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Foreword

This appendix presents a summary of the transportation-related human-health risk assessment conducted
for the U.S. Department of Energy Waste Management Programmatic Environmental Impact Statement
(WM PEIS). It also provides references to more detailed sources of information for all waste types. The
assessment of risks associated with the transportation of radioactive waste is described in Part I, the
assessment for transportation of hazardous waste (HW) in Part II. The information presented in this
appendix is supported by data in separate technical reports (ANL, 1996a-f), that is, transportation technical
memoranda, which describe the transportation for offsite and onsite shipments of radioactive and hazardous

wastes.

Transportation of radioactive waste and HW presents a risk to both crew members and members of the
public. Part of this risk results from the nature of transportation itself, independent of the radioactive or
hazardous characteristics of the cargo (for example, increased levels of pollution from vehicular exhaust
and accidents during transportation); these risks can be viewed as “vehicle-related” risks. In addition,
transportation of radioactive waste or HW may pose additional risk because of the characteristics and

potential hazards of the material itself; these risks are considered to be “cargo-related” risks.

For radioactive materials, the cargo-related impacts on human health during transportation are caused by
exposure to ionizing radiation during routine (for example, incident-free) transportation and during
accidents. During routine operations, the external radiation field must be below limits specified in Federal
regulations. During transportation-related accidents, human exposures may occur following release and
dispersal of radioactive materials via multiple environmental pathways such as exposure to contaminated

ground or contaminated air, or ingestion of contaminated food.

In contrast to radioactive materials, hazardous chemicals do not pose cargo-related risks to humans during
routine transportation-related operations. Waste transportation operations are generally well regulated with
respect to packaging, such that small spills or seepages during routine transport are kept to a minimum and
do not result in exposures (for example, containers of liquids are surrounded by absorbent overpacking).
Potential cargo-related health risks to humans can occur only if the integrity of a container is compromised
during an accident (that is, a container is breached). Under such conditions, some toxic chemicals (such as

chlorine gas) may cause an immediate health threat to exposed individuals.

VOLUME IV E-xi



Appendix E Transportation Risk Assessment

In addition to acute health effects, cargo-related risk of excess cases of latent cancer from accidental
chemical exposures has been estimated. The correlation of chemical dose with the induction of human
cancer has traditionally been based on the linear/no-threshold hypothesis, similar to radioactive exposure.
The treatment of carcinogenic effects of exposures resulting from accidental chemical releases has added
uncertainty because the carcinogenic risk is estimated for short-term (1-hour) exposures. Lifetime risks less
than 1 in 1 million have been considered negligible and are not estimated. The number of individuals
experiencing an increased risk of cancer of 1 in 1 million or greater has been estimated, without attempting

to estimate the precise risk for those in the category of greater than 1 in 1 million.

Health impacts from radioactive and hazardous materials are presented separately in Part I and Part I[ of
this appendix. No attempt has been made (even in cases where both radioactive and hazardous components
are present in the same materials) to add or compare the estimated risks for the two classes of contaminants.
To understand and interpret the estimated health impacts presented in this appendix, readers must keep in
mind the fundamental differences between radioactive and chemical contaminants discussed previously. The
table on the following page summarizes the human health effects considered for the radioactive-waste and

HW risk assessments in this appendix.
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Endpoints Used for Human Health Effects:
WM PEIS Transportation Risk Assessment®

Nature of Radioactive
Type of Human Health Effect Health Effect Waste HW

Vehicle-related effects: routine transportation

Truck-emission-induced cancer fatality Latent v v
Vehicle-related effects: accident

Physical trauma fatality Acute v 4
Cargo-related effects: routine transportation

Radiation-induced cancer fatality Latent v b

Radiation-induced cancer incidence Latent 4 b

Radiation-induced genetic effects Latent v b
Cargo-related effects: accident

Potential life-threatening effects Acute ¢ v

Potential for any adverse effects Acute ¢ v

Cancer fatality Latent v d

Cancer incidence Latent® v v

Genetic effects Latent v d

2 Each check mark represents a quantitative measure of risk computed in this appendix. All
end points are relevant to mixed waste because it contains both a radioactive and a hazardous
component. .

b No public exposure to the HW occurs during routine transportation.

¢ Threshold doses for radiological acute effects are generally in excess of 100 rem.
Exposures from transportation-related activities (routine or accidents) have not been found to
reach such a high dose level.

4 Not applicable because of lack of scientific data to support the measure.

€ For radioactive waste, the risk of cancer is expressed as the number of excess cases of
cancer in the general population. For HW, the risk of cancer is expressed as the number of
individuals in the general population experiencing an excess lifetime cancer risk of

1 in 1 million or greater.
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Acronyms and Abbreviations

The following is a list of acronyms and abbreviations (including units of measure) used in this appendix.

Acronyms

ALOHA™
Ames
ANL-E
ANL-W

BCL
Bettis
BNL

CFR
CH

DOE
DOT

EPA
ER

FEMP
Fermi
FY

GTCC LLW

Hanford
HaWRAM
HEAST
HLW
HMIRS
HQ

HW

ICRC
INEL
IRIS
ITRI

KAPL-S
KCP
LANL
LBL
LCso

Areal Locations of Hazardous Atmospheres
Ames Laboratory

Argonne National Laboratory-East
Argonne National Laboratory-West

Battelle Columbus Laboratories
Bettis Atomic Power Laboratory
Brookhaven National Laboratory

Code of Federal Regulations
contact-handled

U.S. Department of Energy
U.S. Department of Transportation

U.S. Environmental Protection Agency
environmental restoration

Fernald Environmental Management Project
Fermi National Accelerator Laboratory
fiscal year

Greater-Than-Class-C low-level waste

Hanford Site

Hazardous Waste Risk Assessment Modeling
Health Effects Assessment Summary Tables
high-level waste

Hazardous Materials Incident Reporting System
hazard quotient

hazardous waste

increased cancer risk concentration
Idaho National Engineering Laboratory
Integrated Risk Information System
Inhalation Toxicology Research Institute

Knolls Atomic Power Laboratory (Schenectady)

Kansas City Plant

Los Alamos National Laboratory

Lawrence Berkeley Laboratory

lethal concentration causing death in 50% of animals tested
lowest reported lethal concentration

E-xiv
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LDR land disposal restriction

LLMW low-level mixed waste

LLNL Lawrence Livermore National Laboratory
LLW low-level waste

MEI maximally exposed individual

Mound Mound Plant

NRC U.S. Nuclear Regulatory Commission

NRF Naval Reactor Facility

NTS Nevada Test Site

ORISE Oak Ridge Institute for Science and Education
ORR Oak Ridge Reservation

PAEC potential adverse effect concentration

Pantex Pantex Plant

PEIS Programmatic Environmental Impact Statement
PGDP Paducah Gaseous Diffusion Plant

PIH poison inhalation hazard

Pinellas Pinellas Plant

PLC potential lethal concentration

PORTS Portsmouth Gaseous Diffusion Plant

PPPL Princeton Plasma Physics Laboratory

RCRA Resource Conservation and Recovery Act

RfC reference concentration

RfD reference dose

RFETS Rocky Flats Environmental Technology Site
RH remote-handled

RMI Reactive Metals, Inc.

RTECS Registry of Toxic Effects of Chemical Substances
SFEIS Supplemental Final Environmental Impact Statement
SLAC Stanford Linear Accelerator Center

SMAC Shipment Mobility/Accountability Collection
SNL-CA Sandia National Laboratories (California)
SNL-NM Sandia National Laboratories (New Mexico)
SRS Savannah River Site

STEL short-term exposure level

TCio lowest toxic concentration (lowest concentration causing any adverse effect)
TRUW transuranic waste

TSCA Toxic Substance Control Act

TSD treatment, storage, and disposal

WAC waste acceptance criteria

WIPP Waste Isolation Pilot Plant
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WM waste management
wWVDP West Valley Demonstration Project
YM Yucca Mountain
Abbreviations

°C degree(s) Celsius

d day(s)

gal gallon(s)

kg kilogram(s)

km kilometer(s)

km? square kilometer(s)
L liter(s)

m meter(s)

m3 cubic meter(s)

mi mile(s)

mi? square mile(s)

mrem millirem

ppm part(s) per million
rem roentgen equivalent man
S second(s)

yr year(s)
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APPENDIX E—PART I
Radioactive Waste Transportation Risk Assessment

E.1 Introduction

Transportation is an integral component of the alternatives being considered for each type of radioactive
waste in the U.S. Department of Energy (DOE) Waste Management Programmatic Environmental Impact
Statement (WM PEIS). The types of radioactive waste considered in Part I are high-level waste (HLW),
low-level waste (LLW), transuranic waste (TRUW), and low-level mixed waste (LLMW). For some
alternatives, radioactive waste would be shipped among the DOE sites at various stages of the treatment,
storage, and disposal (TSD) process. The magnitude of the transportation-related activities varies with each
alternative, ranging from minimal transportation for decentralized approaches to significant transportation
for some centralized approaches. The human health risks associated with transporting various waste
materials were assessed to ensure a complete appraisal of the impacts of each PEIS alternative being

considered.

This section provides an overview of the approach used in the PEIS to assess human health risks that may
result from transporting radioactive waste. The assessment’s scope, computer models used, important
assumptions for each waste type, and methods for determining potential routes for transportation are
discussed. The risk assessment results are summarized for all alternatives for each waste type. In addition,
to aid in understanding and interpreting the results, specific areas of uncertainty are described, emphasizing
how the uncertainties may affect comparisons of the alternatives. Finally, possible mitigative measures that

could be implemented to reduce potential impacts are discussed.

Transportation of hazardous and radioactive materials, substances, and waste is governed by the
U.S. Department of Transportation, the U.S. Nuclear Regulatory Commission (NRC), U.S. Environmental
Protection Agency (EPA) regulations, and the Hazardous Materials Transportation Act. These regulations
may be found in 49 CFR Parts 171-178, 49 CFR Parts 383-397, 10 CFR Part 71, and 40 CFR Parts 262
and 265, respectively.

The methods and assumptions used in the transportation-related radiological risk assessment were selected

to ensure meaningful comparisons among programmatic-level alternatives. Therefore, this assessment uses
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a number of generic assumptions appropriate to the programmatic nature of the PEIS; for example, because
a detailed consideration of every possible waste shipment would be impractical, representative physical and
radiological characteristics were determined for each waste type. Similarly, conceptual transportation routes
were selected to be consistent with current practice and applicable regulations, so that DOE can ensure that
the waste is transported safely and will minimize the potential for adverse impacts to the public and
environment. However, these may not be the actual routes that will be used in the future. Actual routes will

be determined during the transportation planning process.

Transportation mode and routing decisions will be made on a site-specific basis during the transportation
planning process. Sites can use the transportation analyses in this WM PEIS to make site-specific
transportation decisions or, if necessary, conduct additional transportation analyses. DOE proactively works
with states, regional entities, and carriers during large shipping campaigns to ensure that safe routing

alternatives and safe havens are utilized.

Extensive studies of transportation risk assessment have been conducted for specific Federal actions (NRC,
1977a; DOE, 1986a; DOE, 1990a). However, care must be exercised when comparing the results of this
PEIS transportation-related risk assessment with others. Although some alternatives in this PEIS may be
similar to those analyzed in other studies, the results of other transportation risk assessments may differ for
many reasons. In general, the other studies did not consider the range of programmatic alternatives being
considered in this PEIS. Moreover, the other studies used assumptions and parameters specific to the actions
being considered, which are not necessarily appropriate for this PEIS. In addition, revised radiation health
risk conversion factors have been recommended (ICRP, 1991), and data on the projected waste inventory
and on waste characterization have been revised and updated. Results of this PEIS are not intended to

replace results of previous transportation risk assessments for ongoing or planned actions.

This section of the appendix should be read in conjunction with the technical reports describing the
development of site-specific data on the waste inventory and characterization for each waste type (ANL,
1996g-k). Data on site-specific waste characterization are used for the transportation accident risk
assessment but are not presented explicitly in this appendix. Similarly, the alternatives analyzed for each
waste type are only summarized in Part I; detailed alternative definitions for each waste type are provided
in the respective chapters of the PEIS for the waste type. The supporting technical reports prepared for each
waste type contain detailed information on waste characterization, alternative definitions, and risk
assessment results (ANL, 1996a,c-f). Revised site inventory estimates have become available, as discussed

in Appendix I, since the original transportation analysis. Due to large changes in site inventory, radiological
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profiles, or waste treatment, the risk analysis involving selected sites has been updated. However, the
transportation risk analysis has not been recalculated for all alternatives because the same trends among
alternatives are expected to apply. Site-specific information in the site data sheets and the cumulative

impacts have been updated, however.

E.2 Scope of Assessment

The scope of the PEIS transportation radiological risk assessment—including the alternatives, transportation-
related activities, potential vehicle- and cargo-related impacts, receptors, and transportation modes
considered—is described in this section. Additional details of the assessment are provided in the sections

that follow.

E.2.1 ONSITE VERSUS OFFSITE TRANSPORTATION

The transportation risk assessment includes the onsite and offsite transportation of radioactive waste. Onsite
transportation involves transporting waste between facilities within a DOE site’s boundaries. Transfers of
waste within a specific facility are not considered onsite shipments but are considered part of the normal
facility operations. Offsite transportation refers to transporting waste between distinct sites, including parts

of the routes that may be within the boundaries of the origin and destination sites.

