sidebar 3.4) for estimating
collective radiological doses under both incident-free and accident condi-
tions. DOE relied heavily on the accident scenarios and the transport pack-
age release mechanisms developed in the 2000 reexamination study. The
RISKIND32 computer code was used to calculate radiological doses to

31According to DOE, maximally reasonably foreseeable accidents are characterized by
extremes of mechanical and thermal forces, and other conditions not specified, that lead to
the “highest reasonably foreseeable consequences” (DOE, 2002a, p. 6-45). The thermo-
mechanical forces in these accidents would exceed regulatory limits and would be applied
to a package in such a way as to cause the greatest damage and would lead to the release of
radioactive materials. DOE defines any accident that has the chance of occurring more than
1 in 10 million times per year as being reasonably foreseeable. The Final Yucca Mountain
EIS analyses of maximally reasonably foreseeable accidents were based on an examination
of the accident scenarios presented in the reexamination study (Sprung et al., 2000). The
analyses are described in Appendix J of the EIS. The scenario determined to be most severe
for both rail and truck packages is a long-duration fire.

32The RISKIND code was developed in 1993 by Argonne National Laboratory to estimate
local, scenario-specific radiological doses to maximally exposed individuals. This code per-
forms similar calculations for incident-free exposures as the RADTRAN code. However, the
two codes use different mathematical representations for external dose rate as a function of
the distance between the source and receptor (Steinman and Kearfoot, 2000). Steinman et al.
(2002) compared the estimates from these models against experimental measurements on
moving conveyances containing radioactive materials. They found that both the RADTRAN
and the RISKIND models predict doses to within an order of magnitude of the experimentally
measured values. The RISKIND model estimates agreed more closely with the measured
values at short distances (within a few meters) from the package, whereas RADTRAN pro-
vided better agreement at distances that the authors characterized as more typical of residen-
tial populations alongside of roads.
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maximally exposed individuals for incident-free transportation and to popu-
lations and maximally exposed individuals for maximally reasonably fore-
seeable accident conditions.

To make incident-free radiological impact assessments, DOE assumed
that each transportation package would have the maximum external dose
rate allowed under DOT transport regulation 49 CFR 173.441(b) (as well
as USNRC regulation 10 CFR 71.47(b)(3)): 0.1 mSv per hour (10 mrem per
hour) at 2 meters (6.5 feet) from the lateral surfaces of the transport ve-
hicles. This is a conservative assumption when the packages contain aged
spent fuel.33

Estimates of the number of shipments were based on information on
current inventories of spent fuel at reactor sites as well as projections of
future inventories based on industry trends. The analysis took into account
factors such as package handling capabilities®* at each site and package
capacities to meet heat generation and criticality requirements. In some
cases, these requirements would necessitate the shipment of partial pack-
ages. The analysis used 31 shipping package configurations: 9 for legal-
weight truck and 22 for rail.

Highway routing selections were made using actual highway data and
DOT rules for Highway Route-Controlled Quantities of Radioactive Mate-
rials in 49 CFR 397.101. Population densities within 800 meters (0.5 mile)
of the routes were used to calculate incident-free doses.? These densities
used data derived from the 1990 and 2000 census data and were extrapo-
lated to the year 2035 based on Bureau of the Census forecasts.

Rail routing selections were made using rules based on the historical
routing practices of U.S. railroads from a database of 94 rail networks
representing current railroad conditions. Rail routes were determined by
minimizing shipping “impedance,” which is accomplished by reducing
travel distances and the number of railroad companies involved and by
using main line (i.e., generally better maintained) tracks. Population densi-
ties within 800 meters (0.5 mile) of the routes were used to calculate
incident-free doses. These densities used data derived in the same manner
as for highway shipments. Route selections were made for all but six sites
that do not have the capacity to load or handle rail packages.

33However, as discussed in Chapter 5, the first fuel shipped to Yucca Mountain might not
be thermally and radiologically cool.

34For the mostly rail scenario, the analysis assumed that sites that had insufficient crane
capacity to handle rail packages would be upgraded after the plant shut down.

35Calculating doses out to 800 meters is a very conservative approach. If the dose rate at 2
meters (6.5 feet) is 0.1 mSv per hour (10 mrem per hour), then the dose rate at 800 meters
(0.5 mile) is 6.25 x 10~ mSv per hour (6.25 x 105 mrem per hour). This is a negligible
exposure and becomes trivial when the conveyance is moving.
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For the mostly truck scenario, DOE assumed that all shipments would
be made by legal-weight truck except for naval spent fuel, which would be
shipped by rail. For the mostly rail scenario, DOE assumed that all sites
would ship by rail except for the six commercial sites that do not have the
capability to load rail packages. DOE assumed that these sites would ship
by legal-weight truck until the sites shut down. They would then be up-
graded to load rail packages and would ship by direct rail (or heavy-haul
truck or barge). Another 24 commercial sites that do not have rail access
would ship by heavy-haul truck or barge to railheads.

Table 3.8 provides a summary of the EIS analyses for Yucca Mountain
for a 24-year transportation program involving the movement of 70,000
metric tons of spent fuel and high-level waste to the repository. The table
provides several types of consequence estimates:

e Estimates of radiation exposures during incident-free transport.
Two types of exposures are estimated: the collective dose (see Sidebar 3.3)
to workers and to members of the public during incident-free transport,
and doses to the maximally exposed worker and member of the public.

e Estimates of the annual probabilities of the maximally reasonable
foreseeable accident.

e Estimates of collective doses and the maximally exposed individual
if the maximally reasonably foreseeable accident does occur.

e Estimates of latent cancer fatalities from these exposures calculated
as described in Sidebar 3.3.

e Estimates of the annual collective dose risk.

For comparison purposes, the estimated number of fatalities from
nonradiological exposures are given at the bottom of the table. These fatali-
ties are estimated to arise from vehicular collisions, industrial accidents
during loading and handling of the transport packages, and air emissions
from the transport vehicles.

Several observations from Table 3.8 are noteworthy. First, and perhaps
most important, a Yucca Mountain transportation program will not be risk
free. Workers and members of the public who are exposed to radiation
from the transportation packages could have an elevated risk of developing
fatal cancer. However, the absolute risk, as measured by the total number
of fatalities, will be very small for either rail or truck transport for both
incident-free and accident scenarios.

It is important to recognize that these risk estimates are based on a
large number of parameter estimates having varying degrees of uncertainty.
In view of these uncertainties, it is unclear whether the estimates of radio-
logical fatalities for either the mostly truck or the mostly rail scenarios are
significantly different. Also, the estimates of fatalities represent averages for
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all shipments over all routes. There may be individual routes, shipments or
persons that could have risks that are significantly higher or lower than
those shown in Table 3.8.

The maximally foreseeable reasonable accident probabilities are simi-
lar for both truck and rail accidents (on the order of 10~7 occurrences per
year [i.e., 1 occurrence every 10 million years]). This is a very low recur-
rence rate compared to other kinds of transportation accidents that result
in the release of hazardous materials to the environment. The collective
dose estimates shown in Table 3.8 are also based on some conservative
assumptions: for example, the accidental releases are assumed to occur at
the center of a large urban area having a population density extrapolated
to 2035. Also, the collective doses are calculated out to a distance of 50
miles (80 kilometers) from the release point and would include large num-
bers of people who receive very small doses. The resulting collective dose
risks shown in the table (2.8 x 1073 to 2.5 x 10~%) reflect these conservative
assumptions.

It is worth emphasizing the differences between the dose estimates
shown in Table 3.8 for incident-free transport and the maximally reason-
ably foreseeable accident. The incident-free estimates have a probability of
occurrence of 1 (i.e., the hazard is always present during transport) if the
transportation is carried out as described in Appendix J of the final Yucca
Mountain EIS (DOE, 2002a). The dose estimates for the maximally reason-
able foreseeable accident, on the other hand, are conditional on the occur-
rence of that accident. The probability of occurrence of such an accident is
estimated to be very low, on the order of 1 chance in 10 million each year
the program is in operation. This is a very low probability, so these doses
are very unlikely ever to be received by workers or the public. This low
probability is reflected in the small collective dose risk estimates shown in
the table.

The State of Nevada provided extensive commentary on the Yucca
Mountain draft EIS estimates of transportation risk (Nevada, 2000). The
state believes that incident-free transportation risks based on truck trans-
port have been underestimated and that the models and scenarios used for
the accident consequence estimations are also unrealistic, echoing earlier
criticisms by Resnikoff (1994). As noted previously, the final EIS for Yucca
Mountain relied heavily on the data and modeling approaches used in the
2000 reexamination study. The State of Nevada has criticized this ap-
proach because the 2000 study was performed by a contractor and was not
subjected to the public review and comment process used for the 1977
transportation EIS.

Some participants at the committee’s information-gathering meetings
suggested that the accident statistics used in these analytical studies needed
to be reanalyzed in light of increased truck traffic and vehicular speed limits
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on interstate highways. Participants also raised concerns about whether
these studies have appropriately analyzed the consequences of the very low
frequency but high-magnitude accident scenarios that could result in re-
leases from spent fuel packages.

The committee has not performed an in-depth analysis of the methods
used in the final Yucca Mountain EIS to estimate the radiological impacts
shown in the table. The calculation of maximum incident-free impacts can
be made if reliable data on shipments, routes, and populations can be
obtained. The State of Nevada’s specific concerns about incident-free expo-
sures for the mostly truck scenario would have limited relevance for a
mostly rail scenario, which DOE has announced as its preferred scenario
for shipments to a federal repository. Many fewer total shipments would be
required under this scenario (see Table 3.8), and in general there are likely
to be greater distances between packages and members of the public along
main line railways. To the extent that truck shipments are made under this
scenario, however, the likelihood of exposure to radiation will depend to a
great extent on the routing of these shipments through populated areas.
Since routing decisions have not yet been announced, the committee cannot
evaluate these potential impacts.

3.2 SOCIAL RISKS

As defined by the committee, social risks arise from both social pro-
cesses and human perceptions (see footnotes 1 and 2 in this chapter). They
can arise during the construction of transportation facilities, during routine
transportation operations, and as a result of transportation accidents. So-
cial risks are associated with the two types of impacts shown in the right-
most column of Table 3.1: direct social and economic (i.e., socioeconomic)
impacts,3¢ and perception-based impacts. These two types of impacts can
be difficult to separate in practice because they can have similar manifesta-
tions, as described below.

A number of direct socioeconomic impacts can result from the trans-
port of spent fuel and high-level waste. Routine transport operations, for
example, might result in increased visual impacts (i.e., increased numbers of
visually conspicuous shipments of spent fuel through communities), espe-
cially from large-quantity shipping programs at the “funnel end” of a trans-
portation system where large numbers of conveyances would be expected
to travel along a single route. These activities may have direct impacts on

36These kinds of “standard” socioeconomic impacts are included as factors that must be
considered in environmental impact statements under the National Environmental Policy Act:
for example, see Chapter 8 of the final EIS for Yucca Mountain (DOE, 2002a).
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quality of life, property values, and/or business activities, especially if they
persist over extended periods of time. Severe accidents involving loaded
transportation packages might lead to the temporary loss of use of a trans-
portation route, which could result in business disruptions and other incon-
veniences with economic and quality-of-life impacts.

These direct socioeconomic impacts arise from generally well under-
stood social processes. For example, most people prefer to live in neighbor-
hoods with roads that carry low volumes of mostly local vehicular traffic.
Such neighborhoods tend to be quieter and safer for unsupervised children.
The preference for such neighborhoods is reflected by their higher property
values compared with nearby neighborhoods along major roads. Similarly,
most people prefer to shop at stores that offer easy access by foot, public
transportation, or (in most suburban areas) automobile. People will tend to
avoid stores along highly congested routes if comparable but more easily
accessible alternatives are available. These preferences are examples of so-
cial processes in action.

Perception-based impacts arise from people’s beliefs and values con-
cerning the consequences of transportation activities on their well-being
and that of their communities (Sidebar 3.5). Such perceptions can shape

SIDEBAR 3.5 Well-being and Social Risk

The general proposition that peoples’ well-being changes systematically as
events interact with beliefs and values has been central to economic and social
theories for generations. Broadly speaking, these processes take place around us
(and to us) continuously. Except for truly isolated hermits, people’s well-being is
inevitably affected by the behavior of others; this is why being treated respectfully
so often matters, cell phone use is unwelcome in concert halls, and social ostra-
cism hurts.

Social rules governing behaviors that affect people’s well-being are often infor-
mal and subject to change over time (this explains why Ann Landers, an expert in
informal rules governing behaviors that impinge on the well-being of others, had
such a hugely successful career). When there is broad agreement that a behavior
damages the well-being of a sufficient number of others, it is often proscribed by
formal rules: Noise ordinances in some cities preclude the too-enthusiastic sharing
of music, zoning rules forbid certain kinds of property use, nudity is illegal in most
public places, and smoking is heavily regulated. Many arguments can be (and are)
made about the nature and extent of the losses associated with these behaviors,
but in common they reflect a sense of lost well-being on the part of affected people.
The bottom line remains that in a representative political system, if enough people
perceive a loss of well-being, rules regulating the offending behavior are likely to
be forthcoming.
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TABLE 3.9 Examples of Impacts of Social Risks

Social Risk Impacts Reference Examples
Increased stress and anxiety NCRP (2001); Slovic (2001a,b); Tuler (2002);
(psychosocial risks) Webler (2002)
Loss of sense of security and safety NCRP (2001); Slovic (2001a,b); Williams
et al. (1999)
Loss of trust and confidence in Freudenberg (1993); Slovic (1993); Satterfield
government and government agencies  and Levin (2002); Tuler (2002); Rosa and
Clark (1999)
Reduced desirability as a place to live  Hunsperger (2001); Slovic et al. (2001)
Reduced economic activity (e.g., Easterling (1997); Easterling and Kunreuther
tourism and other business activities)  (1993); Hunsperger (2001); Slovic et al.
(2001); UER (2001, 2002)
Reduced property values UER (2000); Gawande and Jenkins-Smith

(2001); Hunsperger (2001)

peoples’ behaviors and can materially affect both individual and commu-
nity welfare.3” The impacts of social risks may be manifested in different
ways, ranging from stress or depression to more direct socioeconomic im-
pacts including losses in jobs or wealth and to sociopolitical impacts that
include loss of institutional trust, but in common they result from the ways
in which people understand and then respond to the effects of a hazard on
their well-being.

While these perception-based impacts can produce a systematic reduc-
tion in people’s sense of well-being (or utility), the mechanism of loss can
vary. Table 3.9 provides examples of some of the potential consequences
resulting from actual or feared exposures to radioactive materials or beliefs
about the ways such materials are managed. Previous research suggests that
while such consequences may result from concerns about radiation, these
kinds of consequences are not guaranteed to result; the social dynamics of
how perceptions and consequences emerge is complex and incompletely
understood.

Perception-based impacts arise in many different contexts. With respect
to a spent fuel and high-level waste transportation program, risks might
arise as follows. The advent of a program for transporting spent fuel and
high-level waste—perhaps even in the planning stages—might produce im-

37 Another term used to describe these effects is “special impacts.” Appendix N of the final
EIS for Yucca Mountain (DOE, 2002a) includes a section that evaluates these potential
impacts.
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agery and messages (i.e., signals) about the program’s impacts on local
communities (Slovic et al., 1991). The signals originate from an array of
sources, including the program’s implementing organization, opposition
groups, government agencies, and others. These signals are typically trans-
mitted to individuals though the news media (Kasperson et al., 1988), but
also through public meetings and government reports.

These signals are discerned (filtered, interpreted, and evaluated) by
members of affected communities in light of their prior beliefs and values
(Jenkins-Smith and Smith, 1994). Given that signals and images of nuclear
waste are usually very negative (Slovic, 1987; Slovic et al., 1991), it is not
surprising that the prospect or advent of a transport program through a
community may widely be perceived to be threatening.

The discernment of a threat posed by spent fuel and high-level waste
shipments—regardless of whether it is consistent with technical estimates
of risk—has real implications for affected individuals. The threat can di-
minish individuals’ sense of well-being, sometimes in an acute manner, as
the understood threat undermines health expectations and increases emo-
tional and physical stress (MacGregor and Flemming, 1996; but see Renn,
1997). The sense of loss can be exacerbated by a sense that the imposition
of the risk is unjust or inequitable. When a community—for example, a
low-income or minority community—has historically been subjected dis-
proportionately to harms emanating from industrial and other undesirable
activities, is less endowed with the resources needed to manage the risks,
or holds values that are unusually susceptible to infringement by addi-
tional discerned threats (e.g., cultural or spiritual beliefs attached to a
place), the loss is likely to be seen as unjust.

This “substantive” injustice can also be matched by “procedural in-
justice”: that is, a sense of injustice stemming from the belief that the
process by which the threat was imposed is unfair (Gusterson, 2000). The
losses potentially associated with a pervasive sense of injustice are nu-
merous and may include loss of trust in government institutions, reduced
faith that citizen involvement can result in appropriate public policy (i.e., a
sense of disempowerment), and a reluctance to participate in planning
processes (e.g., public meetings) (Kasperson, 1983; Fischer, 2001; Bradbury
et al., 2003).

Federal (e.g., EO, 1994; CEQ, 1997; EPA, 1998a; DOE, 1995a; DOT,
2002), some state (American Bar Association, 2004) and city governments,
and a growing number of other organizations (e.g., NCHRP, 2004) have
recognized the importance of environmental justice’® impacts, and some

38Environmental justice is the fair treatment and meaningful involvement of people regard-
less of race, gender, national origin, or level of attained education in the development of laws,
regulations, and policies that affect them (see IOM, 1999).
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have enacted laws, regulations, and policies to address them. Additionally,
a rich literature on environmental justice has developed over the past 20
years (e.g., GAO, 1983; United Church of Christ, 1987; Bullard, 1990a,b;
Bryant and Mohai, 1992). It has many thrusts, such as identifying and
characterizing the causes of disproportionate harms (Adeola, 1994), often
through community-based participatory research (Shepard et al., 2002);
investigating the effects of scale of measurement (e.g., census tract, block
group) on disproportionate impacts on communities (Eady, 2003); and
developing mitigating tools, such as good neighbor and community ben-
efits agreements.

Should the perceived threat become broadly associated with a place or
community, it could have a potentially lasting stigmatizing3? effect (Kasper-
son et al., 2001; Slovic et al., 2001). For spent fuel and high-level waste
shipments, concern about stigma would be associated chiefly with severe
accidents, but it could also result from frequent and widely publicized
shipments or minor vehicular accidents involving spent fuel or high-level
waste shipments.

Publicity about transportation incidents, even minor incidents, can re-
sult in the social amplification of risk in which “the consequences of risk
and risk events . . . often exceed the direct physical harm to human beings
and the ecosystems to include more indirect effects on the economy, social
institutions, and well-being associated with the amplification-driven im-
pacts” (Kasperson et al., 2001, p. 18; see also, Slovic et al., 1991). Dis-
cerned risks from hazards such as spent fuel and high-level waste shipments
also can change behaviors. A perceived threat to health may modify the
way people use residential properties (Berrens et al., 2002) or change the
attractiveness of areas for residency, vacations, and conferences (Easterling
and Kunreuther, 1993).

Changed perceptions of places resulting from discerned threats may
result in changes in perceived values of residential and commercial prop-
erties (Ketkar, 1992; Mendelsohn et al., 1992; Kiel, 1995; Hunsperger,
2001). These perceived losses may translate into reductions in market val-
ues as sellers become more eager to leave and buyers more wary of the
affected locale.

Because perception-based impacts derive from the manner in which
individuals recognize and understand the hazard, social risks are sometimes
mistakenly treated by technical experts and policy makers as imaginary, or
less real, than the health and safety risks discussed in Section 3.1. The
general difficulty in quantifying social risks no doubt contributes to this

39Stigma marks a person, place, product, or technology as deviant, flawed, or undesirable.
When the particular stigmatizing characteristic is observed, the person, place, product, or
technology may be denigrated or avoided.
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view. Nevertheless, it is clear from social science research, some of which is
described in the next section of this chapter, that social risks are as real and
important to many people as the associated health and safety risks. They
can impact individuals and communities in ways other than injury or death.
In addition, social risks may exacerbate concerns about the likelihood of
future, unanticipated health and safety risks. For example, an erosion of
trust in a program or the agency overseeing such a program can arise from
frequent minor problems; these continuing problems may lead people to
conclude that the agency lacks the capacity to effectively manage the pro-
gram over the long term. Left unaddressed, these risks could diminish the
ability of implementers to mobilize the necessary resources for managing
the health and safety risks of transportation systems.

Technical experts and policy makers sometimes attribute the concerns
about social risks expressed by others as based on misinformation about or
ignorance of the “real” (i.e., health and safety) risks. This attribution is
frequently coupled with calls for better public education about risk, with
the unspoken implication that such education would encourage the public
to behave more rationally (i.e., more like technical experts). Although there
is no doubt that the public would benefit from more accurate information
about transportation risks, one should not expect that such information
would result in a widespread change of public behavior. Such “information
deficit” approaches to behavior change have largely been discredited (e.g.,
Kollmuss and Agyeman, 2002).

In fact, people may be acting rationally if they oppose spent fuel and
high-level waste transportation on health and safety grounds even if they
agree with the experts that the estimated health and safety risks are low.
Most people recognize that transportation programs are run by fallible
institutions and that institutional and human errors play a large role in
determining transportation risks. There are many examples of technologi-
cal systems where the experts were wrong or overly optimistic (Schrader-
Frechette, 1995; Perrow, 1999; Freudenburg, 2003). They also recognize
that the risk of an accidental release from a spent fuel shipment, while
low, is not zero and, moreover, that such a release can have a range of
consequences: health, safety, and social. Rational people care about all
consequences that can impact their lives and communities, not just health
and safety consequences that are the main concern of technical experts
(NRC, 1996).

3.2.1 Research on Social Risk

There is a large body of research on social risk that focuses on the
perceptions of and responses to nuclear power, nuclear weapons, and ra-
dioactive waste disposal. This research has shown that perceptions of risk
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can have gender, racial, and cultural predispositions. A brief review of this
research is provided below.

Studies have found that men tend to “rate a wide range of hazards as
lower in risk than do women” including nuclear technologies (e.g., Finu-
cane et al., 2000, p. 169). Flynn et al. (1994, p. 1101) found that white
men have been found on average to perceive risks, including technologies
such as nuclear power and waste “as much smaller and much more accept-
able” than other people (also see Finucane et al., 2000). Vaughan (1995;
see also Vaughan and Nordenstam, 1991) found that African Americans,
when compared with others, tend to perceive risks as higher and support
stricter regulatory actions for issues involving nuclear power plants or the
disposal of radioactive waste. These predispositions may be related to the
sociocultural contexts within which people live, including their beliefs
about the trustworthiness of risk management institutions. Vaughn (1995,
p- 175) notes:

Because prior beliefs about risk, perceptions about the trustworthiness of
various government agencies and beliefs about risk management process
evolve within sociocultural contexts, they likely are not independent of
broader social experiences that bound and structure perspectives and
worldviews. . . . Different patterns of belief and value systems relevant to
risk management are likely to be observed across diverse ethnic and socio-
economic communities to the degree to which these communities’ social
and cultural contexts have varied.

These sociocultural predispositions have been the topic of numerous studies
(e.g., Dake, 1991, 1992; Jenkins-Smith and Smith, 1994; and Peters and
Slovic, 1996).

There is also quantitative and qualitative evidence (e.g., United Church
of Christ, 1987; GAO, 1983; Zimmerman, 1993; Goldman and Fitton,
1994) that not all people and communities bear the burden of environmen-
tal problems equally, including those arising from transportation of haz-
ardous materials. This disproportionate burden has been associated par-
ticularly with minority and low-income communities (Bryant and Mohai,
1992). The imposition of preexisting risks on these communities may affect
their conceptualization and framing of risk problems and make them even
more vulnerable to risks from new activities (Sidebar 3.6).

A large body of published work has examined public perceptions con-
cerning the proposed federal repository at Yucca Mountain, Nevada; much
of the initial work was supported by the State of Nevada (e.g., Kasperson
et al., 2001; see also, NRC, 1984; Slovic et al., 1991, 1994; Gregory et al.,
1995). Consistent with the Nevada-sponsored studies, a National Research
Council committee that examined the development of geologic repositories
noted that the “[g]eneral public in almost every nation where data have
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SIDEBAR 3.6 Publics, Affected Communities,
and Vulnerable Communities Defined

There is a temptation to talk of “the public” or “the community” when thinking of
risk estimates or tasks such as communication or the provision of information.
However, the situation is far more complex than this. There are many publics (Ja-
cobson, 1999) differentiated by both demographic (ethnicity, income) and interest-
based criteria, and many groups or communities differentiated by numerous crite-
ria of which demographics is just one.

In addition, for any project with potentially adverse consequences, such as
those that might result from the transportation of spent nuclear fuel and high-level
waste, there are affected groups and vulnerable groups. Affected groups are all
communities within an influence zone of a transportation project. This is a hypo-
thetical zone, which, for spent fuel and high-level waste transportation, would ex-
tend out some distance on either side of designated shipping routes. Within these
affected communities will be vulnerable groups who, because of disproportionate
exposures to other health-affecting substances, or because of ethnic, linguistic, or
socioeconomic issues, may be less able to read or understand information from
the authorities, to act in a first-responder role, to exit the area in a timely manner in
an emergency, or to otherwise cope with an emergency. The 2005 Hurricane Kat-
rina disaster in New Orleans is an unfortunate illustration of this point: many poor,
mostly black, New Orleans residents had no means to evacuate the city and were
stranded in their homes or in shelters of last resort. These vulnerable groups may
have to be identified and given special consideration by the authorities, including—
but not limited to—translated materials, emergency warnings in different languag-
es, and appropriate first-responder training.

been collected perceives nuclear technologies and radioactive wastes as the
riskiest of all hazards and expresses great concern about them” (NRC,
2003, p. 56).

There is a smaller body of research that specifically examines the
potential social risks of transporting radioactive waste. This research has
generally followed one of two approaches. The first and most common
approach relies on survey interviews taken from systematic samples of
people (adults) from the affected populations. The second approach, often
referred to as “hedonic studies,” relies on direct measures of behaviors
that reflect responses to the transportation of nuclear waste.

Survey research has the immediate advantage of obtaining individuals’
responses to specific questions about their own risk perceptions, beliefs,
preferences, and anticipated behaviors. Of course, anticipated behaviors
do not always match real behaviors. Surveys can be targeted to respon-
dents of particular relevance to the transportation program. Quite a num-
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ber of surveys have focused on nuclear waste transport, many of which are
accessible on the Nevada Nuclear Waste Project Office Web site (htep://
www.state.nv.us/mucwaste/). Some of the most directly relevant survey
research is summarized in the following paragraphs.

The University of New Mexico (UNMIPP, 2004) reported on a decade-
long series of surveys on public perceptions of the risks associated with the
Waste Isolation Pilot Plant among New Mexico residents. One survey item
asked respondents to indicate whether they believed the facility was safe to
open or was slightly, somewhat, or very risky. Over time, support gradually
increased, and it appeared to increase significantly once the first shipments
of transuranic waste reached the facility without incident.

A DOE-sponsored telephone-based survey of South Carolina residents
living near the Savannah River Site examined residents risk perceptions of
radioactive waste cleanup and disposal activities at the site, including the
transport of radioactive waste (not explicitly including spent fuel) to and
from the site. The study authors (Williams et al., 1999, p. 1028) noted that
respondents were also more than four times more likely to believe that
transport of waste from the site posed a fair to certain chance of harm than
a small or no chance of harm. Truck was seen as being the most risky mode
of transport. The study found that heightened risk perceptions among these
residents were based upon their expectation of economic loss, their finan-
cial security, proximity to the site, and their trust in Savannah River Site
officials (Williams et al., 1999, p. 1033).

The State of Nevada is located at the end of the transportation funnel
for shipments to the planned Yucca Mountain repository. Consequently,
larger numbers of spent fuel and high-level waste shipments will pass
through communities in that state than anywhere else in the country if a
federal repository at Yucca Mountain is opened. Two surveys—one of
residents, the other of bankers and appraisers—were undertaken by the
Urban Environmental Institute, LLC (UER) in 2000 to assess potential
transportation-related impacts in Clark County, Nevada, which includes
the city of Las Vegas. More than 70 percent of the respondents to UER’s
residential survey indicated that they would not consider purchasing resi-
dential property near a highway designated for spent fuel transport. The
UER survey of appraisers and bankers indicates that under routine trans-
port conditions, residences 1 mile from transportation routes may see prop-
erty value decreases of 2.0 to 3.5 percent, while commercial-office proper-
ties and industrial properties might decline in value from 0.5 to 3.0 percent.
The study found that significant and adverse impacts on property values are
likely to extend up to at least 3 miles from planned transportation routes
(UER, 2000, p. 71).

UER also has studied the potential impacts of spent fuel transport near
Moapa tribal lands in Nevada (UER, 2001). These lands are located near
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Interstate 15, a route identified for possible truck shipments to Yucca Moun-
tain. Tribal lands are located within 5 miles of I-15, and the major revenue
source for the tribe is a gaming center located near the interstate. The UER
concluded that an accident near Moapa lands would put the “tribe in an
extremely vulnerable position in terms of economic well-being since that
enterprise generates 90 percent of the tribe’s revenues” (UER, 2001, p. 40).
The tribe has plans for future economic developments along I-15, including
a truck stop and sales of agricultural produce. The study concluded that an
accident involving a spent fuel shipment near the Moapa exit along I-15
may cause declining property values and lost revenues, resulting in poten-
tially severe adverse economic impacts on the tribe.

The UER has also conducted a survey to identify the potential impacts
of spent fuel transportation on the Las Vegas and Moapa Paiutes (UER,
2002; see also, Nevada, 2002). Survey respondents noted that they were
concerned not only with economic impacts, but also with what they termed
the “moral” issue of transporting nuclear waste through Indian communi-
ties that have already experienced exposure to radioactivity from atomic
bomb tests at the Nevada Test Site.

Intertech Services Corporation completed a study for Lincoln County,
Nevada, on the potential adverse impacts to Caliente, Nevada, from a
Yucca Mountain transportation program (Intertech Services Corporation,
2001). Caliente is the planned site for a rail spur junction to Yucca Moun-
tain. The development of this junction is supported by city and county
leaders. The study concluded that the transportation program would have
“negative impacts on community cohesion, population driven effects,
emergency management, highway accident risk, radiation exposure risk,
and impacts from stigma that may reduce the desirability of Lincoln
County as a place to live and as a destination for tourists” (Intertech
Services Corporation, 2001, ES-2). The report notes (p. 51) that although
“scientific estimates of risk for an accident resulting in a release of radia-
tion into the environment may be quite low, the risk is not zero.” The
report also notes (p. 51-52), “To the degree that media amplifies the inci-
dent, even when there is no radiation release, the economic and fiscal
consequences can be expected to be much greater than from a similar
accident without nuclear waste.”

Transportation-related surveys taken in other parts of the country are
broadly consistent with these results. A national survey of 972 people,
which was part of the University of Maryland 1997 Omnibus Survey (Flynn
et al., 1998), examined the perceived risks and property value losses result-
ing from the transportation of spent fuel. The survey found that nearly two-
thirds of the respondents thought the value of properties located along
spent fuel transportation routes would be lowered. Seventy percent of re-
spondents thought that terrorist groups could successfully attack spent fuel
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shipments. Most respondents stated an unwillingness to live near a spent
fuel transportation route, and a majority of the respondents reported that
they considered the transport of spent fuel to be more risky than the trans-
port of industrial chemicals or gasoline.

There are fewer hedonic studies of people’s reactions to nuclear waste
transport, in part because these studies are more expensive and more diffi-
cult to carry out. Only one study, which is described below, was available
for review by the committee.

A DOE-sponsored study of real estate transactions in South Carolina
(Gawande and Jenkins-Smith, 2001) measured the effects of a series of
highly publicized shipments of foreign spent fuel to the Savannah River Site
(research reactor spent fuel shipments to the Savannah River Site are de-
scribed in more detail in Chapter 4). The authors found no correlation
between the spent fuel shipments and property values in rural Aiken County,
where there is a long experience with nuclear materials management. In
urban and populous Charleston County, however, “the net gain in value
associated with being 5 miles away from the route relative to a property on
the route was nearly 3 percent of the average home value” (Gawande and
Jenkins-Smith, 2001, p.229) once the shipments were under way. The
authors caution about making generalizations concerning the effects of
hazardous material shipments based on this survey, however, because of
data limitations.

During the scoping process for the draft EIS for Yucca Mountain, DOE
received many public comments about the need to address risk perceptions
and the potential stigmatization of Nevada, in particular the Las Vegas
area, due to the transportation and disposal of spent fuel and high-level
waste. In response, DOE sponsored a review of relevant perception-based
impacts and stigma effects literature, in which qualitative assessments were
made of the likelihood of these impacts. The literature reviewed included
studies sponsored by DOE, Nevada, and others. The report resulting from
this review concluded (O’Connor, 2001, p. 2):

... absent accidents, there is no reason to expect impacts to property
owners in areas beyond the transportation corridors. Even absent acci-
dents, however, two studies report that, at least temporarily, a decline in
residential property values of approximately 3 percent may be expected in
transportation corridors in urban areas. ... More research on whether
property values have fluctuated with the transportation of radioactive
materials would be beneficial, although the research would not allow
analysts to know with certainty whether there would be any impacts from
perceptions of shipments of spent nuclear fuel and high-level waste to a
Yucca Mountain Repository, or how long such impacts would persist.

The final EIS for Yucca Mountain reached a similar conclusion (DOE,
2002a, p. N21):
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There is a consensus among social scientists that a quantitative assessment
of the potential impacts from risk perceptions of the proposed repository
and the transportation of spent nuclear fuel and high-level radioactive
waste is impossible at this time and probably unlikely even after extensive
additional research. The implication is not that impacts would probably
be large, but simply difficult to quantify.

In summary, scientific research has generally shown the following:

e The public generally perceives nuclear-related activities to carry a
higher risk than non-nuclear activities.

e These risks are not perceived in isolation, but in a broader context
of social experiences and risk management processes—for example, in the
context of proposals for increasing reliance on nuclear energy that would
also require transportation of additional spent fuel.

e Social processes have the potential to amplify or attenuate social
risks arising from the transport of spent fuel and high-level waste.

e Risk perceptions may have gender, cultural, and ethnic pre-
dispositions.

e Social risks are difficult to quantify and there are no universally
agreed-upon metrics for comparing them.

e Trust and confidence can play important roles in modulating
these risks.

The last point about trust and confidence suggests that risk perceptions
can be modulated (i.e., amplified or dampened) by the actions of organiza-
tions involved in implementing or opposing a transportation program. On
the one hand, the publics’ trust of groups that seek to mobilize opposition
to a transportation program may increase the perceived risks of transporta-
tion. On the other hand, public trust and confidence in government agen-
cies that manage and regulate transport (e.g., DOE, USNRC, and their
contractors) may amplify or dampen these effects. In other words, trust and
confidence serves to amplify or dampen the publics’ response to signals sent
by those who make claims and counterclaims about the risks of transporta-
tion (Freudenberg, 2003; Frewer, 2003).

Responses to programs for transporting spent fuel and high-level waste
among members of the public will depend to a great extent on perceptions
about the need for such transport as well as the risks involved. Those
responsible for implementing transport programs can take several steps to
inform public understanding of needs, options, risks, and benefits. They
can also benefit from a better understanding of the reasons for public
responses, whether in the form of support or opposition to a proposed
program. Improved understandings of these issues by the public and trans-
portation implementers can support better planning and operational deci-
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sions, improve confidence in transportation management, improve safety,
and potentially reduce conflict.

3.3 COMPARATIVE RISK

The statement of task for this study (Sidebar 1.1) directs the committee
to provide a comparison between the principal risks for transporting spent
fuel and high-level waste and other risks that confront members of society.
In this section, the committee provides a comparison of the health and
safety risks of spent fuel and high-level waste transportation with other
types of risks to address this charge.

The committee made no attempt to compare social risks because of the
difficulties in quantifying such risks. The committee has followed the com-
mon approach for risk comparisons by comparing risks on dimensions for
which the most information currently exists. The committee is well aware
that these dimensions may not represent the outcomes that are most impor-
tant to some people. However, data are lacking to make meaningful quan-
titative or qualitative social risk comparisons, and there are no agreed-upon
metrics for making such comparisons.

The committee’s objective in presenting this comparison is to inform
readers’ understanding about the risks of spent fuel and high-level waste
transportation, not to persuade readers that such risks are—or are not—
acceptable. The committee recognizes that acceptability is a normative judg-
ment; that is, there is no basis in science for judging the acceptability of
transportation risks. Societal acceptability of risk is ultimately a public
policy decision and may vary over time and among different societies.
Individual acceptability is based on personal judgments.

There is a rich literature on risk comparisons that informed the com-
mittee’s work (Sidebar 3.7). An important finding from research on risk
communication is that different audiences frequently find different infor-
mation and comparisons more (or less) informative and relevant; some may
be critical of a particular comparison, while others will find it helpful for
understanding particular risks. At best, comparisons can help to improve
people’s understandings about the risks of a given activity, which may or
may not change their views about its acceptability. At worst, such compari-
sons can be seen as trying to manipulate public opinion or to “sell” a
particular technology or approach. People can reasonably disagree about
the “best” comparisons to use because each comparison will privilege some
aspects of the risk context at the expense of others (Vaughan and Seifert,
1992; NRC, 1996). In short, there is no single “right” comparison that will
satisfy and be understood by all audiences or that will convey all of the
relevant information associated with a complex risk.

The committee was guided by two principles in developing compari-
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SIDEBAR 3.7 Comparative Risks

A growing body of research has been used to inform the practice of risk com-
parisons (e.g., NRC, 1989, 1996; Roth et al., 1990; MacGregor et al., 2002a,
2002b; Johnson, 2003, 2004; Johnson and Chess, 2003). Key insights from this
research include the following:

e Comparisons can have subtle effects on judgments about relative risks and
their significance.

e Comparisons on multiple dimensions can be more helpful than compari-
sons on a single dimension.

e Comparisons of different risks on a single dimension can be problematic
when the risks are viewed as qualitatively different (e.g., voluntary vs. involuntary,
familiar vs. unfamiliar).

* Use of point estimates can be misleading when uncertainties are large.

* Risk denominators (e.g., periods of exposure, population base) to the risk
should be defined.

* Risks should be meaningful to those presented with the comparisons.

Choices about which risk comparisons to make involve personal judgments
about which risk outcomes are important (Crouch and Wilson, 1982; Vaughan and
Seifert, 1992; NRC, 1996): for example, human fatalities, human morbidity, eco-
logical impacts, economic costs, procedural fairness, distributional equity, inter-
generational effects, personal rights, effects on institutional trust and risk man-
agement regimes. It may also be important to consider benefits alongside such
outcomes to fully inform understandings and decisions. Choices about which out-
comes to use in the comparison are not only technical or scientific; rather, they
also reflect values—implicitly or explicitly—about the characteristics of the risks
that are important to people. They are embedded in and reflect social values.

There are a potentially large number of competing outcomes and measures
that may be relevant in a risk comparison. Meaningful comparison of risks need
not consider all possible outcomes or measures. Instead, decisions must be made
about what will be most useful and relevant. A previous National Research Council
committee offers some cautionary advice in this regard (NRC, 1989, p. 172).

Risk comparisons can be helpful, but they should be presented with caution. Risk
comparisons must be seen as one of several inputs to risk decisions, not as deter-
minants of decisions. There are proven pitfalls when risks of diverse character are
compared, especially when the intent of the comparison can be seen as that of
minimizing a risk (by equating it to a seemingly trivial risk). More useful are com-
parisons of risks that help convey the magnitude of a particular risk estimate, that
occur in the same decision context (e.g., risks from flying and driving to a given
destination), and that have a similar outcome. Multiple comparisons may avoid
some of the worst pitfalls.

There is a frequent tendency to compare risks on dimensions that can be quanti-
fied (e.g., estimates of fatalities). These dimensions do not always represent the
outcomes that may be most important to people, but they may be the outcomes for
which most information exists. Other outcomes—for example, those for the social
risks described in Section 3.2—may be equally important, but data may be lacking
to make meaningful comparisons.
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sons of health and safety risks. First, the committee considered it important
to compare risks associated with like physical causes. Radiation is the
primary hazard of concern in spent fuel and high-level waste transporta-
tion. Thus, the committee’s comparisons focus on risks associated with
radiological exposures.

Second, the committee considered it important to compare risks associ-
ated with similar outcomes. Human exposure to radiation can lead to
undesirable health outcomes. The primary health effect of concern from
exposure to ionizing radiation is cancer.*? Exposure to low and moderate
levels of radiation can lead to the induction of cancer, usually years to
decades after the exposures occur; some of these induced cancers will be
fatal. Exposure to high levels of radiation can result in radiation sickness
and death in a much shorter period of time. Thus, the committee separates
comparisons of doses associated with routine radiological transport risks,
which have the potential to provide chronic exposures, and severe accident
risks, which have the potential to provide acute exposures.

Risk estimates for cancer incidence and mortality from exposure to
radiation and radionuclides are available (e.g., EPA, 1999; NRC, 2005a).
Some individuals may find cancer incidence to be a more meaningful factor
for risk comparisons given the dread that is often associated with this
disease. Nobody welcomes a cancer diagnosis, even if the cancer is treat-
able. Cancer incidence is also used as the basis for U.S. compensation
programs for workers, veterans, and members of the public exposed to
radiation from national defense activities (NRC, 2005b). Moreover, the
incidence of health effects (including cancer) is commonly used in risk
assessments for chronic exposures to hazardous chemicals.

The numerical relationship between cancer incidence and cancer mor-
tality varies with cancer site within the human body.#*! Average lifetime
lung cancer mortality in males, for example, is about 100 percent of cancer
incidence. On the other hand, average lifetime prostate cancer mortality in
males is about 22 percent, and average lifetime breast cancer mortality in
females is about 25 percent. The average lifetime mortality for all solid
cancers*? in the U.S. population is about 48 percent of cancer incidence. For
leukemia, the average lifetime mortality rate is closer to 85-90 percent.

40Radiation exposure may have other health effects besides cancer. For example, recent
research suggests that such exposures can contribute to the development of cardiovascular
disease.

41 Average lifetime risk estimates for non-radiation-induced cancer incidence and mortality
for several cancer sites are available for the U.S. population. See NRC (2005a, Table 12-4) for
example.

