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Foreword

This resource handbook was compiled for the U.S. Department of Energy’s (DOE’s)
Transportation Risk Assessment Working Group (TRAWG). The TRAWG, established under
the auspices of DOE’s National Transportation Program, seeks to increase the efficiency and
effectiveness of transportation risk assessments conducted for DOE environmental impact
statements and environmental assessments prepared pursuant to the National Environmental
Policy Act (NEPA). The TRAWG is composed primarily of members of DOE program offices
and draws heavily upon the technical expertise, insights, and practical experience of program
staff from across the DOE complex. The vision of the TRAWG includes reducing transportation
risk assessment preparation time and cost, ensuring technical adequacy of such assessments,
promoting consistency of transportation risk assessments among DOE programs, and expediting
the assessment review and approval process. This document includes the first of a planned series
of discussion papers on topical aspects of transportation risk problems. These discussion papers
are intended to provide practical advice to program managers and technical personnel
responsible for preparing NEPA documents and other transportation risk assessments.

To enhance future versions of this handbook, comments and suggestions regarding the
usefulness of the material in the different sections and the discussion paper are encouraged.
Contributions of additional, relevant information and ideas for new topics are also solicited.
Please send any such correspondence to:

National Transportation Program
U.S. Department of Energy

PO Box 5400

Albuquerque, NM 87185-5400
Attn: Ashok Kapoor

Phone: (505) 845-4574

Fax: (505) 845-5508

E-Mail: akapoor@doeal.gov
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1. Introduction

This resource handbook contains useful information to streamline radioactive material
transportation risk assessments for National Environmental Policy Act (NEPA) documents
prepared for U.S. Department of Energy (DOE) programs. Streamlining refers to instituting
steps that can increase the efficiency of future assessments, reduce costs, and promote increased
quality and consistency across the DOE complex. This handbook takes advantage of the wealth
of information developed through decades of DOE’s NEPA experience. It contains a review of
historical assessments; a description of comprehensive and generally acceptable transportation
risk assessment methodology (i.e., models); and a compilation of supporting data, parameters,
and generally accepted assumptions. This handbook also includes a discussion paper that
addresses cumulative impacts (Appendix A). The discussion paper illustrates the evolving and
sometimes unresolved issues encountered in transportation risk assessment. Other topics, such
as sabotage, environmental justice, and human factors, may be addressed in the future. This
resource document was developed as the first primary reference book providing useful
information for conducting transportation risk assessments for radioactive material in the NEPA
context.

Although this resource handbook is primarily intended for NEPA assessments, the information
provided here can also be used for other purposes. For example, in addition to being included in
NEPA documentation, transportation risk assessments often provide the best information
possible to support transportation planning, operations, evaluation, public information, program/
budget prioritization, and performance measurement. The majority of information provided in
this handbook is widely applicable and not limited to NEPA applications. Consequently, this
handbook provides a useful resource for those conducting transportation risk assessments in
general.

The motivation behind preparing this handbook is to document and disseminate lessons learned
and information accumulated from over 20 years of experience by DOE and its contractors in
preparing transportation risk assessments that address the shipment of virtually all types of
radioactive materials and wastes. This experience has provided considerable understanding of
the risks posed by transportation and has led to a significant amount of information concerning
assessment methods, input parameters, and assumptions. This document presents the majority of
this information in a single source for DOE, its contractors, or others interested in conducting
transportation risk assessments. This handbook will be periodically updated to provide current
information.

This handbook was compiled and reviewed by the Technical Subcommittee of the DOE’s
Transportation Risk Assessment Working Group (TRAWG). The TRAWG, established by the
DOE’s National Transportation Program (NTP), seeks to increase the efficiency and
effectiveness of transportation risk assessments conducted for DOE environmental impact
statements (EISs) and environmental assessments (EAs). The TRAWG is composed primarily of
members of DOE program offices and draws heavily upon the technical expertise, insights, and
practical experience of persons from across the DOE complex. The vision of the TRAWG
includes reducing transportation risk assessment preparation time and cost, ensuring technical
adequacy of such assessments, promoting consistency among DOE programs, and expediting the
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assessment review and approval process. Discussion papers produced by the TRAWG Technical
Subcommittee, the first one presented in Appendix A, provide useful insights into the underlying
issues for both program managers and technical staff responsible for preparing NEPA documents
or other transportation risk assessments. A record of the initial correspondence and the inaugural
meeting of the TRAWG, including a listing of members and a mission statement, is provided in
Appendix B at the end of this handbook.

At present, the scope of this handbook is limited to the assessment of radiological risks from
shipping radioactive materials by truck and train. Chemical risks, the risks of transporting
hazardous chemicals, are not addressed in this document. The vast majority of radioactive
material and radioactive waste shipments in the United States (U.S.) are conducted by these
modes. Although shipments of radioactive material by air and water are possible, these transport
modes are generally considered secondary for waste shipments. It is anticipated that information
concerning air and water shipments will be included in future updates to this handbook. In
addition, the handbook is limited to those risks incurred during the actual shipment of radioactive
materials; risks incurred during packaging and loading or unloading of transport vehicles are not
included because such activities are generally considered in facility assessments.

This handbook contains six main sections and three appendices to address all aspects of the
transportation risk assessment process. Section 2 summarizes existing guidance on preparing
transportation risk assessments and pertinent federal regulations governing the shipment of
radioactive materials. A brief history of NEPA transportation risk assessments is given in
Section 3. Section 4 summarizes results from previous assessments and provides the current
methodology used in transportation risk analysis. A brief description of the major computer
programs and models most commonly used is given in Section 5. Section 6 provides a
compendium of data required for most assessments. Reference documents cited in the handbook
are listed in Section 7. A glossary of transportation assessment-related terms is provided in
Section 8. Appendices C and D provide more detailed data on radionuclide input parameters.
Appendix A is the first in a collection of papers that discuss issues often encountered when
conducting transportation risk assessments. These issues include environmental justice,
sabotage, uncertainty of results, human factors, hazardous chemicals, ecological impacts, and
cumulative impacts. The first discussion paper summarizes previous NEPA experience and
offers insight into the current state of knowledge and experience in addressing the issue of
cumulative impact. It is anticipated that more of these discussion papers will be added, as
appropriate, in future updates of the handbook.
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2. Review of Current DOE
Transportation Risk Assessments
Requirements and Guidance

A brief summary of the risks posed by transporting radioactive materials is provided in Section
2.1, followed by a discussion of NEPA requirements in Section 2.2. Section 2.3 provides general
guidance from DOE on the preparation of transportation risk assessments for inclusion in EAs
and EISs. Although this section provides guidance, no new requirements are either suggested or
imposed. Section 2.4 briefly summarizes regulations of other federal agencies pertaining to the
shipment of radioactive materials that must be addressed in these types of assessments.

B 21 Radioactive Material Transportation Risks

The transportation of radioactive materials involves a risk both to crew members and members of
the public. Part of this risk results from the nature of transportation itself, independent of the
radioactive characteristics of the cargo. For instance, increased levels of pollution from
vehicular emissions (e.g., fugitive dust and engine exhaust) may affect human health. Similarly,
accidents during transportation may cause injuries and fatalities. These risks can be viewed as
“vehicle-related” risks. On the other hand, the transportation of radioactive materials may pose
an additional risk because of the characteristics and potential hazards of the material being
transported. These risks are considered “cargo-related” risks.

For radioactive materials, the cargo-related impacts of primary concern to human health during
transportation may be caused by exposure to low levels of ionizing radiation. Exposures to
radiation occur both during routine (i.e., incident-free) transportation and during accidents.
During routine operations, the external radiation field of the cargo must be below limits specified
in federal regulations. During transportation-related accidents, human exposures may occur
following the release and dispersal of radioactive materials via multiple environmental pathways,
such as exposure to contaminated ground, contaminated air, or ingestion of contaminated food.

The potential exposures to the general population from transporting radioactive materials,
whether during routine operations or from postulated accidents, usually result in such a small
dose that the primary adverse health effect is the potential induction of latent cancers (i.e.,
cancers that occur after a latency period of several years from the time of exposure). The
correlation of radiation dose and human health effects for low doses has been traditionally based
on the “linear/no-threshold hypothesis,” which has been described by various international
authorities on protection against radiation. This hypothesis implies, in part, that even small
doses of radiation cause some risk of inducing cancer and that cancer induction is directly
proportional to radiation dose, so doubling the radiation dose could double the expected numbers
of cancers. The data on the health risk from radiation have been derived primarily from human
epidemiological studies of past exposures, such as Japanese survivors of the atomic bomb in
World War II and persons exposed during medical applications. The types of cancer induced by
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radiation are typically not unique and are similar to other cancers that commonly occur among
the population. Radiation-induced cancers are generally expressed years after exposure.

Bl 2.2 The National Environmental Policy Act

One statutory basis under which federal agencies may need to undertake risk assessment in
decision-making with regard to the transportation of radioactive materials is found in NEPA,
codified at 42 United States Code (U.S.C.) §4321 et seq. Section 102(2)(C) of NEPA requires
that,

...to the fullest extent possible, all agencies of the Federal Government must
include in every recommendation or report on proposals for legislation and other
major federal actions significantly affecting the environment, a detailed statement
by the responsible official on (1) the environmental impact of the proposed action,
(2) any adverse environmental effects that cannot be avoided should the proposal
be implemented, (3) alternatives to the proposed action, (4) the relationship
between the local short-term uses of man’s environment and the maintenance and
enhancement of the long-term productivity, and (5) any irreversible and
irretrievable commitments of resources that would be involved in the proposed
action should it be implemented. An agency is required to prepare an EIS
whenever a proposed action qualifies as a “major federal action significantly
affecting the quality of the human environment.” [ “Major,” as used above in
NEPA, reinforces but does not have a meaning independent of “significantly”
(see 40 CFR §1508.18).]

NEPA also established the Council on Environmental Quality (CEQ), which promulgates
regulations to promote compliance with NEPA’s “action-enforcing” requirements. These
regulations interpret the terms of NEPA and define the responsibilities of federal agencies with
respect thereto (40 Code of Federal Regulations (CFR) Parts 1500-1508). The regulations state
that an agency proposing an action may prepare an EA if it has not determined under its NEPA
regulations that the action is categorically excluded from the requirement to prepare an EIS. The
purpose of an EA is to provide evidence and analysis for an agency determination of whether an
EIS is required (40 CFR 1508.9). If an agency determines that an EIS is required, the EA would
facilitate the preparation of the EIS. If an agency determines that an EIS is not required, the
agency issues a finding of no significant impact (FONSI) that explains how the agency reached
its determination (40 CFR 1508.13). DOE’s NEPA regulations, pursuant to instructions in the
CEQ regulations (40 CFR Part 1507.3), contain detailed lists, in Appendices A, B, C, and D of
Subpart D in 10 CFR Part 1021, of specific actions that are categorical exclusions (Appendices A
and B), that “normally require EAs but not necessarily EISs” (Appendix C), and that “normally
require EISs” (Appendix D). Transportation can be a component in a number of actions under
each of these three classifications.

The CEQ regulations further require that in preparing an EIS, an agency consider three types of
impacts on the environment: direct, indirect, and cumulative. Indirect impacts are defined as
those “which are caused by the action and are later in time or farther removed in distance, but are
still reasonably foreseeable” (40 CFR §1508.8). A cumulative impact is defined as an “impact
on the environment which results from the incremental impact of the action when added to other
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past, present, and reasonably foreseeable future actions regardless of what agency (Federal or
non-Federal) or person undertakes such other actions. Cumulative impacts can result from
individually minor but collectively significant actions taking place over a period of time” (40
CFR §1508.7). Cumulative impacts can be a concern with regard to transporting spent nuclear
fuel (SNF), transuranic waste (TRUW), or high-level waste (HLW). Both the physical rail
system and the U.S. Department of Transportation’s (DOT’s) highway routing regulations for
transport of these types of waste (discussed in Section 2.4.2) effectively restrict the number of
available transportation routes within a geographic area. Hence, successive shipments or
campaigns of radioactive materials through the same geographic area may result in cumulative
radiological risks.

Both NEPA and the CEQ regulations require that agencies consider and evaluate appropriate
alternatives to proposed actions that will impact the environment. Section 102(2)(E) of NEPA
provides that all agencies of the Federal Government shall “study, develop, and describe
appropriate alternatives to recommended courses of action in any proposal which involves
unresolved conflicts concerning alternative uses of available resources.” The CEQ regulations
[40 CFR §1508.9(b)] require that an EA “include brief discussions . . . of alternatives as required
by §102(2)(E). . . .” These requirements have been construed to be independent of any
determination regarding preparation of an EIS and to be operative even if an agency makes a
finding of no significant environmental impact (River Road Alliance, 1986). Moreover, DOE’s
NEPA procedures for applying a categorical exclusion to a proposed action require that the
action must pose no unresolved conflicts considering alternate uses of available resources within
the meaning of Section 102(2)(E) of NEPA [10 CFR 1021.410(b)(2)].

An agency is responsible for determining the appropriate range of alternatives to be considered
through the “rule of reason.” Under the rule of reason, an agency is not required to consider all
possible alternatives for each aspect of a proposed action. Rather, the agency need consider
“only a reasonable number of examples, covering the full spectrum of alternatives” (Natural
Resources Defense Council [NRDC], 1972). The same language was also used in the qualifying
remarks found in CEQ guidance (“40 Most Asked Questions,” 46 Federal Register (FR) 18026;
March 23, 1981).

What constitutes a reasonable range of alternatives depends on the nature of the proposal and the
circumstances of each case. In general, the smaller the impact of the proposed action, the less
extensive the search for alternatives an agency may be required to undertake. However,
reviewing courts have generally insisted that an agency consider such alternatives as may
partially or completely meet the proposal’s goal. As a consequence, the scope of alternatives that
must be considered by an agency is a function of how narrowly or broadly the objective of its
proposed action is viewed (City of New York, 1984). For example, a major action involving
transportation of SNF or HLW waste may require considering a full spectrum of alternatives
(i.e., transportation mode and route alternatives) that would adequately protect the human
environment.

The “rule of reason” governs not only which alternatives the agency must consider, but also the
extent to which it must discuss them (NRDC, 1988). An agency’s requisite consideration of
alternatives must adequately articulate the reasons for the agency’s choice and its rejection of
available alternatives. While an agency is not required to select any particular alternative and the
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examination of alternatives need not be exhaustive, it must “be sufficient to demonstrate
reasoned decision making” (Fritiofson, 1985). Therefore, an agency contemplating a major
action including transportation of radioactive waste would generally perform an appropriate risk
assessment for each alternative (within the full spectrum of available and appropriate
transportation mode alternatives) to develop a well-reasoned decision. However, DOE
frequently has no choice regarding routes, and the risk from transportation is usually small
regardless of route.

An agency may find that information needed for the evaluation of environmental impacts in an
EIS cannot be obtained because the overall costs of doing so are exorbitant or the means to
obtain such information are not known. The CEQ regulations (40 CFR §1502.22) specify how
an agency is to proceed in such circumstances. When an agency is evaluating “reasonably
foreseeable” significant adverse effects on the human environment and there is incomplete or
unavailable information, the agency must make clear that such information is lacking. If relevant
incomplete information is essential to a reasoned choice between alternatives and the overall
costs of obtaining it are not exorbitant, the agency is required to include the information in its
analysis. If such information cannot be obtained because the overall costs of obtaining it are
exorbitant or the means to obtain it are not known, the agency is required to include within its
EIS:

(1) a statement that such information is incomplete or unavailable; (2) a
statement of the relevance of the incomplete or unavailable information to
evaluating the reasonably foreseeable significant adverse impacts on the human
environment, (3) a summary of existing credible scientific evidence which is
relevant to evaluating the reasonably foreseeable significant impacts on the
human environment, and (4) the agency’s evaluation of such impacts based upon
theoretical approaches or research methods generally accepted in the scientific
community.

For the purposes of 40 CFR §1502.22, the term “reasonably foreseeable” includes impacts that
have catastrophic consequences, even if their probability of occurrence is low, provided that the
analysis of impacts is supported by credible scientific evidence, is not based on pure conjecture,
and is consistent with the rule of reason. As discussed below, these regulations can be
particularly important in developing an analysis of accident-related risks associated with the
transportation of radioactive materials and consistent with NEPA requirements.

An EIS or other environmental study previously prepared by a federal agency may be used to
assist in complying with the requirements of NEPA. In fact, NEPA regulations encourage the
use of such reports [see 40 CFR §§1500.4(n) and 1506.4]. An agency does, however, have an
obligation to independently evaluate any document (including an EIS, EA, or other
environmental report) prepared by others upon which the agency intends to rely in complying
with NEPA (40 CFR §1507.2). If such analyses satisfy an agency’s obligation to study the
potential effects of its own proposed action, the agency has no obligation to prepare its own
study. However, an agency may not substitute compliance with standards or regulations
administered by another agency for required NEPA analysis (Calvert Cliff’s Coordination
Committee, 1971). This issue is of particular significance in SNF, TRUW, and HLW
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transportation, since the packaging and transportation of such materials is extensively regulated

by the U.S. Nuclear Regulatory Commission (NRC) and the DOT (see Section 2.4).

B 23 DOE Guidance

The procedures that DOE shall use to comply with Section 102(2) of NEPA and the CEQ

regulations (40 CFR Parts 1500-1508) are provided in DOE NEPA Implementing Procedures
(10 CFR Part 1021). Those procedures are intended to supplement and to be used in conjunction

with the CEQ regulations. DOE internal requirements and responsibilities for implementing

NEPA, the CEQ regulations, and the DOE NEPA Implementing Procedures are established in
DOE Order 451.1B. However, no specific federal requirements for conducting transportation

risk assessments exist.

Guidance concerning the preparation of risk assessments for DOE NEPA activities is contained

in Recommendations for the Preparation of Environmental Assessments and Environmental

Impact Statements, commonly called the “Green Book.” In addition to revisiting many of the
CEQ regulations, the Green Book emphasizes that environmental impacts should be evaluated

using a sliding scale approach. As discussed in the Green Book (DOE, 1993):

The term “scale” refers to the spectrum of significance of environmental impact.
Generally, those proposals with greater potential for significant environmental
impact require more analysis than those proposals with very small environmental
impacts. ...

In other words, in using the sliding scale approach to NEPA analysis, the
preparer should analyze issues and impacts with the amount of detail that is
commensurate with their importance.

Therefore, the extent of a transportation risk assessment in a document such as an EA or EIS
should depend on the significance of the transportation. With respect to transportation impacts,

the Green Book provides the following guidance (DOE, 1993):

Transportation Impacts

When transport of waste or materials of a hazardous or radioactive nature is a
necessary part of a proposed action or analyzed alternative, or, more generally,
when transport is in any respect a major factor (e.g., transportation of
construction materials for a proposed major dam), the environmental impacts of
such transport should be analyzed, even when DOE is not responsible for the
transportation. Transportation impacts include those from transport to a site,
on-site, and from a site, when such activities are reasonably construed as part of
the proposed action or analyzed alternative. If not otherwise analyzed, include
any necessary loading or unloading activities in the transportation impact
analysis.

