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ABSTRACT

Accidents could occur during the transportation of spent nuclear fuel and high-levd radioactive
wadte. This paper describes the risks and consequences to the public from accidents that are highly
unlikely but that could have severe consequences. The impact of these accidents would include
those to a collective population and to hypotheticd maximaly exposad individuds (MEIS). This
document discusses accidents with conditions that have a chance of occurring more often than 1in
10 million timesin ayear, caled “ maximum reasonably foreseeable accidents’. Accidents and
conditions less likely than this are not considered to be reasonably foreseegble.

INTRODUCTION

The Draft Environmental Impact Statement (DEIS) for a Geologic Repository for the Disposal of
Soent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada
(DOE 1999) andlyzed transportation accident scenarios that would have annua probabilities

exceeding 1 in 10 million (10) and that would have the highest consequences. The RISKIND code
was used to estimate population dose (person-rem) and dose to hypothetica MEIs (rem) that would
occur as a consequence of these accidents. The analysis converted these doses to estimated

numbers of latent cancer fatalities usng therisk factor of 5.0E-04 fatal cancers per person-rem, as
recommended by the Internationd Commission on Radiologica Protection (ICRP 1991).

The RISKIND program was selected for this anayss because it has been used for analogous
cdculations in other environmental impact statements and assessments.

Maximum reasonably foreseesble impacts from accident scenarios for the transportation of spent
nudlear fue and high-leve radioactive waste would be characterized by extremes of mechanica
(impact) forces, heet (fire), and other conditions that would have maximal reasonably foreseegble
consequences. The mechanica forces and hegt that are part of these accident scenarios exceed the
design limits of trangportation cask structures and materids. The performance of transportation
casks may be demondtrated through a combination of physica tests and mathematical andyses
(Fischer et al. 1987). In addition, these forces and heat would be applied to the structures and
surfaces of acask in away that would cause the greatest damage and be most likely to result in
release of radioactive materids to the environment. The most severe accident scenarios presented
in the Y ucca Mountain DEIS would release radioactive materid.

A new methodology to reexamine spent fuel shipment risk estimates (Sprung et d. 2000) will be
evaduated for usein the YuccaMountain Find Environmenta Impact Statement (FELS).

The Y ucca Mountain DEIS anayzed two trangportation scenarios. the mostly lega-weight truck
scenario and the modtly rail scenario. To evauate the impacts of maximum reasonably foreseeable
accidents on exposed populations for each of these scenarios, the 20 most popul ous urbanized areas



in the United States were identified. These data, dong with the population density around the Las
Vegas area (including tourists), were estimated and were used to develop the basis for an urbanized
area demographics model for use in eva uating consequences of these maximum reasonably
foreseeabl e accidents to an urban population.

ESTIMATE OF THE LIKELIHOOD OF MAXIMUM REASONABLY FORESEEABLE
ACCIDENTS

For an accident to be “reasonably foreseeable’, the product of the following four parameters must
exceed 1x10 ' [DOE Green Book (DOE 1993)].

?? Expected accidents

?? Conditional probability of an accident severe enough to cause arelease of radioactive
meateria

?? Likdihood of an accident occurring in a populated area

?? Probability of particular westher conditions being in effect when an accident occurs

The number of accidents expected annudly isthe product of the cumulative shipment distance and
the applicable state-specific accident rate (Saricks and Tompkins, 1999). The state-specific
accident rates (accidents per kilometer of vehicle travel) used in the analysisincluded accident
datistics for commercid motor carrier operations for the Interstate Highway System, other U.S.
highways, and state highways for each of the 48 contiguous states (Saricks and Tompkins 1999).
The analysis also used average accident rates for railroads in each State. Thus, the data reflects
accident and fatality rates that apply to commercial motor carriers and railroads.