4250lid cancers (cancers manifested by the formation of tumors) constitute more than 98
percent of all human cancers in the U.S. population. Leukemia (cancer of the blood or blood-
forming organs) constitutes the remaining cancers.
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Cancer incidence is most readily used for comparing chronic radiation
exposures during routine transport to chronic radiation exposures from
other activities. Alternatively, one can compare the magnitudes of the
chronic exposures for different activities directly. People who are concerned
about exposures to any anthropomorphic radiation, regardless of its health
effects, may find this sort of comparison useful. For those interested in how
these exposures relate to cancer incidence and mortality, the appropriate
multiplicative conversion factors (see Sidebar 3.3) can be applied. The com-
mittee uses exposures in its comparisons for routine transport but also
provides examples of how these exposures relate to cancer incidence and
mortality.

The committee uses mortality in its comparative assessments for trans-
portation accidents. This allowed the committee to compare cancer mortal-
ity from exposures to ionizing radiation in a spent fuel transportation
accident with other types of hazardous material accidents—for example,
deaths from an accident involving releases of chlorine from a rail tanker car.

The committee has used a wide range of comparison factors, some of
which are more directly comparable than others. As noted previously, dif-
ferent individuals will find different measures to have more or less meaning.
The committee hopes that its presentation of a large range of factors will
provide most individuals with comparisons that are helpful.

3.3.1 Risks for Normal Transport

As described elsewhere in this chapter, transportation packages do not
completely shield the radiation emitted by the spent fuel or high-level waste
contained within them. Consequently, individuals who travel, work, and
live along the routes used for shipping spent fuel and high-level waste might
receive small radiation doses when loaded packages are transported in their
vicinity. The dose received by given individuals will vary as the inverse
square of their distances from the packages*} and directly in proportion to
their exposure times. Individuals closest to the packages will receive com-
paratively larger doses for a given exposure time. Doses will drop off
quickly, however, as the distance between the individual and the package
increases.

The doses received by any one individual may be very small, but a large
number of individuals may receive radiation doses over the life of a trans-
portation program. The collective dose to the population of people exposed

43That is, doubling the distance results in one-fourth of the exposure. The inverse square
law assumes that the radiation emanates from a point source. A transportation package is not
a point source, however, so the inverse square law is only a rough approximation at close
distances to it.
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to radiation, which is obtained by summing the doses received by all indi-
viduals within the population, can be used to estimate radiological risks
from normal transport (Sidebar 3.3). The outcome of principal concern for
routine exposures is cancer incidence and cancer mortality.

Quantitative risk assessment models that describe the association be-
tween radiation dose and cancer incidence or cancer mortality have been
deduced from epidemiological and biological studies. A linear no-threshold
association between dose and cancer risk from exposure to ionizing radia-
tion such as X-rays and gamma rays** is consistent with current epidemio-
logical and biophysical understanding (NRC, 2005a). That is, the risk of
radiation-induced cancer rises linearly with dose with no threshold below
which the risk falls to zero. The relationship between radiation dose and
radiation-induced cancer can be expressed as a straight-line function that
passes through zero risk at zero dose.*S The slope of the line, referred to as
the nominal probability coefficient, is between about 4 x 102 and § x 102
fatal cancer per sievert (4 x 10~* to 5§ x 10~ fatal cancer per rem; ICRP,
1991). These estimates have high uncertainties at the low doses typical of
normal transport conditions (NRC, 2005a).

This risk model is a probabilistic function. It expresses the average
number of fatal cancers that would be expected to occur in a population of
individuals having a typical age and gender distribution for workers or the
U.S. population for a given level of radiation exposure. Such risk models
are used for setting standards for radiation exposure in the United States
and many other countries. These models are also used for estimating risks
to populations from specific activities involving the use of radiation. For
example, such models were used to estimate latent cancer fatalities in the
final Yucca Mountain EIS (DOE, 2002a; see Table 3.8) for the transport of
spent fuel and high-level waste.

The routine radiological risks to a given population are scenario spe-
cific. That is, the risks depend on factors such as the number of packages
transported; package inventories; shipping modes and routes; and popula-
tion densities along shipping routes. The most complete estimate of sce-
nario-specific routine radiological risks for spent fuel and high-level waste
transportation is provided by the planned Yucca Mountain transportation
program. Those estimates, which are provided in the final Yucca Mountain
EIS and described in Section 3.1.2, were used by the committee for some of
the comparisons in this section.

44This radiation is sometimes referred to as low energy transfer (LET) radiation.

45While the risk of developing a radiation-induced cancer is zero at zero dose according to
the linear no-threshold model, the risk of developing cancer from other causes is much greater
than zero. As noted elsewhere in this chapter, about 42 percent of the U.S. population will
develop some form of cancer in their lifetimes due to causes other than radiation exposure.
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The final Yucca Mountain EIS (DOE, 2002a) provides estimates of
routine radiological risks for both the mostly truck and mostly rail trans-
port scenarios (see Section 3.1.2 and Table 3.8). While DOE has announced
its preference for the mostly rail scenario, the committee provides estimates
of radiological risks for both scenarios to help readers put these risks in
perspective.

The estimated collective dose for the mostly rail scenario is 1200 to
1600 person-rem (Table 3.8), which applies to the public. Multiplying this
dose by the nominal probability coefficient for fatal cancers produces an
estimated average of about one latent cancer fatality among the 16.4 mil-
lion people estimated to be exposed to radiation during the 24-year opera-
tional life of the transportation program. The estimated collective dose for
the mostly truck scenario is 5000 person-rem, which would be expected to
produce on average about three latent cancer fatalities out of the 10.4
million people that are estimated to be exposed to this radiation during the
24-year transport program. Of course, this comparison does not address
some associated issues that people may care about, such as the voluntariness
of the exposures.

To put these numbers in perspective, it is instructive to compare them
to average cancer incidence and mortality in the U.S. population. Approxi-
mately 42 out of 100 people in the United States will be diagnosed with
solid cancers during their lifetimes, and about 20 of those cancers will be
fatal (NRC, 2005a, Table 12-4). Thus, of the 10.4 million to 16.4 million
people who are estimated to be exposed to radiation (in almost all cases at
very small levels) from transport of spent fuel and high-level waste to Yucca
Mountain, approximately 4 million to 6 million would be expected to be
diagnosed with solid cancers during their lifetimes for causes unrelated to
the transportation program; about 2 million to 3.3 million of those cancers
would be expected to be fatal. The estimated cancer fatalities from expo-
sure to radiation during incident-free transport to Yucca Mountain—one
for the mostly rail scenario and about three for the mostly truck scenario—
would not be detectable in this much larger population of fatal cancers.

Other comparisons based directly on radiation dose*¢ are also possible.
In Table 3.10 and Figure 3.3, the committee compares the estimated doses
for maximally exposed workers and members of the public to radiation
from the Yucca Mountain transportation program (DOE, 2002a, Chap-
ter 6 and Appendix J), to three other types radiation exposures:

1. Permissible maximum doses to workers and the public under cur-
rent radiation standards and regulations

46Dose and risk are interchangeable in an arithmetic sense by multiplying or dividing by the
nominal probability coefficient.
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2. Doses received by members of the U.S. public from natural back-
ground radiation

3. Doses received from selected medical diagnostic procedures that
utilize radiation

Radiation standards and regulations establish ceilings for the maxi-
mum permissible radiation doses that workers and members of the public
are allowed to receive from anthropogenic activities involving ionizing ra-
diation. International standards are developed by international groups of
radiation experts and health practitioners. These standards do not have the
force of law but are frequently used as starting points by U.S. authorities
(and authorities in other nations) for establishing national regulations.

U.S. regulations have been developed by the federal government through
an elaborate administrative procedure*” that provides opportunities for
public input. As such, these regulations represent a kind of social contract
between the government and its citizens to protect worker and public health
and safety. These standards set limits on what are often involuntary expo-
sures to radiation, especially for members of the public. The exposures
from spent fuel transport to a Yucca Mountain repository also will be
largely involuntary for the individuals who receive them.

Natural background radiation consists of cosmic and solar radiation,
external radiation exposure from radioactive materials present in rocks and
soil, and radioactivity that is inhaled or ingested (see Sidebar 3.2). The
committee presents four different estimates of natural background radia-
tion in Table 3.10 (see also Figure 3.3): (1) the annual natural radiation
background dose in Florida, the state with the lowest estimated annual
natural background dose; (2) the annual natural radiation background dose
in South Dakota, the state with the highest estimated annual natural back-
ground dose; (3) the average annual natural radiation background dose in
the United States; and (4) the galactic cosmic background radiation dose
received in a single round-trip airline flight between New York and
Tokyo and also between St. Louis and Tampa.*8

Natural background radiation is usually viewed as an involuntary and

47This procedure is specified by the Administrative Procedures Act: United States Code,
Title 5, Part I, Chapter 5, SubChapter II.

48 Airline travel subjects passengers to elevated doses of cosmic radiation originating from
stars and galaxies. Radiation exposure increases with altitude and latitude and can also
increase significantly during solar disturbances. The Federal Aviation Administration has
developed a computer program (CARI-6) that calculates the effective dose of cosmic radiation
received by individuals flying in aircraft on great circle routes between two airports. See hitp:/
lwww.faa.govleducation_ research/research/med_bumanfacs/aeromedical/radiobiology/cari6/
index.cfm.
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TABLE 3.10 Radiation Dose Comparisons

Estimated Radiation Doses Received by

Yucca Mountain Transportation Workers Maximum Radiation Doses Allowed by
and the Public for Routine Transportation International Standards and U.S.
Operations? Regulations?

DOE annual occupational dose limit
established in 10 CFR Part 835

Approximate annual dose to maximally ICRP recommended annual occupational
exposed transport worker, mostly truck dose limit (ICRP, 1991, Table 6)

and mostly rail scenarios (DOE, 2002a,

Tables 6-9, 6-12)

Current DOE annual occupational
administrative dose limit (DOE, 1999)

All-pathways annual dose limit to
reasonably maximally exposed individual
near Yucca Mountain at time periods
greater than 10,000 years after repository
closure (70 FR 49014, August 22, 2005)

Approximate annual dose to maximally ICRP recommended annual public dose
exposed service station worker, mostly limit (ICRP, 1991, Table 6)
truck scenario (DOE, 2002a, Table 6-9)
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Radiation Dose

Examples of Natural and Limits or
Anthropogenic Radiation Exposures,
Exposures mSv (mrem) Notes
50
(5000)
20 ICRP standards are for doses
(2000) averaged over defined periods of
5 years, not to exceed 50 mSv
(5000 mrem) in any one year
20 Maximally exposed transport worker
(2000) is assumed to receive the maximum
allowable DOE occupational
administrative dose
Single whole-body CT scan 12 Weighted average dose to major
(Brenner and Elliston, 2004)  (1200) organs
Approximate annual natural = 9.6 Includes doses from exposure to
background radiation dose (960) radon

in South Dakota (Mauro
and Briggs, 2005)

3.5 EPA draft standard (40 CFR
(350) Part 197)
Average U.S. annual natural 3 Includes doses from exposure to
background radiation dose (300) radon
(NCRP, 1987)
Approximate annual natural 1.3 Includes doses from exposure to
background radiation dose (130) radon
in Florida (Mauro and
Briggs, 2005)
1 Maximally exposed worker is
(100) assumed to receive the maximum

allowable dose under ICRP
guidelines and 10 CFR Part 20

ICRP guideline is for doses from all
sources except natural, medical, and

accidental exposures ]
continues
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Estimated Radiation Doses Received by
Yucca Mountain Transportation Workers
and the Public for Routine Transportation
Operations?

Maximum Radiation Doses Allowed by
International Standards and U.S.
Regulations?

All-pathways annual dose limits for
release of radiation to the environment
from land disposal facilities (10 CFR
Part 61)

All-pathways annual dose limit to
reasonably maximally exposed individual
near Yucca Mountain for first 10,000
years after repository closure

Approximate annual dose to maximally
exposed resident near rail stop, mostly
rail scenario (DOE, 2002a, Table 6-12)

Maximum hourly dose allowed at

2 meters (about 6.5 feet) from the lateral
surfaces of a transport vehicle carrying
spent fuel or high-level waste (49 CFR
173.441(b) and 10 CER 71.47(b)(3))

Approximate annual dose to maximally
exposed resident along rail route, mostly
rail scenario (DOE, 2002a, Table 6-12)

NOTE: EPA = Environmental Protection Agency; ICRP = International Commission on Ra-
diological Protection.

aAnnual doses were calculated by dividing the total estimated dose given in DOE (2002a)
by the 24-year length of the transportation program.
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Radiation Dose

Examples of Natural and Limits or
Anthropogenic Radiation Exposures,
Exposures mSv (mrem) Notes
X-ray of human hip joint 0.60
(Ngutter et al., 2001) (60)
0.25
(25)
0.15 EPA standard 40 CFR Part 197
(15)
Round-trip airline flight 0.145 45-year average (1958-2002) dose
between New York and (14.5) calculated using the CARI-6
Tokyo (Friedberg and computer program, which estimates
Copeland, 2003) the effective dose of galactic cosmic
radiation
0.12 Applies to maximally exposed
(12) residents who live near rail yards and
crew change stops
Single chest X-ray (NRC, 0.1
2005a) (10)
Single X-ray of a human 0.01
extremity (Mettler et al., (1)
2000)
Round-trip airline flight 0.009 45-year average (1958-2002) dose
between St. Louis, Mo. and (0.9) calculated using CARI-6 computer
Tampa, Fla. (Friedberg and program, which estimates the
Copeland, 2003) effective dose of galactic cosmic
radiation
0.0007
(0.07)

bRadiation protection standards and regulations also include an ALARA (as low as reason-
ably achievable) requirement that usually results in doses to workers and the public that are
well below the limits in this table. Moreover, constraints are sometimes placed on individual
sources of radiation or practices involving the use of radiation to limit worker and public
exposures.
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Limit or Dose (mSv)

0.0001 0.001 0.01 0.1 1 10 100
1 1
|
I

DOE annual occupational dose limit
ICRP annual occupational dose limit

Current DOE annual occupational administrative limit 1 20

Max. dose to YM transportation worker (annual) % 20

Single whole-body CT scan ] 12

Annual natural background dose, South Dakota
YM post-10,000 year proposed dose limit (annual)
Annual natural background dose, U.S. average
Annual natural background dose, Florida

ICRP annual public dose limit

Max. exposed YM SS worker, mostly truck (annual)# 1.0

Single X-ray of human hip T T I 1 06
Land disposal facility dose limit (annual) 1 0.25

YM pre-10,000 year dose limit (annual) T 1 0.15
Single roundtrip airline flight, New York -Tokyo 1 0.145

Max. exposed resident near YM rail stop (annual) # 0.12

Single chest X-ray T T 0.1
Max. hourly dose at 2 meters from trans. vehicle

Single X-ray of human extremity 0.01
Single round-trip airline flight, St. Louis-Tampa 0.009
Max. exposed resident along YM rail route (annual) s 0.0007 |

Exposure Examples

FIGURE 3.3 Graphical illustration of the radiation dose comparisons shown in
Table 3.10. The dose data are plotted on a logarithmic scale to better illustrate the
spread of values. Doses shown in the figure are annual limits (for standards and
regulations) or exposures except for medical procedures and round-trip airline
flights, which are one-time exposures. Black bars depict doses to workers or resi-
dents for the Yucca Mountain (YM) transportation program (SS = service station).

uncontrollable risk. In principle, people do have some control over the
background dose they receive based on where they choose to live. In prac-
tice, however, the great majority of people probably do not explicitly in-
clude radiation dose considerations in decisions about where to live. Most
people probably do not even know the average background radiation dose
in their current location of residence.

Similarly, the radiation received by members of the public from a Yucca
Mountain transportation program is also frequently viewed as involuntary
and uncontrollable. Again, this is not completely true in principle; people
have some control based on where they choose to live. In practice, however,
it would be very difficult to make such a choice, given that transportation
routes and schedules have not been established by DOE (see Chapter 3).

There is also a qualitative difference between natural background ra-
diation and radiation from a Yucca Mountain transportation program. The
former is natural, whereas the latter is the result of human activities. Al-
though exposures to radiation from these two sources have identical bio-
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logical effects on living organisms, the committee recognizes that some
people may view the acceptability of these exposures differently given their
different origins.

Under the linear no-threshold risk model, background doses would be
expected to elevate the risk of a fatal cancer.*’ The use of background
radiation in risk comparisons has been criticized by some (e.g., MacGregor
et al., 2002a,b) because it implicitly suggests that anthropogenic exposures
of the same magnitude as background radiation are acceptable to society
and it does not address the possible effects of cumulative exposures. The
committee uses natural background radiation to give interested readers an
established benchmark for making comparisons and makes no value judg-
ments about the acceptability of doses at background levels.

Table 3.10 and Figure 3.3 also present the radiation doses received
from a small number of common medical treatments. Comparisons using
medical diagnostic procedures might be viewed by some people as inappro-
priate because the circumstances under which they are received are qualita-
tively different from spent fuel and high-level waste transportation: medical
diagnostic procedures are voluntary and familiar and are widely perceived
as having positive health benefits. The committee acknowledges these dif-
ferences, but nevertheless decided to use medical procedures in its compari-
sons precisely because they would be familiar to many readers. The com-
mittee selected medical diagnostic procedures that represent relatively high,
medium, and low radiation exposures to aid readers in making comparisons.

The entries in Table 3.10 and Figure 3.3 are arranged from high to low
dose to provide a visual comparative ranking. This “risk ladder” is com-
monly used to display comparative information (Covello et al., 1989). Sev-
eral noteworthy observations can be made. First, according to analyses
presented in the final Yucca Mountain EIS (DOE, 2002a), maximally ex-
posed workers (primarily transportation crews, escorts, and inspectors) for
the Yucca Mountain transportation program (first column in Table 3.10)
are assumed to receive annual doses at the limits of the current interna-
tional standards and DOE administrative limits shown in the second col-
umn of the table. The final EIS (DOE, 2002a, p. 6-43) notes that “indi-
vidual crew members who operated legal weight trucks and escorts for rail
shipments could be exposed to as much as 48 rem over 24 years of opera-
tion (maximum exposure of 2 rem each year).” In practice, this probably
means that DOE will monitor worker doses to ensure that they do not
exceed these limits. These exposures will be about seven times higher than
average annual natural background radiation doses and about twice as high
as the dose received in a whole-body CT (computed tomography) scan.

49However, epidemiologic studies have not observed an association between background
exposures and latent cancer incidence or fatalities.
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According to the final EIS, under the mostly truck scenario, the maxi-
mally exposed service station worker could receive a dose of about 1.3 mSv
(130 mrem) per year, which would exceed current allowable dose limits to
members of the public of 1.0 mSv (100 mrem) per year from all anthropo-
genic, nonmedical sources. The final Yucca Mountain EIS (DOE, 2002a,
p. 6-40) notes that measures would be taken to keep this dose at or below
the 1.0 mSv (100 mrem) limit. It should be noted that this worker dose
estimate is very conservative: it assumes that every spent fuel and high-level
waste truck shipment bound for Yucca Mountain stops at the service sta-
tion during the 1800 hours the worker is on duty each year for 24 years.

Maximally exposed members of the public are estimated to receive
substantially lower annual radiation doses from a Yucca Mountain trans-
portation program as shown by the two bottom-most entries in the first
column of the table. The maximally exposed resident near a rail stop (for
the mostly rail scenario) would receive an annual dose of about 0.12 mSv
(12 mrem). This is roughly equivalent to the dose from about one chest X-
ray or one round-trip airline flight between New York and Tokyo. The
maximally exposed resident near a rail route (again for the mostly rail
scenario) would receive about 0.0007 mSv (0.07 mrem), which is about 6
percent of the dose received in an X-ray to a human extremity (e.g., hand
or foot).

3.3.2 Transport Accident Risks

Given the robust construction of spent fuel transportation packages
and the rigorous regulatory requirements for transporting them (Chap-
ter 2), significant releases of radioactive material are very unlikely except
possibly in extreme accidents, as indicated by the studies in Section 3.1.2.
The final Yucca Mountain EIS estimates that the probability of such acci-
dents is very low: 2.3 in 10 million per year for trucks to 2.8 in 10 million
per year for trains (Table 3.8). This EIS also estimates exposures from
releases in such accidents (Table 3.8): Estimated exposures in a maximally
reasonably foreseeable accident would range from about 1100 person-rem
for truck accidents to 9900 person-rem for train accidents. The maximally
exposed individual is estimated to receive between 3 and 29 rem of radia-
tion, which would be insufficient to cause acute radiation sickness or death.
This exposure is estimated to produce between 0.5 and 5 latent cancer
fatalities.

The committee provides a comparison of the potential consequences of
extreme accidents involving spent fuel transportation packages with those
for other types of hazardous materials transport using cumulative comple-
mentary distribution functions. The construction of these functions for
accidents involving a loaded spent fuel package is described in Section 3.1.2.
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For this comparison, the committee used the mean CCDF for accidents
involving rail transport of PWR spent fuel that was analyzed in the reex-
amination study (Sprung et al., 2000) and is shown in Figure 3.2. The
committee compared this mean CCDF to those for accidents involving rail
transport of three other kinds of hazardous materials: a flammable liquid
(methanol), a flammable gas (propane), and a toxic gas (chlorine). These
materials were selected because they behave differently under accident con-
ditions and produce a wide range of consequences.

The CCDFs for these hazardous materials were estimated using a com-
puter model that was designed to study the risks of hazardous materials
shipments by rail.>® The model was a joint effort of the Chemical Manufac-
turers Association (now the American Chemistry Council), the Association
of American Railroads, and the Railway Progress Institute. The model was
designed to be used by the participating associations and their member
companies to evaluate changes to rail hazardous material transportation
equipment, routings, and operating practices and to evaluate the effective-
ness of options for reducing the risk of accident-caused hazardous material
releases from tank cars through such changes. The model has not been
published in the open literature, but it was peer reviewed during its de-
velopment.

The overall model has two main components:

1. A frequency submodel that provides an estimate of the probability
of occurrence and size of a release as a function of railroad operating
factors (e.g., speed, track class) and tank car type

2. A consequence submodel that provides estimates of the conse-
quences of a release of a defined volume of a specific chemical for human
and/or environmental impact’!

The model also has an extensive database that contains accident rates,
benefits of risk reduction options, release probabilities, ignition probabili-
ties, spill size distributions, basic sets of weather conditions, chemical prop-
erties for eight preselected materials, and other information needed to run
the model. The eight materials included in the model are acetaldehyde,
ammonia, chlorine, ethylene oxide, methanol, propane, sodium hydroxide,
and styrene.

SO0Inter-Industry Rail Safety Task Force’s Detailed Rail Model, Version 2.0, 1996.
S1guperChems™ is the consequence modeling package used within the model to generate
the hazard zones for potential human impacts.
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The model is designed to run “projects.” A project is defined by

e A hazardous material of interest,

e A designated type of railcar,

e A specified number of trips (trains) of interest, and

e A route, which includes information on length, track class, train
speed, train length, number of hazardous material cars of interest per train,
population density (for human impact) and/or soil type (for environmental
impact).

Each route is generally subdivided into pieces, called segments, within which
the variables listed above are essentially constant.

This model was used to calculate CCDFs for a single railcar carrying
20,000 gallons of three types of hazardous materials (chlorine, propane,
and methanol) being transported in a general train with typical train speeds,
track conditions, and train lengths. The number of shipments (100), the
route lengths (about 1600 miles), and the population densities along the
shipping routes were approximately the same for these three types of haz-
ardous material shipments and the spent fuel shipments. The results should
not be taken as exact estimates, but they are useful for comparison purposes.

The results of the calculations are plotted in Figure 3.4. The horizontal
axis represents the number of expected fatalities from an accident having an
annual frequency shown on the vertical axis. The CCDF for spent fuel
shown on the figure was plotted by multiplying the mean CCDF curve
shown in Figure 3.2 by a nominal probability coefficient of 5.75 x 102
fatal cancer per sievert (5.75 x 10~* fatal cancer per rem)52 (EPA, 1998b,
Table 7.3).

Several features of this plot are noteworthy: First, the mean CCDF
for chlorine has a relatively flat shape and has the highest accident fre-
quencies and fatalities of the four cases examined. Chlorine gas is highly
toxic and can be fatal if inhaled. Once released, gas can be dispersed
widely by wind and can have adverse consequences even at relatively low
concentrations. Thus, accidental releases can have adverse consequences
even in lightly populated areas and can produce many casualties in
densely populated areas.

Accidental releases of flammable gases such as propane can have simi-
lar consequences to toxic gas releases, but the expected number of fatalities
is lower. The primary consequence of concern in a flammable gas release is
an explosion or large fire. This requires an ignition source to be present
when the proper fuel-air mixture is attained following the accident. The

52For low-dose, low linear energy transfer radiation, assuming uniform irradiation of the
body. This nominal probability coefficient is age and gender averaged.
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FIGURE 3.4 Complementary cumulative distribution functions showing expected
fatalities from hypothesized accidents during transport of three types of hazardous
materials and spent fuel. Calculations are explained in the text.

consequences of an explosion or fire will be more localized than a toxic gas
release; hence, the expected fatalities from accidental releases are lower.

Accidental releases of flammable liquids such as methanol would be
expected to have even fewer consequences. These consequences will gener-
ally be more localized to the area of the spill, and not all releases will yield
fatalities. The mean CCDF is truncated at about three fatalities due to these
localized effects.

The mean CCDF for accidental releases of radioactive material from
spent fuel packages has the same general shape as the CCDF for propane.
However, the frequency of accidents that lead to such releases is expected
to be four to five orders of magnitude lower because of the robust construc-
tion of the transportation packages. Figure 3.4 shows that on a compara-
tive basis, the likelihood of extreme accidents that would lead to fatalities is
several orders of magnitude lower for spent fuel than for the other hazard-
ous materials shown in the figure. In Section 3.1.2, the committee notes
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that the risk estimates provided in the reexamination study (Sprung et al.,
2000) from which this CCDF was taken are likely to be neither realistic nor
bounding and may overestimate the risks. In other words, the risk estimates
for accidents involving spent fuel shown in Figure 3.4 may be higher than is
actually the case.

3.4 TRANSPORTATION RISKS:
FINDINGS AND RECOMMENDATIONS

The committee concludes this chapter with findings and recommenda-
tions in response to the first three charges of its original statement of task
shown in Sidebar 1.1:

FINDING: There are two potential sources of radiological exposures from
transporting spent fuel and high-level waste: (1) radiation shine from spent
fuel and high-level waste transport packages under normal transport condi-
tions; and (2) potential increases in radiation shine and release of radioac-
tive materials from transport packages under accident conditions that are
severe enough to compromise fuel element and package integrity. The ra-
diological risks associated with the transportation of spent fuel and high-
level waste are well understood and are generally low, with the possible
exception of risks from releases in extreme accidents involving very long
duration, fully engulfing fires. While the likelihood of such extreme acci-
dents appears to be very small, their occurrence cannot be ruled out based
on historical accident data for other types of hazardous material shipments.
However, the likelihood of occurrence and consequences can be reduced
further through relatively simple operational controls and restrictions and
route-specific analyses to identify and mitigate hazards that could lead to
such accidents.

RECOMMENDATION: Transportation planners and managers should
undertake detailed surveys of transportation routes to identify potential
hazards that could lead to or exacerbate extreme accidents involving very
long duration, fully engulfing fires. Planners and managers should also take
steps to avoid or mitigate such hazards before the commencement of ship-
ments or shipping campaigns. (See also the recommendation to transporta-
tion regulators in Chapter 2 on operational controls and restrictions on
spent fuel and high-level waste shipments to reduce the chances that such
hazards might be encountered in actual service.)

The finding that “radiological risks . .. are well understood and are

generally low” is based on a large set of observational data and studies
described in this chapter and in Chapter 2. These include the following:
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e Rigorous international standards and U.S. regulations for the de-
sign, construction, testing, and quality assurance of spent fuel packages,
including the built-in safety margin requirements for package designs (see
Chapter 2); and more than four decades of worldwide experience in trans-
porting spent fuel (Section 3.1). Although there have been accidents and
incidents, to the committee’s knowledge there has never been a large-scale
release of radioactive materials reported from the failure of a spent fuel
package during an accident. The broad sharing of information on experi-
ences and best practices by transportation planners, implementers, and
regulators through organizations such as the IAEA promotes the continued
maintenance of this safety record.

e  Full-scale crash testing of transport packages under severe accident
conditions (Section 2.3). These tests show that properly constructed spent
fuel packages can withstand severe accidents without a loss of containment
that would result in releases of radioactive material that exceed regulatory
limits. These tests also illustrate that the regulatory requirements for spent
fuel packages (e.g., free-drop tests) produce in many cases more severe tests
of package integrity than do severe accidents.

e A series of increasingly sophisticated analytical and computer mod-
eling studies of spent fuel transport package performance (Section 3.1.2).
The most recent of these studies (Sprung et al., 2000; DOE, 2002a) have
attempted to estimate risks using actual spent fuel transport package, fuel,
route, and severe accident characteristics and generally conservative as-
sumptions and models.

e  Other studies that examine the mechanical and thermal loading
conditions from severe accidents that did not involve spent fuel transport
(Section 2.2.3). These studies have shown that with the possible exception
of very long duration fires, the loading conditions from these accidents
would not have exceeded regulatory limits.

Of course, spent fuel transportation is not risk-free, and past experi-
ence is not necessarily a useful predictor of future performance. The fact
that spent fuel transportation risks have been low in the past does not
necessarily mean that risks will also be low in the future. Future risks
depend on a number of factors including the quantities and ages of spent
fuel transported, associated scaling issues related to the overall size of the
transport program, transport modes, and the care taken in fabricating and
maintaining transport packages and executing transportation operations.
Ongoing vigilance by regulators and shippers will be essential for maintain-
ing low-risk programs in the future, especially for the scale-up and opera-
tion of large-quantity shipping programs. Any accident or terrorist attack
that results in the large-scale release of radioactive material into the envi-
ronment would likely have worldwide implications and could result in a
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temporary or even permanent halt to ongoing transportation programs for
spent fuel in the United States.

The recommendation calls for transportation implementers to survey
the routes they plan to use for spent fuel and high-level waste to identify
hazards that could lead to very long duration fires. This recommendation
arises from the finding in Chapter 2 that very long duration, fully engulfing
fires might produce thermal loading conditions sufficient to compromise
package containment effectiveness. The recommended survey would in-
volve traveling the route in advance of a shipment (or shipping campaign if
several shipments are planned) to identify

e Facilities close to the route that use or store large quantities of
flammable materials (e.g., refineries, petroleum and gas storage tanks);

e Large-volume flammable hazardous material shipments along the
routes to be used; and

e  Other route conditions (e.g., the presence of multitrack tunnels,
bridges, rail yards, and sidings, as well as remote locations) that could make
it difficult to deploy an effective firefighting capability.

Once these conditions have been identified, implementers can take steps
to avoid or mitigate these hazards. For example, routes can be altered to
avoid multitrack train tunnels, and time spent in rail yards and sidings,
where packages could be exposed to other trains carrying large amounts of
flammable materials, can be minimized. Where such hazards cannot be
avoided completely, shipments can be scheduled to minimize encounters
with other hazardous materials trains, or emergency response preparedness
can be improved along specific route segments of concern.

The committee judges that none of these recommended survey and
mitigation actions would be difficult or expensive to implement. Transpor-
tation implementers and regulatory authorities now routinely survey routes
to identify other safety and security concerns prior to shipping spent fuel.
This recommended action simply represents an expansion of an activity
that many implementers already carry out on a routine basis.

FINDING: The social risks for spent fuel and high-level waste transporta-
tion pose important challenges to the successful implementation of pro-
grams for transporting spent fuel and high-level waste in the United States.
Such risks, which can result in lower property values along transportation
routes, reductions in tourism, and increased anxiety, have received substan-
tially less attention than health and safety risks, and some are difficult to
characterize. Current research and practice suggest that transportation plan-
ners and managers can take early proactive steps to characterize, communi-
cate, and manage the social risks that arise from their operations. Such
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steps may have additional benefits: they may increase the openness and
transparency of transportation planning and programs; build community
capacity to mitigate these risks; and possibly increase trust and confidence
in transportation programs.

RECOMMENDATION: Transportation implementers should take early
and proactive steps to establish formal mechanisms for gathering high-
quality and diverse advice about social risks and their management on an
ongoing basis. The committee makes two recommendations for the estab-
lishment of such mechanisms for the Department of Energy’s program to
transport spent fuel and high-level waste to a federal repository at Yucca
Mountain: (1) expand the membership and scope of an existing advisory
group (Transportation External Coordination [TEC] Working Group; see
Chapter 5) to obtain outside advice on social risk, including impacts and
management; and (2) establish a transportation risk advisory group that is
explicitly designed to provide advice on characterizing, communicating,
and mitigating the social, security, and health and safety risks that arise
from the transportation of spent fuel and high-level waste to a federal
repository or interim storage. This group should be comprised of risk ex-
perts and practitioners drawn from the relevant technical and social science
disciplines and should be convened under the Federal Advisory Committee
Act or a similar arrangement to enhance the openness of its operations. Its
members should receive security clearances to facilitate access to appropri-
ate transportation security information. The existing federal Nuclear Waste
Technical Review Board, which will cease operations no later than one year
after the Department of Energy begins disposal of spent fuel or high-level
waste in a repository, could be broadened to serve this function.

This finding and recommendation spring from several factors: Social
risk is a poorly understood phenomenon; expert opinion frequently differs;
DOE does not, to the committee’s knowledge, have any precedent to guide
its understanding and management of social risks; and most transportation
program staff are not likely to be well acquainted with either theory or
practice on this issue. Consequently, the committee concluded that broad
input and advice on social risks will be essential to the establishment and
ultimate success of programs to transport spent fuel and high-level waste to
a federal repository or interim storage.

The recommendation represents pragmatic steps that transportation
implementers can take immediately and at relatively low cost to better
understand and (working with affected communities) manage the social
risks from their programs. These groups are not intended to undertake
research on risk. Instead, the committee intends that they have a practical,
problem-solving focus and be committed to working closely with program
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staff to help it become more effective in carrying out the program’s mission.
One of the most important functions of these advisory groups would be to
foster continuous learning and improvement.

The recommendation to expand the scope and membership of the TEC
Working Group builds on and complements existing public participation
and communication activities within DOE’s transportation program for
Yucca Mountain. The TEC Working Group is now comprised of state,
tribal, local, and industry representatives, and it provides a conduit for
communication and advice on topics such as emergency response, inspec-
tion and enforcement, training, and public information. The committee
recommends that the membership of TEC be expanded to include social
risk experts and representative stakeholders from affected communities to
provide information on social risks of DOE’s transportation operations and
their management.

The committee also recommends the establishment of a separate trans-
portation risk advisory group that would advise DOE on characterizing,
communicating, and mitigating the social, security, and health and safety
risks to communities near transportation routes. The suggestion that the
Nuclear Waste Technical Review Board could be broadened to serve this
function is intended to take advantage of an established capability within
the federal government. This group is independent of DOE and its mem-
bership is drawn from the scientific and technical communities. The pro-
cedures for nominating and appointing members to this board (i.e., presi-
dential appointments based on nominations by the National Academy of
Sciences) are designed to ensure that it is balanced and credible to carry out
its mission.

Finally, although this recommendation is focused primarily on DOE, it
also applies to any large-quantity shipping program, including the program
to ship commercial spent fuel to centralized interim storage (e.g., Private
Fuel Storage, LLC, in Utah).
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Transport of Research Reactor Spent
Fuel to Interim Storage

ince the 1950s, the Department of Energy (DOE), other federal civil-

ian agencies, and U.S. universities have regularly transported spent

nuclear fuel from research reactors! to DOE facilities. These ship-
ments have passed through many regions of the country. These transporta-
tion programs have at times been controversial and have led to conflicts
between DOE and state governments, and DOE has been compelled to
revise and improve its practices regarding evaluation, planning, and consul-
tation with states and tribes. This chapter responds to the U.S. Department
of Transportation’s (DOT’s) request, as directed by congressional study
charge (Sidebar 1.2), for the committee to examine the procedures that are
followed in selecting routes for these shipments. The routing of research
reactor spent fuel is also a good example of a “current concern” identified
in the original statement of task for this study (Sidebar 1.1).

The first section of this chapter describes DOE’s involvement in manag-
ing spent fuel from research reactors. The second section summarizes provi-
sions of federal regulations governing transportation of spent nuclear fuel
that are particularly relevant to the congressional study charge. DOE rout-
ing practices for research reactor spent fuel shipments are described in the

1As the term is used here, research reactors are small nuclear reactors used primarily to
conduct research, to develop theoretical practices, and for education or medical purposes.
Their output is typically a fraction of a percent of the output of a commercial electric utility
reactor. They serve as sources of neutrons for spectrographic and radiographic applications
and for the manufacture of isotopes for medical and other uses.
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third section, in the order presented in the study charge. The final section
presents the committee’s findings and recommendations.

4.1 DOE MANAGEMENT OF RESEARCH REACTOR SPENT FUEL

DOE has responsibilities for managing spent nuclear fuel from three
categories of research reactors (Table 4.1):

1. Research reactors located at DOE facilities: there are two operating
reactors, one at Oak Ridge National Laboratory in Tennessee (the High
Flux Isotope Reactor) and one at Idaho National Laboratory (the Ad-
vanced Test Reactor).

2. Foreign research reactors located in 41 countries that use fuel manu-
factured in the United States from fissionable material provided by the U.S.
government under the Atoms for Peace Program.

3. Research reactors operated by U.S. universities, U.S. government
agencies other than DOE, and private-sector firms. All such reactors are
required to be licensed by the U.S. Nuclear Regulatory Commission
(USNRC). As of July 2005, there were 33 operating research reactors and
11 in the process of decommissioning (USNRC, 2005¢) (Figure 4.1).

TABLE 4.1 DOE Research Reactor Spent Fuel Management Activities

USNRC DOT
Approval Highway
Packages of Shipment  Routing
Points of ~ Shipped, Route Regulations
Activity Origin? 1996-2004  Required? Apply?
FRR spent fuel acceptance 2b 168 yes, by yes
DOE policy
Non-DOE U.S. research reactors 36 45¢ yes yes
DOE research reactors 2 93b no yes

NOTE: FRR = foreign research reactors. USNRC = U.S. Nuclear Regulatory Commission.

aNumber of places within the United States where shipments of research reactor spent fuel
originated.

bCharleston Naval Weapons Station and DOE Savannah River Site. Future shipments from
Canada are also possible.

¢Through 2002.

SOURCE: DOE (2004c); DOE Office of Environmental Management, written communi-
cation.
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FIGURE 4.1 Sites of U.S. domestic non-DOE research reactors. SOURCE: Modi-
fied from USNRC (2003).

DOE provides interim storage for the spent nuclear fuel it receives from
these reactors and is responsible for preparing that fuel for eventual ship-
ment to a federal repository for disposal.

Research reactor fuel includes highly enriched uranium (HEU), fuel
enriched in the fissile isotope uranium-2335 to concentrations of 20 percent
or greater, as well as low enriched uranium (LEU). By the 1970s, most
research reactors in the United States and abroad were using HEU.2 HEU
fuel contains material that is potentially usable in nuclear weapons and is
therefore a nuclear proliferation concern. Also in the 1970s, the United
States began programs to promote the conversion of research reactors to
LEU and to return all U.S.-origin HEU to the United States, with the goal of
eliminating HEU in civilian applications worldwide (GAO, 1994, 2004a,
pp. 10-11). Today, DOE transports and stores both HEU and LEU spent
fuel from some foreign and U.S. research reactors (GAO, 2004a, pp. 11-
22; 2004b, p. 28).

2HEU was used for applications that were thought not to be possible with LEU reactors.
Use of HEU also allowed some economies, in part because less frequent refueling was re-
quired (GAO, 2004a, p. 10).
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Research reactor spent fuel is received and stored at two DOE facilities:
the Savannah River Site in South Carolina and the Idaho National Labora-
tory. Savannah River stores research reactor spent fuel containing alumi-
num-uranium matrices and aluminum cladding. Idaho National Labora-
tory stores other types of spent fuel, for example, stainless steel-clad fuel
with uranium-zirconium matrices.

Since 1996, between about 20 and 60 packages containing research
reactor spent fuel have been shipped annually to Savannah River or Idaho
National Laboratory. Foreign research reactor spent fuel accounts for about
55 percent of the packages shipped during this period (Figure 4.2). Domes-

Foreign research reactor SNF casks shipped to Domestic non-DOE research reactor SNF casks
Savannah River, 1996-2004 shipped, 1996-2002
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FIGURE 4.2 Numbers of research reactor spent fuel casks shipped domestically,
1996-2004. NOTE: SNF = spent nuclear fuel. SOURCES: DOE (2004c); DOE
Office of Environmental Management, written communication.
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tic research reactor spent fuel is transported to Savannah River or Idaho by
truck (Figure 4.3). Foreign research reactor spent fuel arrives from overseas
at the Charleston Naval Weapons Station in South Carolina and is trans-
ported to Savannah River (141 packages by rail and 9 packages by truck
during 1996-2004). Foreign research reactor spent fuel to be stored at
Idaho National Laboratory is transported from Savannah River to Idaho
National Laboratory (12 packages during 1996-2004, all by truck). In
addition, three packages of foreign research reactor spent fuel that were
landed at Concord Naval Weapons Station in California in 1998 were
shipped to Idaho National Laboratory by rail. Also, three packages have
been shipped from Canada to Savannah River by truck.

DOE has prepared Environmental Impact Statements (EISs) evaluating
its management of research reactor spent fuel (DOE, 1995b, 1996a). These
EISs and the Records of Decision (RODs) that followed (DOE, 1995c,
1996b) described the anticipated scope of DOE’s research reactor spent fuel
transportation activities (Table 4.2). Projections from the EISs indicate the

FIGURE 4.3 The package pictured above shows the GE Model-2000 package,
which is used to transport research reactor spent fuel and other byproduct, source,
or special nuclear materials. This package has a specially fabricated liner and bas-
ket for shipping High Flux Isotope Reactor spent fuel from Oak Ridge to the
Savannah River Site. SOURCE: DOE (2001e).
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TABLE 4.2 EIS Projections of Quantities of Research Reactor Spent Fuel
to be Shipped

To be Shipped During Program?

