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TRANSPORTATION RISK ASSESSMENT FOR THE SHIPMENT OF IRRADIATED 
FFTF TRITIUM TARGET ASSEMBLIES FROM THE HANFORD SITE TO THE 

SAVANNAH RIVER SITE 

INTRODUCTION 

Production of tritium using the Fast Flux Test Facility (FFTF) would require the shipment 
of irradiated tritium target pins from FFTF to the Savannah River Site (SRS) for processing at the 
Tritium Extraction Facility (TEF). This report presents quantitative estimates of the human health 
risks posed by such shipments, including a discussion of the analytical methods and key 
assumptions employed in the assessment. Potential risks to workers and members of the public 
during normal transport and accident conditions are assessed. The scope of this transportation risk 
assessment is limited to the shipment of irradiated tritium targets from FFTF to SRS. Shipments of 
unirradiated targets and fresh nuclear fuel from manufacturers to the FFTF, and shipments of waste 
material and spent nuclear fuel from FFTF to storage or disposal facilities are not addressed. 

, 

During the operational period, several shipments containing irradiated targets would occur 
each year. The targets would be packaged in robust, Type-B shipping casks licensed by the U S .  
Nuclear Regulatory Commission (NRC). These shipping casks must meet stringent federal 
standards (10 CFR 71) and are designed and constructed to contain their contents during both 
normal transport and during postulated transportation accidents. Casks potentially could be shipped 
by either truck or rail. All transportation activities - including shipment documentation, 
manifesting, placarding, and labeling - would be conducted in a manner consistent with 
Department of Transportation (DOT) regulations (49 CFR Parts 100-199). These regulations are 
designed to ensure that the transportation of radioactive materials is done safely. Although all 
transportation operations would be conducted in accordance with applicable regulations, potential 
risks to human health are associated with both normal transportation conditions and accidents. 

During normal operations, workers and members of the public can be exposed to a low-level 
radiation field (generally gamma radiation) in the vicinity of a loaded shipping cask. This field, 
which is limited to low levels by Federal regulations (10 CFR 71), exists because the irradiated 
tritium targets emit penetrating radiation (gamma radiation) that is reduced, but not eliminated, by 
the shielding contained in the shipping cask. The radiation field around a cask decreases with the 
distance from the cask. The total radiation exposure of workers and the public depends on the 
strength of the radiation field, the distance from the cask, and the number and duration of 
exposures. Workers and members of the public living along a route, sharing the route, or at stops 
along the route, could receive small doses of radiation during each shipment. 

During accident conditions, potential exposures to radiation can occur if the shipping cask 
is damaged such that the shielding is reduced or radioactive material is released from the cask to the 
environment. The NRC has estimated that certified Type B casks will survive approximately 99.4% 
of truck and rail accidents without releasing any of their contents (Fischer et al. 1987). 
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Nevertheless, there is a possibility that radioactive material will be released to the environment 
under extremely severe accident conditions. The radioactive material released could be dispersed by 
the wind, potentially exposing members of the public through inhalation, direct radiation, and 
possible ingestion. The probability of an accident occurring depends on the total number of 
shipments, the distance traveled, and the accident rates along the shipment route. The risk 
associated with an accident depends on whether or not a release occurs, the location of the accident 
(whether it is in a rural, suburban, or urban area), the weather conditions at the time of the accident, 
and the type and amount of radioactive material released to the environment. 

Risks are also associated with the operation of the transport vehicles themselves (i.e., trucks 
and trains), unrelated to the radioactive nature of the cargo. These risks, commonly called “vehicle- 
related” or “nonradiological” risks, include the potential health impacts from exposure to vehicle 
exhaust emissions and the risks from transportation accidents that result in traffic fatalities from the 
physical forces of the accident. 

The following sections describe the tritium targets, the shipment scenarios considered, the 
technical assessment approach, the major assessment assumptions, and the assessment results. 

TARGET CHARACTERISTICS AND SHIPMENT SCENARIOS 

The reference tritium target assembly is assumed to consist of 19 target pins bound together 
in a hexagonal arrangement. The target pins each have a diameter of 0.938 inches and contain solid 
lithium aluminate pellets encased within stainless steel cladding. A nickel coated Zircaloy getter 
surrounds the lithium pellets. The tritium produced by irradiation is contained within the lithium 
aluminate and getter material. In addition to tritium, irradiation results in the formation of a variety 
of activated metals in the stainless steel target cladding. Because these activation products are 
produced within the metal, they are unlikely to be available for release in an accident, although they 
will contribute to the external gamma dose rate in the vicinity of irradiated targets. 

Following irradiation, the tritium targets would be packaged in Type B casks and shipped 
by truck or rail from FFTF to SRS. Shipments of the irradiated targets could consist of either intact 
assemblies or consolidated pins (i.e., disassembling the target assemblies and repackaging the 
individual pins). Because the exact shipment configuration is uncertain at this time, two credible 
shipment scenarios, defined based on existing FFTF infrastructure and Tritium Extraction Facility 
interface requirements (Nielsen 1997), have been evaluated in this report: 

Scenario 1. Shipments would consist of consolidated pins in a “close-packed’’ arrangement. 
As an upper bound, this loading configuration would consist of 361 pins per shipment 
(equivalent to 19 intact target assemblies). It is assumed that a maximum of 77 target 
assemblies (19 pins per target) would be disassembled and the pins shipped each year, 
resulting in an annual total of 4 cask shipments. Based on a design production goal of 2.89 
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grams of tritium per pin and a specific activity for tritium of 9.64 x 10’ Ci/g, the total 
activity of tritium would be about 10 x lo6 Ci per shipment. 

Scenario 2. For scenario 2, shipments were assumed to consist of 80 pins in a close-packed 
arrangement. Because each shipment would contain fewer pins than defined for scenario 1, 
this loading configuration would require approximately 18 cask shipments each year, with 
a total tritium activity of about 2 x lo6 Ci per shipment. 

