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1. Glossary of Terminology and Acronyms

AADT - Average Annual Daily Traffic

Acute Dose - a single, fairly large dose that persists for a very short time yet produces
adverse effects

Accident Probability — measure of how likely it is that an accident will occur

Accident Rate — the amount of accidents occurring over a specific distance of the study
road (accidents/veh-km)

Cask — A container designed for the safe transport of spent fuel or high level nuclear
waste

CRUD — an acronym for 'Chak River Unidentified Deposits.’ The standard industry
term referring to minute, solid, corrosion products that travel into the reactor core,
become highly radioactive, and then flow out of the reactor into other systems in the plant

Curie (Ci) — unit used to measure a radioactivity. One curie is that quantity of a
radioactive material that will have 37,000,000,000 transformations in one second

Exposure Pathway — the route that links radioactive contamination from a specific
source point to areceptor population in a specific ecosystem

FEIS—Fina Environmental Impact Statement

Fud Matrix — the area within a cask that contains the fissionable material and is
surrounded by the rod cladding

GI S— Geographic Information Systems

I ncident-Free Dose — the radiation dose to the public under routine shipping conditions
(no accidents), due to the fact that no shielding material can reduce direct gamma
radiation by 100%. The dose depends on the recipient’s proximity and duration to the
passing radiation source

lonizing Radiation — radiation with enough energy so that during an interaction with an
atom, it can remove tightly bound electrons from their orbits, causing the atom to become
charged or ionized

L CF — Latent Cancer Fatality

MEI —Maximally Exposed Individual
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NRC — Nuclear Regulatory Commission. A U.S. agency chartered to develop and
administer rules for regulating commercia nuclear applications (including nuclear power
plants, medical and industrial uses).

On-Link Population — average number of people in the street that is exposed to radiation
from transportation casks

Plume — the concentration profile of an airborne or waterborne release of materia as it
spreads from its source

Radiation — energy in transit in the form of high speed particles and electromagnetic
waves

Radioactivity — spontaneous transformation of an unstable atom and often results in the
emission of radiation

Radionuclide — a radioactive nuclide (An atom or a collection of atoms whose nuclei
have a specified number of protons and neutrons)

Release Fraction — the fraction of the nuclide inventory in acask that is rapidly rel eased

Rem — a unit used in radiation protection to measure the amount of damage to human
tissue from a dose of ionizing radiation

Rod Cladding — the area within a cask that surrounds the fuel matrix and serves to
confine and protect the fuel from being released

SNF — Spent Nuclear Fuel. Fuel rods which no longer have enough fissionable uranium
in them to be efficiently used to produce power.
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2. Introduction

This report provides estimates of radiological and non-radiological risks associated with
the forecasted shipment scenarios for each of the three routes identified by Inyo County.
The general methodology is given as follows:

1. Edtimate the radiological risk for each of the two different campaigns. routine
radiological risk (incident-free shipments), and risk arising from accidents
involving release of radioactive materials (accident case).

2. Measure the incident-free radiological risk by two indices. a maximum exposed
individual (MEI) along the route, and total population exposed along the route.

3. Measure the accident-related radiological risk to maximum exposed individuals
(e.g. first responders) and total population from a severe accident occurring in
Shoshone, California

4. Estimate the economic consequences of such an accident.

5. Evauate the range of possible accident scenarios from high probability and low
consequence to low probability and high consequence.

6. ldentify and estimate the transportation non-radiological risk associated with the
spent nuclear fuel and high-level waste shipments.

If a high-level waste repository opens at Yucca Mountain, a number of truck shipments
of nuclear waste are expected to pass through Inyo County. These shipments of nuclear
waste would lead to a radiation dose to the public even if the transport is incident-free,
because no shielding material can reduce direct gamma radiation by 100%. As a result,
residents, drivers, pedestrians and workers will get a radiation dose, which depends on
the recipient’s proximity and duration to the passing radiation source. Incident-free
radiological risk is measured using aMEI aong the route as well as the total population
exposed along the routes.