Origin of Spent Fuel MTHM Packages Program Duration
Foreign research reactors
Stored at SRS 19 815 1996-2019°
Stored at INL 1 162 1996-2019%
DOE domestic 1.8 1996-2035¢
Non-DOE domestic 5.5 1996-2035¢

NOTE: INL = Idaho National Laboratory; MTHM = metric tons of heavy metal; SRS =
Savannah River Site.

aThe quantities of actual shipments probably will differ considerably from these projec-
tions, which were prepared in 1995 and 1996.

bDOE originally scheduled the foreign research reactor program to end in 2009 (DOE,
1995b), but in 2004 DOE extended it to 2019 (DOE, 2004a).

€2035 is the planning horizon of the EIS but not necessarily the end of the programs.

SOURCES: DOE (1995b, Table 1.1; 1996a, p. S-21).

order of magnitude of expected shipments, but actual quantities will differ
because of changes in the utilization of reactors and because some countries
that received research reactor fuel from the United States have decided not
to ship it back. By 2004, 29 percent of the quantity (measured in numbers
of fuel assemblies) of foreign research reactor spent fuel receipts anticipated
in the 1996 EIS had been shipped, but presently scheduled shipments would
bring the total over the life of the foreign research reactor acceptance
program to only about half the quantity projected in the EIS (DOE, 2005a).

Because research reactors are small compared to commercial power
reactors, the sizes of shipments of research reactor spent fuel are also rela-
tively small. Most types of transportation packages used for research reac-
tor fuel have loaded weights of 40,000 pounds (about 18,200 kilograms) or
less, small enough to be carried by a legal-weight truck (DOE, 2004b).

DOE, employing commercial carriers, is directly responsible for the
transportation of spent nuclear fuel from its own research reactors and for
transportation from Savannah River to Idaho National Laboratory. DOE
oversees all aspects of the planning and conduct of shipments from Charles-
ton Naval Weapons Station to Savannah River. However, in some cases,
the shipper makes arrangements for contracting with a commercial carrier
to transport the fuel. DOE does not arrange the shipment.

Shipment of spent nuclear fuel from U.S. university and other domestic
research reactors, including selection of routes to comply with DOT regula-
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tions and submission of routes to the USNRC for approval as required by
USNRUC regulations (see Table 1.3), is the responsibility of reactor licensees
and their commercial carriers. Because DOE plays no role in route selection
for these shipments, this transportation activity is not within the scope of
the congressional charge for the present study (Sidebar 1.2). However, the
committee examined practices for these shipments because this experience
is relevant to the problem of route selection and to the committee’s original
task statement (Sidebar 1.1) to identify technical and societal issues con-
cerning spent fuel transport. The management of transportation of spent
fuel from the two sources (foreign research reactors and U.S. university
reactors) demonstrates two alternative organizational approaches: assign-
ing responsibility to DOE versus leaving responsibility with the private
owners of the fuel.

4.1.1 Controversies Regarding Shipment of Research Reactor Spent Fuel

The questions about DOE’s routing practices that are embodied in the
congressional charge arose as a result of past DOE shipments of research
reactor spent fuel. A review of the history of some of these controversies is
helpful in understanding the intent of the study charge.

Research reactor spent fuel was shipped in the United States for many
decades in quantities equal to or exceeding present shipment rates with
relatively little public attention. The first shipment of spent fuel from a
foreign reactor under the Atoms for Peace Program occurred in 1958.
However, in the 1980s, DOE was challenged in court by environmental
organizations, states, and others for failing to comply with National Envi-
ronmental Policy Act (NEPA) requirements for evaluation of potential im-
pacts of its transportation activities. To justify its activities, DOE had relied
on earlier EISs (USNRC, 1977; DOE, 1980) and other evaluations that had
concluded that transportation of spent nuclear fuel is generically a safe
activity with negligible environmental impacts. Complainants argued that
DOE was required to perform analyses of the actual conditions for specific
planned shipments and to evaluate alternative shipping routes. Some of the
subsequent court rulings found that DOE analyses had been inadequate
(DOE, 2002a, pp. 16-19). DOE suspended acceptance of foreign research
reactor spent fuel from 1988 to 1994 while new analyses were prepared. In
1995 and 1996, DOE published EISs evaluating its management of research
reactor spent fuel and other materials (DOE, 1995b, 1996a) and RODs
defining new DOE policies for transporting and storing these materials
(DOE, 1995¢, 1996Db). The contents of these EISs and RODs that are rel-
evant to the committee’s study charge are summarized below.

Before DOE’s EIS studies were completed, the State of South Carolina
challenged DOE plans to store foreign research reactor spent fuel at the
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Savannah River Site, which is located in the state. The state’s primary
concerns centered on the safety of indefinite storage of the spent fuel in
South Carolina, rather than on transportation (Schill, 1996, 1997, 1998).
The state filed three state lawsuits in federal court that were unsuccessful.

Following the publication of the foreign research reactor EIS (DOE,
1996a) and ROD (DOE, 1996b), the California State government criticized
DOE’s designation of the Concord, California, Naval Weapons Station as
one of the ports of entry for foreign research reactor spent fuel. The state
argued that DOE had failed to take into account analyses showing that
alternative routes (using ports in Washington or Oregon) were safer than
routes using Concord. The state had been one of the parties challenging
DOE spent fuel transportation activities in the 1980s. However, the state
decided not to take legal action in 1996, so the legal challenge of a Califor-
nia city and county to DOE’s transportation plans failed (California, 1998).

Three packages of research reactor spent fuel from Korea were shipped
through Concord and then onto Idaho National Laboratory by rail in July
1998. This shipment was made following discussions between DOE and the
affected states and tribes concerning routes and other procedures and after
extensive preparation of emergency responders along the route. Since 1998,
all shipments of research reactor spent fuel from East Asia have arrived at
Charleston Naval Weapons Station.

In 2001, DOE decided to send a shipment of three packages of foreign
research reactor spent fuel from Savannah River to Idaho National Labora-
tory via Interstate 70 through Missouri. The state objected, as California
had earlier, that DOE was not basing its routing decisions on comparisons
of the safety of alternative routes. Missouri had not acquiesced to DOE’s
plan, announced in 1998, identifying three potential highway routes for
shipments from Savannah River to Idaho National Laboratory. Cross-coun-
try shipments in 1999 and 2000 had avoided the state, traveling over the
alternative route through Illinois and Iowa instead (see Figure 4.4). The
development of the Savannah River-to-Idaho National Laboratory high-
way routes is described below.

DOE staff reported to the committee that for the 2001 shipment, DOE
selected the route through Missouri at the insistence of the USNRC, because
it was shorter than the Illinois-Iowa alternative route. The USNRC was
insistent that travel time be minimized because one of the packages in the
2001 shipment was nearing the end of its design life. After DOE announced
its intention to use the Missouri route in 2001, the state attempted to block
use of the route by declaring that Interstate 70 was unsuitable for spent fuel
shipments because of high accident rates and because of construction. The
state argued that the route through Illinois and Iowa would be safer and
questioned the basis for DOE’s decision to switch to the Missouri route
from the route used for the 1999 and 2000 shipments. A negotiated resolu-
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tion was reached that allowed the shipment to proceed as originally planned
with state cooperation. This agreement provided for special safety measures
in Missouri, including additional vehicle inspections and escorts, training of
state personnel, and scheduling to avoid city rush hours. The state later
complained that DOE had not abided by all of these commitments, includ-
ing the schedule for notifying the state, in its management of this shipment
(Bell, 2001; DOE, 2001b,c; Holden, 2001; Shields, 2001).

In summary, the history of these controversies shows that states and
others have challenged DOE to justify its selection of specific routes for its
shipping campaigns. As the description of DOE route selection practices
below indicates, DOE generally has not based route selection on quantita-
tive comparisons of risks of alternative routes, but rather on application of
the routing rules contained in DOT regulations, taking into account advice
from states and tribes along potential routes.

4.2 REGULATIONS GOVERNING SELECTION OF ROUTES
FOR SHIPPING SPENT FUEL

DOT and USNRC regulations that affect the selection of routes for
domestic shipments of spent nuclear fuel are described briefly in Sec-
tion 1.2.3. Certain provisions of these regulations, relating specifically to
the route selection practices relevant to this chapter, are summarized below.

The DOT administers regulations governing the routing of highway
shipments of spent nuclear fuel (49 CFR 397.101 and 397.103) that apply
to any shipment of a quantity of radioactive material meeting the regula-
tory definition of “highway route controlled quantity.” These require the
following;:

e The carrier must operate the vehicle containing the material only
over “preferred routes.” Preferred routes include all Interstate System high-
ways (see Figure 1.1), except where the state has designated an alternative
route to a particular Interstate System highway segment, and other state-
designated routes.

e A state may designate a preferred route for transport of radioactive
materials after it conducts a risk analysis and consults with neighboring
states, and must notify DOT of the designation.

e Among preferred routes, the carrier must select the route that mini-
mizes time in transit, except that the carrier must select Interstate System
bypasses around cities unless the state has designated an alternative.

e The carrier may deviate from preferred routes only for security
reasons (as specified in a required security plan or at the direction of the
USNRC), for pickup and delivery of shipments, for rest stops, and for
emergencies.
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e In traveling between the origin and a preferred route and from a
preferred route to the destination, the carrier may select either the shortest-
distance route or another route that minimizes radiological risk considering
accident rates, transit times, population density, activities, time of day, and
day of week, provided this route does not exceed the length of the shortest-
distance route by more than 25 miles and is less than five times the length of
the shortest-distance route.

Literal application of these regulations would practically dictate a
unique highway route in many circumstances. The regulation does not
explicitly require the carrier to consider risks of individual routes, except in
the circumstance that the shortest-distance route is not chosen for travel to
a designated highway from the shipment origin or from a designated high-
way to the destination.? Rather, the primary responsibility of the carrier is
to keep to the designated preferred route system, and a burden is placed on
the states to make whatever adjustments are necessary in the designated
route system to ensure safety.

In a Notice of Proposed Rulemaking, DOT explained its justification
for the routing regulation as follows (DOT, 1980, p. 7144): “In view of
statistics showing lower accident rates and reduced travel times in travel on
Interstate highways, this proposal favors use of the Interstate System. [DOT]
believes that in most cases this policy will produce the most significant
transportation safety impact reduction and it offers a clear standard for
compliance and enforcement purposes.” For quantitative support, DOT
cites the USNRC’s transportation EIS (USNRC, 1977; this EIS is described
in Chapter 3 of this report), which, DOT states, determined that restricting
carriers of large quantities of radioactive materials to Interstate System
highways would be a cost-effective measure (DOE, 1980, p. 7149).

For rail shipments of spent fuel, there are no federal regulations govern-
ing route selection analogous to the highway routing regulations. As the
following section on DOE’s practices for shipping research reactor spent
fuel describes, the absence of regulation has not meant in practice that
railroads have selected routes for these shipments without government over-
sight. Historically, DOE has specified rail routes in its contracts with the

3The regulation states: “Except as provided in paragraph (b) of this section [which requires
the carrier to operate on preferred routes and to minimize travel time] ..., a carrier. ..
operating a motor vehicle that contains [a highway route controlled quantity of radioactive
material] . . . shall: (1) Ensure that the motor vehicle is operated on routes that minimize
radiological risk; (2) Consider available information on accident rates, transit time, popula-
tion density and activities, and the time of day and the day of week during which transporta-
tion will occur to determine the level of radiological risk . . . .” Therefore, following preferred
routes will always comply with the regulation, although the carrier apparently is required in
addition to consider time of day and activities along the route in planning the shipment.
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railroads. The states lack the authority over rail routes that federal regula-
tions give them over highway routes, although DOE has consulted the
states on rail route selections.

USNRUC regulations (10 CFR 73.37) require that any licensee shipping
spent nuclear fuel exceeding a threshold quantity obtain the USNRC’s
approval of shipment routes. Normally, the transportation services con-
tractor arranging a spent fuel shipment submits the planned route for
USNRC review. USNRC approval of a route is valid only for shipments by
the party submitting the application and for a term of two years. Rail as
well as highway routes must be submitted for review.

The USNRC route review is among the regulatory requirements in-
tended to “minimize the possibilities for radiological sabotage . . . [and] . . .
[f]acilitate the location and recovery of spent fuel shipments that may have
come under the control of unauthorized persons” (10 CFR 73.37 (a)). The
regulation does not specify the security factors that the USNRC takes into
account in its review. USNRC staff reported to the committee that pro-
posed routes are examined in detail and that the review considers travel
time and distance and, for highway shipments, adequacy of provisions for
safe havens, that is, preplanned locations where the vehicle may stop in case
of an emergency and receive protection by police or other security forces.

Shipments of spent fuel made directly by DOE or by contractors to
DOE are not legally subject to USNRC regulations because DOE is not a
licensee. The regulations do apply to shipments performed by non-DOE
operators of research reactors, including universities, private firms, and
other government agencies. These operators are USNRC licensees. Certain
domestic shipments of foreign research reactor spent fuel are carried out by
contractors to the foreign operators of the research reactors, and these are
subject to USNRC regulations as well. For shipments of foreign research
reactor spent fuel carried out by DOE contractors, DOE as a matter of
policy seeks USNRC approval of the routes (DOE, 2003a, p. 6; DOE,
2003b, p. 4).

4.3 SELECTION OF ROUTES FOR SHIPPING RESEARCH
REACTOR SPENT FUEL

As specified by the Congress, the charge in this task (Sidebar 1.2) is to
analyze how DOE

e Selects potential routes for shipment of research reactor spent fuel
to DOE facilities;*

4The congressional study charge refers to shipments “between or among” DOE facilities.
This language could be interpreted as limiting the charge to shipments from Savannah River
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e Selects a route for a specific shipment;

e Assesses risks of such a route; and

e Considers proximity to population, current traffic and accident
data, road quality, emergency response capabilities, and proximity to gath-
ering places.

The questions about routing of shipments of research reactor spent
fuel, and also the points of contention in the controversies about specific
shipments that led to the congressional request for this study, focus on
methods of comparing risks of the selected routes with risks of alternatives
and the use of such comparisons in routing decisions.

The steps that were followed by DOE to select routes for shipment of
foreign research reactor spent fuel are the same steps that DOE expects to
follow in its program to ship commercial spent nuclear fuel to a federal
repository: first, development of a plan for the program that identifies sets
of potential or candidate routes and, then, selection of a specific route at the
time of each shipment, with each step guided by, among other consider-
ations, an assessment of the risks of the favored routes versus alternative
routes and modes. These steps are dictated by DOE’s general policies re-
garding transportation of spent nuclear fuel (DOE, 2002b) and are consis-
tent with DOE statements concerning its plans for selecting routes for
shipping spent fuel to a federal repository (see Chapter 5). DOE’s experi-
ence with research reactor spent fuel shipments therefore has general rel-
evance to commercial spent fuel transportation, although the relevance is
limited because the scales of the two activities differ greatly. The foreign
research reactor spent fuel transport program is a small-quantity shipping
program, whereas the transport program to the federal repository will be a
large-quantity shipping program (see glossary, Appendix D).

The subsections below address the questions posed to the committee in
the congressional study charge: The first is about procedures for selecting
potential routes; the second, about selecting routes for specific shipments;
and the third, about consideration of population, traffic, accident, and
emergency response capabilities in route selection. DOE’s methods of as-
sessing risk are described in each of these subsections. The descriptions
refer primarily to procedures for selecting routes for shipping spent fuel
from foreign research reactors, which is the largest category of shipments
for which DOE has direct responsibility (see Table 4.1 and 4.2). The final

to Idaho National Laboratory or from Oak Ridge National Laboratory to Savannah River or
Idaho National Laboratory. Such shipments constitute only a minority of all domestic ship-
ments of research reactor spent fuel. The committee decided to consider routing practices for
all domestic research reactor spent fuel shipments as explained previously.
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subsection identifies differences in practices for transport of spent fuel from
domestic research reactors.

4.3.1 Potential Routes: Foreign Research Reactor Spent Fuel

DOE has identified the following potential routes for shipments of
foreign research reactor spent fuel from Charleston Naval Weapons Station
to the Savannah River Site, from Savannah River to Idaho National Labo-
ratory, and from Concord Naval Weapons Station to Idaho National Labo-
ratory:

e Three alternative highway routes from Savannah River to Idaho
National Laboratory (Figure 4.4), named the blue, red, and black highway
routes and published in DOE’s transportation plan for foreign research
reactor spent fuel shipments from Savannah River to Idaho National Labo-
ratory (DOE, 2003a, Appendix 8.1). The plan specifies each road segment
and junction on the routes.

e Preferred and alternate rail routes and one highway route from
Charleston Naval Weapons Station to Savannah River published in the
DOE transportation plan for foreign research reactor spent fuel shipments
between these points (Figure 4.5) (DOE, 2003b, Appendix 8.1).

e Preferred and alternate rail routes and one highway route from the
Concord Naval Weapons Station in California to Idaho National Labora-
tory announced in advance of the shipment that departed from Concord in
1998 (Figure 4.6) (Nevada, 1997; California, 1998).

These routes were evaluated and published well in advance of ship-
ments, with the intent that routes for specific shipments occurring over a
period of years would be selected from among these potential routes. In
addition to shipments on these routes, highway shipments of research reac-
tor spent fuel from Canada to Savannah River occurred in 1996 (one
package) and 2000 (two packages). No future shipments from Canada are
planned at this time (DOE, 2004c, 2005a).

The milestones in development of these potential routes were as follows:

e The EIS on foreign research reactor spent fuel (DOE, 1996a), which
identified and evaluated representative truck and rail routes between 10
potential ports of entry and five potential DOE storage sites.

e The ROD on the foreign research reactor spent fuel management
program (DOE, 1996b), which identified two ports of entry and two stor-
age sites and declared that the preferred transport mode would be rail.

e Discussions of potential routes with states and tribes through two
working groups formed in 1996: the Cross Country Transportation Work-
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FIGURE 4.6 Highway and rail routes for transportation of foreign research reac-
tor spent nuclear fuel from Concord Naval Weapons Station to Idaho National
Laboratory. SOURCE: Nevada (1997).

ing Group, dealing with shipments from Savannah River-to-Idaho National
Laboratory, and the Foreign Research Reactor Spent Nuclear Fuel Trans-
portation Working Group, dealing with shipments from Charleston to Sa-
vannah River. Similar discussions took place between DOE and the affected
states and tribes concerning the Concord-to-Idaho National Laboratory
route.

e Publication of transportation plans for shipments from Charleston
to Savannah River in 1996, with updates in 1998 and 2003 (DOE, 2003b),
and publication of plans for shipments from Savannah River to Idaho
National Laboratory, most recently updated in 2003 (DOE, 2003a), speci-
fying the potential routes as well as procedures for scheduling, advance
information, and safety and security en route.

Route Assessments in the EIS and ROD

The 1996 EIS evaluated the risks of transportation of foreign research
reactor spent fuel over “representative routes,” by truck and rail, from
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Charleston to Savannah River, Savannah River to Idaho National Labora-
tory, and Concord to Idaho National Laboratory, as well as other pairs of
origins and destinations that were later eliminated from consideration
(DOE, 1996a, Appendix E). The risk assessment evaluated specific high-
way and rail routes, but the selection of routes for evaluation was not
intended to indicate that the evaluated routes would necessarily be used for
shipments. The EIS states that “specific routes cannot be identified in ad-
vance because the route would not be finalized until it had been reviewed
and approved by the [US|NRC. The selection of the actual route would be
responsive to environmental and other conditions . . . at the time of ship-
ment” (DOE, 1996a, p. E-21).

The routes evaluated were chosen using two models, HIGHWAY and
INTERLINE. These employ databases characterizing the highway and rail
networks, respectively, with information on speed and distance for each
link in the networks and population densities adjacent to each link. The
models can be used to search for routes that minimize time or distance
traveled (or some function of distance and time) between a specified origin
and destination. Highway routes are constrained to comply with DOT
regulations regarding use of the Interstate System highways or state-desig-
nated alternate preferred routes, use of Interstate System bypasses around
cities, and minimizing the distance traveled between origin and destination
points and the Interstate System highway (DOE, 1996a, p. E-33).

The risk of fatalities during transport of foreign research reactor spent
fuel was estimated in the EIS using RADTRAN (described in Section 3.1.2
and Sidebar 3.4). The model, which was developed by Sandia National
Laboratories, can be used to estimate the expected health consequences of
human exposures to radiation during routine transport and in severe acci-
dents. The model also can be used to estimate the expected number of
conventional fatalities (i.e., vehicular and pedestrian fatalities) during trans-
portation.

RADTRAN was used to estimate the expected fatalities for the entire
foreign research reactor shipping program, based on the quantities of mate-
rials and numbers of shipments projected in the EIS, for a scenario in which
all shipments are transported by truck and with fuel destined for Idaho
National Laboratory or Savannah River according to fuel type (DOE,
1996a, Tables E-14 and E-17). The estimates are as follows:

e Fatalities from routine transport: 0.1 to 0.2 LCF (latent cancer
fatality)
e Fatalities from releases in severe accidents: 10~° to 10-* LCF

e Conventional fatalities: 0.05 to 0.1 expected fatality

On the basis of these estimates, DOE concluded that “the Final EIS demon-
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strates that the spent fuel and target material could be safely transported
overland within the United States by either truck or rail . . .” (DOE, 1996b,
Sec. VII).

The EIS risk analysis did not seek minimum-risk routes or compare the
risks of alternative routes or modes between origin-destination pairs. Truck-
versus-rail comparisons may be derived from the results presented, but
DOE evidently did not regard the differences in risks as significant. DOE
states in its ROD that it “will generally seek to use rail” because “there
appears to be a strong preference by some members of the public in the port
areas for the use of rail” (DOE, 1996b, Sec. 1, IX), rather than on the basis
of a comparison of truck and rail risks. In response to public comments
about the absence of route specifications in the EIS, DOE explains that
“conditions could well change [by] the time the shipments would be
made. . . . Selection of the actual route would be accomplished in consulta-
tion with the affected States, Tribes, local officials, and the carrier...”
(DOE, 1996b, Sec. VI).

State Working Groups and Transportation Plans

After publication of the ROD, DOE convened two state working groups
to serve as forums for consultation with the states and tribes along potential
foreign research reactor shipping routes from Charleston to Savannah River
and from Savannah River to Idaho National Laboratory. The consultations
were to cover road conditions, emergency response capabilities and needs,
and any specific state highway route designations. This approach followed
the model of consultation on radioactive waste transportation that had
been developed for earlier DOE activities, especially the Waste Isolation
Pilot Plant (WIPP) program (see Section 5.2.2).

The Foreign Research Reactor Spent Nuclear Fuel Transportation Work-
ing Group addressed plans for transportation from Charleston to Savannah
River and involved South Carolina officials from health, law enforcement,
and emergency response agencies. It was organized with the cooperation of
the Southern States Energy Board, an organization formed by an interstate
compact of 16 southeastern states providing for cooperative energy and
environmental programs.

For highway transportation in South Carolina, DOE originally pro-
posed to the working group the predominantly Interstate System route
dictated by DOT routing regulations. This route had been evaluated in the
EIS (DOE, 1996a, p. E4) and cited in the Web version of the ROD (DOE,
1996¢). The state rejected this route because it is indirect, passes near the
urban areas of Columbia and Augusta, and includes an interchange with a
high accident frequency. The state proposed another highway route, which
was adopted in the Charleston-Savannah River transportation plan (DOE,
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2003b, Appendix 8.1). The alternate route follows mostly roads other than
Interstate System highways but is shorter than the Interstate System route,
avoids the cities of Columbia and Augusta, and avoids the high-accident
interchange. DOT has not published this route as a state-designated pre-
ferred route. Selection of the alternate route appears to have been based
primarily on the local knowledge and professional judgment of the officials
involved, although state officials report that a comparison of accident rates
on the routes was carried out.

Because the 1996 ROD had declared that rail would be the preferred
mode, the DOE-South Carolina working group began by developing proce-
dures for rail shipments. Whereas the states have authority under federal
law to regulate highway routes of spent fuel shipments, they have no legal
control over rail routes. Nonetheless, primary and alternate rail routes for
Charleston-Savannah River shipments (Figure 4.4), as well as safety proce-
dures, were defined by DOE after consultation with the state and discus-
sions involving the railroad and the Federal Railroad Administration. Rail
shipments have been by dedicated train, with routes specified in DOE
contracts with the carrier. It is part of DOE’s arrangement with the state
that rail will be used for all shipments from Charleston to Savannah River
except that truck may be used when four or fewer packages are awaiting
transport. Since 1996, 20 of the 23 shipments from Charleston to Savannah
River (most comprising multiple packages) have been by rail.

To consult with the states and tribes on Savannah River-to-Idaho Na-
tional Laboratory shipments, DOE convened the Cross-Country Transpor-
tation Working Group, with support from the Southern States Energy Board
and the Council of State Governments-Midwestern Office, an association
of midwestern states that coordinates those states’ interactions with DOE
on radioactive materials transportation. The membership of the working
group included representatives of 17 states, two tribal nations, the state
regional organizations, and federal agencies (Huizenga et al., 1999). At
DOE’s request, the state members were gubernatorial appointees.

DOE initially proposed four highway routes to the group, developed
with the HIGHWAY model and similar to the “representative routes” in
the EIS. These routes were modified according to recommendations of
working group members, and one of the four (the green route, departing
South Carolina to the north, through North Carolina) was eliminated be-
cause of the group’s concerns about weather and terrain. Some of the state
recommendations were based on more detailed examinations of the physi-
cal characteristics of the routes than DOE had carried out. For example,
South Carolina recommended an improved access route from Savannah
River to the Interstate System. The states also favored routes that had been
used earlier for radioactive waste shipments, because emergency responders
along these routes had already received training.
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During this consultation process, DOE analyzed the transportation
risks of the alternative routes using RADTRAN (Weiner and Mills, 1999)
and presented the results to the working group. These show small differ-
ences among the routes in risks of radiation exposure (ranging from 1 LCF
in 10 million trips for the route with the lowest radiation risk to 1 LCF in
6 million trips for the route with the highest risk) and of truck accidents
(ranging from 1 fatal truck accident in 16,000 trips to 1 truck accident in
13,500 trips). There is no indication that these estimates had any influence
on the initial specification of the routes or on subsequent selection of routes
for individual shipments. The green route, the route dropped from consid-
eration because of objections from several states, appears in the RADTRAN
estimates to have the lowest risk of radiation exposure fatalities, because it
has the lowest total population in proximity to the route, and the second
lowest risk of fatalities from truck crashes. It should be noted that many of
the working group objections to DOE route proposals arose from particu-
lar local conditions that are not taken into account in the RADTRAN
estimates. For example, RADTRAN uses state-level average truck accident
rates rather than rates specific to individual highway sections.

The understandings that DOE reached with the states and tribes in the
working groups regarding routes and transportation procedures for foreign
research reactor shipments to Savannah River and Idaho National Lab-
oratory were documented in the two transportation plans (DOE, 2003a,
2003b). These include the following:

e Maps specifying the highway and (for shipments from Charleston
to Savannah River) rail routes to be used

e Definitions of the responsibilities of all federal and state agencies
involved and of commercial carriers

e Specification of advance notification and shipment tracking
practices

e Specification of additional safety practices, including state-by-state
vehicle inspection procedures and use of dedicated trains for rail shipments

e A public communications plan

e An emergency response plan that specifies the responsibilities of
the parties in the event of an incident during transport

e In the plan for shipments from Savannah River to Idaho National
Laboratory, a list of special events and of urban areas with rush hours that
the states and tribes asked DOE to avoid in scheduling shipments; DOE
agreed to minimize conflicts and to notify the state if a conflict were to arise
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4.3.2 Routes for Specific Shipments:
Foreign Research Reactor Spent Fuel

All recent and currently planned domestic foreign research reactor spent
fuel shipments have been from Charleston to Savannah River or from Sa-
vannah River to Idaho National Laboratory. Packages destined for Idaho
National Laboratory normally would arrive at Charleston by sea, be
shipped by rail or truck to Savannah River, and remain at Savannah River
no more than a few days before being shipped by truck to Idaho National
Laboratory (DOE, 2003a, p. 9). Selection of a route for a specific shipment
therefore entails deciding which of the potential routes published in the two
DOE plans for these movements (DOE, 2003a,b) will be used, and check-
ing to determine if any immediate circumstances require modifying the
route.

A transportation services contractor organizes transport and all related
activities, with oversight from DOE. For shipments originating in high-
income economy countries,’ the foreign reactor operator hires the contrac-
tor. For shipments from other than high-income economy countries,®* DOE
hires the contractor. The contract specifies that transportation must comply
with the provisions of the DOE transportation plan (DOE, 2003a, pp. 5-9).
The contractor is responsible for obtaining approval of the intended route
from the USNRC, according to the regulatory requirements of 10 CFR
73.37.

DOE officials reported to the committee that in selection of routes for
specific shipments, the following factors are considered:

e DOT highway route selection regulations

e State and tribal advice regarding
—Road conditions and construction zones
—Planned events (e.g., sporting events or festivals)
—Emergency response and radiological training needs
—Shipment and truck inspection requirements
—Rush hour periods through cities

e RADTRAN accident analysis

e  Shipment schedule, particularly the season of the year

SDOE (1996b) identifies the following countries as high-income economy countries: Aus-
tralia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Israel, Italy, Japan,
Netherlands, Spain, Sweden, Switzerland, Taiwan, and United Kingdom.

6DOE (1996b) identifies the following as other than high-income economy countries: Ar-
gentina, Bangladesh, Brazil, Chile, Colombia, Greece, Indonesia, Iran, Jamaica, Malaysia,
Mexico, Pakistan, Peru, Philippines, Portugal, Romania, Slovenia, South Africa, South Korea,
Thailand, Turkey, Uruguay, Venezuela, and Zaire.
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e Number and type of packages to be shipped

e Possibility of coordination of the foreign research reactor shipment
with shipments from DOE or university facilities

e Any other factor that could affect shipment transit time

DOE reported that the route selection process leads to a recommendation
to the Assistant Secretary for Environmental Management for approval.

4.3.3 Consideration of Risk Factors:
Foreign Research Reactor Spent Fuel

The study charge asks how route selection takes into account proximity
to populations, traffic and accident data, road conditions, emergency re-
sponse capabilities, and proximity to gatherings. These characteristics of
individual trips all affect risk. They depend on the schedule of the trip (time
of day, day of the week, and season) as well as the route.

DOE’s practice, in dealing with states and tribes through working
groups devoted to foreign research reactor spent fuel transportation, has
been to place responsibility for detailed review of highway routes on the
states and tribes. In particular, DOE has relied on the states’ and tribes’
local knowledge of accident rates, road and traffic conditions, and public
events. Assigning this responsibility to the states is consistent with DOT
highway routing regulations, which give states authority to designate pre-
ferred routes.

For rail routing, some general guidelines in DOE’s Radioactive Mate-
rial Transportation Practices Manual (DOE, 2002¢, p. 16) state that DOE
is to consider track quality (including guidance from the Association of
American Railroads concerning rail lines suitable for carrying spent fuel
and other hazardous materials) and “operational input from carriers,” and
to consult with states and tribes on rail routes. DOE would primarily be
dependent on carriers for information on line conditions that would af-
fect safety.

DOE’s quantitative risk analysis of representative routes in the 1996
EIS takes into account population density along the routes, but the risk
estimation procedure does not employ data for specific road segments about
traffic condition, accident rates, road quality, or places of public gatherings
or about analogous factors for specific rail lines. These factors have been
explicitly addressed in DOE’s consultation with the states and tribes. The
foreign research reactor transportation plans (DOE, 2003a,b), developed
cooperatively with the states and tribes, place responsibility on the states
and tribes to identify particular conditions that would affect the safety of a
route proposed for an individual shipment. During development of the
plans, state officials recommended adjustments to the potential routes based
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on their knowledge of accident histories and traffic conditions at specific
locations. The plan for truck shipments to Idaho National Laboratory lists
events, public gatherings, and other circumstances along the routes and
stipulates that shipments will avoid “major” special events (DOE, 2003a,
p. 11). According to the descriptions of the consultative process presented
to the committee by the involved parties, decisions on adjustments to routes
and schedules arising from consideration of these factors have sometimes
been made without benefit of supporting quantitative analysis.

4.3.4 Domestic Research Reactor Spent Fuel

Foreign research reactor spent fuel transportation is an ongoing pro-
gram managed directly by DOE. The program conforms to detailed pub-
lished plans and has received considerable scrutiny in the press, from inter-
est groups, and from the state-federal working groups. Transportation of
spent fuel from university and other domestic research reactors, in contrast,
is a decentralized activity, managed by individual reactor operators. Each
operator is responsible for arranging for transportation from its site to a
DOE facility and for ensuring that DOT and (for shipments from non-DOE
domestic reactors) USNRC regulations are complied with. Perhaps because
of this structure, spent fuel transport from domestic research reactors seems
rarely to have been a focus of controversy. Thus, for example, while a single
shipment of foreign research reactor spent fuel across Missouri in 2001 led
to a federal-state confrontation, the University of Missouri research reactor
has shipped spent fuel to Savannah River several times a year for many
years without comparable notice.

A university that plans to ship spent fuel from a research reactor that it
operates will usually contract with a transportation services firm to arrange
all aspects of the shipment. The firms that undertake this work are the same
firms that contract with DOE to handle its shipments, because the work
requires special equipment and expertise. The contractor selects the route
for shipment and submits it to the USNRC for approval. The USNRC
review checks for compliance with DOT routing regulations (all shipments
in recent years from domestic research reactors have been by truck) and
with USNRC’s own security requirements. USNRC publishes approved
routes. To satisfy USNRC security and notice requirements as well as state
procedures, the contractor must coordinate with state public safety officials
to arrange for inspections, escorts, permits, and any other special state
requirements. Some universities have acted as their own prime contractor,
selecting routes themselves and dealing directly with jurisdictions along the
routes, and have employed a contractor solely for transportation.

For domestic university research reactor shipments, there is no pub-
lished plan analogous to the plans DOE prepared for shipments from
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Charleston to Savannah River and Savannah River to Idaho National Labo-
ratory (DOE, 2003a, 2003b) and no formal standing multistate working
groups have been organized. DOE did consider representative routes be-
tween university reactors and DOE facilities in its 1995 EIS on spent fuel
management (DOE, 1995b), although that analysis did not compare risks
for alternative routes.

DOE has shipped research reactor spent fuel from its facilities at Oak
Ridge National Laboratory in Tennessee to Idaho National Laboratory and
to Savannah River. Transportation plans have been prepared for these ship-
ments following a format similar to that of the foreign research reactor spent
fuel transportation plans. The plans were submitted to the states for com-
ment. DOE procedures for preparation of these plans, including the outline
of the plans’ contents and provision for state review, are specified in DOE’s
Radioactive Material Transportation Practices Manual (DOE, 2002c¢).

4.3.5 Discussion

In the committee’s judgment, DOE’s procedure for selecting transpor-
tation routes in the foreign research reactor spent fuel program appears on
the whole to be adequate and reasonable. The elements of this procedure
have been the following:

e A quantitative risk analysis of representative routes and alternative
modes is conducted as part of an EIS, to judge whether the transportation
activity meets a threshold standard of acceptable safety (but not for the
purpose of choosing among alternative routes). In the case of research
reactor spent fuel, these evaluations have always concluded that risks are
very low.

e Potential routes are identified following DOT regulations (for high-
ways) in consultation with states and tribes and in discussions with rail-
roads, states, and tribes for rail routes.

e The actual route used for an individual shipment is selected from
among the potential routes, again in consultation with states and tribes,
after a review of immediate circumstances (e.g., special events, road con-
struction). Actual route choices also have reflected DOE’s desire to avoid
conflicts and minimize delays.

This procedure reflects DOE’s position (which is consistent with DOT
regulations) that the states and tribes are competent and responsible for
selecting highway routes and, in particular, for having detailed and current
local knowledge about accident rates, road and traffic conditions, and
events. The route selection process may be described as risk-informed; that
is, quantitative estimates of risks are considered alongside other factors,
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including costs, administrative feasibility, local preferences, and inevitable
political considerations. Route selection is not determined wholly by a risk
assessment because DOE recognizes that these other valid factors must also
be considered.

Experience with research reactor spent fuel shipments indicates that
selection of highway routes by complying with DOT highway routing regu-
lations is a reasonable substitute for a process that selects routes through
quantitative risk assessments that explicitly compare alternative routes,
provided that the shipper actively and systematically consults with the
states and tribes along potential routes and that states comply with DOT
route designation regulations. Analyses indicate that differences in risk
among routes attributable to the factors that current models represent ad-
equately (e.g., distance and population density) are relatively small. Up-to-
date, comprehensive, and detailed data on accident rates and other risk
factors that would be required for more refined quantitative comparisons
of alternative routes do not exist. Factors that cannot readily be incorpo-
rated into a quantitative assessment (e.g., emergency response capabilities,
schedules of road construction and other transient events) may be predomi-
nant influences on differences in risk among alternative routes and must
therefore be considered alongside the quantitative risk estimates.

Information on local transport conditions supplied by states and tribes
is an essential element in route selection decisions. Detailed state reviews
allow for the identification of high-accident-rate segments of the Interstate
System as well as the identification of acceptable non-Interstate System
routes that would substantially reduce mileage and travel time. Judgments
of state officials on such matters are most useful when supported with
quantitative evidence.

In controversies over routing, states and others repeatedly have criti-
cized DOE for failure to carry out comparative quantitative risk evalua-
tions of alternative routes. DOE could respond to this concern by develop-
ing improved risk evaluation tools for comparative route analysis and by
giving the results of such analyses appropriate weight in decision making.

In planning routes for the foreign research reactor program, trade-offs
were made whose safety implications were not explicitly analyzed. For
example, instances were described to the committee in which route selec-
tion was influenced by state officials’ preference for one proposed route
over an alternative with a lower population density that was believed to
have a higher accident rate, without a quantitative assessment of the risk
implications. Also, states have sometimes expressed preference for routes
on which emergency response personnel have already received the neces-
sary training. This could favor the selection of routes through more densely
populated areas if emergency responders there have higher levels of train-
ing. As a final example, complying with schedule restrictions on shipments
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might conceivably entail delaying a vehicle en route rather than driving
through a city during peak traffic periods (rush hour). DOE does not have
a methodology for quantitatively evaluating the risk implications of such
trade-offs.

For rail route selection, DOE’s practice of negotiating routes with car-
riers in consultation with states is analogous to its interaction with states on
highway routing. There is no indication that enacting regulations governing
rail route selection for spent fuel shipments would improve safety com-
pared with the present DOE practice of contractually specifying routes that
have been negotiated with carriers, after consultation with the states and
tribes.

Procedures for shipments from university reactors differ from DOE’s
practices for planning foreign research reactor spent fuel shipments. In
particular, route planning for university shipments generally has not in-
cluded procedures similar to DOE’s formal consultations with working
groups of state and tribal representatives or DOE’s publication of transpor-
tation plans specifying routes, shipment procedures, and responsibilities
and commitments of all parties. University shipments are not a direct DOE
responsibility, so DOE’s policies regarding preparation of transportation
plans do not apply to them. Nonetheless, if similar plans were published for
university shipments, there might be some gains in safety (e.g., because they
would help to facilitate discussions between shippers, states, and tribes and
could thereby lead to more coordinated shipping operations) and in public
understanding of these shipments.

4.4 RESPONSES TO THE STUDY CHARGE

The charge for the committee’s task regarding routing of spent fuel
shipments from research reactors (Sidebar 1.2) was defined by Congress in
Section 334 of the Consolidated Appropriations Resolution, 2003. Each of
the main provisions of that charge appears in italics below, followed by a
summary of the committee’s response. The charge refers only to shipments
for which DOE is responsible. These include shipments from DOE reactors
and shipments of spent fuel from foreign research reactors. The committee
also examined practices for shipments from other domestic research reac-
tors (which are not carried out by DOE) because that experience is relevant
to the problem of route selection and to the committee’s original task of
identifying technical and societal issues concerning spent fuel transport.

Sec. 334 (b) . . . the National Academy of Sciences shall analyze the man-
ner in which the Department of Energy—

(1) selects potential routes for the shipment of spent nuclear fuel from
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research nuclear reactors between or among existing Department facilities
currently licensed to accept such spent nuclear fuel.

DOE has selected potential routes for domestic shipments of foreign
research reactor spent fuel since 1996 according to the following proce-
dure: First, quantitative risk analyses of representative routes and alterna-
tive modes were conducted as part of the NEPA process and published in
EISs. The objective of these analyses was to determine whether the trans-
portation activity would meet a threshold standard of acceptable safety.
Second, DOE issued RODs that narrowed the range of potential origins,
destinations, modes, and routes, citing considerations of practicality, safety,
and preferences expressed in public comments. Third, a set of potential
routes was specified in detail, based primarily on DOT regulations (for
highways) and following a formal consultation process with affected states
and tribes, and after discussions with railroads and states (for rail routes).
Finally, potential routes were published in transportation plans that were
reviewed by the states and tribes. Planning for shipments from DOE re-
search reactors has followed a similar procedure. The committee’s analysis
of selection of potential routes appears in Section 4.3.1.

(2) selects such a route for a specific shipment of such spent nuclear fuel.

For shipments of spent fuel from foreign research reactors, the route for
each shipment is selected from among potential routes defined in the trans-
portation plans. All such shipments that are now planned will be between
Charleston Naval Weapons Station and DOE’s Savannah River Site in
South Carolina or between the Savannah River Site and Idaho National
Laboratory. States and tribes are consulted as part of this selection proce-
dure, and state and tribal preferences are taken into account in making final
route selections. DOE may also in the past have taken into account the
quality of its working relationships with states along the potential routes in
making final selections. Once a route has been selected, states and tribes are
required to receive advance notification of shipments and are to inform
DOE of conditions within their jurisdictions that may affect these ship-
ments. Before a route is selected for a specific shipment, it is submitted to
the USNRC for approval of security provisions. USNRC evaluations have
influenced final route selections (see, for example, Section 4.1.1).

Procedures for shipments from DOE research reactors are similar, ex-
cept that routes for these shipments are not submitted to the USNRC for
approval. For shipments from university reactors, normally an agent of the
licensee who is managing the transportation submits a proposed route
complying with DOT regulations for USNRC review and coordinates the
movement with jurisdictions along the route. The committee’s analysis of
the selection of routes for specific shipments appears in Section 4.3.2.
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FINDING: The Department of Energy’s procedures for selecting routes
within the United States for shipments of foreign research reactor spent fuel
appear on the whole to be adequate and reasonable. These procedures are
risk informed; they make use of standard risk assessment methodologies in
identifying a suite of potential routes and then make final route selections
by taking into account security, state and tribal preferences, and informa-
tion from states and tribes on local transport conditions. The Department
of Energy’s procedures reflect the agency’s position (which is consistent
with Department of Transportation regulations) that the states are compe-
tent and responsible for selecting highway routes. For rail route selection,
the Department of Energy’s practice of negotiating routes with carriers in
consultation with states is analogous to its interaction with states on high-
way routing.