As with the choice of alternatives, apply a sliding scale approach to the
transportation analysis. The nature of the proposed action and analyzed
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alternatives determines whether to describe the transportation impacts
qualitatively or to analyze them quantitatively, and what types of potential
transportation accidents to consider (see subsection 6.4).

Recommendations

o Analyze all transportation links that are reasonably foreseeable parts of the
proposed action or analyzed alternative, such as overland transport, port
transfer, and marine transport. If the action contains links that traverse the
global commons (e.g., the oceans or outer space), then impacts from such
transport should be included in the NEPA analysis; state that the global
commons analysis is provided pursuant to Executive Order 12114.

e Do not rely exclusively on statements that transportation would be conducted
in accordance with all applicable regulations or requirements of the
U.S. Department of Transportation, the Environmental Protection Agency, the
Nuclear Regulatory Commission, or State authorities.

o Evaluate both routine (i.e., incident-free) transport and accidents. (Accidents
are discussed in subsection 6.4.) Give special emphasis to public or worker
health impacts from exposure to chemicals or radiation.

e Be sure to use defensible estimation methods for assessing the radiological
impacts of transportation (such as the most current version of RADTRAN).

e Estimate the annual and total impact of all DOE and non-DOE transportation
associated with the use of specific routes (if known) over the term of the
proposed action or analyzed alternative, including, for chemical and
radiological exposure, the impact on a maximally exposed individual. The
impacts of the proposed action related to transportation must be totaled over
the duration of the project (e.g., 48 trips per year for 5 years). (Note: This
total is not the cumulative impact of transportation impacts from the proposed
action and other transportation activities over the same time period in the
same area.)

o [n determining the cumulative impact from transportation activities, use
available data to estimate, for example, the number of radioactive materials
packages that were shipped over a given transportation system over a given
period of time.

The primary end points for most DOE transportation risk assessments are the potential human
health effects from exposure to low doses of radiation or exposure to chemicals. The principal
human health effect from radiation exposure is cancer, and the principal health effect from
chemical exposure may be both toxic effects and cancer. As discussed in the Green Book,
“Exposure and dose are neither health effects nor environmental impacts.” The difficulty lies in
quantifying the potentially significant health effects (e.g., number of deaths) on the basis of
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potential exposure. The Green Book provides the following guidance when evaluating
carcinogenic effects from radiation exposure (DOE, 1993):

When providing quantitative estimates of carcinogenic effects of radiation
exposure, express population (or collective) effects as an estimated number of
fatal cancers, and express maximum individual effects as the estimated maximum
probability of the death of an individual. Evaluate effects for involved workers,
noninvolved workers, and the general public under both routine operations and
accident scenarios.

Although the Green Book provides a general overview of what a DOE NEPA transportation
assessment should include, recommendations are not provided regarding specific end points,
scenarios, methodologies, or input parameters.

More detailed information is provided in the Framework for Assessing the Effects of Radioactive
Materials Transportation in Department of Energy Documents (DOE, 1995a), subsequently
referred to as the “Framework.” The Framework discusses inclusion of packing and loading/
unloading activities if the primary activity addressed by the EA or EIS is transportation. Such
activities must be included if they are part of the proposed action. The analysis should consider
the number of workers involved, protective equipment used, and the sequence of events followed
during packing or loading/unloading (i.e., time-motion studies), including movement of the
material within the facility.

As recommended in the Framework, analysis of transportation activities should cover the
shipment mode (e.g., truck or rail), the number of shipments, the number of crew members per
shipment, origin and destination sites (route definition), stops required along the route, and any
necessary intermodal transfers. Incident-free transportation impacts to consider include the
radiological dose and resultant health effects to the general public and workers (crew and others
at stops). Members of the public to consider include persons alongside the route (pedestrians or
persons living or working on the sides of the route), sharing the route (persons traveling on the
same route), and at stops (e.g., persons at rest areas or refueling areas). In addition, impacts to a
maximally exposed individual (MEI) along the route (e.g., a person living next to the transport
route) should be determined.

The Framework suggests that the focus of the analysis for radiological effects from accident
conditions should be the largest reasonably foreseeable release of radioactive material (the
bounding case). Such a release could result from a traffic accident or acts of terrorism or
sabotage. Results should be presented for the collectively exposed population and the MEI.
Nonradiological effects, such as health effects resulting from vehicle emissions (e.g., fugitive
dust and engine emissions) and hazards from vehicle accidents (e.g., fatalities) should also be
addressed.

A draft guidance document, the EM NEPA Technical Guidance Handbook (DOE, 1997a), was
written to help streamline the DOE NEPA process and has been made available for comment. In
the section on transportation assessment, the Framework is referenced and provides the basis for
the transportation analysis. For impact assessment, the computer codes HIGHWAY (Johnson

et al., 1993a) and INTERLINE (Johnson et al., 1993b) are the recommended routing models.
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TRAGIS (Johnson and Michelhaugh, 2000) has replaced HIGHWAY and INTERLINE, and
incorporates a geographic information system (GIS). RADTRAN (Neuhauser and Kanipe, 1992;
Neuhauser and Kanipe, 2000; Neuhauser et al., 2000) and RISKIND (Yuan et al., 1995) are the
recommended radiological models. The implementation of these models in a comprehensive risk
assessment methodology is discussed in Section 4.1, and the models themselves are described in
Section 5. Emphasis is also placed on analyzing the effects on traffic and roads (e.g., increased
noise, traffic volume) in the immediate vicinity of the origin and destination sites. These latter
effects need only be assessed if significant changes in traffic or traffic patterns result from the
proposed action, and to the degree that they impact the environment.

The DOE adopted a series of risk assessment principles that help define how risk assessments
should or can be used within the DOE (DOE, 1999a). These principles were based on others
developed by an interagency committee led by the White House Office of Science and
Technology Policy. The principles were designed as a first cut at defining risk analysis, its
purposes, and the principles to follow if it is to be done well and credibly. Included are general
principles; principles for risk assessment, management, and communication; and principles for
priority setting using risk analysis. The principles of risk assessment adopted by the DOE
include the following (DOE, 1999a):

e Departmental programs should employ the best reasonable, obtainable information from the
natural, physical, and social sciences to assess risks to health, safety, and the environment.

o Characterizations of risks and of changes in the nature or magnitude of risks should be both
qualitative and quantitative — that is, both descriptive and mathematical — consistent with
available data. The characterizations should be broad enough to inform the range of
activities to reduce risks.

e Judgments used to develop a risk assessment, such as assumptions, defaults, and
uncertainties, should be stated explicitly. The rationale for these judgments and their
influence on the risk assessments should be articulated.

e Risk assessments should encompass all appropriate hazards to human health and the
environment (such as acute and chronic risks, including cancer and non-cancer risks). In
addition to considering the full population at risk, attention should be directed to
subpopulations (including future generations) that may be particularly susceptible to such
risks and/or may be more highly exposed.

e Peer review of risk assessments can ensure that the highest professional standards are
maintained. Therefore, programs should develop procedures to maximize its use.

e Departmental programs should strive to adopt consistent approaches to evaluating the risks
posed by hazardous agents or events.
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B 24 Other Federal Regulations
BB 241 Packaging

Regulations that govern the transportation of radioactive materials are designed to protect the
public from the potential loss or dispersal of these materials. The regulations also protect against
routine doses of radiation during transit. The primary regulatory approach for ensuring safety is
specifying performance standards for the proper packaging of materials.

The DOT and the NRC are the primary federal agencies responsible for regulating the transport
of radioactive materials. Table 2.1 lists the most relevant DOT and NRC regulations. The DOE
has signed a separate memorandum of understanding with both agencies to abide by these
regulations. Implementation of these agreements by DOE is established in DOE Orders 460.1A

Table 2.1. DOT and NRC Regulations Relevant to Transportation Risk Analysis

Regulation Topic
NRC
10 CFR 71 Packaging and Transportation of Radioactive Material
DOoT
49 CFR 171 General Information, Regulations, and Definitions
49 CFR 172 Hazardous Material (HAZMAT) Tables Special Provisions,
HAZMAT Communications Regulations, Emergency
Response Information and Training Requirements
49 CFR 173 Shippers — General Requirements for Shipments and
Packaging
49 CFR 174 Carriage by Rail
49 CFR 175 Carriage by Aircraft
49 CFR 176 Carriage by Vessel
49 CFR 177 Carriage by Public Highway
49 CFR 178 Packaging Specifications
49 CFR 397 Transportation of HAZMAT; Driving and Parking Rules
(Subpart D — Routing of Class 7 [Radioactive] Materials)

(“Packaging and Transportation Safety”’) and 460.2 (“Departmental Materials Transportation and
Packaging Management”) and their respective guides (DOE G 460.1-1 and DOE G 460.2-1).

The DOT is responsible for regulating transportation of all HAZMAT; its regulations apply to
shippers and carriers. The regulations most pertinent to radioactive materials are given in 49
CFR 173 (“Shippers — General Requirements for Shipments and Packaging’), Subpart I
(“Radioactive Materials”). Under these regulations, DOT is specifically responsible for the
design and performance specifications of packages that will carry smaller quantities of
radioactive materials not exceeding Type A quantities, which are defined in 49 CFR 173.431
(“Activity Limits for Type A and Type B Packages”). The NRC regulations, in 10 CFR 71
(“Packaging and Transportation of Radioactive Material”), focus on the design and performance
criteria of Type B packages (e.g., SNF casks). More detailed information on Type A and B
packages relative to transportation risk assessment is provided in Section 6.1.1.
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HE 242 Routing

The radioactive materials highway routing regulations of the DOT are prescribed in 49 CFR 397
Subpart D (“Routing of Class 7 [Radioactive] Materials™). The objectives of the regulations are
to reduce the impacts of transporting radioactive materials, to establish consistent and uniform
requirements for route selection, and to identify the role of state and local governments in the
routing of radioactive materials. The regulations attempt to reduce potential hazards by avoiding
populous areas and minimizing travel times. Furthermore, the regulations require that the carrier
of radioactive materials ensure that the vehicle is operated on routes that minimize radiological
risks and that accident rates, transit times, population density and activity, time of day, and day
of week are considered in determining risk.

The regulations require that a shipment of a “highway route controlled quantity (HRCQ)” (10
CFR Part 71) of radioactive materials be made over the interstate highway system except when
moving from origin to interstate or from interstate to destination, when making necessary repair
or rest stops, or when emergency conditions make continued use of the interstate unsafe or
impossible. Carriers are required to use interstate circumferential or bypass routes, if available, to
avoid populous areas. Other “preferred highways” may be designated by any state or Native
American tribe to replace or supplement the interstate system. Under its authority to regulate the
safety of interstate transportation, the DOT can prohibit state and local bans and restrictions as
“undue restraint of interstate commerce.” State or local bans can also be preempted if
inconsistent with the regulations. The DOT has published Guidelines for Selecting Preferred
Highway Routes for Highway Route Controlled Quantity Shipments of Radioactive Materials
(DOT, 1992) to aid in implementing 49 CFR 397 Subpart D.

Currently, DOT has no railroad routing regulations specific to the transportation of radioactive
materials. Railroad companies in the United States are private companies that either own the
right-of-way upon which they operate or have trackage rights to operate on another company’s
line. Only a limited number of rail lines are owned by public agencies, and those are located
primarily in large urban areas with passenger operations. Routes are generally fixed by the
location of rail lines and urban areas cannot be readily bypassed.

H B 243 Emergency Response

Potential radiation exposure of individuals under accident conditions at any point along a
transport route can occur through many exposure pathways if an accident leads to a release of
radioactive material to the environment. The Federal Radiological Emergency Response Plan
(FRERP) (Federal Emergency Management Agency [FEMA], 1998) establishes a coordinated
response by federal agencies when requested by state, tribal, or local government officials during
a peacetime radiological emergency. The DOE has primary responsibility for providing
assistance unless the radioactive source is unknown, unidentified, or from a foreign country, in
which case the U.S. Environmental Protection Agency (EPA) becomes the primary coordinating
federal agency.

The EPA has issued a set of protective action guides (PAGs) (EPA, 1992) to aid public officials
when responding to an accident involving radioactive materials. Under emergency conditions,
maximum individual dose limits for both first responders and members of the public are
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suggested when practicable, and are implemented by evacuation and/or interdiction. Limits are
set for the early phase of an accident, lasting up to four days from the time of the initial release
and for the intermediate phase of an accident, taken up to one year after the accident for purposes
of dose projection.

In most cases, doses to individuals located downwind during the early phase of the accident are
primarily from inhalation of the contaminated airborne plume. In the event of a transportation
accident, protective actions. To mitigate dose, such as sheltering or evacuation, may not be
feasible because exposure occurs in only a matter of minutes or seconds. If projected doses are
expected to be near the protective action guide (PAG) values, protective actions to mitigate dose
should be taken, providing the risk involved in the protective actions are not comparable to or
greater than the risk posed by the accidental release itself. Protective actions include such
measures as sheltering and evacuation in the early phase following an accident if the individual
dose is expected to exceed 1 rem. If the release occurs over a short time (seconds), there may
not be time to implement protective actions. However, if the release occurs over a longer period
(minutes or hours), such as in a transportation accident involving a fire, there might be time to
initiate sheltering or evacuation. It is not prudent for a risk assessment to assume effective
mitigation during the early phase of an accident because exposure can occur before protective
actions can be initiated and because an accident can occur along any point of a shipment route,
meaning that emergency response personnel could take several minutes or longer to respond to
an accident.

Intermediate-phase exposures occur through inhalation of resuspended contamination and
external exposure to contaminated surfaces (groundshine) and radiation from airborne
contamination (cloudshine). The PAGs suggest interdiction, evacuation, and relocation as a
protective action if the first-year dose to a single individual is expected to exceed 2 rem. For
doses less than 2 rem, the PAGs suggest that surface contamination be reduced to levels as low
as reasonably achievable (ALARA) and recommend that initial efforts concentrate on areas
where the projected doses are expected to exceed 0.5 roentgen equivalent man (rem) in the first
year. Additional PAGs apply to the ingestion of contaminated foodstuffs. In commenting on
draft EAs, local stakeholders have indicated that they wish to see the maximum potential
consequences or risks included in the assessment. Therefore, although interdiction, evacuation,
and cleanup can be introduced into the risk assessment, many of the more recent major EISs do
not take credit for such actions that would reduce exposure (e.g., DOE, 1995b, 1996a, 1997b,
2002).

Page 13



A Resource Handbook on DOE Transportation Risk Assessment

This page intentionally left blank.

Page 14



A Resource Handbook on DOE Transportation Risk Assessment

3. Historical Development of DOE
Transportation Analyses

During the 1970s and into the 1980s, the transportation of radioactive materials was not a major
issue with the public, due in part to the excellent safety record of such transportation. Section 3.1
discusses the early development of transportation risk assessments in this time period following
the passage of NEPA. Heightened public awareness after the reactor accident at Three Mile
Island (TMI) in 1979 resulted in increased scrutiny and criticism of DOE’s actions in complying
with NEPA (Bentz et al., 1997), despite the maintenance of an excellent transportation safety
record. Section 3.2 covers development of transportation risk assessments up to the present time
following the repercussions from TMI. Changes brought about by public concerns and
involvement in the NEPA process are discussed in Section 3.3. Section 3.4 discusses the
implications of recent high-profile DOE EISs.

B 31 Early Developments

The environmental impacts of transporting SNF in Type B casks by truck and rail were first
analyzed by the U.S. Atomic Energy Commission (AEC) in a generic study entitled
Environmental Survey of Transportation of Radioactive Materials to and from Nuclear Power
Plants (WASH-1238 [AEC, 1972]). A subsequent AEC report, Environmental Survey of the
Uranium Fuel Cycle (AEC, 1974), specifically applied the WASH-1238 transportation
environmental impacts data to the shipment of other high-level nuclear wastes. Public hearings
were held on both of these documents. As a result of these hearings, the AEC’s approach to the
evaluation of the accident risks associated with the transportation of radioactive waste (i.e.,
multiplication of the consequences of potential accidents by the probability of their occurrence),
and AEC’s conclusion that such risks were extremely low and well within acceptable limits,
were approved by the hearing board.

In 1977, the NRC, a successor agency to the AEC, prepared its own EIS regarding the
environmental impacts of the transportation of radioactive materials. The Final Environmental
Impact Statement on the Transportation of Radioactive Material by Air and Other Modes
(NUREG-0170 [NRC, 1977a]) was a generic study performed primarily with conservative
engineering assumptions and national average data. The study extensively examined the potential
environmental impacts of shipping radioactive materials by various modes of transportation. It
has served as a benchmark EIS upon which most subsequent EAs and EISs relating to
radioactive waste transportation have relied for methodology, data, and/or analysis. NUREG-
0170 assessed both the incident-free radiological consequences of such transportation and the
likelihood and magnitude of radiological consequences associated with potential accidents. The
assessment concluded that the overall radiological risk involved in all shipments of radioactive
materials was small.

Soon after publication of NUREG-0170, DOE prepared programmatic EISs for the management
and storage of spent reactor fuel, other HLW, and TRUW (e.g., Final EIS on U.S. Spent Fuel
Policy [DOE, 1980a), Final EIS for Management of Commercially Generated Radioactive Waste
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[DOE, 1980b], Final EIS for the Waste Isolation Pilot Plant [DOE, 1980c]), relying substantially
on NUREG-0170 for generic data and analysis of the environmental impacts associated with
transportation.

Subsequent DOE review of specific proposed shipments of foreign and domestic SNF invariably
concluded that the environmental effects of the shipment and management of SNF had been
adequately addressed in previous NEPA documents (e.g., NUREG-0170 and DOE, 1980a) and
that the impacts of the proposed shipments would be insignificant in comparison with impacts
previously identified and evaluated in the earlier EISs. After several such reviews, in or about
1981, DOE ceased documenting reviews for similar SNF movements, on the basis of the
following categorical exclusion contained in DOE’s guidelines for implementing compliance
with NEPA. (An EA is not required for actions that an agency determines are categorically
excluded under its NEPA compliance procedures.):

Actions that are “substantially the same as other actions for which the
environmental effects have already been assessed in a NEPA document and
determined by DOE to be clearly insignificant and where such assessment is
currently valid” (45 FR 20695, March 28, 1980).

During the early and mid-1980s, DOE made several shipments of SNF from both foreign and
domestic origins to DOE’s Idaho National Engineering Laboratory” (INEL) in Idaho Falls,
Idaho, and to DOE’s Savannah River Site (SRS) in Aiken, South Carolina. DOE prepared no
campaign-specific EAs or EISs for any of these shipments. Instead, the agency continued to rely
upon NUREG-0170, certain other environmental analyses giving generic consideration to
transportation environmental impacts, and the above-referenced categorical exclusion established
by its NEPA compliance guidelines. During 1982, for example, about 300 nuclear fuel cycle
shipments were made without incident, and with no EIS or EA (Weiner et al., 1991).