This nuclear waste shipment campaign will also increase the associated accident risk on
the study roads. Possible accident scenarios range from high probability and low
consequence to low probability and high consequence. In case of a severe accident
involving a nuclear shipment, the dose to individuals and the population would be much
higher. In contrast to incident-free transportation, such an accident would cause both
acute and long-term exposures, because radioactive particulates would be dispersed in the
environment and continue to lead to radiation exposures. A severe transportation
accident leading to a release of radioactive particulates is possible and credible. It could
be caused by high impact, long duration fire or sabotage. Such an accident would lead to
high radiation exposures due to inhalation of particulates (acute dose) and ground shine,
i.e. direct gamma radiation from deposited radionuclides (long-term dose). Additional
exposure to radiation would arise from ingestion of contaminated food, water and soil,
even though the dose due from the ingestion pathway is very small in comparison to the
inhalation and ground shine pathways.
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3. Methodologies

Incident-Free Analysis

Risk to the Maximally Exposed I ndividual and to the Population

For the calculation of expected doses to the MEI and the population under routine
shipping conditions, the RISKIND* computer program is used. This program is designed
to analyze the potential radiological health consequences to individuals or population
groups exposed to radioactive materials. For the dose to the population, each of the
likely routes and shipping campaigns through Inyo County is examined. In the
Assumptions and Parameters section of this report, the most important inputs are
discussed. The unit of measurement used to calculate the incident-free dose isrem. Rem
is a unit used in radiation protection to measure the amount of damage to human tissue
from adose of ionizing radiation.

Accident Analysis

Collective Accident Risk

To estimate dose risk from a spectrum of accident scenarios along the study roads, the
RADTRAN 5 computer code” is used. The program considers a range of possible
accident scenarios and their related probabilities, including low-probability accident
scenarios that have high consequences and high-probability accident scenarios that have
low consequences The expected number of accidents of various severities along study
roads resulting from the shipping campaign is determined. The program also calculates
unit-risk factors for the inventory being shipped which is measured in person-rem per
person per square kilometer per curie. The most important inputs of this analysis are
discussed in the Assumptions and Parameters section.

Accident L ocations

Together with Inyo County, CALTRANS, Nevada Department of Transportation (DOT),
and the California Highway Patrol, we investigated potentially troublesome areas along
the study routes traversing Inyo, San Bernardino, and Nye Counties. A wide+range of
data including but not limited to accident history, traffic counts, highway speeds, and
road grade were used to determine specific accident ‘hotspots. The chosen locations
provide a range of potentialy severe accident scenarios, from the higher-density areas in
Shoshone or Pahrump to the relatively remote areas along CA 127.

1USDOE, 1995.
?Neuhauser, Kanipe, and Weiner, 2000.
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Radiological Release from Severe Accident

The decision to perform a consequence assessment for an accident occurring in
Shoshone, CA was made in order to provide a hypothetical exercise with which to
estimate damages and provide guidance for emergency responders. Obvioudly, it is
impossible to predict the precise location of an accident, its severity, and the
meteorological conditions at the time of the accident. However, it is instructive to
provide a hypothetical scenario as a representative possibility of what could happen if
there were a severe accident in Inyo County.

In this section, we calculate the dose to individuals (in rem) and to the population (in
person-rem) due to a severe accident involving a nuclear transportation truck cask, and
the expected latent cancer fatalities. Rem is once again used as the unit of measurement
to determine the amount of damage to human tissue from a dose of ionizing radiation. In
a “severe accident”, the cask is breached open upon impact or a long-duration fire, and
radionuclides are released to the environment.

In addition to RISKIND, the computer program HotSpot3 was used to obtain contaminant
plumes for later inclusion onto a map. Besides calculating an incident-free dose (see
above), RISKIND is also designed to provide risks and consequences of spent fuel
shipping accidents. HotSpot was developed at Lawrence Livermore and is used to
estimate levels of radioactive contamination following an accident. Both use standard
Gaussian plume dispersion equations to estimate airborne concentrations and ground
deposition of radionuclides.

