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EXECUTIVE SUMMARY

This report documents activities and findings of Phase I of a transportation risk
analysis conducted by the University of Nevada, Las Vegas (UNLV) Transportation
Research Center (TRC) for Lincoln County. The objective of this study was to perform a
risk analysis for the potential transport of Spent Nuclear Fuel (SNF) by Rail through Lincoln
County. Specifically, for risk analysis, the current version of RADTRAN, a computerized
risk assessment tool, has been used to evaluate the radiological impacts for shipments of
radioactive materials along the Union Pacific Railroad Company’s mainline through Lincoln
County. The analysis was performed using data reflecting local conditions with respect to
population and rail operating characteristics.

Key input parameters identified during the course of the study include the
demographic and the transportation system characteristics. The population density within
an 800m (0.5 mile) corridor of the rail track in Lincoln County was obtained from the 1990
census data. A GIS environment was used for this purpose. The variation of population
density was calculated using a specific GIS program, ARC/INFO.

The scenarios to be considered for analysis were identified based on County and
nationwide accident rates. For each of which the average and the worst case was considered
resulting in four analytical scenarios: a) Union Pacific (UP) Average; b) UP Worst Case
(highest accident rate); c) Lincoln County Average; and d) Lincoln County Worst Case.

The report documents the risks obtained for the incident-free and accident
summaries, for each analytical scenario. The findings include the relationships between key
input variables and the potential risk from the transport of radioactive materials. Speed was
a critical parameter, in that it effected the risks obtained for the incident-free scenario. The
total population exposure decreases with increase in operating speed.
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1. INTRODUCTION

The Nuclear Waste Policy Act, enacted by the United States Congress in 1982 reflects
some concerns related to the storage and disposal of spent nuclear fuel(SNF) and other high
level radioactive wastes (HLRW). This act and its amendments directed the U.S.
Department of Energy to study Yucca Mountain, Nevada, for its suitability as the nation’s
first deep geologic repository for spent nuclear fuel (SNF) and high-level radioactive waste.
SNF and HLRW materials are currently stored on site at about 80 locations (power plants
and DOE facilities) throughout the United States. If Yucca Mountain were to be selected
as the site for such a repository, radioactive materials would have to be transported to Yucca
Mountain. The possible modes of transportation for such shipments are highway or rail, or
a combination of the two. Some of the potential access routes to Yucca Mountain for either
mode would traverse Lincoln county. Such shipments pose potential hazards and risks to
the general population and the environment. A comprehensive transportation plan should
include an assessment of the potential risks to the population, infrastructure, and
environment arising from such shipments.

Recognizing that potential access routes to Yucca Mountain include sections of the
Union Pacific Railroad Company’s mainline track through Lincoln County, the county
contracted with the University of Nevada, Las Vegas, Transportation Research Center
(UNLV TRC) to conduct a preliminary assessment of risks related to the shipment of
radioactive materials by rail through the county. The objective of this project was to conduct
a preliminary analysis of potential risks of transporting radioactive materials by rail through
Lincoln County using RADTRAN, an existing risk assessment code, developed by Sandia
National Laboratories. Specifically, the goal of the study was to incorporate local
characteristics such as population densities and accident rates in the risk assessment model
and also to compare risks of transporting radioactive materials estimated for conditions
specific to the County with risks estimated by the Department of Energy for other regions
across the United States. This report documents the methodology, data, results and analysis
that were used during the course of this study.

The Union Pacific Railroad (UP) mainline track in Lincoln County, that was
considered for this study, stretches from the border of Lincoln and Clark County to Uvada,
at the border of Nevada and Utah. The beginning mile post for this section is 395.18 and
the end mile post is 500.53 on UP’s Western District, Los Angeles Division. The total length
of track in Lincoln County is approximately 105 miles (Figure 1).