From a risk perspective, two differences between the scenarios are important to note. First, 
the two scenarios differ in the annual number of shipments, requiring 4 and 18 cask shipments per 
year for scenarios 1 and 2, respectively. Over a given route, the probability of an accident occurring 
increases proportionally with the number of shipments (Le., the probability of an accident occurring 
is 4.5 times greater (18 + 4) for scenario 2 than scenario 1). Second, the two scenarios differ in the 
total inventory of tritium per shipment, with scenario 1 having five times the amount of tritium per 
shipment than scenario 2. Consequently, the amount of tritium potentially released in an accident 
is 5 times greater for scenario 1 than scenario 2. Thus, although the probability of an accident is 
smaller for scenario 1, the potential consequences, if an accident occurred, are greater. Because the 
quantification of accident risk takes into account both the probability and consequence of accident 
occurrences, the differences between the two scenarios tend to balance one another, resulting in 
similar overall accident risks. 

It was assumed for the purposes of this risk assessment that a Type B cask was available for 
both scenarios 1 and 2 and that the cask was capable of being shipped by either legal weight truck 
or rail. Note that because all Type B casks are designed to meet the same performance criteria, the 
results of the risk assessment depend only on the capacity of a cask and not on the characteristics of 
the specific cask used. 

RISK ASSESSMENT METHODOLOGY 

The transportation risk assessment is used to estimate the reasonably foreseeable risks to 
workers and members of the public for both routine and accident conditions. In terms of specific 
receptors, risks are estimated for the entire population of potentially exposed people, as well as for 
maximally exposed individuals. As introduced above, during the normal or routine transportation 
of radioactive materials, radiological risks are caused by exposure to external penetrating radiation 
in the vicinity of loaded shipments. (For the majority of DOE radioactive material shipments, 
external exposure rates are limited by Federal regulations to a maximum value of 10 mrem/h 
measured 2 m from the lateral surfaces of the transport vehicle.) The radiological risks from 
transportation accidents result from the potential release and dispersal of radioactive material to the 
environment. 

The technical approach for conducting the transportation risk assessment is shown in Figure 
l.(Note: all tables and figures are placed at the end of the text.) The approach used is identical to 
that used in several recent DOE NEPA assessments, including the INEL Programmatic Spent 
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Nuclear Fuel Management EIS (DOE 1995), the DOE Noflroliferation Policy Concerning Foreign 
Research Reactor Spent Nuclear Fuel EIS (DOE 1996), and the Programmatic Waste Management 
EIS (DOE 1997). The approach utilizes the RADTRAN 4 computer code (Neuhauser and Kanipe 
1992) to estimate the collective population risk during routine and accident transportation 
conditions. The collective population risk is a measure of the total radiological risk posed to society 
as a whole by the shipments being considered. As such, the collective population risk is used as the 
primary means of comparison among different shipments or alternatives. In addition to collective 
population risks, supplemental analyses are conducted using the RISKIND computer code (Yuan 
et al. 1995) to address areas of specific concern to individuals or population subgroups. RISKIND 
is used for estimating routine doses to maximally exposed individuals and for assessing the 
consequences of the most severe credible transportation accidents. The supplemental analyses are 
primarily meant to address "what if '  questions, such as, "what if I live next to a site access road?" 
or "what if an accident happens near my town?" 

The RADTRAN 4 computer code was developed by Sandia National Laboratories to 
calculate the collective population risks associated with the transportation of radioactive materials 
by a variety of modes, including truck, rail, air, ship, and barge. The code has been extensively 
reviewed, updated, and verified since it was issued in the late 197Os, and the latest version is 
available for use by DOE and its contractors through the TRANSNET computer network. 

The RADTRAN 4 risk calculations for routine transportation include models describing 
(1) collective doses to persons living or working adjacent to the transport route, (2) collective doses 
to persons sharing the transport route, (3) collective doses to persons at stops (e.g., refueling stops 
or rail classification yards), and (4) collective doses to transportation crew members. The doses 
calculated by using the first three models are added together to yield the collective risk to the 
public; the dose calculated by using the fourth model represents the collective risk to workers. The 
RADTRAN routine dose models are not intended to be used for estimating specific risks to 
individuals. 

Accident occurrences are statistical in nature; therefore, accident risk is commonly defined 
as the product of the accident consequence (dose) and the probability of the accident occurrence. In 
this respect, the RADTRAN code estimates the collective accident risk to populations by 
considering a spectrum of credible transportation accidents. The accident spectrum is designed to 
encompass the range of all possible accident environments, including low probability accidents that 
have high consequences, and high probability accidents that have low consequences. Accident 
frequencies are generally derived from historical records for the transport mode being considered. 
The calculation of collective accident risk employs models that quantify the range of potential 
accident severities, the package response to a particular accident environment, and the exposure of 
populations following the dispersion and transport of released radioactive material into the 
environment. The exposure pathways include external exposure to the passing radioactive cloud as 
well as from contaminated ground, and internal exposure from inhalation of airborne contaminants 
and ingestion of contaminated food. The collective accident risk results can be directly compared 
to the routine population risks because they incorporate the probability of accident occurrences. 
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The RISKIND computer code was developed for the DOE Office of Civilian Radioactive 
Waste Management for the specific purpose of analyzing the exposures of individuals during the 
routine transportation of spent nuclear fuel. In addition, the RISKIND code is designed to allow a 
detailed assessment of the consequences to individuals and population subgroups from accidents 
involving shipments of other radioactive materials under various environmental settings. 

RISKIND is used to address "what if '  questions in two areas. First, RISKIND is used to 
calculate the dose to maximally exposed individuals for a number of hypothetical exposure 
scenarios during routine conditions. Second, RISKIND is also used to provide a detailed assessment 
of the consequences of the most severe transportation accidents. Whereas the RADTRAN accident 
risk assessment considers the entire range of accident severities and their related probabilities, the 
accident consequence assessment assumes that an accident of the highest credible severity has 
occurred. These accidents represent low probability, high consequence events. The actual 
probability of accidents of this magnitude occurring depends on the total shipment distance for each 
alternative; however, accidents of this severity are extremely rare in general. Detailed consequence 
calculations are performed using RISKIND for accidents occurring in rural, suburban, and urban 
population density zones. The exposure pathways considered are similar to those discussed above 
for RADTRAN. Accident consequences are assessed for local populations as well as maximally 
exposed individuals for various meteorological conditions. 