Offsite transportation usually involves the shipment of potentially large quantities of radioactive waste
moving through a changing landscape and potentially stopping at any place along a route (usually a major
highway). To effectively describe this situation, models that use simplified assumptions and generalizations
are used to estimate risk from offsite shipments. National average or typical values are chosen for variables
such as road and track dimensions, vehicular speed, traffic density, weather conditions, and stop times;
population densities are modeled as being uniformly distributed. Conversely, onsite transportation occurs
at a fixed location, which allows for a site-specific analysis. The onsite risk assessment uses site-specific
characteristics, such as local weather, nonuniform distributions of population, and data on agricultural

productivity.

The human health risks associated with onsite transportation are generally much smaller than those from

offsite transportation, largely because of the limited distances for onsite shipment, limited population
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densities along the routes, and limited average travel speeds (DOE, 1992b). Accordingly, the impacts of
onsite transportation are not likely to contribute significantly to differences among the alternatives being
considered. Therefore, for purposes of the PEIS, the onsite risk assessment has been limited to one
representative site—the Hanford Site (Hanford). This site was selected primarily because it is relatively large
and conducts activities for managing all waste types. The impacts calculated for the Hanford Site are
believed to be typical of other large DOE sites and conservatively estimate the impacts expected for smaller
sites. The risk assessment conducted for onsite transportation is intended to estimate the magnitude of
potential risk for comparison with the risks of offsite transportation. The risk assessment also characterizes

the typical site-specific transportation scenarios and impacts not encompassed in the offsite analysis.

E.2.2 WASTE TYPE-SPECIFIC ALTERNATIVES

The transportation risk assessment conducted for the PEIS estimates the human health risks associated with
transporting radioactive waste for a large number of alternatives. In general, the PEIS alternatives are
considered independently for each waste type and reflect decentralized, regionalized, and centralized
approaches. For each waste type, several options, referred to as “cases,” have been defined for each broad
alternative. The individual cases differ in the numbers, locations, and types of TSD facilities being

considered.

For the offsite transportation risk assessment, each specific case is defined as a set of pairs (origin and
destination) representing shipping linkages among generator, treatment, and disposal sites. The number of
origin-and-destination pairs varies among cases, ranging from a small number of pairs for decentralized
cases to many pairs for centralized ones. Examples of the linkages for shipment in two sample cases are
shown in Figures E-1 and E-2. Figure E-1 represents a decentralized LLW case involving 12 disposal
sites. The sites that would not have the capability for disposal ship their wastes to a site that does.
Figure E-2 represents a LLW centralized disposal case in which all sites would dispose of their wastes at
a single site. Chapter 3 of the PEIS contains detailed descriptions of the alternatives for each waste type.

The alternatives are summarized in the following paragraphs.
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Transportation Risk Assessment Appendix E Part 1

E.2.2.1 Alternatives for HLW

The generation, treatment, and management of HLW and the cases considered in the PEIS are described
in detail in the HLW technical report (ANL, 1996g). In summary, canisters of vitrified HLW would be
produced at the four DOE sites that have historically generated and currently store HLW and would be

transported to a geologic repository for final disposal.

The analysis of HLW investigates storage options under the No Action, Decentralized, Regionalized, and
Centralized Alternatives. For each of the latter three alternatives, two cases are analyzed. The first assumes
the repository will open as scheduled in 2015, while the second case assumes the repository opens after

2015. The cases differ primarily in the location of interim canister storage before final disposal in a

repository. For assessing the impacts of transportation, this PEIS assumes the repository to be located at

the candidate site of Yucca Mountain in Nevada, which is the only site authorized by legislation for
investigation. The alternatives are defined in Chapter 3 of the PEIS and are summarized as follows:

» No Action. Store HLW canisters on an interim basis at Hanford, the Savannah River Site (SRS), and the
West Valley Demonstration Project (WVDP) in existing and approved interim storage facilities until
acceptance of HLW canisters at a geologic repository. Store HLW at Idaho National Engineering
Laboratory (INEL) in bin-sets as calcine or in tank farms as liquid HLW.

*» Decentralized. Provide adequate interim HLW canister storage capacity at each of the four sites that
would produce HLW canisters until acceptance of HLW canisters at a geologic repository.

* Regionalized 1. Transport HLW canisters from WVDP to SRS and provide adequate interim storage
capacity for HLW canisters at Hanford, SRS, and INEL until acceptance of HLW canisters at a geologic
repository.

* Regionalized 2. Transport the HLW canisters from WVDP to Hanford and provide adequate interim
storage capacity for HLW canisters at Hanford, SRS, and INEL until acceptance of HLW canisters at
a geologic repository.

* Centralized. Transport the HLW canisters from the WVDP, INEL and SRS to Hanford and provide
adequate interim storage capacity for HLW canisters at Hanford until acceptance of HLW canisters at
a geologic repository. Case 1 assumes the repository opens on time in the year 2015. Case 2 assumes

the repository opens later and all HLW is stored temporarily at Hanford.
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E.2.2.2 Alternatives for LLW

Transportation risks have been calculated for 14 LLW cases. The cases range from decentralized to
centralized approaches to TSD. Case 1 represents the No Action Alternative. The number of disposal sites
varies from 16 (decentralized disposal) to 1 (centralized disposal). Treatment options also vary from
decentralized to centralized approaches. In general, sites without treatment or disposal capability would ship
to the nearest site with such capability. The alternatives are defined in Chapter 3 of the PEIS and are
summarized as follows:

o No Action (Case 1). All sites would treat LLW using existing, planned, and approved treatment facilities
and dispose of LLW at the six current disposal sites in accordance with current arrangements.

 Decentralized (Case 2). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose
of LLW at 16 sites (Argonne National Laboratory-East [ANL-E], Brookhaven National Laboratory
[BNL], Fernald Environmental Management Project [FEMP], Hanford, INEL, Lawrence Livermore
National Laboratory [LLNL], Los Alamos National Laboratory [LANL], the Nevada Test Site [NTS],
Oak Ridge Reservation [ORR], Paducah Gaseous Diffusion Plant [PGDP], Pantex Plant [Pantex],
Portsmouth Gaseous Diffusion Plant [PORTS], Rocky Flats Environmental Technology Site [RFETS],
Sandia National Laboratories-New Mexico [SNL-NM], SRS, and WVDP).

 Regionalized 1 (Case 3). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose
of LLW at 12 sites (Hanford, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex,
and RFETS).

» Regionalized 2 (Case 9). Eleven Sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP,
LLNL, Pantex, and RFETS) would thermally treat, supercompact, reduce the size of, and grout
volume-reducible waste; all sites would minimally treat other waste; disposal would occur at 12 sites
(Hanford, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS).

 Regionalized 3 (Case 4). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose
of LLW at the nearest of six sites (Hanford, INEL, NTS, LANL, ORR, and SRS).

» Regionalized 4 (Case 12). Seven sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS)
would thermally treat, supercompact, reduce the size of, and grout volume-reducible waste; all sites
would minimally treat other waste; disposal would occur at six sites (Hanford, INEL, NTS, LANL,
ORR, and SRS).

» Regionalized 5 (Case 19). Four sites (Hanford, INEL, ORR, and SRS) would thermally treat,
supercompact, reduce the size of, and grout volume-reducible waste; all sites would minimally treat other
waste; disposal would occur at six sites (Hanford, INEL, NTS, LANL, ORR, and SRS).
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* Regionalized 6 (Case 5). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose
of LLW at the nearer of two sites (Hanford and SRS).

* Regionalized 7 (Case 6). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose
of LLW at the nearer of two sites (NTS and SRS).

» Centralized I (Case 7). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose
of LLW at one site (Hanford).

* Centralized 2 (Case 8). All sites would minimally treat LLW, stabilizing fines and liquids, and dispose
of LLW at one site (NTS).

 Centralized 3 (Case 14). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) would
thermally treat, supercompact, reduce the size of, and grout volume-reducible waste; all sites would
minimally treat other waste; disposal would occur at one site (Hanford).

* Centralized 4 (Case 14a). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) would
thermally treat, supercompact, reduce the size of, and grout volume-reducible waste; all sites would
minimally treat other waste; disposal would occur at one site (NTS).

» Centralized 5 (Case 21). One site (Hanford) would thermally treat, supercompact, reduce the size of,
and grout volume-reducible waste; all sites would minimally treat other waste; disposal would occur at

one site (Hanford).

E.2.2.3 Alternatives for TRUW

Transportation risks have been calculated for six TRUW alternatives. Each alternative is comprised of a
case that deals with contact-handled TRUW (CH-TRUW) and a case that deals with remote-handled TRUW
(RH-TRUW). The cases range from decentralized to centralized approaches to treatment and storage before
final geologic disposal. In general, sites without treatment capability ship to the nearest site with such
capability. The treatment options considered are (1) treatment that meets the Waste Isolation Pilot Plant
(WIPP) waste acceptance criteria (WAC); (2) treatment to reduce gas generation using shredding, grouting,
and nonsteel containers, resulting in waste that exceeds current WIPP-WAC requirements but does not meet
land disposal restrictions (LDRs); and, finally, (3) treatment to a level that meets or exceeds LDR
requirements. The transportation assessment assumes that all TRUW will ultimately be shipped to WIPP
for disposal. The alternatives are defined as follows:
* No Action (CH-TRUW Case 1, RH-TRUW Case 10). Continue storing CH-TRUW at ANL-E, Hanford,
INEL, LANL, Lawrence Berkeley Laboratory (LBL), LLNL, Mound Plant (Mound), NTS, ORR,
PGDP, RFETS, SNL, SRS, and WVDP in accordance with current practices. Storage of RH-TRUW
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would continue at ANL-E, Hanford, INEL, LANL, and ORR in accordance with current practices. No
transportation of waste is assumed.

Decentralized (CH-TRUW Case 4, RH-TRUW Case 11). Ten sites (ANL-E, Hanford, INEL, LANL,
LLNL, Mound, NTS, ORR, RFETS, and SRS) would treat CH-TRUW to meet the WIPP-WAC. Five
sites (ANL-E, Hanford, INEL, LANL, and ORR) would treat RH-TRUW to WIPP-WAC. All treated
TRUW would be disposed at WIPP.

Regionalized 1 (CH-TRUW Case 5, RH-TRUW Case 14). Five sites (Hanford, INEL, LANL, RFETS,
and SRS) would treat CH-TRUW to reduce gas generation. Two sites (Hanford and ORR) treat
RH-TRUW to reduce gas generation. All treated TRUW would be disposed at WIPP.

Regionalized 2 (CH-TRUW Case 6, RH-TRUW Case 15). Five sites (Hanford, INEL, LANL, RFETS,
and SRS) would treat CH-TRUW to LDR levels. Two sites (Hanford and ORR) treat RH-TRUW to LDR
levels. All treated TRUW would be disposed at WIPP.

Regionalized 3 (CH-TRUW Case 8, RH-TRUW Case 15). Three sites (Hanford, INEL, and SRS) would
treat CH-TRUW to LDR levels. Two sites (Hanford and ORR) treat RH-TRUW to LDR levels. All
treated TRUW would be disposed at WIPP.

Centralized (CH-TRUW Case 9, RH-TRUW Case 15). One site (WIPP) would treat CH-TRUW to LDR
levels. Two sites (Hanford and ORR) treat RH-TRUW to LDR levels. All treated TRUW would be
disposed at WIPP.

E.2.2.4 Alternatives for LLMW

Transportation risks have been calculated for seven LLMW alternatives. The alternatives range from

decentralized to centralized approaches to TSD. The number of disposal sites varies from 16 sites to 1.

Treatment options also vary from decentralized to centralized approaches. In general, sites without

treatment or disposal capability ship to the nearest site with such capability. The alternatives are defined

in Chapter 3 of the PEIS and are summarized as follows:

No Action (Case 1). Treatment and indefinite storage of LLMW generated in the future. No
transportation occurs.

Decentralized (Case 2a). Forty-nine sites treat LLMW to LDR levels, and 16 sites dispose.
Regionalized 1 (Case 4). Eleven sites treat LLMW, and 12 sites dispose.

Regionalized 2 (Case 7). Seven sites treat LLMW, and 6 sites dispose.

Regionalized 3 (Case 10a). Seven sites treat LLMW, and 1 site disposes (NTS).
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* Regionalized 4 (Case 15). Four sites treat LLMW, and 6 sites dispose.
o Centralized (Case 17). One site treats LLMW (Hanford), and 1 site disposes (Hanford).

E.2.3 DESCRIPTION OF TRANSPORTATION ACTIVITIES

The transportation risk assessment determines transportation-related risks by considering the total amount
of waste shipped over each route for each alternative. The assessment considers waste currently stored or
generated over the next 20 years. The assessment takes into account differences in the quantity and
properties of wastes at each site. In addition, characteristics of the routes between sites are considered. For
onsite transportation, most solid radioactive waste at the Hanford Site is assumed to be initially shipped to
a central waste complex, regardless of possible offsite shipment for treatment or disposal. Therefore, the
onsite transportation risks presented here apply equally to all alternatives. The onsite assessment is not

intended to be used as a basis for comparison among alternatives.

The transportation risk assessment is limited to estimating the human health risks incurred during the actual
transportation of waste for each alternative. The risks to workers or to the public during the loading,
unloading, and handling of waste before or after shipment Iare considered as part of normal facility
operations and are not included in the transportation assessment. Similarly, the transportation risk
assessment does not address how increased levels of transportation may affect local traffic flow, noise

levels, logistics, or infrastructure.