Conditiona probabilities for classes of severe accidents that could lead to releases of radioactive
materials were estimated based upon the salection of transportation accident scenarios according to
amethodology developed by the Nuclear Regulatory Commission (NRC) in Fischer et d. 1987.
Fischer et d. is often referred to asthe “Modd Study”. The Moda Study developed 20-accident
Severity categories based on the combination of mechanica stress (impact) and thermd stress (fire)
incident upon a spent nuclear fud-shipping container during an accident. Figure 1isadiagram of
accident severity categories showing the conditiond probabilities for truck and rail for each
combination of mechanica and therma dtress. Interms of potentia to release radioactivity to the
environment, the most severe of reasonably foreseesble accidents would be in one of the eight
categories of very severe accidents. The fractions and characteristics of radioactive materias that
would be released in an accident were estimated to be the same for these eight categories. That is,
for ashipment of spent nuclear fuel the amount and characteristics of radioactive materia assumed
to be released in a Category R(4,1) accident would be the same as those for an accident in Category
R(4,2), R(4,3), R(4,4), R(4,5), R(1,5), R(2,5), or R(3,5). Therefore, the conditiona probabilities of
occurrence of these categories can be summed and the sum used to calculate a collective probability
for the most severe of the accidents addressed in thisandysis. Thus, the conditiond probability of a
truck accident of the greatest severity that is analyzed would be 0.0000098 per accident event
(about 1 chancein 100,000 per accident).

Table 1 presents the release fractions for severity category 6 accidents. These release fractions are
based upon best engineering judgment. Release fractions are shown for groups of radionuclides.
All of the radionuclides in aparticular group exhibit very smilar physica and chemica behavior,



which determines the rdlease fraction. That is, al radionuclides released as fine particulate matter,
for example, will exhibit essentidly the same behavior in an accident involving ardease.
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R(x,y)=  The label used to identify the cell in the accident response matrix located at the x row
from the bottom of the matrix and y column from the left of the matrix. Thus, (R1,1) is the
identifier for the cell in the lower left corner of the matrix.
Pt = Probability of occurrence assuming a truck accident occurs
Pr= Probability of occurrence assuming a rail accident occurs
Source: Fischer et al. (1987).

Figure 1. Probability matrix for mechanica forces and hest in trangportation accidents

Table1l. Fractionsof sdected radionuclidesin commercid spent nuclear fud projected to be
released from casks in trangportation accidents for severity category 6 accidents

Cask responseregion

Release fraction®

Inert gas

lodine

Cesum

Ruthenium

Particulates

R(1,5),R(2,5),R(3

,5),R(4.5),

R(4,1),R(4,2),R(4,3),R(4,4)

6.3210°

4.3?107

2.0?10°

4.8?10*

20?107

a. Source: Fischer et d. (1987).

The likelihood of an accident occurring in a pecific population area depends on the percentage of
travel that occursin urban, suburban, and rurd areas. For this analys's, urban and suburban areas
were combined to determine distance traveled in urbanized areas. Rurd areas were trested
separady; they typicaly comprise more than 80 percent of route travel but have low population

dengties.




At present, about 10 years before shipments could begin, DOE has not determined the specific
routes it would use to ship spent nuclear fud and high-leve radioactive waste to the proposed
repository. Nonetheless, this andyss used current regulations governing highway shipments and
higtoric rail industry practicesto select existing highway and rail routes to estimate potentia routing
distances. The route characteristics used were the transportation mode (highway or railroad) and,
for each of the modes, the total distance between an originating Site and the repository. In addition,
the analysis estimated the fraction of travel that would occur in rurd, suburban, and urban areas for
each route. The fraction of travel in each population zone was determined using 1990 census data
to identify populationzone impacts for route ssgments. The highway routes were sdected for the
andysisusing the HIGHWAY (Johnson et a. 199338) computer program and routing requirements
of the Department of Trangportation for shipments of Highway Route- Controlled Quantities of
Radioactive Materids (49 CFR 397.101).