Nonradiological impacts are also estimated for both routine and accident conditions. The 
nonradiological impacts during routine conditions are associated with exposure to vehicle exhaust 
emissions, and are calculated based on the total route mileage in urban areas and health risk factors 
provided in Rao (1982). The nonradiological impacts from accidents are defined as fatalities caused 
by accident occurrences, unrelated to the radioactive cargo. The number of traffk-accident fatalities 
are estimated by multiplying the total round-trip shipment distance by the appropriate accident 
fatality rates, which are based on DOT statistics. State-level accident data are utilized in this 
assessment. 

PARAMETERS AND ASSUMPTIONS 

The RADTRAN and RISKIND computer codes require that a number of parameters be 
specified. These parameters describe such factors as the radiological inventory, package 
ckaracteristics, route and mode characteristics, and the package response in accident environments. 
In general, the best available data specific to the FFTF target shipments have been used in the risk 
assessment models. However, in certain cases FFTF target specific data are unavailable or highly 
uncertain at this time. Consequently, conservative assumptions have been made for purposes of the 
risk assessment. These conservative assumptions are intended to over-estimate the actual risks that 
would be incurred during shipments of the tritium targets. Similar parameters and assumptions have 
been used in the RADTRAN and RISKIND models. The major input parameters and assumptions 
used in the risk assessment are discussed below. 
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Shipment Radiological Inventory. The assessment of accident risk depends on the radiological 
inventory, defined as the type and quantity of radionuclides that could be released and dispersed 
during an accident. For shipments of irradiated tritium targets, the radionuclide of concern is tritium 
(H-3); no other volatile radionuclides are expected to be produced in the targets (Nielsen 1997). The 
total shipment inventories of tritium are equal to 10 x lo6 Ci per shipment for scenario 1, and 2 x 
lo6 Ci per shipment for scenario 2. 

Although a variety of activated metals are induced in the target cladding and getter, these 
elements are unlikely to be available for release in an accident (Nielsen 1997). The potential release 
of activated metals was considered in the accident assessment; however, activated metals were 
found to contribute a negligible radiation dose compared to tritium (i.e., less than 0.1% of the total 
dose) following a release. 

PackagingIShipment Configuration. All transportation activities must take place in accordance 
with the applicable regulations of the U.S. Department of Transportation (DOT) and U.S. Nuclear 
Regulatory Commission (NRC) (Code ofFederal Regulations [CFR] Title 10, Part 71, and Title 49, 
Part 173 ). Shipments of irradiated tritium targets would take place in Type B casks, which must 
provide a high degree of assurance that even in severe accidents the integrity of the package will be 
maintained with essentially no loss of the radioactive contents or serious impairment of the 
shielding capability. Irradiated tritium targets were assumed to take place by exclusive-use trucks 
or by general freight trains, with one cask per truck or railcar. Because a specific Type B cask has 
not yet been identified, a generic cylindrical cask 3 m in length was assumed for assessment 
purposes (RADTRAN uses a 1-dimensional line source model for dose calculations based on the 
largest package dimension). 

External Cask Dose Rate. The risk during routine transport conditions depends on the external 
dose rate in the vicinity of a loaded shipment. For exclusive-use shipments, the maximum external 
dose rate is limited by federal regulations to a value of 10 mrem/h measured at 2 m from the lateral 
surfaces of the conveyance. The actual dose rate will be a function of the composition and 
configuration of shielding and containment materials used in the packaging, the geometry of the 
loaded shipments, and characteristics of the targets. Because the specific cask to be used for 
shipments and the dose rate from irradiated targets are uncertain at this time, the cask external dose 
rate was conservatively assumed to be equal to the regulatory limit (Le., 10 mrem/h at 2 m) for both 
scenarios 1 and 2. 

Shipment RoutePopulation Data. The DOT'S public highway routing regulations are prescribed 
in 49 CFR 177 (Docket HM-164a). The regulation's objectives are to reduce the impacts of 
transporting radioactive materials, to establish consistent and uniform requirements for route 
selection, and to identify the role of state and local governments in the routing of radioactive 
materials. The regulations attempt to reduce potential hazards by avoiding populous areas and by 
minimizing travel times. Further, they require that the carrier of radioactive materials ensure that 
the vehicle is operated on routes that minimize radiological risks, that accident rates, transit times, 
population density and activity, time of day, and day of week are considered in determining risk. 
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A shipment of a "highway route controlled quantity" of radioactive materials is required by 
Docket 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. Other "preferred 
highways" may be designated by any state or Indian tribe to replace or supplement the interstate 
system. Under its authority to regulate interstate transportation safety, the DOT can prohibit state 
and local bans and restrictions as "undue restraint of interstate commerce." State or local bans will 
be preempted if inconsistent with Docket HM-164. Similar routing requirements do not exist for 
rail transportation. 

For the risk assessment, representative highway and rail routes from the Hanford Site to 
SRS were generated and analyzed by using the routing models HIGHWAY (Johnson et al. 1993a) 
and INTERLINE (Johnson et al. 1993b), respectively. Both routing models were developed by Oak 
Ridge National Laboratory. These routing models are updated periodically to reflect current road 
and track conditions and have been bench-marked against the reported shipment distances and 
observations of commercial firms. The Hanford to SRS route information, including distance and 
fractions of travel in urban, suburban, and rural population zones, is provided in Table 1 for truck 
shipments and Table 2 for rail shipments. Route-specific population data was used in the risk 
assessment. The routes calculated conform to current routing practices and all applicable routing 
regulations and guidelines, but do not necessarily represent the actual route that will be used in the 
future. 