E.2.4 CARGO-RELATED IMPACTS (RADIOLOGICAL)

The cargo-related impacts on human health during the transportation of radioactive materials would be
caused by exposure to ionizing radiation. For all cases, radiological risks (risks resulting from the
radioactive nature of the waste) are assessed for routine (normal) transportation and for accidents. The
radiological risk associated with routine transportation results from the potential exposure of people to low
levels of external radiation near a loaded shipment. The radiological risk from transportation-related
accidents lies in the potential release and dispersal of radioactive material into the environment during an
accident and the subsequent exposure of people through multiple exposure pathways, such as exposure to

contaminated soil, inhalation, or the ingestion of contaminated food.
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All radiologically related impacts are calculated in terms of committed dose and associated health effects
in the exposed populations. The dose of radiation calculated is the total effective dose equivalent (Title 10,
Part 20, of the Code of Federal Regulations [10 CFR 20]), which is the sum of the effective dose equivalent
from exposure to external radiation and the 50-year committed effective dose equivalent (ICRP, 1977) from
exposure to internal radiation. Doses of radiation are calculated in units of roentgen equivalent man (rem)

for individuals and in units of person-rem for collective populations.

The potential exposures to the public from transporting radioactive materials, either from routine operations
or from postulated accidents, are usually at such a low dose that the primary adverse health effect is the
potential induction of latent cancers (that is, cancers that occur years after the exposure). The correlation
of radiation dose and human health effects for low doses has traditionally been based on what is called 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 have some
cancer risk and that doubling the radiation dose means doubling the expected numbers of cancers. The types
of cancer induced by radiation are similar to “naturally occurring” cancers and might be expressed at some

point in the lifetime of the exposed individuals.

On the basis of the analyses presented in this appendix, transportation-related operations for all waste types
are not expected to cause acute (short-term) radiation-induced fatalities or to produce immediately
observable effects in exposed individuals. Acute radiation-induced fatalities occur at doses well in excess
of 100 rem (ICRP, 1991), which generally would not occur for a wide range of transportation activities,
including routine operations and accident conditions. (In general, individual acute whole-body doses in the
range of 300 to 500 rem are expected to cause death in 50% of the exposed individuals within 30 to 60 days
[ICRP, 1991].) For all severe accident scenarios analyzed, other short-term effects, such as temporary

sterility and changes in blood chemistry, are not expected.

The radiological impacts discussed in this appendix are expressed as health risks in terms of the number
of estimated latent cancer fatalities, the incidence of cancer, and the genetic effects in exposed populations
for each alternative. The health risk conversion factors (expected latent health effects per dose absorbed)
were derived from ICRP Publication 60 (ICRP, 1991).
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E.2.5 VEHICLE-RELATED IMPACTS (NONRADIOLOGICAL)

In addition to the radiological risks posed by transportation-related activities, risks are also assessed for
vehicle-related causes for the same routes for offsite transportation. These risks are independent of the
radioactive nature of the cargo and would be incurred for similar shipments of any commodity. The vehicle-
related risks are assessed for routine conditions and accidents. Vehicle-related risks during routine
transportation are caused by potential exposure to increased vehicular exhaust emissions. The routine risks
are primarily associated with travel in urban environments. The vehicle-related accident risk refers to the
potential for transportation-related accidents that result in fatalities caused by physical trauma unrelated to
the cargo. State-specific rates for transportation-related fatalities are used in the assessment. Vehicle-related

risks are presented in terms of estimated fatalities for each alternative.

E.2.6 TRANSPORTATION MODES

Although radioactive waste can be transported by various modes, all shipments have been assumed to take
place either by truck or rail. For each alternative, risks have been calculated separately for all truck and all
rail options, although the actual shipping campaigns for a selected alternative may involve a combination
of the two modes. Rail shipments are assumed to take place by regular freight train. Since the largest risk
(fatalities) from rail transport is from the physical trauma due to accidents, the use of special or dedicated
rail service would only reduce the overall risk by at most a factor of two for only those sites shipping
enough waste to warrant dedicated shipment. Shipments by barge, though feasible for some sites, have not
been explicitly considered because this mode of transportation is somewhat limited and has not been
established as a major programmatic option for the PEIS assessment. Similarly, shipments by aircraft and

other modes were not considered.

The assumption that waste would be shipped entirely by truck or entirely by rail has been made for
calculational purposes. All DOE sites can ship waste by truck, but not all sites have readily available rail
access. A review of the transportation facilities at 35 major DOE sites shows that 15 sites have onsite rail
access: an additional 12 sites have access within 16 km (10 mi), and 8 more have access within 16 to
161 km (10 to 100 mi) of the site (Johnson, 1994). To ship by rail, sites that do not have direct rail access
would likely ship waste by truck to the nearest rail siding, where the waste would be transferred to railcars.

This type of shipment involving cargo transfer has not been considered in the risk assessment.
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E.2.7 RECEPTORS

Transportation-related risks are calculated and presented separately for workers and members of the general
public. The workers considered are truck and rail crew members involved in the actual transportation of
waste. The public includes all persons who could be exposed to a shipment while it is moving or stopped
en route. Potential risks are estimated for the collective populations of exposed people, as well as for
maximally exposed individuals (MEIs). The collective population risk is a measure of the radiological risk
posed to society as a whole by the alternative being considered. As such, the collective population risk is

used as the primary means of comparing various alternatives.

E.3 Packaging and Representative Shipment Configurations
for Radioactive Waste

Regulations that govern the transportation of radioactive materials are designed to protect the public from
the potential loss or dispersal of radioactive materials, as well as from routine doses of radiation during
transit. The primary regulatory approach for ensuring safety is by specifying standards for the packaging

of radioactive materials.

Because packaging represents the primary barrier between the radioactive material being transported and
exposure of the public and the environment to radiation, packaging requirements are an important
consideration for the transportation risk assessment. Regulatory packaging requirements and the
representative packaging and shipment configurations assumed for each type of radioactive waste considered
in the PEIS are described in this section. The information about shipment configuration includes truck and

railcar payload capacities for each waste type.

E.3.1 PACKAGING

Although several Federal and State organizations are involved in regulating the transportation of radioactive
waste, the U.S. Department of Transportation (DOT) and the U.S. Nuclear Regulatory Commission (NRC)
have primary regulatory responsibility. In addition, DOE has formalized agreements with the NRC and
DOT to delineate responsibilities of each agency. All transportation- related activities must be in accordance

with applicable regulations of these agencies specified in 49 CFR 173 and 10 CFR 71.
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Packaging for transporting radioactive materials must be designed, constructed, and maintained to ensure
that they will contain and shield their contents during normal transportation. For more highly radioactive
material, the packaging must contain and shield their contents in severe accidents. The type of packaging
used 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 “strong and tight”

(generally for low specific-activity material).

Type A packaging must withstand the conditions of normal transportation without the loss or dispersal of
the 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 a 0.21-m3 (55-gallon [gal]) drum or standard waste box, 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 usually does not require special handling, packaging, or

transportation equipment.

“Strong and tight” packagings may be used to transport certain low specific-activity materials (for example,
mill tailings, uranium ore, natural uranium hexafluoride, and some LLW). Shipments of “strong and tight”
packagings are excepted from certain packaging specifications and marking and labeling requirements but
must still comply with many administrative controls. Functionally, “strong and tight” packagings are
equivalent to Type A packaging because contents must not leak under normal transport conditions.
Examples of “strong and tight” packages currently in use include steel drums, rectangular metal bins, and

wooden boxes.

In addition to meeting the standards for Type A packaging, Type B packaging must provide a high degree
of assurance that the 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 for transporting highly radioactive spent nuclear fuel from nuclear
power stations. Large-capacity cranes and mechanical lifting equipment are usually necessary for handling
Type B packagings. Many Type B packagings are transported on trailers specifically designed for the
package being used.
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External radiation allowed to escape from a package must be below specified limits that minimize exposure

of the handling personnel and the public. Most DOE waste shipments are handled only by the shipper and

the receiver, an arrangement referred to as an “exclusive-use” shipment. For this type of shipment

(regardless of the waste type or package), the dose rate for external radiation during normal transportation

must be maintained below the following limits (49 CFR 173):

* Dose of 10 millirem per hour (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

» Dose of 2 mrem/h in any normally occupied position in the car or vehicle

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

waste type are described in Section E.6.2.

For the purposes of risk assessment, specifying the actual package that will be used is unnecessary because
all packagings of a certain type are designed to meet the same performance criteria; for instance, a 0.21-m>
(55-gal) drum and a standard waste box, each designed to meet Type A packaging criteria, would be

expected to behave similarly under routine transportation and accident conditions.

E.3.2 REPRESENTATIVE PACKAGING AND SHIPMENT CONFIGURATIONS BY WASTE TYPE

To conduct the transportation risk assessment, assumptions must be made about the types of packaging, the
transporting vehicles, and the shipment capacities used for future waste shipments. Certain assumptions,
such as types of vehicles and their legal weight restrictions, are common to all waste types; however, the
radiological and physical characteristics of waste types differ, so separate packaging assumptions must be
made for each. In all cases, waste is assumed to be characterized, treated, packaged, and labeled in

accordance with applicable regulations before shipment.

E.3.2.1 Offsite Transportation

For all waste types, transportation is assumed to be in certified or certified-equivalent packagings, and
exclusive-use vehicles are assumed to be used. Legal-weight heavy-haul combination (tractor-trailer) trucks

are assumed to be used for highway transportation. Typically, Type A packages are transported on common
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flatbed or covered trailers; Type B packages are generally shipped on trailers designed specifically for the
packaging being used. For transportation by truck, the maximum payload weight is considered to be
19,958 kg (44,000 Ib), based on DOT highway weight limitations and an average tractor-trailer weight of
16,329 kg (36,000 Ib).

Regular freight-train service is assumed for the rail transportation. The use of special or dedicated train
service was not considered in the analysis. For rail transportation, average payload weights for boxcars
range from 45,359 to 68,039 kg (100,000 to 150,000 1b). A median payload weight of 54,431 kg

(120,000 Ib) has been assumed for this assessment.

The above shipment capacities for truck and rail were assumed to be reasonable based on current practice.
In reality, truck and rail shipment capacities vary from shipment to shipment at a given site, depending on
the characteristics of the waste, operational practices, and site regulations. Because of the programmatic
nature of the PEIS, representative shipment capacities were assumed for each waste type based on current
practices. For truck shipments, payloads were taken to be near the regulatory weight limit because the
density of most waste is such that volume tends not to be limiting, and it is common practice to load trucks
near the legal weight limit for economical reasons. On the other hand, railcar capacities are seldom limited
by the weight restrictions of the railcar and can vary over a wide range depending upon the density of the
material. Therefore, a “median” railcar capacity of 54,431 kg (120,000 Ib) was assumed for calculational
purposes because railcar weights are not normally distributed. In addition, the total risk remains relatively
unchanged if the size of each shipment is changed. If the maximum payloads are used, the number of
shipments is minimized, resulting in the least number of potential accidents, although the consequences are
higher. Conversely, smaller payloads require more shipments, resulting in more potential accidents, each

of lessor consequence.

As discussed previously, the packaging type is determined primarily by radiological characteristics of the
waste material. For the purposes of risk assessment, representative packagings have been determined for
each type of radioactive waste on the basis of average waste characteristics and currently accepted practice.
In practice, packagings are selected on a case-by-case basis and may differ from the representative types
presented here. Assumptions about packaging and shipment are discussed in this section and are

summarized in Table E-1.
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Table E-1. Representative Packaging and Shipment Assumptions
Jor Radioactive Waste Types

Waste Packaging Shipment Capacity®

HLW Type B: similar to the defense HLW cask Truck cask = 1 canister; rail cask = 5 canisters

LLW Type A: 208-L (55-gal) drums or Assumed to be limited by vehicular weight
standard waste boxes or strong and tight  restrictions; payload capacity: truck = 19,958 kg
packaging (44,000 1b) and rail = 54,431 kg (120,000 Ib)

TRUW  TypeB Assumed to be limited by package volume

restrictions

CH = TRUPACT-II 3 TRUPACT-IIs per truck and 6 3per railcar;

(11 yd3) and

payload capacny truck = 8.4m
rail = 16.8 m* (22 yd )

LLMW  Type A: 208-L (55-gal) drums or Similar to LLW
standard waste boxes or strong and tight

packaging

Notes: CH = contact-handled waste; RH = remote-handled waste.

# Truck shipments are assumed to be legal weight. Truck payload capacities were calculated by assuming a 36,287-kg
(80,000-1b) gross vehicular weight limit and a tractor-trailer weight of 16,329 kg (36,000 Ib). Rail shipments are by
regular freight service. The median railcar payload capacity was taken to be 54,431 kg (120,000 Ib).

E.3.2.1.1 HLW Shipments

Canisters of vitrified HLW are assumed to be shipped in a Type B package similar to the “defense HLW
cask” being developed for SRS. The number of canisters to be transported in a cask differs for the truck
and rail modes. The truck cask is assumed to accept one HLW canister, and rail capacity is assumed to be
five canisters (DOE, 1987a). In the future, DOE will likely develop a multiple-canister HLW truck cask
to minimize the number of shipments for major shipping campaigns; however, because a multiple-canister
cask does not yet exist, impacts were calculated by assuming that a single-canister cask would be used. If
a multiple-canister cask were designed and used in the future, risks would be significantly less than those

in this analysis.
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E.3.2.1.2 LLW Shipments

All LLW is assumed to be transported in strong and tight or Type A packaging, such as 208-L (55-gal)
drums or standard waste boxes. Suitable Type A packagings are readily available from commercial sources.
The number of shipments from a specific site is calculated by projecting site-specific information about
waste inventory (weight) and limitations on shipment capacity for each transportation mode. The effects of
potential waste treatment, such as volume reduction or incineration, are reflected in changes in waste
density. All shipments are assumed to be at the maximum weight limits for truck and rail shipments. On
the basis of typical LLW densities, roughly 80 drums with a 208-L (55-gal) capacity each would be shipped

per truck, and 300 per railcar.