RECOMMENDATION: The Department of Energy should continue to
ensure the systematic, effective involvement of states and tribal govern-
ments in its decisions involving routing and scheduling of foreign and DOE
research reactor spent fuel shipments.

(3) conducts assessments of the risks associated with shipments of such
spent nuclear fuel along such a route.

The EISs included quantitative risk assessments that produced esti-
mates of expected numbers of fatalities for representative routes from trans-
portation accidents, radiation exposure during incident-free transportation,
and as a consequence of releases of radioactive material during accidents.
The risk assessments did not seek minimum-risk routes or compare risks of
alternative routes. DOE stated that more refined assessments were not
possible in the EISs because actual routes could not be selected until ship-
ments are actually made, after consultation with states and review by
USNRC. DOE presented additional estimates of risks of alternative routes
to the states and tribes during development of the foreign research reactor
spent fuel transportation plans, but these estimates appear not to have
influenced route selections. The committee’s analysis of DOE’s assessments
of risks of shipments appears in Sections 4.3.1, 4.3.2, and 4.3.3.

(c) The analysis under subsection (b) shall include a consideration wheth-
er, and to what extent, the procedures analyzed for purposes of that sub-
section take into account the following:

(1) The proximity of the routes under consideration to major population
centers and the risks associated with shipments of spent nuclear fuel from
research nuclear reactors through densely populated areas.

(2) Current traffic and accident data with respect to the routes under
consideration.

(3) The quality of the roads comprising the routes under consideration.
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(4) Emergency response capabilities along the routes under consideration.
(5) The proximity of the routes under consideration to places or venues
(including sports stadiums, convention centers, concert halls and theaters,
and other venues) where large numbers of people gather.

DOE’s practice has been to place responsibility for detailed review of
highway routes on the states and tribes. The quantitative risk analyses in
the EISs take into account population density, but not traffic conditions,
accident rates for specific route segments, road quality, emergency response
capabilities, or places of public gatherings. Rather, DOE has considered
these factors through its consultations with the states and tribes and in
consultations on rail routes involving carriers, states, and the Federal Rail-
road Administration. DOE has modified routes according to state propos-
als derived from consideration of these factors. In some instances, states
themselves have examined accident data or conducted risk analyses of spe-
cific routes, but most state proposals on routing have been based primarily
on judgments of state officials. The committee’s analysis of DOE’s consid-
eration of the listed factors in route selection appears in Section 4.3.

FINDING: Highway routes for shipment of spent nuclear fuel are dictated
by DOT regulations (49 CFR Part 397). The regulations specify that ship-
ments normally must travel by the fastest route using highways designated
by the states or the federal government. They do not require the carrier or
shipper to evaluate risks of portions of routes that meet this criterion. These
regulations are a satisfactory means of ensuring safe transportation, pro-
vided that the shipper actively and systematically consults with the states
and tribes along potential routes and that states follow the route designa-
tion procedures prescribed by the DOT.

RECOMMENDATION: DOT should ensure that states that designate
routes for shipment of spent nuclear fuel rigorously comply with its regula-
tory requirement that such designations be supported by sound risk assess-
ments. DOT and DOE should ensure that all potentially affected states are
aware of and prepared to fulfill their responsibilities regarding highway
route designations.
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Improving Spent Fuel and
High-Level Waste Transportation
in the United States

he focus of this chapter is on the last two charges of the original
statement of task for this study (see Sidebar 1.1):

e  What are likely to be the key principal technical and societal con-
cerns for radioactive waste transportation in the future, especially over the
next two decades?

e What options are available to address these concerns, for example,
options involving changes to planned transportation routes, modes, proce-
dures, or other limitations/restrictions; or options for improving the com-
munication of transportation risks to decision makers and the public?

The task statement makes a clear distinction between current and fu-
ture transportation activities. This distinction was made in recognition of
the fact that the federal government is planning to initiate a large-scale,
multidecade program to transport much of the nation’s commercial spent
nuclear fuel and Department of Energy (DOE) spent fuel and high-level
radioactive waste to a federal repository. To this end, DOE plans to submit
an application to the U.S. Nuclear Regulatory Commission (USNRC) for a
license to construct and operate a repository at Yucca Mountain, Nevada
(see Chapter 1). At the time the task statement was developed, the National
Academies anticipated that there were likely to be specific technical and
societal concerns associated with a transportation program to a federal
repository. This is in fact the case as shown in this chapter.

The committee was not directed by the statement of task to undertake
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a detailed programmatic review of the federal repository transportation
program, nor did it attempt to do so. While many of the concerns raised in
this chapter apply specifically to this federal transportation program, they
could also apply to other transportation programs designed to move large
quantities of spent fuel and(or) high-level waste within the United States to
other federal repositories or to interim storage—for example, the Private
Fuel Storage, LLC program. A detailed description of the transportation
system for this federal repository is provided in Appendix C.

5.1 PRINCIPAL FINDINGS AND RECOMMENDATION

PRINCIPAL FINDING ON TRANSPORTATION SAFETY: The commit-
tee could identify no fundamental technical barriers to the safe! transport
of spent nuclear fuel and high-level radioactive waste in the United States.
Transport by highway (for small-quantity shipments) and by rail (for large-
quantity shipments) is, from a technical viewpoint, a low-radiological-risk
activity with manageable safety, health, and environmental consequences
when conducted in strict adherence to existing regulations. However, there
are a number of social and institutional challenges to the successful?® initial
implementation of large-quantity shipping programs that will require expe-
ditious resolution as described in this report. Moreover, the challenges of
sustained implementation should not be underestimated.

Spent fuel has been transported in the United States and several other
countries for several decades; the committee knows of no releases of radio-
active materials from package containments above regulatory limits.3 This
safety record can be attributed to the robust design and construction of the
packages used for transport and the rigorous regulatory oversight of trans-
portation operations. Studies of package performance have demonstrated
the effectiveness of package containment over a wide range of transport
conditions, including most severe accident conditions (Chapter 2). Simi-
larly, studies of the health and safety risks of spent fuel transportation
(Chapter 3) indicate that such risks are generally well characterized and are

LAs noted in Chapter 1, safety refers to measures taken to protect spent fuel and high-level
waste during transport operations from failure, damage, human error, and other inadvertent
acts.

2The committee defines “success” in terms of the program’s ability, under existing statutes,
regulations, agreements, and budgets, to transport spent fuel and high-level waste in a safe,
secure, timely, and publicly acceptable manner.

3As described in Section 3.1, however, there are well-documented instances in which radio-
active contamination on the external surfaces of packages have exceeded regulatory limits.
The committee is aware of no documented instances in which this contamination has resulted
in exposures of workers or the public above regulatory limits.
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generally low. However, the social risks and related institutional challenges
may impinge on the successful implementation of large-quantity shipping
programs. Transportation programs can take proactive steps to identify
and manage these risks and challenges as discussed in Chapter 3 and else-
where in this chapter.

The wording of this finding—“The committee could identify no funda-
mental technical barriers to the safe transport of spent fuel and high-level
radioactive waste in the United States”—is carefully and narrowly con-
structed. This finding is focused on the technical aspects of transportation
programs: package and conveyance design, fabrication, and maintenance
and the conduct of transportation operations. It is predicated on the as-
sumption that these technical tasks are being carried out with a high degree
of care and in strict adherence to regulations. The finding also is based on
an assessment of past and present transportation programs and would
apply to future programs only to the extent that they continue to exercise
appropriate care and adhere to applicable regulations. Continued vigilance
by all parties involved in these transportation programs—planners, im-
plementers, and regulators—will be required to ensure that transportation
operations in the United States continue to be conducted in a safe manner,
especially as large-quantity shipping programs to interim storage and a
federal repository are ramped up over the next one to two decades. Some
issues of particular concern are discussed in Section 5.2.

In Chapter 2, the committee notes concerns about the potential impacts
of very long duration fires on package containment effectiveness. Specifi-
cally, the committee notes that there may be a very small number of cred-
ible accident conditions involving long-duration, fully engulfing fires that
are potentially capable of damaging the seals on transportation packages if
such fires are allowed to burn in an uncontrolled manner for long periods
of time (many hours to days). The committee also recommends that addi-
tional investigations be carried out to obtain a bounding-level understand-
ing of the risks and consequences of such accidents. In Chapter 3, the
committee describes a relatively simple operational step that can be taken
to mitigate these risks. Consequently, the committee judges that very long
duration fires do not present a technical barrier to transportation safety.

PRINCIPAL FINDING ON TRANSPORTATION SECURITY: Malevo-
lent acts against spent fuel and high-level waste shipments are a major
technical and societal concern, especially following the September 11, 2001,
terrorist attacks on the United States. The committee judges that some of its
recommendations for improving transportation safety might also enhance
transportation security. The Nuclear Regulatory Commission is undertak-
ing a series of security studies, but the committee was unable to perform an
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in-depth technical examination of transportation security because of infor-
mation constraints.

RECOMMENDATION: An independent examination of the security of
spent fuel and high-level waste transportation should be carried out prior to
the commencement of large-quantity shipments to a federal repository or to
interim storage. This examination should provide an integrated evaluation
of the threat environment, the response of packages to credible malevolent
acts, and operational security requirements for protecting spent fuel and
high-level waste while in transport. This examination should be carried out
by a technically knowledgeable group that is independent of the govern-
ment and free from institutional and financial conflicts of interest. This
group should be given full access to the necessary classified documents and
Safeguards Information to carry out this task. The findings and recommen-
dations from this examination should be made available to the public to the
fullest extent possible.

Several participants at the committee’s information-gathering meetings
highlighted security* as an important current concern for transportation of
spent fuel and high-level waste in the United States. The committee concurs
with this view and judges that such concerns are likely to grow in the
future, especially once shipments commence to centralized interim storage
or a federal repository.

As reported in Section 1.2, the committee was unable to perform an
examination of transportation security risks because of information restric-
tions: much of the information available on this topic is either classified or
otherwise restricted. The committee concluded that it would be difficult to
provide a substantive assessment of security issues because not all commit-
tee members have the necessary clearances to access this information.

Four members of the committee and one staff member with appropri-
ate security clearances were given a classified briefing by USNRC staff on
investigations under way within that agency to assess the security of trans-
portation packages. Some of these members also have some knowledge of
the extensive classified and unclassified literature on this topic. There ap-
pears to be sufficient information available to undertake a substantive re-
view of spent fuel and high-level waste transportation security by a cleared
group if it is given unrestricted access to the relevant literature and informa-
tion. The cooperation of several federal agencies (USNRC, DOE, and the

4As noted in Chapter 1, security refers to measures taken to protect spent fuel and high-
level waste during handling and transport from sabotage, attacks, and theft.
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Department of Homeland Security [DHS]) would be required to obtain the
information needed to carry out this study.

The committee’s recommendation that an examination of spent fuel
and high-level waste transportation security be carried out independently of
the government and by a group free of financial and institutional conflicts
of interest is made in the spirit of improving its objectivity and public
credibility. The committee’s recommendation that the findings and recom-
mendations of this examination be presented in a format that can be shared
with the public is made in the spirit of improving the quality of informed
dialogue on this sensitive but important issue. The preparation of findings
and recommendations that are suitable for public release will require that
the group charged with this examination be given access to appropriate and
timely classification guidance.

While the recommendations in this report are focused primarily on
improving transportation safety, the committee judges that some of these
might also improve transportation security. For example, the recommended
operational changes to reduce the number of total shipments to a federal
repository (Section 5.2.1), to limit shipment travel times and stops (Sec-
tion 5.2.3), and to encourage transport of older (and radiologically cooler)
spent fuel (Section 5.2.4) would help to reduce the opportunities for some
types of malevolent acts or limit their potential consequences.

5.2 TRANSPORTATION OPERATIONS

The committee uses the term transportation operations to refer to the
spectrum of activities associated with the actual shipments of spent fuel and
high-level waste in the United States. The committee provides findings and
recommendations on the following six operational issues in this section:

1. Mode (road vs. rail) for transporting spent fuel and high-level waste
to a federal repository (Section 5.2.1)

2. Route selections for transport to a federal repository (Section 5.2.2)

3. Use of dedicated trains for transport to a federal repository (Sec-
tion 5.2.3)

4. Acceptance order for commercial spent fuel transport to a federal
repository (Section 5.2.4)

5. Emergency response planning and training (Section 5.2.5)

6. Information sharing and openness (Section 5.2.6)

Although these recommendations are focused on DOE’s program for
transporting spent fuel and high-level waste, they also apply to any large-
quantity shipping programs whether federally or privately operated. The
commiittee intends that these recommendations would also apply to the
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Private Fuel Storage program for transporting large quantities of commer-
cial spent fuel to centralized interim storage in Utab, if that facility is
constructed and opened.

5.2.1 Mode for Transporting Spent Fuel and
High-Level Waste to a Federal Repository

FINDING: Transport of spent fuel and high-level waste by rail has clear
safety, operational, and policy advantages over highway transport for large-
quantity shipping programs. The committee strongly endorses DOFE’s selec-
tion of the “mostly rail” option for the Yucca Mountain transportation
program for the following reasons:

o It reduces the total number of shipments to the federal repository by
roughly a factor of five, which reduces the potential for routine radiological
exposures, conventional traffic accidents, and severe accidents (Table 3.8).

¢ Rail shipments have a greater physical separation from other vehicu-
lar traffic and reduced interactions with people along transportation routes,
which also contributes to safety.

e Operational logistics are simpler and more efficient.

e There is a clear public preference for this option.

The committee does not endorse the development of an extended truck
transportation program to ship spent fuel cross-country or within Nevada
should DOE fail to complete construction of the Nevada rail spur or pro-
cure the necessary rail equipment by the time the federal repository is
opened.

RECOMMENDATION: DOE should fully implement its mostly rail deci-
sion by completing construction of the Nevada rail spur, obtaining the
needed rail packages and conveyances, and working with commercial spent
fuel owners to ensure that facilities are available at plants to support this
option. These steps should be completed before DOE commences the large-
quantity shipment of spent fuel and high-level waste to a federal repository
to avoid the need to procure infrastructure and construct facilities to sup-
port an extended truck transportation program. DOE should also examine
the feasibility of further reducing its needs for cross-country truck ship-
ments of spent fuel through the expanded use of intermodal transportation
(i.e., combining heavy-haul truck, legal-weight truck, and barge) to allow
the shipment of rail packages from plants that do not have direct rail access.

Mode selection is of special concern for the federal repository transpor-
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tation program given its size and multidecade duration. DOE has decided
that the mostly rail alternative defined in the final Yucca Mountain Envi-
ronmental Impact Statement (EIS; DOE, 2002a) is its preferred alternative
for transporting spent fuel and high-level waste to a federal repository
(DOE, 2004d). In this EIS, DOE noted that it referred to rail as its preferred
mode as early as 1998 in the draft request for proposals for contractor
support for waste acceptance and transportation (DOE, 2002a, p. M-9). In
identifying mostly rail as the preferred mode, DOE evidently does not mean
that it prefers each of the detailed site-specific mode choices assumed in the
final EIS (DOE, 2002a), but rather that it will seek to employ rail transpor-
tation to the extent practicable.

DOE summarized its evaluation of transportation mode options in the
final EIS as follows (DOE, 2002a, p. 2-97-2-98):

DOE believes that the EIS provides the environmental impact infor-
mation necessary to make certain broad transportation-related decisions,
namely the choice of a national mode of transportation outside Nevada
(mostly rail or mostly legal-weight truck), the choice among alternative
transportation modes in Nevada (mostly rail, mostly legal-weight truck,
or heavy-haul truck with use of an associated intermodal transfer station),
and the choice among alternative rail corridors or heavy-haul truck routes
with use of an associated intermodal transfer station in Nevada.

DOE has identified mostly rail as its preferred mode of transporta-
tion, both nationally and in Nevada. The environmental impacts for most-
ly rail are expected to be less overall than the impacts for mostly truck.
For the mostly rail scenario, 9,600 rail and 1,100 truck shipments[’] are
expected for shipping 70,000 MTHM [metric tons heavy metal] and, for
the mostly truck scenario, 53,000 truck and 300 rail shipments are ex-
pected. The reduced number of shipments to move 70,000 MTHM and
corresponding expected reduction in environmental impacts are the basis
for preferring the mostly rail scenario.

The impacts that weighed most heavily in DOE’s mode preference are
safety related, primarily involving fatalities from exposure to ionizing ra-
diation and conventional traffic fatalities (see Table 3.8). DOE noted that

SFor commercial spent fuel, one shipment, as the final EIS uses the term, apparently is equal
to one package moving to the repository. Although the risk analysis in the EIS assumes one
package per train, DOE states that in practice up to five railcars, each carrying one spent fuel
package, could move together in one train (DOE, 2002a, p. J-14). DOE also states that its
present plans call for three packages per train, or about 3000 trains entering Nevada (DOE,
2004d, p. 18559). A truck would carry only one package. This is based on a rail package
capacity of 6 to 12 metric tons (about 7 to 13 short tons) heavy metal (MTHM), compared
with 1.8 MTHM (2 short tons) for a legal-weight truck package (DOE, 2002a, Table J-2); the
ratio of the number of shipments in the mostly rail scenario, compared with mostly truck, is
about the ratio of truck package capacity to rail package capacity.
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security considerations also support its rail preference. The analysis in the
final EIS indicates that in the event of a terrorist attack on a transport
package in transit, the likely consequences for a rail shipment would be less
than for a legal-weight truck shipment, mainly because of the rail package’s
thicker wall.® The committee did not examine the risks of terrorist attacks
on spent fuel packages and therefore cannot confirm this conclusion.

Table 3.8 shows that the mostly rail option results in about a factor of
five decrease in the number of shipments to the federal repository (53,000
mostly truck shipments versus 9600 mostly rail shipments”) over a period
of 24 years. The mostly rail option also results in almost a factor of four
reduction in expected radiation-related fatalities during routine transport,
from 15 fatalities to 4. The number of expected fatalities for the maximally
reasonably foreseeable accident is higher for the rail option than for the
truck option (five fatalities versus less than one fatality), but the likelihood
of occurrence of such a rail accident is very small (less than 3 in 10 million
chances of occurring per year).

The committee also sees clear operational advantages to the mostly rail
option. Railroads in the United States are privately owned and operated,
which allows for greater control over other activities on the rail line and a
more coordinated regime for carrying out safety inspections. Rail transport
can also result in reduced shipment travel times, especially if dedicated
trains are used, which allows for the more efficient utilization of transport
packages and conveyances.$

DOE’s mostly rail transportation strategy will require the development
of a rail spur within Nevada, because the Yucca Mountain site is currently
without direct rail access.” The final EIS (DOE, 2002a) examined three
alternative, but not mutually exclusive, provisions for transportation within
Nevada: (1) a rail alternative that would entail constructing a rail spur from

6While it is true that rail packages have thicker walls, they also hold greater inventories of
spent fuel. It is not immediately obvious to the committee how these two factors would trade
off for various types of terrorist attacks.

7It should be noted that these shipment numbers are small compared to other types of
hazardous material transport that occur on the nation’s highways, railroads, and waterways
each year. About 400,000 large trucks are dedicated to hazardous materials service, including
most tank trucks. About 115,000 railroad tank cars and more than 3000 tank barges operat-
ing on the inland and coastal waterways are in hazardous materials service. See NRC (2005c¢)
for details.

8In principle, reducing the travel time allows more round trips to be carried out per unit
time or, at a fixed throughput, reduces the required numbers of packages and conveyances.

9The EIS for the rail spur was under way when the present report was being finalized
(December 2005). The transportation risks on rail spur will not be known publicly until the
EIS and spur design are released. The committee presumes that the rail spur will be con-
structed up to modern-day standards and therefore will have risks similar to or less than other
rail lines used to transport spent fuel and high-level waste to the repository.
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a point on an existing rail line to the repository; (2) a heavy-haul truck
alternative, in which full-size rail packages would be removed from railcars
at a terminal constructed near an existing rail line and loaded onto heavy-
haul trucks for transport to the repository; and (3) a legal-weight truck
alternative involving the transport of spent fuel and high-level waste from
commercial and DOE sites to the repository by truck. The final EIS stated
that mostly rail is also the preferred mode within the State of Nevada
(DOE, 2002a, p. S-2). DOE examined five possible rail corridors in Nevada
in its final EIS (Figure 5.1) but it did not express a preference among them.

In December 2003, DOE published a noticel® announcing that one of
the five corridors, the Caliente corridor, is its preferred corridor in which to
construct a rail line, and that a second route, the Carlin corridor, is its
secondary preference. The notice explains the significance of this designa-
tion as follows: “If the Department adopts the mostly rail mode in Nevada,
DOE will issue a Record of Decision selecting a rail corridor. . .. If the
Department selects a rail corridor, DOE will issue a Notice of Intent in the
Federal Register to initiate the preparation of a rail alignment EIS . . . to
consider alternative alignments within the selected corridor. . . .” Concern-
ing the basis for the selection, the notice states: “The Department’s prefer-
ence for Caliente takes into account many factors, including its more re-
mote location, the diminished likelihood of land use conflicts, concerns
raised by Nevadans, and national security issues raised by the U.S. Air
Force on the Caliente-Chalk Mountain corridor [another corridor analyzed
in the EIS].” DOE further explained its preferred mode designation and
selection of the corridor in a Record of Decision (ROD) published in April
2004 (DOE, 2004d) and at the same time announced (DOE, 2004¢) that it
was beginning an EIS covering the selection of the alignment within the
Caliente corridor and construction and operation of the rail line, with a
draft to be issued in early 2005.

The Caliente corridor begins at a point on the Union Pacific rail line
near Caliente Nevada, 120 miles northeast of Yucca Mountain; runs west,
passing north of the Nevada Test and Training Range, a military facility;
and then turns south to Yucca Mountain (Figure 5.1). The final Yucca
Mountain EIS estimates the cost of building the rail line in this 319-mile
(513-kilometer) corridor to be $880 million in 2001 dollars and the con-
struction time to be 46 months (DOE, 2002a).!! The three nonpreferred
corridors are shorter and have lower estimated construction costs than the

10DOE, “Notice of Preferred Nevada Rail Corridor,” 68 FR 74951-74952, December 29,
2003.

Hin December 2005, DOE acknowledged that construction costs had increased to $2
billion, presumably in current year (2005) dollars.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

IMPROVING SPENT FUEL AND HIGH-LEVEL WASTE TRANSPORTATION 221

Oregon

1
1
1
1
r
1
1
|
ii%
1
1
1

-
1
]

Washoe County
Humboldt County — |
Humboldt County

Wells

Elko County
o === A

_,._
1
1
1
1
3
X}

\ b
i | o
o
9 e S £
= (w“?% 80/ - i X ’ 2
< T
El Vf 3 ! Battle S
5 o / Mountain \ ~ !
% 1 e ! £
) o3 1 \ Elko County _ R
S 4 7 White Piné County
1 - — Pershing County _ Carlin Corridor
l Churchill County ) (520 kilometers)
1
1
1
. g \ 1 ! ©
- 1 o
Reno| % @ Fallon ) glfg
Storey - a;ID
County, . I3 z
L : | ' l
. P El
_ Eureka County | ly
\ander County 1
-2 | ‘l": —_— e 1
~  Douglas
County - Lyon I
\ County 1
. L1 1 ® .1
\ ] Caliente Corridor
X | qf&o@ Y, (513 kilometers) l
XN
\\_ _ Hawthorne KA cz,%
/ﬁ% * !
.~ RN
N 5 ronbpan A\ |
onopal g
~ / / '
N\ / 1
~ \ 7/ 1
\4/ Nevada Test Caliente (1 1
Q \Spe and Training S
9/,@ % ([ 7 Range . I
% \ < 1
~ o
Nevada £
\ \L Test é_‘é I
N G Site N
Beaty N5 Yucea & 1
Jimbisha Al { Mountain., N
hoshone  ~ ) - -
Trust Lands \ \ -@ I
v Moapa 1
Amargosa
Valle\y Overtonl
~
Valley Modified !
Corridor . Las -
(159 kilometers) Pahrump Vegas N\
\
Jean Corridor L i
(181 kilometers) . Arizona
1
'

FIGURE 5.1 Potential corridors for the Nevada rail spur. The Caliente corridor
starts near the town of Caliente at the lower right and runs north and west of the
Nevada Test and Training Range. SOURCE: Modified from DOE (2002a).
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Caliente route, but would have routed shipments through or near Las
Vegas or through the Nellis Range.

In its notice on beginning the alignment EIS (DOE, 2004e¢), DOE in-
vited comments on whether it should allow private entities to ship commer-
cial commodities on its rail line. The possibility of commercial use might
make construction of the route more acceptable to some local interests. The
choice of whether the line should be available for public use has implica-
tions for regulatory oversight of the line’s construction and operation. Ac-
cording to federal law, the Surface Transportation Board!? has jurisdiction
over rate and service issues for common carrier rail lines (i.e., rail lines
available for public use). The board must approve construction, and all
state and local environmental or permitting requirements are preempted.
Construction of a track for exclusive DOE use would not require board
approval. Federal law would not preempt state and local regulation of
construction of such a track.

DOE’s preferred rail transportation strategy will also require the ex-
ecution of an ambitious intermodal transportation scheme to move trans-
portation packages to railheads from commercial sites lacking direct rail
connections. The final Yucca Mountain EIS notes that 24 commercial
spent fuel storage sites have no rail service but do have facilities to load rail
packages. Of these 24, 17 have access to waterways, and the other 7 can
ship to railheads by heavy-haul truck. There are an additional 6 sites that
lack crane capacity or other facilities to load rail packages (DOE, 2002a,
p. J-15, Tables J-5 and J-26).

Of the 9600 train shipments in the final EIS mostly rail scenario, on the
order of 2000 would be moved from sites without rail access to a railhead
by heavy-haul truck or barge over distances of 6 to 256 kilometers (4 to
160 miles) (DOE, 2002a, Tables -5, ]J-26, J-27). DOE’s illustrative heavy-
haul truck (DOE, 2002a, Figure 2-29) is 67 meters (220 feet) long and
weighs 90 metric tons (100 short tons) empty and around 180 metric tons
(200 short tons) loaded. For comparison, a legal-weight truck carrying a
spent fuel package would be about 18 meters (60 feet) in length and have a
loaded weight of 36 metric tons (40 short tons).

The possibility of a large volume of barge shipments of spent nuclear
fuel has been a point of controversy. State representatives reported to the
committee that there is opposition in the upper Midwest to spent fuel barge
shipments on the Great Lakes. The final EIS estimates were not based on an
evaluation of whether barge would be preferred from the standpoint of cost
or risk at any sites of origin. Until up-to-date and detailed local site access

12The board is an independent agency and the successor agency to the Interstate Commerce
Commission.
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assessments are available, it is not possible to say whether any significant
volume of local barge transport will occur.

The final EIS assessments of spent fuel origin site (i.e., commercial
nuclear plant sites and independent spent fuel storage installations) capa-
bilities to ship by rail, either directly or with local truck or barge haul to a
nearby railhead, were based on two DOE studies published in 1992: the
Facility Interface Capabilities Assessment (FICA) (Viebrock et al., 1992)
and Near Site Transportation Interface (NSTI) study (Viebrock and Mote,
1992). FICA was a study of the capability of each nuclear generator site to
handle spent fuel packages of four dimensions: legal-weight truck package,
an overweight truck package, and two rail or barge packages. The NSTI
study examined on-site and near-site rail and barge infrastructure at 76
reactor sites.

It is likely that changes have occurred at some origin sites since these
studies were completed. The NSTI warned that rail line abandonment was
tending to curtail rail access to reactor sites. Development in areas sur-
rounding origin sites since 1990 may also have restricted transportation
options. On the other hand, facilities that have developed on-site dry spent
fuel storage facilities (see Sidebar 1.4) may have improved their package-
handling capabilities.

The State of Nevada has argued that DOE is underestimating the
significance of origin site access and handling capabilities as constraints on
transportation options and, as a consequence, DOE’s estimate of the total
number of shipments to the repository in the mostly rail scenario (9600 rail
and 1000 truck, as described above) is overly optimistic. A 1996 analysis for
the Nevada Nuclear Waste Project Office concluded that substantial truck
shipping would be likely, even after Nevada rail access was constructed.!3

The Nevada analysis used data from the FICA and NSTI studies to
construct scenarios for possible Yucca Mountain shipping campaigns, simi-
lar to the transportation scenarios in the final EIS for Yucca Mountain, but
with more specificity about modes and routes and with explicit consider-
ation of how each origin site would go about analyzing its mode choice. It
concluded that with Nevada rail access to the repository in place, it would
be reasonable to expect at least 17 utilities to ship by truck for the entire
journey to the repository, rather than the 6 assumed in the final Yucca
Mountain EIS analysis. Nevada officials stated to the committee that it is
their expectation that, even with a Nevada rail link, at least 25 percent of

13Planning Information Corporation, The Transportation of Spent Nuclear Fuel and High-
Level Radioactive Waste: A Systematic Basis for Planning and Management at the National,
Regional, and Community Levels, September 1996, http://www.state.nv.us/nucwasteltrans/
1pichome.htm.
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all commercial spent fuel would travel by truck,!* implying 10 times the
volume of truck movements in the final EIS mostly rail scenario.

Nuclear power industry participants dispute the state’s estimates.!’
They note that shipment by truck would be unattractive to commercial
operators: The cost and time required for loading and shipping a truck
package would be comparable to that for a rail package that held seven
times the quantity of spent fuel. Moreover, loading large amounts of spent
fuel for truck transport would overburden origin site facilities. These repre-
sentatives believe that origin sites will have a strong preference to ship by
rail whenever possible.

The degree to which DOE must defer to the spent fuel owners’ prefer-
ences regarding transport mode is governed by the terms of the standard
contracts (see Appendix C and Sidebar 5.1). The owners’ delivery commit-
ment schedule, required under the contract, will specify a “proposed ship-
ping mode” (truck, rail, or barge). DOE can disapprove a delivery commit-
ment schedule, in which case “the parties shall promptly seek to negotiate
mutually acceptable schedules” (Standard Contract, Article V.B). However,
the contract also specifies that DOE must provide transport packages “suit-
able for use at the Purchaser’s [spent fuel owner’s] site” (Article IV.B), so
DOE apparently could not require a utility to use a rail package if doing so
would require site modifications.

DOE is now updating the FICA information regarding on-site capabili-
ties to load and handle shipping packages of various dimensions that will be
needed to order shipping packages; DOE plans to update the NSTI data as
well.1® Until these updates are complete, estimates of the likely number of
rail and truck shipments must be considered uncertain.

Other modal options that might conceivably play a useful role have not
yet been evaluated fully. These include intermodal transportation employ-
ing conventional trucks; that is, placing spent fuel at the point of origin into
standard truck packages, transporting the containers by truck to a nearby
rail terminal, transferring them to railcars for transportation to the reposi-
tory, and finally transferring them back to truck at a point near the reposi-
tory if the repository does not have rail access. Trucks could be of the

4Statement of Robert R. Loux to the committee, July 25, 2003.

15Tiffany Wlazlowski. 2002. U.S. seeks ways to safely transport radioactive waste to Yucca
Mountain. Transport Topics, June 3. p. 1.

16«The data on transportation infrastructure in the vicinity of sites, . .. will . .. be up-
dated. . .. Updating this information close to the time of actual shipment ensures that the
latest information is used for identifying site-specific transportation needs” (DOE, 2003c,
p. 9). Presumably DOE recognizes the necessity of updating this information immediately,
because it may be critical to its transportation plan and because interventions to preserve or
develop facilities may be needed. It would also be necessary to further update the information
as shipping dates approach.
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SIDEBAR 5.1 Standard Contract for Disposal
of Spent Fuel and High-Level Waste

Title 10, Part 961 of the Code of Federal Regulations, Standard Contract for
Disposal of Spent Nuclear Fuel and/or High-Level Radioactive Waste, specifies
the responsibilities of DOE and purchasers of its services (i.e., the owners of com-
mercial spent fuel) for transportation of spent fuel to the federal repository:

* DOE is responsible for providing transport packages to the purchaser at the
purchaser’s site, and also for providing procedures and training for handling and
loading such packages.

* The purchaser is responsible for preparing, packaging, and loading spent
fuel into the packages in accordance with all applicable laws and regulations. DOE
may designate a representative to observe these activities. The purchaser must
notify DOE at least 60 days in advance of commencement of such activities. This
notification must provide DOE with a description of the material to be loaded.

¢ DOE must accept title to the loaded packages “freight-on-board” at the pur-
chaser’s site. Once title has passed, the purchaser is no longer responsible for the
spent fuel. DOE has the right to dispose of this spent fuel as it sees fit and is not
obligated to provide compensation to the purchaser for this material.

* DOE must provide the means for transporting the packages from the pur-
chaser’s site to the repository.

The standard contract also establishes the priority order for DOE acceptance of
commercial spent nuclear fuel as follows:

* DOE acceptance will be based on the date and amount of fuel discharged
from the reactor (see Sidebar 5.2 for further details), except as noted in the next
two bullets.

* DOE may accord priority for acceptance of spent nuclear fuel from reactors
that have been permanently shut down.

e The purchaser also has the right to exchange delivery schedules with par-
ties to other contracts, but DOE has the right to approve or disapprove such ex-
changes in advance.

DOE and the purchaser are also responsible for exchanging the following informa-
tion on an annual basis:

* DOE must provide the purchaser with the projected annual receiving capac-
ity for spent nuclear fuel at the repository.

e DOE also must provide the purchaser with other pertinent information on
the waste disposal program, including cost projections, project plans, and project
reports.

* The purchaser must provide DOE with information on actual discharges of
spent fuel to date and projected discharges for the next 10 years.
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dimensions that are legal to operate on all main highways (80,000 pounds
[approximately 36 metric tons] total weight, limiting the weight of the
container and spent fuel to about 50,000 pounds [approximately 22 metric
tons]) or that exceeded the legal weight but were within the range of weights
that states routinely approve for operation after issuance of special permits
(at least 120,000 pounds [approximately 53 metric tons] in most states,
allowing packages that weigh 80,000 pounds [approximately 36 metric
tons]).

Nevada representatives, among other observers, have expressed con-
cern that in spite of DOE’s expressed rail preference, events may be direct-
ing it toward commencing shipments to the repository by truck, possibly
with the intention of a later conversion to mostly rail transportation.'” The
Western Governors’ Association (WGA) also acknowledged the prospect of
interim transportation arrangements for initial shipments in a 2005 resolu-
tion (WGA, 20085, p. 1): “For many years, Western Governors have consis-
tently urged the federal government to develop a comprehensive transpor-
tation plan, including the preparation of contingency plans for events such
as the early shipment of waste.”

DOE has acknowledged that to deal with the uncertainties and com-
plexities of the Yucca Mountain program, the goal of its transportation
planning has been to maintain as much flexibility as possible, including the
flexibility to ship by truck as well as by rail.!18 DOE’s desire for flexibility
conflicts with the states’ preference for early and specific decisions on trans-
portation. The ROD on mode and corridor choices states DOE’s current
position on the use of trucks (DOE, 2004d):

The Department would use truck transport where necessary, depending
on certain factors such as the timing of the completion of the rail line
proposed to be constructed in Nevada. This could include building an
intermodal capability at a rail line in Nevada to take legal-weight truck
casks from rail cars and transport them the rest of the way to the reposito-
ry via highway, should the rail system be unavailable at the time of the
opening of the repository. In addition, since some commercial utilities are
not able to accommodate rail casks, they would ship by legal-weight truck
to the repository.

The option of shipping in legal-weight truck packages on railcars to
Nevada and then on truck to the repository was considered in the final
Yucca Mountain EIS, but dismissed as impractical, at least as the primary

17Robert M. Halstead, Testimony to the U.S., House of Representatives, Committee on
Transportation and Infrastructure, April 25, 2002; Robert L. Loux from the State of Nevada
made a similar statement to the committee as its meeting on Las Vegas on July 25, 2003.

18Statements of Margaret Chu and Jeff Williams to the Nuclear Waste Technical Review
Board, January 28, 2003.
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method of operation over the life of the transportation program (DOE,
2002a, pp. J-74-]-75). Nevada has raised questions about the safety of
shipping truck packages by rail, especially with respect to the performance
of these packages under extreme accident conditions. (Such shipments are
allowed under current USNRC regulations.) The risk analyses described in
Chapter 3 have not considered this transportation scenario, so additional
analyses might be prudent if DOE were to ship truck packages by rail.1?

The costs of initiating the transport of spent fuel and high-level waste
to Yucca Mountain using trucks followed by the initiation of rail could be
considerable, especially if an extended, high-throughput initial truck cam-
paign was planned. It would require setting up essentially two independent
transportation systems, each requiring funding for planning, scheduling,
package and conveyance procurement, and package maintenance. It might
also require the modification of package-receipt facilities at the federal
repository to handle large numbers of smaller truck packages. If the costs of
standing up and operating the truck program were high, DOE might not
have the resources to complete the construction and procurement of rail
infrastructure, and DOE and the nation could be saddled with a long-term
truck transportation program.

Several challenging tasks remain before DOE will be in a position to
fully implement the mostly rail option:

e Completion of the Nevada rail EIS and construction of the Nevada
rail line

e Completion of the NSTI study on rail and barge infrastructure at
commercial sites

e Completion of the FICA surveys on infrastructure to load and
handle shipping packages at commercial sites

e Construction of any needed infrastructure improvements at com-
mercial sites and along planned routes

e Acquisition of a transport package and conveyance fleet to support
the mode decision

Time and adequate resources will be required to complete these tasks in
advance of the opening of a federal repository at Yucca Mountain. Failure
to complete these tasks before the repository is opened may create pressure
on DOE to initiate its transportation program using legal-weight or over-
weight trucks. Similarly, an early congressional directive to open an interim
storage facility for commercial spent fuel at another government site could
also result in large numbers of truck shipments. The extensive use of trucks

19As noted in Section 2.2.3, the USNRC is examining the performance of a truck package
in a rail tunnel fire.
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in the early stages of these programs could divert time and resources away
from implementation of the mostly rail option, especially if DOE is forced
to procure truck packages and conveyances. It could also affect the receiv-
ing facilities at the repository, which presumably will be designed primarily
to handle rail packages. Finally, it could increase opposition to the trans-
portation program and reduce trust and confidence in DOE’s transporta-
tion program and its managers, which could conflict with DOE’s stated
desire (as noted previously) to maintain flexibility in mode selection.

Even under the mostly rail option envisioned in the final EIS for Yucca
Mountain, there will still be 1100 truck shipments (DOE, 2002a). DOE has
an opportunity to further reduce the truck shipments, especially cross-
country shipments, through an expanded use of intermodal transport for
those sites that lack direct rail access.

5.2.2 Route Selection for Transportation to a Federal Repository

FINDING: DOE has not made public a specific plan for selecting rail and
highway routes for transporting spent fuel and high-level waste to a federal
repository. DOE also has not determined the role of its program manage-
ment contractors in selecting routes or specific plans for collaborating with
affected states, tribes, and other parties.

RECOMMENDATION: DOE should identify and make public its suite of
preferred highway and rail routes for transporting spent fuel and high-level
waste to a federal repository as soon as practicable to support state, tribal,
and local planning, especially for emergency responder preparedness. DOE
should follow the practices of its foreign research reactor spent fuel trans-
port program of involving states and tribes in these route selections to
obtain access to their familiarity with accident rates, traffic and road condi-
tions, and emergency responder preparedness within their jurisdictions.
Involvement by states and tribes may improve the public acceptability of
route selections and may reduce conflicts that can lead to program delays.

Implementation of DOE’s transportation program for Yucca Mountain
will be a daunting task, given its size coupled with its lack of control over
budgets and schedules (see Section 5.3), the large number of involved par-
ties, the geographic extent of the transportation system (Figure 1.1), and
the long time frames for transportation operations. This argues for simpli-
fication, and one of the best ways to simplify the program is to ship by rail
whenever practicable. There will be many fewer shipments that need to be
routed, and transport will take place over private rights of way. Railroads
have established procedures in place for selecting routes for hazardous
materials carriage. These procedures, however, do not take into account all
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of the concerns of the states and tribes (e.g., avoiding large population
centers and being sensitive to environmental justice concerns). The DOE
program for transporting foreign research reactor spent fuel (Chapter 4) is
a good model for involving states and tribes in rail routing decisions.

Once DOE selects the suite of routes?? it will use for its shipments, it
may be required to undertake selected route infrastructure improvements
before any shipments can be made, as described in Appendix C. It also must
decide on safety and security measures, procedures for notification of juris-
dictions through which shipments pass, arrangements for state inspections
of shipments, communications and tracking, and handling contingencies en
route. Most of these operations would be carried out by contractors. DOE
has proposed and withdrawn two proposals for the organization of con-
tractor support for management of transportation operations.

Comments submitted on the final Yucca Mountain EIS revealed frus-
tration over DOE’s lack of specificity on route designations. DOE has
asserted that it was not required in the EIS to specify routes for each site or
the decision process for route selection. The EIS does, however, state DOE’s
conception of route selection as follows (DOE, 2002a, p. J-23):

Approximately 4 years before shipments to the proposed repository begin,
the Office of Civilian Radioactive Waste Management plans to identify
the preliminary routes that DOE anticipates using in state and tribal juris-
dictions so it can notify governors and tribal leaders of their eligibility for
assistance under the provisions of Section 180(c) of NWPA.

Section 180(c) refers to assistance for emergency responder training. This
issue is discussed in more detail in Section 5.2.5 of this chapter.2!

DOE summarizes its rail routing practices for spent fuel as follows
(DOE, 2002a, p. M-6):

Except for requirements contained in 10 CFR 73.37, there are no Federal
regulations pertaining to rail routes for shipment of spent nuclear fuel or
high-level radioactive waste. The shipper and railroad companies (carri-
ers) determine rail routes based on best available route and track condi-
tions, schedule efficiency, and cost effectiveness.

The regulation cited, 10 CFR 73.37, provides the USNRC’s require-

20The NWPA requirements for emergency responder training requires that DOE select
routes well in advance of shipments (see Section 5.2.5). For security reasons, DOE will not
provide advanced public notice of shipments along these routes, only advanced notification to
state governors and law enforcement officials. See Appendix C, Section C.1.4, for more details.