For the accident consequence assessment, average population densities were used for 
accidents in rural, suburban, and urban areas. The populations densities used were 7; 800; and 1,900 
personsh? for rural, suburban, and urban areas, respectively. 

Accident Rates. For the calculation of accident risks, state-specific accident rates were taken from 
data provided in Saricks and Kvitek (1994). State-specific truck accident rates were based on 
statistics compiled by the DOT Office of Motor Carriers for the period 1986 through 1988. For 
highway shipments, the accident rates were computed specifically for heavy-combination trucks 
involved in interstate commerce and separate accident rates were used for rural, suburban, and 
urban population density zones in each state. A summary of the accident occurrence and fatality 
statistics for the states traversed by the shipment routes is provided in Table 3. 

Accident Severity and Cask Release Characteristics. Accident risks are typically calculated by 
describing the expected release from a cask as a function of the severity of the accident. Accident 
severity ranges from relatively minor accidents, for which no release would be expected, to 
extremely severe accidents, for which a release of some magnitude could potentially occur. The 
amount released from a package in an accident depends on characteristics of both the package and 
the material within the package. 
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For Type B casks, the range of all potential transportation accident severities has been 
described in a US. Nuclear Regulatory Commission (NRC) report called the Modal Study (Fischer 
1987). The Modal Study was used as the basis for the accident risk assessments conducted for both 
the INEL Programmatic Spent Nuclear Fuel Management EIS (DOE 1995) and the DOE 
NonProliferation Policy Concerning Foreign Research Reactor Spent Nuclear Fuel EIS (1 996). The 
Modal Study accident classification scheme categorizes accidents as a function of the magnitudes 
of the mechanical forces (impact) and thermal forces (fire) to which a package may be subjected. 
Twenty different accident response categories are defined, which are typically combined into six 
levels of accident severity for risk assessment purposes. A conditional probability is assigned to 
each category, with minor accidents being the most frequent and severe accidents the most rare. The 
accident severity scheme is designed to take into account all credible transportation accidents, 
including accidents with low probability but high consequences and those with high probability but 
low consequences. The Modal Study estimates that Type B casks will survive approximately 99.4% 
of all truck and rail accidents without releasing any of the shipment contents. The remaining 0.6% 
of accidents would thus involve some level of release. 

For each severity category, the Modal Study presents estimates of release fractions, defined 
as the fraction of the radioactive material in a package that could be released to the environment. 
However, the release fractions presented in the Modal Study are specific to spent nuclear fuel 
assemblies and are therefore not necessarily representative of tritium target assemblies. 
Consequently, a conservative and simplified approach was taken for this risk assessment based 
upon the expected performance of tritium targets under accident conditions. 

The maximum release fraction for tritium from a damaged target assembly has been 
conservatively estimated to be approximately 0.8% (Nielsen 1997). Although it would be expected 
that the release fraction would be less for accidents of lesser severity, for this risk assessment it was 
assumed that if the accident severity was sufficient to result in a release from the cask (i.e., 0.6% of 
all accidents), then the maximum tritium release would occur. Therefore, two accident severity 
categories and corresponding release fractions were used in the assessment, as summarized in 
Tables 4 and 5. The tritium was assumed to be released as water vapor. The release fraction for 
activated metals was assumed to be 5 x 10.' (Neuhauser and Kanipe 1992). 

Based on the release fraction for tritium presented in Table 4, the maximum release of 
tritium to the environment in severe accidents would be approximately 80,000 Ci for scenario 1 and 
16,000 Ci for scenario 2. 

Meteorological Conditions. Because it is impossible to predict the specific location of a 
transportation accident, generic meteorological conditions were selected for the risk (RADTRAN 
calculations) and consequence (RISIUND calculations) assessments. For the accident risk 
assessment, neutral weather conditions (Pasquill Stability Class D) and an average wind speed of 
4 mJs were assumed. Since neutral meteorological conditions comprise the most frequently 
occurring atmospheric stability condition in the United States, these conditions are most likely to 
be present in the event of an accident. For the accident consequence assessment, doses were 
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assessed under both neutral (Class D) and stable (Class F) atmospheric conditions, with respective 
wind speeds of 4 and 1 d s .  Results calculated for neutral conditions are meant to represent the 
most likely consequences, and the results for stable conditions a "worst-case" weather situation. 

Maximally Exposed Individual Exposure Scenarios. For routine transportation conditions, the 
risk to maximally exposed individuals has been estimated using RISKIND for a number of 
hypothetical exposure scenasios. The dose to each maximally exposed individual considered is 
calculated for a given distance, duration, and frequency of exposure specific to that receptor. 
The distances, durations, and frequencies of exposure are similar to those given in previous 
transportation assessments (DOE 1995, DOE 1996, DOE 1997). The exposure scenarios are not 
meant to be exhaustive but were selected to provide a realistic range of potential exposure 
situations. The exposure scenarios considered are the following: 
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1 .  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 r edyr ,  although DOE maintains an administrative control level of 2 r edyr .  

2.  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 and an exposure time of 30 min is assumed. No assumptions are made 
concerning the frequency of inspections. 

3.  Resident (truck and rail). A resident is assumed to live 30 m from a site entrance route. 
Shipments are assumed to pass at a velocity of 15 mph and the resident is exposed unshielded. 
Cumulative doses are assessed based on the number of shipments entering or exiting the site and 
assuming the resident is present for 100 percent of the shipments. 

4 .  Person in Trafic Obstruction (truck and rail). A person is assumed to be stopped next to a 
shipment (due to traffic, etc.). The person is assumed to be exposed unshielded at a distance of 
1 m for a duration of 30 min. 

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

1. 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 Near n 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 a duration of 20 hours. 

1. 