B 3.2 Public Concerns

The March 29, 1979, accident at General Public Utilities Company’s (GPUC’s) Unit 2 nuclear
power plant at TMI, Pennsylvania, proved to be a watershed event with regard to public and
official scrutiny of the risks associated with nuclear power. Transportation of radioactive
materials were scrutinized more closely because of this heightened concern (see, for example,
Resnikoff, 1983). In the aftermath of the accident, the NRC prepared and published the Final
Programmatic Environmental Statement Related to Decontamination and Disposal of
Radioactive Waste Resulting from March 29, 1979, Accident at Three Mile Island Nuclear
Station, Unit 2 (NRC, 1981). The EIS concluded that TMI was not suitable for the long-term
storage and disposal of the nuclear wastes and that TMI wastes not acceptable for storage at a
commercial facility should be sent to a federal installation for storage and research until they
could be repackaged in a waste form acceptable for a commercial or federal disposal facility. A
four-party coordination agreement was negotiated between GPUC, DOE, NRC, and the Electric
Power Research Institute (EPRI) under which DOE agreed to accept the core debris and transport
it to INEL for research and storage until it could be placed in a permanent repository.

3 Now called the Idaho National Engineering and Environmental Laboratory (INEEL).
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The TMI EIS (NRC, 1981) also evaluated the environmental impacts of the cleanup and
generally addressed the risks involved in transporting the core debris. Relying primarily on
NUREG-0170 and NRC (1981), DOE concluded that the transportation of the core debris from
TMI to INEL fell within its NEPA compliance guidelines’ categorical exclusion. (DOE
requested transportation consultants at Oak Ridge National Laboratory (ORNL) and ALK
Associates, Inc., evaluate potential rail routing alternatives as identified by rail carriers). No
serious challenge to DOE’s decision not to prepare a transportation EA or EIS was initiated,
although interested parties expressed concern over the absence of a campaign-specific EIS and
questioned the applicability of NUREG-0170 to the TMI shipments.

NEPA requires assessing environmental impact and consideration of alternatives to a proposed
action but does not mandate any particular agency decision or outcome. Therefore, judicial
decisions reviewing agency compliance ensure that the agency has adequately considered and
disclosed the environmental impact of its proposed actions, and that the agency’s decision is not
arbitrary, capricious, or an abuse of discretion. Under this standard, a court may determine
whether the agency has considered all the relevant factors and has articulated a rational
connection between the facts found and the choice made (Baltimore Gas & Electric, 1983).

A case with important repercussions on federal agency compliance with the requirements of
NEPA in the transportation of radioactive materials is City of New York v. U.S. Dept. of
Transp., 715 F.2d 732 (2nd Cir. 1983), cert. denied 465 U.S. 1055 (1984) (City of New York,
1984). This case concerned the validity of the DOT’s the regulations governing the highway
routing of highway-route-controlled-quantity shipments of radioactive materials. The City of
New York challenged the regulations on several grounds, including the following: (1) the EA
prepared by DOT did not comply with the requirements of NEPA, and (2) DOT’s determination
that the adoption of the regulations would not significantly affect the environment was arbitrary
and capricious. The U.S. District Court for the Southern District of New York found DOT’s EA
to be deficient on several grounds and invalidated the regulations in part. The U.S. Circuit Court
of Appeals for the Second Circuit reversed the decision of the district court and remanded the
case to the district court for entry of an order upholding the regulations.

The written opinions of the Federal District Court and the Second Circuit in City of New York v.
U.S. Dept. of Transportation are valuable for the depth of their examination of both risk
assessment methodology and scientific and technical issues relating to compliance with NEPA in
SNF and HLW transportation.

The most important challenges to DOE’s policies regarding NEPA compliance in transporting
radioactive waste arose from a series of lawsuits involving DOE proposals to ship research SNF
from Taiwan to the United States pursuant to nonproliferation policies. The initial case
(Northwest Inland Waters Coalition v. U.S. Dept. of Energy, et al. [NIWC, 1986]) involved a
DOE proposal to ship 474 uranium SNF rods to a west coast port, unload the SNF rods, and
transport them overland by truck to DOE’s reprocessing facility at the SRS in South Carolina.
Before the shipments began, the Northwest Inland Waters Coalition (the “Coalition”), an
environmental organization, filed suit in Federal District Court in the State of Washington to
enjoin the shipments on the ground that DOE had failed to prepare an EIS for the proposed
action.
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DOE contended that the shipments were categorically excluded from NEPA’s environmental
analysis requirements under the agency’s NEPA compliance guidelines. The Coalition argued
that the studies relied upon were outdated, generic, or programmatic EISs that did not fully
analyze all of the risks posed by the proposed shipments. The Coalition specifically noted that
the studies contained no analysis of ocean transport risks of radioactive materials and, as generic
studies, did not include any route-specific information or route-selection analysis.

The district court ruled that DOE had unreasonably relied upon NUREG-0170 and the early
DOE studies without conducting an analysis to determine whether the conditions under which
the shipments would be implemented were accounted for and, further, ruled that the proposed
shipments were a major federal action that could significantly affect the human environment,
requiring preparation of an EIS.

On appeal, DOE abandoned its reliance on the categorical exclusion and generic and
programmatic studies, arguing only that it should be permitted to prepare an EA to determine if
an EIS was required, rather than being required to prepare an EIS. The U.S. Court of Appeals
for the Ninth Circuit agreed, reversing the district court in part. However, the court specifically
concurred with the district court’s finding that DOE’s failure to prepare an EA or EIS was
unreasonable, noting that DOE had failed to conduct its own analysis specific to the conditions
under which the shipments would be implemented (NIWC, 1988).

On December 11, 1986, while the appeal in the Northwest Inland Waters Coalition case was still
pending, DOE published an EA (DOE, 1986) and a finding of no significant environmental
impact from shipping the 474 SNF rods from Taiwan by sea to Portsmouth, Virginia, and then
overland by truck to the SRS. These shipments were completed without legal challenge on

July 6, 1988.

During the final stages of shipping the 474 SNF rods, DOE negotiated an agreement to accept an
additional 1,100 SNF rods from Taiwan. Subsequently, DOE prepared and published a new EA
(DOE, 1988c¢) analyzing the environmental impacts of transporting these additional SNF rods by
the same route (the Phase IT EA). This Phase II EA considered a no-action alternative and the
alternative use of a generic west coast or gulf coast port. However, the Phase II EA did not
consider the use of any other east coast ports as alternatives to Hampton Roads. DOE prepared
risk assessment calculations for the Phase Il EA with the RADTRAN III computer code, using
conservative estimates to account for population densities and using very little site and/or route-
specific information or criteria.

On December 12, 1988, the Sierra Club filed suit (Sierra Club, 1991) in the U.S. District Court
for the District of Columbia to enjoin the shipments until DOE complied with the requirements
of NEPA. The Sierra Club claimed that NEPA required DOE to prepare an EIS, rather than an
EA, for the proposed Phase II shipments or, in the alternative, that the Phase II EA prepared by
DOE was legally insufficient. The court declined to issue a preliminary injunction to halt the
Phase II shipments, and transportation and delivery of the Phase II SNF rods were subsequently
completed without incident.

On June 19, 1991, with litigation pending on the Phase II shipments, DOE filed a new EA (DOE,
1991) with the district court covering shipment of an additional 118 spent fuel rods from Taiwan
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to the SRS (the Phase III EA). The Phase III EA responded to some of the inadequacies alleged
by the Sierra Club with regard to the Phase Il EA. Specifically, two east coast ports, Charleston,
South Carolina, and Wilmington, North Carolina, were considered as east coast alternatives to
the use of the port at Hampton Roads, and the Phase III risk calculation program (RADTRAN 4)
used actual population densities instead of conservative estimates for all areas located along the
overland routes.

The RADTRAN 4 accident-risk calculations considered a broad range of possible accidents
involving different types and degrees of stress that could be placed on a shipping cask and the
consequences such accidents would have on the integrity of the cask and the amount of radiation
released. However, the RADTRAN 4 accident-risk calculations did not include accidents that
would generate sufficient force to create more than a one-inch-diameter breach in a cask. The
Phase III EA deemed a larger breach “not credible,” effectively assuming that such an accident
could not occur.

The Phase III EA mooted the Sierra Club’s claims against the Phase II EA, and the Sierra Club
amended its complaint to reflect its belief that DOE had still failed to comply with the
requirements of NEPA, despite the improvements made in the Phase III EA. The Sierra Club
challenged the legal sufficiency of the Phase III EA on several grounds. Principally, it
contended that DOE should have considered the alternative use of several additional east coast
military and civilian ports with lower population densities and/or closer to the SRS; and that
DOE had skewed the results of its RADTRAN 4 risk calculations by failing to include all low
probability/high consequence accidents in the overall risk calculations. On December 9, 1991,
the district court ruled that the Phase III EA was legally insufficient for these reasons.

The court found that DOE’s consideration of Charleston and Wilmington as alternative east coast
ports to Hampton Roads did not cover the full spectrum of possible routing alternatives, and that
the agency’s action was, therefore, not reasonable and constituted an abuse of discretion. The
court noted that of the 11 east coast ports identified by the Sierra Club for possible routing of
shipments, the EA analyzed only the second, third, and fourth most densely populated ports
(selecting the port with the highest risk factor of the three), and that the EA did not consider
other commercial ports with lower population densities or military ports in rural areas.
Furthermore, the court observed that DOE never explained why such alternative ports were
inappropriate for consideration. The court also noted that the EA provided no explanation of
why the shipments would be routed through Hampton Roads.

B 3.3 LessonsLearned

The decisions in both the Sierra Club and City of New York cases involved extensive judicial
examination and discussion of several scientific, technical, and risk assessment methodology
issues raised by plaintiffs regarding agency compliance with NEPA in the transportation of SNF
and HLW. Some of the key rulings or pronouncements from these cases are summarized below.

Judicial Review of Scientific/Technical Issues: A reviewing court must generally defer to the
expertise of an agency when assessing difficult issues of scientific and/or technical dispute, so
long as the agency’s determination does not appear to be arbitrary and capricious (issues
considered in the cases included transportation cask properties/reliability, dose conversion
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factors, and both incident-free and accident-related radiation exposure factors). When specialists
express conflicting views, an agency has the discretion to rely on the reasonable opinions of its
own qualified experts, even if a court might find contrary views more persuasive. Under this
standard, an agency determination is merely required to have a rational basis (i.e., to be within a
range of opinion generally accepted by the scientific community, or justifiable in light of current
scientific thought).

Risk Assessment Methodology: The use of an overall (probabilistic) risk assessment
methodology, in particular the RADTRAN 4 model and code, to calculate the risks associated
with the transportation of radioactive waste, complies with the requirements of NEPA.

Cumulative Risk: While the incident-free dose from SNF or HLW transportation is usually
unmeasurably small, when people along a transportation route have been exposed to this minimal
dose of additional radiation repeatedly (from historic shipping campaigns), the cumulative dose
must be included in risk calculations, with an explanation regarding the amount of the radiation,
the number of people it might involve, and the potential health effects and risks.

Use of Bounding Values: The use of conservative estimates, or “bounding values,” for certain
variables in risk assessment calculations (e.g., weather conditions, topography, and emergency
response times) is generally acceptable for NEPA compliance. However, using bounding values
tends to lessen or eliminate differences among alternatives, making the comparisons required by
NEPA more difficult. Hence, their use should be limited to cases for which more accurate and
detailed assessment is not practicable.

Low Probability/High Consequence Accidents: The potential effects of low-probability
accidents with high and beyond-design-basis consequences must be considered. Accidents with
a probability of occurrence of 1077 (one in ten million) or more per year are considered
“maximum reasonably foreseeable accidents” and accidents having a smaller probability of
occurrence rarely need to be considered (DOE, 1999c). The use of the accident module in
RADTRAN for the risk analysis ensures that all accidents that might occur will be considered.
The RADTRAN accident severity category scheme includes the full range of mechanical and
heat impact that might be involved in a transport accident, including those with probabilities less
than 1077,

Human Error: Although human error in vehicle operation is included in historic accident rates,
these rates do not account for some human errors that may have an effect specific to the shipping
of radioactive materials (e.g., an error in sealing the casks after SNF rods have been loaded
inside, or human error in the design or manufacture of the casks). To the extent that such factors
can be identified, a probability of occurrence can be supported by past events, and an accidental
release of radionuclides could result, these factors should be considered in a transportation risk
assessment to the extent practicable.

Sabotage: To the extent that sabotage could create forces that caused a release of radionuclides,
it should be considered in a transportation consequence assessment.

Page 20



A Resource Handbook on DOE Transportation Risk Assessment

B 3.4 Current Considerations and Future Outlook

Under DOE’s Record of Decision (ROD) for the conduct of its Spent Fuel Management Program
through the year 2035 (May 30, 1995), approximately 575 shipments of naval SNF will be made
by rail to INEEL from six sites (Kesselring, Norfolk, Newport News, Pearl Harbor, Portsmouth,
and Puget Sound). While insufficient data are available regarding specific transport variables to
accurately assess the total number and modal mix of other DOE shipments necessary for
implementation, the ROD estimates that there will be a maximum of 3,655 shipments (to INEEL
and SRS combined), assuming that all shipments are by truck, with the exception of Naval SNF.
In addition to the naval SNF, these projected shipments include about 546 shipments of special-
case commercial SNF from 11 non-DOE origins; 1,008 shipments of foreign research reactor
SNF through eight potential ports of entry; 519 shipments of domestic university research reactor
SNF from 35 university reactors; and 1,007 intrafacility shipments of DOE-owned SNF from
eight DOE weapons complex facilities (DOE, 1995b).

Under the Nuclear Waste Policy Act (NWPA) as amended, it is anticipated that SNF assemblies
will eventually be transported from 72 commercial sites and five DOE sites throughout the
United States to a geologic repository. If most SNF and HLW can be transported by rail, about
9,600 rail shipments and 1,080 truck shipments would be needed over a 24-year period. If legal-
weight truck transportation must be used, about 53,000 truck shipments and 300 rail shipments
(of naval SNF) would be needed (DOE 2002, Appendix J,). An additional 10,000 rail shipments
or 40,000 legal-weight truck shipments of SNF and 1,500 rail shipments or 6,700 truck
shipments of HLW may also be required.

Other shipments of DOE radioactive waste are also expected to increase over the next several
years. Approximately 38,000 truck shipments to the WIPP of TRUW are anticipated from about
22 sites over the next 35 years (DOE, 1997d). Anticipated treatment and disposal of DOE low-
level waste (LLW) could result in another 25,000 to 95,000 truck shipments over approximately
20 years, depending on the final regionalization strategy chosen (DOE, 1997b).

The volume and national scope of these anticipated shipments present some unique issues that
must be addressed in light of legal challenges. DOE has already introduced a more
comprehensive approach in its recent EISs (DOE, 1995b; 1996a; 1997b; 1999¢), including

(1) the introduction of specific, state-level routing and accident parameters; (2) the incorporation
of consequence analysis using the RISKIND model and code, which is also used to analyze
health effects to the MEI (RADTRAN continues to analyze risks to populations along routes and
at stops*); and (3) the maintenance of consistency (including major assumptions and parameters)
among its EISs. The same approach has been adopted by the Department of the Navy in its
recent EIS on the container system for the management of naval SNF (U.S. Department of the
Navy, 1996). This approach has enabled DOE to address concerns raised by stakeholders with
regard to its previous NEPA assessments.

* Either RADTRAN or RISKIND can be used for all of these analyses. However, population and route analysis can
be done more efficiently with RADTRAN, while consequence and MEI analysis can be done more efficiently with
RISKIND.
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Because a number of anticipated shipments will be made by different programs from several
sites and will traverse the country, in some cases using the same transportation corridors,
transportation analysis should examine the cumulative radiological exposure risks to
transportation crews, cask handlers, and persons residing along the transportation routes,
particularly those in the vicinity of shipping and receiving facilities.

The distances traveled through multiple states by many of these shipments has expanded the
transportation alternatives considered to include different modes, intermodal transfer, and
alternative routes. The spectrum of transportation alternatives considered in a NEPA analysis
was increased in the Yucca Mountain EIS (DOE, 2002) to include barge transportation and
intermodal transfers, as well as alternative routes. This EIS also presents alternative routes and
modes, rather than choosing a particular route or transportation mode.

Page 22



A Resource Handbook on DOE Transportation Risk Assessment

4. Transportation Methodology and
Historical Review

Historical DOE NEPA transportation assessments were reviewed as part of this effort to
streamline the process of conducting such assessments. This review documented the types of
analyses and methods that have been used and accepted in the past, identified any apparent
trends, and evaluated the assessment results to identify ways in which future assessments can be
streamlined. This section provides a historical overview, as well as a description of an
assessment approach that has been used successfully in the past and is considered well-
developed and comprehensive. In addition, previous assessment results are briefly evaluated and
presented to provide some perspective on expected assessment results.

Section 4.1 presents a discussion of a standardized transportation risk assessment approach
identified after review of a large number of recent NEPA documents. This approach was used to
support the DOE Waste Management Programmatic EIS (DOE, 1997b) and several subsequent
EISs. The approach was a culmination of discussions and reviews among several organizations,
including DOE offices, the Naval Reactors Program, and contractors, and was itself based on a
long history of previous assessments. This assessment approach, summarized in Figure 4.1,
combined the use of routing programs (HIGHWAY [Johnson et al., 1993a] and INTERLINE
[Johnson et al., 1993b]) with the transportation risk assessment codes RADTRAN (Neuhauser
and Kanipe, 1993; Neuhauser et al., 2000) and RISKIND (Yuan et al., 1995). (A discussion of
the assessment models is provided in Section 5.) The two complementary risk assessment
programs are used to satisfy the requirements and considerations of NEPA, which include not
only the need to estimate impacts of alternatives, but also the need to respond to specific areas of
public concern. This approach provides a uniform and comprehensive methodology for
performing transportation impact assessments.

Section 4.2 summarizes the NEPA assessments reviewed to determine the assessment
methodology described in Section 4.1, including a tabular summary of the methods and models
used. Section 4.3 presents a brief statistical analysis of the results of previous assessments, and
is intended to highlight the magnitude of expected assessment results.