21Emergency responder preparedness has been used as a route selection criterion in the
research reactor transport program as described in Chapter 4. DOE could in principle use
emergency responder preparedness as a route selection criterion in the federal repository
program, but to the committee’s knowledge has not announced any plans to do so.
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ments for physical protection of spent nuclear fuel in transit (see Appen-
dix C). Specifically, it gives the Commission the authority to preapprove
proposed routes for spent fuel shipments based on security considerations.
However, DOE is not subject to these regulations because it accepts owner-
ship of commercial spent fuel at the plant gate.

The final Yucca Mountain EIS describes the rail route evaluation pro-
cess envisioned as follows (DOE, 2002a, p. M-10):

The Regional Servicing Contractor would identify rail transportation routes
in conjunction with the appropriate rail carriers. Because railroad compa-
nies determine the routing of shipments, the Contractor would rely on the
rail carrier to provide primary and secondary route recommendations con-
sistent with safe railroad operating practices. Guidelines would include . . .
use of key routes as described in [the Association of American Railroad’s]
Recommended Railroad Operating Practices for Transportation of Haz-
ardous Materials. . . .

Although DOE has not proceeded with the Regional Servicing Contrac-
tor arrangement, this statement presumably reflects its general plan for rail
route selection through consultation with railroads. It is not clear from this
statement whether DOE would in any circumstances impose route choices
on rail carriers, for example, for security reasons or to avoid large popula-
tion centers. No specific mention is made of consultation with the states on
rail routes. Some states are seeking greater specificity and control of the
process for reaching decisions on rail routing or on ensuring that the appro-
priate notification procedures and emergency response capabilities are in
place as noted later in this section.

In 1996, DOE stated that it did not intend to produce general routing
criteria for spent fuel and high-level waste shipments and would instead
rely on standard railroad practice to determine rail routes (WIEB, 19935,
p. 44). Such practices do not normally provide for much state and tribal
consultation. On the other hand, DOE has shown a willingness to consult
with states and tribes in planning for and carrying out spent fuel shipments.
As described in some detail in Chapter 4, DOE consulted with South Caro-
lina in developing rail routes for foreign research reactor spent fuel ship-
ments to Savannah River. DOE even agreed to identify an alternate rail
route at the state’s request.

DOE has also imposed routing restrictions on carriers, including re-
quirements to minimize time, distance, and number of interchanges; to use
the best track; to avoid population centers; and to schedule movements
through cities outside peak commuter hours for other spent fuel transporta-
tion campaigns. Examples of such special provisions include the rail ship-
ping arrangements for transport of core debris from Three Mile Island in
1986 to 1990 and several series of rail shipments from commercial nuclear
plants to temporary storage (WIEB, 1991, pp. 90-92).
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For highway routing, the Regional Servicing Contractor would first
select a route consistent with U.S. Department of Transportation (DOT)
regulations and with consideration of infrastructure adequacy along routes.
Then (DOE, 2002a, p. M-9),

... the Contractor would submit the route plan to DOE for approval.
DOE would interact with states and Native American governments con-
cerning these selections. . .. With DOE approval, the Contractor would
then submit the route plans to the Nuclear Regulatory Commission. . . .

Although the Regional Contractor plan is no longer current, the statement
provides an indication of DOE’s intentions on how route selections would
be made.

In past DOE highway routing debates, the states have tended to urge
DOE in the direction of taking an active role in route designation and of
reducing the discretion of carriers to choose routes. DOE worked closely
with affected states to select highway routes for foreign research reactor
shipments from the Savannah River Site to Idaho National Laboratory (see
Chapter 4). In preparing for transportation of transuranic waste?? to the
Waste Isolation Pilot Plant (WIPP), an underground repository in New
Mexico, DOE specified a set of routes in consultation with the states, and
these routes were incorporated in state alternate preferred route designa-
tions. DOE then specified routes in its contracts with carriers (see TEC,
2002). The WGA (2005) cites the WIPP transportation program as the
model DOE should follow in planning for the Yucca Mountain transporta-
tion program.

The WGA has repeatedly expressed its concern that DOE is not on
track to produce a transportation plan that is sound, timely, and built on
adequate consultation with the states. It reccommended that DOE undertake
a series of actions that include the following?? (see also WGA, 2005):

e Develop criteria and a methodology for evaluating and selecting
routes and modes;

e Propose a set of shipping routes to the affected states and tribes for
review and comment;

e Through this consultation with states and tribes, identify a set of
primary and secondary routes for each site of origin to each destination;
and

e Require the use of these routes through contract provisions with
the private parties engaged in transportation.

22ptimarily materials such as clothing, containers, and debris generated during nuclear
weapons development and production.

23WGA, Policy Resolution 02-05: Transportation of Spent Nuclear Fuel and High-level
Radioactive Waste, June 25, 2002.
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While the WIPP transportation program in some ways offers useful
lessons for how DOE could collaborate with states, there are some impor-
tant differences between transuranic waste and spent fuel or high-level
waste that limit the relevance of this model. The cooperative effort to
develop the WIPP transportation program was led by western governors
who had a strong interest in moving waste out of their states to WIPP.
Moreover, the development of the WIPP repository was supported by its
host state (New Mexico). In contrast, for the Yucca Mountain program,
some important transit states and the repository state (Nevada) have no
spent fuel or high-level waste to be shipped. Additionally, the requirements
for transport to the Nevada repository are more demanding, given the
greater hazards of the materials being shipped. Consequently, security ar-
rangements and emergency responder preparation will require more re-
sources and pose more difficult logistical problems.

The WIPP transportation program is not a useful model for the trans-
portation operations addressed by this study in other ways. Transportation
to WIPP has so far been entirely by truck, whereas transportation to Yucca
Mountain (and to Private Fuel Storage, LLC) is planned to be mostly by
rail. The schedule for opening a WIPP repository was aggressive and did
not allow much time for transportation planning. There were unanticipated
delays in opening the repository, however, which allowed enough time for
the transportation program to develop. While the outcome was good, the
process for getting there was not. Recent delays in the aggressive schedule
for opening the federal repository at Yucca Mountain program might also
provide additional time for transportation planning and route selection.

Past DOE experience in routing spent fuel and transuranic waste ship-
ments has demonstrated the benefits of state and tribal consultations. Such
consultations provide DOE with information on accident rates for specific
routes, road conditions that could affect shipments, and emergency re-
sponder preparedness—information that DOE could not easily obtain on
its own. The selection of routes will ultimately require that DOE, in consul-
tation with states, balance these factors and its own programmatic and
security considerations in a transparent and supportable fashion.

5.2.3 Use of Dedicated Trains for Transport to a Federal Repository

FINDING: Studies carried out to date on transporting spent fuel by dedi-
cated versus general trains have failed to show a clear radiological risk-
based advantage for either option. However, the committee finds that there
are clear operational, safety, security, communications, planning, program-
matic, and public preference advantages that favor dedicated trains. The
committee strongly endorses DOE’s decision to transport spent fuel and
high-level waste to a federal repository using dedicated trains.
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RECOMMENDATION: DOE should fully implement its dedicated train
decision before commencing the large-quantity shipment of spent fuel and
high-level waste to a federal repository to avoid the need for a stopgap
shipping program using general trains.

In July 2005, DOE’s Office of Civilian Radioactive Waste Management
(OCRWM) announced that DOE was adopting the following policy re-
garding rail operating practices for shipments to Yucca Mountain: “The
Department of Energy will use dedicated train service . . . for its usual rail
transport of spent nuclear fuel . . . and high-level radioactive waste . . . to
the Yucca Mountain Repository site in Nevada when the repository is
operational” (DOE 2005b).

This declaration follows a long-running controversy in the United States
about whether rail shipments of spent fuel and high-level waste should be
carried out using

e Dedicated trains, which would carry only spent fuel and high-level
waste; or

e General trains, which could carry other freight in addition to spent
fuel and high-level waste, just as other routine hazardous materials ship-
ments are handled. Certain additional practices and precautions would still
be applied to such trains.24

During the 1960s, some railroads in the eastern United States an-
nounced that they would refuse to handle spent nuclear fuel and some
other radioactive waste shipments under the rates and terms of common
carriage (i.e., by general train service). The railroads announced that they
would require special contracts for these shipments. Such contracts typi-
cally include a hold-harmless clause covering the railroad, an obligation on
the part of the shipper to guarantee connecting line service, and a stipula-
tion that the service would be made by dedicated trains (Klassen, 1982,
pp- 1-3).

The Energy Research and Development Administration (a DOE prede-
cessor agency), the USNRC, and commercial nuclear utilities challenged the
legality of the railroads’ tariff actions in 1975. These plaintiffs argued that
dedicated trains could not be shown to significantly improve safety and that
their use added to costs. The Interstate Commerce Commission ruled against

24For example, the Association of American Railroads has developed and issued “Perfor-
mance Specification for Trains Used To Carry High-Level Radioactive Material” (Standard S-
2043). This standard establishes requirements for coupling systems, brakes, and dynamic load
tests for railcars used to transport spent fuel and high-level waste. These cars could be used on
both dedicated and general trains.
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the railroads, and the railroads appealed the case to the Supreme Court,
which upheld the ruling in 1980. The railroads were thus required to pub-
lish tariffs for transporting spent fuel and to cancel mandatory special train
tariffs (Klassen, 1982, p. 2-3).

Although some spent fuel shipments have moved in general service
trains in recent years,2S dedicated trains appear to be standard practice in
the United States.2® DOE and the railroads have agreements in place on a
set of safety and security protocols and special operating restrictions for
spent fuel movements. These cover the make-up of trains as well as secu-
rity provisions and operating restrictions and controls. There appears to be
strong industry support for the use of dedicated trains.2” The Association
of American Railroads has adopted a policy recommending shipment of
spent fuel by dedicated train.28 Private Fuel Storage, LLC, a consortium of
commercial nuclear utilities that plans to build an interim storage facility
for spent fuel in Utah (see Chapter 1), plans to ship spent fuel primarily
using dedicated trains. A representative from the Nuclear Energy Institute,
the nuclear energy industry’s policy and lobbying arm, told the committee
at one of its information-gathering meetings that the industry also prefers
dedicated trains for shipping its spent fuel to Yucca Mountain.

DOE’s final EIS for Yucca Mountain (DOE, 2002a) did not provide a
detailed analysis of the benefits of dedicated trains to support a decision on
the issue. The EIS noted (p. J-76) that “DOE has not determined the com-
mercial arrangements it would request from railroads for shipment of
spent nuclear fuel and high-level radioactive waste.” It acknowledged the
policy of the railroad industry favoring dedicated trains but also cited a
1998 study by the Research and Special Programs AdministrationZ? (RSPA)
of the U.S. Department of Transportation (DOT, 1998), which concluded
that shipments by dedicated train would result in a greater number of non-
radiological accident fatalities than shipments in general trains because
there would be more trains on the rails.

258pecifically, some naval spent fuel shipments have been transported to the Idaho Na-
tional Laboratory in general freight.

26 Allan Rutter, testimony before the Subcommittees on Railroads and on Highways and
Transit, Committee on Transportation and Infrastructure, U.S. House of Representatives,
April 25, 2002.

27Pprivate Fuel Storage, LLC and the Association of American Railroads are cooperating on
the development of an advanced railcar for transporting spent fuel. A subgroup of the com-
mittee had the opportunity to see this railcar when it visited the Federal Railroad Ad-
ministration’s Transportation Technology Center in Pueblo, Colorado, in October 2003.

28Edward R. Hamberger, “Transportation of Spent Rods to the Proposed Yucca Mountain
Storage Facility,” testimony before the Subcommittees on Highways and Transit and on
Railroads, Committee on Transportation and Infrastructure, U.S. House of Representatives,
April 25, 2002.

29Now the Research and Innovative Technology Administration.
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The Government Accountability Office (GAO) examined the question
of the relative safety of dedicated and general trains for the transport of
spent fuel in a July 2003 report (GAO, 2003). The report identifies three
arguments that are commonly made by proponents of dedicated trains that
the use of such trains lowers transportation risks. First, dedicated trains
have a shorter travel time from origin to destination than a railcar in
general service, thus reducing exposure to terrorist attacks. GAO cites a
rail industry estimate that a spent fuel package would travel from the East
Coast to Nevada in 3 to 4 days by dedicated train versus 8 to 10 days by
general train. In the industry estimate, the extra time for the general rail
movements would be spent primarily in rail yards. Second, the use of
dedicated trains would ensure that cars carrying spent fuel packages are
not mixed with cars carrying flammable materials. This reduces the conse-
quences of potential accidents involving fires and explosions. Third, be-
cause cars carrying spent fuel packages are much heavier than typical
freight cars (470,000 pounds [210,000 kilograms] versus about 200,000
pounds [90,000 kilograms], according to GAO), mixing spent fuel cars
with ordinary cars in a train creates stability problems and increases the
likelihood of train derailments. GAO concluded (p. 23) that “it is not clear
that the advantages of dedicated trains outweigh the additional costs”;
however, it did not cite cost data.

The July 2005 dedicated train policy statement identifies the following
grounds for DOE’s decision (DOE, 2005b):

e “[R]adiological risk resulting from transport [via dedicated train]
without incident may be lower due to decreased time in transit.”

e Dedicated trains have “potential advantages” for security, although
“DOE shipments have been and will continue to be made securely using
both [dedicated train service] and general freight service.”

e The “primary benefit” of dedicated trains would be “significant
cost savings over the lifetime of the Yucca Mountain project” because any
higher costs of dedicated train operations would be offset by savings from
shorter transit and turnaround times, which allow operations with fewer
packages and railcars.

Although not cited in DOE’s policy statement, a study by the Federal
Railroad Administration (FRA) on use of dedicated trains provides sup-
port for DOE’s arguments. The study was prepared in response to a con-
gressional directive and transmitted by the Secretary of Transportation to
Congress in September 2005 (FRA, 2005).3% The study concluded that

30This study was released after the committee’s last meeting, so the committee did not have
an opportunity to review and analyze it in detail.
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dedicated train service would result in lower risk to the general public than
general train service from radiological exposure in incident-free opera-
tions; the probability that a package carried in a dedicated train will be
involved in an accident is lower than for a regular service train; a package
on a dedicated train has lower risk of being exposed to an engulfing fire in
the event of an accident; and radiological exposure in the event of a severe
accident involving a dedicated train would be less, compared with a com-
parable accident involving a regular train, because wreckage could be
cleared more quickly. The study also concluded that “regardless of the
type of train, the potential exposures are essentially benign when com-
pared to a lifetime of normal background radiation exposure ...” (FRA,
2005, p. 3).

FRA acknowledges that its study did not compare the risks, for dedi-
cated trains and regular service, of injuries and fatalities that result from
train accidents and are unrelated to radiation exposure. As noted above,
the 1998 RSPA study (DOT, 1998) concluded that the use of dedicated
trains would lead to greater losses of this kind, compared with regular
train service, because the use of dedicated trains would increase the total
nationwide annual train-miles of traffic. However, the FRA report argues
that the disadvantage of dedicated trains in this respect would be less than
proportional to the increase in train-miles because superior equipment and
operational requirements would be placed on dedicated trains and because
the frequency of some operations that carry higher risks, such as switching
at the origin point of the shipment, would be the same whether dedicated
trains or regular service were employed.

Although DOE’s policy statement on dedicated trains, along with the
railroads’ professed unwillingness to handle spent nuclear fuel in regular
service, would appear to settle the question, critics of DOE’s Yucca moun-
tain repository plan have noted that the wording of the policy statement is
vague on some points. In particular, the meaning of the term “usual rail
transport” and the significance of the statement that “DOE shipments have
been and will continue to be made securely using [dedicated trains] and
general freight service” have been questioned.3!

In summary, the committee’s recommendation that DOE implement its
dedicated train decision before commencing the large-quantity shipment of
spent fuel and high-level waste to Yucca Mountain is based on the follow-
ing operational, safety, security, communications, planning, and program-
matic advantages:

o Increased efficiency of operations. The use of dedicated trains
would allow greater control over schedules and routes, reduce travel times

31Genator Harry Reid and Senator John Ensign, letter to Hon. Samuel W. Bodman, Secre-
tary, Department of Energy, August 17, 2005, http://reid.senate.govirecord2.cfm?id=244114.
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to the repository, and simplify tracking. This could increase throughputs
and reduce costs for equipment (conveyances and packages) and escort
personnel, and allow more flexibility in the planning and deployment of
those escorts.

o Increased safety of operations. Reduced travel times would help
limit worker32 and public radiation exposures during incident-free trans-
port (see Chapter 3). If desired and feasible, such trains also could be
routed to avoid major population centers. The separation of spent fuel and
high-level waste shipments from other freight would reduce the potential
for accidents involving very long duration fires (see Chapters 2 and 3).
Dedicated trains can be designed and operated to higher safety standards
than are currently required for general trains, further reducing the potential
for accidents, especially train derailments.

e [Increased security of operations. Security concerns have become
more central to this issue since the September 11, 2001, attacks on the
United States. These concerns, especially with respect to layovers in rail
yards and routing through large population centers, have not been fully
addressed by previous studies. The use of dedicated trains would help
reduce transit times and therefore reduce opportunities for malevolent
acts, especially in rail yards. Additional security escorts also could be
added more easily to dedicated trains when needed.

®  Reduced program risks. An accident involving spent fuel or high-
level waste transport packages could cause substantial program delays,
particularly if it involves fatalities and/or results in damage to the transpor-
tation package, even in the absence of any radiation releases. The use of
dedicated trains would allow DOE greater control over avoidance of situa-
tions (e.g., avoid tunnels, switching yards, and peak traffic conditions on
heavily traveled corridors; minimize stops in yards and on sidings) that
could contribute to such accidents.

5.2.4 Acceptance Order for Commercial Spent Fuel Transport
to a Federal Repository

FINDING: The order for accepting commercial spent fuel that is mandated
by the Nuclear Waste Policy Act (NWPA) was not designed with the trans-
portation program in mind. In fact, the acceptance order prescribed by the
NWPA could require DOE to initiate its transportation program with long
cross-country movements of younger (i.e., radiologically and thermally hot-
ter) spent fuel from multiple commercial sites. There are clear transporta-
tion operations and safety advantages to be gained from shipping older

32As shown in Table 3.8, some estimated worker exposures for the Yucca Mountain trans-
portation program are at DOE administrative limits; however, public doses are much lower.
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(i.e., radiologically and thermally cooler) spent fuel first and for initiating
the transportation program with relatively short, logistically simple move-
ments to gain experience and build operator and public confidence.

RECOMMENDATION: DOE should negotiate with commercial spent fuel
owners to ship older fuel first to a federal repository or federal interim
storage, except in cases (if any) where spent fuel storage risks at specific
plants dictate the need for more immediate shipments of younger fuel.
Should these negotiations prove to be ineffective, Congress should consider
legislative remedies. Within the context of its current contracts with com-
mercial spent fuel owners, DOE should initiate transport through a pilot
program involving relatively short, logistically simple movements of older
fuel from closed reactors to demonstrate the ability to carry out its respon-
sibilities in a safe and operationally effective manner. DOE should use the
lessons learned from this pilot activity to initiate its full-scale transportation
program from operating reactors.

The NWPA, as amended, establishes the order in which DOE must
accept spent fuel from commercial reactors for transport to Yucca Moun-
tain (Appendix C and Sidebar 5.2). The NWPA specifies that DOE must
accept spent fuel based on the amount and order in which it was discharged
from the owner’s reactors. Each time a nuclear plant discharges fuel from
its reactor, its owner receives an allocation in the “acceptance queue” to
ship an equivalent amount of spent fuel to the federal repository. DOE will
accept commercial spent fuel for shipment to the federal repository starting
at the beginning of the queue and will work its way through the queue
during the planned 24-year life of the transportation program. The NWPA
allows owners to ship any spent fuel from any of their sites for each of their
allocations in the acceptance queue.

There are two exceptions to this requirement (see Sidebar 5.2):

1. DOE may accord priority for acceptance of spent nuclear fuel from
reactors that have been permanently shut down.

2. The owners of spent fuel can exchange positions in the acceptance
queue, but only with the approval of DOE.

The latest report on acceptance priority ranking and annual capacity,
which DOE is required to issue annually under its standard contract with
commercial spent fuel owners (see Sidebar 5.1), was issued in July 2004
(DOE, 2004f). This report provides DOE’s current plans for accepting
commercial spent fuel for transport to Yucca Mountain. This ranking shows
that DOE will nominally be required to accept 400 MTHM of commercial
spent fuel during the first year of repository operations (estimated in the
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SIDEBAR 5.2 Order for Acceptance of Commercial Spent Fuel
for Shipment to a Federal Repository

The NWPA establishes the order in which DOE must accept commercial spent
fuel from its owners for disposal at a federal repository. The NWPA specifies that
DOE must accept spent fuel based on the amount and order in which it was dis-
charged from the owner’s reactors. Each time a nuclear plant discharges fuel from
its reactor, its owner receives an allocation in the “acceptance queue” to ship an
equivalent amount of spent fuel to the federal repository. DOE will accept commer-
cial spent fuel for shipment to the federal repository starting at the beginning of the
queue and will work its way through the queue during the planned 24-year life of
the transportation program. There are two exceptions to this rule, which are dis-
cussed in Sidebar 5.1.

The main advantage of this acceptance system is that it provides an equitable
order for acceptance of spent fuel. Owners who have allocations near the begin-
ning of the acceptance queue made earlier payments into the Nuclear Waste Fund
and have had to bear the costs for on-site spent fuel storage for a longer period of
time. These owners are able to ship their spent fuel to the federal repository first,
relieving them of further on-site storage costs. Owners who have more recent
allocations in the acceptance queue will be required to maintain on-site spent fuel
storage until they move to the front of the queue.

This acceptance system has two significant disadvantages, however. First, it
will require that DOE make multiple shipments from multiple reactor sites during its
planned 24-year transportation program. Second, the NWPA allows owners to ship
any spent fuel from any of their sites for each of their allocations in the acceptance
queue. Owners are likely to have a strong preference to ship spent fuel that is
stored in spent fuel pools to free up space and reduce the need for (and expense
of) future movements of spent fuel into dry casks. Some of the fuel offered for
shipment could be recently discharged and radiologically active. Both of these
factors could greatly complicate planning and execution of the transportation pro-
gram and increase overall transportation risks.

report to be 2010) in 16 allocations from spent fuel owners (Table 5.1).
The acceptance rate ramps up to 3000 MTHM in 39 allocations by 2014.

Some of the allocations (see column 4 of Table 5.1) are not large
enough to fill even a single transportation package. Unless multiple alloca-
tions are combined,?3 there could be a large number of partially filled
packages transported to Yucca Mountain. This could greatly increase the
number of total shipments to the repository. For rail shipments, DOE may
have to marshal packages from several reactors in rail yards to reduce the
total number of trips to Yucca Mountain.

33In some cases, a single owner may hold several allocations in a given year. In other cases,
allocations can be traded or purchased, subject to DOE review and approval. See Sidebar 5.1.
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TABLE 5.1 Spent Fuel Annual Capacity and Acceptance Priority

Ranking
Year of Quantity of Spent Number of
Repository Fuel to Be Shipped to Allocations in Range of Allocation
Operation? Repository (MTHM) Acceptance Queue? Quantities* (MTHM)
1 400 16 0.1-145
2 600 23 0.1-72
3 1200 26 0.1-251
4 2000 37 0.1-467
5 3000 39 0.1-488
6 3000 39 0.1-452
7 3000 43 0.1-420
8 3000 47 0.1-375
9 3000 50 0.1-524
10 3000 46 0.1-444

aAfter Yucca Mountain is opened.

bNumber of allocations made to owners of commercial spent fuel. In some cases, owners
may have multiple allocations.

cMinimum and maximum allocated quantities of spent fuel for the number of allocations
listed in column 3.

SOURCE: DOE (2004f).

The term “nominal” is used to describe these acceptances because, as
described previously, the owners of the spent fuel will ultimately decide
which fuel DOE will be required to transport. Some owners may have
multiple allocations in a given year and may own multiple reactors. Under
the standard contract, they have the right to designate fuel from any of their
reactors for transport up to the combined quantity limits of their annual
allocations. Owners are not required to inform DOE of which sites will ship
spent fuel until about 5 years prior to the transport date and also are not
required to finalize these plans until 12 months in advance of the shipping
date. This makes DOE’s planning assumptions especially tenuous.

The order for acceptance of spent fuel from commercial owners pre-
scribed by the standard contract could require DOE to initiate its transpor-
tation program with movements of spent fuel from multiple, geographically
dispersed sites. It gives DOE limited control over the age and radiological
content of the fuel that is offered for transport.34 It provides little opportu-

34The lack of DOE control over the age and radiological content of spent fuel offered for
transport also has cost and operational implications for the repository receiving facility. DOE
is planning to build above-ground spent fuel storage facilities and purchase dry casks so that
spent fuel can be aged before being packaged for disposal. Aging is necessary because DOE
has limited control over the radiological content of the spent fuel that is shipped for disposal.
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nity for optimizing the transportation program to reduce the total number
of shipments or the need for maintaining large numbers of transportation
routes and for emergency responder training.

The order in which fuel is shipped to Yucca Mountain has important
implications for safety, operational efficiency, and possibly the security of a
Yucca Mountain transportation program. For reasons described in more
detail below, it would be preferable from a safety standpoint to ship older
spent fuel first to the federal repository. Under the current standard con-
tract system, owners of commercial spent fuel are not required to ship older
fuel first, however. The oldest fuel at many operating commercial reactors
now resides in dry casks.?® These casks were purchased and loaded by the
owners, and some of these casks are licensed only for storage. They repre-
sent significant sunk costs,>¢ which continue to grow as more plants resort
to dry storage. Owners are likely to have a strong preference to give DOE
their more recently discharged spent fuel, which is stored in pools at nuclear
plant sites. This would free up pool space and reduce the need for (and the
expense of) future movements of spent fuel into dry casks.3”

Under current USNRC regulations, owners are required to store spent
fuel in their pools (see Sidebar 1.4) for one year3? before it can be trans-
ported. Owners could in principle designate one-year-old fuel for transport
to Yucca Mountain. This could necessitate the purchase by DOE of trans-
port packages with heavy shielding and active cooling systems3® to main-
tain adequate cooling and reduce external radiation doses to workers and

35Current industry practice is to store only spent fuel that is older than five years in dry
casks. See Sidebar 1.4.

36Each dry cask can cost $1 million or more to purchase and load, and the storage facilities
can cost several tens of millions of dollars to license, construct, and protect. The federal
government may be legally liable for those costs that occurred as the result of the failure of
DOE to begin accepting spent fuel from commercial nuclear power plants in 1998.

37In December 2005, legislation was introduced into Congress that would require plant
operators to move spent fuel from pools to dry casks at their sites within six years of its
discharge from the reactor. The legislation would also require DOE to take title to the spent
fuel once it is moved to dry casks and full responsibility for maintaining dry storage. The
intent of this legislation is to eliminate the short-term need for a federal repository. However,
if the legislation were to become law and a federal repository were to be opened, DOE could
presumably ship spent fuel in whatever order desired because it would already have title to
that fuel.

38This requirement dates to the 1970s when industry planned to ship spent fuel for repro-
cessing within 90-120 days of its discharge from the reactor. This would have required
heavily shielded packages with active cooling systems. The requirement was established to
provide enough time for iodine-131 (which has an 8-day half-life) in the fuel to decay.

39These packages have pumps and heat exchangers to remove decay heat from the spent
fuel. Active cooling is generally required for spent fuel that is less than about three years old.
Currently, there are no certified spent fuel transportation packages with active cooling sys-
tems in the United States.
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the public. Designation of any fuel younger than five years old might re-
quire DOE to seek additional transport package approvals from the USNRC
and to ship only partially filled packages to meet external dose requirements.

A recent Government Accountability Office study for Congress ex-
plores some of these issues (GAO, 2003). The GAO concluded that trans-
port risks would be reduced by moving larger quantities of spent fuel per
shipment and by deliberate selection of the order for picking up spent fuel
from commercial nuclear plant sites. The report argues that reducing the
number of shipments reduces risks because moving spent fuel in fewer,
larger shipments would present fewer chances for accidents and fewer
targets for terrorists. It would also simplify the problems of tracking and
protecting shipments, and it would reduce routine exposure of workers to
radiation. GAO found that the standard contracts between DOE and in-
dustry constrain DOE’s ability to minimize the number of shipments or to
control the order in which stocks of spent fuel are picked up.

GAO analyzed DOE’s current plans for acceptance of spent fuel from
commercial nuclear plant sites. It estimated that the 12 utilities with the
largest quantities of spent fuel would make 576 shipments, with each ship-
ment consisting of up to three rail packages, based on this current plan.
GAO determined that if each owner consolidated its fuel into shipments of
five full rail packages, total shipments would be reduced by roughly half to
287 (GAO, 2003, pp. 18-19).

The GAO study also found that properly selecting the order of ship-
ment of spent fuel could reduce transportation and storage risks in three
ways:

1. Early shipments of fuel from shut-down reactors would reduce the
number of spent fuel storage sites. GAO found that nine spent fuel storage
sites are not accumulating any additional fuel and could be cleared of their
stocks, eliminating them as potential terrorist targets.

2. Early shipment of fuel from storage pools would reduce the likeli-
hood of a pool fire, which could result from sustained loss of coolant from
a spent fuel storage pool (see NRC, 2005d).

3. Shipping the older fuel first would reduce radiological transporta-
tion risks.

Selecting the shipment schedule that minimized risk would require an
analysis to find the right balance between the advantages of moving older
fuel first and of removing fuel from pool storage. However, GAO observed
that under the terms of the standard contract, DOE cannot choose the
order and locations of shipments according to age or form of present stor-
age of the spent fuel. Contracts guarantee utilities positions in the queue for
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shipping specified quantities of spent fuel, and each utility can decide which
fuel it wishes to ship within each of its allocated slots.

GAO did not recommend that DOE necessarily change the standard
contracts. Rather, it noted that the absolute magnitude of risk reduction
that could be obtained is unknown; therefore, it is unknown whether the
benefits would justify the costs entailed in renegotiating the contracts and
changing spent fuel owners’ disposal plans. GAO recommended that DOE
evaluate the potential benefits of selecting the order of shipments to mini-
mize risk (GAO, 2003, p. 24).

In the committee’s judgment, there are substantial transportation safety
advantages (and possibly security advantages*?) to be gained from moving
the older fuel first.*! This fuel has relatively low burn-ups (typically 25,000-
30,000 megawatt-days per metric ton) relative to more recently discharged
spent fuel (with burn-ups approaching 60,000 megawatt-days per metric
ton). The low burn-up fuel emits less decay heat and radiation. Some of the
oldest spent fuel has been in storage for several decades, enough time for
the shortest-lived radionuclides to decay to background levels (Figure 5.2).
Shipping this fuel first would provide an additional margin of safety, espe-
cially in reducing the potential hazards to workers and the public during
both normal*? and accident conditions.

The wording of the committee’s recommendation was carefully con-
structed in recognition that there could conceivably be at-plant storage
risks that might dictate earlier-than-desirable (from a transportation stand-
point) movements of younger spent fuel to a federal repository or federal
interim storage. The committee has not examined at-plant storage risks and

40As noted in Chapter 1, the committee was unable to perform an assessment of transpor-
tation security. If security threats do turn out to be a serious concern for spent fuel transport,
then shipping older fuel first could help to reduce those threats by reducing inventories of
radioactive materials in transportation packages.

41\While not the subject of this report, shipping younger spent fuel first is also not optimal
from a repository operations standpoint because that fuel may have to be stored for aging in
surface facilities before being emplaced underground. This could require the construction of
additional above-ground storage pads, the acquisition of additional storage packages, and
additional handling steps. See also Footnote 34.

42While public exposures from routine transportation are already very low, this is not
necessarily the case for transport workers. As shown in Table 3.8, for example, some trans-
port workers involved in the program to ship spent fuel and high-level waste to the federal
repository are estimated to receive the maximum doses allowed under DOE administrative
guidelines. However, these guidelines also specify that exposures should be as low as reason-
ably achievable (ALARA). Shipping older fuel could help reduce these exposures.
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FIGURE 5.2 Plot of decay heat power (watts per metric ton of uranium) as a
function of time (on a logarithmic scale) for commercial spent fuel after discharge
from a reactor. Decay heat drops by about a factor of 100 during the first year
after its removal from a reactor. SOURCE: NRC (2005d).

does not know if they are significant.*? Nevertheless, the committee sees
several practical difficulties in carrying out analyses to identify such risks as
part of DOE’s acceptance order negotiations with spent fuel owners:

e USNRC regulations require that spent fuel be stored at plant sites
in a safe and secure manner, and the Commission and industry have repeat-
edly asserted that at-plant storage is safe and secure (see NRC, 2005d).

e Consequently, a plant owner could place itself in legal and regula-

43A recent National Academies report (NRC, 2005d) examined the safety and security risks
of spent fuel storage at commercial power plant sites. That report concluded that immediate
steps should be taken to improve the security of pool storage and that additional analyses
should be undertaken.
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tory jeopardy if it told DOE that it needed to ship younger spent fuel to
reduce on-site storage risks.

e DOE lacks the data or authority to carry out at-plant storage risk
analyses.

Moving old fuel first has a collateral benefit: Much of this fuel is in
pool or dry storage at 15 of 23 permanently shut-down reactors (Table 5.2).
These reactors are located throughout the United States. There would be
several benefits of shipping spent fuel from these shut-down sites as early as
possible in the transportation program:

e As noted previously, DOE has the authority under its standard
contracts with spent fuel owners to choose the time and order in which it
will ship from these shut-down sites. This provides operational flexibility
during the early years of the transportation program, when DOE needs it
most.

e DOE could initiate its transportation program by shipping spent
fuel from one or two sites that were located close to main line rail routes,
thereby reducing burdens on federal agencies and/or states for route secu-
rity inspections, emergency responder training, and en route inspections.

e Some of these shut-down sites have enough stored spent fuel to
support an extended shipping campaign, which would further reduce bur-
dens for inspections and emergency responder training.

e Some of these shut-down sites have enough stored spent fuel to
support greater than three-package rail shipments, which is currently the
nominal DOE shipping configuration. Such shipments could help reduce
program schedules and costs, reduce the total number of shipments to the
federal repository, increase the cost-effectiveness of dedicated trains, and
decrease any long-term safety or security concerns from leaving this mate-
rial at these shut-down sites.

e Some of the spent fuel at these shut-down sites has already been
placed into transport-ready form, and most of these sites have rail access.

e Removal of spent fuel from these sites would allow earlier license
termination and site closure.

In short, shipping the older fuel first from shut-down plants would give
DOE a better ability to optimize routing, scheduling, and emergency re-
sponder planning and training, especially during the early phases of its
transportation program.** As experience is gained, longer movements could

440f course, it might also subject DOE to increased political pressures to accept spent fuel
first from certain sites or states, which could result in a suboptimal transportation program.
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TABLE 5.2 Permanently Shut-down Commercial Nuclear Reactors in the
United States

Reactor Type
Reactor Unit Name Location (Thermal Output, MW)
Vallecitos California BWR (50)
CVTR South Carolina Heavy water (65)
Pathfinder South Dakota Superheat BWR (190)
Fermi 1 Michigan Breeder (200)
Saxton Pennsylvania PWR (28)
Indian Point 1 New York PWR (615)
Peach Bottom 1 Pennsylvania HTGR (115)
Humbolt Bay 3 California BWR (200)
Dresden 1 Illinois BWR (700)
Three Mile Island 2 Pennsylvania PWR (2772)
Shippingport? Pennsylvania PWR (~200)
LaCrosse Wisconsin BWR (165)
Fort St. Vrain Colorado HTGR (842)
Rancho Seco California PWR (2772)
Shoreham New York BWR (2436)
Yankee Rowe Massachusetts PWR (600)
San Onofre 1 California PWR (1347)
Trojan Oregon PWR (3411)
Millstone 1 Connecticut BWR (2011)
Haddam Neck Connecticut PWR (1825)
Maine Yankee Maine PWR (2772)
Big Rock Point Michigan BWR (67)
Zion 1, 2 Illinois PWR (3250 each)

NOTE: BWR = boiling water reactor; HTGR = high-temperature gas reactor; PWR = pressur-
ized water reactor.

aAs of December 31, 2002.
bDOE was responsible for decommissioning this reactor and moving spent fuel into off-site
storage.

be added. Such an operation could be part of a pilot program by DOE to
gain experience and build public confidence*® by demonstrating an ability
to transport spent fuel to Yucca Mountain in a safe, secure, and operation-
ally effective manner. These advantages are further elaborated in another
National Research Council report (NRC, 2003).

45 A University of New Mexico survey suggests that public concerns about the program to
transport transuranic waste to the WIPP repository in New Mexico were reduced once the
shipping program was under way and waste was being shipped on a routine basis. See Sec-
tion 3.2.1.
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Shutdown Location of Spent Quantity in On-site
Year Fuel Storage Storage (MTHM)4
1963 Off-site NA
1967 Off-site NA
1967 Off-site NA
1972 Off-site NA
1972 Off-site NA
1974 On-site 31
1974 Off-site NA
1976 On-site 29
1978 On-site 91
1979 Off-site NA
1982 Off-site NA
1987 On-site 39
1989 On-site 15¢
1989 On-site 229
1989 Off-site NA
1991 On-site 128
1992 On-site 24S
1992 On-site 360
1995 On-site 526
1996 On-site 448
1996 On-site 543
1997 On-site 71
1998 On-site 1021

cThe spent fuel is stored in an on-site ISFSI licensed by the USNRC. DOE took title to the
fuel in 1999.

SOURCES: USNRC. 2004. Fact Sheet on Decommissioning Nuclear Power Plants. hitp://
www.nrc.govlreading-rm/doc-collections/fact-sheets/decommissioning.btml; DOE (20041, Ap-
pendix A); information on Shippingport and Ft. St. Vrain from various sources.

5.2.5 Emergency Response Planning and Training

FINDING: Emergency responder preparedness is an essential element of
safe and effective programs for transporting spent fuel and high-level waste.
Emergency responder preparedness has so far received limited attention
from DOE, states, and tribes for the planned transportation program to the
federal repository. DOE has the opportunity to be innovative in carrying
out its responsibilities for emergency responder preparedness. Emergency
responders are among the most trusted members of their communities.
Well-trained responders can become important emissaries for DOE’s trans-
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portation program in local communities and can enhance community pre-
paredness to respond to other kinds of emergencies.

RECOMMENDATION: DOE should begin immediately to execute its
emergency responder preparedness responsibilities defined in Section 180(c)
of the Nuclear Waste Policy Act. In carrying out these responsibilities, DOE
should proceed to (1) establish a cadre of professionals from the emergency
responder community who have training and comprehension of emergency
response to spent fuel and high-level waste transportation accidents and
incidents; (2) work with the Department of Homeland Security to provide
consolidated “all hazards” training materials and programs for first re-
sponders that build on the existing national emergency response platform;
(3) include trained emergency responders on the escort teams that accom-
pany spent fuel and high-level waste shipments; and (4) use emergency
responder preparedness programs as an outreach mechanism to communi-
cate broadly about plans and programs for transporting spent fuel and
high-level waste to a federal repository with communities along planned
shipping routes.

The transportation of spent nuclear fuel to a federal repository would
utilize the same state, tribal, and local emergency response capabilities that
are in place to deal with existing hazardous materials transport accidents
and incidents (see Appendix C). DOE has special responsibilities under the
NWPA to ensure that emergency response capabilities and training are
adequate to support its repository transportation program. It is respon-
sible under the NWPA for providing technical assistance and funding to
states and tribal nations for training on both routine transportation proce-
dures and emergency response. These responsibilities are enumerated in
Section 180(c):

The Secretary shall provide technical assistance and funds to States for
training for public safety officials of appropriate units of local govern-
ment and Indian tribes through whose jurisdiction the Secretary plans to
transport spent nuclear fuel or high-level radioactive waste. . . . Training
shall cover procedures required for safe routine transportation of these
materials, as well as procedures for dealing with emergency response situ-
ations. The [Nuclear] Waste Fund shall be the source of funds for work
carried out under this subsection.

DOE issued a statement of policies and procedures for providing such
assistance in an April 1998 Federal Register notice (DOE, 1998b). This
statement was the product of more than three years of work by DOE staff
and involved several rounds of Federal Register notices and public com-
ments. DOE has determined that this latest notice will remain in draft form
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“until program progress or legislation provides definitive guidance as to
when shipments will commence. At that time, OCRWM may finalize these
policy and procedures or will consider promulgating regulations on Sec-
tion 180(c) implementation” (DOE, 1998b, p. 27353).

This notice addresses training for both safe routine transportation
and emergency response situations. The draft notice states (DOE, 1998b,
p. 23754):

It is OCRWM’s policy that, for NWPA shipments, each responsible juris-
diction will have the training necessary for safe routine transportation of
spent nuclear fuel or high-level waste and to respond to NWPA transpor-
tation incidents or accidents. OCRWM will provide training and technical
assistance, subject to annual appropriations, to assist states and tribes to
obtain access to the increment of training necessary to prepare for NWPA
shipments. . . . If Congress does not fully appropriate the funds requested,
the funding to eligible jurisdictions will be decreased proportionately.

For safe routine transportation of spent nuclear fuel and high-level waste,
it is OCRWM’s policy to provide each eligible state and tribe the funding
and technical assistance to prepare for safety and enforcement inspections
of NWPA highway shipments, for rail measures that complement FRA
inspection procedures, and for access to satellite tracking equipment and
training on that equipment in cases where the capability does not already
exist.

To carry out this policy, DOE intends to make two types of grants
available to eligible states and tribal nations:

1. One-time planning grants of $150,000%¢ to help eligible jurisdic-
tions determine their needs for training funds and technical assistance. The
amount of the grant is based on DOE’s experience with planning for ship-
ments to WIPP in New Mexico.

2. Base grants for safety and enforcement planning and training ac-
tivities. Such grants will be available on an annual basis for up to five years
and will consist of two parts: The first part will be for safety and enforce-
ment inspection training and awareness-level training, awareness-level re-
fresher training, and emergency responder trainer training (see Sidebar 5.3).
The second part will be for enhanced emergency responder training such as
operations- or technician-level training. The amount of funding available to
a particular jurisdiction is based on need as determined by DOE.