E.3.2.1.3 TRUW Shipments

The radiological characteristics of TRUW require the use of Type B packaging. The DOE has agreed to
have the NRC certify the containers used for CH-TRUW and RH-TRUW shipments as meeting Type B
specifications (DOE, 1990a). Shipments of TRUW will essentially consist of a number of Type A packages
within reusable certified Type B packages. The Type B packaées are assumed to be the TRUPACT-II for
CH-TRUW and the RH-72B for RH-TRUW.

The TRUPACT-II was certified as meeting the NRC regulations for Type B packaging in August 1989
(DOE, 1990a). The container is a cylinder with a flat bottom and domed top that is transported in an upright
position. Each TRUPACT-II is approximately 2.4 m (8 ft) in diameter and 3.1 m (10 ft) in height. The
TRUPACT-II was designed to maximize payload in volume and in weight. The usable volume of each
TRUPACT-II is approximately 2.8 m? (3.7 yd3) . The payload capacity of each TRUPACT-II is 3,300 kg
(7,275 1b). Three TRUPACT-IIs are assumed to be transported per truck, and six per railcar. The total
number of required shipments has been calculated on the basis of waste volume, which is 8.4 m? (11 yd3)

for truck shipments and 16.8 m?3 (22 yd?) for rail shipments.

The RH-72B shipping cask is assumed to be used for all RH-TRUW shipments. The RH-72B is being
designed to meet Type B packaging specifications and is a scaled-down version of the certified NuPac 125B
cask (DOE, 1990a). (The NuPac 125B was used to transport core debris from the damaged Three Mile
Island nuclear power station to INEL.) The RH-72B cask is approximately 3.7 m (12 ft) long with a
diameter of 1.1 m (3.5 ft). The usable volume of each RH-72B is approximately 0.89 m> (1.2 yd®). The
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payload capacity of each RH-72B is limited to 3,629 kg (8,000 1b). One RH-72B is assumed to be
transported per truck, and two per railcar. The total number of required shipments has been calculated on
the basis of waste volume, which is 0.89 m3 (1.2 yd3) for truck shipments and 1.8 m3 2.4 yd3) for rail

shipments.

E.3.2.1.4 LLMW Shipments

Shipment of LLMW is assumed to be similar to LLW. Shipments of LLMW would meet any additional
requirements for characterization and labeling associated with the HW component. In addition, shipments
of liquid waste would meet regulatory requirements specified for liquids; that is, packages would contain
adequate absorbent material to absorb twice the volume of the transported liquid, or a leak-tight overpack
would be used (10 CFR 71).

E.3.2.2 Onsite Transportation

The policy at the Hanford Site is to use certified packaging whenever practicable for transporting
radioactive materials onsite (Mercado et al., 1992). Therefore, the packaging used for onsite transportation
is assumed to be the same as that used for offsite transportation. If an alternative means of packaging is
necessary, a concept of equivalent safety is maintained while achieving the same shipping results. Onsite
transportation safety is attained through such measures as limiting vehicular speeds, appropriate traffic

controls, or increasing shielding for crew members and distance from the package.

In addition, the public has access to a number of routes on the Hanford Site. Unless such routes are
barricaded while radioactive waste is being transported, shipments must meet all pertinent Federal
regulations pertaining to public highways. Stringent procedures are followed at the Hanford Site to ensure
the safety of workers and the public, providing the same level of safety for onsite and offsite shipments
(WHC, 1993).
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E.4 Analysis of Truck and Rail Routing

As discussed previously and illustrated in Figures E-1 and E-2, each case can be defined as a set of origin-
and-destination pairs representing shipping linkages among generator, treatment, and disposal sites. The
calculation of the transportation risk for an alternative depends, in part, on the characteristics of the
transportation routes between the origin and destination sites. Regulatory routing criteria and the methods
used to determine conceptual truck and rail routes for the transportation risk assessment are described in

this section.

E.4.1 ROUTING REGULATIONS

The DOT routing regulations for public highways are prescribed in 49 CFR 177 (commonly referred to as
HM-164). 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 routing radioactive materials. The regulations attempt to reduce potential hazards by
avoiding populous areas and by minimizing travel times. In addition, 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.

A vehicle transporting a shipment of a “highway route controlled quantity” of radioactive materials is
required by HM-164 to use 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. Any State or Native American tribe
may designate other “preferred highways” to replace or supplement the interstate system. Under its
authority to regulate interstate transportation safety, DOT can prohibit State and local bans and restrictions
as “undue restraint of interstate commerce.” State or local bans can be preempted if inconsistent with
HM-164.

The DOT has no railroad routing regulations specific to the transportation of radioactive materials. Routes

are generally fixed by the location of rail lines, and urban areas cannot readily be bypassed.
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E.4.2 REPRESENTATIVE TRANSPORTATION ROUTES

E.4.2.1 Offsite Transportation

The scope of this PEIS assessment involves every DOE site that generates, stores, or disposes radioactive
waste. The transportation linkages among generator, treatment, and disposal sites depend on the type of
waste and are defined explicitly for each case under consideration. For this PEIS, representative offsite
truck and rail routes were determined for all possible pairs of origin and destination sites. Table E-2 gives
the truck route distances between major DOE sites, and Table E-3 gives the rail route distances. The routes
were selected to be consistent with existing routing practices and all applicable routing regulations and
guidelines; however, because the routes were determined for the purposes of risk assessment, they do not

necessarily represent actual routes that would be used to transport waste in the future.

The conceptual truck routes were determined by using the routing model HIGHWAY 3.1 (Johnson et al.,
1993a), and INTERLINE 5.0 was used to determine the rail routes (Johnson et al., 1993b). For truck and
rail transportation, the route characteristics most important to the radiological risk assessment include the
total shipping distance between each origin-and-destination pair and the fractions of travel in rural,
suburban, and urban zones of population density. The route selected determines the total potentially exposed
population along a route and the expected frequency of transportation-related accidents. Because of the large
number of unique origin-and-destination pairs considered for the PEIS alternatives, detailed route

characteristics are provided in the technical reports prepared for each waste type (ANL, 1996a,c-f).

E.4.2.1.1 HIGHWAY 3.1

The HIGHWAY 3.1 computer program is used for predicting highway routes for transporting radioactive
materials by truck within the United States. The HIGHWAY database is a computerized road atlas that
describes at least 386,243 km (240,000 mi) of roads. This database includes a complete description of the
interstate highway system and of all U.S. highways. In addition, most principal State highways and many
local and community highways are identified. The code is updated periodically to reflect current road

conditions and has been compared with reported mileages and observations of commercial trucking firms.

Routes are calculated within the model by minimizing the total impedance between origin and destination.

The impedance is basically defined as a function of distance and driving time along a particular segment
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Table E-2. Truck Route Distances (mi) Between Major DOE Sites®
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Ames 0 351 1287 675 894 1206 341 611 1703 1287 1129 234 1163 1844 1853 1136 644 1287

ANL-E 351 0 1582 348 567 874 36 294 1998 1582 1333 520 831 2139 2148 143l 317 1582
ANL-W 1287 1582 0 1906 2125 2437 1572 1842 599 0 1177 1325 2393 963 972 1144 1875 0

BCL 675 348 1906 0 223 653 380 113 2322 1906 1463 650 626 2463 2472 1552 72 1906
Bettis 894 567 2125 223 0 506 599 312 2541 2125 1682 869 543 2682 2691 1771 201 2125
BNL 1206 874 2437 653 506 0 906 760 2853 2437 2113 1299 241 2994 3003 2201 721 2437
Fermi 341 36 1572 380 599 906 0 326 1975 1572 1359 519 863 2129 2138 1421 349 1572
FEMP 611 294 1842 113 312 760 326 0 2258 1842 1399 586 733 2399 2408 1488 49 1842
Hanford 1703 1998 599 2322 2541 2853 1975 2258 0 599 1593 1741 2809 875 894 1560 2291 599
INEL 1287 1582 0 1906 2125 2437 1572 1842 599 0 1177 1325 2393 963 972 1144 1875 0
ITRI 1129 1333 1177 1463 1682 2113 1359 1399 1593 1177 0 895 2085 1194 1154 111 1432 1177
KCP 234 520 1325 650 869 1299 519 586 1741 1325 895 0 1272 1831 1890 984 619 1325
KAPL-S 1163 831 2393 626 543 241 863 733 2809 2393 2085 1272 0 2950 2959 2174 694 2393
LBL 1844 2139 963 2463 2682 2994 2129 2399 875 963 1194 1881 2950 0 45 1274 2432 963

LLNL 1853 2148 972 2472 2691 3003 2138 2408 894 972 1154 1890 2959 45 0 1233 2441 972
LANL 1136 1431 1144 1552 1771 2201 1421 1483 1560 1144 111 984 2174 1274 1233 0 1521 1144

Mound 644 317 1875 72 291 721 349 49 2291 1875 1432 619 694 2432 2441 1521 0 1875
NRF 1287 1582 0 1906 2125 2437 1572 1842 599 0 1177 1325 2393 963 972 1144 1875 0
NTS 1520 1815 712 2078 2297 2670 1805 2014 1128 712 918 1428 2626 719 678 997 2047 712
ORISE 887 571 2077 399 586 808 603 299 2493 2077 1420 752 872 2592 2551 1509 335 2077
ORR 900 584 2048 412 563 821 616 312 2464 2048 1391 723 885 2563 2523 1480 348 2048
PGDP 629 385 1766 477 696 1115 417 409 2182 1766 1230 441 1099 2322 2327 1319 441 1766
Pantex 834 1038 1468 1168 1387 1817 1064 1104 1884 1468 313 600 1790 1485 1445 402 1137 1468

Pinellas 1481 1204 2617 1065 1252 1329 1236 965 3033 2617 1959 1293 1393 2945 2904 2048 1001 2617
PORTS 755 428 1986 84 265 689 460 173 2402 1986 1543 730 688 2543 2552 1632 152 1986

PPPL 1217 822 2448 546 398 189 854 635 2864 2448 2006 1192 291 3005 3014 2094 614 2448
RMI 751 419 1982 214 175 531 451 321 2398 1982 1673 860 416 2538 2547 1762 282 1982
RFETS 722 1017 716 1283 1500 1870 1005 1217 1132 716 483 631 1827 1283 1292 452 1250 716
SNL- 1120 1324 1168 1454 1673 2103 1350 1390 1584 1168 9 88 2076 1185 1145 102 1423 1168
NM

SNL-CA 1853 2148 972 2472 2691 3003 2138 2408 894 972 1154 1890 2959 45 0 1233 2441 972
SRS 1175 892 2311 720 656 897 924 620 2727 2311 1653 987 961 2791 2750 1742 656 2311

SLAC 1885 2180 1004 2524 2723 3035 2167 2440 916 1004 1198 1939 2979 47 64 1294 2473 1004
wVvDP 909 577 2140 372 257 492 609 479 2556 2140 1832 1018 314 2697 2706 1921 440 2140
WIPP 1301 1505 1759 1625 1813 2192 1531 1526 2175 1759 614 1067 2256 1509 1468 693 1561 1759
YM 1554 1849 746 2112 2331 2704 1839 2048 1162 746 952 1462 2660 753 712 1031 2081 746
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Table E-2. Truck Route Distances (mi) Between Major DOE Sites®—Continued

= <
w x 8 s @ z o a
z & c =2 & & g & 2 & & & & F z = P
Ames 1520 887 900 629 834 1481 755 1217 751 722 1120 1853 1175 1885 909 1301 1554

ANL-E 1815 571 584 385 1038 1204 428 822 419 1017 1324 2148 892 2180 577 1505 1849
ANL-W 712 2077 2048 1766 1468 2617 1986 2448 1982 716 1168 972 2311 1004 2140 1759 746

BCL 2078 399 412 477 1168 1065 84 546 214 1283 1454 2472 720 2524 372 1625 2112
|_Bettis 2297 586 563 696 1387 1252 265 398 175 1500 1673 2601 656 2723 257 1813 2331
BNL 2670 808 821 1115 1817 1329 680 189 531 1870 2103 3003 897 3035 492 2192 2704
|_Fermi 1805 603 616 417 1064 1236 460 854 451 1005 1350 2138 924 2167 609 1531 1839

FEMP 2014 299 312 409 1104 965 173 635 321 1217 1390 2408 620 2440 479 1526 2048
Hanford 1128 2493 2464 2182 1884 3033 2402 2864 2398 1132 1584 894 2727 916 2556 2175 1162