B 4.1 Transportation Risk Assessment Methodology

A commonly used approach for transportation risk assessment identified in this review is sum-
marized in Figure 4.1 and discussed in detail in this section. For each analysis, risks are assessed
for routine transportation and accidents. For the routine operations assessment, risks are calcu-
lated for the collective populations of potentially exposed individuals, as well as for the MElIs.
The accident assessment consists of two components: (1) an accident risk assessment where risks
are calculated for the collective population living and working along the transportation route that
considers the probabilities and consequences of a range of possible transportation-related acci-
dents, including low-probability accidents that have high consequences, and high-probability
accidents that have low consequences; and (2) an accident consequence assessment that considers
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only the radiological consequences to a population group and MEIs from severe transportation-
related accidents postulated to result in the largest releases of radioactive material.

All radiological impacts are calculated in terms of dose and associated health effects in the
exposed populations. The radiation dose calculated is the total effective dose equivalent (TEDE),
as specified in 10 CFR Part 20 (“Standards for Protection against Radiation”), which is the sum
of the effective dose equivalent (EDE) from exposure to external radiation and the 50-year
committed effective dose equivalent (CEDE) (International Commission on Radiological
Protection [ICRP], 1977) from exposure to internal radiation. Doses of radiation are typically
calculated in units of rem (roentgen-equivalent man) or millirem (mrem, 1 rem = 1,000 mrem)
for individuals and in units of person-rem for collective populations. In most cases, federal
regulations require that individual members of the public not be exposed to more than

100 mrem/yr from licensed operations (10 CFR 20.1201). Transportation workers involved in
the shipment of radioactive materials, as well as other individuals, such as state shipment
inspectors, would be monitored by a dosimetry program if it were expected that they would be
exposed to radiation in excess of 100 mrem/yr. In such cases, doses would be maintained
ALARA at a level well below the 5 rem annual limit for radiation workers (10 CFR 20.1201).

Generally, assessment models provide estimates of the radiation dose to workers and members of
the public, which are then converted to estimates of health effects for each alternative. The
health effect end point typically used is radiation-induced latent cancer fatalities (LCFs), which
are estimated by multiplying the dose (person-rem) by health risk conversion factors. These
factors relate the radiation dose to the potential number of expected LCFs based on
comprehensive studies of people historically exposed to large doses of radiation, such as the
Japanese atomic bomb survivors. The factors most commonly used in recent assessments are
0.0004 LCF/person-rem of exposure for workers and 0.0005 LCF/person-rem of exposure for
members of the general public (ICRP, 1991). The latter factor is slightly higher because some
individuals in the public, such as infants, are more sensitive to radiation than the average worker.
These factors imply that if a population of workers receives a total dose of 2,500 person-rem, on
average, one additional LCF will occur among the workers. Similarly, if the general public
receives a total dose of 2,000 person-rem, on average, one additional LCF will occur.

The RADTRAN computer code (Neuhauser and Kanipe, 1992; 2000; Neuhauser et al., 2000) is
used for routine and accident risk assessments to estimate the radiological impacts to collective
populations. The code calculates population risks associated with transporting radioactive
materials by various modes, including truck, rail, air, ship, and barge. The RADTRAN
calculations of population risk take into account the consequences and probabilities of potential
exposures.

RADTRAN was originally developed by Sandia National Laboratories (SNL) as a tool to
prepare the Final Environmental Impact Statement on the Transportation of Radioactive
Material by Air and Other Modes (NRC, 1977a). The code has been continually updated and
expanded since its inception. The latest version, RADTRAN 5 (Neuhauser et al., 2000), was
released in mid-2000, but this handbook reviews assessment experience with the RADTRAN 4
code (Neuhauser and Kanipe, 1992; 1993). Unless explicitly stated, the RADTRAN models
discussed in this handbook are common to both versions. RADTRAN is discussed in more detail
in Section 5.3.1.
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As a complement to the RADTRAN calculations, the RISKIND computer code (Yuan et al.,
1995) estimates scenario-specific doses to MEIs for routine operations and accidents and
estimates population impacts for the accident consequence assessment. The RISKIND computer
code was originally developed by Argonne National Laboratory for the DOE Office of Civilian
Radioactive Waste Management specifically to analyze radiological consequences to individuals
and population subgroups associated with transporting SNF. The most recent version of the code
accommodates all types of radioactive waste shipments.

The RISKIND calculations supplement the results for collective risk calculated with
RADTRAN. Whereas the results for collective risk provide a measure of the overall risks of
each case, the RISKIND calculations are meant to address areas of specific concern to
individuals and subgroups of the population. Essentially, the RISKIND analyses address
hypothetical questions, such as, “What if I live next to a site access road?” or “What if an
accident happens near my town?” RISKIND is described in Section 5.3.3.

B B 411 Routine (Incident-Free) Risk Assessment Method

HE N 4111 Collective Population Risk

The radiological risk associated with routine transportation results from the potential exposure of
people to low-level external radiation from loaded shipments. For routine transportation, the
RADTRAN computer code considers all major groups of potentially exposed persons. The
RADTRAN calculations of risk for routine highway and rail transportation include exposures of
the following population groups:

e Persons Along the Route (Off-Link Population). Collective doses are calculated for all
persons living or working on each side of a transportation route. The total number of persons
within the corridor may be calculated separately for each route considered in the assessment.

e Persons Sharing the Route (On-Link Population). Collective doses are calculated for all
persons in vehicles sharing the transportation route. This group includes persons traveling in
the same or the opposite direction as the shipment, as well as persons in vehicles passing the
shipment.

e Persons at Stops. Collective doses are calculated for people who may be exposed while a
shipment is stopped en route. For truck transportation, these stops include those for
refueling, food, and rest. For rail transportation, stops are assumed to occur for purposes of
classification.

e Crew Members. Collective doses are calculated for truck transportation crew members and
railyard workers.

The doses calculated for the first three population groups are added to yield the collective dose to
the public; the dose calculated for the fourth group represents the collective dose to workers.

The RADTRAN calculations for routine dose are based on generically expressing the dose rate
as a function of distance from a point source (Neuhauser and Kanipe, 1995; Neuhauser et al.,
2000). The calculation of routine doses for each exposed population group depends on
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parameters such as the radiation field strength, source-receptor distance, duration of exposure,
vehicular speed, stopping time, traffic density; and route characteristics, such as population
density. The RADTRAN manual contains derivations of the equations and descriptions of these
parameters (Neuhauser and Kanipe, 1995; Neuhauser et al., 2000). The values for many of the
most important parameters are presented in Section 6.

The collective routine risks are calculated for each specific alternative as follows. Each
alternative is first defined as a set of origin-and-destination pairs. TRAGIS (Johnson and
Michelhaugh, 2000) determines representative highway or rail routes for each unique pair.
HIGHWAY (Johnson et al., 1993a) and INTERLINE (Johnson et al., 1993b) were the routing
codes used previously for truck and rail routes, respectively. However, they were superseded by
TRAGIS. The number of shipments transported across each route segment is then calculated for
truck and rail modes by using estimated site-specific radioactive material inventories and
information on shipment capacity. For shipments between each origin-and-destination pair,
RADTRAN calculates collective risks to workers and the public based on representative
radiological and physical properties of the radioactive material being transported. The collective
risks are then summed over the set of origin-destination pairs to estimate the collective routine
risks associated with that alternative.

HEN 4112 Maximally Exposed Individual Risk

The RISKIND model estimates risk to MEIs for a number of hypothetical exposure scenarios.
The receptors include transportation crew members, departure inspectors, and members of the
public exposed during traffic delays, while working at a service station, or while living near a
DOE site.

The dose to each MEI considered is calculated with RISKIND for an exposure scenario defined
by a given distance, duration, and frequency of exposure specific to that receptor. The distances
and durations of exposure for the scenarios listed here are similar to those given in previous
transportation risk assessments (DOE, 1987; 1990; 1995b; 1996a; 1997b):

o Crew Members. Truck and rail crew members are assumed to be occupational radiation
workers and would be monitored by a dosimetry program. Therefore, the maximum
allowable dose would be 5 rem/yr. As an administrative procedure, the DOE limits doses to
DOE workers to 2 rem/yr (DOE, 1994a).

o [Inspectors (Truck and Rail). Inspectors are assumed to be either federal or state vehicle
inspectors. Inspectors are not monitored by a dosimetry program. An average exposure
distance of 3 m (10 ft) and an exposure duration of 30 minutes are assumed.

e Rail-Yard Crew Member. A rail-yard crew member is not monitored by a dosimetry
program. An average exposure distance of 10 m (33 ft) and an exposure duration of 2 hours
are assumed.

e Resident (Truck and Rail). A resident is assumed to live 30 m (98 ft) from a site entrance
route (truck or rail). Shipments pass at an average speed of 24 km/h (15 mph), and the
unshielded resident is exposed. Cumulative doses are assessed for each site based on the
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number of shipments entering or exiting the site, assuming that the MEI resident is present
for 100% of the shipments.

e Person in Traffic Obstruction (Truck and Rail). A person is assumed to be stopped next to a
radioactive material shipment (e.g., because of traffic slowdown). The unshielded person is
assumed to be exposed at a distance of 1 m (3.3 ft) for a duration of 30 minutes.

e Person at Truck Service Station. A person is assumed to be exposed at an average distance
of 20 m (66 ft) for a duration of 2 hours. This receptor could be a worker at a truck stop.

e Resident near a Rail Stop. A resident is assumed to live near a rail classification yard. The
unshielded resident is assumed to be exposed at a distance of 200 m (656 ft) for a duration of
20 hours.

The scenarios are not intended to be exhaustive, but to provide a range of potential exposure
situations.

The RISKIND external dose model considers direct external exposure and exposure from
radiation scattered from the soil and air. The RISKIND model calculates dose (rem per hour) as
a function of distance for stationary exposure and rem per event for moving shipments from a
radioactive material shipment based on the shipment dimensions. The code approximates the
shipment as a cylindrical volume source, and the calculated dose includes secondary radiation-
scattering contributions from buildup (scattering by waste contents), cloudshine (scattering by
air), and groundshine (scattering by ground). The dose rates calculated with RISKIND have
been comparable with output from existing radiation transport codes, such as MCNP and
Microshield (Biwer et al., 1997). The RISKIND model produces realistic, yet conservative,
results.

B BN 4113 Vehicle-Related (Nonradiological) Routine Risk

Vehicle-related health risks resulting from routine transportation may be associated with
transporting vehicles that generate air pollutants during shipment, independent of the nature of
the shipment. The health end point assessed under routine transport conditions is the excess
(additional) latent mortality caused by inhalation of vehicular emissions. A risk factor for latent
mortality from pollutant inhalation, generated by Rao et al. (1982), is 1 x 10”"/km

(1.6 x 107"/mi) of truck travel in an urban area (1.3 x 10”"/railcar-km for rail). This risk factor is
based on regression analyses of the effect of fugitive dust and sulfur dioxide and particulate
emissions from diesel exhaust on mortality. Excess latent mortality is assumed to be equivalent
to latent fatalities. Vehicle-related risks from routine transportation are calculated for each
alternative by multiplying the total distance traveled in urban areas by the appropriate risk factor.
Similar risk factors are not available for rural and suburban areas.

Risks are summed over the entire route and over all shipments for each alternative. This method
was used in several reports to calculate risks from routine transport of radioactive wastes (DOE,
1987; 1990; 1995b; 1996a; 1997b). Lack of information for rural and suburban areas is an
obvious gap in the data, although the risk factor would be lower because the number of affected
persons would be lower in rural and suburban areas. As discussed in Section 6.2.2, revised and
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updated risk factors based on the work of Rao et al. (1982; Biwer and Butler, 1999) were
recently developed to include all truck types and population zones.

H B 412 Accident Assessment Method

HENE 4121 Radiological Accident Risk Assessment

The risk analysis for potential accidents differs fundamentally from the risk analysis for routine
transportation because accident occurrences are stochastic events. The accident risk assessment
is treated probabilistically in RADTRAN. The dose risk from a specific accident is defined as
the product of the accident consequence (dose) and the probability of the accident occurring.
The accident dose risk from a given shipment is the sum of dose risk over the range of accidents.
In this respect, the RADTRAN code estimates the collective accident risk to populations by
considering a spectrum of transportation-related accidents. That spectrum encompasses a range
of possible accidents, including low-probability accidents with high consequences and high-
probability accidents with low consequences (“fender benders”). The RADTRAN calculation of
collective accident risk employs models that quantify the range of potential accident severities
and the responses of transported packages to accidents. The spectrum of accident severity is
divided into a number of categories. Each category of severity represents a conditional
probability of occurrence — that is, the probability that an accident, if one occurs, will be of a
particular severity. Release fractions, defined as the fraction of the material in a package that
could be released in an accident, are assigned to each accident severity category on the basis of
the physical and chemical form of the waste material. The models take into account the
transportation mode and the packaging type. The accident rates, the definition of accident
severity categories, and the release fractions for such an analysis are discussed further in Section
6.

For accidents involving the release of radioactive material, RADTRAN assumes that airborne
material is dispersed into the environment according to standard Gaussian dispersion models.
For the risk assessment, RADTRAN assumes an instantaneous ground-level release and a source
cloud with an initially small diameter (Neuhauser et al., 2000). The calculation of the collective
population dose after the release and dispersal of radioactive material includes the following
exposure pathways:

External exposure to the passing radioactive cloud,
External exposure to contaminated soil,

Internal exposure from inhaling airborne contaminants, and
Internal exposure from ingesting contaminated food.

For the ingestion pathway, state-specific food transfer factors were calculated that relate the
amount of radioactive material ingested to the amount deposited on the ground (see Section
6.1.11.2 and Appendix D) in accordance with the methods described by NRC Regulatory Guide
1.109 (NRC, 1977b). These factors may be used with ground deposition calculated by
RADTRAN to estimate ingestion dose. Radiation doses from ingesting or inhaling radionuclides
are calculated with standard dose conversion factors (see Appendix C).

The collective accident risk for each alternative is determined in a manner similar to that
described for routine collective risks. Accident risks are first calculated for each unique origin-
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and-destination pair and then are summed over all pairs to estimate the total risk for the
alternative.

H BN 4122 Radiological Accident Consequence Assessment

The RISKIND code provides a scenario-specific assessment of radiological consequences of
severe transportation-related accidents for each waste type. The RADTRAN accident risk
assessment considers the entire range of accident severities and their related probabilities. On
the other hand, the RISKIND accident consequence assessment analyzes the potential impacts of
a given accident by focusing on accidents that would result in the largest releases of radioactive
material to the environment. This enables estimates of accident consequences for maximum,
reasonably-foreseeable accident scenarios. Maximum, reasonably-foreseeable accidents have
very low probabilities of occurrence, but are not “worst case” accidents. DOE analyzes
maximum, reasonably-foreseeable accidents and presents their consequences separately from
their probabilities in NEPA documents.

The severe accidents considered in the consequence assessment are characterized by extreme
mechanical and thermal forces. In all cases, these accidents result in a release of radioactive
material to the environment. The accidents correspond to those within the highest accident
severity category that may reasonably be expected to occur, as described previously. These
accidents represent low-probability, high-consequence events. Therefore, accidents of this
severity are expected to be extremely rare. However, the overall probability that such an
accident could occur depends on the potential accident rates for this severity category and the
shipping distance for each alternative.

The RISKIND model is used to assess accident consequences for two reasons. First, it can
model the complex atmospheric (or site-specific) dispersion resulting from severe accidents.
The atmospheric dispersion is modeled as an instantaneous release by using standard Gaussian
puff methods. In addition, because severe accidents typically involve fires, modeling the
potential radiological consequences takes into account physical phenomena resulting from the
fire, such as buoyant plume rise. Second, RISKIND can estimate the dose to MEIs near an
accident. RISKIND determines the MEI’s location on the basis of the atmospheric conditions
assumed at the time of the accident and the thermal characteristics of the release.

The accident consequences are calculated for local populations and for MEIs. The population
dose includes the population within 80 km (50 mi) of the accident site. The exposure pathways
considered are similar to those discussed previously for the accident risk assessment. Although
remedial activities (e.g., evacuation or ground cleanup) after the accident would reduce the
consequences, these activities are often not considered in the consequence assessment because
emergency responses would not be uniform along a given transport route.

Because predicting the exact location of a severe transportation-related accident is impossible,
separate consequences are calculated for accidents occurring in rural, suburban, and urban zones
of population density. Moreover, to address the effects of the atmospheric conditions at the time
of an accident, two different atmospheric conditions are often considered. The first case assumes
neutral atmospheric conditions (Pasquill stability class D, 4 m/s wind speed), and the second
assumes stable conditions (Pasquill stability class F, 1 m/s wind speed).
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B BN 4123 Vehicle-Related (Nonradiological) Accident Risk Assessment

Vehicle-related accident risk refers to transportation accidents that result in fatalities unrelated to
the shipment’s cargo. This risk represents fatalities from mechanical causes. State-specific
transportation fatality rates are discussed in Section 6.2.1. Vehicle-related accident risks are
calculated by multiplying the total distance traveled in each state by the appropriate state rate for
transportation-related fatalities. The vehicle-related accident risks are typically calculated by
using distances for round-trip shipment that include the return trip to the origin site without the
radioactive cargo.

B 42 Summary of Recent NEPA Transportation Risk Assessments

Approximately 100 DOE NEPA documents were reviewed to identify the transportation risk
assessment methodologies used and compare the results. An initial screening investigation was
conducted to limit the number of NEPA documents examined in detail to those containing
comprehensive radiological intersite transportation risk assessment sections. In general, the
methodology review and comparison of results were conducted for the more recent NEPA
documents that discussed the risk assessment methodologies and detailed results of the
transportation impact assessments.

Typically, brief descriptions of the risk assessment methodology and results of the transportation
impact assessments were presented in the main NEPA documents, with a more detailed
description of these methodologies in separate transportation appendices and technical reports.
The reviewed NEPA documents primarily involved the transportation of radioactive waste, such
as LLW, TRU, SNF, and HLW. In addition, most of the reviewed assessments estimated
impacts from either truck or rail modes of transport.

The NEPA documents reviewed in detail are listed in Table 4.1. The table also shows the
predominant radioactive cargo being transported, the transportation modes considered, and the
assessment computer codes and models. The documents listed are the only ones among the
nearly 100 screened that contained significant transportation risk assessment sections.