States and tribal nations will be eligible to apply for grants approxi-

46The committee observes that this is a very small amount of funding to cover an assess-
ment of statewide needs.
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SIDEBAR 5.3 Emergency Responder Training

Emergency responder training requirements are established by federal reg-
ulation. Occupational Safety and Health Administration regulations (29 CFR
1910.120) require that emergency responder training for “hazardous substanc-
es” (which includes radioactive materials) be based on the duties and function of
each person in the emergency response organization. These regulations de-
scribe five levels of training proficiency and require that individuals receive suffi-
cient annual refresher training to maintain their competence or else demonstrate
competence on at least an annual basis.

1. First-responder awareness level. This training is for individuals who are like-
ly to discover the hazardous release and who have been trained to initiate the
emergency response by notifying the proper authorities. These individuals would
include most public safety personnel, including police officers and firefighters, and
possibly highway maintenance workers. Such individuals are required to have
training or sufficient experience to demonstrate competence in recognizing the
presence of hazardous substances in an emergency; the risks and potential out-
comes associated with these substances; and the ability to recognize the need for
additional resources and to make appropriate notifications.

2. First-responder operations level. This training is for individuals who respond
to actual or suspected releases of hazardous substances and are responsible for
defensive actions to protect people, property, and the environment. They are re-
sponsible for keeping the release from spreading and preventing exposures. These
individuals would likely be part of a hazmat team associated, for example, with a
fire company. Operations-level responders are required to have at least eight hours
of training or sufficient experience to demonstrate competence beyond a basic
awareness level in the following: knowledge of basic hazard and risk assessment
techniques; selection and use of operational-level protective personnel equipment;
basic hazardous material terms; basic containment, confinement, or control oper-
ations; basic decontamination techniques; and relevant operating procedures.

3. Hazardous materials technician. This training is for individuals who are re-
sponsible for stopping hazardous substance releases to the environment. They

mately four years before shipments are scheduled to commence through or
along the borders of their jurisdictions. DOE estimates that it will take as
long as one year for the application process to be completed, which will
leave approximately three years for the assistance program to be imple-
mented. DOE will notify the governor or tribal leader in writing when the
jurisdiction becomes eligible to apply for these grants. Jurisdictions will be
asked to select an agency or representative to apply for and administer
the grants.

Only state and tribal organizations are eligible to apply for these grants.
However, states and tribes are required to coordinate their planning with
local jurisdictions and indicate in the grant application how the needs of
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take aggressive actions in approaching the points of release to plug or patch them.
These individuals are required to have at least 24 hours of training at the opera-
tions level and, in addition, to demonstrate competence in the following: ability to
implement the emergency response plan; knowledge of the classification and ver-
ification of known and unknown materials by using survey instruments; ability to
function within an assigned role in the incident command system; ability to select
and use chemical personnel protection equipment; understanding of hazard and
risk assessment techniques; ability to perform advance control, containment, or
confinement operations in the capabilities of available protective equipment and
resources; understanding and implementing decontamination procedures; under-
standing basic chemical toxicological terminology and behavior.

4. Hazardous materials specialist. This training is for individuals who have
similar responsibilities to a hazardous materials technician but with more directed
knowledge of the hazardous substances that they are called upon to contain. They
are required to have at least 24 hours of training at the technician level and be able
to demonstrate competence in the following: ability to implement the local emer-
gency response plan and knowledge of the state response plan; understanding
classification, identification, and verification of known and unknown substances
using advanced survey instruments; ability to select and use specialized personnel
protective equipment; an in-depth understanding of hazard and risk assessment
techniques; ability to perform specialized control, containment or confinement op-
erations; ability to determine and implement decontamination procedures; ability to
develop a site safety and control plan; understanding of chemical, radiological, and
toxicological terminology and behavior.

5. On-scene incident commander. This training is for individuals who will as-
sume control of the incident scene. These individuals must receive at least 24
hours of training at the operations level and demonstrate competence in the follow-
ing: ability to implement the incident command system and emergency response
plan; knowledge of the hazards and risks associated with employees working in
chemical protective clothing; knowledge of the state emergency response plan
and Federal Regional Response Team; knowledge and understanding of the im-
portance of decontamination procedures.

local safety officials have been considered and how incremental training
will be provided. This would include a description of where training would
be obtained, what drills and exercises would be included in the training,
what equipment and supplies would be purchased, and what other techni-
cal assistance would be needed from DOE. DOE anticipates that aware-
ness-level training (see Sidebar 5.3) will be made available to local public
safety officials and that enforcement training will be made available to
state-level and tribal employees. However, it is largely up to the state or
tribal nation to determine, in consultation with local governments and first
responders, who receives training and at what frequency such training is
provided.
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DOE received 19 sets of comments from states and organizations on its
proposed policies and procedures. These are enumerated in a Federal Reg-
ister notice.*” According to the notice (p.23757), “the large majority of
commenters emphasized that they believe that additional change is still
needed in key areas, primarily more cooperative route selection and a more
cooperative transportation planning process.” Several organizations identi-
fied the WIPP transportation planning process as a good example of coop-
erative planning. Some specific comments addressed the following unmet
needs, specifically for:

e Improved communications, including early and substantive public
outreach, with DOE taking the responsibility for interacting with states and
tribes rather than relegating these responsibilities to private contractors.

e Early selection of routes to allow sufficient time for states to desig-
nate alternate routes and assess their planning and training needs.

e Policies on early and cooperative selection of routes, especially to
avoid the possibility that the selection of too many routes would dilute
planning and training resources.

e Training of emergency responders equivalent to Occupational
Safety and Health Administration (OSHA) operations-level training (see
Sidebar 5.3).

Concerns about transportation planning and emergency responder
training continue to be voiced at DOE-sponsored forums such as the Trans-
portation External Coordination (TEC) Working Group meetings (see Sec-
tion 3.4). A consistent theme expressed at these meetings is the need for
DOE to get on with the process of route selection so that states and tribal
nations can begin planning and training activities.

DOE’s Office of Environmental Management, which is responsible for
cleanup of the nation’s nuclear weapons sites, has developed the Transpor-
tation Emergency Preparedness Program (TEPP) to support training of fed-
eral, state, tribal, and local authorities in emergency preparedness and re-
sponse to transportation incidents involving DOE radioactive materials
shipments. The program has designated coordinators in each of DOE’s
eight regional offices and has been used extensively for WIPP-related emer-
gency preparedness and response. The TEPP provides a number of planning
and training tools for state, tribal, and local governments. The planning
tools include models for developing needs assessments, preparedness plan-

470ffice of Civilian Radioactive Waste Management; Safe Routine Transportation and
Emergency Response Training; Technical Assistance and Funding. 63 FR 23757-23766, April
30, 1998.
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ning, and response procedures. They also include a “drill-in-a-box” that
provides scenarios and materials for preparing and conducting tabletop
exercises and drills for transportation incidents. The program provides
technical assistance to state and tribal governments for developing, updat-
ing, and testing emergency response plans.

TEPP also provides training materials (Modular Emergency Response
Radiological Transportation Training [MERRTT]) for emergency manag-
ers and responders, firefighters, law enforcement, and related personnel.
These materials provide information on fundamental concepts and proce-
dures for responding to radioactive materials transport incidents. The train-
ing is organized into a modular format and includes manuals, instructor
guides, and overheads. The program offers several train-the-trainer sessions
at various locations across the United States for qualified instructors.

The WIPP emergency responder training program is often cited as a
good model for transportation planning and emergency response. WIPP’s
success was somewhat fortuitous, however. Transportation routes to WIPP
were not identified early in the program. When DOE made an initial and
ultimately unsuccessful effort to open WIPP in 1988, little planning for
transportation had been carried out. It took DOE another 11 years (until
1999) to get the repository open, which gave the agency more time to
identify routes and provide the necessary training to emergency responders.

Transportation to WIPP ramped up over a period of five years, which
provided DOE with time for planning and training. Initially, only one site
shipped waste to WIPP: Rocky Flats, near Denver, Colorado. WIPP has
now received waste from eight sites. A relatively small number of routes are
used for WIPP shipments (Figure 5.3). This has allowed DOE to keep the
demand for emergency responder training and coordination to a manage-
able level.

The WIPP program was willing to go beyond its legally mandated
requirements in planning and implementing its transportation program. For
example, DOE executed a memorandum of understanding with the WGA
and Southern States Energy Board that included emergency response opera-
tions. The WGA, in cooperation with DOE, developed the WIPP Transpor-
tation Safety Program Implementation Guide (WGA, 2003), which governs
the conduct of transuranic waste shipments through the western states,
including the conduct of emergency response operations. The Southern
States Energy Board (SSEB, 1994) developed the Transuranic Waste Trans-
portation Handbook, which serves as a primer for waste transportation
through its member states.*8 The Council of State Governments’ Midwest-

48DOE also provided funding to New Mexico to help construct a highway bypass around
Sante Fe for WIPP shipments.
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ern Office has also issued guidance for radioactive waste shipments through
its member states (CSG, 2004).

WIPP is providing direct training in emergency preparedness and re-
sponse to first responders along WIPP routes through TEPP. While Sec-
tion 180(c) of the NWPA requires DOE to provide funds for emergency
response training for Yucca Mountain, direct training is not required.

Many lessons from the WIPP transportation program could potentially
be applied to Yucca Mountain. DOE’s Yucca Mountain Program issued its
safe transportation strategic plan in November 2003 (DOE, 2003c¢). In it,
DOE pledged to (p. 2) “approach its transportation planning cooperatively,
using a collaborative process that incorporates the successful elements from
transportation systems developed for other DOE programs.” WIPP is men-
tioned as such a program.

While the WIPP experience offers some useful lessons, the experience
may not be scalable to the Yucca Mountain transportation program. DOE
will have to provide training assistance to emergency responders along
planned shipping routes in up to 45 states. Even during the early phases of
the program, DOE is likely to face demands for training assistance from a
dozen or more states along identified transportation routes.

DOE will not begin providing Section 180(c) technical assistance and
funding to states until it identifies the routes for shipping spent fuel and
high-level waste to Yucca Mountain. The committee sees a clear strategic
advantage to DOE in making these decisions and providing at least a base
level of assistance at the earliest possible date.

Volunteer and paid emergency responders have been the institutional
foundations in many communities since Benjamin Franklin’s era and are
among their communities’ most trusted members. If adequately involved,
they can become important emissaries for DOE’s program with the local
community. When elected officials or members of the public ask “Are
these shipments safe?” and “Can our community handle an emergency?”
they often look to local emergency response officials for answers. It is in
DOE’s interests to provide the training and technical assistance necessary
for these officials to feel confident that they have the equipment and train-
ing needed to respond to any accident or incident involving spent fuel and
high-level waste. This training and technical assistance might also help to
mitigate some of the social risks described in Chapter 3 (see Section 3.2).

A DOE representative told the committee that training may be ineffec-
tive if started too early, given the expected turnover of emergency responder
personnel, especially volunteer firefighters, who may experience a 20 per-
cent or higher annual turnover.#’ Although it is true that turnover in some

49About 75 percent of the United States is protected by volunteer or only part-paid fire
departments. The membership rules for training and proficiency in most volunteer fire depart-
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segments of the emergency responder community is high, especially among
volunteers, the committee nevertheless judges that it is never too early to
start training. There is a cadre of professionals who will stay in their posi-
tions over the long term; they would benefit from early training and they
could help DOE with planning for such training. Such early training will be
essential for developing appropriate organizational memory and culture
and for setting expectations. DOE could focus its early assistance on train-
ing-the-trainer and other long-term activities such as planning for equip-
ment procurements, calibrations, upgrades, and replacements of radiation
detection instruments used by emergency responders.3°

There are even benefits, albeit more indirect, to be gained from training
volunteer emergency responders who may leave their posts before the trans-
portation program begins operating: these people live in the communities
through which these shipments will pass and some are community leaders.
They can serve as informal but important sources of information to their
communities about DOE’s transportation program.

Since DOE’s Section 180(c) assistance will reach the majority of states
and many tribal nations, the committee sees clear opportunities for innova-
tion. DOE could work with the Department of Homeland Security to pro-
vide consolidated all hazards training materials and programs for emer-
gency responders that would provide at least awareness-level training (see
Sidebar 5.3). Such programs could reach large numbers of emergency re-
sponders well in advance of any route determinations and would help to
leverage DOE’s limited 180(c) funding. Such training could also help coun-
teract the possible perception among emergency responders, local officials,
and members of the public that if special training is needed for spent fuel
and high-level waste shipments, transporting such materials must be an
especially risky activity.

Another opportunity for innovation involves the deployment of trained
emergency responders on the escort teams that accompany spent fuel and
high-level waste shipments to Yucca Mountain. These individuals could be
given the responsibility for establishing liaisons with tribal and local gov-
ernment emergency responder organizations along transportation routes.
Such individuals would provide the first line of emergency response in an

ments are as rigorous as those for full-time paid fire service, and most volunteer firefighters
take enormous pride in their service and competence. While it is true that turnover among
volunteers is high, many volunteer departments have a cadre of long-serving members who
retain the corporate memory and help to train newcomers.

50Some of the nontraining activities could take place under the “technical assistance” clause
of the NWPA if sufficient funding is made available by Congress for such purposes. These
activities could also be carried out in cooperation with the Department of Homeland Security
as part of its activities to upgrade emergency responder preparedness for terrorist attacks.
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accident or incident and would function as a known and trusted resource
for local incident commanders. This innovation could be most readily imple-
mented for rail shipments, because these will be fewer in number and will
have more space to accommodate escorts.

DOE could also use this state and local interest to communicate more
broadly with the public about its transportation program by

e Opening its emergency responder training sessions to selected indi-
viduals from local communities, especially opinion leaders,

e Providing emergency responder information through a Web site
designed for interested non-experts, and

e Working with local communities and their schools to develop pro-
grams to monitor environmental conditions (e.g., radiation levels) along
transportation routes.

Although the discussion in this section has focused on the federal re-
pository transportation program operated by DOE, the committee’s sug-
gested innovations are also potentially applicable to the transportation
program operated by Private Fuel Storage, LLC. This private transporta-
tion program has no legal responsibility under the NWPA to support emer-
gency responder preparedness along its shipping routes. To the committee’s
knowledge, Private Fuel Storage, LLC, has no plans to provide financial aid
to communities along its planned transportation routes to support emer-
gency responder training. However, state, tribal, and local communities are
likely to take a keen interest in emergency response preparedness in this
program. The committee judges that there would be significant benefits to
the program in terms of capacity and public confidence building through
early and innovative actions to support emergency responder preparedness.

5.2.6 Information Sharing and Openness

FINDING: There is a conflict between the open sharing of information on
spent fuel and high-level waste shipments and the security of transportation
programs. This conflict is impeding effective risk communication and may
reduce public acceptance and confidence. Post-September 11, 2001, efforts
by transportation planners, managers, and regulators to further restrict
information about spent fuel shipments make it difficult for the public to
assess the safety and security of transportation operations.

RECOMMENDATION: The Department of Energy, Department of Home-
land Security, Department of Transportation, and Nuclear Regulatory Com-
mission should promptly complete the job of developing, applying, and
disclosing consistent, reasonable, and understandable criteria for protecting
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sensitive information about spent fuel and high-level waste transportation.
They should also commit to the open sharing of information that does not
require such protection and should facilitate timely access to such informa-
tion: for example, by posting it on readily accessible Web sites.

This finding and recommendation are motivated by several factors. In a
representative democracy, citizens have a general right, subject to legitimate
privacy and national security restrictions, to obtain information about gov-
ernment programs that affect their communities. Such sharing of informa-
tion might also help to build community trust and confidence in transporta-
tion programs and help implementers to identify and manage the social
risks described in Chapter 3 (Section 3.2).

The current study was conceptualized before the September 11, 2001,
terrorist attacks on the United States, and its original focus was intended to
be on the safety of spent fuel and high-level waste shipments. During the
committee’s information-gathering meetings, however, several participants
expressed concern about the security of spent fuel and high-level waste
transport, especially the potential consequences of terrorist attacks on trans-
port packages in highly populated areas. Other participants expressed con-
cerns about the efforts of federal agencies to use the September 11 attacks
as a pretext for withholding information that could help the public to
evaluate the safety and security of spent fuel and high-level waste ship-
ments. These presenters expressed concern that such withholding could
allow the government to operate such programs with little public scrutiny.

The committee itself encountered information restrictions during this
study. In compiling historical data on spent fuel shipments in the United
States, the committee discovered that the USNRC had removed some of the
needed information (USNRC, 1978) from its Web site and document read-
ing room because it was deemed to be too sensitive for public release. The
committee saw no reason for withholding this information given that it
involved only past shipping campaigns. However, at the committee’s re-
quest, Commission staff provided the summary data on historical spent fuel
shipments for use in this report (Chapter 3). The staff also told the commit-
tee that it is now updating and reviewing this historical information to
determine what is appropriate for public release.

The committee discussed the possibility of expanding its report to in-
clude information on the security of spent fuel and high-level waste trans-
portation. This effort was supported by the federal study sponsors. As
noted previously, four members of the committee and one staff member
with appropriate security clearances were given a classified briefing by
USNRC staff on investigations under way within that agency to assess the
security of transportation packages. However, the committee was not able
to receive timely written guidance from the study sponsors on what infor-
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mation from these studies and other documents®! could be released to the
public in the committee’s final report.

The USNRC has provided guidance to its staff for communicating
security risks since the September 11, 2001, terrorist attacks (USNRC,
2004e, f). The guidance notes that “[pJeople who live near power plants
and other nuclear facilities have a different sense of the risks they are asked
to bear on behalf of the rest of the country” (USNRC, 2004e, p. 54) and
recommends that agency officials “clearly establish what information can
be shared and what can’t” (USNRC, 2004e, p. 52). The guidance notes that
information can be shared about additional security personnel, new equip-
ment, and upgraded procedures put in place, but without specifics being
disclosed. The guidance also recommends that agency officials clearly state
why they cannot share detailed security information. The agency asserts,
“Because the public is keenly aware of security concerns most will under-
stand and respect the need to keep certain information classified” (USNRC,
2004e, p. 52).

DOE’s transportation program for Yucca Mountain apparently has not
yet confronted this issue to the same extent, largely because it is still in the
planning stages. However, DOE’s Environmental Management program,
which is responsible for cleaning up the U.S. nuclear weapons complex, has
long grappled with the issue of openness (e.g., Ashford and Rest, 1999;
Bradbury et al., 1996a,b, 1997a,b, 2003; Bradbury and Branch, 1999; Drew
et al., forthcoming). The TEC Working Group, which advises the Yucca
Mountain transportation program, has provided suggestions on best prac-
tices to assist DOE program managers “in their efforts to communicate
about radioactive materials transportation in a manner that is responsive to
the needs and concerns of stakeholders” (TEC, 2002, p. 1). TEC recom-
mends sharing information such as the number of shipments, mode(s),
possible route(s), time frame, quantity, type of material being shipped, and
reason for making the shipments. Web sites are also considered “good tools
for making information available” (TEC, 2002, p. 3).

Some of the information recommended for sharing by TEC is consid-
ered by other parts of DOE to be too sensitive to share with the public. For
example, the program for transporting transuranic waste to WIPP has re-
stricted information sharing about its shipments. At its Albuquerque meet-
ing, the committee received comments from the representative of a stake-
holder group concerning public restrictions on information sharing about
these shipments after the terrorist attacks of September 11,2001 (Hancock,
2004). This representative noted that State of New Mexico officials were
no longer allowed to provide shipment schedule information to members of

S1Some of this information exists in published reports that were removed from public
circulation by the government after the September 11 attacks.
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the public, and DOE no longer responded to requests for information about
incidents involving these shipments.

Clearly, the public has a right to receive some timely information about
the shipments of spent fuel and high-level waste that pass through their
communities. The TEC guidance on information sharing described above
strikes the committee as a reasonably complete and appropriate guidance
for sharing at different times in the life cycle of a shipment or shipping
campaign. Some general information is appropriate to share before ship-
ments commence: This includes reasons for making the shipments; general
information about the materials to be shipped; possible shipping modes and
routes; and general shipping time frames. Appropriate post-shipment infor-
mation includes more details on the shipments, such as quantities of mate-
rials shipped; specific modes and routes used for the shipments; timing of
shipments; accidents and incidents during shipments; and any resulting
response actions.

Federal agencies need to develop and then abide by clear and consistent
guidelines for protecting information about spent fuel and high-level waste
transportation activities. The class of information to be protected should be
defined clearly and should be small, encompassing only that information
that is truly in need of protection. The remaining information should be
made freely available to the public through agencies’ Web postings and
other dissemination channels.

5.3 ORGANIZATIONAL STRUCTURE OF
THE FEDERAL TRANSPORTATION PROGRAM

FINDING: Successful execution of DOE’s program to transport spent fuel
and high-level waste to a federal repository will be difficult given the orga-
nizational structure in which it is embedded, despite the high quality of
many current program staff. As currently structured, the program has lim-
ited flexibility over commercial spent fuel acceptance order (Section 5.2.4);
it also has limited control over its budget and is subject to the annual
federal appropriations process, both of which affect the program’s ability
to plan for, procure, and construct the needed transportation infrastruc-
ture. Moreover, the current program may have difficulty supporting what
appears to be an expanding future mission to transport commercial spent
nuclear fuel for interim storage or reprocessing. In the committee’s judg-
ment, changing the organizational structure of this program will improve
its chances for success.

RECOMMENDATION: The Secretary of Energy and the U.S. Congress
should examine options for changing the organizational structure of the
Department of Energy’s program for transporting spent fuel and high-level
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waste to a federal repository. The following three alternative organiza-
tional structures, which are representative of progressively greater organi-
zational change, should be specifically examined: (1) a quasi-independent
DOE office reporting directly to upper-level DOE management; (2) a quasi-
government corporation; or (3) a fully private organization operated by the
commercial nuclear industry. The latter two options would require changes
to the Nuclear Waste Policy Act. The primary objectives in modifying the
structure should be to give the transportation program greater planning
authority; greater budgetary flexibility to make the multiyear commitments
needed to plan for, procure, and construct the necessary transportation
infrastructure; and greater flexibility to support an expanding future mis-
sion to transport spent fuel and high-level waste for interim storage or
reprocessing. Whatever structure is selected, the organization should place
a strong emphasis on operational safety and reliability and should be re-
sponsive to social concerns.

The Yucca Mountain transportation program operates within the larger
milieu of the repository development effort (Chapter 1). Consequently, its
success will depend to a large degree on the decisions made within DOE,
other agencies, and Congress on whether and when to license, construct,
and open a federal repository. If completed, the federal repository program
will be the most expensive waste disposal effort in U.S. history. Current
projected life-cycle costs are $58 billion in 2000 dollars (DOE, 2001d). The
transportation program would also be the most expensive effort to ship
spent fuel and high-level waste in the nation’s history. Its share of the life
cycle costs is about $6 billion in 2000 dollars.

Certain characteristics of the Yucca Mountain transportation program
will make it exceptionally challenging to carry out successfully: The trans-
portation program

e  Will last for more than two decades;

e Is decentralized, encompassing more than 70 sites in 31 states;

e Involves a large number of parties (i.e., industry, regulators, and
state, tribal, and local governments) over which it has limited control;

e Must operate with a high degree of consistency and reliability;

e Has limited flexibility over schedules because of the standard con-
tract requirements for acceptance of spent fuel (see Section 5.2.4); and

e Has limited budgetary control within DOE and is subject to the
annual congressional appropriations process.

The transportation system is not only physically and logistically com-

plex, but also has a “nested complexity” that derives from the institutional
architecture in which it is embedded. The transportation program is embed-
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ded in DOE’s OCRWM, which is responsible for constructing and operat-
ing a federal repository. The transportation program must compete with
the much larger repository development program for personnel, funding,
and management attention.

OCRWM has embarked on what some have described (and the com-
mittee agrees) is an ambitious schedule to open a Yucca Mountain reposi-
tory. Its last announced schedule for opening the repository included the
following milestones:

e Submission of a repository construction license application to the
USNRC in December 2004.

e Approval by the Commission in 2008 to begin construction of the
repository and ancillary surface facilities.

e  Submission of a license amendment to the USNRC in 2009 to begin
receiving waste.

e Approval of this amendment by the USNRC and start-up of reposi-
tory operations by the end of 2010.

DOE missed the first milestone because of problems with the Environ-
mental Protection Agency Agency’s standard for Yucca Mountain and
completion of DOE’s licensing support network (see Section 1.3.2). A new
schedule had not been formally announced by December 2005 when work
on this report was being completed, although DOE has stated that Yucca
Mountain will not open until 2012 at the earliest.

The transportation program’s schedule is linked to the schedule for
opening the repository. The last announced schedule for the transportation
program included the following milestones:

e Complete work on the Nevada rail EIS and issue a ROD on the
specific alignment in early 2006.

e Award the design contract for the rail spur in early 2005 and begin
construction of the rail spur in early 2006. According to the final Yucca
Mountain EIS (DOE, 2002a), construction is planned to last no more than
46 months at an estimated cost of about $880 million (see Section 5.2.1).52

e Issue a request for proposals on rolling stock (i.e., railcars) in early
2005 and begin receiving equipment deliveries in early 2007.

e Undertake an assessment of industry’s ability to provide transpor-
tation packages of the sizes and quantities needed for the program. Package

52As noted previously, DOE acknowledged that the estimated cost for constructing the
complete 319-mile (513-kilometer) rail spur had increased to about $2 billion.
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design, certification, and fabrication activities would be carried out in fiscal
years 2005 and 2006.

e Complete work on an operational plan and issue a final concept of
operations in early fiscal year 2005. This would presumably detail how
DOE plans to conduct its transportation operations, including the role of
contractors.

e Issue final routing selection criteria in late fiscal year 2005 and its
transportation operations plan in late fiscal year 2006.

e Identify a suite of transportation routes in early fiscal year 2006,
which will then trigger the awarding of Section 180(c) planning grants (see
Section 5.2.5) to states later that fiscal year. Awards of Section 180(c) base
grants would be made later in fiscal year 2007.

In October 2005, OCRWM announced that it intended to adopt a
standardized package design to transport, store, and dispose of commercial
spent fuel. This will require certification of the new package design and
modification of the design for the fuel receipt and handling facilities at the
federal repository. DOE has not indicated what additional delays may be
encountered in the repository program and its associated transportation
program to implement these changes.

Funding for the Yucca Mountain Program comes from a combination
of direct federal appropriations to cover the costs of disposing of defense
spent fuel and high-level waste and the Nuclear Waste Fund (Appendix C)
to cover the costs of commercial spent fuel disposal. Both funding sources
are controlled by Congress through the annual appropriations process.’3
The transportation program’s annual budget request to Congress is submit-
ted as part of the OCRWM budget request based on a target set by the
Office of Management and Budget in consultation with DOE management.
As shown by Table 5.3, the transportation program’s budget has not re-
ceived high priority within OCRWM, possibly because the overall OCRWM
budget has itself been underfunded relative to requested levels during sev-
eral of the past years. The transportation program will require substantially
higher future budgets to construct a Nevada rail line, procure transporta-
tion equipment, and make other necessary infrastructure improvements.

While the apparent delay in opening a federal repository would poten-
tially provide more time for the transportation program to attain opera-
tional readiness, it introduces other complications. For example, the com-

53The Bush administration made an unsuccessful attempt in fiscal year 2005 to exempt the
Nuclear Waste Fund from the annual appropriations process. This attempt, which was sup-
ported by the nuclear industry, would have provided DOE with a great deal more budgetary
discretion.
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TABLE 5.3 Congressional Appropriations for OCRWM and Its
Transportation Program

Transportation Transportation
Federal OCRWM OCRWM Program Program
Fiscal Request Appropriation Request Appropriation
Year ($ millions) ($ millions) ($ millions) ($ millions)
1999 380 353 2 2
2000 409 351 2 2
2001 437 401 3.8 2.7
2002 445 375 5.9 4.6
2003 591 457 30.2 9.4
2004 591 577 73.1 63.6
2005 1314 572 186 30.7
2006 651 4500 85.4 19.9

4DOE requested $880 million, but the Bush administration requested only $131 million for
defense waste disposal. The administration intended to obtain the remaining funding from the
Nuclear Waste Fund and unsuccessfully attempted to have that fund taken “off budget,”
which would have freed it from the annual congressional appropriations process.

bDoes not include the $50 million appropriated by Congress in fiscal year 2006 for initia-
tion of a site selection process for an integrated spent fuel recycling facility.

SOURCE: DOE budget documents and written communications.

mercial nuclear industry could begin shipments of spent fuel to Private Fuel
Storage, LLC, in Utah once that facility is constructed and opened.** Under
current plans, this fuel will be placed in packages (see Sidebar 1.4) for
transport and storage. However, unless the industry adopts the new DOE
standardized package, which has not yet been designed, licensed, or manu-
factured, it may be required to repackage the fuel before it can be trans-
ported to the federal repository. In the meantime, additional nuclear plants
are expected to establish dry-cask storage to relieve growing storage pres-
sures in their pools, and additional plants may be closed and decommis-
sioned. These changes could further affect the transportation program’s
pickup schedules and require more repackaging of spent fuel for transport
to the federal repository.

The recent decision by Congress to promote the development of one or
more federal interim storage sites for commercial spent fuel potentially

S4A license for this facility was submitted to the USNRC in 1997. As noted in Chapter 1,
the Commission authorized its staff to issue a license to construct and operate this facility
under the conditions in 10 CFR 72.40.
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further complicates DOE’s transportation mission. The Energy and Water
Development Fiscal Year 2006 report>® provides the following direction to
DOE (italics added):

Integrated spent fuel recycling.—Given the uncertainties surrounding the
Yucca Mountain license application process, the conferees provide
$50,000,000, not derived from the Nuclear Waste Fund, for the Depart-
ment to develop a spent nuclear fuel recycling plan. Under the Nuclear
Energy account, the conferees provide additional research funds to select
one or more advanced recycling technologies and to complete conceptual
design and initiate pre-engineering design of an Engineering Scale Demon-
stration of advanced recycling technology. Coupled with this technology
research and development effort, funds are provided under the Nuclear
Waste Disposal account to prepare the overall program plan and to ini-
tiate a competition to select one or more sites suitable for development of
integrated recycling facilities (i.e., separation of spent fuel, fabrication of
mixed oxide fuel, vitrification of waste products, and process storage) and
initiate work on an Environmental Impact Statement. The site competi-
tion should not be limited to DOE sites, but should be open to a wide
range of other possible federal and non-federal sites on a strictly volun-
tary basis. The conferees remind the Department that the Nuclear Waste
Policy Act prohibits interim storage of nuclear waste in the State of Neva-
da. To support the development of detailed site proposals for this compe-
tition, the conferees make a total of $20,000,000 available to the site
offerors, with a maximum of $5,000,000 available per site. To be eligible
to receive these funds, each applicant site must be able to identify all state,
regulatory, and environmental permits required for permitting this facili-
ty, including identifying any legislative or regulatory prohibitions that
might prevent siting such a facility. The conferees direct the Secretary to
submit a detailed program plan to the House and Senate Committees on
Appropriations not later than March 31, 2006, and to initiate the site
selection competition not later than June 30, 2006. The target for site
selection is fiscal year 2007, and the target for initiation of construction of
one or more integrated spent fuel recycling facilities is fiscal year 2010.

The development of an integrated spent fuel recycling facility will likely
require interim storage at the recycling facility as well as additional trans-
portation capacity, possibly involving a different mix of transportation
packages, conveyances, and routes than for the federal repository.

Even if Yucca Mountain fails to receive a license and an integrated
spent fuel recycling facility is never constructed, the federal government
may still require a transportation capability to move commercial spent fuel

S5SHouse Report 109-275 Making Appropriations for Energy and Water Development for
the Fiscal Year Ending September 30, 2006, and for Other Purposes.
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to one or more centralized storage sites to meet its commitments under the
NWPA (see Chapter 1 and Appendix C).>¢ This fact alone argues for the
establishment of a generic federal transportation capability that could ser-
vice a repository and possibly other government transportation needs. Un-
der the current organizational structure for the transportation program, all
of the federal government’s transportation “eggs” have been placed in the
federal repository basket.

The current transportation program is unusual in another sense: The
committee knows of no other federal government-run program that has a
mission to take ownership of private-sector waste for the purposes of trans-
port and disposal.’” Such programs are usually private-sector responsibili-
ties. The government’s usual role is to control and regulate such activities.

Several members of the committee have extensive experience with the
design and operation of large transportation programs. Their experience
suggests that such programs are more likely to be successful when they have
the following:

An appropriately focused mission;

A systems-driven focus on the mission;

Authority to carry out the mission and accountability for failure;
Independent and strong regulatory oversight;

Continuity and predictability of funding; and

Alert, flexible, and responsive management.

OCRWM’s transportation program lacks some of these attributes. The
current program is focused on transport to Yucca Mountain; it is not orga-
nized to provide a generic transportation capacity that could serve the
government’s other transportation needs. The transportation program di-
rector’s authority for carrying out the mission is limited because priorities

S6The fiscal year 2006 House Energy and Water Development Appropriations Bill directed
DOE to begin accepting commercial spent fuel for interim storage at a government site within
12 months, but this language was not included in the final conference report.

57 Amtrak, a government-chartered corporation, has carried private-sector freight. The fed-
eral government has programs for the shipment of government-owned materials and wastes.
For example, the military has transportation programs for moving military materials and
wastes. DOE has transportation programs for shipping nuclear weapons and naval spent fuel.
It also has transportation programs for shipping the wastes from its environmental cleanup
programs at defense sites. Transport of non-DOE domestic and some foreign research reactor
spent fuel is the responsibility of reactor operators (see Chapter 4). DOE is responsible for the
transport of some foreign research reactor fuel, but this fuel is of U.S. origin and, because it
contains HEU (see Chapter 4), is a proliferation concern.
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are set at higher levels in the department. In principle, accountability follows
authority. The program is partially self-regulating (see Table 1.3). There is
little continuity, predictability, or rationality of funding in the annual appro-
priations process, as noted previously, and the transportation program has
historically received a low priority for funding within OCRWM (see
Table 5.3).

The committee judges that there are several options for changing the
current organizational structure to improve its chances for success; the
principal attributes and advantages of these structures are summarized in
Sidebar 5.4. One of these options could be implemented within the current
structure of the NWPA, whereas two others would likely require funda-
mental changes to the NWPA. All of the options involve transferring the
transportation program out of OCRWM with the explicit goal of increas-
ing management authority and accountability for executing the program’s
mission(s). Such a transfer could also be advantageous to OCRWM be-
cause it would allow that program to focus its staff and resources on its
primary near-term mission, which is to license and construct a federal
repository.

There are of course some advantages to the current organizational
structure: The transportation and repository development programs are
closely coupled. In principle, this promotes coordination, cooperation, and
systems-driven integration, helping to ensure a match-up between transpor-
tation supply, demand, and schedules. However, the committee has not
seen much evidence that these advantages are being realized in the current
transportation program. Programmatic decisions appear to be based more
on funding availability (Table 5.3) than on technical or schedule con-
siderations.

The committee did not perform an exhaustive analysis of alternative
organizational structures for the transportation program. However, based
on the expertise and experience of its members, at least three different
organizational structures seem feasible. The following paragraphs describe
these options and their potential advantages and disadvantages.

First, within the current structure of the NWPA, the transportation
program could be organized as the Nuclear Waste Transportation Admin-
istration, a quasi-independent DOE office program reporting directly to
upper-level DOE management (i.e., the DOE secretary, deputy secretary,
or under secretary). The main advantages of this structure are that it
would free the transportation program from the budget, personnel, and
schedule constraints imposed by OCRWM management and give program
staff greater authority to execute its mission. The effectiveness of this
structure would be enhanced by giving the program more predictability
and continuity of funding so that it could make long-term commitments to

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

268 GOING THE DISTANCE?

SIDEBAR 5.4 Principal Attributes of Potential Organizational
Structures for the Federal Transportation Program

Nuclear Waste Transportation Administration

e Independent DOE program reporting directly to upper-level DOE man-
agement

e Could serve all of the federal government’s commercial spent fuel transpor-
tation needs

* Permissible under the current NWPA

* Effectiveness of this organizational structure could be enhanced by giving
it authority to tap the Nuclear Waste Fund without annual congressional au-
thorizations

¢ Organizational model: Federal Highway Administration (FHWA) within DOT

Quasi-Government Corporation

* Private-sector organization with partial government ownership

* Would have exclusive authority to take title to commercial spent fuel for the
purposes of transport to a federal repository or federal interim storage

* Would be subject to the full regulatory authority of government for corporate
finances and governance, worker and public health and safety, and transportation
safety and security

e Could be chartered to be responsive to public participation and the social
risk concerns (Chapter 3)

¢ Would require changes to the current NWPA to implement

¢ Organizational models: British Nuclear Fuels Limited and AREVA

Private Company

e Similar to quasi-government corporation but with full private ownership

e Could be the most effective option for solving the spent fuel acceptance
order problem

* Would require changes to the current NWPA to implement

¢ Organizational model: Private Fuel Storage, LLC

construct the Nevada rail spur’® and purchase transportation packages
and conveyances. This could be accomplished by giving the program more

58Under this and the other two organizational options described in this section, the respon-
sibility for constructing the Nevada rail spur and making other transportation-related infra-
structure improvements within Nevada could continue to reside within OCRWM following
the recommended organizational restructuring. The transportation program could be given
the responsibility for purchasing transportation packages and conveyances and making the
needed infrastructure improvements at commercial power plant sites (see Appendix C) and on
transportation routes outside of Nevada. This could provide a better separation between
repository-specific responsibilities and other responsibilities for a generic federal transporta-
tion capability.
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direct access to the Nuclear Waste Fund and authority to tap that fund
without prior congressional authorization.

A possible model for this arrangement is the Federal Highway Admin-
istration (FHWA) within DOT, which reports directly to the Secretary of
Transportation. The FHWA is funded mainly from congressional appro-
priations from the Highway Users Trust Fund, a government account re-
plenished by highway user fees. While FHWA’s main mission is to provide
programmatic grants to states for highway construction, it also sets selected
standards for federally funded roads and provides technical support to state
departments of transportation. Additionally, it funds and conducts research
to develop and improve relevant technology and enhance the effectiveness
of its grant programs.

FHWA oversees a highly decentralized set of activities in which over-
sight is provided by the federal government but roads are owned by states
and local governments, and built and maintained largely by hundreds of
private contractors. Some of these activities are also subject to review and
approval by other agencies—for example, the Environmental Protection
Agency and the Department of Defense. Many of these activities also in-
volve considerable public outreach and participation. The FHWA must
operate in a collaborative fashion to execute its missions and has had a long
and successful partnerships with state, contractor, material supplier, and
academic institutions. The administration has developed a skilled staff with
the core competencies required to carry out its missions.

A successful Nuclear Waste Transportation Administration would be
similar in many respects to the FHWA. It would be largely dependent on
congressional appropriations for its funding and, like FHWA, would rely
on a permanent fund (the Nuclear Waste Fund) for most of its budget. It
would be involved heavily in cooperative relationships with other federal
agencies, states, tribes, local governments, nuclear utilities, contractors,
and other nongovernmental organizations. Even though it would likely
contract out many of its functions, it would need to have a strong staff
with competencies in transportation planning, design, operations, materi-
als handling, and public outreach. However, it would also be different
from FHWA in some respects: It would have operational responsibilities
and would be much smaller in dollar terms.

The other two organizational models would require changes to the
NWPA. The second option would be to reorganize the transportation pro-
gram as a quasi-government corporation. Such a corporation would oper-
ate like a private-sector organization and would be subject to the full regu-
latory authority of the government for corporate finances and governance,
worker and public health and safety, and transportation safety and secu-
rity. The charter for this corporation would give it exclusive authority to
take title to commercial spent fuel for transport to the federal repository or
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federal interim storage.’® DOE would take title to shipped materials at the
gate of the federal repository or interim storage facility.

This quasi-corporate model has two primary advantages. First, it
would bring some private-sector efficiencies to the transportation pro-
gram, which could help the program operate in a more timely and cost-
effective manner. The corporation could freely draw upon existing world-
wide transportation capabilities, thereby reducing development costs and
schedules. Second, this arrangement would get the government out of the
business of regulating itself, which creates both real and perceived conflicts
of interest. It would also reduce the potential for political pressures on
program plans and operations—for example, on the acceptance order for
commercial spent fuel. If desired, DOE could also contract with this corpo-
ration to transport its defense spent fuel and high-level waste to the reposi-
tory.

The main potential disadvantages of this model are that a corporation
could be perceived to have less accountability to the public and would be
freed from many of the public participation processes in which the govern-
ment is required to engage.®? If chartered correctly, however, a quasi-gov-
ernment corporation might actually be more accountable than a govern-
ment agency for meeting legal and regulatory requirements: the corporation
could be fined and its staff subject to civil and criminal penalties for violat-
ing statutes and regulations. Moreover, in chartering this corporation, Con-
gress could establish requirements for outside consultation and public par-
ticipation and make it responsive to the social risk concerns described in
Chapter 3 (Section 3.2).

There is a precedent for this organizational model in the United King-
dom and France. British Nuclear Fuels Limited (BNFL) and the French
company AREVA are private companies with a high level of government
ownership.6! These companies provide a wide range of nuclear services,
including spent fuel and high-level waste transportation services. They are
subject to the full regulatory authorities in all of the countries in which
they operate, including their home countries.

S9This take-title provision would be workable only if the corporation were covered by the
Price Anderson Act.

60For example, Flynn et al. (1998) reported the results of a national survey that asked
respondents whether they preferred having the federal government manage nuclear waste
transportation directly or contract with private companies to manage it. A majority of re-
spondents (about 52 percent) preferred to have the federal government manage transporta-
tion directly. The WGA has also expressed a clear preference that the federal government not
delegate key transportation responsibilities to contractors (WGA, 2005).

61The committee cites these companies as examples of government-owned organizations
that transport commercial spent fuel. The citation is not an endorsement of these companies,
their business models, or their performance records.
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A third option for reorganizing the transportation program is to make
it a fully private company operated by the commercial nuclear industry.
There is already an industry consortium in existence (Private Fuel Storage,
LLC; see Chapter 1) that is developing a transportation capability that
could serve as a model for such a company. This arrangement would have
some of the same advantages and disadvantages of the quasi-government
corporation option, although requirements for outside consultations and
public participation might be harder to enforce. However, this might be the
most effective option for addressing the commercial spent fuel acceptance
order issue (Section 5.2.4), especially if owners had collective economic
incentives to maximize the efficiency of the transportation program,®? and
individual owner interests did not trump these collective incentives. Under
this option, DOE would be responsible for transporting its own spent fuel
and high-level waste but could contract this activity out to the private entity
if desired.