2. BACKGROUND

RADTRAN is a probabilistic risk assessment code developed by the Sandia National
Laboratory for radioactive materials transportation analysis. It was developed for the U.S.
Department of Energy (DOE) to facilitate assessment of health and economic risks related
to the transport of radioactive materials by various transportation modes. RADTRAN could
be viewed as a simple set of formulae and parameters which model physical reality to obtain
an estimate of health effects. But on closer examination, RADTRAN incorporates a host

of assumptions regarding numerous socioeconomic and demographic characteristics which
greatly affect the predicted risk estimate.
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The RADTRAN code comprises two main modules which take into account on-link,
off-link, and shipment factors. On-link characteristics describe various aspects related to the
actual transport link, whereas off-link characteristics describe aspects proximate to the
transport link, but not physically on the link. The first module estimates radiation dosage
associated with an incident free (or normal) scenario during the transport of radioactive
material. The second estimates accident risks, in terms of health and economic effects,
associated with incident exposure. RADTRAN can be used to estimate potential risk in
terms of the amount of probable radiation dosage (in person-rems) that crew members,
handlers, passengers, and others would be subjected to during the transport of radioactive
materials. Compared to previous versions of the model, RADTRAN IV incorporates
advances in the handling of route-related data and in the treatment of multiple-isotope
materials. In both cases methods used formerly may still be used. Input data may continue
to be in aggregate form, and the user also may continue to use RADTRAN IV to generate
unit risk factors. However, "route-specific" analysis also may be performed. That is, a route
now may be subdivided into segments with independent, user-assigned values for population
density and other route specific parameters. In RADTRAN IV the required degree of
specificity may be introduced into an analysis with user defined parameter values. Since the

vast majority of the parameters are user-definable, the user has a great deal of flexibility in
performing analyses.

2.1 1986 DOE Study Using RADTRAN III

As an element of an environmental impact assessment study, DOE used RADTRAN
III to conduct an analysis of transporting irradiated nuclear fuel to a potential federal
repository. The RADTRAN code was used to calculate the radiation exposures and the
health effects under normal or incident-free transport, and over all credible accident
conditions. The model was also used to calculate the economic consequences of
transportation accidents, though these costs were not included in the Department’s
Environmental Assessment for the proposed Yucca Mountain repository. The input used
for this study was the default input data provided by the model, which may not have

necessarily reflected actual local characteristics or accounted for spatial variations in the
same.

2.2 Other Efforts Using RADTRAN

Carr (1993) created a data base to help evaluate the safety of existing railroads if
used to transport high-level nuclear waste over time. The data base was in the form of
Geographic Information Systems (GIS) maps. This information was used to execute
RADTRAN IV and thus determine the safety probabilities of transporting nuclear waste by
rail. In 1992, UNLV TRC conducted a study using RADTRAN for the Canadian Repository
program. In that case study, RADTRAN was used to compare risks for different shipment
modes. These modes include shipment by truck, truck plus rail and barge plus rail.

3. METHODOLOGY

Prior to using RADTRAN for risk assessment, key assumptions and definitions were
necessary. These include defining the boundaries of the study area: Lincoln County; defining
the mode of transport: rail; specifying the material transported: spent nuclear fuel; and
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identifying the transport network and its alignment: UP mainline track in Lincoln County.
Next, specific data required as inputs for the analysis were identified. In particular, the need
for local data was clearly identified when it was felt that default did not accurately or
appropriately represent the local characteristics. Some of the data were obtained based on
historical data. Other inputs required additional effort such as the use of Geographic
Information System (GIS) to derive the data. Two of the input variables that required the
use of GIS were population density and link distance. Various approaches were used to
define links and to obtain population density. These are discussed briefly in this section.