Rail trangportation routing of spent nuclear fuel and high-level radioactive waste shipmentsiis not
regulated by the Department of Transportation. As a consequence, the routing rules used by the
INTERLINE computer program (Johnson et al. 1993b) assumed that railroads would select routes
using higtoric practices. Because the routing of rail shipmentswould be subject to future, possibly
different practices of the involved railroads, DOE could use other rail routes. DOE has determined
that the HIGHWAY and INTERLINE programs are gppropriate for caculating routes and related
information for use in trangportation andyses (Maheras and Pippen 1995).

The analyses of accident consequences assumed that during and following severe accidents,
radioactive materials would be released from casks into the atmosphere, where the materials would
be carried by wind. Becauseit is not possible to predict specific locations where trangportation
accidents would occur, the analysis used data that describe average atmospheric conditions across
the continental United States. These data can be found in Section 10 of the Environmental Baseline
File for National Transportation (TRW 1999). Averages of datafrom 177 meteorologica data
collection locations and the RISKIND computer program (Y uan et a. 1995) were used to estimate
the disperson of radioactive materials potentidly released into the atmosphere in severe accidents.
The RISKIND computer program used the meteorological information to estimate the consequences
of maximum reasonably foreseeable accidents.

National average, or expected, meteorological conditions (Pasquill Stability Class D disperson
conditions and 4.47 meters per second wind speed) are an average over the six Pasquill stability
classes and the range of possible wind speeds consistent with those classes, and can be assumed to
be the conditions expected to prevail during dl accidents. Thus, the analysis assumed that the
probability of average meteorologica conditions occurring would be 1.0.

Very stable meteorologica conditions (represented by Pasquill Stability Class F + G and 0.89 meter
per second wind speed) occur nationaly gpproximately 10 percent of the time. These conditions
lead to the least dilution of airborne materid, and therefore to the largest consequences for agiven
release for the exposed population. The andysis assumed that the probability of these conditions
occurring during an accident would be 0.10.



POPULATION DENSITIES USED IN CONSEQUENCE ANALYSIS

The Environmental Baseline File for National Transportation (TRW 1999) identifies the 20 most
populous urbanized areas in the United States. Because the DEIS was published before the

2000 Census was taken, the andysis used the computer software CensusCD+M aps (Geolytics 1998)
to project the population of the Las Vegas metropolitan areafor the year 2000. The average daily
population of vidtorsto Las Vegas was added to the Las Vegas population data estimated using the
CensusCD+Maps software. The andys's assumed the visitor population in the Las Vegas
metropolitan area would be concentrated in the 16-kilometer (10-mile) diameter core of the city.

The Las Vegas data were used in the analys's dong with the population distributions of the

20 largest U.S. cities to estimate the ditribution of population in urbanized areasin the United

States. The urbanized area population data were used in the analyss to eva uate the consequences
of maximum reasonably foreseeable accidents and sabotage events. Table 2 presentstheligt of the
20 largest urbanized aress in the United States and Las Vegas, Nevada

Table2. The population of the top 20 urbanized areas in the United States (plus Las Vegas)

Urbanized area Population (0 — 80 km)
New York 16,745,143
Los Angeles 11,995,083
Chicago 7,997,522
Philadd phia 7,417,369
Detroit 4,645,291
San Francisco 5,343,862
Washington 5,590,633
Ddlas 3,923,686
Houston 3,680,606
Boston 5,998,075
San Diego 2,530,629
Atlanta 3,099,872
Minnegpolis 2,648,573
Phoenix 2,184,434
<. Louis 2,566,376
Miami 3,446,036
Bdtimore 5,520,605
Seettle 2,983,686
Tampa 2,792,637
Fittsburgh 2,969,521
Las Vegas 1,464,995%°

a. Includes average visitor population of 292,000.

b. Obtained from CensusCD+Maps? software (Geolytics 1998)
using longitude and latitude coordinates of (36.17432, 115.15408)
asinput

The analysis of consequences of maximum reasonably foreseeable accidents used the demographics
mode estimates (using 1990 U.S. Census Data) from 0 to 80 kilometers (0 to 50 miles) for the
largest 20 urbanized areas (plus Las Vegas) in the United States. Each of the concentric rings from



0to 50 miles (0to 5 miles, 5to 10 miles, 10 to 15 miles, 15 to 20 miles, 20 to 25 miles, and 25to

50 miles) was analyzed separately usng the RISKIND code and summed to determine the total

accident conseguence impact.