The selection of a specific organizational model for the federal trans-
portation program is a policy decision that goes well beyond the task for
this study. In making this decision, the federal government will have to
consider factors beyond Yucca Mountain. The government is encouraging
the construction of new nuclear plants in the United States. If such con-
struction occurs on a large scale, the federal repository and the transporta-
tion program that supports it will have to be expanded. In this case, it
might make sense for the government to turn over the transportation
program to a quasi-private or private entity if it does not wish to be in the
permanent business of transporting the industry’s spent fuel. As noted
previously, a generic transportation capability could also be useful if the
federal government decides to transport commercial fuel to one or more
centralized sites for storage or reprocessing to meet its commitments under
the NWPA (see Chapter 1 and Appendix C). This argues for the establish-
ment of a generic transportation capability that could service a range of
government transportation needs.

If the federal government decides to maintain the transportation pro-
gram in its current organizational form, the committee judges that it will at
the very least need a greater commitment to continuity in funding and
programmatic direction from the Secretary of Energy and Congress to suc-
cessfully execute its mission. This may not be possible in the current fiscal
and political climate, which is why the committee is recommending that
other organizational structures be examined.

62For example, Congress could make adjustments to the Nuclear Waste Fund (either by
changing the fee structure or by providing negotiated refunds to cover transportation costs) to
provide such an incentive.
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Regardless of which option is selected, continuing attention must be
paid to ensuring that the transportation program develops and maintains
an integrated systems focus. The program is complex from both physical
and institutional perspectives: it will involve the movement of large quanti-
ties of hazardous materials from multiple locations over long distances for
sustained periods of time. It will also involve major construction, equip-
ment acquisition, and training. It must coordinate its activities with a large
number of constituencies: Congress; spent fuel owners; state, tribal, and
local governments; and other nongovernmental organizations. The success-
ful operation of various components and functions of the transportation
system is a necessary but not a sufficient condition for overall system effec-
tiveness. The interconnections among the components must also be explic-
itly thought through and managed. An integrated systems approach is a
proven technique for achieving this goal.

The committee did not review the current OCRWM transportation
program to determine if it has an integrated systems focus. The committee
did see evidence of integrated systems thinking in one presentation it re-
ceived from transportation program staff (Lanthrum, 2004). However, the
committee also saw clear evidence that the current organizational structure
for the transportation program is impeding such an integrated approach
because, as noted previously, the program does not have the autonomy and
funding necessary to execute its mission.

The industry has developed best practices that could be applied to this
program (Meredith et al., 1985; Blanchard and Fabrycky, 2005). One ele-
ment of such best practices is the development of a continuing review and
correction process to ensure that a systems focus is maintained from pro-
gram conception through operations. The committee strongly encourages
the program to seek expert advice (e.g., using consultants and expert advi-
sory groups) to learn about and incorporate best industry practices for
designing and operating this transportation system using an integrated
systems approach. This encouragement is in addition to the recommenda-
tions in Section 3.4 for an expert committee to advise transportation
implementers on social risk.

Finally, the committee’s comments in this section should not be inter-
preted to reflect on the quality of the federal staff in OCRWM’s Office of
National Transportation. The committee has had the opportunity to inter-
act with several of these staff during the course of this study and judges that
they are capable and dedicated individuals. However, they are working
within a difficult organizational structure and in a political environment
that could make success close to impossible.
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Washington, D.C., May 16-17, 2003

e NRC’s Transportation Program, E. William Bach, U.S. Nuclear
Regulatory Commission (USNRC)

e Transportation of Radioactive Waste, Jeffrey Williams, Depart-
ment of Energy (DOE), Office of National Transportation

e U.S. Department of Transportation’s (DOT’s) Role in Transpor-
tation of Radioactive Waste, Richard Boyle, DOT

e NAS Used Fuel Transportation Study: Remarks from EPRI, John
H. Kessler, EPRI

Las Vegas, Nevada, July 24-26, 2003

e State of Nevada Perspectives on Spent Nuclear Fuel (SNF) and
High-Level Radioactive Waste Transportation Issues, Robert Loux,
Nevada Agency for Nuclear Projects

®  Yucca Mountain Transportation Access Issues, Robert Halstead,
Nevada Agency for Nuclear Projects

®  Yucca Mountain Transportation Risk and Impact Issues, Robert
Halstead, Nevada Agency for Nuclear Projects

e  Full-scale Testing of Shipping Casks, Jim Hall, Hall and Associ-
ates

e Baltimore Tunnel Fire: Implications for SNF Transportation
Safety, Marvin Resnikoff, Radioactive Waste Management Associates
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e  Security, Safeguards, and Implications for Emergency Manage-
ment, James Ballard, California State University, Northridge
e Plans for Developing a National Transportation Plan, Jeffrey
Williams, DOE, Office of National Transportation
¢ Baltimore Tunnel Fire Study and Sandia Vulnerability Studies,
Jack Guttmann, USNRC
®  Yucca Mountain Impacts, Irene Navis, Clark County Nuclear
Waste Division
e Under the Draining End of the Transportation Funnel, Abby
Johnson, Eureka County
e Lincoln County and Town of Caliente Perspectives on Spent Fuel
and High-Level Radioactive Waste Transportation Issues, Kevin Phillips,
City of Caliente
e Nye County’s Views on Nuclear Waste Transportation, Les
Bradshaw, Nye County Department of Natural Resources and Federal
Facilities
e Perspectives of other Nevada-based Organizations:
— Kalynda Tilges, Shundahai Network
— Judy Treichel, Nevada Nuclear Waste Task Force
— DPeggy Maze, Citizen Alert
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e Technical Aspects of DOE’s Transportation Operations, Robin
Sweeney, DOE, Office of National Transportation
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Easton, USNRC
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Simmons, USDOT, Federal Motor Carrier Safety Administration
(FMCSA)

e Federal Railroad Administration’s (FRA) High-Level Radioactive
Materials Program, Kevin Blackwell, USDOT, FRA

e Research and Special Programs Administration, Richard Boyle,
DOT

e  Western States and NWPA (Nuclear Waste Policy Act) Ship-
ments, Doug Larson, Western Interstate Energy Board

e A State Perspective Regarding Transportation of High-Level
Radioactive Waste, Bill Sinclair, Utah Department of Environmental
Quality

e Transportation of Radioactive Waste Through the Western
States, Bill Mackie, Western Governor’s Association

e Used Nuclear Fuel Transportation Responsibilities and Opera-
tions, John Vincent (deceased), Nuclear Energy Institute (NEI)
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e Trucking Companies Operations Issues, David Bennett, Tri-State
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e Rail Perspective on Transportation of SNF, Sandy Covi, Union
Pacific Railroad

Chicago, Illinois, February 2—4, 2004

e Federal Role in Responding to Emergencies, Eric Tolbert, Federal
Emergency Management Agency (FEMA)
e Department of Energy Role for Emergency Response in the
Yucca Mountain Transportation Program, Jozette Booth, DOE
e Corridor States Perspectives in Planning for Spent Nuclear Fuel
Shipments, Thor Strong, Michigan Low-Level Radioactive Waste Au-
thority
e  Midwestern State’s Views on Emergency Preparedness and Re-
sponse Planning, Tim Runyon, Illinois Emergency Management Agency
® Local Roles for Planning, Training, Response, and Intergovern-
mental Coordination:
— DPerspectives of a Large City, Chief Gene Ryan, City of
Chicago
— DPerspectives of a Small City/County, Ned Wright, Linn
County, lowa, Emergency Management
— DPerspectives of Private Industry, Patrick Brady, Burlington
Northern Santa Fe Railway
— Training Issues, Chief Gordon Vermeer, Argonne National
Laboratory and International Association of Fire Chiefs
e Risk Perception, Risk Communication, and Public Response to
Emergencies: What Really Happens?
— Dennis Mileti, University of Colorado
— Michael Lindell, Texas A&M University

Washington, D.C., May 5-7, 2004

e Used Nuclear Fuel Transportation: Prior Experience Is Valid,
Stephen P. Kraft, NEI

e Regulator Perspective on Transportation Safety, E. William
Brach, USNRC

e Irradiated Fuel Transport to Yucca Mountain: What History
Tells Us, Michele Boyd, Public Citizen

e SNF Cask Crash Tests: What Can They Tell Us About the Safety
of the Current Fleet of SNF Shipping Casks? Douglas Ammerman, Sandia
National Laboratories
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e Reexamination of Spent Fuel Shipment Risk Estimates, Douglas
Ammerman, Sandia National Laboratories

e Transportation Infrastructure Acquisition Update, Ned Larson,
DOE, Office of National Transportation

e SNF Transportation Cask Certification Requirements, Earl
Easton, USNRC

e Update on the USNRC Package Performance Study, Mike
Mayfield, USNRC

¢ Naval Nuclear Propulsion Program, Barry Miles, DOE, Naval
Reactors

e Spent Nuclear Fuel Transportation Experience, Steven Edwards,
Progress Energy

e AAR Perspective on the Dedicated Trains and Other Issues, Bob
Fronczak, Association of American Railroads (AAR)

e Regional Perspectives on Radioactive Materials Transportation,
Christopher Wells, Southern States Energy Board

e Northeast Council of State Governments’ Perspectives on SNF
Transportation, Edward L. Wilds, Council of State Governments North-
east High-Level Radioactive Waste Transportation Task Force

Albuquerque, New Mexico, July 21-23, 2004

e An Overview of Stigma and Potential Socioeconomic Impacts,
James Flynn, Decision Research

e Stigma Studies on Nevada and Yucca Mountain, Bob O’Connor,
National Science Foundation

e Environmental Justice Impacts, Veronica Eady, National Environ-
mental Justice Advisory Council

e Information and Involvement for Transportation of Nuclear Waste,
Christina Drew, University of Washington

e Stakeholder Involvement Strategies for Highly Technical and Con-
troversial Issues, Janesse Brewer, The Keystone Center

e Key Problem Issues in Risk Communication, James Flynn, Decision
Research

e Planning, Decision Making, and Monitoring, Veronica Eady, Na-
tional Environmental Justice Advisory Council

e Planning, Decision Making, and Monitoring, Mervyn Tano, Inter-
national Institute for Indigenous Resource Management

e Social Diversity in Framing Risk Problems: Implications for Risk
Management and Communication Regarding the Transportation of Radio-
active Waste, Elaine Vaughan, University of California, Irvine

e  Office of National Transportation Update, Gary Lanthrum, DOE,
Office of National Transportation
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e Assessing the Role of Time in Public Perceptions of the Waste
Isolation Pilot Plant (WIPP), Amy Goodin, University of New Mexico

e  WIPP Transportation Information Issues, Don Hancock, South-
west Research and Information Center

e Collaboration Among States and Agencies in the WIPP Transpor-
tation Safety Program, Anne deLain Clark, New Mexico Energy, Minerals
and Natural Resources Department

e  State Emergency Management Perspective on Lessons Learned from
Coordinating with Other Stakeholders and Communicating with the Pub-
lic, W. Scott Field, New Mexico Office of Emergency Management

e Native American Perspective on Lessons Learned from Coordinat-
ing with Other Stakeholders and Communicating with the Public, Sue
Loudner, WIPP Transportation Emergency Preparedness Program

e  Federal Perspective on Lessons Learned from Coordinating with
Other Stakeholders and Communicating with the Public, Paul Detwiler,
DOE, Carlsbad Field Office

e  Federal Perspective on Involving the Public in Radioactive Mate-
rials Transportation Programs, Judith Holm, DOE, Office of Civilian
Radioactive Waste Management

Washington, D.C., May 26, 2005

e Research Reactor Spent Fuel Routing Study: Scope and Origin,
Richard Boyle, Pipeline and Hazardous Materials Safety Administration,
DOT

e Background: History, Scope, and Purpose of Foreign, University,
and DOE Research Reactor Spent Fuel Programs, Alex Thrower DOE,
Office of Environmental Management

e Department of Transportation Regulations, Michael Conroy,
Pipeline and Hazardous Materials Safety Administration, DOT; Ryan
Paquet, DOT, FMCSA

® Nuclear Regulatory Commission Regulations, Philip Brochman,
Division of Nuclear Security, USNRC

¢ DOE Foreign Research Reactor Spent Fuel Acceptance Program,
Alex Thrower, DOE; James Wade, Idaho National Laboratory, DOE;
Charles E. Messick, DOE Nuclear Material Programs Division, Savannah
River Site, Aiken, S.C.

e Domestic University and DOE Research Reactors, James Wade,
DOE; Christopher Becker, University of Michigan, Ann Arbor

e Collaboration of States with DOE and Licensees on Routing,
Chris Wells, Southern States Energy Board; Lisa Sattler, Council of State
Governments—Midwest Office, Lombard, Ill.
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Committee Subgroup Visit to Europe (September 2004)

Committee members Dennis Bley, Hank Jenkins-Smith, Mel Kanninen, John
Poston, Seth Tuler, Detlof von Winterfeldt, and Clive Young and commit-
tee staff Kevin Crowley and Joe Morris participated in all or portions of
this visit. Because it involved substantially less than half of the committee,
this was not an official information-gathering meeting.

September 24 (Berlin and Environs, Germany)

e Briefing on the AREVA spent fuel transportation program, in-
cluding transportation operations and communications with the public.
Host: Vincent Roland, AREVA

e Tour of the German Federal Institute for Materials Research and
Testing (BAM) facility near Horstwalde and attendance at the cask-drop
test. Host: Thomas Bollinghaus, BAM

September 27: BNFL Sellafield Site (Seascale, Cumbria, UK, and London)

e  Opverview of British Nuclear Fuel Limited (BNFL) and the
Sellafield Site. Briefers: Colin Boardman, Ben Children, Bob Quinn, and
Stephen Stagg, BNFL

e BNFL transportation capabilities, Mark Robinson, BNFL

e Tour of the transportation cask maintenance facility and spent
fuel receipt and storage areas of the Thermal Oxide Reprocessing Plant

e Lunch meeting with local government and emergency planning
organizations to discuss transportation issues: David Cook (Chairman,
Emergency Planning Subcommittee), David Humphreys (Cumbria County
Council Emergency Planning Agency), and Mat Fox (Senior Emergency
Response Manager, BNFL)

September 28: Visit to Direct Rail Service (DRS) Headquarters in
Carlisle, Cumbria

e Presentation and discussion of DRS’s UK rail activities, Chris
Connelly, General Manager, Commercial and Business Services, DRS

e Tour of DRS Carlisle facilities

¢ Dinner meeting to discuss BNFL transportation program with
London area stakeholders: Roger Evans (London Assembly); Linda Hayes
(Cricklewood Against Nuclear Trains); Steve Robinson (Environment
Business Management); Patrick van den Bulck (Campaign for Nuclear
Disarmament). Dinner hosted by Rupert Wilcox-Baker, Head of Commu-
nications, Spent Fuel Services, BNFL
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September 29: London and Environs

e  Field trip to a BNFL rail head to observe transportation operations.
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C

Federal Repository
Transportation System

high-level radioactive waste to a federal repository at Yucca Moun-
tain, Nevada. It is provided to support the discussions of this trans-
portation system that appear in Chapter 5.

! I Vhis appendix describes the system for transporting spent fuel and

C.1 PRINCIPAL ELEMENTS OF A REPOSITORY
TRANSPORTATION SYSTEM

The system for transporting spent fuel and high-level waste to a federal
repository at Yucca Mountain will involve train and truck transport from
sites across the continental United States (see Figure 1.1). A good deal of the
complexity of this system is the unanticipated consequence of the siting
process that was established in the Nuclear Waste Policy Act (NWPA).!
When writing the NWPA, Congress did not consider the availability of
transportation routes or the distance of transport from spent fuel and high-
level waste storage sites to the repository. The 1987 amendments to the
Nuclear Waste Policy Act fixed the end point of the transportation system
at Yucca Mountain, Nevada—a state that has no commercial nuclear power
plants and is geographically distant from most spent fuel and high-level

IThe “Nuclear Waste Policy Act of 1982,” P.L. 97-425 (January 7, 1983) and amendments
(P.L. 100-203, Subtitle A [December 22, 1987]; P.L. 100-507 [October 18, 1988]; and P.L.
102-486 [October 24, 1992]).

301
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waste storage sites (Figure 1.1). The Yucca Mountain site also lacks good
existing transportation access, especially rail access.

The NWPA establishes that the federal government is responsible for
developing and operating the transportation and disposal programs, and
the owners of spent fuel and high-level waste are financially responsible for
covering transport and disposal costs (Table C.1). The NWPA vests author-
ity with the Secretary of Energy for carrying out the federal government’s
responsibilities and establishes the Nuclear Waste Fund to cover the costs
of disposal.

TABLE C.1 Responsibilities Under the Nuclear Waste Policy Act for
Storage of Spent Fuel and High-Level Waste and Their Transport to a
Federal Repository

Commercial
Spent Fuel DOE Spent Fuel
and High-Level Waste?  Naval Spent Fuel

On-site storage Spent fuel owners DOE-EM DOE-NR
Costs of transport  Spent fuel owners DOE-EM DOE-NR
and disposal at a
federal repository
Development of a DOE-OCRWM DOE-OCRWM DOE-OCRWM
federal repository
Transportation DOE-OCRWM DOE-OCRWM DOE-NR
to a federal
repository
Package USNRC USNRC DOE-NR, USNRCP
certification
Advance shipping  Yes Yes No
notifications of
states and tribes
required?
Emergency DOE supported DOE supported DOE supported

responder training

NOTE: DOE-EM = Office of Environmental Management; DOE-NR = Naval Reactors Pro-
gram; DOE-OCRWM = Office of Civilian Radioactive Waste Management.

aIncludes research reactor spent fuel described in Chapter 4.
bDOE seeks USNRC concurrence on package certifications under a cost-reimbursable agree-
ment.
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The NWPA also establishes the authorities of the U.S. Nuclear Regula-
tory Commission (USNRC) as well as the roles of states and tribal nations.
It requires that the U.S. Department of Energy (DOE) transport spent fuel
and high-level waste only in packages that have been certified by the
USNRC (see Chapter 2). It also requires DOE to follow USNRC regula-
tions for advance notifications of state and local governments prior to
transport of these materials. Further, it requires DOE to provide technical
assistance and funding to states for training of appropriate units of local
government and Indian tribes through whose jurisdictions the Secretary of
Energy plans to transport spent nuclear fuel or high-level radioactive waste.
This training is to cover procedures for safe routine transportation and
emergency response.

The NWPA explicitly recognizes the precedence of existing federal,
state, and local transportation laws: “Sec. 9: Nothing in this Act shall be
construed to affect Federal, State, or local laws pertaining to the transpor-
tation of spent nuclear fuel or high-level radioactive waste.” Indeed, as
described elsewhere in this appendix, there are many additional laws and
regulations that apply to the national transportation program for Yucca
Mountain.

Section 304 of the NWPA establishes the Office of Civilian Radioactive
Waste Management within the Department of Energy (DOE-OCRWM) to
carry out the waste disposal function. Within this office, the Office of
National Transportation is taking the lead for developing a national trans-
portation program for Yucca Mountain.? The Office of Civilian Radioac-
tive Waste Management will be responsible for transporting both commer-
cial spent fuel and DOE spent fuel (except naval spent fuel) and high-level
waste to the repository. The Naval Reactors Program (DOE-NR) will trans-
port its own spent fuel to the repository.

The DOE-OCRWM Office of National Transportation is responsible
for performing the following tasks:

e Develop a national transportation plan that specifies schedules,
modes, and routes for shipping spent fuel to the repository.

e Build the necessary infrastructure (e.g., a rail line in Nevada; road
upgrades as necessary) to support the transportation program.

e Purchase the necessary equipment (e.g., transport packages, tractor-
trailers, and railcars) to support the transportation program.

e Hire transportation contractors to operate the transportation
program.

2DOE-OCRWM was undergoing a reorganization in early 2006. The new office structure
had not been announced when the present report was completed.
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e Establish a federal oversight program to ensure that transportation
operations comply with all applicable federal, state, and local regulations.

DOE issued the Standard Contract for Disposal of Spent Nuclear Fuel
and/or High-Level Radioactive Waste (Title 10, Part 961 of the Code of
Federal Regulations) that describes how it expects to carry out its responsi-
bilities under the NWPA. These regulations establish a “standard contract”
to be signed by the Secretary of Energy and owners of commercial spent
fuel, who are referred to as “purchasers” of DOE’s services. The standard
contract lays out the responsibilities of the purchasers and the DOE in
carrying out the provisions under the contract. These responsibilities are
summarized in Sidebar 5.1 and are discussed elsewhere in this appendix.

A flowchart for the national transportation system is illustrated sche-
matically in Figure C.1A, and the organizations responsible for the system
components are shown in Figure C.1B. Regulatory authorities are shown in
Figure C.1C. The components of the system are described below.

C.1.1 System Planning

Three primary planning functions must be completed before the trans-
portation system can be put into operation: procurement of equipment and
other needed infrastructure; scheduling the acceptance of spent fuel and
high-level waste from its owners; and identifying the routes to be used for
shipping this material to the federal repository and undertaking any neces-
sary upgrades to such routes. These planning functions are described in the
following subsections.

Procurement

DOE plans to use the nation’s existing roads and railways to ship to the
repository,’ but it may be required at its own expense to upgrade roads and
rail access to plant sites or to provide heavy-haul or barge access to rail-
heads. There is no rail spur to Yucca Mountain in Nevada, for example, so
DOE will have to build one to support its decision to ship by “mostly rail.”
DOE has selected the location for the rail spur in Nevada (see Chapter 5)
but has not yet completed a detailed route survey or the supplemental
Environmental Impact Statement (EIS) that is required prior to the initia-
tion of construction. The rail spur is expected to take several years to

3As described further in this appendix and in Chapter 5, rail access to the repository does
not now exist, so DOE will be required to build a rail spur to the repository in Nevada. DOE
may also be required to build a road to the repository from the nearest highway to support
truck transport.
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construct at a DOE-estimated cost of $2 billion. Congress must appropriate
the necessary construction funds to undertake this work.

DOE is also responsible for procuring the reusable transport packages
that it will use to ship spent fuel and high-level waste to the repository. A
variety of package designs may be needed to accommodate existing spent
fuel and high-level waste types. There are certified packages available for
commercial spent fuel transport (see Chapter 3) that could be purchased by
DOE. In May 2004, DOE issued purchase orders to vendors possessing
current USNRC certificates of compliance for transport packages to finance
studies on the vendors’ capabilities to take possession of spent fuel at
nuclear power plant sites and deliver it to Yucca Mountain. However, in
late 2005, DOE announced plans to develop a standardized package design
for its federal repository transportation program.

The process for procuring transport packages will likely take several
years, especially if new package designs are needed. The Nuclear Waste
Policy Act requires that new package designs be certified by the USNRC,
which will add additional time to the acquisition process. Procurement of
waste packages, which will cost on the order of $1 million each, also will
require timely appropriations from Congress. A substantial transportation
fleet must be acquired to meet DOE’s stated intention to ship to the reposi-
tory at a steady-state rate of 3000 metric tons per year (see Table 5.1).

DOE will also have to procure purpose-built railcars and tractor-trail-
ers (and possibly tractors) to transport these packages. These also will be
designed and fabricated by private vendors. As described in Section 5.3,
DOE’s schedule for these activities is changing because of delays in com-
pleting the license application for the federal repository.

The equipment purchase decision is a complex systems problem within
the broader transportation system and depends on several factors, for
example:

®  Modal decisions. Fundamentally different kinds and quantities of
equipment will be required depending on the number of truck and train
shipments to be made. This in turn will depend on the availability of rail
access at each of the shipping sites and at Yucca Mountain.

o Shipping rates. There must be sufficient equipment to support the
envisaged steady-state shipping rate of 3000 metric tons per year within a
few years of the start of repository operations. This is equivalent to about
200 to 300 rail package shipments per year or 1500 truck package ship-
ments per year.

e Contingencies. Spare equipment will be needed to allow for main-
tenance, “deadhead” shipments of packages and conveyances from the
repository to spent fuel and high-level waste storage sites, and unantici-
pated equipment failures.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

APPENDIX C 309

The Nuclear Waste Policy Act requires that DOE use private contrac-
tors “to the extent feasible” for the repository program. Indeed, DOE has
announced its intention to use private contractors to run its national trans-
portation program. However, DOE has not yet decided on the structure for
contractor operations. In 1998, DOE issued a notice that it intended to
divide the country into regions, each serviced by a “Regional Service Con-
tractor.” This plan was never implemented. In 2002, DOE issued another
notice that it planned to issue a request for proposals for a single manage-
ment and operating contractor to run the entire transportation program. It
retracted this notice after receiving unfavorable comments. DOE has yet to
announce what contracting approach it will pursue.

Once DOE decides which approach to use, it could take one or more
years to hire a contractor using the usual DOE procurement processes.
Once a contractor is selected, additional time will be required to develop
the procedures to be used in the transportation program. The contractor
will also have to hire and train workers to follow these procedures.

Scheduling

DOE must develop a schedule for accepting spent nuclear fuel and
high-level waste from commercial and DOE sites for transportation to the
repository. The schedule will based on two factors: (1) the order in which
spent fuel or high-level waste is to be accepted from its owners (see Sidebar
5.2); and (2) the rate at which fuel can be shipped to the repository. The
shipping rate will be based on several factors, but an important rate-con-
trolling step is likely to be the capacity at the repository for receiving and
unloading transportation packages. The availability of packages and other
transport equipment also could become a rate-limiting step, especially if
unexpected system upsets (e.g., equipment malfunctions) are encountered.
There also could be site-specific shipping delays owing to equipment mal-
functions and interference with reactor operations.

Routing

Two types of route planning are required to make the transportation
system functional. The first is to assess whether the routes at the shipping
and receiving ends of the system are adequate to accommodate shipments
using trains, the preferred DOE shipping mode. If not, upgrades will be
required before shipments can be made. DOE is in the process of planning
a Nevada rail route, as noted previously. Road upgrades also may be needed
in Nevada to support truck transport to the repository.

A second, more detailed route planning function must be carried out
for each shipment of spent fuel and high-level waste. Railroads operate
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almost entirely on private right of way. At present, there are few regulatory
restrictions on railroads’ freedom to select routes for spent fuel and high-
level waste shipments according to their own determinations of operational
suitability and safety.* Such restrictions might be imposed through contrac-
tual or voluntary agreements between DOE and the railroads.

If the shipment is to be made by truck, route selection is based on
Department of Transportation (DOT) regulations described in Chapter 2
and Chapter 4. DOE’s current plans regarding mode and route selection,
legal and regulatory restrictions on those decisions, and the states’ concerns
regarding routing are examined in Chapter 5.

C.1.2 Package and Load

Spent fuel and high-level waste owners are responsible for loading their
waste into transportation packages at their sites. DOE-OCRWM is respon-
sible for delivering empty packages to the sites to be loaded and can, at its
option, observe the loading operations. The standard waste contracts re-
quire that DOE develop procedures for package loading and also provide
the necessary training to sites for such loading and any associated package
maintenance. These procedures would presumably be developed by the
transportation contractor.

Under the terms of DOE’s standard contracts with utilities, each ship-
ment of spent fuel from a generator’s site to the repository will involve the
mass equivalent of one reactor core “offload,” that is, the amount of spent
fuel discharged from the reactor each time the core is reloaded with fresh
nuclear fuel. Commercial power plants typically discharge about a third of
a reactor core during each offload. This amounts to about 30 metric tons
(33 short tons) of spent fuel for a typical 100 metric ton (110 short ton)
reactor core. These offloads were commonly made on an annual basis, but
they are now typically made every two years as technologies have been
implemented for increasing fuel utilization.’

4This autonomy sometimes causes public controversy. In 2004-2005, for example, the
train transport of chlorine tank cars through Washington, D.C., within blocks of the U.S.
Capitol building, was the subject of controversy and led to an unsuccessful attempt by city
government to restrict such shipments. The railroad announced that it had voluntarily re-
routed some of these shipments around the city.

SThe utilization of nuclear fuel is referred to as “burn-up,” usually given in terms of the
total amount of electricity (megawatt-days) that is generated from each metric ton of uranium
in the fuel. Burn-ups on the order of 25,000 megawatt-days per metric ton were achieved
during the early days of nuclear power generation. Today, technology improvements allow
burn-ups approaching 60,000 megawatt days per metric ton to be achieved. Because of such
increased burn-ups, the nuclear fuel in reactors requires less frequent replacement.
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A single core offload will be transported to the federal repository in
several packages. A typical rail package holds about 10 metric tons (11
short tons) of spent fuel, so a 30 metric ton (33 short ton) core offload
would fit into two or three packages. A truck package typically holds about
2 metric tons (2.2 short tons) of spent fuel, so a single core offload would
fill 15 or more packages. A site must be capable of handling multiple
packages and conveyances for each shipping campaign it plans to make.
There will be strong pressure from generators to ship full packages for
reasons of economic efficiency, but there are likely to be many instances
when the spent fuel to be shipped from a site results in less than a full
package. DOE and the industry have not yet worked out arrangements for
resolving this issue. The industry maintains that it wants the transportation
system to run efficiently and will work with DOE to ensure that it does.

Owners are responsible for providing infrastructure for loading trans-
portation packages for shipment to the repository. At operating commer-
cial nuclear power plants, packages would be loaded under water in exist-
ing spent fuel pools. The packages would be moved in and out of the pools
using existing overhead cranes. The overhead cranes at some plants will
have to be upgraded to handle rail packages if the site intends to ship by
that mode. Those packages can weigh in excess of 100 metric tons (110
short tons) when fully loaded, versus the 25 metric ton (28 short ton)
weight for typical truck packages.

Several nuclear power plants, including decommissioned plants that no
longer have operating spent fuel pools, have large quantities of fuel in dry-
cask storage. Some of this fuel is stored in single-purpose packages that are
not directly suitable for transportation. Special equipment (e.g., package
over packs) or one-time variances from the USNRC will be needed to
transport these packages to the repository. Otherwise, this fuel will have to
be removed from the storage casks and reloaded into a package certified for
transport. This will require access to pool space or heavily shielded dry-
transfer facilities.

Owners are also responsible for providing access infrastructure within
their plant sites so that the transport packages can be delivered and picked
up. All commercial nuclear power plants have road access, and most, but
not all, have rail access. Some plants may have to upgrade or add rail spurs
if they choose to ship by that mode. DOE will have to assess and, where
necessary, make improvements to roads and rails outside plant sites so that
package deliveries and spent fuel pickups can be made.

The type of access available at each site will help determine what
transport mode is selected. Sites that have adequate access to rail lines will
likely ship by that mode using packages designed to be transported on
railcars. Sites without rail access could ship by truck using packages de-
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signed to be transported on truck trailers. Legal-weight truck® shipments
could be made over most of the nation’s highways. Overweight truck ship-
ments would require special permits issued by states and would be re-
stricted to routes with appropriate load ratings. Alternatively, rail packages
could be transported by heavy-haul truck” (again with state permits using
load-rated highways) or by barge® over water to nearby railheads if the
necessary infrastructure improvements are in place or can be made. DOE is
responsible for the costs of such improvements.

DOE’s Office of Environmental Management (DOE-EM) will be re-
sponsible for packaging its defense and research reactor spent fuel and
high-level waste for shipment to the repository. All of the DOE sites that
will ship this waste have rail access, but package-loading facilities may have
to be constructed at some of these sites.

C.1.3 Inspect and Accept

Once loaded, the owner must place the spent fuel or high-level waste
package onto the DOE-provided conveyance (i.e., typically railcars or trail-
ers). This will be done at the owner’s site using the owner’s equipment.
DOE-OCRWM will then perform an inspection to determine if the ship-
ment is “transport ready.” If so, it will accept the package for transport to
the repository. Ownership of the spent fuel or high-level waste passes to
DOE-OCRWM at the plant gate.

DOE told the committee that its current plans are to transport an
average of three packages per rail shipment. This is approximately the
number of train packages needed to ship a full core reload. DOE could,
however, accept a larger or smaller number of packages in each shipment,
or even partially full packages—there is no physical constraint that limits a

6A legal-weight truck is a truck that complies with all state and federal truck weight
regulations and therefore does not require any special permits to operate. In almost all cases,
legal-weight trucks would be limited to 80,000 pounds (about 36 metric tons) gross weight
(i.e., the weight of the vehicle and cargo) and could carry a cargo of about 50,000 pounds
(about 23 metric tons).

7In the context of the Yucca Mountain transportation problem, a heavy-haul truck is a
highway vehicle capable of carrying a rail shipping package. Such a truck would weigh in
excess of 200,000 pounds (about 90 metric tons) empty, plus the weight of the package when
loaded.

8Even if barge access is available, DOE may not be able to ship by this mode due to state
and public opposition. Such opposition appears to be especially strong in the upper Midwest,
particularly for shipments that would utilize the Great Lakes. The committee was told that
barge transport appears to be more acceptable in the southeastern United States, where such
shipments for the disposal of low-level waste are already being made.
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single train shipment to three packages. DOE could, in principle, combine
packages from several sites into a single shipment by moving packages to
nearby rail yards for makeup of single trains. There will likely be strong
pressure to minimize time in transit, which could encourage shipments
from single sites directly to the repository, and to minimize the consolida-
tion of shipments from multiple sites into single trains. On the other hand,
there might be pressure from transit states to consolidate shipments to
reduce the total number of trips.

C.1.4 Transport

The transport of spent fuel and high-level waste from storage sites to
the repository will be a complicated process involving DOE; its contractors;
regulatory authorities; and state, tribal, and local authorities. Each ship-
ment or shipping campaign® must be planned well in advance; the exact
planning requirements will depend to a great extent on the transportation
mode selected.

Although DOE has decided on a mostly rail transportation program,
the possibility still exists that trucks will play a significant role. For truck
shipments, the transportation contractor, in consultation with DOE, would
select a route from DOT’s approved list of preferred or alternate preferred
routes (see Chapter 4). The latter are designated by states. The highway
routes selected are most likely to be Interstate System highways and by-
passes around cities. The transportation contractor would then pick up the
shipment at the owner’s site and transport it to Yucca Mountain. The only
planned stops during transport would be for inspections, refueling, mainte-
nance, and crew rests and changes.

For train shipments, the railroad will select the route to be used prob-
ably in consultation with the contractor and DOE. DOE could impose
restrictions on the route—for example, to reduce time in transport, to
minimize transport through tunnels or densely populated areas, or to avoid
poor-quality tracks—but this might increase shipping costs. There is no
state or local control over routing decisions. The Western Interstate Energy
Board has examined the possibility of state regulation of routing of spent
fuel train shipments, but no state has acted and the limits of state powers to
regulate such matters have not been legally determined (WIEB, 1995,
Pp. 34-36, Pp. 45-47).

9A shipping campaign consists of a number of shipments from a single site to the federal
repository over a fixed period of time. Such campaigns are likely for truck transport but less
likely for train transport unless a number of core offloads (each of which could be shipped to
the repository using a single train) are planned for consecutive shipment.
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Regardless of mode, actual transportation operations would be carried
out by private trucking or railroad companies under contract to DOE. In
principle, a single trucking firm could handle all truck shipments to the
repository, because highways are publicly owned. This would not be the
case for train shipments, however, because railroad rights of way are pri-
vately owned. DOE would have to contract with the rail operator who
owns the tracks with direct access to the shipping site. That operator would
pick up the shipment and move it to the end of its line. From there it would
be transferred to the rail operator who owns the next segment of track.
Several such transfers might take place to move a single shipment from the
owner’s site to the repository.

DOE has yet to develop procedures or hire contractors for shipping to
the repository. These tasks would presumably be handled by the transpor-
tation contractor.

En Route Inspections

States have primary responsibility for enforcing highway safety regula-
tions concerning federal motor carrier safety and hazardous materials trans-
portation. Consequently, truck shipments of spent fuel and high-level waste
to the repository would be subject to state inspection, and each shipment
could potentially receive separate inspections by each state. State enforce-
ment officials can stop and inspect vehicles and inspect the premises of
motor carriers to check for compliance with federal and state requirements
regarding equipment, documentation, and driver fitness. States can also
require carriers to obtain special permits to operate these vehicles and
charge fees for such permits.

However, the federal hazardous materials transportation law is explicit
that federal rules preempt state rules in cases of conflict (49 USC 5125),
consistent with the goal of nationally uniform regulation. DOT has admin-
istrative authority to determine when state rules are to be preempted. For
example, DOT has determined that state requirements for special permits
for radioactive materials highway shipments are preempted if they require
documentation or prenotification in excess of federal requirements. DOT
also has determined that state fees imposed on hazardous materials trans-
port are preempted if they are excessive or if the revenue is not used for
purposes related to hazardous materials transport. Additionally, DOT has
determined that state routing requirements for highway radioactive materi-
als transport are preempted if they are not identical with federal require-
ments (Buren, 1998).

Regulation of the safety and operation of railroads is dominated by the
federal government. Railroad shipments of spent fuel and high-level waste
are not subject to state regulation, but they are subject to inspection by
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DOT’s Federal Railroad Administration (FRA). The FRA is generally re-
sponsible for safety regulations governing the design and maintenance of
track, signals, and equipment; railroad operating practices; hazardous ma-
terials handling; and rail worker safety practices and qualifications.!? En-
forcement is by railroad self-inspections, which are audited by Federal
Railroad Administration inspectors with the participation of administra-
tion-certified state inspectors.

In 1998, the Federal Railroad Administration published the report
Safety Compliance Oversight Plan for Rail Transportation of High-Level
Radioactive Waste and Spent Nuclear Fuel (FRA, 1998) as a comprehen-
sive definition of FRA activities to ensure the safety of rail transport of
these materials. The plan is a statement of policy rather than a regulation. It
was developed to guide the FRA’s involvement in DOE’s Foreign Research
Reactor Spent Fuel Program, but it is also intended to be applicable to
future shipments to a federal repository or to temporary storage. The plan
requires coordination among the Federal Railroad Administration, DOE,
utilities, railroads, and the states.

The elements of this plan are grouped in three activity areas: planning,
inspections, and training. The planning provisions require the shipper to
notify the Federal Railroad Administration with carrier and route informa-
tion at least 90 days before the initial shipment. The FRA will inspect the
track and will consult with DOE and the shipper and carrier on route
selection. The plan highlights physical track quality as a route selection
criterion. The Federal Railroad Administration will also assist states in
estimating highway-rail grade-crossing accident risks along the route. Other
provisions of this plan involve inspections by FRA personnel of all equip-
ment, a requirement for administration personnel to be present in the
railroad’s dispatch center during each movement of spent fuel or high-level
waste, and training for railroad personnel and emergency responders.

Security

DOE-OCRWM is responsible for providing security for its shipments
of spent fuel and high-level waste. Under the Nuclear Waste Policy Act,
DOE is required to follow the U.S. Nuclear Regulatory Commission’s regu-
lations in 10 CFR 73.37: Requirements for the Physical Protection of Irra-
diated Reactor Fuel in Transport. These regulations address the establish-
ment of a physical protection system that minimizes the possibility for
radiological sabotage of spent fuel shipments, especially within heavily

10These regulations are promulgated in Title 49, Parts 200-245 of the Code of Federal
Regulations.
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populated regions, and facilitates the location and recovery of spent fuel
shipments that come under the control of unauthorized persons. The regu-
lations require that the shipper take the following steps:

e Notify the USNRC in advance of each shipment. Part 73.72 re-
quires that such notifications be received at least 10 days prior to the
initiation of such shipments.

e Make arrangements with local law enforcement agencies along the
route of each shipment for their response to an emergency or call for
assistance.

e Obtain advance approval by the USNRC of the routes to be used.
The Commission will physically survey the routes and issue an approval to
use them for a fixed time period.

e Plan shipments so that scheduled intermediate stops are avoided to
the extent practicable.

e Provide trained escorts for the shipments and require that these
escorts make calls to a communications center at least every two hours to
provide a shipment status.

Escort requirements are specified according to mode and route. Truck
transport within a heavily populated region!! is required to be occupied by
a driver and at least one escort, and to be escorted by an armed member of
local law enforcement in a mobile unit. Alternatively, a vehicle occupied
only by a driver is required to be escorted by lead and trailing vehicles
containing at least one armed escort each. A road transport vehicle not in a
heavily populated region is required to have an escort on board or to be
escorted by a vehicle that contains at least two escorts. Escorts must be
capable of communicating with the communications center, local law en-
forcement, and each other. The transport vehicle must be equipped with
USNRC-approved features that permit immobilization of the cab or cargo-
carrying portion of the vehicle. Additional security measures were required
by the USNRC after September 11, 2001. These requirements have not
been made public.

Shipments by train within heavily populated regions must be accompa-
nied by two armed escorts, at least one of whom is stationed on the train to

The more stringent requirements for transporting spent fuel through heavily populated
regions were developed based on the “urban studies” completed by Sandia for the USNRC
(DuCharme et al., 1978; Finley et al., 1980; Sandoval et al., 1983; Sandoval, 1987). These
studies suggested that sabotage of spent fuel transport packages in urban areas could have
significant negative consequences. Consequently, the Commission requires tighter security for
spent fuel transport through such areas. The USNRC is undertaking additional vulnerability
studies in response to the September 11, 2001, attacks.
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permit direct observation of the package railcar while in motion. Shipments
by rail in regions that are not heavily populated must be accompanied by at
least one escort stationed on the train to permit such direct observation.
These escorts must have the capability to communicate with the communi-
cations center and local law enforcement.

Regulations also require that the shipper notify the governor or gov-
ernor’s designee of each state through which the shipment will pass. This
notification must be postmarked at least seven days before the shipment
reaches the state or be delivered by messenger at least four days in advance.
The notification must include a description of the shipment, a listing of the
routes to be used within the state, the estimated time of departure from the
point of origin of the shipment,'2 and the date and time of entry into the
state. Subsequent timely notifications are required if the schedule changes
by more than six hours.

All spent fuel and high-level waste shipments to the repository will have
DOE- or contractor-provided security escorts and, in addition to the
USNRC requirements described previously, will be tracked using a global
positioning system (GPS) to provide real-time monitoring of the locations
of all shipments. GPS tracking is currently in use for other DOE waste
shipments, including shipments to the Waste Isolation Pilot Plant in New
Mexico. The information on location and status of shipments is made
available to states when shipments are within their geographic boundaries.