As previously mentioned, a generally standardized assessment approach, detailed in Section 4.1,
has emerged in recent years. This approach, which addresses risks to collective populations, MEIs,
and the consequences of maximum severity accidents, was applied and accepted in a number of
high-profile NEPA assessments. The approach combines four primary computer codes:
RADTRAN and RISKIND for risk and consequence assessment, and HIGHWAY and INTERLINE
for routing analysis. Note, however, that HIGHWAY and INTERLINE were superseded by
TRAGIS.
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Table 4.1. Reviewed DOE NEPA Documents Containing Comprehensive Transportation Risk Assessments

. . . . Incident-Free Accident
Document NEPA Document Predominant Cargo Transportation Routing Collective Risk MEI Consequence
Number Mode Models Models
Model Models

DOE/ Draft EIS Disposal of Hanford Defense HLW, TRUW Truck, rail Not provided RADTRAN II Not evaluated Not evaluated
EIS-0113 HLW, TRUW, and Tank Wastes
DOE/ Waste Management Programmatic EIS LLW, low-level mixed | Truck, rail HIGHWAY, RADTRAN 4 RISKIND RISKIND
EIS-0200-F | for Managing Treatment, Storage, and waste (LLMW), HLW, INTERLINE

Disposal of Radioactive and Hazardous TRUW

Waste
DOE/ DOE Programmatic SNF Management SNF Truck, rail HIGHWAY, RADTRAN 4 RISKIND RISKIND
EIS-0203-F | and INEL ER and Waste Management INTERLINE

Final EIS
DOE/ Proposed Nuclear Weapons SNF Truck, rail HIGHWAY, RADTRAN 4 RISKIND RISKIND
EIS-0218F Nonproliferation Policy Concerning INTERLINE

Foreign Research Reactor SNF
DOE/ Draft EIS for Completion of the West LLW, TRUW, Truck, rail HIGHWAY, RADTRAN 4 RISKIND RISKIND
EIS-0226-D | Valley Demonstration Project (WVDP) contaminated soils, INTERLINE

and Closure or Long-Term Management low specific activity

of Facilities at the Western New York (LSA) materials

Nuclear Service Center
DOE/ Disposition of Surplus Highly Enriched Uranium compounds Truck INTERSTAT RADTRAN 4 Not evaluated Not evaluated
EIS-0240 Uranium Final (EIS)
DOE/ Final EIS for Management of SNF from SNF, HLW Truck, rail HIGHWAY, RADTRAN 4 RISKIND GENII
EIS-0245F K Basins at the Hanford Site, Richland, INTERLINE (worker only)

Washington
DOE/ Medical Isotopes Production Project: Medical isotopes Air, truck HIGHWAY RADTRAN 4 Not Provided GENII
EIS-0249 Molybdenum-99 and Related Isotopes (aircraft

EIS passenger only)
DOE/ Draft EIS for a Geologic Repository for SNF Truck, rail HIGHWAY, RADTRAN 4 RISKIND RISKIND
EIS-0250D the Disposal of SNF and High-Level INTERLINE

Radioactive Waste at Yucca Mountain,
Nye County, Nevada
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Table 4.1. Reviewed DOE NEPA Documents Containing Comprehensive Transportation Risk Assessments (Continued)

. . . . Incident-Free Accident
Document NEPA Document Predominant Cargo Transportation Routing Collective Risk MEI Consequence
Number Mode Models Models
Model Models

DOE/ Department of the Navy Final EIS for a SNF Rail INTERLINE RADTRAN 4 Mathematical RISKIND
EIS-0251 Container System for the Management of Formulas

Naval SNF
DOE/ Programmatic EIS for Alternative Uranium compounds Truck, rail HIGHWAY, RADTRAN 4 RISKIND RISKIND
EIS-0269 Strategies for the Long-Term Management INTERLINE

and Use of Depleted Uranium

Hexafluoride
DOE/ Final EIS S1C Prototype Reactor Plant Reactor components Truck, rail HIGHWAY, RADTRAN 4 Mathematical RISKIND
EIS-0275 Disposal INTERLINE Formulas
DOE/ Surplus Plutonium Disposition Plutonium and uranium | Truck HIGHWAY RADTRAN 4 RISKIND RISKIND
EIS-0283 Final EIS compounds
DOE/ Waste Isolation Pilot Plant Disposal Phase | TRUW Truck, rail HIGHWAY RADTRAN 4 Not identified RISKIND
EIS-0026-S-2 | Draft Supplemental EIS
DOE/ EA of Transportation, Receipt, and SNF Truck Not provided RADTRAN 4 Not evaluated Not evaluated
EA-0441 Storage of Fort St. Spent Fuel at the

Irradiated Fuel Storage Facility at the

Idaho Chemical Processing Plant
DOE/ EA of Urgent Relief Acceptance of SNF Truck, rail HIGHWAY RADTRAN 4 Not identified Not identified
EA-0912 Foreign Research Reactor SNF
DOE/ EA, Yucca Mountain Site, Nevada SNF Truck, rail HIGHWAY, RADTRAN II Cited references | Cited references
RW-0073 Research and Development Area, Nevada INTERLINE (Sandquist et al., | (Sandquist et al.,

1985) 1985)

JUBWISSESSY ¥SIy UoNepodsuel] JOQ U0 YOOqPUBH 82IN0Say Y



A Resource Handbook on DOE Transportation Risk Assessment

B B 421 Collective Population Risk

The DOE NEPA documents reviewed generally used similar methodologies to conduct the
transportation risk assessments. In all cases, the cargo-related collective population risks were
estimated with the RADTRAN 4 computer code coupled with the route characteristics obtained
from HIGHWAY and INTERLINE. The collective population risks were estimated on the basis
of “per-kilometer” unit risks, “per-shipment” unit risks, or direct output from the RADTRAN
computer code. Input data for RADTRAN were obtained either from the RADTRAN user’s
manual or from information collected during past shipping practices. Results from RADTRAN 5
analyses were published too recently to be included in this summary.

The RADTRAN computer code was used to estimate the “cargo-related” collective population
risk for every EIS and EA reviewed. The RADTRAN computer program was originally
developed by SNL to prepare the Final Environmental Statement on the Transportation of
Radioactive Material by Air and Other Modes (NRC, 1977a). RADTRAN II (Madsen et al.,
1983) and RADTRAN III (Madsen et al., 1986) were revised versions of the original code. The
RADTRAN code has been continually updated and expanded since its inception and estimates
the radiological risks to collective populations associated with transportation operations under
both routine and accident conditions. The most current version of RADTRAN is RADTRAN 5
(Neuhauser and Kanipe, 2000). For routine cargo-related risks, RADTRAN estimates a
collective radiation dose for persons living along the transportation route, sharing the
transportation route, and at rest stops along the transportation route. RADTRAN also calculates
the collective population dose to crew members and other workers. The potential radiation dose
estimated using RADTRAN strongly depends on the external dose rate and the cargo size.
RADTRAN estimates the “cargo-related” collective population risks associated with potential
transportation accidents by considering both the consequences of each type of accident and the
probability of an accident occurring. The exposure pathways consider inhalation, groundshine,
cloudshine, and ingestion. For each NEPA document researched, the “cargo-related” risk
associated with transportation accidents was a small percentage of the total risk.

BB 422 Consequence Assessment

To supplement the collective risk estimates, most of the recent NEPA transportation risk
assessments have included dose and the associated LCF estimates to MEIs under routine and
accident transportation conditions. The radiological impacts to these individuals were estimated
with such computer models as RISKIND and GENII, as well as mathematical formulas. Many
of the most recent documents used the RISKIND code for both accident consequence and MEI
assessments (see Table 4.1).

To address both NEPA requirements and public concerns related to transportation operations,
site-specific “cargo-related” impacts are estimated for MEIs under routine and accident
conditions. The RISKIND computer code (Yuan et al., 1995) was originally developed by
Argonne National Laboratory in response to public comments about the need for a more
complete and consistent methodology to address radiological consequence issues. Before the
development of RISKIND, a variety of models estimated site-specific “cargo-related” impacts to
MEIs. RISKIND was designed to address the local, scenario-specific (i.e., “what if””) concerns
frequently expressed by the members of public during the NEPA scoping process. The modeled
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pathways incorporated into RISKIND include external radiation (routine, accident), inhalation
(accident), groundshine (accident), cloudshine (accident), and ingestion (accident). Since the
development of the RISKIND computer code, many of the more recent NEPA documents (see
Table 4.1) have incorporated this computer tool into their assessment methodology to estimate
“cargo-related” consequences to MEIs under both routine and accident conditions.

B B 423 Nonradiological Risk Assessment

In addition to assessing the “cargo-related” radiological risk posed by transportation-related
activities, the NEPA transportation assessments also addressed vehicle-related nonradiological
risks. These risks are independent of the radioactive nature of the cargo and would be incurred
for similar shipments of any commodity. Vehicle-related risks during routine transportation
operations would be associated with potential exposure to increased vehicular emissions,
primarily in urban environments. Most of the transportation risk assessments reviewed utilized
the “per-kilometer” unit risk factors developed by Rao et al. (1982) to estimate vehicle-related
impacts from routine transportation operations. Under accident conditions, vehicle-related risks
refer to the potential for transportation accidents to result in death from physical trauma during
the accident. Vehicle-related transportation risks were estimated in each NEPA document using
“per-kilometer” unit risk factors from several sources, including Saricks and Kvitek (1994) and
Rao et al. (1982).

W 43 Comparison of Results from Recent NEPA Transportation Impact
Assessments

The NEPA risk assessment comparison identifies common trends among the transportation risk
assessments and provides the analyst a baseline for comparison with future work. Because the
assessments reviewed involved varying numbers of shipments over different routes of varying
distances and population densities, the transportation assessments are compared based on the
average impacts estimated for each kilometer traveled (“per-kilometer” unit risks). These unit
risks are intended for comparison purposes only and simply provide analysts with benchmarks
against which to compare future assessment results. The unit risks in the comparisons were
either obtained directly from the NEPA documents or derived from the data presented in each of
the reports. The derived unit risks were calculated by dividing the total collective dose (person-
rem) by the total distance traveled. For assessments of multiple cargo types, the obtained or
derived unit risks for the different cargo types were aggregated into an average unit risk for this
comparison. Comparisons are first presented across assessments and then across waste types.

H B 431 Comparison Across Assessments

The cargo-related incident-free transportation impacts from the NEPA documents summarized
above are compared in Figures 4.2 through 4.6. The comparison of NEPA transportation impact
results are only for those documents that either included unit risks or provided sufficient
information that appropriate unit risks could be derived from the published results. Cargo-
related accident risks were not considered in the comparison because the accident risks are a
small fraction of the total transportation risks.
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Figure 4.2. Incident-Free Cargo-Related Unit Risks for Members of the Public and
Transportation Crews by Truck Transport

As shown in Figure 4.2, cargo-related unit risks for transportation workers from DOE truck
shipments of radioactive material ranged from 8.5 x 107 to 5.8 x 10> person-rem/km, with an
average unit risk of 2.5 x 10~ person-rem/km and a median value of 5.7 x 10 person-rem/km.
For members of the public, Figure 4.2 indicates that the risks ranged from 3.4 x 10 to 1.7 x
10~ person-rem/km, with an average of 7.3 x 10> person-rem/km and a median value of

5.7 x 107 person-rem/km for all cargo types, ranging from depleted uranium to SNF. The
majority of the public dose is accrued during stops for rest and fuel; Figure 4.3 indicates that
approximately 90% of the dose to the public from truck shipments of radioactive material occurs
during these routine stops. Those persons residing or working along transport routes (off-link
population) receive less than 10% of the public dose during incident-free transport by truck.

The unit risks for DOE rail shipments are similar to those for truck shipments. Cargo-related
unit risks for transportation crew members range from 7.1 x 107" to 1.8 x 10~ person-rem/km,
with an average of 1.2 x 10> person-rem/km and a median value of 1.5 x 10~ person-rem/km
for all cargo types (Figure 4.4). Likewise, the unit risks to members of the general public from
DOE rail transport of radioactive material range from 1.4 x 107®to 2.3 x 10~ person-rem/km,
averaging 1.2 x 10~ person-rem/km and a median value of 1.3 x 10~ person-rem/km (Figure
4.4). About half of the public dose from rail shipments is accumulated during the stops, with
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Figure 4.3. Distribution of the Total Incident-Free Dose to Members of the Public (persons
at stops and off-link and on-link receptors) by Truck Transport

most of the remaining dose being delivered to persons living along the rail corridor, as shown in
Figure 4.5.

The NEPA transportation documents reviewed considered a wide range of cargo types, from
depleted uranium to SNF. A key parameter used in estimating routine “cargo-related”
transportation impacts is the external dose rate. Several different methodologies were used to
estimate the external dose rate for the NEPA documents. These methodologies included
obtaining field measurements from identical or similar shipments of the same commaodity,
estimating an average dose rate based on multiple shipments of a similar material, and setting the
external dose rate to the regulatory maximum based on the size of the package and the shipment
type. When correcting for the dose rate from the various cargo types (normalized to a dose rate
of 1 mrem/h at 1 m), the routine cargo-related risks for truck transport ranged from 3.4 x 107 to
5 x 107 person-rem/km, as shown in Figure 4.6, averaging 1.3 x 10~ person-rem/km with a
median value of 1.0 x 10> person-rem for DOE shipments of radioactive material. Similarly,
the unit risks for DOE rail shipments ranged from 6.5 x 10~ to 8.0 x 10~® person-rem/km,
averaging 2.8 x 107° person-rem/km and a median value of 1.7 x 10~® person-rem/km. When
accounting for the external dose rate, the “per-kilometer” unit risks are within a factor of 15 for
truck shipments and less than a factor of 10 for rail shipments of radioactive material.
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Figure 4.4. Incident-Free Cargo-Related Unit Risks for Members of the Public and
Transportation Crews by Rail Transport

B B 432 Dose Rate, Package Size, and Transport Route Effects

A number of different waste type transportation analyses were conducted for the Waste
Management Programmatic EIS for Managing Treatment, Storage, and Disposal of Radioactive
and Hazardous Waste (DOE, 1997b). Potential shipments of these wastes involve a variety of
effective package sizes and external shipment dose rates for risk assessment. As shown in Table
4.1, the types of waste considered include HLW, TRUW, LLW, and LLMW. TRUW with a
surface external dose rate of less than 200 mrem/h is defined as contact-handled (CH) TRUW
(CH-TRUW). TRUW packages having an external dose-rate greater than 200 mrem/h are
defined as remote-handled (RH) TRUW (RH-TRUW). More details on the different waste types
are given in Sections 6.1.1.2 and 6.1.11.1.

External shipment dose rates applied in the Waste Management Programmatic Environmental
Impact Statement (WM PEIS) were calculated by several methodologies. Table 4.2 lists the dose
rates used. For shipments of LLW and LLMW, the dose rate was set to 1 mrem/h based on an
average of about 2,500 reported external dose rates from historical shipments of LLW. For
HLW shipments, the transportation index was estimated based on the external dose-rate set at the
regulatory limit of 10 mrem/h at 2 m. The regulatory limit was assumed because extensive
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historical data for HLW shipments do not exist. For TRUW shipments, the external package dose
rates were based on information provided in the Supplemental Final EIS for the WIPP (DOE,
1990).

Figure 4.7 displays the average incident-free per kilometer unit risk to members of the public
during truck or rail transport of different waste types considered in the WM PEIS. The unit risks
range from approximately 1 x 107 to 7 x 10™° person-rem/km. When these unit risks are
normalized by the dose rate to give the risk per kilometer per mrem/h, the effect of package size
on the risks can be seen in Figure 4.8. The normalized risk decreases from LLW (16 m effective
package size for truck) to HLW (3 m effective package size for truck) shipments.

The differences in shipment routes are reflected in the average distribution of the incident-free
dose to off-link and on-link receptors and to receptors at stops, as shown in Figure 4.9 for truck
shipments and in Figure 4.10 for rail shipments. About 50% or 80% of the incident-free
population dose is incurred at stops during rail or truck transport, respectively. More than 10%
of the exposure is received by the on-link population and the remainder by the off-link
population during truck transport. For rail transport, most of the remaining dose, close to 50%
on average, is received by the off-link population, with the on-link population receiving only
about 1% of the incident-free dose.

100%
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70% | O Stops
(1]
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40%
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20% T
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Hanford Depleted WM FRR EIS WVDP
Tank EIS UF6 PEIS DEIS
DPEIS

Figure 4.5. Distribution of the Total Incident-Free Dose to Members of the Public (persons
at stops and off-link and on-link receptors) by Rail Transport
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Figure 4.6. Incident-Free Cargo-Related Unit Risks Normalized by Dose Rate for
Members of the Public

Table 4.2. Effective Package Sizes and Dose Rates from the WM PEIS

. . Effective Dose Rate
Waste Type Effective Package Size (m) at 1 m (mrem/h)

Truck Rail Truck Rail
LLW 12.0 16.0 1.0 1.0
LLMW 12.0 16.0 1.0 1.0
CH-TRUW 7.32 14.6 5.7 7.2

RH-TRUW 3.61 7.22 7.1 14

HLW 3.0 3.0 14 14

The differences observed in Figures 4.9 and 4.10 among all shipment types are primarily due to
variations in distances traveled in different population zones (rural, suburban, and urban). The
HLW, CH-TRUW, RH-TRUW, and LLW shipment information was based on data from many
shipments over many different routes, giving similar average values. Activated metals was a
subcategory of LLW (using the same package size and dose rate) considered in the WM PEIS.
The activated metals information in Figures 4.9 and 4.10 was from a single WM PEIS alternative
consisting of only five shipment routes, with some shipments traveling more than 50% in suburban
and urban zones using rail transport, in contrast to the average of approximately 23% travel
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Figure 4.7. Incident-Free Cargo-Related Unit Risks for Different Cargo Types for
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Programmatic EIS (DOE, 1997b)
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Figure 4.9. Distribution of the Total Incident-Free Dose to Members of the Public, Persons
at Stops, and Off-link and On-link Receptors for all Cargo Types, from the Waste
Management Programmatic EIS, Truck Transport (DOE, 1997b)

in these zones, as discussed in Section 6.1.3.2. Because the suburban and urban zones have
significantly more people than rural zones, the off-link dose is proportionately larger. Likewise,
the LLMW assessment used the same package size and dose rate information as the LLW
assessment (see Table 4.2 and Section 6.1.1.2), and the LLMW information used in Figures 4.9
and 4.10 was taken from a single alternative with fewer LLMW shipment routes than those used
in other alternatives, reflecting more travel through suburban and urban areas than on average.
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5. Routing and Risk Assessment
Models

A short description of the computer codes used for shipment routing (TRAGIS, HIGHWAY, and
INTERLINE) and transportation risk assessment (RADTRAN and RISKIND) are provided in
this section. As discussed in Section 4, the combined use of these programs has led to a
consistent and comprehensive methodology for conducting DOE transportation risk assessments.
Access to RADTRAN, HIGHWAY, and INTERLINE is provided by the TRANSNET system,
which is discussed below.

B 51 TRANSNET System

TRANSNET is the electronic gateway system of databases, analysis codes, routing algorithms,
and information packages available to those dealing with the transportation of radioactive
materials. The TRANSNET codes and databases reside on a central computer and can be
accessed by authorized users to either gain information or to analyze radioactive material
transportation systems. TRANSNET is accessible only through a secure shell. Information about
the secure shell may be obtained by contacting one of the contact persons. Upon receipt of a
password, a user can access TRANSNET with a personal computer and modem and via the
Internet. The TRANSNET system was first announced in 1987 and initially resided on a
dedicated minicomputer, but now resides on a UNIX-based workstation. This service is
sponsored by the DOE’s National Transportation Program, Office of Environmental
Management (OEM).