INEL 7122077 2048 1766 1468 2617 1986 2448 1982 716 1168 972 2311 1004 2140 1759 146
ITRI 918 1420 1391 1230 313 1959 1543 2006 1673 483 9 1154 1653 1198 1832 614 952
KCP 1428 752 723 441 600 1293 730 1192 860 631 886 1890 987 1939 1018 1067 1462
KAPL 2626 872 885 1099 1790 1393 688 201 416 1827 2076 2959 961 2979 314 2256 2660
LBL 719 2592 2563 2322 1485 2945 2543 3005 2538 1283 1185 45 2791 47 __2697 1509 753
LLNL 678 2551 2523 2327 1445 2904 2552 3014 2547 1292 1145 0__2750 64 2706 1468 712
LANL 997 1509 1480 1319 402 2048 16322094 1762 452 102 1233 1742 1294 1921 693  103)
| Mound 2047 335 348 441 1137 1001 152614 282 1250 1423 2441 656 2473 440 1561  208]
NRE J12 2077 2048 1766 1468 2617 1986 2448 1982 716 1168 972 2311 1004 2140 1759 746
NTS 0 2180 2151 1864 1209 2720 2158 2620 2214 836 909 678 2414 739 2373 1365 46
ORISE 2180 0 10 333 1125 692 358 702 595 1383 1411 2551 369 2584 753 1410 2214
ORR 2151 10 0 304 1096 685 371 715 608 1354 1382 2523 379 2584 766 1381 2185
PGDP 1864 333 304 0 940 874 O 1009 687 1072 1226 2327 568 2359 845 1258 1903
|_Pantex 1209 1125 1096 940 0 1664 1248 1710 1378 774 304 1445 1358 1506 1537 308 1243
Pinellas 2720 692 685 874 1664 (1] 1024 1152 1261 1924 1950 2904 620 2969 1419 1762 2754
PORTS 2158 358 371 0_ 1248 1024 O 588 276 1361 1534 2552 540 2584 434 1632 2192
PPPL 2620 702 J15 1009 1710 1152 588 O 528 1823 1997 3014 767 3046 480 2086 2654
 RM1 2214 595 608 687 1378 1261 276 528 0 1415 1664 2547 726 2579 162 1822 2248
RFETS 836 1383 1354 1072 774 1924 1361 1823 1415 0474 1292 1618 1324 1573 1067 868 |

SNL-NM 909 1411 1382 1226 304 1950 1534 1997 1664 474 O 1145 1644 1198 1823 605 _ 943
SNL-CA 678 2551 2523 2327 1445 2904 2552 3014 2547 1292 1145 0 2750 64 2706 1468 712

SRS 2414 369 379 568 1358 620 540 767 726 1618 1644 2750 02820 1023 1524 2448
SLAC 739 2584 2584 2359 1506 2969 _ 2584 3046 2579 1324 1198 64 _ 2820 0 2738 1529 773
WVDP 2373 753 766 845 1537 1419 434 489 162 1573 1823 2706 1023 2738 0 1980 2407
wipp 1365 1410 1381 1258 308 1762 1632 2086 1822 1067 605 1468 1524 1529 1980 0 1399
YM 46 2214 2185 1903 1243 2754 2192 2654 2248 868 943 712 2448 773 2407 1399 0

Notes: Ames = Ames Laboratory; ANL-E = Argonne National Laboratory-East; ANL-W = Argonne National Laboratory-West;
BCL = Battelle Columbus Laboratories; Bettis = Bettis Atomic Power Laboratory; BNL = Brookhaven National Laboratory;

Fermi = Fermi National Accelerator Laboratory; FEMP = Fernald Environmental Management Project; Hanford = Hanford Site;
INEL = Idaho National Engineering Laboratory; ITRI = Inhalation Toxicology Research Institute; KCP = Kansas City Plant;
KAPL-S = Knolls Atomic Power Laboratory (Schenectady); LBL = Lawrence Berkeley Laboratory; LLNL = Lawrence Livermore
National Laboratory; LANL = Los Alamos National Laboratory; Mound = Mound Plant; NRF = Naval Reactor Facility; NTS =
Nevada Test Site; ORISE = Oak Ridge Institute for Science and Education; ORR = Oak Ridge Reservation; PGDP = Paducah Gascous
Diffusion Plant; Pantex = Pantex Plant; Pinellas = Pinellas Plant; PORTS = Portsmouth Gaseous Diffusion Plant; PPPL = Princeton
Plasma Physics Laboratory; RMI = Reactive Metals, Inc.; RFETS = Rocky Flats Environmental Technology Site; SNL-NM = Sandia
National Laboratories (New Mexico); SNL-CA = Sandia National Laboratories (California); SRS = Savannah River Site; SLAC =
Stanford Linear Accelerator Center; WVDP = West Valley Demonstration Project; WIPP = Waste Isolation Pilot Plant; and YM =
Yucca Mountain.

2 Truck routes generated by using the HIGHWAY 3.1 routing model (Johnson et al., 1993a).
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Table E-3. Rail Route Distances (mi) Between Major DOE Sites”
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Ames [4] 329 1242 700 823 1365 291 717 1788 1242 1187 275 1126 1873 2018 1124 715 1242

ANL-E 329 0 1655 401 518 1066 49 4122201 1655 1351 439 827 2549 2506 1288 416 1655
ANL-W 1242 1655 0 1942 2133 2607 1533 1907 658 0 1247 1238 2468 1102 1100 1179 1926 0

BCL 700 401 1942 0 280 855 427 135 2488 1942 1759 753 _ 615 2573 2718 1696 65 1942
Bettis 823 518 2133 280 0 772 543 475 2611 2133 1857 943 533 2696 2840 1794 345 2133
| BNE 1365 1066 2607 855 772 0 1088 984 3153 2607 2414 1518 239 3238 3383 2351 920 2607
| _Fermi 291 49 1533 427 543 1088 0 441 1971 1533 1356 453 853 2343 2341 1405 443 1533
FEMP 717412 1907 135 475 984 441 0 2505 1907 1751 717 745 2590 2735 1688 69 1907
|_Hanford 1788 2201 658 2488 2611 3153 1971 2505 0 658 1793 1784 2914 986 973 1725 2472 658
INEL 1242 1655 01942 2133 2607 1533 1907 658 0 1247 1238 2468 1102 1100 1179 1926 0
ITRI 1187 1351 1247 1759 1857 2414 1356 1751 1793 1247 0 932 2177 1266 1222 104 1767 1247
KCP 275 439 1238 753 943 1518 453 717 1784 1238 932 01250 2016 2013 869 708 1238
KAPL-S 1126827 2468 615 533 239 853 745 2014 2468 2177 1250 0 2999 3144 2122 680 2468
LBL 1873 2549 1102 2573 2696 3238 2343 2590 986 1102 1266 2016 2999 0 461354 2717 1102

LLNL 2018 2506 1100 2718 2840 3383 2341 2735 973 1100 1222 2013 3144 46 0 1326 2695 1100
LANL 1124 1288 1179 1696 1794 2351 1405 1688 1725 1179 104 869 2122 1354 1326 0 1704 1179

Mound 715 416 1926 65 345 920 443 69 2472 1926 1767 708 680 2717 2695 1704 0 1926
NRE 1242 1655 0 1942 2133 2607 1533 1907 658 0 1247 1238 2468 1102 1100 1179 1926 0
NTS 1674 2348 756 2374 2496 3039 1997 2301 1302 756 1065 1670 2800 860 1370 11 69 2386 756
ORISE 056 651 2099 366 714 1221 679 331 2644 2099 1989 881 O81 2890 2868 1926 301 2089
ORR 954 649 2055 393 903 1152 682 358 2601 2055 1740 838 957 2686 2831 1686 328 2055
PGDP 646 390 1699 581 816 1346 469 468 2245 1699 1539 482 1106 2490 2469 1476 564 1699
Pantex 809 972 1141 1381 1479 2035 977 1373 1686 1141 379 554 1807 1561 1534 483 1396 1141

Pinellas 1623 1319 2721 1151 1293 1585 1344 1116 3267 2721 2079 1503 1360 3278 3491 2183 1086 2721
PORTS 727 422 1975 9] 429 921 451 207 2515 1975 1761 758 681 2767 2745 1698 156 1975
PPPL 1197 898 2507 655 400 410 924 938 2985 2507 2248 1289 214 3298 3276 2186 719 2507
| RMI_ 717 418 2060 207 136 648 445 337 2505 2060 1769 842 408 2851 2829 1706 2722060
RFETS 782 1194 738 1502 1692 2266 1016 1466 1284 738 572 778 2027 1320 1394 504 1485 738

SNL-NM 1187 1351 1247 1759 1857 2414 1356 1751 1793 1247 0 932 2177 1266 1222 104 1767 1247
| SNL-CA 2018 2506 1100 2718 2840 3383 2341 2735 973 1100 1222 2013 3144 46 0 1326 2695 1100
SRS 1281 976 2407 740 947 1239 1001 774 2953 2407 2315 1161 1044 3192 3183 2252 744 2407
SLAC 1924 2536 1160 2947 2746 3289 2303 2641 1036 1160 1253 2073 3050 56 60 1357 2930 1160
WVDP 881 579 2123 370 244 549 603 631 2669 2123 1929 1033 309 2773 2898 1866 562 2123
WIPP 1115 1279 1447 1688 1785 2342 1284 1679 1993 1447 477 861 2114 1660 1633 3581 1703 1447
YM 1674 2348 756 2374 2496 3039 1997 2391 1302 756 1065 1670 2800 860 1370 | 169 2386 756
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Table E-3. Rail Route Distances (mi) Between Major DOE Sites®—Continued

. a4 v [%] = S

z o o & a & & a I I~ “ 7] 7 7] = = >
Ames 1674 956 954 646 809 1623 727 1197 717 182 1187 2018 1281 1924 881 il5 1674
ANL-E 2348 651 649 390 972 1319 422 898 418 1194 1351 2506 976 2536 579 1279 2348
ANL-W 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756
BCL 2374 366 393 581 1381 1151 91 655 207 1502 1759 2718 740 2947 370 1688 2374
Bettis 2496 714 903 816 1479 1293 429 400 136 1692 1857 2840 947 2746 244 1785 2496
BNL 3039 1221 1152 1346 2035 1585 921 410 648 2266 2414 3383 1239 3289 549 2342 3039
Fermi 1997 679 682 469 977 1344 451 924 445 1016 1356 2341 1001 2393 603 1284 1997
FEMP 2391 331 358 468 1373 1116 207 938 337 1466 1751 2735 774 2641 631 1679 2391
Hanford 13022644 2601 2245 1686 3267 2515 2985 2505 1284 1793 973 2953 1036 2669 1993 1302
INEL 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756
ITRI 1065 1989 1749 1539 379 2079 1761 2248 1769 572 01222 2315 1253 1929 477 1065
KCP 1670 881 838 482 554 1503 758 1289 842 778 932 2013 1161 2073 1033 861 1670
KAPL-S 2800 981 957 1106 1807 1390 681 214 408 2027 2177 3144 1044 3050 309 2114 2800
LBL 860, 2890 2686 2490 1561 3278 2767 3298 2851 1320 1266 46_ 3192 56__2773 1660 860
LLNL 1370 2868 2831 2469 1534 3491 2745 3276 2829 1394 1222 0_ 3183 60 2898 1633 1370
LANL 1169 1926 1686 1476 483 2183 1698 2186 1706 S04 104 1326 2252 1357 1866 581 1169
Mound 2386 301 328 564 1396 1086 156 719 272 1485 1767 2695 744 2930 562 1703 2386
NRE 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756
NTS Q2530 2487 2131 1376 3153 2401 2871 2391 987 1065 1370 2839 862 2554 1475 0
ORISE 2530 4] 40 632 1611 786 392 1176 575 1658 1989 2868 443 3103 889 1918 2530
ORR 2487 40 0 527 1371 797 442 760 600 1586 1749 2831 417 3031 889 1678 2487
PGDP 2131 632 527 0 1103 1056 495 1145 698 1220 1530 2469 714 2597 861 1410 2131
Pantex 1376 1611 1371 1103 O 1825 1382 1867 1387 465 379 1534 1937 1564 1551 307___1376

Pinellas 3153 786 797 1056 1825 0 1106 1207 1361 2280 2079 3491 485 3280 1568 2019 3153
PORTS 2401 392 442 495 1382 1106 0 838 279 1535 1761 2745 655 2651 585 1689 2401

PPPL 2871 1176 760 1145 1867 1207 838 0 511 2066 2248 3276 848 3121 426 2185 2871
RMI 2391 575 600 698 1387 1361 279 511 0 1619 1769 2829 920 2641 1631705 2391
RFETS 987 1658 1586 1220 465 2280 1535 2066 1619 0 5721394 1938 1377 1782 769 987
| SNL-NM 1065 1989 1749 1539 379 2079 1761 2248 1769 572 0 1222 2315 1253 1929 477 1065
| SNL-CA 1370 2868 2831 2460 1534 3491 2745 3276 2829 1394 1222 0 3183 60 2898 1633 1370
SRS 2839 443 417 714 1937 485 655 848 920 1938 2315 3183 0__3194 1223 2243 2839
SLAC 862 3103 3031 2597 1564 3280 2651 3121 2641 1377 1253 60 3194 02804 1662 862
WVDP 2554 889 889 861 1551 1568 585 426 163 1782 1929 2808 1223 2804 0 1858 2540
WIPP 1475 1918 1678 1410 307 2019 1689 2185 1705 769 477 1633 2243 1662 1858 0_ 1475
YM 0 2530 2487 2131 1376 3153 2401 2871 2391 987 1065 1370 2839 862 2540 1475 0

Notes: Ames = Ames Laboratory; ANL-E = Argonne National Laboratory-East; ANL-W = Argonne National Laboratory-West;

BCL = Battelle Columbus Laboratories; Bettis = Bettis Atomic Power Laboratory; BNL = Brookhaven National Laboratory; Fermi =
Fermi National Accelerator Laboratory; FEMP = Fernald Environmental Management Project; Hanford = Hanford Site; INEL = Idaho
National Engineering Laboratory; ITRI = Inhalation Toxicology Research Institute; KCP = Kansas City Plant; KAPL-S = Knolls
Atomic Power Laboratory (Schenectady); LBL = Lawrence Berkeley Laboratory; LLNL = Lawrence Livermore National Laboratory;
LANL = Los Alamos National Laboratory; Mound = Mound Plant; NRE = Naval Reactor Facility; NTS = Nevada Test Site; ORISE
= Oak Ridge Institute for Science and Education; ORR = QOzk Ridge Reservation; PGDP = Paducah Gaseous Diffusion Plant; Pantex =
Pantex Plant; Pinellas = Pinellas Plant; PORTS = Portsmouth Gaseous Diffusion Plant; PPPL = Princeton Plasma Physics Laboratory;
RMI = Reactive Metals, Inc.; RFETS = Rocky Flats Environmental Technology Site; SNL-NM = Sandia National Laboratories (New
Mexico); SNL-CA = Sandia National Laboratories (California); SRS = Savannah River Site; SLAC = Stanford Linear Accelerator
Center; WVDP = West Valley Demonstration Project; WIPP = Waste Isolation Pilot Plant; and YM = Yucca Mountain.