Emergency Response

An emergency responder is any individual trained to provide assistance
at the scene of an accident. The first emergency responder at the scene of a
transportation accident might be the transport vehicle driver. The carrier
(whether truck or rail) is responsible for providing the first line of emer-
gency response should an accident or terrorist attack occur. This would
include preventing the spread of contamination at the site of the accident;
preventing individuals from coming into contact with spilled materials; and
preventing contaminated vehicles or equipment from being used until they
have been surveyed and, if necessary, decontaminated. The carrier also is
responsible for notifying local authorities, the shipper, and applicable fed-
eral agencies of the accident and providing whatever additional assistance is
required.

State, tribal, and local governments play a preeminent role in emer-
gency response and preparedness. They provide the first line of government

12The state is to keep this information protected in accordance with 10 CFR 73.21 until at
least 10 days after the shipment entered or originated within the state or, for a series of
shipments, 10 days after the last shipment.
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response to emergencies involving chemically hazardous and radioactive
materials and can call on other levels of government for assistance as cir-
cumstances require. Their level of readiness varies nationally. Some require
minimal technical assistance, whereas others will act only to secure the
accident scene and evacuate endangered populations while awaiting techni-
cal assistance.

The first government responder will likely be a member of a public
safety department such as sworn police officer or firefighter, or both, from
the jurisdiction where the accident is located. Specialized teams (i.e., a
“hazmat team”) attached to the jurisdiction’s emergency services agency, or
from neighboring communities when mutual aid agreements are in effect,
may be dispatched to the site in the event of an accident involving hazard-
ous cargo.

Except in national defense incidents, the local government and the on-
scene commander are responsible for incident command and control. The
local authority (usually a government entity such as a city or county) will
establish an on-scene “incident commander” to direct the response and
ensure that all needed resources are made available. If the emergency needs
outstrip the resources of the jurisdiction, the incident commander will work
with authorities to summon additional assistance. This could include trained
teams from adjacent jurisdictions that are activated through prearranged
mutual assistance agreements; state and federal response teams; and private
organizations.

The Department of Homeland Security (DHS) is the responsible federal
agency for incident response. At the direction of the President of the United
States, DHS has instituted the National Incident Management System
(NIMS), which is intended to become the national command and control
system for responding to incidents of any nature in the homeland. The
President has issued a number of Homeland Security Presidential Directives
(HSPDs)13 to implement NIMS, and governors and state legislatures have
also been requested to adopt this system. The federal government has estab-
lished 2006 as the deadline for national compliance.

The NIMS establishes a National Response Plan, which tasks all fed-
eral agencies and establishes operational standards and procedures for re-
sponding to incidents.* Under this plan, the Secretary of Homeland Secu-
rity, acting as the principal federal official, or a federal official designated
by the secretary as a federal coordinating officer, can direct federal assis-

I3HSPD-5 designates the Secretary of the Department of Homeland Security as the princi-
pal federal official for hazards preparedness, response, and recovery anywhere in the United
States. HSPD-8 implements NIMS, defines national preparedness goals, and provides a Na-
tional Uniform Task List for all hazards.

14The National Response Plan replaces the Federal Response Plan, which was an agreement
among federal agencies on a management process for responding to incidents.
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tance and resources to the on-scene incident commander. The governor of
the state in which the incident occurs will appoint a state coordinating
officer to direct and control state assets and request federal assistance on
behalf of the on-scene commander.

The federal government also is the primary provider of training to the
nation’s firefighters and emergency management personnel through the
National Emergency Training Center in Emmitsburg, Maryland. This cen-
ter houses the National Fire Academy, which provides training to the
nation’s firefighters, and the Emergency Management Institute, which serves
as the national focal point for executive-level emergency management train-
ing. These organizations provide resident and nonresident training; the
latter includes Web-based training and other distance training using video
tapes and other instructional materials.

The Department of Transportation, in cooperation with Canadian and
Mexican transportation organizations, has developed the Emergency Re-
sponse Guidebook (DOT, 2004) for use by emergency responders during
the initial phase of a dangerous goods or hazardous materials incident. It
was developed to help responders quickly identify actual or potential haz-
ards in an incident and take steps to protect themselves and the public
during the initial phases of a response. Federal regulations!’ require that
first responders be trained in the use of this guidebook.

The Department of Energy provides technical assistance and training to
emergency responders through its Transportation Emergency Preparedness
Program (TEPP). Under the Nuclear Waste Policy Act, DOE is responsible
for providing emergency responder training assistance along routes that
will be used to ship spent fuel and high-level waste to the repository. This
program is described in Chapter 5. DOE plans to initiate this training
assistance once it identifies transport routes.

The Institute for Nuclear Power Operations (INPO!¢) has established
voluntary agreements among the nation’s nuclear utilities to provide mu-
tual assistance in the event of a radioactive materials transportation acci-
dent involving commercial spent fuel. Through these agreements, nuclear
utilities located near the scene of an accident would provide technical ad-
vice and assistance to federal, state, and local emergency responders regard-
less of who owns the spent fuel involved in the accident.

15These are provided in 29 CFR 1910.120 and 40 CFR Part 311.

L6INPO was formed by the nuclear power industry in 1979 as a result of the Three Mile
Island Unit 2 accident near Harrisburg, Pennsylvania. Its purpose is to promote the safety and
reliability of nuclear power plant operations. INPO sets performance guidelines and objec-
tives for nuclear power plant operations; conducts evaluations of plant performance; and
accredits utility training programs for plant operators and supervisors. All U.S. nuclear power
plant operators are members of this organization, and nuclear plant operators in other coun-
tries are participants.
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C.1.5 Inspect and Unload

Once the shipment reaches the repository, the package will be removed
from its conveyance and unloaded. A surface facility at the repository site
will be constructed for this purpose. The package unloading function will
be handled by the repository contractor as part of disposal system opera-
tions. The rate of unloading will be governed by the availability of surface
storage and the rate at which spent fuel and high-level waste can be moved
to storage or emplaced underground. This rate will help determine the
transport package procurement strategy.

DOE-OCRWM is responsible for constructing facilities for receiving
and unloading waste packages at the repository and maintaining the pack-
ages and conveyance equipment. DOE will include the design of these
facilities in its application to the USNRC for a repository construction
license. Construction of these facilities could take several years.

C.1.6 Maintenance

Once the package has been unloaded, it and its conveyance would be
inspected for wear and damage, and maintenance would be performed as
required. They would then be returned to service. Empty packages and
conveyances would be sent to the next site in the waste acceptance queue.
While DOE-OCRWM has not yet determined where it will carry out this
maintenance activity, it sees advantages in locating this facility at or near
the Yucca Mountain site. DOE-OCRWM noted that it also does not yet
have a design for such a maintenance facility. The design requirements will
depend on the mix of transport modes employed (i.e., train versus truck),
because this will affect the size and throughput of transport packages.

DOE-OCRWM may find that it needs more than one facility to service
a national transportation program, given the amount of equipment in-
volved and the geographic extent of its planned operations. The transporta-
tion program in the United Kingdom, for example, has one maintenance
facility for locomotives, two geographically separated facilities for main-
taining railcars, and yet another facility for maintaining its transportation
packages.

C.2 DISCUSSION

As described in the foregoing sections, the system to transport spent
fuel and high-level waste to a federal repository will involve a large number
of operations, responsible parties, and interdependencies. Many of the ma-
jor decisions that have to be made to establish this system are under DOE-
OCRWM’s direct control, most notably modal and routing decisions, equip-
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ment purchases, and contractor selections. Of course, establishment of this
system is dependent on DOE’s ability to obtain a license to construct and
operate the repository, including surface facilities to handle spent fuel and
high-level waste shipments, and to obtain adequate appropriations from
Congress for procuring equipment and hiring contractors.

One of the most important decisions in the transportation program—
the order for accepting spent fuel from generators—is established by the
Nuclear Waste Policy Act (see Sidebar 5.2). It has no geographic coherence,
and neither will the transport system developed to accommodate it. Spent
fuel is likely to be transported to the repository simultaneously from several
parts of the country along several different routes. It could be difficult for
DOE to achieve efficiencies with respect to many of its transport opera-
tions, most notably route planning and emergency responder training, if it
has no legal control of the acceptance order.

The national transportation program was in the early stages of devel-
opment when this report was being written. Most of the planning and a
great deal of the infrastructure will have to be developed from scratch, most
notably the following;:

e The back-end facilities at the repository for handling the packages
and conveyances have not been licensed or constructed.

e A rail route has not been constructed in Nevada.

e The packages and conveyances to move the spent fuel and high-
level waste have not yet been ordered. New designs may have to be devel-
oped for some of this equipment. New package designs will require certifi-
cation by the USNRC. DOE will not be able to fully determine its package
needs until it has updated data on rail and heavy-haul access to owner’s
sites (see Chapter 5).

e DOE has not yet decided on contractor roles in the program, nor
has it advertised for a transportation contractor.

e Procedures for loading and moving spent fuel and high-level waste
have not yet been established.

e DOE has not yet selected routes so that emergency responder train-
ing can begin.

e  Many states, including Nevada, have yet to specify alternate pre-
ferred routes for truck shipments.

e Procedures, facilities, and criteria for inspection and maintenance
of packages and conveyances have not been developed.

In short, the national transportation program is very much a work in

progress. The committee makes several recommendations in Chapter 5 for
improving this transportation program.
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Glossary

10 CFR Part 71: Title 10, Part 71 of the Code of Federal Regulations, Pack-
aging and Transportation of Radioactive Material. These regulations
were promulgated by the U.S. Nuclear Regulatory Commission.

10 CFR Part 72: Title 10, Part 72 of the Code of Federal Regulations, Li-
censing Requirements for the Independent Storage of Spent Nuclear
Fuel, High-Level Radioactive Waste, and Reactor-Related Greater than
Class C Waste. These regulations were promulgated by the U.S. Nuclear
Regulatory Commission.

49 CFR Part 173: Title 49, Part 173 of the Code of Federal Regulations,
Shippers—General Requirements for Shipments and Packagings. These
regulations were promulgated by the U.S. Department of Transporta-
tion.

A: The maximum activity of special form radioactive material permitted in
a Type A package as provided in Appendix A of 10 CFR Part 71.

A,: The maximum activity of normal form radioactive material permitted
in a Type A package as provided in Appendix A of 10 CFR Part 71.

Absorbed dose: The quantity of ionizing radiation deposited into an organ
or tissue, expressed in terms of the energy absorbed per unit mass of
tissue. The basic unit of absorbed dose is the rad or its SI equivalent the
gray (Gy).

Acceleration: The rate of change of velocity of an object.

Accelerometers: Devices that measure the acceleration of an object.

Accident conditions of transport: Severe conditions that well exceed normal
conditions of transport. Such conditions could result in the application
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of thermal and mechanical forces that have the potential to damage the
vital containment functions of the package.

Accident consequence value: The estimated collective dose that would be
received by a population as a result of an accident scenario.

Accident scenario: A postulated sequence of events during a transportation
accident that result in the application of elevated thermal and mechani-
cal loads to a transportation package.

Accident source term: The amount of radioactive material released from a
loaded transportation package in an accident.

Actinides: Any of a series of chemically similar radioactive elements with
atomic numbers ranging from 89 (actinium) through 103 (lawrencium).
This group includes uranium (atomic number 92) and plutonium
(atomic number 94).

Activity: The rate of decay of a radioactive isotope.

Acute radiation exposure: A radiation exposure that occurs over a rela-
tively short period of time (e.g., seconds to hours). A chest X-ray is an
acute radiation exposure.

Affected communities: Communities that are impacted by a transportation
program, for example, communities along a route used to ship spent
fuel and high-level waste.

Agreement State: States that have assumed authority under Section 274b of
the Atomic Energy Act to license and regulate by-product materials
(radioisotopes), source materials (uranium and thorium), and certain
quantities of special nuclear materials.

Atoms for Peace Program: A U.S. program begun under the Eisenhower
administration to supply research reactor technology and nuclear fuel
to foreign nations that agreed to forgo the development of nuclear
weapons.

Bare-fuel packages: See Package.

Becquerel: A unit of radioactive decay equal to 1 disintegration per second.

Bounding accident scenarios: Physically realistic accident scenarios that
would be expected to produce large thermal and mechanical loading
conditions.

Burn-up: A measure of the degree to which the uranium-2335 in nuclear fuel
has been used up (fissioned), which determines the amount of radioac-
tivity and heat generation in the fuel after it has been removed from the
reactor.

BWR: Boiling water reactor, a type of nuclear reactor in which the reactor’s
water coolant is allowed to boil to produce steam. The steam is used to
drive a turbine and electrical generator to produce electricity.

Byproduct material: Defined by the Atomic Energy Act as radioactive mate-
rial (except special nuclear material) yielded in or made radioactive by
exposure to the radiation incident to the process of producing or using

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

324 GOING THE DISTANCE?

special nuclear material; and tailings or wastes produced by the extrac-
tion or concentration of uranium or thorium from any ore processed
primarily for its source material content.

Caliente corridor: A corridor in Nevada that has been selected by the
U.S. Department of Energy for the construction of a rail line to Yucca
Mountain. The corridor begins near Caliente, Nevada; passes north of
the Nevada Test and Training Range; and then runs south to Yucca
Mountain.

Cancer incidence: Also known as the incidence rate. The rate of occurrence
of cancer within a specified period of time per unit of population; for
example, the number of cancers per year per 100,000 people.

Cancer mortality: Also known as the mortality rate. The rate of death from
cancer within a specified period of time per unit of population; for
example, number of cancer deaths per year per 100,000 people.

Canister-based packages: See Package.

Cask: See Package.

Centralized interim storage: See Interim storage.

Certification tests: See Full-scale testing.

Chronic radiation exposures: Radiation exposures that occur over extended
periods of time (e.g., months to years). Exposure to natural background
is a chronic radiation exposure.

Closed fuel cycle: A nuclear fuel cycle in which spent fuel is processed to
recover its usable contents.

Cloud shine: Radiation exposure from airborne radioactive material.

Collective dose: The sum of all radiation exposures received by all members
of a specified population.

Commercial spent fuel: Spent fuel produced from commercial nuclear power
plants.

Community: A group of people having similar characteristics, interests, or
interactions; for example, people living in a particular geographic re-
gion, people with common cultural backgrounds, or people with com-
mon professional interests.

Comparative risk: See Risk.

Complementary cumulative distribution function (CCDF): Also known as
the risk curve. A graphical representation of estimates of risk to a popu-
lation from a particular accident scenario involving spent fuel and high-
level waste. The estimate is developed through computer modeling
studies.

Compound CCDF: A graphical representation of the statistical properties
(e.g., mean, median) of a group of complementary cumulative distribu-
tion functions.

Containment effectiveness: The ability of a transportation package to con-
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tain its radioactive contents and maintain its radiation shielding effec-
tiveness during routine use and under severe accident conditions.

Conventional vehicular impact: Health and safety impacts that result from
both normal transportation and transportation accidents involving
spent fuel and high-level waste. These include the health impacts of
transport vehicle exhaust emissions as well as traffic-related fatalities,
injuries, and property damage.

Conveyance: Any transport vehicle or vessel used to move spent fuel and
high-level waste packages; for example, a truck and trailer or a locomo-
tive and railcar.

Criticality events: Self-sustaining nuclear reactions in spent fuel like those
that occur when the fuel is in the reactor.

Crud: Non-fixed radioactive contamination on the external surfaces of spent
fuel assemblies.

Curie: A unit of radioactive decay equal to 3.7 x 1019 (37 billion) disinte-
grations per second.

Dedicated train: A train that transports only spent fuel or high-level waste
and no other cargo.

Demonstration tests: See Full-scale testing.

Depleted uranium: Uranium from which much of the uranium-235 has been
removed.

Direct inhalation: See Inhalation.

Direct socioeconomic impact: Loss of economic or social well-being as a
direct result of transportation program operations; for example, eco-
nomic losses from a transportation accident.

DOE spent fuel: Spent fuel that is being managed by the U.S. Department of
Energy, including spent fuel from defense reactors, research reactors,
naval reactors, and some commercial power plants.

Dose: See Radiation dose.

Dose rate: See Radiation dose rate.

Dry-cask storage: Packages used to store spent fuel in a dry state.

Effective dose: The equivalent dose averaged over all organs that accounts
for the varying sensitivity of different organs and tissues to the biologi-
cal effects of ionizing radiation. The effective dose has the same units as
the equivalent dose.

Elastic limit: The maximum stress that can be applied to an object without
causing permanent deformation.

Emergency responder: A individual trained to provide assistance at the scene
of an accident.

Environmental justice: The fair treatment and meaningful involvement of
people regardless of race, gender, national origin, or level of attained
education in the development of laws, regulations, and policies that
affect them.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

326 GOING THE DISTANCE?

Equivalent dose: The absorbed dose averaged over the organ or tissue of
interest multiplied by a weighting factor that accounts for the differ-
ences in the biological effects per unit of absorbed dose for different
types of radiation. The basic unit of equivalent dose is the rem or its SI
equivalent the sievert (Sv).

Essentially unyielding surface: A surface that, because of its large mass and
stiffness, absorbs minimal energy when impacted with other objects.

Event trees: A graphical illustration of the sequence of events leading to an
accident along with the probability of occurrence of each event. Each
branch of the tree depicts the sequence of events that leads to the acci-
dent outcome depicted at the end of the branch. The probability of that
accident is equal to the product of the probabilities of each segment
along the branch.

Exclusive use: Defined in 10 CFR 71.4 as “sole use by a single consignor of
a conveyance for which all initial, intermediate, and final loading and
unloading are carried out in accordance with the direction of the con-
signor or consignee. The loading and unloading must be carried out by
personnel having radiological training and resources appropriate for
the safe handling of the consignment.”

Extraregulatory conditions: Accidents that impose thermal or mechanical
loads on transportation packages that exceed those generated in the
hypothetical accident conditions specified in 10 CFR Part 71.

Federal repository: A federally operated underground facility for the per-
manent disposal of spent fuel and high-level waste.

Fissile: Capable of being fissioned with thermal (low-energy) neutrons, the
primary process in most nuclear reactors. The two most important fis-
sile materials in spent fuel are uranium-235 and plutonium-239.

Fission: The splitting of a nucleus into at least two fragments accompanied
by the release of neutrons and energy.

Free-drop test: One of the hypothetical accident conditions in 10 CFR
Part 71 involving the free fall a transportation package from a height of
9 meters (about 30 feet) onto a flat, essentially unyielding horizontal
surface, with the package striking the surface in the position expected
to produce maximum damage.

Fuel assembly: A bundle of fuel rods arranged in a square array.

Fuel basket: A latticed container that is inserted into a transportation pack-
age or dry-storage cask and is designed to hold spent fuel assemblies in
a fixed configuration.

Fuel cladding: The thin-walled metal tube, usually fabricated from a zirco-
nium alloy, that forms the outer jacket of a nuclear fuel rod.

Fuel pellets: Small cylinders of uranium, usually in an oxide form, that
provide the fuel for a nuclear reactor.

Fuel rod: Sometimes referred to as a fuel element or fuel pin. A long, slen-
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der, sealed tube that holds uranium fuel pellets. Fuel rods are bundled
in square-arrays bundles called fuel assemblies.

Full-scale testing: Tests carried out on full-scale transportation packages or
package components. Tests carried out to simulate the hypothetical ac-
cident conditions specified in 10 CFR Part 71 are referred to as certifi-
cation tests. Tests carried out to simulate other severe accident condi-
tions are often referred to as demonstration tests.

Fully engulfing fire: An optically dense, hydrocarbon-fuel fire that is suffi-
ciently large to completely engulf a transportation package.

g: The acceleration imparted by Earth’s gravity field; 1 g is equal to 9.8
meters per second squared or 32 feet per second squared.

Galactic cosmic radiation: Radiation originating from distant stars and gal-
axies.

General trains: Also known as general service trains. Trains that carry other
freight in addition to spent fuel or high-level waste.

Generic package: A conceptual package design that incorporates the salient
features of packages that have been certified for actual service. Generic
package designs have been constructed for use in package performance
modeling studies.

Gray literature: Foreign or domestic open-source material that usually is
available through specialized channels and may not enter normal chan-
nels or systems of publication, distribution, bibliographic control, or
acquisition by booksellers or subscription agents.

Greater-than-Class-C waste: Radioactive waste that contains concentrations
of certain radionuclides above the Class C limits in 10 CFR 61.55.

Ground shine: Radiation exposure from material deposited on the ground.

Hazardous Materials Incident Reporting System: A computerized database
maintained by the U.S. Department of Transportation that contains
information on incidents involving the interstate transportation of
hazardous (including radioactive) materials by air, highway, rail, and
water.

Health and safety risks: In the context of this report, risks that arise from
exposures of people to radiation as a direct result of spent fuel and
high-level waste transport.

Heavy-haul truck: As used by the U.S. Department of Energy, an over-
weight truck that is capable of transporting a full-size rail package.
High-income economy countries: Defined by the U.S. Department of En-
ergy to include Australia, Austria, Belgium, Canada, Denmark, Fin-
land, France, Germany, Israel, Italy, Japan, Netherlands, Spain, Swe-

den, Switzerland, Taiwan, and the United Kingdom.

High-level radioactive waste (HLW): Defined in Title 42 of the U.S. Code
as the highly radioactive waste material resulting from the reprocessing
of spent nuclear fuel, including liquid waste produced directly in repro-
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cessing and any solid material derived from such liquid waste that con-
tains fission products in sufficient concentrations; and other highly ra-
dioactive material that the U.S. Nuclear Regulatory Commission, con-
sistent with existing law, determines by rule to require permanent
isolation.

Highly enriched uranium (HEU): Uranium enriched in the isotope uranium-
235 to concentrations greater than or equal to 20 percent.

HIGHWAY: A U.S. Department of Energy computer model used to route
highway shipments of radioactive materials.

Highway route controlled quantity: Defined in 49 CFR 173.403 as a quan-
tity within a single package that exceeds 3000 times the A, or A, values
for special form and normal form radioactive material, respectively, or
that contains 1000 terabecquerels (27,000 curies) of radioactivity,
whichever is least.

HTGR: High-temperature gas-cooled reactor, a type of nuclear reactor in
which helium is used as the coolant instead of water. The helium is used
to heat water to generate steam, which in turn drives a turbine and
electrical generator to produce electricity.

Hypothetical accident conditions: A series of package tests described in 10
CFR Part 71 that includes a free-drop test, puncture test, thermal test,
and immersion test.

Immersion test: One of the hypothetical accident conditions in 10 CFR
Part 71 in which an undamaged package is subjected to a pressure head
equivalent to immersion in 15 meters (about 50 feet) of water. Addi-
tionally, 10 CFR 71.61 specifies that for packages designed for trans-
port of spent fuel with activity exceeding 37 petabecquerels (1 million
curies), the undamaged containment system must be able to withstand
an external water pressure of 2 megapascals (290 pounds per square
inch) for one hour without collapse, buckling, or in-leakage of water.

Impact limiters: Protective coverings attached to the ends of transportation
packages that are designed to absorb mechanical forces and provide
thermal protection for the package closure system.

Incidents: (1) Any event that involves the actual or suspected release of ra-
dioactive material from or surface contamination of a transportation
package. (2) An intentional criminal act intended to damage a trans-
portation package or disrupt a shipment.

Independent Spent Fuel Storage Installations (ISFSIs): See Interim storage.

Ingestion: Radiation exposures resulting from the uptake of radioactive
material into the body via the digestive tract.

Inhalation: Exposures resulting from the uptake of material into the body
via the respiratory tract. The exposures of interest in this report are
from inhalation of radioactive materials.

Interim storage: The temporary storage of spent fuel and high-level waste,
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either in pools or in dry casks. Facilities designed to store spent fuel or
high-level waste from several different sites are also informally referred
to as centralized interim storage facilities.

INTERLINE: A Department of Energy computer model used to route rail
shipments of radioactive materials.

Intermodal transportation: Movement of spent fuel or high-level waste us-
ing a combination of rail, highway, and barge.

INTERTRAN 2: An implementation of the RADTRAN code for interna-
tional applications.

Ionizing radiation: Radiation that is sufficiently energetic to ionize the mat-
ter (i.e., remove electrons from the atoms) through which it moves.

Irradiated nuclear fuel: See Spent nuclear fuel.

Large-quantity shipping programs: Transportation programs that ship on
the order of hundreds to thousands of metric tons of spent fuel or high-
level waste.

Latent cancer: Cancerous lesions in a living organism that have not pro-
gressed to a stage to be detectable.

Legal-weight truck: A truck having a total gross weight (i.e., including
cargo) of 80,000 pounds (about 36 metric tons) or less.

Low enriched uranium (LEU): Uranium enriched in the isotope uranium-
235 to concentrations less than 20 percent.

Magnox package: A transportation package used in the United Kingdom to
transport spent fuel from Magnox reactors. Also referred to as a
Magnox flask.

Margin of safety: Also known as a safety margin. A philosophy for design-
ing engineering structures that relies on conservative assumptions about
the mechanical properties of the materials used in the structure and the
applied loads that the structure must resist.

Maximally exposed individual: The individual in a population who is ex-
pected to receive the largest radiation dose.

Maximum reasonably foreseeable accident: Defined by the U.S. Depart-
ment of Energy as an accident characterized by extremes of mechanical
and thermal forces, and other conditions not specified, that leads to the
“highest reasonably foreseeable consequences.” DOE defines any acci-
dent that has the chance of occurring more than 1 in 10 million times
per year as being reasonably foreseeable.

Mean collective dose risk: The collective dose received by the population
from an accident times the probability of occurrence of that accident.

Mixed oxide fuel: Nuclear fuel that contains uranium and plutonium.

Mode: See Transportation mode.

Modular Emergency Response Radiological Transportation Training
(MERRTT): U.S. Department of Energy-developed training materials
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that provide information on fundamental concepts and procedures for
responding to radioactive materials transport incidents.

Mostly rail scenario: U.S. Department of Energy’s preferred scenario for
using trains to ship spent fuel and high-level waste to a federal reposi-
tory at Yucca Mountain, Nevada.

Mostly truck scenario: U.S. Department of Energy’s alternate scenario for
using trucks to ship spent fuel and high-level waste to a federal reposi-
tory at Yucca Mountain, Nevada.

MTHM: Metric tons of heavy metal, where the heavy metal is usually ura-
nium. This is a commonly used measure of fuel quantity.

Natural background radiation: Radiation that exists naturally in the envi-
ronment. It includes cosmic and solar radiation, radiation from radio-
active materials present in rocks and soil, and radioactivity that is in-
haled or ingested.

Naval spent fuel: Spent fuel from nuclear submarines, ships, and training
reactors belonging to the U.S. Navy.

Nominal probability coefficient: The slope of the linear no-threshold rela-
tionship between radiation dose and effect, the latter usually expressed
in terms of fatal cancer.

Non-fixed surface contamination: Contamination that adheres to the outer
surfaces of a package and can be detected by wiping.

Normal conditions of transport: Transport conditions in which the package
is subjected to minor mishaps due to rough handling or exposure to
weather. Such minor mishaps would not be expected to compromise
the vital containment functions of the package.

Normal form radioactive material: Defined in 10 CFR Part 71 as radioac-
tive material that is not special form radioactive material.

Nuclear fuel cycle: The cradle-to-grave processes for obtaining, using, recy-
cling, and disposing of uranium for nuclear applications such as electric
power generation.

Nuclear Waste Fund: A fund established by the U.S. government and funded
through a 1.0 mil (0.1 cents) per kilowatt-hour fee on nuclear-gener-
ated electricity to pay for the costs of disposing of commercial spent
fuel.

Nuclear Waste Policy Act: A federal law passed in 1982 and amended there-
after that provides for the development of a federal program to develop
and operate a federal repository for the disposal of spent fuel and high-
level waste.

Open fuel cycle: Also known as the once-through fuel cycle. A type of
nuclear fuel cycle in which fuel is disposed of after it becomes spent,
with no effort made to recover its usable components.

Operational controls: Restrictions placed on individual shipments of spent
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fuel and high-level waste to reduce the likelihood and/or consequences
of accidents.

Other than high-income economy countries: Defined by the U.S. Depart-
ment of Energy to include Argentina, Bangladesh, Brazil, Chile, Colom-
bia, Greece, Indonesia, Iran, Jamaica, Malaysia, Mexico, Pakistan, Peru,
Philippines, Portugal, Romania, Slovenia, South Africa, South Korea,
Thailand, Turkey, Uruguay, Venezuela, and Zaire.

Overweight truck: A truck exceeding the legal-weight limit of 80,000
pounds (approximately 36 metric tons) but within the range of weights
that states approve for operation on public roads after issuance of spe-
cial permits.

Package: See Transportation package.

Package closure system: The system of seals and lids on a transportation
package that provides for an airtight closure to prevent the release of
radioactive materials to the environment.

Package dose rates: The dose rate on the external surface of the package.

Package performance: The ability of a transportation package to maintain a
high level of containment effectiveness in long-term routine use and
under extreme mechanical and thermal loading conditions.

Package Performance Study: A U.S. Nuclear Regulatory Commission study
of package response to extreme thermal and mechanical loading condi-
tions.

PATRAN/PThermal: A commercial computer code used to model heat con-
vection, conduction, and radiation transport processes.

Perceptions: Defined by Webster’s Third New International Dictionary as
the “integration of sensory impressions of events in the external world
... as a function of nonconscious expectations derived from past expe-
rience.”

Physical protection: Security measures to protect spent fuel and high-level
waste shipments from malevolent acts.

Plutonium (Pu): A naturally radioactive actinide element with atomic num-
ber 94.

Private Fuel Storage, LLC: A private company that is developing a surface
facility in Utah for the interim storage of commercial spent fuel.

PRONTO 3D: A computer code developed by Sandia National Laborato-
ries that has been used to model transportation package response to
thermal and mechanical loading conditions.

Publics: Groups of people differentiated by both demographic (ethnicity,
income) and interest-based criteria.

Puncture test: One of the hypothetical accident conditions in 10 CFR Part 71
in which a package is dropped through a distance of 1 meter (about 40
inches) onto the upper end of a 6-inch (15.2-centimeter) diameter solid,
vertical, cylindrical mild steel bar mounted on an essentially unyielding
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horizontal surface. The package is dropped onto the bar in a position
that is expected to produce maximum damage.

PWR: Pressurized water reactor, a type of nuclear reactor in which the
reactor’s water coolant is kept at high pressure to prevent it from boil-
ing. The heat from this water is transferred to a secondary water system
that produces steam to drive a turbine and electrical generator to pro-
duce electricity.

Quality assurance program: Defined in 10 CFR Part 71 as those planned
and systematic actions necessary to provide adequate confidence that a
system or component will perform satisfactorily in service.

Radiation dose: The quantity of radiation deposited in an object divided by
the mass of the object. The radiation dose of interest in this report is
ionizing radiation. Ionizing radiation doses can be expressed as an ab-
sorbed dose, equivalent dose, or effective dose.

Radiation dose rate: The quantity of ionizing radiation deposited into an
object per mass of the object per unit time.

Radiation exposure: The act of being exposed to radiation. Also referred to
as irradiation.

Radiation shine: Radiation emitted from a transportation package contain-
ing spent fuel or high-level waste.

Radioactive: Elements that are unstable and transform spontaneously (i.e.,
decay) through the emission of ionizing radiation, a process known as
Radioactive decay.

Radioactive decay: See Radioactive.

Radioactive Material Incident Report Database: A database maintained by
Sandia National Laboratories that contains information about radioac-
tive materials transportation incidents that have occurred in the United
States since 1971.

RADTRAN: A computer code developed by Sandia National Laboratories
that has been used to estimate radiological exposures and consequences
under both normal transport conditions and accidents.

Railhead: The terminus of a rail line, usually within easy access of a public
roadway or water port.

Rail package: A transportation package designed to be transported by rail.

Repository: See Federal repository.

Research reactor: Small nuclear reactor used primarily to conduct research,
to develop theoretical practices, and for education or medical purposes.
These serve as sources of neutrons for spectrographic and radiographic
applications and for the manufacture of radionuclides for medical and
other uses.

Research reactor spent fuel: Spent fuel produced from research reactors.

Resuspension inhalation: Inhalation of radioactive materials that were de-
posited onto the ground and later resuspended in air.
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Risk: As used in this report, the potential for an adverse effect from the
transport of spent fuel or high-level waste. This potential can be esti-
mated quantitatively if answers to the following three questions can be
obtained: (1) What can go wrong? (2) How likely is it? (3) What are
the consequences? Risk can be expressed in absolute terms or in com-
parison to other types of risks.

Risk curves: See Complementary cumulative distribution function.

RISKIND: A computer code developed by Argonne National Laboratory
that has been used to estimate local, scenario-specific radiological doses
to maximally exposed individuals.

Routine conditions of transport: Transport conditions that are free of mi-
nor mishaps (see Normal conditions of transport) or accidents (see Ac-
cident conditions of transport).

Safeguards: Steps taken to ensure that special nuclear material is not stolen
or otherwise diverted for possible use in nuclear explosives or for radio-
logical sabotage.

Safe havens: Preplanned locations where a transport vehicle can stop in case
of an emergency and receive protection by police or other security
forces.

Safety: Measures taken to protect spent fuel and high-level waste during
handling and transport from failure, damage, human error, and other
inadvertent acts.

Scale model: A dimensionally accurate representation of an object, usually
at a reduced size, that is used for design and testing purposes.

Security: In the context of this report, measures taken to protect spent fuel
and high-level waste during handling and transport from sabotage, at-
tacks, and theft.

SI: International System of Units (from the French Systéme International
d’Unités), also sometimes referred to as the metric system.

Small-quantity shipping programs: Transportation programs that ship on
the order of tens of metric tons of spent fuel or high-level waste.

Social amplification of risk: Social processes that increase the consequences
of a particular risk.

Social process: A characteristic mode of social interaction. Such interac-
tions shape the communities in which people live by influencing choices
about where to purchase or rent a home, where to work, and where to
send children to school.

Social risk: Risks that arise from social processes and human perceptions.

Societal risk: All risks that affect society, including the health and safety
risks and social risks discussed in this report.

Source materials: Defined in the Atomic Energy Act to include any combi-
nation of uranium and thorium, in any physical or chemical form, or
ores that contain at least 0.05 percent by weight of uranium, thorium,
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or any combination thereof. Depleted uranium is considered to be a
source material.

Special form radioactive material: Defined in 10 CFR Part 71 as radioactive
material that exists as a single solid piece or is encapsulated material
that meets certain other requirements.

Special nuclear material: Defined in the Atomic Energy Act as plutonium,
uranium-233, or uranium enriched in the isotopes uranium-233 or ura-
nium-235. These isotopes are fissile and can be used in nuclear explo-
sive devices.

Spent fuel: See Spent nuclear fuel.

Spent fuel basket: See Fuel basket.

Spent fuel pool: A water-filled pool that is used for storage of spent fuel
assemblies after their removal from a nuclear reactor.

Spent nuclear fuel: Fuel whose fissile radionuclides have been consumed by
fission to a point where it is no longer efficient for its intended purpose
(e.g., for producing heat, electricity, or neutrons).

Standard contract: Created by the Nuclear Waste Policy Act, it specifies the
responsibilities of the U.S. Department of Energy and owners of com-
mercial spent fuel for handling, receipt, and transportation of spent fuel
to a federal repository for permanent disposal.

Stigma: An event or condition that marks a person, place, product, or tech-
nology as deviant, flawed, or undesirable. When the particular stigma-
tizing characteristic is observed, the person, place, product, or technol-
ogy may be denigrated or avoided.

Strain: The deformation of an object under an applied force.

Thermal creep: Deformation of an object over an extended period of time
when subjected to elevated temperatures.

Thermal test: One of the hypothetical accident conditions in 10 CFR Part 71
in which a package is fully engulfed in a hydrocarbon-fuel fire with an
average flame temperature of at least 800°C (1472°F) for a period of 30
minutes.

Thermally induced creep: See Thermal creep.

Thermomechanical conditions: Describes the mechanical forces and heat
loads applied to a transportation package.

Transportation Emergency Preparedness Program: A program developed to
support training of federal, state, tribal, and local authorities in emer-
gency preparedness and response to transportation incidents involving
DOE radioactive materials shipments.

Transportation mode: Describes the means by which spent fuel and high-
level waste is transported, for example, by truck, train, or barge.

Transportation operations: The spectrum of activities associated with the
shipment of spent fuel and high-level waste.
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Transportation package: In the context of this report, containers used for
the transport of spent fuel or high-level waste, whether loaded or empty.
Loaded packages are referred to as packages in international standards,
whereas the containers themselves without their contents are referred
to as packagings. The terms casks and flasks (the latter term is com-
monly used in the United Kingdom) are sometimes used synonymously
with packages. This report distinguished between two types of trans-
portation packages: bare-fuel packages in which the spent fuel and the
fuel basket are placed directly into the package, and canister-based
packages in which the spent fuel and fuel basket are placed into a
welded steel canister that in turn is placed in the package.

Transuranic waste: Radioactive waste containing long-lived radioactive
transuranic elements (elements with atomic numbers greater than 92)
such as plutonium in concentrations greater than 100 nanocuries per
gram.

Truck package: A transportation package designed to be transported by
road.

Type A package: A package designed for the transport of materials of lim-
ited radioactivity—for example, uranium hexafluoride and fresh nuclear
fuel.

Type B package: A package designed for the transport of larger quantities
of material including spent fuel, high-level waste, and mixed oxide fuel.

Type C package: A package designed for the air transport of quantities of
radioactive material exceeding a defined threshold including, for ex-
ample, plutonium and mixed oxide fuel.

Uranium (U): A naturally radioactive actinide element with atomic number
92.

Very long duration fires: Fires that burn for periods of hours (or longer),
which can produce thermal loading conditions that exceed those for the
regulatory thermal test specified in 10 CFR 71.73.

Vitrification: A process for immobilizing radioactive waste, particularly
high-level waste, in glass matrices.

Vulnerable communities: Communities of people who, because of dispro-
portionate exposures to other health-affecting substances, or because
of ethnic, linguistic, or socioeconomic issues, may be less able to read
or understand information from the authorities, to act in a first-re-
sponder role, to exit the area in a timely manner in an emergency, or to
otherwise cope with an emergency.
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AAR
AEA
AEC
ALARA
ASME

BAM

BLM
BNFL
BWR

CCDF
CEGB
CFR
CT
CVTR

DHS
DNA
DOE
DOE-EM

APPENDIX

E

Acronyms

Association of American Railroads

Atomic Energy Act

Atomic Energy Commission

as low as reasonably achievable

American Society for Mechanical Engineers

German Federal Institute for Materials Research and
Testing

Bureau of Land Management

British Nuclear Fuels Limited

boiling water reactor

complementary cumulative distribution function
Central Electricity Generating Board

Code of Federal Regulations

computed tomography

Carolinas-Virginia Tube Reactor

U.S. Department of Homeland Security

deoxyribonucleic acid

U.S. Department of Energy

U.S. Department of Energy, Office of Environmental
Management
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DOE-NE U.S. Department of Energy, Office of Nuclear Energy

DOE-NR U.S. Department of Energy, Naval Reactors Program

DOE-RW U.S. Department of Energy. Office of Civilian Radioac-
tive Waste Management

DOT U.S. Department of Transportation

DOT-FMCSA U.S. Department of Transportation, Federal Motor
Carrier Safety Administration
DOT-FRA U.S. Department of Transportation, Federal Railroad

Administration

DOT-NHA U.S. Department of Transportation, National Highway
Administration

DU depleted uranium

EIS Environmental Impact Statement

EJ Environmental Justice

EPA U.S. Environmental Protection Agency

EPRI Electric Power Research Institute

ERDA Energy Research and Development Administration

FEMA Federal Emergency Management Agency

FHWA Federal Highway Administration

FICA Facility Interface Capabilities Assessment

FRA Federal Railroad Administration

FRR foreign research reactor

GAO U.S. Government Accountability Office

GPS global positioning system

HEU highly enriched uranium

HFIR High Flux Isotope Reactor

HLW high-level waste

HMIS Hazardous Materials Incident Reporting System

HSPD Homeland Security Presidential Directive

HTGR high-temperature gas reactor

IAEA International Atomic Energy Agency

ICRP International Commission on Radiological Protection

IME Institution of Mechanical Engineers

INEL Idaho National Engineering Laboratory

INL Idaho National Laboratory

INPO Institute for Nuclear Power Operations

ISO International Organization for Standardization
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LCF latent cancer fatality
LEU low enriched uranium

MERRTT Modular Emergency Response Radiological Transporta-
tion Training

MN meganewton

MOU memorandum of understanding

MOX mixed oxide fuel

MRFA Maximally Reasonably Foreseeable Accident

MTHM metric tons of heavy metal

NCRP National Council on Radiation Protection and Measure-
ments

NEPA National Environmental Policy Act

NIMS National Incident Management System

NIST National Institute of Standards and Technology

NPP nuclear power plant

NRC National Research Council

NSTI Near Site Transportation Interface

NWPA Nuclear Waste Policy Act

NWS Naval Weapons Station

OCRWM Office of Civilian Radioactive Waste Management
(DOE)

ORNL Oak Ridge National Laboratory

OSHA Occupational Safety and Health Administration

PATRAM International Symposium on Packaging and Transporta-
tion of Radioactive Materials

PFS Private Fuel Storage, LLC

PWR pressurized water reactor

RITA Research and Innovative Technology Administration

RMIR Radioactive Material Incident Report

ROD Record of Decision

RSPA Research and Special Programs Administration

SI International System of Units as defined by the General
Conference of Weights and Measures in 1960

SNF spent nuclear fuel

SRS Savannah River Site

SSEB Southern States Energy Board
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APPENDIX E

TEC

TEPP
TRANSSC
TRUPAC II

UER
USNRC

WGA
WIPP
W/MTU

339

Transportation External Coordination (Working Group)
Transportation Emergency Preparedness Program
Transport Safety Standards Committee

Transuranic Waste Transport Package

Urban Environmental Institute, LLC
U.S. Nuclear Regulatory Commission

Western Governors’ Association
Waste Isolation Pilot Plant
watts per metric ton of heavy metal

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

Copyright © National Academy of Sciences. All rights reserved.



	Front Matter
	Summary
	Summary of Findings and Recommendations
	1 Introduction
	2 Transportation Package Safety
	3 Transportation Risk
	4 Transport of Research Reactor Spent Fuel to Interim Storage
	5 Improving Spent Fuel and High-Level Waste Transportation in the United States
	References
	APPENDIX A Biographical Sketches of Committee Members
	APPENDIX B List of Presentations Received at Committee Meetings
	APPENDIX C Federal Repository Transportation System
	APPENDIX D Glossary
	APPENDIX E Acronyms