3.1 Definition of Links

RADTRAN requires that links along the transportation system be defined. This is
integral to the program’s operation and for various "exposure" analysis. It is important to
define links in such a manner that each link is homogenous as far as its key attributes are
concerned. One approach for defining the links was to identify the changes in the railroad
grade and to break the system into links at every point with a change in grade. The Union
Pacific Railroad Western District Condensed Profile was used to determine the mile posts
at every change in grade and the corresponding elevation of the track. The profile shows
the elevation at the beginning and end of each grade. A total of approximately 150 grade
changes were recognized on the 105 miles of UP mainline track in Lincoln County. Thus
if a new link were to be specified for each change in grade, it would have resulted in about
150 links for the UP railroad that traverses the Lincoln County. However, the number of
links identified using this methodology exceeded the input limitation of RADTRAN - it can
handle up to 40 links for any one run. If 150 links were used for the study, it would have
required multiple RADTRAN runs. It is to be noted that all of these grade changes were
not dramatic, and therefore it may not be necessary to have 150 links. While maintaining
homogeneity of link characteristics is important in defining links and developing inputs to
the RADTRAN model, it is to be recognized that both on-link and off-link characteristics
need to be taken into account in this process. Thus, alternative methodologies were
explored to develop better and more reasonable definitions of individual links. A key
variable that needs to be accounted for in this process was the distribution of population

proximate to the railroad track. Therefore, a methodology based on population distribution
was considered. This is described next.

3.2 Population Density

The potential exposure to population during radioactive materials transport would
be affected by the distribution of population along the rail track. This distribution (or
population density) need not be uniform along the length of the track in the county. On the
contrary, one would expect to find a non-uniform population density distribution: population
centers with high population densities and other stretches with relatively low population
densities. Therefore, an approach would be to break down links based on changes in
population density.

One of the first steps to develop a procedure to define links based on population
density is to determine the actual population distribution. For this purpose, information
obtained from the decennial census conducted by the Bureau of Census would be a logical
starting point. Since the census was conducted relatively recently (3 years back) and since
Lincoln county has had a relatively stable population, the data obtained from the 1990
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census would provide a reasonably good estimate of the population and its distribution in
Lincoln county.

Population information was obtained at a block level (form TIGER files developed
from the census). This was incorporated in GIS environment which facilitated various
analyses. For example, this helped examine population distribution in the census blocks and
identify blocks with high population distribution (Figures 2, 3, 4 and 5). RADTRAN
requires population density as an input and not actual population values along a link.
Population density for each block was obtained by dividing the total population in census
block by area of the block. The population density obtained at the block level does not
reflect the population density required by RADTRAN. However, it helps to identify where
the system could be broken down into individual links.

Once the locations where links are to be broken are identified, a default buffer
distance of 800 meter along the rail link is created as a coverage in the GIS environment.
The population density within this buffered region is the required input to RADTRAN. The
buffered coverage is then overlaid on the census blocks coverage to obtain the population
within this buffered corridor for each link. Then the population density was computed as
the ratio of the population to the area within the buffered region for each link or route
segment. RADTRAN requires not only the population density, but also aggregated
characterization of landuse (either rural, suburban or urban). The population density along
each route segment is used to determine the type of landuse zone for that particular

segment. The mean and ranges of population density of RADTRAN default values for
different zonal categories are presented in Table 1.

Table 1: Aggregate Data for Population-Density Zones

Zone Mean Density (persons/km?) Range (persons/Km?)
Rural 6 1to 66

Suburban 719 67 to 1670
Urban 3861 >1670

The population based procedure to define links resulted in five links for the UP
mainline track in Lincoln County. This route characterization and link definition was the
one selected to be the basis of the analysis using RADTRAN. Other input variables for
each link or route segment such as speed, accident rate, number of vehicle per hour and
road type were obtained from historical data and scenarios that reflect local conditions.

33 Analytical Scenarios

Historical information on railroad operations provide a basis for obtaining safety
related data that could be considered in the analysis. Accident rates experienced would be
of particular relevance for this purpose. Derailments have consistently accounted for about
75 percent of all railroad accidents in the United States and could be used to characterize
safety related element of rail operations. Historical data for UP’s operations revealed
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interesting information. A comparison of derailment rates experienced by UP in their
Lincoln County operations with those experienced by UP nationwide are presented in Figure
6. The data reveal that over a five year span the derailment rate in Lincoln County changed
from being higher than that experienced nationwide by UP to being lower than those
experienced nationwide. This information could be used to develop possible scenarios for

Union Pacific Derail ment Rates
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Figure 6
analysis.