The largest uncertainty in predicting the dose to maximally exposed individuals during 
transportation involves determining the frequency of exposure occurrences when multiple 
shipments take place over the course of the year. This difficulty results from the uncertainties in 
future shipment schedules, route selection, and the inherent uncertainty in predicting the frequency 
of random or chance events. For instance, it is conceivable that an individual may be stopped in 
traffic next to a shipment; however, it is difficult to predict how often the same individual would 
experience this event. Therefore, for the majority of receptors considered, doses are assessed on a 
per event basis. To account for possible multiple exposures, ranges of realistic total doses are 
discussed qualitatively. One exception is the calculation of the dose to a hypothetical resident living 
near a site entrance route. For these residents, total doses are calculated based on the number of 
shipments entering or exiting each site. 

General RADTRAN Input Parameters. In addition to the specific parameters discussed above, 
values for a number of general parameters must be specified within the RADTRAN code. These 
general parameters define basic shipment and traffic characteristics and are specific to the mode of 
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transportation. The RADTRAN code user's manual (Neuhauser and Kanipe 1992) contains 
derivations and descriptions of these parameters. The general RADTRAN input parameters used in 
the transportation risk assessment are summarized in Table 6.  

Health Risk Conversion Factors. Health risk conversion factors are used to predict the expected 
number of human health effects following radiation exposure. The health risk conversion factors 
used to estimate expected cancer fatalities were derived from ICRP Publication 60 (ICRP 1991): 
5.0 x and 4.0 x 10-4 fatal cancer cases per person-rem for members of the public and workers, 
respectively. Cancer fatalities occur over the lifetimes of the exposed populations. 

ASSESSMENT RESULTS 

Transportation risks were calculated for the transportation of irradiated tritium targets from 
the Hanford Site to SRS using the methodology and assumptions presented above. Risks were 
evaluated for the following areas: (1) collective risks to workers and members of the public 
(RADTRAN), (2) risks to maximally exposed individuals during routine conditions (RISKJND), 
and (3) risks to populations and maximally exposed individuals if the maximum severity accident 
occurred (RISKIND). The assessment results are summarized for both shipment scenario 1 and 
scenario 2 in the following sections. 

Shipment Summary. The annual number of shipments and one-way shipment mileage for truck 
and rail modes for both shipment scenarios are summarized in Table 7. Scenario 1 would require 4 
cask shipments annually, covering approximately 10,900 one-way highway miles or 11,800 rail 
miles. Scenario 2 would require 18 cask shipments annually, covering approximately 49,100 one- 
way highway miles or 53,200 rail miles. 

Collective Population Risk Results. The results of the collective population risk assessment are 
summarized in Table 6 .  The collective risk results are presented on an annual basis. The total 
impacts over the duration of the program can be found by multiplying the annual impacts by the 
anticipated program duration. 

The total estimated number of fatalities from cargo-related (radiological) causes are much 
less than 1 latent cancer fatality from routine and accident conditions combined for both truck and 
rail shipment modes. For truck shipments, the total number of latent-cancer fatalities among the 
crew and public was estimated to be 0.001 per year for scenario 1, and 0.005 per year for scenario 
2. Radiological impacts are slightly lower for rail shipments. The difference in impacts between the 
two scenarios results directly from the assumption that the external dose rate is equal to the 
regulatory limit of 10 m r e m h  for all shipments. Table 7 also includes estimates of the impacts 
from vehicle-related (nonradiological) causes. The vehicle-related risks are generally similar to the 
cargo-related risks. 
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Maximally Exposed Individual Assessment (Routine Conditions). The estimated doses during 
routine transportation conditions for each of the individual receptors considered are presented in 
Table 8 on a per-event basis. The total dose for repeated exposures can,be estimated by multiplying 
the per-event dose by the number of exposure-causing events anticipated. All doses were estimated 
to be much less than levels that would be expected to result in doses to members of the public 
approaching the regulatory limit of 100 mredyr. 

The potential exists for significant individual exposures if multiple exposure-causing events 
occur. For instance, the dose to a person stuck in traffic next to a shipment for 30 minutes is 
estimated to be about 11 mrem. If the duration of exposure is longer, the dose would rise 
proportionally. Therefore, a person could conceivably receive a dose on the order of 10 to 20 mrem 
while stopped in traffic next to a shipment. The potential for the same individual to be stopped in 
close proximity to more than one shipment is considered to be extremely low. The dose to a 
resident living 30 m from a route and witnesses every shipment pass would be much less than 1 
mrem. For comparison, the average individual dose from background radiation in the United States 
is approximately 360 mredyr. 

Accident Consequence Assessment (Population and Maximally Exposed Individual). The 
consequences of the maximum severity accidents were estimated for rural, suburban, and urban 
populations under neutral and stable weather conditions. It was assumed that following the worst 
credible transportation accident, 0.8% of the tritium inventory would be released, corresponding to 
80,000 Ci of tritium for scenario 1, and 16,000 Ci of tritium for scenario 2 for both truck and rail 
shipments. Population doses were estimated for a uniform population density within an 80-km (50- 
mi) radius of the accident site. Doses to a maximally exposed individual located 100 m from the 
accident site were also estimated. The probability of such on accident was conservatively estimated 
to be approximately 2 x 10’ per year for scenario 1, and 9 x 10.’ per year for scenario 2 (the 
probability estimates are based on the total one-way distances traveled, the accident rates given in 
Table 2, and a conditional probability of the maximum release should an accident occur of 0.006). 