We calculate the dose for individuas living at different distances downwind from the
accident in the centerline of the contamination plume, and for the population living
within the contamination plume with HotSpot. The dose calculation for individuals was
carried out exclusively with RISKIND. Also, we used RISKIND to calculate the released
radionuclides that served as an input for HotSpot for the population dose calculation.

The population dose was calculated by superimposing acute-dose-isopleths onto a map.
With the average dose (rem) between two isopleths, and the respective popul ation density
(persons/km?) and area (km?), we calculated the population dose in person-rem. Remisa
unit used in radiation protection to measure the amount of damage to human tissue from a
dose of ionizing radiation. Population densities and areas were taken from the U.S.
Census 2000. Areas and population densities between plumes were calculated using the
plume maps.

HotSpot provides estimates of ground deposition and acute dose only. However, because
acute and long-term dose are directly proportional, we used correlation factors derived
from RISKIND to multiply by the acute population dose in order to obtain the long-term
population dose. The methodology of arriving at population dose estimates utilizes the
fact that long-term dose estimates are directly proportional to acute dose estimates.

3“Hotspot Health Physics Code, Version 1.06.” Lawrence Livermore National Laboratory. Steven G.
Homann, contact.
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Estimating a long-term dose estimate then ssimply becomes an exercise in finding the
correct multiplier.

Also using the contamination plumes developed in HotSpot, we were able to make an
estimate of the cleanup, decontamination, and relocation costs associated with the spent
fuel shipping accidents hypothesized in this study. In order to do this the dollar/area
costs estimated by Chanin and Murfin® are multiplied by the area of contamination for
each of the three contamination areas: light, moderate, and heavy.

Non-Radiological Risk

There will be an increase in truck traffic on the study roads due to the nuclear waste
shipment campaign. This will lead to an increase in non-radiological (non-release) risks
associated with the spent nuclear fuel and high-level waste shipments. The RADTRAN 5
program is once again used to calculate the expected number of fatalities to occupational
and non-occupationa individuals resulting from the shipping campaign. We aso
calculate the expected latent fatalities due to vehicle emissions for each of the shipping
routes through Inyo County.

4. Assumptions and Parameters

Description of Routes

There are three variations on the routes through Inyo County: Route 1, Route 2, and
Route 3 (Figure 1). The radiological and non-radiological risks are compared between
the three routes. For the purpose of this study the routes are divided into segments. Each
route contains the first ssgment (1 — CA 127) that extends from Interstate 15 in Baker to
Shoshone. From this point the routes take different segments to reach Highway 95 in
Nevada

Route 1 (Segments 1 & 2): Highway 127 is the first route, extending from Interstate 15
at Baker, CA to Shoshone, CA (Segment 1). The route continues on CA 127 to the
Nevada state border where it becomes NV 373 until it reaches Highway 95 (Segment 2).
Thisisthe most direct route from Interstate 15 to Yucca Mountain measuring 173.35 km
in length.

Route 2 (Segments 1 & 3): The second route also begins in Baker, CA and travels north
on CA 127 to Shoshone, CA (Segment 1). Approximately 27 miles north of Shoshoneis
Death Valey Junction. This area has been identified as a flood-prone area. If flooding
conditions occur here, shipments would be prevented from traveling north on CA 127 to
Yucca Mountain. Instead, the shipments would turn east on CA 178 to the Nevada

* Chanin, DI and WB Murfin, 1996.
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border, travel through the city of Pahrump on NV 372 to NV 160, until they reach
Highway 95 (Segment 3). The total distance traveled on Route 2 is 178.95 km.

Route 3 (Segments 1 & 4): The fina alternative, like the others, begins by traveling
north on CA 127 from Baker, CA to Shoshone, CA (Segment 1). Conditions that prevent
trucks from entering Nevada on CA 127, such as flooding, would cause shipments to
leave the highway and travel north on CA 190. This route passes through Death Valley
National Park and would eventually lead to Highway 95 in Beatty on NV 374 (Segment
3). The total distance traveled is 254.15 km, making it the longest of the study routes.