Based on historical safety data, four safety based scenarios were identified for the
RADTRAN risk assessment analysis for Lincoln County. The first scenario uses the average
rail accident rate within Lincoln County. The second scenario uses the worst rail accident
rate for Lincoln County. The third scenario uses the average rail accident rate of Union
Pacific railroad’s national operations. The fourth scenario uses the worst rail accident rate
for UP’s national operations. The worst rail accident in Lincoln County was also the worst
rate for both Lincoln County and Union Pacific to national operations.

In addition to accident rates, operating speeds are also essential inputs to
RADTRAN. The UP track traverses fairly difficult terrain in Lincoln County (through
canyons and with significant horizontal curves). The terrain influences the safe operating
speeds that can be sustained. Conservative operating practices would result in relatively slow
operating speeds - these speeds were assumed to be in the range of 20 mph to 40 mph.
Thus, each of the 4 safety based scenarios is then divided into three categories- one each for
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20 mph, 30 mph and 40 mph respectively. This resulted in a total of 12 alternative analytical
scenarios to be considered in the RADTRAN based risk assessment for Lincoln County.

4. INPUT DATA COMPILATION

RADTRAN 4 requires a relatively large amount of input data. The input
requirements range from transportation system related information to material (cargo or
shipment) specific information. The RADTRAN user guide (Neuhauser, 1992) provides a
concise outline of the data requirements and default data provided to minimize searching
for information. In addition, some of the analysis strategies developed at Sandia National
Laboratories are described to assist the user in selecting the best method for analyzing a
particular problem. The method followed for this study is briefly outlined below.

4.1 Route Specific Analysis

The Route Specific Analysis option must be used for aggregate data with more than
three population-density classes. The LINK option allows the user to independently analyze
up to 40 separate route segments (or data aggregates) in a single computer run. For each
link or route segment, the user must assign values to the following route related parameters:
Link-ID, Mode of Shipment (truck, rail, barge, air), Link Distance (km), Speed of Travel
(km/hr), Population Density (number of persons per km?®), Number of Vehicles Per hour,
Accident Rate (accidents/km), Zonal Type (rural, suburban, urban), and Link or Road Type

(1 = freeway, 2 = non-freeway, 3 = all other). Each of the above input values have been
obtained from different sources, which are listed below:

(a) Link-ID- This is an assigned value based on variations in population density along the
rail line. Based on the procedure identified in the methodology section, the UP

mainline rail track in Lincoln line has been divided into 5 links. This information is
presented in Table 2.

Table 2: Link (or Segment) Data

Link ID Length Population Density
(miles) (#/km?

1 33.92 0.004
2 29.64 1.555
3 1.66 155.360
4 8.54 8.741
5 31.45 0.028

(b) Mode- The value used to characterize is based on specifications used by RADTRAN.
The classification system used for this purpose is summarized in Table 3. As the
mode being evaluated is rail, the value of 2 was used as input for the mode variable.

11



Tablg: 3: Classification Based on Mode

‘ Mode | Value Assigned I
Rail 2 J

(c) Distance- This is the distance or length of the specified link, in kilometers (km). Links
were defined using a GIS-based procedure using variation of population density along
the route. Therefore, link distance or length were obtained from the same GIS-based

procedure. These values are presented in Table 3. The links range in length from
about 1.7 miles for link 3 to about 34 miles for link 1.

(d) Traffic Speed- The speed is classified into three categories based on the aggregate land
use (zonal) classification for the region in which the segment lies. These are
summarized in Table 4. The zonal classification could in turn be based on population

densities. The ranges of population densities and the default values used by
RADTRAN for each zone were presented in Table 1.