The collective population consequences are summarized in Table 9 for scenarios 1 and 2. 
For all accident locations and weather conditions, less than one latent cancer fatalities would be 
expected among the exposed populations following the maximum credible accident. Radiation 
doses would be greatest for urban accidents, and least for rural accidents. In addition, radiation 
doses would be greater under stable weather conditions than under more prevalent neutral 
conditions. For scenario 1, the radiation dose to an individual 100 m from the accident site, 
assumed to be present for 2 hours as the plume passed, was estimated to be approximately 2 rem 
during neutral weather conditions, and approximately 40 rem during stable conditions. For scenario 
2, the maximum doses would be approximately 0.4 rem and 8 rem for neutral and stable conditions, 
respectively. Such dose levels would not be expected to cause acute fatalities in the exposed 
individuals, but would result in an increased chance of a latent fatal cancer of between 0.0002 and 
0.02 over the lifetimes of the individuals. 
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Figure 1. General Transportation Risk Assessment Approach 
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Table 1. Hanford to SRS highway route data. (source: HIGHWAY routing model 
[Johnson et al. 1993aJ) 
From: HANFORD WA Leaving : 3/24/93 at 15:32 PST 
to : SRL SC Arriving: 3/27/93 at 2:29 EST 
Route type: Q with 2 driver($) 

The following constraints are in effect: 

Total road time: 55:58 
Time bias: 1.00 Mile bias: 0.00 Toll bias: 1.15 Total miles: 2728.0 

1 - Links prohibiting truck use 
6 - HM-l64/State preferred routes 
7 - Avoid ferry crossings 
11 - Nonintersecting Interstate Access 
State mileage: 
SC 25.0 GA 259.0 TN 182.0 KY 96.0 IL 175.0 MO 254.0 KS 433.0 
CO 260.0 WY 367.0 UT 148.0 ID 275.0 OR 208.0 WA 46.0 
Mileage by highway sign type: 

Interstate: 2693.0 U.S.: 5 . 0  State: 23.0 Turnpike: 0.0 
County: 0.0 Local: 7.0 Other: 0.0 

Mileage by highway lane type: 
Limited Access Multilane: 2693.0 Limited Access Single Lane: 0.0 

Multilane Divided: 21.0 Multilane Undivided: 0.0 
Principal Highway: 7.0 Through Highway: 3.0 Other: 4.0 

From: HANFORD 
to : SRL 

Routing through: 
0.0 HANFORD 
4.0 LR4S RICHLAND 
7.0 S240 RICHLAND 
5.0 1182 WEST RICHLAND 
41.0 182 HERMISTON 
512.0 I84 TREMONTON 
39.0 I15 184 =DEN 
39.0 184 ECHO 
389.0 I80 CHEYENNE 
91.0 125 COMMERCE CITY 
1.0 I76 COMMERCE CITY 
5.0 I270 DENVER 

525.0 170 TOPEKA 
7.0 I470 TOPEKA 
5.0 1470$ TKSTS TOPEKA 
47.0 170 $ TKSTS KANSAS CITY 
33.0 1435 KANSAS CITY 

22.0 I270 EDWARDSVILLE 
11.0 1255 WASHINGTON PK 
64.0 164 MT VERNON 
5.0 157 I64 MT VERNON 
48.0 157 PULLEYS MILL 

227.0 170 ST LOUIS 

180.0 I24 INGLEWOOD 
5.0 I24 I65 NASHVILLE 
2 . 0  124 I40 NASHVILLE 

134.0 I24 EAST RIDGE 
93.0 I75 ATLANTA 
25.0 1285 ATLANTA 
138.0 I20 NORTH AUGUSTA 
3.0 S230 NORTH AUGUSTA 
2 . 0  S125 CLEARWATER 
5 . 0  0278 BEECH ISLAND 

3.0 LSRP SRL 
11.0 SlZS JACKSON 

WA Leaving : 3/24/93 at 15:32 PST 
SC Arriving: 3/27/93 at 2:29 EST 

WA 
N S240 LR4S WA 
SE 1182 5240 WA 
S I182 I82 WA 
SW 182 I84 OR 
W I15 I84 UT 
S I15 184 UT 

180 I84 UT 
SW I25 I80 WY 
W 125 I76 CO 
NW 1270 176 CO 
NE I270 170 CO 
W 1470 170 KS 
S 1335 1470 KS 
E I470 170 KS 
W I435 I70 KS 
SE I435 I70 MO 
NW 1270 170 MO 
SW 1255 1270 IL 
SE I255 I64 IL 
NW 157 I64 IL 
SW 157 I64 IL 
W 124 157 IL 
W I24 I65 TN 
SE I24 140 TN 
E 124 I40 TN 
NE 124 175 TN 
NW 1285 I75 GA 
E 120 1285 GA 
NW I20 S230 SC 

sc 
W U1 U278 SC 

U278 S125 SC 
SE S125 LSRP SC 

sc 

0.0 
4.0 
11.0 
16.0 
57.0 
569.0 
608.0 
647.0 
1036.0 
1127.0 
1128.0 
1133.0 
1658.0 
1665.0 
1670.0 
1717.0 
1750.0 
1977.0 
1999.0 
2010.0 
2074.0 
2079.0 
2127.0 
2307.0 
2312.0 
2314.0 
2448.0 
2541.0 
2566.0 
2704.0 
2707.0 
2709.0 
2714.0 
2725.0 
2728.0 

0:oo 
0:09 
0:24 
0:29 
1:14 
11:32 
12: 15 
12:57 
21:02 
23:ll 
23:12 
23:18 
33:50 
33:58 
34:03 
34:55 
35:31 
40:38 
41:02 
41:14 
42:24 
42:30 
43:22 
47:08 
47:14 
47:17 
50:13 
51:55 
52:23 
55:23 
55:29 
55:33 
55:39 
55:52 
55:58 

3/24 Q 15:32 
3/24 Q 15:41 
3/24 B 15:56 
3/24 B 16:Ol 
3/24 B 16:46 
3/25 Q 4:04 
3/25 B 4:47 
3/25 Q 5:29 
3/25 Q 13:34 
3/25 B 15:43 
3/25 B 15~44 
3/25 Q 15~49 
3/26 Q 3:22 
3/26 B 3:29 
3/26 Q 3:35 
3/26 Q 4:26 
3/26 0 5:02 
3/26 Q 1O:lO 
3/26 B 10:33 
3 /26  B 10:45 
3/26 Q 11:55 
3/26 B 12:Ol 
3/26 B 12;53 
3/26 B 16:39 
3/26 B 16:45 
3/26 B 16~48 
3/26 Q 20~44 
3/26 B 2 2 : 2 6  
3/26 B 22:53 
3/27 B 1:54 
3/27 B 1:59 
3/27 Q 2:04 
3/27 Q 2:09 
3/27 B 2:ZZ 
3/27 Q 2:29 

Page 15 



HNF-1840, Rev. 0 

Table 1, cont. 