The TRANSNET system provides a means of transferring technology and data to qualified users
by permitting access to the most comprehensive and up-to-date transportation risk and systems
analysis codes and associated databases.

B B 511 Codes and Databases Accessible through TRANSNET
The models and databases listed below are currently available on the TRANSNET system.

RADTRAN: RADTRAN evaluates radiological consequences of incident-free transportation as
well as risks from vehicular accidents occurring during transportation. SNL developed the
original RADTRAN code in 1977 for the NRC in conjunction with the preparation of NUREG-
0170, Final Environmental Impact Statement on the Transportation of Radioactive Material by
Air and Other Modes (NRC, 1977a). The analytical capabilities of the code were expanded and
refined in later versions.

HIGHWAY and INTERLINE: The HIGHWAY and INTERLINE routing models (Johnson et al.,
1993a; b) were developed by ORNL to determine transportation routes. The HHGHWAY model
is used to develop several different types of highway routes (commercial, quickest, shortest, or
preferred routes for highway-route-controlled-quantity shipments). The INTERLINE model is
used to calculate rail routes that reflect the routing practices of railroad companies. Both models
provide information on population density along routes. As of January 2002, the HIGHWAY
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and INTERLINE routing models were superseded by a new routing model called the
Transportation Routing Analysis Geographic Information System (TRAGIS) (Johnson and
Michelhaugh, 2000). TRAGIS is a client-server system operating over the Internet, and is
accessed independently of TRANSNET. TRAGIS includes data from the 2000 census and
results of TRAGIS analysis are easily incorporated into risk assessment studies. HHGHWAY and
INTERLINE will not be updated, but will be maintained as part of TRANSNET to ensure
availability for review or analysis of past risk assessments.

RAMPOST: The Radioactive Materials Post-notification (RAMPOST) database is a compilation
of the highway-route-controlled-quantity shipments that have been made since 1987. Data
include shipment date, carrier, shipper, consignee, and highway route segments. RAMPOST has
not been maintained since 1998.

RMIR: The Radioactive Materials Incident Report (RMIR) database contains information on
transportation-related accidents and incidents involving radioactive materials from 1971 to 2000.
RMIR was updated by SNL with new incidents and additions to the existing records of older
incidents. With the advent of a new DOT database (Hazardous Materials Incident Summary
Statistics and data) that reports HAZMAT/RAD incidents, the updating and maintenance of
RMIR was terminated, effective 2001. However, SNL will retain historical data and respond to
inquiries from customers.

TRANSNET also contains a bulletin board available to all TRANSNET users. This bulletin
board is used as a public forum for information packages and other transportation systems
located on the TRANSNET system.

B B 512 Points of Contact
The following individuals can be contacted for more information on TRANSNET:

Pat Tode, Secretary

Transportation Risk and Packaging Department
Sandia National Laboratories

Department 6141

Albuquerque, NM 87185-0718

Phone: (505) 845-8339

Ken B. Sorenson, Manager

Transportation Risk and Packaging Department
Sandia National Laboratories

Department 6141

P.O. Box 5800, MS-0718

Albuquerque, NM 87185-0718

Phone: (505) 844-0074

Fax: (505) 844-0244

Email: kbsoren@sandia.gov
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David I. Chanin

Transportation Risk and Packaging Department
Sandia National Laboratories

Department 6141

P.O. Box 5800, MS-0718

Albuquerque, NM 87185-0718

Phone: (505) 845-0231

Fax: (505) 844-0244

Email: dichani@sandia.gov

B 52 Routing Models

Computerized routing models are commonly used for transportation risk assessment to select
highway and rail routes between origin and destination sites. These models are used to
determine the population characteristics along routes, which are then used as input to risk
assessment models such as RADTRAN and RISKIND. For prospective actions, routing models
are often used to define “representative” routes. These representative routes are typically
selected to be consistent with current routing practices and all applicable routing regulations and
guidelines. However, they do not necessarily represent the actual routes that would transport
radioactive material. Future considerations, including road or track work, new route segments,
and traffic flows, could result in alternative routes being used.

B B 521 TRAGIS Routing Model

TRAGIS replaced HIGHWAY and INTERLINE models, which were used to calculate routes but
lacked the ability to display graphics of those routes. Additionally, many users had difficulty
determining the proper node for facilities and were confused by or misinterpreted the text-based
listing from the routing models. TRAGIS improved the ease of selecting locations for routing,
provided the capability to graphically display the route calculated, and provided for additional
geographic analysis of the route.

TRAGIS is a web-based application. It can be accessed at http://apps.ntp.doe.gov/tragis.htm.
New users can link to a registration page from this home page. Another link is provided to the
user’s manual. TRAGIS requires a user name and password for access.

TRAGIS is designed for routes in the continental United States using the rail, truck, and
waterway transportation modes. The rail network used in the initial version of the model is the
database used in the INTERLINE model. This database, developed for the Federal Railroad
Administration (FRA) in the mid-1970s, is not a fixed-scale database and was extensively
modified by ORNL. A 1:100,000-scale rail database is under development and will be included
in the TRAGIS model in the near future. The 1:100,000-scale truck database was developed
from the U.S. Bureau of Census Topologically Integrated Geographic Encoding and Referencing
(TIGER) system. Information for the inland waterway systems is based on the 1:2,000,000-U.S.
Geodata. Deep-water routes are depicted in TRAGIS as straight-line segments.

One TRAGIS feature is a consistent user interface in the model between the transportation
modes. Functions are similar when running rail, truck, or waterway routes. Some variations will
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occur, such as prompts requesting the name of the railroad company when sites are selected for
rail routing. Overall, when the user learns to use one portion of the TRAGIS system, it will not
be difficult to use other portions of the model.

TRAGIS allows the user to select the origin and destination from a series of pick lists. The user
selects the state from the first list and the node from the second list. The rail portion of TRAGIS
has a third list from which to select a specific railroad company. Users can view the database
and determine the name of nodes. In addition to containing nodes for nearly every major city
and intersection, the TRAGIS database contains hundreds of specialized nodes for locations of
nuclear reactors, DOE sites, military installations, and other important facilities and sites.

After an origin and destination are selected, the model is ready to calculate a route based on
criteria established by option settings. A standard set of default criteria is active for each
transportation mode in the model. Upon calculating a route, TRAGIS allows the user to display
that route. Users can also obtain a text listing and population density information on the route.
Population density statistics are used as input for risk assessment models. The population
density distribution is calculated for each transportation segment of the route and is usually
reported on a state-by-state basis. The population information is based on the 2000 U.S. Census
block group data.

Option settings allow various parameters in the model to be changed for route calculations.
Examples include adjusting the penalty factors for the mainline classifications for rail routing;
using preferred routes, as specified in 49 CFR 397 Subpart D (“Routing of Class 7 [Radioactive]
Materials”) for radioactive materials for truck routes; and running alternative routes for different
transportation modes in TRAGIS.

TRAGIS also provides functions to temporarily modify the routing networks. The user can
select individual nodes and links to be temporarily blocked in the network. Individual states can
also be selectively removed from consideration. In the rail network, the user can modify the
transfer penalties between different rail systems at interchange locations.

Bl 522 HIGHWAY Routing Model

HBENE 5221 Description

The HIGHWAY model provides a flexible tool to identify highway routes for transporting
radioactive materials in the United States. The HIGHWAY database is essentially a
computerized road atlas that currently describes over 240,000 miles of highways. Complete
descriptions of the interstate highway system and all U.S. highways (except those that parallel a
nearby interstate highway) are included in the database. Many of the principal state highways
and a number of local and county highways are also identified. The database also includes
locations of nuclear facilities and major airports.

Several types of routes may be generated, depending on a set of user-supplied constraints.
Routes are generated by minimizing the total impedance between the origin and the destination.
Basically, the impedance is defined as a function of distance and driving time along a particular
highway segment. Several routing constraints can be imposed during the computations. One
special feature of the HIGHWAY model is its ability to generate routes that maximize the use of
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the interstate highway system. This feature allows the user to generate routes for shipments of
radioactive materials that conform to the DOT routing regulations (HM-164). Occasionally,
routes are needed that bypass major population areas. All highway segments located within
urbanized areas containing more than 100,000 people are identified in the HIGHWAY database.
Routes generated using this information will not include roads in these urbanized areas unless no
other route is available. Other features of the model include the ability to generate routes that
bypass a specific state, city, town, or a highway segment.

The HIGHWAY model has been enhanced to automatically generate alternative routes.
Frequently, there are a number of routes between the source and destination that vary slightly in
distance and estimated driving time. With the alternative routing feature, the HIGHWAY
program offers a selection of different, but nearly equal, routes. The output generated by the
HIGHWAY program includes a brief summary showing the origin, destination, departure and
arrival times, estimated driving time, and total distance. The mileage driven in each state is also
listed, along with the mileage traveled on the various highway types. A more detailed route
description is also available, along with geographic information for producing maps of routes.

The HIGHWAY model was used to generate both routes and population density statistics along
routes for risk studies performed for DOE. The population density distribution is calculated for
each highway segment in the route and is usually reported on a state-by-state basis. The
population data utilized for this calculation are based on the 1990 U.S. Census block group data.
The HIGHWAY model is currently used for route planning and scheduling of the Safe and
Secure Transport fleet by the DOE Albuquerque Operations Office’s Security Communications
(SECOM) tracking system. Public access to the HIGHWAY model is currently provided via the
TRANSNET system.

HENE 5222 PeerReview, Validation, and Verification

A study by Maheras and Pippen (1995) provided independent verification that the routes
generated using HIGHWAY are consistent with similar, commercially-available routing
programs.

Bl B 523 INTERLINE Rail Routing Model

HEME 5231 Description

INTERLINE is an interactive program designed to simulate routing practices on the U.S. rail
system. Because the rail industry is divided into a large number of independent, competing
companies, INTERLINE breaks the U.S. rail network into 94 separate subnetworks. Routing
within each subnetwork is conducted independently to replicate the routing practices of an
individual company.

The database used by INTERLINE was originally obtained from the FRA and reflected the status
of the U.S. railroad system in 1974. Over the past two decades, the database was extensively
modified to reflect the line abandonments, corporate mergers, shortline spin-offs, and other
developments. An important element of the database is the transfer locations where traffic may
move from one subnetwork to another. Because transfers between railroads increase cost and
delay, penalties are assigned to these movements to replicate the tendency of traffic to remain on
a single railroad’s line when possible. The model uses a label-setting algorithm to find minimum
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impedance paths within the individual subnetworks. A label-correcting routing is then used to
find paths among the subnetworks. One benefit of this approach is that computer resource
requirements are reduced. This feature allows INTERLINE to run as an interactive program on
either a mainframe or personal computer, despite the large size of the network (approximately
16,000 links).

The user may specify a number of parameters to control the routing calculations, although
defaults are provided that represent typical practices in the industry. By varying these
parameters, the user can find alternative routes or examine the effect of restricting movement
through specified areas, such as cities or railroad systems. Another important capability is the
estimation of short-line mileage between points. Short-line mileages are distances that disregard
the effects of competition among carriers and are the basis of freight rate calculations using class
tariffs.

In addition to including a description of the U.S. railroad system, the INTERLINE database also
includes a description of navigable inland and intracoastal waterways. Thus, the INTERLINE
model is also able to generate likely barge and rail-barge intermodal routes. The output
generated by the INTERLINE model includes a summary showing the origin, destination, total
distance, and distances along the projected railroad lines, as well as population densities along
the route. The general route listing identifies the major cities and all interchange points. A more
detailed route description is also available, along with geographic information for producing
maps of routes.

The INTERLINE model has been used to generate both rail routes and population density
statistics for risk studies performed for DOE. The population density distribution is calculated
for each rail segment in the route and is usually reported on a state-by-state basis. The
population data utilized for this calculation are based on the 1990 U.S. Census block group data.
Public access to the INTERLINE model is provided via the TRANSNET system.

H B 524 Points of Contact

The individuals listed below can provide further information on the routing models introduced in
Section 5.2.

R. R. Rawl, NTP Program Manager

Oak Ridge National Laboratory

Bldg NTRC, MS 6472

P.O. Box 2008

Oak Ridge, TN 37831-6472

Street address: National Transportation Research Center
2360 Cherahala Blvd.
Knoxville, TN 37932-1563

Phone: (865) 574-6461

Fax: (865) 574-3431

E-mail: rawlrr@ornl.gov
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P. E. Johnson, TRAGIS Task Leader

Oak Ridge National Laboratory

Bldg NTRC, MS 6472

P.O. Box 2008

Oak Ridge, TN 37831-6472

Street address: National Transportation Research Center
2360 Cherahala Blvd.
Knoxville, TN 37932-1563

Phone: (865) 574-7450

Fax: (865) 574-3431

E-mail: johnsonpe@ornl.gov

Rick Michelhaugh

Oak Ridge National Laboratory

Bldg. NTRC, MS 6472

P.O. Box 2008

Oak Ridge, TN 37831-6472

Street address: National Transportation Research Center
2360 Cherahala Blvd.
Knoxville, TN 37932-1563

Phone: (865) 574-6819

Fax: (865) 574-3431

E-mail: michelhaugh@ornl.gov

B 53 Risk Models

B E 531 RADTRAN

Various versions of the RADTRAN code have been used in historical assessments. The
following sections include a detailed description of RADTRAN 5, the version of RADTRAN
now in use. RADTRAN 4 was used extensively until recently, and was used in the analyses
described in Chapter 4. RADTRAN 5 is primarily an improved version of RADTRAN 4. A
brief discussion of the improvements incorporated in RADTRAN 5 is also included.

HENE 5311 Description

RADTRAN is a FORTRAN 77 computer code designed to analyze the consequences and risks
of radioactive material transportation. RADTRAN I was developed by SNL under contract to the
NRC to serve as an analytical tool in preparing the Final Environmental Statement on the
Transportation of Radioactive Material by Air and Other Modes (NRC, 1977a). The model and
code were updated and expanded in subsequent versions of the model (Taylor and Daniel, 1982;
Madsen et al., 1983, 1986; Neuhauser and Kanipe, 1992; Neuhauser et al., 2000). Public access
to the RADTRAN 5 model is provided via the TRANSNET system. RADTRAN 4 may be
accessed through TRANSNET, but is no longer maintained. TRANSNET must be accessed via
a secure shell.

RADTRAN estimates radiological risks associated with incident-free transportation of
radioactive materials and with accidents that might occur during transportation. Incident-free
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(routine) transportation is defined as transportation during which no incident, accident,
packaging or handling abnormality, or other abnormal event occurs. Documentation available
for RADTRAN includes a technical manual, a user guide, and a programmer’s manual.

Seven modes of transportation are addressed in RADTRAN: two highway modes (tractor-trailer
and light-duty vehicle), rail, barge, ship, cargo air, and passenger air. More than one mode may
be used to transport a single package of radioactive material from its origin to its final
destination. Each mode type is considered individually in assessing radiological impact.
Parameters that may vary with the mode, such as velocity, shielding, and population distribution,
have varying impact on population dose. For further descriptions of transportation processes, see

Wolff (1984) and Luna et al. (1981).

In RADTRAN, the population affected by incident-free transportation may be divided into
population subgroups. The subgroups of transportation workers include crew members (for
truck, barge, ship, van, and aircraft), railyard workers, inspectors, and escorts. Other
occupational groups include cargo handlers, warehouse personnel, passengers, flight attendants
(passenger air mode only), and service station attendants. Members of the public sharing stop
areas with the transporting vehicle, residents near stops, occupants of vehicles sharing the
transport link with the radioactive cargo, and people along the transport link on which the vehicle
is moving constitute additional population groups. The last group (people along the route) is
modeled as a uniformly distributed population on both sides of the link with a variable density
that may be specified by the user (except for air and ocean modes, which have no surrounding
populations while in transit). The user may define population-density zones to account for
different population densities. Urban, suburban, and rural zones for the entire route, or for each
state along a route, may be designated and all route segments aggregated into these zones.

RADTRAN contains related sets of models to estimate the radiological consequences and risks
of radioactive material transportation. The component models use (1) user-supplied input data,
(2) parameter values from other RADTRAN calculations, and (3) standard values that may be
read into the RADTRAN code. The sets of models are as follows:

e A package model, which includes both the model of the radiation source for incident-free
transportation and the isotopic content and properties of the cargo,

e Transportation models, including the route segment and stop models,

e Population distribution models, including the resident population along the route, occupants
of vehicles sharing the transportation link, people at stops, and residents near stops,

e Accident-severity and package-behavior models, including conditional severity probabilities
and release, aerosol, and respirable fractions,

e Meteorological dispersion model,

e Exposure pathway models for inhalation, ingestion, resuspension, cloudshine, and
groundshine exposures,
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e Health effects model, and
e Non-radiological fatality model.

The incident-free module calculates values of incident-free population dose using the source
terms of the material model and the population distribution and transportation models. These
models may be used to calculate doses from accidents involving only immobilization of a vehicle
with undamaged cargo or loss of gamma shielding. RADTRAN calculates values of population
dose for accidents that result in dispersal by using material, transportation, population-
distribution, accident-severity, package-release, meteorological, and exposure pathway models.
Calculated doses may be converted to estimated potential stochastic health effects using the
health effects model, and traffic fatalities and health effects from vehicle emissions may be
calculated using the non-radiological fatality model.

HE N 5312 Incident-Free Transportation

The probability of incident-free transportation is considered equal to 1.0 even though it is
actually equal to 1.0 minus the small probability of an accident. Thus, incident-free
transportation doses (consequences) and risk are indistinguishable. The radiological
consequences of incident-free transportation are the estimated collective population doses for the
various population groups exposed to the package(s) being analyzed. RADTRAN calculates
these population doses, which may be used, in turn, to estimate stochastic health effects.

Characteristics of radioactive material that affect incident-free transportation doses are the
external vehicle dose rate, the critical dimension of the vehicle, and the fractions of gamma and
neutron radiation. The external vehicle dose rate (identified as the transport index (TI) for
certain package types) is defined as the highest radiation dose rate, in millirem per hour
(mrem/h), from all penetrating radiation at 1 m from a vertical plane perpendicular to the
outermost lateral edge of the vehicle. The TI is the external dose rate rounded up to the nearest
tenth.

The package dose rate is similarly defined as the highest radiation dose rate, in millirem per
hour, from all penetrating radiation at 1 m (3.3 ft) from any accessible external surface of the
package. The package dose rate affects doses to handlers, warehouse personnel, and other
populations that handle or are exposed to individual packages. No accommodation can be made
in RADTRAN for package offset.