Table 3 presents asummary of the population density data average of the largest 20 urbanized areas
(plus Las Vegas) in the United States.

Table3. Average top 20 urbanized area population information O to 80 kilometers (plus Las

Vegas, Nevada)
Population | Population Population
Area of inside density Area of density
Radius | circle | concentric| (persons/ | Concentric | Population ring (persong
km) | (km?) ring km?) | ringdistance | insdering | (km?) km?)
8.05 203.33 553,025 2,720 010 8.05 553,025 203.33 2,720
16.09 | 813.32] 1,509,941| 1,857 8.05t016.09 | 956,917 609.99 1,569
24.14 | 1829.97| 2,282,968 1,248 16.09t024.14| 773,027 1,016.65 760
32.18 | 3253.28| 2,891,397 889 24.141032.18| 608,429 1,423.31 427
40.23 | 5083.26| 3,359,718 661 |[32.18t040.23| 468,321 1,829.98 256
80.45 [20333.02| 5,025,935 247 40.23t080.45| 1,666,217 |15,249.76 109

RADIOACTIVE CONTENTS OF CASKSFOR ANALYZING CONSEQUENCESOF
MAXIMUM REASONABLY FORESEEABLE ACCIDENTS

The anadlysis based its cal culation of maximum consequences on typical pressurized water reactor
spent nuclear fud described in Appendix A of the YuccaMountain DEIS. Pressurized water
reactor fuel makes up the largest part of the inventory that would be shipped to the repository under
the Proposed Action. Caculations were aso caculated for other types of materids, including
boiling water reactor spent nuclear fuel, DOE spent fud, and high-level waste. The calculaions
demongrate that the PWR fud provides the bounding impacts.

Appendix A of the YuccaMountain EIS ligs radionuclide inventories for each materid type
andyzed. Therelease fractions for each type of materid are described in Table 1. The andysis

used estimates of releases (cask inventory times release fractions) to the aimosphere as a source
term and the RISKIND computer code (Y uan et d., 1995) to caculate radiological consegquencesto
hypothetical MEIs and populations. The consequences were estimated for rura and urbanized area
populations postulated to live within 80 kilometers (50 miles) of the location of a severe accident.

ANALYSISRESULTSFOR MAXIMUM REASONABLY FORESEEABLE ACCIDENTS
Accident consequences are presented in Table 4 for typica pressurized water reactor spent nuclear
fue. Theresults arefor acategory 6 severe accident during lega-weight truck or rail trangportation
in an urbanized area under neutra and stable atmospheric conditions for shipments of pressurized
water reactor spent nuclear fuel. This materid represents about haf of the materid shipped and
would result in the release of the most radioactivity based on radionuclide content and form (spent
nuclear fud or high-leve radioactive waste).

The RISKIND caculations provided estimates of population dose (person-rem) and dose to
hypotheticad MEIs (rem). The analyss converted these doses to estimated numbers of latent cancer



faditiesusing the risk factor of 5.0E-04 fatal cancers per person-rem recommended by the
Internationd Commission on Radiologica Protection (ICRP 1991).

Table 4. Maximum reasonably foreseeable rail and truck accident consequences (urbanized areq)

Population dose (per son-rem)

Stability class D (50%) Stability class F (95%)
Populationring | Rail accident | Truck accident Rail accident Truck accident
1 (0to 8km) 13,400 2,050 58,100 8,000
2 (810 16 km) 2,690 413 2,600 398
3 (16 to 24 km) 829 127 267 41
4 (2410 32 km) 345 53 43 7
5 (32 to 48 km) 167 26 9 1
6 (48 to 80 km) 287 44 2 0
Total (person-rem) 17,718 2,712 61,061 9,347
Total (LCFs) 8.9 1.4 305 4.7
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