Population Density f rom:  HANFORD WA 
to : SRL sc 

.......___________ Mileage within Density Levels - - - - - - - - - - - - - - - - - - -  
~ 0 . 0  5.0 22.7 59.7 139 326 821 1861 3326 5815 

St Miles 0 -5.0 -22.7 -59.7 -139 -326 -821 -1861 -3326 -5815 -9996 ,9996 

S C 2 5 . 0 4 . 9  0.0 0.9 1.2 8.2 3.3 2.6 2.1 1.8 0.0 
GA 259.0 14.5 22.0 39.6 41.4 34.2 28.4 35.2 24.0 10.7 5.7 
TN 182.0 14.1 16.2 30.0 36.5 37.4 16.2 13.5 8.6 6.7 2.5 
K Y 9 6 . 0 4 . 0  4 . 9 3 2 . 2 2 6 . 9  10.7 7.6 6.1 1.9 1.5 0.1 
IL175.028.4 41.8 35.4 31.0 12.0 10.7 5.9 6.0 2.7 0.7 
MO 254.0 21.4 42.5 77.3 21.9 16.5 10.8 18.7 20.5 12.7 7.3 
KS 433.0 28.8 204.8 95.1 45.1 19.5 13.7 7.9 8.1 4.3 3.6 
CO260.032.9134.8 34.0 17.7 14.3 12.3 5.0 4.3 2.3 2.0 
WY 367.0 69.2 239.2 22.7 12.0 3.5 5.4 6.4 4.9 3.5 0.2 
uT148.031.5 72.5 11.1 9.0 7.8 6.1 4.2 2.1 2.1 0.7 
ID 275.0 45.6 96.7 52.5 46.8 9.8 8.6 4.1 4.1 3.0 2.8 
OR208.012.1131.5 30.8 12.0 10.1 3.8 2.1 2.9 1.3 1.2 
WA 46.0 4.2 22.8 6.5 2.6 2.5 1.3 2.8 1.3 0.6 1.2 
Totals 

Percentages 

Basis: 1990 Census 
Fractions of travel (total distance = 2727 mi [ 4398 kml ) 

2727.2311.61029.8 468.0 304.2 186.5 128.1 114.5 90.7 53.1 28.1' 

11.4 3 7 . 8 1 7 . 2 1 1 . 2  6.8 4.7 4.2 3.3 1.9 1.0 

Rural (0.0-139.0) Suburban (>139.0-3326.0) Urban (>3326.0) 
0.843 0.142 0.015 

0.0 
3.1 
0.1 
0.0 
0.4 
3.3 
1.8 
0.4 
0.0 
0.7 
0.6 
0.2 
0.3 

10.8 

0.4 

0.0 
0.2 
0.0 
0.0 
0.0 
1.1 
0.2 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 

1.7 

0.1 

End of route 
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Table 2. Hanford to SRS rail route data. (source: INTERLINE routing model [Johnson et al. 1993bI) 

ROUTE FROM: USG 15359-SRP SC LENGTH 2 9 5 3 . 1  MILES 
TO: USG l6212-mFOORD S 300 W& m B N T I A L :  4030.1 

MILBaGGB S W X  BY PAILROAD A-M B-M A-BR 8-BR OTHER 
CSXT 868.1 511.2 347.9 9.0 0 . 0  0 . 0  
UP 2063.9 1852.3 191 .0  18.0 2 . 6  0 . 0  
USG 1 5 . 1  0 . 0  0 . 0  0 . 0  15.7 0 . 0  
<TR> 6.0 6.0 0 . 0  0 . 0  0 . 0  0.0 

TOTAL 2 9 5 3 . 7  2 3 6 9 . 5  538.9 2 7 . 0  18.3 0 . 0  
. . . . . . . . . . . . _ _  

.. 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
"I 
UP 
UP 
UP 
"e 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
.. 

................. 
10858-ST LOUTS Mo 8 8 2 .  
10SSB-JBPPBRSON CITY "0 1004. 
10616-wvIs*s CITY Mo 1 1 8 0 .  

132 0-ID 145.9-IL 
303.9-MO 102.0-NB 

37.3-WA 461.0-WY 

. . . . . . . . rrjWSPBR 
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Table 2, cont. 

POPULATION DENSITY FROM: USG 15359-SRP SC 
TO: US0 16212-HANFORD S 300 WA 

MILEAGE WITHIN DENSITY LEVELS - - - - - - - - - - - - - - - - - - -  

St Miles 0 -5.0 -22.7 -59.7 -139 -326 -821 -1861 -3326 -5815 -9996 ,9996 

..........__._____ 

~ 0 . 0  5.0 22.7 59.7 139 326 821 1861 3326 5815 

AL 24.0 0.0 2.3 
CO 10.0 0.4 6.6 
GA 298.3 16.6 14.5 
ID 432.0 51.8 201.3 
IL 145.9 7.0 25.4 
IN 62.5 1.8 5.7 
KS 172.8 9.7 54.2 
KY 114.1 0.3 4.7 
MO 303.9 25.1 44.8 
NE 402.0 39.1 205.1 
OR 255.6 8.4 153.6 
SC 46.0 19.5 13.8 
TN 188.3 5.1 10.9 
WA 37.3 2.8 9.6 
WY 461.0 93.1 309.8 

Totals 

Percentages 
2953.7280.61062.4 

9.5 36.0 

6.8 3.1 6.1 3.4 2.1 0.1 0.0 0.0 
0.3 0.4 0.5 0.6 1.2 0.0 0.0 0.0 

50.0 36.1 37.4 38.9 40.8 33.5 14.3 11.1 
115.234.7 7.6 7.0 5.6 4.3 1.9 1.7 
29.3 3 4 . 9 1 5 . 6  8.9 8.1 6.0 6.4 3.5 
6.3 16.8 8.0 5.7 7.0 7.8 1.4 1.0 