To analyze incident-free conditions with RADTRAN, the vehicle dose rate and vehicle critical
dimension model a shipment of radioactive material as a modified point source at the center of a
sphere whose diameter is the critical vehicle dimension, and, for receptor distances less than two
characteristic dimensions from the vehicle, as a line source. Characteristics of the transportation
system are then incorporated into mode-specific models, which use a set of input parameters to
describe the population around the package and other critical mode-dependent characteristics,
such as vehicle velocity, stop duration, and distances from various receptors at stops.
Population-density zones and population densities for each route segment must be defined by the
user, in addition to the characteristics of the various subpopulations that receive off-link, on-link,
passenger, crew, stop, handling, and storage doses. The user-assigned values describing these
potentially exposed subgroups may vary by mode and population-density zone. The user is
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given a wide latitude in adjusting parameters for analysis for a specific problem, but the accuracy
of the results may be limited by the quality and quantity of the available data.

H BB 5313 AccidentRisk

To calculate transportation accident risks, the consequences and probabilities of vehicular
accidents must be calculated. The radiological consequences of an accident are the potential
doses (or health effects) that might occur from (1) dispersion of a specified quantity of
radioactive material beyond the immediate accident site and (2) direct exposure of persons to
ionizing radiation from a vehicle that is stopped for a period of time or following damage to
package shielding. The probability of an accident in which radioactive material is released, the
vehicle is immobilized, or shielding is damaged is determined from the frequency of all
accidents and from the conditional probabilities of accident occurrence sufficiently severe to
damage shielding and/or package integrity. The frequencies of accidents by mode and route
segment are usually estimated from historical data on accident rates. The spectrum of accident
severity may be divided by the user into as many as 30 accident-severity categories. The user
assigns each accident-severity category a conditional probability such that if an accident occurs,
it will be of a specified severity. Accident severities and their conditional probabilities do not
depend on the nature of the package. Corresponding package-response data (e.g., release
fractions by accident-severity category) used to calculate consequences, which are package- and
radionuclide inventory-dependent, also must be provided by the user.

The accident module combines user-supplied data on packaging behavior (release fractions, etc.)
and accident severity to assess radiological consequences (population doses) for various
severities of accidents. Separate calculations may be performed for each accident-severity
category in each population-density zone. The consequence value is multiplied by an
appropriate probability of occurrence derived from historical accident data to give a risk value;
the sum of these individual risk calculations is the total radiological accident risk. To perform
consequence calculations for release accidents, dispersal from the release point (hypothetical
accident site) to downwind deposition areas is calculated with either Pasquill atmospheric-
stability classes A through F or user-defined specifications. Included in the radiological
consequence calculations are five exposure-pathways models — inhalation, groundshine,
cloudshine, ingestion, and resuspension.

HENE 5314 Improvementsin RADTRAN 5

RADTRAN 5 maintains the general overall objectives and much of the methodology of
RADTRAN 4. In addition to greatly improved stop models and better defined roles of package
and vehicle models, improvements include more user-definable input parameters, including more
segment-specific parameters for a more route-specific analysis; the capability to treat individual
stops separately; and the ability to treat individual handlings separately. Additional parameters
for crew exposure calculations are now available as well.

Other changes for RADTRAN 5 include a maximum individual accident dose calculation, a new
ingestion dose model, and calculation of nonradiological fatalities. The maximum individual
accident dose calculation requires air dispersion input data similar to that required for the
population accident dose calculations. The new ingestion dose model COMIDA2 (Abbot and
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Rood, 1994a; b) is now used in the MACCS2 code (Chanin and Young, 1997). Nonradiological
accident fatalities may now be estimated with user-supplied fatality rates.

H BB 5315 PeerReview, Validation, and Verification

Two independent reviews of the RADTRAN code have been performed. The first release of the
RADTRAN code was reviewed in NUREG-0170, Vol. 2 (NRC, 1977a). NUREG-0170, Vol. 2,
contains the responses received and corresponding changes made after a public review of the
draft version (NUREG-0034), for which the first release of RADTRAN was developed (NRC,
1977a).

The Safety and Reliability Division of the United Kingdom Atomic Energy Authority reviewed
the RADTRAN 4 code as part of the effort to adapt the code for international release by the
International Atomic Energy Agency (IAEA) as INTERTRAN 2 (Hancox and Wilkinson, 1993).
The reviewers concluded that RADTRAN 4 produced “reasonable estimates of radiation doses,”
but found the route-related defaults unsuitable for use in the United Kingdom and potentially in
other countries outside the United States; they also recommended allowing the user to suppress
the regulatory constraints (Hancox and Wilkinson, 1993).

Validating a code such as RADTRAN 4 ensures that each model embodied in the code
acceptably represents the process it is intended to replicate. The validity of the RADTRAN
calculations depends on the quality and accuracy of current understanding about radiological
health, economic effects, and the accuracy and completeness of shipment data provided by the
user. When improved information becomes available (e.g., concerning the early and latent
health effects from radiation), the RADTRAN equations are modified accordingly, and
calculations are updated without altering basic operations of the code. RADTRAN 4 used a
health-effects model based on the “Calculation of Reactor Accident Consequences” (NRC,
1975). This model was supplanted in recent years; RADTRAN 5 uses the health model
published by the National Research Council’s Committee on the Biological Effects of Radiation
(National Research Council, 1990).

Empirical studies, such as the Environmental Survey of Transportation of Radioactive Materials
to and from Nuclear Power Plants (AEC, 1972), and Radiation Dose to Population (Crew and
Passengers) Resulting from the Transportation of Radioactive Material by Passenger Aircraft in
the United States (Barker et al., 1974), have contributed to the data RADTRAN uses to calculate
doses.

Verification consists of demonstrating that calculations are performed correctly by the code. All
calculations performed in RADTRAN 4 were verified by performing at least one hand
calculation and comparing the results to those generated by the code (allowing for round-off
conventions). The results of these hand calculations are archived, along with other quality
records, at SNL. An independent verification of most RADTRAN 4 calculations was also
performed by Maheras and Pippen (1995).

HENE 5316 Pointsof Contact

The RADTRAN computer code was developed and maintained by SNL, Risk Assessment and
Transportation System Analysis Division, Albuquerque, New Mexico. Technical Manual and
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User’s Manual of RADTRAN 5 are also available to users. Inquiries and comments concerning
the RADTRAN 4 and 5 codes may be addressed to the following persons.

G. Scott Mills

Transportation Safety and Security Department
Sandia National Laboratories

Department 6141

P.O. Box 5800, MS-0718

Albuquerque, NM 87185-0718

Phone: (505) 844-1947

Fax: (505) 844-0244

Email: gsmills@sandia.gov

Ken B. Sorenson

Manager, Transportation Risk and Packaging Department
Sandia National Laboratories

Department 6141

Albuquerque, NM 87185

Phone: (505) 844-0074

Fax: (505) 844-0244

Email: kbsoren@sandia.gov

David I. Chanin

Transportation Risk and Packaging Department
Sandia National Laboratories

Department 6141

P.O. Box 5800, MS-0718

Albuquerque, NM 87185-0718

Phone: (505) 845-0231

Fax: (505) 844-0244

Email: dichani@sandia.gov

Ruth Weiner

Transportation Risk and Packaging Department
Sandia National Laboratories

Department 6141

P.O. Box 5800, MS-0718

Albuquerque, NM 87185-0718

Phone: (505) 856-5011

Fax: (505) 844-0244

Email: ruthweiner@ymp.gov

BB 532 INTERTRAN

In 1981, Kemakta Konsult in Sweden adapted the second release of RADTRAN for international
use. This program conversion, called INTERTRAN, was completed and documented in 1982.
The current version, INTERTRAN?2, is based on RADTRAN 4, and is available from the JAEA
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in Vienna to member countries (Ericsson and Elert, 1982). An independent peer review of
INTERTRAN?2 was completed by SNL in 1999 under a contract with the DOE.

INTERTRAN?2 is a personal computer-based analysis tool for the assessment of the radiological
consequences and risks associated with the transport of radioactive materials for shipment
conditions typically encountered in land, air, and sea transport. The INTERTRAN2 package
comprises a series of calculational models embodied in the code to calculate the radiological
consequences and risks by combining user-supplied data with radiological information provided
by the code system. INTERTRAN?2 analyses are performed like RADTRAN4 analyses, except
that some country-specific parameters may be controlled by the user.

The transport conditions provided for by INTERTRAN?2 include both incident-free
transportation and the occurrence of abnormal transport conditions, including incidents and
accidents that may or may not result in radionuclide releases and the subsequent (if any)
dispersal in the environment.

The INTERTRAN?2 system allows the user to adjust the analysis to the specific problem being
analyzed including modeling of multimodal shipments. It covers the broad range of
radionuclides used in medicine, science, and technology, as well as nuclear materials and
radioactive waste.

The INTERTRAN?2 computer code system also provides an advanced atmospheric dispersion
code, TRANSAT, which may be used by experienced users dealing with complicated weather
situations.

The transport incident centerline dose calculation program Transport Incident Center Line Dose
and the LHS module, a LHS sampling program, are not included in the standard version of the
INTERTRAN? package but may be downloaded separately or provided upon request.

The INTERTRAN?2 code is written in Visual Objects, a 32-bit object-oriented language for
Windows 95/98/2000 and NT. The INTERTRAN?2 input assembles and manages input
databases, constructs input files for INTERTRAN2-RT4, and executes INTERTRAN2-RT4
cases.

The INTERTRAN2-RT4 program is based on the RADTRAN4.019I0SI program, an SI-unit
version of RADTRAN 4. INTERTRAN2-RT4 is a modified version of RADTRAN4.01910S
and was compiled for PC use.

All supporting documentation, including the User Guides for all related computer codes, are also
available to download from the contact persons listed below.

There are some limitations in INTERTRAN?2 that the user should know. The RADTRAN 4
computer code, which is the basis of the INTERTRAN2-RT4, is not intended for on-site
transport risk analysis. Also, chemical hazards, such as those from uraniumhexafluoride, are not
included in the risk assessment model. The health effect model INTERTRAN?2 is out of date.
This will be updated in due time.
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INTERTRAN (RADTRAN II) calculations were compared to actual measurements for certain
handlers and vehicle crew members in Italy (Permattei et al., 1985; DeMarco et al., 1983), and
INTERTRAN was found to overestimate incident-free doses. The Italian findings do not

constitute empirical validation, but do indicate that INTERTRAN is conservative, as expected.

H BB 5321 Pointsof Contact

Ron Pope

International Atomic Energy Agency
Transportation Safety Unit

Division of Radiation and Worker Safety
Department of Nuclear Safety

P.O. Box 100, A-1400

Vienna, Austria

Ann-Margret Ericsson or Clifford Jarnry

AMC Konsult

Abrahams bergsvagen 89

S-168 30 Bromma

Sweden

Phone: 46-8-634-07-35

Fax: 46-8-634-09-59

Email: amc@amckonsult.se
cj@amckonsult.se

B E 533 RISKIND

HEN 5331 Background

The RISKIND computer program aids in the analysis of radiological consequences and health
risks to individuals and the collective population from exposures associated with the
transportation of SNF or other radioactive materials. It provides scenario-specific analyses when
evaluating alternatives for major federal actions involving radioactive material transport, as
required by NEPA.

In 1977, the NRC issued a report on the transportation of radioactive materials, Final
Environmental Statement on the Transportation of Radioactive Material by Air and Other Modes
(NRC, 1977a). That report laid the groundwork for the development of the RADTRAN
computer program and its successors, currently RADTRAN 5 (Neuhauser et al., 2000), to
estimate the collective population risk from transporting radioactive materials under incident-free
or accident conditions. However, assessing risks to individuals, in addition to the collective
population, is generally needed in NEPA reviews when evaluating major federal actions
involving transportation that could adversely impact the environment. Traditionally, the
collective population analysis was supplemented by other models so that consequences to
individuals or population subgroups could also be estimated. These models are documented in
DOE EA reports (see Table 4.1). Different models were often used in the earlier reports, leading
to inconsistencies and, frequently, the inappropriate use of models designed for other purposes.
Incident-free impacts to individuals from routine transport were sometimes not included or were
estimated from hand calculations.
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Because of public comments and the need for a more complete and consistent methodology for
assessing transportation risks to individuals, DOE’s Office of Civilian Radioactive Waste
Management funded the development of RISKIND at Argonne National Laboratory. The
program picks up where the collective population risk assessment ends by analyzing incident-
free and accident risks to individuals, thereby providing a comprehensive methodology for
radiological transportation risk assessment and fulfilling obligations under NEPA.

HENE 5332 Scope

RISKIND provides an analysis for scenarios of concern to the public for NEPA documentation;
that is, the calculation of incident-free and accident impacts for a particular radioactive material
shipment at specific locations along a truck or rail transport route. Reflecting local concerns,
public comments on transportation risk analyses for individuals frequently include requests for
information on potential impacts to certain receptors:

e An individual stuck in traffic next to a radioactive materials shipment;
¢ An individual working near a heavily traveled transport route;

¢ An individual living near a heavily traveled transport route, such as a shipment origin or
destination site entrance;

¢ An individual near a rail grade-crossing where accident rates are higher;
e Individuals in an area near a postulated SNF transportation accident location;
e An individual eating locally-grown food following an SNF transportation accident; and

e An individual drinking water that was contaminated by an accidental release of radioactive
material near a drinking water supply.

The radiological consequences and health risks from these “what if” type of situations are of
great interest and concern to the public. Analysis tailored to a specific situation is needed. In
addition, substantial databases and technologies relevant to the transportation of SNF and other
radioactive materials are available through the efforts of various research organizations.
RISKIND was developed to meet the information needs of the local community and incorporates
the available databases and technologies. The RISKIND code was implemented to meet four
objectives:

1. Calculate site- and route-specific radiological consequences and health risks to exposed
individuals and the collective local population,

2. Model the different exposure pathways for specific exposure scenarios,
3. Estimate the amount of radioactive material released in potential accident scenarios, and

4. Estimate cask accident responses specific to the transportation of SNF.
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To accomplish the first objective, RISKIND calculates radiological impacts at specific receptor
locations for a variety of exposure scenarios. Comprehensive mathematical models capable of
handling site-specific information at the time of exposure are used; such information includes
specific receptor locations, exposure conditions (including individual air and food intake rates),
and meteorological conditions. The model used to assess the potential acute health effects from
short-term exposures is based on a model developed by Harvard University and the NRC (Evans,
1990) and the revised model of Abrahamson et al. (1989; 1991). The dose-to-risk conversion
factors to estimate latent health effects are taken from ICRP Publication 60 (ICRP, 1991).

RISKIND meets the second objective by considering all environmental pathways, including
short-term exposure from the initial passing radioactive cloud, accidental exposure from loss of
the cask shield, and long-term exposure from ground deposition and ingestion from the
foodchain pathways. Pathway analysis can be tailored to model impacts in a wide range of
locations, from large metropolitan areas to rural agricultural areas.

To meet the third objective, a radionuclide source inventory was compiled from the database
developed at ORNL in which the data are specific to the type of spent fuel (pressurized water
reactor [PWR] or boiling water reactor [BWR]), cooling times, and burnup rates (Notz et al.,
1987; DOE, 1992). User-supplied inventories are also permitted for different types of SNF and
other radioactive materials.

To meet the fourth objective, the cask accident responses and the radionuclide release fractions
modeled by LLNL in a report for the NRC (Fischer et al., 1987) were incorporated into
RISKIND as default values. This LLNL/NRC report is commonly referred to as the “NRC
Modal Study.” Other cask responses and release fractions supplied by the user may be used in
place of the default values.

HE N 5333 Incident-Free Transportation

Exposure during incident-free transportation results solely from the external doses received by
individuals from the neutron and gamma radiation emitted from the SNF cask or other
radioactive material shipping package. Incident-free exposures include those when the transport
vehicle is in transit or at a stop. The receptors for the in-transit exposure may include residents
adjacent to a highway and the occupants of vehicles sharing the traffic link with the transport
vehicle. Exposed individuals at a stop may include the vehicle inspector, a gas station attendant,
a nearby person in a traffic jam, and others.

The model used by RISKIND to predict external exposure is based on dose rates derived
specifically for a spent fuel cask and takes into account the ground/air scattering of the emitted
gamma or neutron radiation (Chen and Yuan, 1988). The model also allows adjusting the dose
rate for changes in cask size (i.e., outer radius and length) and provides a realistic, though still
somewhat conservative, estimate of the external doses to a receptor.

HENE 5334 AccidentConditions

Individual exposure can occur through many environmental pathways if an accident releases the
radioactive contents of the cask to the environment. In RISKIND, the estimated exposure, as
well as the resulting health effects, are presented individually and for each potential pathway.
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Various scenarios were characterized in RISKIND according to an array of SNF cask responses,
as described in the NRC’s Modal Study (Fischer et al., 1987). In that study, all accidents are
represented by discrete response regions (severity categories). These response regions range
from likely events (with minor consequences) to highly unlikely events (with severe
consequences). Twenty response regions are characterized according to two major accident
parameters: impact force and thermal force (i.e., heat from a fire). Thus, accident conditions
would be affected by vehicle speed, object hardness, impact angle and orientation, and fire
duration and location. In the Modal Study, the bounding case release fractions were also
estimated for each response region. All potential accident scenarios are thus fully represented by
the 20 response regions.

To support a consistent estimate of a release, the SNF radionuclide source inventory is derived
from a database developed by ORNL (Notz et al., 1987; DOE, 1992). In addition, potential
release from “crud” (a mixture of reactor coolant corrosion products) spalling off the fuel rods is
also incorporated. The estimate of crud release is based on a study by SNL (Sandoval et al.,
1991).

The atmospheric transport module in RISKIND includes models that simulate dispersion
phenomena following a short-duration release. RISKIND’s transport model estimates levels of
air and ground contamination based on specific meteorological conditions, geometry, and release
elevation. Plume rise from the thermal buoyancy of a release involving fire and dispersion
effects near the release are also considered. The uncertain effect of weather conditions on the
calculated doses can be considered by constructing a cumulative probability distribution of dose
values using wind-rose data for a given site. This probabilistic dose distribution then determines
the median (50% weather probability) and reasonable maximum (95% weather probability) dose
values at a given receptor location.

The pathway model includes exposure pathways from the cask’s direct external radiation (due to
loss of shielding), external exposure from the radioactive cloud and ground contamination, and
internal exposure from inhalation of radionuclides in the air and ingestion of contaminated foods
and water.

Health effects to individuals are estimated in terms of expected acute or latent fatalities, latent
nonfatal cancer incidence, and latent adverse genetic effects from short-term exposure during
initial plume passage and long-term exposure from deposited radioactive material. Acute
fatalities are estimated with the latest NRC health effects model (Evans, 1990). The latent health
effects are estimated by applying dose-to-risk conversion factors suggested in ICRP Publication
60 (ICRP, 1991).

The consequence model of RISKIND allows incorporating the consequence reduction benefits of
indoor shielding, evacuation, interdiction of contaminated foods, and other protective actions
(such as cleanup of contamination) to comply with EPA PAG levels (EPA, 1992).