2 Rail routes generated by using the INTERLINE 5.0 routing mode! (Johnson et al., 1993b).
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of highway. A special feature of the HHGHWAY 3.1 model is its ability to calculate routes that maximize
the use of interstate highways. This feature allows the user to predict routes for shipping radioactive
materials that conform to DOT transportation regulations, specifically HM-164. The population densities
along a route are derived from 1990 census data from the U.S. Bureau of the Census. Rural, suburban, and
urban areas are characterized according to the following breakdown: rural population densities range from
0to 54 persons/km2 (0 to 39 persons/miz); the suburban range is 55 to 1,284/km2 (140 to 3,326/mi2); and

urban covers all population densities greater than 1,284/km? (3,326/mi2).

E.4.2.1.2 INTERLINE 5.0

The INTERLINE 5.0 computer program is designed to simulate routing of the U.S. rail system. The
INTERLINE database consists of 94 separate subnetworks and represents various competing rail companies
in the United States. The database used by INTERLINE was originally based on data from the Federal
Railroad Administration and reflected the U.S. railroad system in 1974. The database has been expanded
and modified over the past two decades. The code is updated periodically to reflect current track conditions

and has been compared with reported mileages and observations of commercial rail firms.

The INTERLINE 5.0 model uses a shortest route algorithm that finds the path of minimum impedance
within an individual subnetwork. A separate method is used to find paths along the subnetworks. The routes
chosen for this study used the standard assumptions in the INTERLINE model that simulate the process of
selection that railroads would use to direct shipments of radioactive waste. For sites that do not have direct
rail access, the rail siding nearest the site was used for routing. The population densities along a route are
derived from 1990 census data. Rural, suburban, and urban areas are characterized according to the
following breakdown: rural population densities range from 0 to 54 persons/km2 © to 139/mi?); the
suburban range for population density is 55 to 1,284/km? (140 to 3,326/mi%); and urban covers all
population densities greater than 1,284/km? (3,326/mi?).

E.4.2.2 Onsite Transportation

Most radioactive waste at the Hanford Site is shipped by truck. The routes for onsite transportation used
for this analysis are typical of those used for shipping radioactive waste onsite at the Hanford Site (DOE,

1989). Because the Hanford Site maintains an extensive onsite railroad network, consideration of rail
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transport was included to maintain consistency with the analyses of offsite transportation. Rail routes were

chosen to minimize distance traveled.

E.5 Methods for Calculating Transportation-Related Risks

The technical approach for conducting the transportation risk assessment was developed after a thorough
and critical review of the literature and existing documentation in the National Environmental Policy Act
for Federal actions involving transportation of radioactive materials. Consideration was also given to recent
DOE commitments arising from litigation and public awareness. The approach selected uses several
computer models and databases to determine risks for each case. The method for offsite assessment is

discussed in Section E.5.1; the method for onsite assessment is discussed in Section E.5.2.

E.5.1 OFFSITE TRANSPORTATION

The approach for offsite transportation risk assessment is summarized in Figure E-3 and discussed in detail
in this section. For each case, risks are assessed for routine transportation and accidents. For the routine
assessment, risks are calculated for the collective populations of potentially exposed individuals, as well as
for the MEIs. The accident assessment consists of two components: (1) an accident risk assessment, which
considers the probabilities and consequences of a range of possible transportation-related accidents,
including low-probability accidents that have high consequences, and high-probability accidents that have
low consequences; and (2) an accident consequence assessment, which considers only the radiological
consequences of the severe transportation-related accidents that are postulated to result in the largest releases

of radioactive material.

The RADTRAN 4 computer code (Neuhauser and Kanipe, 1993) is used for routine and accident risk
assessments to estimate the impacts to collective populations. RADTRAN 4 was developed by SNL-NM
to calculate population risks associated with transporting radioactive materials by various means, including
truck, rail, air, ship, and barge. The code has been extensively reviewed, updated, and used for

transportation risk assessments since it was issued in the late 1970s.

The RADTRAN 4 calculations of population risk take into account the consequences and the probabilities

of potential exposures. The collective population risk is a measure of the total radiological risk posed to
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Transportation Risk Assessment
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society as a whole by the alternative being considered. The collective population risks are used as the

primary means of comparing the various alternatives.

As a complement to the RADTRAN calculations, the RISKIND computer code (Yuan et al., 1993) is used
to estimate scenario-specific doses to MEISs for routine operations and accidents and to estimate population
impacts for the accident consequence assessment. The RISKIND computer code was developed for the DOE
Office of Civilian Radioactive Waste Management specifically to analyze radiological consequences to
individuals and population subgroups associated with transporting spent nuclear fuel. Minor modifications
to the code were made for WM PEIS applications to accommodate shipments of all types of radioactive

waste.

The RISKIND calculations are conducted for the WM PEIS to supplement the results for collective risk
calculated with RADTRAN 4. 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 population. Essentially, the RISKIND analyses are meant to address hypothetical questions,

such as, “What if I live next to a site access road?” or “What if an accident happens near my town?”

E.5.1.1 Routine (Incident-Free) Risk Assessment Method

E.5.1.1.1 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. The maximum allowable external dose rates for

exclusive-use shipments were presented in Section E.3.1.

For routine transportation, the RADTRAN 4 computer code considers all major groups of potentially

exposed persons. The RADTRAN 4 calculations of risk for routine highway and rail transportation include

exposures of the following population groups:

* Persons Along the Route (Off-Link Population). Collective doses are calculated for all persons living or
working within 0.8 km (0.5 mi) on each side of a transportation route. The total number of persons

within the 1.6-km (1-mi) corridor is calculated separately for each route considered in the assessment.
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o Persons Sharing the Route (On-Link Population). Collective doses are calculated for persons in all
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.

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

o Crew Members. Collective doses are calculated for truck and rail transportation crew members.

The doses calculated for the first three population groups are added generically to yield the collective dose
to the public; the dose calculated for the fourth group represents the collective dose to workers. The
RADTRAN 4 models for routine dose are not intended to be used for estimating specific risks to

individuals.

The RADTRAN 4 calculations for routine dose are based on generically expressing the dose rate as a
function of distance from a point source (Neuhauser and Kanipe, 1993). Associated with the calculation of
routine doses for each exposed population group are 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, 1993). The values for many of the most

important parameters are presented in Section E.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. Representative highway and rail routes are determined for
each unique pair, as described in Section E.4. The number of shipments transported across each linkage
is then calculated for truck and rail modes by using estimated site-specific waste inventories and information
on shipment capacity, which is in Section E.3. For shipments between each origin-and-destination pair,
RADTRAN 4 is used to calculate collective risks to workers and the public on the basis of representative
radiological and physical properties of the waste type being considered. The collective risks are then
summed over the set of origin-destination pairs to estimate the collective routine risks associated with that

case.
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E.5.1.1.2 Maximally Exposed Individual Risk

In addition to assessing the routine collective population risk, the RISKIND model has been used to estimate
risk to MEISs 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 are similar to those given in previous transportation risk assessments (DOE, 1987b; DOE, 1990a)
and are presented in Section E.6. The scenarios are not intended to be exhaustive but were selected 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 is used to calculate dose as a function of distance (millirems per
hour) for stationary exposures and millirems per event (for moving shipments) from a waste shipment on
the basis of 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 the ground). The dose rates
calculated by using RISKIND have been shown to be comparable with output from existing shielding codes
for various waste configurations. The RISKIND model produces realistic but conservative results. As a
conservative measure, credit for potential shielding between the cask and the receptor is not considered,

although RISKIND allows for shielding provisions.

E.5.1.1.3 Vehicle-Related (Nonradiological) Routine Risk

Vehicle-related health risks resulting from routine transportation may be associated with the transporting
vehicles that generate air pollutants during waste shipment, independent of the nature of the shipment. The
health endpoint assessed under routine transport conditions is the excess (additional) latent mortality caused
by inhalation of vehicular exhaust emissions. A risk factor for latent mortality from pollutant inhalation,
generated by Rao et al. (1982), is 1x107/km (1.6x 10'7/mi) of truck travel in an urban area
(1.3 %107 /railcar-km for rail). This risk factor is based on regression analyses of the effect of sulfur dioxide

and particulate releases from diesel exhaust on mortality. Excess latent mortality is assumed to be equivalent
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to cancer fatalities. Vehicle-related risks from routine transportation are calculated for each case 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 has been
used in several reports to calculate risks from routine transport of radioactive wastes (DOE, 1986b, 1987a,
1990a) and provides a convenient method of comparing the risks of routine transport for HW shipment
alternatives and the risks of HW versus radioactive waste shipments under routine conditions. Lack of
information for rural and suburban areas is an obvious gap in the data, although the risk factor would

presumably be lower because total emissions from all sources in rural and suburban areas are lower.

E.5.1.2 Accident Assessment Method

E.5.1.2.1 Radiological Accident Risk Assessment

The risk analysis for potential accidents differs fundamentally from the risk analysis for routine
transportation because occurrences of accidents are statistical. The accident risk assessment is treated
probabilistically in RADTRAN 4. Accident risk is defined as the product of the accident consequence (dose)
and the probability of the accident occurring. In this respect, the RADTRAN 4 code estimates the collective
accident risk to populations by considering a spectrum of transportation-related accidents. The spectrum
of accidents is designed to encompass a range of possible accidents, including low-probability accidents with
high consequences and high-probability accidents with low consequences (“fender benders™). The results
for collective accident risk can be directly compared with the results for routine collective risk because the

former results incorporate the probabilities of accident occurrences.

The RADTRAN 4 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 is assigned a conditional probability of
occurrence—that is, the probability that an accident will be of a particular severity if an accident occurs.
The more severe the accident, the more remote the chance of such an accident. 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
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take into account the transportation mode and the packaging type being considered. The accident rates, the
definition of accident severity categories, and the release fractions used in this analysis are discussed further

in Section E.6.

For accidents involving the release of radioactive material, RADTRAN 4 assumes that the material is
dispersed into the environment according to standard Gaussian diffusion models. For the risk assessment,
default data for atmospheric dispersion were used, representing an instantaneous ground-level release and
a small-diameter source cloud (Neuhauser and Kanipe, 1993). 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

+ Internal exposure from ingesting contaminated food

For the pathway of ingestion, State-specific food transfer factors, which relate the amount of radioactive
material ingested to the amount deposited on the ground, were calculated in accordance with the methods
described by NRC Regulatory Guide 1.109 (NRC, 1977b) and were used as input to the RADTRAN code.
Doses of radiation from ingesting or inhaling radionuclides are calculated with standard dose conversion

factors (DOE, 1988a-b).

The collective accident risk for each case is determined in a manner similar to that described for routine
collective risks. Accident risks are first calculated for each unique origin-and-destination pair and then are
summed over all pairs to estimate the total risk for the case. The accident risk assessment uses site-specific
and waste type-specific radiological and physical waste characteristics, which are described further in
Section E.6. In addition, the assessment uses route-specific information and accident rates derived for

individual States.

E.5.1.2.2 Radiological Accident Consequence Assessment

The RISKIND code is used to provide a scenario-specific assessment of radiological consequences of severe
transportation-related accidents for each waste type. The RADTRAN 4 accident risk assessment considers

the entire range of accident severities and their related probabilities, whereas the RISKIND accident
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consequence assessment focuses on accidents that result in the largest releases of radioactive material to the

environment.

For each waste type, accident consequences are presented for a shipment of waste that represents the highest
potential radiological risk if an accident occurs. This “maximum reasonably foreseeable accident” is
identified for each waste type by screening the site-specific radiological waste characteristics (that is, activity
concentrations) developed for this PEIS, taking into account the physical forms of waste and the relative
hazards of individual radionuclides. For most waste shipments, the consequences of severe accidents would
be less than those presented for the maximum reasonably foreseeable case. The accident consequence
assessment is intended to provide an estimate of the maximum potential impacts posed by a severe

transportation-related accident involving a particular waste type.

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, 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 is dependent upon the potential accident rates for this severity category and the shipping

distance for each case.