Table 4: Speed Categories

Zone ! Speed (km/hr) u

Rural 64.4
Suburban 40.3
Urban 20.6

(e) Popden- This data was obtained using GIS technology. The methodology has been
explained in the Methodology section of this report. The values used as inputs have
been presented in Table 2. They range from about 0.004 persons per square
kilometer for link 1 to about 155 persons per square kilometer for link 3. These
would result in zonal classifications being either rural or suburban (see Table 1).

(f) Number of Veh/Hr- This input has been obtained from RADTRAN default settings, and
is presented in Table 3.

Table 5: Number of Vehicles/Hr Based on Zonal Classification

| Zone Vehicles/Hr
‘ L

Rural 1.00
Suburban 5.00
Urban 5.00

12



(g) Accidents/Km- Accident related data was obtained from UP in the form of Derailment
Rates per Million Train Miles (as discussed earlier in the Methodology section of this
report). They were converted into accidents per Km. in the following manner: each

value was multiplied by a factor of 1.609E-06 to get the accident rate in Acc/km
(Table 6).

Table 6: Accident Rates (per million kilometers)

rUP: Lincoln County | UP: Nationwide
Worst Case 4.711 3.256

Average 2.377

(h) Zone- This classification is based on the population density of the link-ID. RADTRAN
specifies the ranges of population densities for the three zones, which have been
shown in Table 1. The user should indicate whether each segment is rural, suburban,
or urban in character so that the model would in turn select appropriate values for
the building-shielding factor and other parameters. Zone designation is performed
with the character designation parameter in which the user enters R, S, or U to
indicate rural, suburban, or urban, respectively. Since the population densities for the
links range from about 0.004 persons per square kilometer for link 1 to about 155

persons per square kilometer for link 3, they would be classified either rural or
suburban links (see Table 1).

(i) Link Type- Link type is used to distinguish between various roadway types for highway
modes only (truck, commercial van, and passenger van). If the user sets the link type
to 1, the segment is modelled as an Interstate Highway (i.e., any limited access,
divided highway built to the same engineering standards as Interstate Highways). If
the link type is set to 2, then the combination of zone designation and link type
determines how the roadway is modeled. If the link type is set to 2 and the zone is
designated R or S, then the roadway is modeled as a non-Interstate highway (e.g., a
U.S. highway). If the link type is set to 2 and the segment is designated as U in

character, then the roadway in that segment is modeled as a city street. For all other
modes including rail, the link type is set to 3.

5. RESULTS AND ANALYSIS

The methodology developed and the specific inputs determined were used to support
the analysis. The specific input data were integrated with other default data to create an
input data file required by the RADTRAN model. Individual input files were developed to
represent each of the 12 analytical scenarios identified. The outputs obtained from the
RADTRAN model for scenario are presented in the technical appendices.

The results of the modelling effort indicate that a strong correlation exists between
shipment mode, operating speed and population density to the amount of exposure. Higher
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operating speeds resulted in lower total exposure to population (in terms of person-rems)
for the incident-free operating scenario. As may be expected, variations in accident rates
do not significantly affect the results obtained for the Incident-Free Scenario. An analysis
of the results obtained from the modelling effort using RADTRAN follows.

5.1 Incident-Free Summary

An examination of the Incident-Free Population Exposure in Person-REM for link-3
for the various analytical scenarios helps provide some insight into the sensitivity of potential
risk to key assumptions or input variables. These are summarized for link 3 for operating
speed assumptions of 20mph, 30mph and 40mph in Figure 2, Figure 3, and Figure 4
respectively. Link 3 is a part of the City of Caliente. It has the highest population density
within Lincoln County. It can be observed that, as may be expected, the accident rates do
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Figure 7

not affect the exposure to off-link population (i.e. individuals along the transport link).
Further, exposure to off-link population and total exposure decrease with increase in
operating speeds. This relationship between speed and population exposure during incident
free operations is also summarized graphically in Figure 5. Although Figures 2 to 5 have
presented information for Link 3, similar relationships exist for the other 4 links as well.

These are summarized in Table 7. The main difference between the links is the exposure
to population at stops.
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