Consequences can be presented either deterministically (i.e., with fixed accident parameters and
weather conditions) or probabilistically (i.e., analyzed over the spectrum of accident response
regions and weather conditions).
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H BB 5335 PeerReview, Validation, and Verification

RISKIND underwent two independent peer reviews. Members of the review panels were from
government contractors, other national laboratories, state agencies, the NRC, and the Naval
Reactor Program. The first review was conducted before the release of the original program
(Yuan et al., 1993), and the second review was conducted before the release of the current
version (v. 1.11) of the RISKIND program (Yuan et al., 1995).

The models employed in RISKIND are well established (i.e., validated) and are referenced in the
RISKIND manual (Yuan et al., 1995). Further validation was also conducted in benchmark tests

of the more important code models (Biwer et al., 1997). As new information becomes available,

these models will be revised as appropriate in future versions of the program.

The development of RISKIND is controlled by a quality assurance (QA) program at Argonne
National Laboratory. Computations in the code are verified against separate spreadsheet
calculations kept in a project file. Independent verification of the calculations in the original
release of the code was documented by Maheras and Pippen (1995). The major portions of the
code’s latest release (RISKIND v.1.11) were verified by Biwer et al. (1997).

HE N 5336 Pointsof Contact

The individuals listed below may provide further information on the RISKIND program
discussed in this section:

S.Y. Chen

Environmental Assessment Division
Argonne National Laboratory

9700 S. Cass Ave.

Argonne, IL 60439

Phone: (630) 252-7695

FAX: (630) 252-4611

E-Mail: sychen@anl.gov

Bruce M. Biwer

Environmental Assessment Division
Argonne National Laboratory

9700 S. Cass Ave.

Argonne, IL 60439

Phone: (630) 252-5761

FAX: (630) 252-4624

E-Mail: bmbiwer@anl.gov
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6. Compilation of Assessment Input
Data and Parameters

A variety of input data are required to perform a transportation risk assessment with the risk
models discussed in Section 5 according to the methodology given in Section 4.1. Section 6
provides a compendium of such data, with references for the most important parameters required
by transportation risk assessment computer programs. The references cited should be consulted
for more in-depth information when appropriate.

B 6.1 Radiological Risks
BB 611 Package-Related

The package size, external dose rate, and distance to crew are the most sensitive and important
parameters when estimating the incident-free transportation doses. As package size increases,
the near-field dose increases for a given package dose rate; likewise, the larger the dose rate, the
larger the population dose for a given package size. In accident conditions, the amount of
radioactive material released from a transportation accident depends on the packaging of the
material. The calculated accident risks are directly proportional to the amount released, except in
the case of direct external exposure to a damaged shipping package (loss of shielding).

BENE 6111 Packaging

The primary regulatory approach used to ensure safety in the transport of radioactive materials is
specifying standards for the proper packaging. Many organizations at the federal, state, and local
levels are involved in regulating the packaging and transportation of radioactive materials. As
discussed in Section 2.4, primary regulatory authority is provided by the DOT under 49 CFR
Part 173 (“Shippers - General Requirements for Shipments and Packaging”). For radioactive
materials, additional regulations set by the NRC are provided in 10 CFR Part 71 (“Packaging and
Transportation of Radioactive Material”). All DOE shipments are made in accordance with
these regulations.

Packaging for radioactive materials transport must be designed, constructed, and maintained to
ensure that it will contain and shield the contents during normal transportation. For very
radioactive material, the packaging must contain and shield the contents in severe accidents, as
well. The type of packaging is determined by the radioactive hazard associated with the
packaged material. The basic types of packaging required by the applicable regulations are
designated as Type A, Type B, or industrial (generally for low-specific-activity material). Some
details about the characteristics and dimensions of Type A and Type B containers are provided in
Table 6.1.
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Table 6.1. Dimensions and Characteristics of Common Radioactive Material Packagings

Max. Width/
Packaging W:T;;I:t(ykg) Gross Capacity L‘z:flt)ha Diameter? D(ec}::ll)]a
Wt. (kg) (cm)
Type A
Metal Drums
5-gallon 3 189L 343 (31.8) | 31.1(28.6)
10-gallon 5.1 37.8L 43.8 (40.0) | 38.1(35.6)
30-gallon 15.2 114L 74.9 (71.1) | 50.8 (45.7)
35-gallon 17.7 132L 88.3(85.1) | 52.1(45.7)
55-gallon 31.75 208 L 88.9 (84.5) | 61.0(57.2)
85-gallon 35 322 L 99.1(96.2) | 70.1 (66.6)
Standard Waste Box 295 1,814 1.84 m’* 180 (174) 138 (132) | 94 (93.2)
(SWB)P
Type B
TRUW
TRUPACT-II® 5,436 8,732 14 55-gal drums | 310 (191) 239 (185)
or
2 SWB
RH-72B’ 355-galdrums | 360 (310) | 110(67)
SNF Casks (assemblies)
NLI-1/2 (truck) 22,340 1 PWR or 496 (452) 120 (34)
2 BWR
TN-8Le (truck) 36,000 38,200 3 PWR 569 (428) 172 (23) (23)
TN-9f (truck) 36,000 38,110 7 BWR 576 (452) 172 (15) (15)
NAC-LWT (light- 21,772 23,224 1 PWR or 508 (460) 112 (34)
weight truck) 2 BWR or
42 MTR
BMI-1 (truck) 9,915 10,732 Research/ 186 (137) 85 (39)
test reactor
Model-2000 (truck) 12,746 15,218 HFIR or research | 334 (137) 183 (67)
reactor waste
IF-300 (rail) 53,979 63,504 7PWRor 17-18 | 533 (458) 163 (95)
BWR
NAC-STC (rail) 95,413 113,400 26 PWR 490 (419) 221 (180)

@ Exterior dimension and (in parentheses) interior dimensions.
b Designed so that 2 SWBs can be inserted in the TRUPACT 1I shipping cask.
€ For transport of CH TRUW. Source: NUREG-0383 (NRC 1997).
dpor transport of RH TRUW. Source: NUREG-0383 (NRC 1997).

€ Overweight truck cask; has three cubical interior cavities, each with the dimensions listed above.

f Overweight truck cask; has seven cubical interior cavities, each with the dimensions listed above.
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Type A packaging, meeting the requirements of DOT Specification 7A (DOT-7A), as detailed in
49 CFR 178.350 (“Specification 7A; General Packaging, Type A”), must withstand normal
transportation conditions without the loss or dispersal of its radioactive contents. “Normal”
transportation refers to all transportation conditions except those resulting from accidents or
sabotage. Approval of Type A packaging is achieved by demonstrating that the packaging can
withstand specified testing conditions intended to simulate normal transportation. Type A
packaging, typically consisting of a 0.21-m’® (55-gal) drum or SWB, is commonly used to
transport wastes with low radioactivity levels. Type A packaging is routinely used in waste
management for storage, transportation, and disposal. Type A packaging does not usually
require special handling, packaging, or transportation equipment. A comprehensive listing of
approximately 300 packagings that meet DOT-7A specifications can be found in 7est and
Evaluation Document for DOT Specification 74 Type A Packaging (DOE, 1997¢). Table 6.1
lists the dimensions of some commonly used Type A packagings. Not listed are specialty
packagings and metal, wooden, and fiberboard boxes available in a wide variety of sizes (WHC,
1996; DOE, 1997¢c).

Industrial packaging may be used to transport certain LSA materials. Shipments of industrial
packagings are excepted from certain packaging specifications and marking and labeling
requirements, but still must comply with many administrative controls. Functionally, most
industrial packagings are equivalent to Type A packaging because the contents must not leak
under normal transport conditions.

In addition to meeting the standards for Type A packaging, Type B packaging must also provide
a high degree of assurance that package integrity will be maintained even during severe accidents
with essentially no loss of the radioactive contents or serious impairment of the shielding
capability. Type B packaging is required for shipping large quantities of radioactive material
and must satisfy stringent testing criteria (specified in 10 CFR 71). The testing criteria were
developed to simulate conditions of severe hypothetical accidents, including impact, puncture,
fire, and immersion in water. The most widely recognized Type B packagings are the massive
casks used to transport highly radioactive SNF from nuclear power stations. Large-capacity
cranes and mechanical lifting equipment are usually needed to handle Type B packagings. Many
Type B packagings are transported on trailers specifically designed for the package. Table 6.1
includes the dimensions of some Type B packagings.

H BB 6112 External Dose Rates

The radiological risk associated with routine incident-free transportation results from the
potential exposure of people to low levels of external radiation in the vicinity of a loaded
shipment. External radiation from a shipping package must be below specified limits that
minimize exposure of the handling personnel and the public. Most radioactive material
shipments are handled only in accordance with directions from the shipper and the receiver, in an
“exclusive-use” shipment. The shipper and carrier must ensure that any loading or unloading is
conducted by properly trained personnel with the appropriate equipment. For this type of
shipment (regardless of the material or package), the dose rate for external radiation during
normal transportation must be maintained below the following limits (10 CFR 71.47 [“External
Radiation Standards for All Packages™], and 49 CFR 173.441 [“Radiation Level Limitations”]):
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e A dose of 10 mrem/h at any point 2 m (6.6 ft) from the vertical planes projected by the outer
lateral surfaces of the car or vehicle, and

e A dose of 2 mrem/h in any normally occupied position in the car or vehicle. This limitation
does not apply to private carriers if the exposed personnel are properly monitored as part of a
radiation protection program.

Additional restrictions apply to radiation levels on the package surface; however, these
restrictions do not affect the transportation-related radiological risk assessment.

The dose rate (mrem/h) at a distance of 1 m (3.3 ft) from the lateral side of the transport vehicle
and the fractions of gamma and neutron radiation are input to the RADTRAN and RISKIND
codes. Suggested dose rates when shipping different radioactive waste types are discussed below
and listed in Table 6.2 for situations when the specific waste characteristics are not known. A
significant neutron radiation component is expected only in the case of HLW or SNF shipments.

Table 6.2. Default External Dose Rates for Shipments of Different Radioactive Waste
Types

oa .
S I S

LLW® latlm latlm 1/0

LLMW® latlm 1 at Im 1/0

TRUW!

CH 4atlm 51atlm 1/0

RH 10at I m 20at 1 m 1/0

HLW 10 at 2 m® 10 at 2 m® 0.65/0.35°

SNF 10 at 2 m° 10 at 2 m° 0.6/0.4¢

Rail shipments are assumed to consist of a single railcar.

Average value of historical DOE LLW shipments (Morris, 1993).

Based on comparisons of LLMW and LLW radiological characteristics (DOE, 1997b).

CH-TRUW shipments are assumed to have three and six TRUPACT-II containers per truck and rail shipment,
respectively. RH-TRUW shipments are assumed to have 1 and 2 RH-72B containers per truck and rail shipment,
respectively. Truck dose rate values were taken from DOE (1997a). Rail values were derived using the truck data
and geometric considerations.

° Taken at the regulatory limit (10 CFR 71.47).

Estimated for Defense Waste Processing Facility vitrified HLW in a proposed cask design (DOE, 1995c).

€ RISKIND default (Yuan et al., 1995).

o 6o o o

Low-Level Waste

For LLW shipments, the external dose rates from historical waste shipments (Morris, 1993) were
examined for 10 years starting in fiscal year 1983 by using the Shipment Mobility Accountability
Collection (SMAC) database system (Best et al., 1995). The SMAC database contains
information about unclassified commercial freight shipments made by DOE and its contractors
that was collected from site shipping and receiving documents. Available information for
shipments of radioactive materials includes the types of material shipped, the number of
packages in each shipment, shipment weights, external dose rates, and package isotopic
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inventories. An estimated two-thirds of all DOE unclassified shipments have been reported to
the SMAC database. Of the 15,000 LLW shipments recorded in the 10-year sample,
approximately 2,500 reported external dose rates, with the average dose rate approximately

I mrem/h at 1 m (3.3 ft) from the surface of a shipment. As a result, an average dose rate of

1 mrem/h measured at 1 m (3.3 ft) from the surface of a shipment is recommended as a default
value. However, shipment-specific dose rate data should be used if available.

Low-Level Mixed Waste

Because only limited data exist for historical LLMW shipments and because the radiological
characteristics of LLMW are assumed to be similar to LLW, the external dose rate for LLMW
shipments is assumed comparable to that for LLW shipments. As with LLW shipments, an
average dose rate of 1 mrem/h measured at 1 m (3.3 ft) from the surface of a shipment is
recommended unless shipment-specific dose data are available.

Transuranic Waste

External dose rates can be derived from information in the Final Supplemental Environmental
Impact Statement (FSEIS) for WIPP (DOE, 1990), which presents site-specific external package
dose rates for CH-TRUW and RH-TRUW packages. The average external package dose rates at
1 m (3.3 ft) were calculated to be 3 mrem/h and 7 mrem/h, respectively. Shipment-specific dose
data can be used to scale the dose rates for the shipments of interest. These values should be

conservative for most calculations, except possibly at Hanford. The WIPP Disposal Phase SEIS
(DOE, 1997d), which supersedes the FSEIS, used bounding values of 4 mrem/h and 10 mrem/h
for CH-TRUW and RH-TRUW packages, respectively, to cover unexpected but possible
shipment types at Hanford that exceeded the 3 mrem/h and 7 mrem/h values. The latter WIPP
document also estimated site-specific package dose rates for CH- and RH-TRUW at those DOE
sites with TRUW.

High-Level Waste

The historical external dose rate data available for HLW shipments are not extensive. The
external dose rate is usually assumed to be the regulatory limit of 10 mrem/h at 2 m (6.6 ft) from
the edge of the transport vehicle (DOE, 1997b). Since in practice, the dose rates may range well
below the regulatory limit, this assumption provides a conservative estimate. A gamma/neutron
radiation ratio of 0.65/0.35 was estimated for vitrified HLW produced at the Defense Waste
Processing Facility at SRS (DOE, 1995¢). Shipment-specific dose data should be used if
available.

Spent Nuclear Fuel

Because of their large radionuclide inventories, shipments of SNF can have dose rates near the
regulatory limit. Therefore, use of the regulatory limit is suggested. However, the gamma dose
rates from many past naval SNF shipments have averaged close to 1 mrem/h at 1 m (3.3 ft)
(DOE, 1995b; U.S. Department of the Navy, 1996) with a comparable neutron dose rate of
approximately 1 mrem/h at 1 m (3.3 ft) (U.S. Department of the Navy, 1996), for a combined
total of 2 mrem/h at 1 m (3.3 ft), well below the regulatory limit. A gamma/neutron radiation
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ratio of 0.6/0.4 was selected as the default in RISKIND after reviewing commercial shipment
estimates for PWR and BWR SNF (Yuan et al., 1995). A gamma/neutron radiation rate of
0.5/0.5 is also frequently used for SNF (DOE, 2002).

H B 6.1.2 CrewParameters

HENE 6121 Truck

A truck crew typically consists of one or two drivers. Many LLW shipments have one driver
(Madsen and Wilmot, 1982), while SNF shipments often have two (Hostick et al., 1992). Some
shipments, such as SNF, might also require escorts in certain areas. The value suggested in
RADTRAN 5 for truck crew is two. Values for several parameters are suggested in the
RADTRAN 5 template files for SNF transportation. RADTRAN 5 also gives the option of using
a STANDARD array of pre-assigned values for additional parameters (Neuhauser and Kanipe,
2000, pp 3-6 to 3-21). The user may substitute values for both suggested and standard values.

Dose to the crew depends primarily on distance from the cargo, except when the truck cab is
shielded to maintain the crew dose below the regulated occupational limit. For smaller
packagings shipped in a regular tractor-trailer combination, the distance between the crew and
the package could be shorter than for a SNF cask transported on its own specially-designed
trailer. The value suggested in RADTRAN is 3.1 m (10.2 ft). Table 6.3 lists the approximate
distances for different shipment configurations. If the dose rate in the crew cabin is known, an
effective distance can be input in conjunction with the proper dose rate to match the recorded
value.

Table 6.3. Approximate Distances of Truck Crew to the Shipment Package

Shipment Configuration Distance(ltl(l))Package
RADTRAN suggested value? 3.10
Small packages in regular trailer® 2
CH-TRU 4.6
GA-9 SNF cask 5.8

* Source: Neuhauser and Kanipe (2000).
®  Approximate distance from truck cab to leading edge of trailer (Winkler et al., 1995).

EEN 6122 Rail

RADTRAN does not estimate a crew dose for rail shipments because of the shielding provided
by locomotives and other railcars and the longer distances between the crew and the radiation
source. Instead, a crew dose is estimated for railyard workers inspecting and classifying railcars
in railyards. Section 6.1.8 discusses the input for the rail crew dose estimated at these stops.
Suggestions for rail inspector and railyard worker potential exposure scenarios are provided in
Section 4.1.1.2 for MEI calculations using RISKIND.
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H B 6.1.3 Population Densities and Fractions of Travel

Estimated transport risks for both incident-free and accident transport are highly dependent on
population density (the average number of people per unit area). Because population density can
vary greatly over the length of a transport route, the Final Environmental Impact Statement on
the Transportation of Radioactive Material by Air and Other Modes (NUREG-0170, NRC,
1977a) divided the population density into three zones, corresponding approximately to rural,
suburban, and urban areas. Although these categorizations are not needed for RADTRAN 5
calculations, they were retained for convenience. RADTRAN 5 allows complete
characterization of any route segment, and segments may be designated rural, suburban, or urban
by the user. Only rural segments can have an associated fraction of land under cultivation.

Routing codes such as HHGHWAY, INTERLINE, and TRAGIS provide route-specific
information on population density and fractions of travel in rural, suburban, and urban zones for
transportation risk assessments. However, national average generic input data for these
parameters may be required for assessments where the origin and destination sites have not yet
been decided (e.g., see DOE, 1999b). Also, average population values should be used with
RISKIND when conducting the accident consequence portion of the assessment because the
actual location of a potential transportation accident would be unknown.

HE N 6131 Population Densities

National average population densities for each zone (rural, suburban, and urban) were suggested
in NUREG-0170 (NRC, 1977a) based on 1970 census data for estimating the radioactive risks of
a route when route-specific population densities were not available. These values are presented
in Table 6.4 in the same format as Appendix E of NUREG-0170. The population zone
descriptions are given below. The corresponding numbers based on 1990 census data were
added for comparison. Table 6.5 provides a further breakdown of the 1990 census data.

The U.S. Bureau of the Census definition of an urbanized area has not changed significantly
since NUREG-0170 was published in 1977. An urbanized area is one that has a minimum of
50,000 persons and comprises one or more central places and the adjacent densely settled area
(the urban fringe) which has a density of at least 1,000 persons/mi” (386 persons/km?). Urban
areas are defined as comprising all territory, population, and housing units in urbanized areas and
in places of 2,500 or more persons outside urbanized areas. Rural areas by default are those
areas