The RISKIND model was used to assess accident consequences for two reasons. First, its code can model
the complex atmospheric (or site-specific) dispersion from severe accidents. The atmospheric dispersion
is modeled as an instantaneous release by using standard Gaussian puff methods. In addition, because severe
accidents routinely 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 is used to determine 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.

For each waste type, 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 after the accident (for example, evacuation or ground cleanup) would reduce the consequences,

these activities were not considered in the consequence assessment.
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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 existing at the time of an accident,
two different atmospheric conditions are considered. The first case assumes neutral atmospheric conditions,

and the second assumes stable conditions. Atmospheric conditions are discussed further in Section E.6.

E.5.1.2.3 Vehicle-Related (Nonradiological) Accident Risk Assessment

The vehicle-related accident risk refers to the potential for transportation-related accidents that directly
result in fatalities that are not related to the shipment’s cargo. This risk represents fatalities from mechanical
causes. State-specific transportation fatality rates are used in the assessment and are discussed in
Section E.6. Vehicle-related accident risks are calculated for each case by multiplying the total distance
traveled in each State by the appropriate State rate for transportation-related fatalities. In all cases, the

vehicle-related accident risks are calculated by using distances for round-trip shipment.

E.5.2 ONSITE TRANSPORTATION

The RISKIND computer code was used to calculate the routine and accident doses to MEIs and to collective
onsite populations from onsite transportation at the Hanford Site. The RISKIND code allows for extensive
use of site-specific data. Sitewide characteristics, such as weather data, nonuniform population densities,
and surrounding agricultural productivity, are variable input parameters. In addition, the characteristics of

receptors, such as shielding, intake rates, and location relative to the shipping route, can be specified.

E.5.2.1 Routine (Incident-Free) Risk Assessment Method

For routine conditions, RISKIND is used to calculate the dose and risk to specific individuals distinguished
by their location relative to a shipment when it is stationary or moving. As a conservative assumption,

potential shielding between the waste shipments and the receptor is not considered.

The following four groups of receptors are considered for the onsite routine risk assessment:
» Truck and rail crew members (crew dose)

» Workers near the transportation route (off-link worker population dose)
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 Persons sharing the transportation route (on-link dose)

« Guards at the gates of individual facilities or at checkpoints along the route

The dose to the crew members is calculated by multiplying the distance traveled times the dose per
kilometer calculated by RADTRAN 4 at the crew compartment. The dose rate in the crew compartment is
limited to a value of 2 mrem/h by Federal regulations. RADTRAN 4 was used for estimating the dose to

the crew to retain consistency with the offsite transportation assessment.

Onsite workers at the Hanford Site are located within well-defined facilities or work areas. All areas within
0.8 km (0.5 mi) on each side of the route were considered. RISKIND was used to calculate the population
dose to each affected area by specifying the minimum distance from the route, the maximum distance from
the route, and the average population density of that specific work area. The dose for each area was

calculated while the shipment was immediately next to the area.

RISKIND was used to calculate the dose to individuals sharing the truck transportation route with waste
shipments on the basis of the average vehicular occupancy and speed, road type, and one-way traffic
densities. Members of the public, as well as workers, receive this dose because a section of a principal
onsite route is over public-access roadways. No on-link dose was calculated for rail transportation because
the tracks at the Hanford Site are used exclusively by Hanford; no parallel sets of tracks exist over the

route.

For truck routes, the guard at the boundary of the shipping facility or the one at the checkpoint along the
route is potentially the closest individual to the shipment outside of the loading facilities. This dose was

calculated directly by using RISKIND.

E.5.2.2 Accident Consequence Assessment Method

For each waste type, the radiological accident consequences of the onsite transportation and its attendant
health risks were calculated. The probabilities for onsite transportation accidents at Hanford Site (Wang
et al., 1991) were used to estimate the likelihood of potential accidents and the associated maximum credible

radioactive release for each waste type.
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Doses to an MEI and to onsite and offsite populations are calculated by using RISKIND and parameters
specific to Hanford. Doses include contributions from inhalation, cloudshine, and groundshine; no pathway
for food ingestion has been considered for MEIs or for onsite worker populations. The food-ingestion

pathway was considered only for offsite rural populations.

E.6 Input Parameters and Assumptions

The transportation risk assessment is designed to ensure—through uniform and judicious selection of
models, data, and assumptions—that relative comparisons of risk among the various alternatives are
meaningful. This goal is accomplished by uniformly applying to all alternatives the input parameters and
assumptions common to each waste type. The principal input parameters and assumptions used in the

transportation risk assessment are discussed in this section.

E.6.1 WASTE INVENTORY AND CHARACTERIZATION DATA

The computational model WASTE_MGMT was developed at ANL-E to support the PEIS analyses of risks
and costs (ANL, 1996l). Input to the model includes data on the waste inventory and on waste
characterization at each DOE site, data on operations for the TSD facilities used for the wastes, and
definitions of various alternatives. The sources and development of the model input data are described in

the supporting technical reports specific to each waste type (ANL, 1996g-k).

One output of the model consists of the quantity, physical form, and radiological characteristics of the waste
shipped between sites for each case. Table E-4 shows an example of output for an LLW case. The output
presents part of a waste transportation data file that includes, for each origin- and-destination pair, the total
quantity of waste shipped (both volume and mass), as well as the total activity (curies) of radionuclides in
the waste being shipped. The effects of potential waste treatment, such as volume reduction or incineration,
are considered in the model and are reflected in changes in waste density and activity concentrations. The

WASTE_MGMT output files are used directly as input to the transportation risk assessment.

For each waste type, the physical forms of the waste are generally classified into a small number of
categories, such as vitrified waste, liquid waste, metal waste, and heterogeneous solid waste. The package

release fractions are developed according to the physical characteristics of the waste in each category.
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Table E-4. Example of a Partial Argonne National Laboratory WASTE MGMT
Computational Model Qutput File Used as Input
for the Transportation Radiological Risk Assessment®

Waste Stream LLW
Origin Site AMES
Destination Volume Mass
Site NTS m3/yr 1.16E+01 kg/yr 2.99E+04
Activity
Radionuclide Ci/yr

T1-208 4.50E-07

Pb-212 1.19E-06

Bi-212 1.19E-06

Po-212 7.68E-07

Po-216 1.19E-06

Ra-224 1.19E-06

Ra-228 7.12E-06

Ac-228 7.12E-06

Th-228 1.19E-06

Th-231 6.86E-06

Th-232 7.23E-05

Th-234 8.79E-03

Pa-234 9.01E-07

Pa-234m 8.79E-03

U-235 6.83E-06

U-238 8.79E-03

Pu-238 6.94E-04

Pu-239 5.30E-05

Pu-240 1.85E-04

Pu-241 2.55E-02

Am-241 1.06E-06

Cm-242 1.48E-05

Cm-244 5.30E-06

2 A complete WASTE_MGMT output file contains the above shipment information for all
origin-and-destination pairs for a given case. For illustrative purposes only shipments between
one origin and one destination are shown.
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E.6.2 SHIPMENT EXTERNAL DOSE RATES

The dose (and, correspondingly, the risk) to populations and MEIs during routine transportation is directly
proportional to the assumed external dose rate from the shipment. The Federal regulations for maximum
allowable external dose rates for exclusive-use shipments are presented in Section E.3.1. The actual
shipment dose rate is a complex function of the composition and configuration of shielding and containment
materials used in the waste packaging, the geometry of the loaded shipments, and the characteristics of the
waste material itself. The external dose rates assumed for each waste type are summarized in Table E-5 and
are discussed in detail in the text. In practice, external dose rates vary not only from site to site and from

waste type to waste type but also from shipment to shipment at a given site.

E.6.2.1 HLW Shipments

For HLW shipments, the external dose rate has been assumed to be equal to the regulatory limit of
10 mrem/h at 2 m (6.6 £t) for all shipments. The regulatory limit was assumed because extensive historical
data for HLW shipments do not exist. Jn practice, the dose rates may range well below the regulatory limit
assumed for this assessment. Therefore, assuming that the dose rates are equal to the regulatory limit

provides a conservative estimate.

Table E-5. Shipment External Dose Rates
for Each Waste Type

Waste Type External Dose Rate
HLW? 10 mrem/h at 2 m (6.6 ft)
LLWP 1 mrem/h at 1 m (3.3 ft)
TRUW® CH = 3 mrem/h at 1 m (3.3 ft)

RH = 7 mrem/h at 1 m (3.3 ft)
LLMW 1 mrem/h at 1 m (3.3 fi)°

Notes: CH = contact handled waste; RH = remote-handled
waste,

4 Regulatory limit (10 CFR 71).

b Based on historical DOE LLW shipments as reported to
the Shipment Mobility/Accountability Collection (Morris,
1993).

¢ Derived from DOE (1990a).

d Based on comparison of LLMW and LLW radiological
characteristics.
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E.6.2.2 LLW Shipments

For LLW shipments, the external dose rates from historical waste shipments were investigated by using the
Shipment Mobility/Accountability Collection (SMAC) system (Morris, 1993). The SMAC database contains
information about unclassified commercial freight shipments made by DOE and its contractors. The
information available in the SMAC database is 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
inventories. Approximately two-thirds of all DOE unclassified shipments are estimated to be reported to
the SMAC database.

Shipment information from the SMAC database was examined for fiscal years 1983 to the present (Morris,
1993). Information was provided for three general categories of radioactive material: irradiated fuel,
“other” highway route controlled quantities, and LLW. (The material categories chosen were dictated by
the format in which data are submitted and entered into the SMAC database and are not consistent with the
definitions of waste types used in this PEIS.) Of the 15,000 LLW shipments recorded in the SMAC
database, approximately 2,500 reported external dose rates. The average dose rate reported was
approximately 1 mrem/h, measured at 1 m (3.3 ft) from the surface of a shipment. This value was used for

future LLW shipments for the PEIS analysis.

E.6.2.3 TRUW Shipments

For TRUW shipments, external package dose rates have been derived from information in the Supplemental
Final Environmental Impact Statement (SFEIS) for WIPP (DOE, 1990a). In the WIPP SFEIS, site-specific
external package dose rates were presented for CH-TRUW and for RH-TRUW packages. For this PEIS,
the average external dose rates were calculated by using the SFEIS values and were used for purposes of
assessment. The average external package dose rates were calculated to be 3 mrem/h for CH-TRUW and
7 mrem/h for RH-TRUW at 1 m (3.3 ft).
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E.6.2.4 LLMW Shipments

Because very limited data exists for historical LLMW shipments, and the fact that the radiological
characteristics of LLMW were assumed to be similar to LLW for the PEIS, the external dose rate for
shipments of LLMW was assumed to be the same as for the 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 was assumed for

analysis purposes.

E.6.3 POPULATION DENSITY ZONES

Three population density zones—rural, suburban, and urban—were used for the offsite population risk
assessment. The fractions of travel in each zone were determined by using the HIGHWAY and
INTERLINE routing models. The rural, suburban, and urban zones are assigned average population
densities of 6/km? (15.5/mi?), 719/km? (1,862/mi%), and 3,861/km? (10,000/mi?), respectively. These
population densities are typical of rural, suburban, and urban environments (NRC, 1977a). Occurrence of
the three population density zones is based on an aggregation of the 12 population density zones provided
in the HIGHWAY and INTERLINE model outputs. For calculation purposes, information about population
density was generated at the State level and used as RADTRAN input for all origin-and-destination pairs.

For the onsite analysis, the population density of the Hanford Site was used.

E.6.4 ACCIDENT RATES

For calculating accident risks, vehicle accident involvement and fatality rates are taken from data provided
in Saricks and Kvitek (1994). For each transport mode, accident rates are generically defined as the number
of accident involvements (fatalities) in a given year per unit of travel of that mode in the same year.
Therefore, the rate is a fractional value—the accident-involvement count is the numerator, and vehicular
activity (total traveled distance) is the denominator. Accident rates are derived from multiple-year averages
that automatically account for such factors as heavy traffic and adverse weather conditions. For assessment
purposes, the total number of expected accidents or fatalities is calculated by multiplying the total shipping

distance for a specific case by the appropriate accident or fatality rate.

For truck transportation, the rates presented in Saricks and Kvitek (1994) are specifically for heavy

combination trucks involved in interstate commerce. Heavy combination trucks are rigs composed of a
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separable tractor unit containing the engine and one to three freight trailers connected to each other and the
tractor. Heavy combination trucks are typically used for shipping radioactive wastes. Truck accident rates
are computed for each State on the basis of statistics compiled by the DOT Office of Motor Carriers for
1986 to 1988. Saricks and Kvitek (1994) present accident involvement and fatality counts, estimated
kilometers of travel by State, and the corresponding average accident involvement, fatality, and injury rates
for the 3 years investigated. Fatalities (including crew members) are deaths attributable to the accident that

occurred any time within 30 days of the accident.

Rail accident rates are computed and presented similarly to truck accident rates in Saricks and Kvitek
(1994); however, for rail transport, the unit of haulage is the railcar. State-specific rail accident involvement
and fatality rates are based on statistics compiled by the Federal Railroad Administration for 1985 to 1988.

Rail accident rates include both mainline accidents and those occurring in rail yards.

The accident assessment presented in this appendix uses separate accident rates for travel in rural, suburban,
and urban population density zones in each State. Therefore, total accident risk for a case depends on the
total distance traveled in various population zones in each State and does not rely on national average
accident statistics. However, for comparative purposes, the national average truck accident rate presented
in Saricks and Kvitek (1994) is 2.4x 1077 accidents/km (3.9%107 accidents/mi). The national average
railcar accident rate is 5.6 x 108 accidents/km (9.0% 10°8 accidents/mi). For the onsite accident assessment,

accident probabilities at the Hanford Site were taken from Wang et al. (1991).

Note that the accident rates used in this assessment were computed using all interstate shipments, regardless
of the cargo. Saricks and Kvitek (1994) point out that shippers and carriers of radioactive material generally
have a higher-than-average awareness of transportation risk and prepare cargos and drivers for such
shipments accordingly. This preparation should have the twofold effect of reducing component and
equipment failure and mitigating the contribution of human error to accident causation. These effects were

not considered in the accident assessment.

E.6.5 ACCIDENT SEVERITY CATEGORIES

A method to characterize the potential severity of transportation-related accidents is described in a NRC
report commonly referred to as NUREG-0170 (NRC, 1977a). The NRC method divides the spectrum of

transportation accident severities into eight categories. Other studies have divided the same accident
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spectrum into 6 categories (Wilmot, 1981) and into 20 categories (Fischer et al., 1987); however, these
studies focused primarily on accidents involving spent nuclear fuel shipments.

The NUREG-0170 scheme for accident classification is shown in Figure E-4 for truck transportation, and
Figure E-5 for rail transportation. Severity is described as a function of the magnitudes of the mechanical
forces (impact) and thermal forces (fire) to which a package may be subjected during an accident. Because
all accidents can be described in these terms, severity is independent of the specific accident sequence. In
other words, any sequence of events that results in an accident in which a package is subjected to forces
within a certain range of values is assigned to the accident severity category associated with that range. The
scheme for accident severity is designed to take into account all credible transportation-related accidents,
including accidents with low probability but high consequences and those with high probability but low

conseguences.

Each severity category represents a set of accident scenarios defined by a combination of mechanical and
thermal forces. A conditional probability of occurrence (that is, the probability that if an accident occurs,
it is of a particular severity) is assigned to each category. The fractional occurrences for accidents by the

accident severity category and the population density zone are shown in Table E-6.

Category I accidents are the least severe but the most frequent, whereas Category VIII accidents are very
severe but very infrequent. To determine the expected frequency of an accident of a given severity, the
conditional probability in the category is multiplied by the baseline accident rate. Each population density
zone has a distinct baseline accident rate and distribution of accident severities related to differences in

average vehicular velocity, traffic density, and other factors, including location—rural, suburban, or urban.

For the accident consequence assessment, the doses were assessed for populations and individuals by
assuming an accident of severity Category VIII. This accident severity category represents the most severe
accident scenarios, which would result in the largest releases of radioactive material. Accidents of this
severity are extremely rare, occurring approximately once in every 70,000 truck or 100,000 rail accidents
involving a radioactive waste shipment. On the basis of national accident statistics (Saricks and Kvitek,
1994), for every 1.6 km (1 mi) of shipment (loaded), the probability of an accident of this severity is
610712 for shipment by truck and 1X 1012 for shipment by rail. For the PEIS waste alternatives (the
largest estimated shipment mileage is 560 million mi for LLW), no accident of such severity is expected

to occur.
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Table E-6. Fractional Occurrences for Accidents by Severity
Category and Population Density Zone

Fractional Occurrence by
Population Density Zone
Severity Fractional
Category Occurrence Rural  Suburban Urban
Truck
I 5.5E-01 1.0E-01 1.0E-01 8.0E-01
I 3.6E-01 1.0E-01 1.0E-01 8.0E-01
1 7.0E-02 3.0E-01 4.0E-01 3.0E-01
v 1.6E-02 3.0E-01 4.0E-01 3.0E-01
\Y 2.8E-03 5.0E-01 3.0E-01 2.0E-01
VI 1.1E-03 7.0E-01 2.0E-01 1.0E-01
VII 8.5E-05 8.0E-01 1.0E-01 1.0E-01
VIII 1.5E-05 9.0E-01 5.0E-02 5.0E-02
Rail
I 5.0E-01 1.0E-01 1.0E-01 8.0E-01
11 3.0E-01 1.0E-01 1.0E-01 8.0E-01
M1 1.8E-01 3.0E-01 4.0E-01 3.0E-01
v 1.8E-02 3.0E-01 4.0E-01 3.0E-01
\Y 1.8E-03 5.0E-01 3.0E-01 2.0E-O1
VI 1.3E-04 7.0E-01 2.0E-01 1.0E-01
VII 6.0E-05 8.0E-01 1.0E-01 1.0E-01
VIII 1.0E-05 9.0e-01  5.0E-02  5.0E-02

Source: NRC (1977a).

E.6.6 PACKAGE RELEASE FRACTIONS

Radiological consequences are calculated by assigning package release fractions to each accident severity
category. The release fraction is defined as the fraction of the radioactive material in a package that could
be released from that package during an accident of a certain severity. Release fractions take into account
all mechanisms necessary to create release of radioactive material from a damaged package to the
environment. Release fractions vary according to the package type and the physical form of the waste.
Type B packagings are designed to withstand the forces of severe accidents and, therefore, have smaller

release fractions than Type A packagings.

Package release fractions for accidents of each severity category are given in Table E-7 for the package
types considered in this assessment. The values for release fractions were obtained from various sources,

but all were derived on the basis of the methods described in NUREG-0170 (NRC, 1977a). Also important
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Table E-7. Estimated Release Fractions for Shipping Packagings
Under Various Accident Severity Categories

Estimated Release Fraction
Type B
Severity Category Type A® HLW Cask? ° TRUPACT-II® /2 RH-72BY "
Truck
I 0 0 0 0
II 1.0E-02 0 0 0
III 1.0E-01 1.0E-02 8.0E-09 6.0E-09
v 1.0E+00 1.0E-01 2.0E-07 2.0E-07
A" 1.0E+4-00 1.0E+00 8.0E-05 1.0E-04
VI 1.0E+00 1.0E+00 2.0E-04 1.0E-04
VII 1.0E+00 1.0E+00 2.0E-04 2.0E-04
VIII 1.0E+00 1.0E+00 2.0E-04 2.0E-04
Rail
I 0 0 0 0
II 1.00E-02 0 0 0
11 1.00E-01 1.0E-02 2.0E-08 2.0E-08
v 1.00E+00 1.0E-01 7.0E-07 7.0E-07
A" 1.00E+00 1.0E+00 8.0E-05 1.0E-04
VI 1.00E+00 1.0E+00 2.0E-04 1.0E-04
VII 1.00E+00 1.0E+00 2.0E-04 2.0E-04
VIl 1.00E+00 1.0E+00 2.0E-04 2.0E-04

2 Values are for total material release fraction. To determine the amount of material dispersed in the environment, these
values must be multiplied by the aerosolized and respirable fractions give in Table E-8 for the various physical waste forms.
b Values are for respirable release fraction.

Sources: NRC (1977a); DOE (1990a).

for the purposes of risk assessment are the fraction of the released material that can be entrained in an
aerosol (that is, part of an airborne radioactive plume) and the fraction of the aerosolized material that is
also respirable (of a size that can be inhaled into the lungs). These fractions depend on the physical form
of the waste material. Most solid materials are difficult to release in particulate form and are, therefore,
relatively nondispersible. Conversely, liquid or gaseous materials are relatively easy to release if the
container is compromised in an accident. The aerosolized and respirable fractions for various physical forms
of waste have been compiled in RADTRAN (Neuhauser and Kanipe, 1993) and are given in Table E-8.
(Note that the release fractions for TRUW packages incorporate the aerosolized and respirable fractions on
the basis of the characteristics of TRUW.)
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Table E-8. Aerosolized and Respirablé Material Release
Fractions for Various Physical Waste Forms

Physical Waste Form Aerosolized Fraction Respirable Fraction
Vitrified waste (HLW)? 1.0E-06 5.0E-02 |
Activated metals (LLW)? 1.0E-06 5.0E-02 |
Heterogeneous solids (LLW, LLMW)b 1.0E-01 5.0E-02 |
Nonvolatile liquids (LLMW) 1.0E-01 5.0E-02 |
Volatile liquids (LLMW) 1.0E+00 1.0E+00 |

& Considered to behave as immobile material.
b Considered to behave as a loose powder.
Source: Neuhauser and Kanipe (1993).

E.6.7 ATMOSPHERIC CONDITIONS

Radioactive material released to the atmosphere is transported by the wind. The amount of dispersion, or
dilution, of the radioactive material in the air depends on the meteorologic conditions at the time of the
accident. Because predicting the specific location of an offsite transportation-related accident is impossible,

generic atmospheric conditions were selected for the accident risk and consequence assessments.

For the accident risk assessment, neutral weather conditions were assumed; these conditions were
represented by Pasquill stability Class D with a windspeed of 4 m/s (9 mi/h). Because neutral meteorologic
conditions constitute the most frequently occurring atmospheric stability condition in the United States,
these conditions are most likely to be present if an accident occurs involving a waste shipment. Observations
at National Weather Service surface meteorologic stations from more than 300 U.S. locations indicate that
on a yearly average, neutral conditions (represented by Pasquill Classes C and D) occur about half (50%)
the time, while stable conditions occur about one-third (33 %) of the time (Pasquill Classes E and F), and
unstable conditions (Pasquill Classes A and B) occur about one-sixth (17%) of the time (Doty et al., 1976).
The neutral category predominates in all seasons but is most prevalent (nearly 60% of the observations)

during winter.

For the accident consequence assessment, doses were assessed under neutral atmospheric conditions
(Pasquill Stability Class D with a windspeed of 4 m/s [9 mi/h] and stable conditions (Pasquill Stability Class
F with a windspeed of 1 m/s [2.2 mi/h]). The results calculated for neutral conditions represent the most
likely consequences, and the results for stable conditions represent a weather situation in which the least

amount of dilution is evident with the highest air concentrations of radioactive material.
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E.6.8 HEALTH RISK CONVERSION FACTORS

The health risk conversion factors used throughout this PEIS to estimate the number of expected cancer-
caused fatalities, the incidence of cancer, and the serious genetic effects from radiological exposures were
derived from ICRP (1991): 5.0 10 cases of fatal cancer per person-rem for members of the public, and
4.0%x 10 cases for workers; 1.7x 107 cases of induced cancer per person-rem for members of the public,
and 1.4x 103 cases for workers; and 1.0x 10 adverse genetic effects per person-rem for members of the
public, and 6.0 x 10~ adverse genetic effects for workers. Cancer-caused fatalities and cancer incidence are
determined over the lifetimes of exposed populations. Genetic effects occur in descendants of the exposed
population, and the estimates for these effects are based on the total dose to the reproductive organs. The

genetic health risk conversion factors used in this analysis include all generations.

E.6.9 MAXIMALLY EXPOSED INDIVIDUAL EXPOSURE SCENARIOS

The risk to MEIs has been estimated for a number of hypothetical exposure scenarios for offsite
transportation. The receptors include crew members, departure inspectors, and members of the public
exposed during traffic obstructions (traffic jams), while working at a service station, or by living near a
treatment, storage, or disposal site. The dose and risk to MEIs were calculated for particular distances and
durations of exposure. The distances and durations of exposure for each receptor are similar to those used
in previous transportation assessments (DOE, 1987b, 1990a). The scenarios for exposure are not intended
to be exhaustive but were selected to provide a range of potential exposure situations. The assumptions for
exposure scenarios are as follows:

e 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, DOE limits doses to its workers to 2 rem/yr (DOE, 1992b).

e Inspectors (Truck and Rail). Inspectors are assumed to be either Federal or State vehicle inspectors.
Inspectors are not assumed to be monitored by a dosimetry program. An average exposure distance of
3 m (9.8 ft) and an exposure duration of 30 minutes are assumed.

* Rail-Yard Crew Member. A rail-yard crew member is not assumed to be monitored by a dosimetry
program. An average exposure distance of 10 m (32.8 ft) and an exposure duration of 2 hours are
assumed.

 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 mi/h), and the resident is exposed
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unshielded. Cumulative doses are assessed for each site on the basis of the number of shipments entering
or exiting the site, with the assumption that the 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 waste
shipment (because of traffic or other obstructions). The person is assumed to be exposed unshielded at
a distance of 1 m (3.3 ft) for 30 minutes.

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

*» Resident Near a Rail Stop. A resident is assumed to live near a rail classification yard. The resident is

assumed to be exposed unshielded at a distance of 200 m (656 ft) for 20 hours.

The largest uncertainty in predicting the dose to MEIs during transportation involves determining the
frequency of exposure occurrence. This difficulty arises from uncertainties in future shipment schedules
and route selection and from the inherent uncertainty in predicting the frequency of random or chance
events; for example, it is conceivable that an individual may be stopped in traffic next to a shipment of
radioactive waste, but it is difficult to predict how often the same individual would experience this event.
Therefore, doses are assessed on a per-event basis for most receptors considered. To account for possible
multiple exposures, ranges of realistic total doses are discussed qualitatively. One exception is the dose

calculation for hypothetical residents living near an entrance route to a treatment, storage, or disposal site.

For these residents, total doses are calculated on the basis of the number of shipments entering or exiting

each site for each PEIS alternative.

E.6.10 GENERAL RADTRAN INPUT PARAMETERS

In addition to the specific parameters discussed previously, values for several general parameters must be
specified within the RADTRAN code. These general parameters define basic characteristics of the shipment
and traffic and are specific to the transportation mode.