5 2 . 7 3 0 . 8 1 1 . 3  3.1 5.1 3.4 1.4 1.1 
3 3 . 9 4 5 . 1 1 4 . 1  6.9 2.2 3.7 3.2 0.1 
99.2 53.4 26.2 16.0 11.2 9.9 6.3 4.5 
9 8 . 1 3 1 . 1 1 1 . 3  4.9 4.9 4.9 1.3 0.8 
5 0 . 5 2 5 . 8  3.9 6.0 1.4 2.2 3.1 0.9 
6.5 0.7 3.5 0.6 0.5 0.5 0.5 0.0 

31.4 42.3 21.4 24.0 18.3 17.6 9.3 5.7 
4.7 2.7 2.0 2.3 3.9 2.9 2.8 3.6 

2 2 . 1 1 8 . 7  6.0 3.9 2.2 1.8 1.7 1.0 

0.0 
0.0 
3.0 
0.7 
0.8 
0.7 
0.1 
0.0 
4.9 
0.3 
0.0 
0.0 
2.0 
0.0 
0.6 

606.8 376.6 174.9 132.2 114.6 98.5 53.6 35.0 13.2 

2 0 . 5 1 2 . 7  5.9 4.5 3.9 3.3 1.8 1.2 0.4 

PADTRAN Input Data Rural Suburban Urban 

Weighted Population 
People/sq. mi. 17.6 921.5 5884.3 
People/sq. km. 6.8 355.8 2271.9 

Distance Total 
Miles 2501.3 398.9 52.9 2953.7 
Kilometers 4025.4 641.9 85.1 4753.4 
Percentage 84.7 13.5 1.8 

Basis (peoplelsq. mi.) c139 139-3326 >3326 

Note: Due to rounding, the sum of the mileages in the individual 
population categories may not equal the total mileage shown 
on this report. 

... 

0.0 
0.0 
1.8 
0.1 
0.0 
0.1 
0.0 
0.0 
2.4 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 

4.7 

0.2 
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Table 3. Accident occurrence and fatality rates for the states traversed by the Hanford to 
SRS highway and rail routes (source: Saricks and Kvitek 1994). 

Truck Accident Rate Truck Fatality Rate Rail Accident 
accidentslkm fatalitieslkm Rate 

rural suburb urban rural suburb urban accidentslkm 

AL 
co 
GA 
ID 
IL 
IN 
KS 
KY 
MO 
NE 
OR 
sc 
TN 
UT 
WA 
WY 

NA' 
2.768-01 
1.65E-01 
2.30E-07 
1.76E-07 
NA 
2.04E-01 
1.4 6E-07 
1.78E-07 
NA 
2.20E-07 
1.836-07 
1.481-07 
2.41E-07 
2.508-07 
3.42E-07 

NA 
4.52E-07 
3.2 6E-07 
2.02E-07 
5.2 6E-07 
NA 
3.268-07 
3.30E-07 
3.481-07 
NA 
3.10E-07 
2.48E-01 
4.73E-07 
2.47E-07 
2.06E-07 
3.2OE-01 

NA 
6.28E-01 
4.811-01 
1.731-07 
8.75E-01 
NA 
4.481-01 
5.13E-01 
5.18E-07 
NA 
3.996-07 
3.13E-07 
1.918-07 
2.528-01 
1.61E-07 
2.988-01 

NA 
2.45E-08 
1.868-08 
2.06E-08 
i.39~-08 
NA 
1.888-08 
1.50E-08 
1.238-08 
NA 
1.12E-08 
2.511-08 
1,631-08 
2.21E-08 
1.4lE-08 
2.08E-08 

NA 
2.921-08 
2.128-08 
1.03E-08 
3.368-08 
NA 
3.70E-08 
2.366-08 
2.17E-08 
NA 
1.808-08 
2.13E-08 
3.61E-08 
1.40E-08 
1.14E-08 
1.04E-08 

NA 
3.38E-08 
2.371-08 
0.OOEtOO 
5.338-08 
NA 
5.528-08 
3.22~-08 
4.30E-08 
NA 
2.478-08 
2.888-08 
5.598-08 
5.9OE-09 
8.0OE-09 
0.00E+00 

4.808-08 
1.73E-08 
6.441-08 
7.01E-08 
1.07E-01 
4.64E-08 
3.61E-08 
4.48E-08 
5.28E-08 
4.638-08 
1.258-07 
5.11E-08 
5.591-08 
NA 
3.49E-08 
3.10E-08 

US 2.03E-01 2.81E-01 3.58E-07 1.91E-08 2.14E-08 2.3lE-08 5.571-08 

"NA =route does not traverse that particular state. 

Table 4. Accident Severity Category Conditional Probabilities (source: Adapted from 
Fischer et al. 1987) 

Conditional Probability by Severity Category 

0.994 0.006 
Suburban 0.994 0.006 
Urban 0.994 0.006 

rable 5. Accident Release Fractions by Severity Category 
Release Fraction by Severity Category 

Nuclide 1 2 
H-3 0 0.008 
Activated Metals 0 5.OE-08 

Page 19 



HNF-1840, Rev. 0 

Table 6 . Summary of General RADTRAN Input Parameters 

Parameter Truck Rail 
Package type Type B cask Type B Cask 
No. of crewmen 2 5 
External dose rate (me& @ 2 m) 10 10 
Distance from source to crew (m) 
Average vehicular speed (M) 
Rural 
Suburban 
Urban 

Stop time (h/km) 
No. of people exposed while stopped 
No. of people per vehicle sharing 
route 
Population densities @ersons/km*) route-speci fic" 

3 

88 
40 
24 

0.011 
25 
2 

152 

64 
40 
24 

0.033 
100 

3 

route-specifica 

One-way traffic count (vehiclesh) 
Rural 470 1 
Suburban 780 5 
Urban 2,800 . 5  

a Route-specific population densities were used for the RADTRAN accident risk 
assessment. For the maximum accident consequence assessment, densities of 7; 
800; and 1,900 persons/kmz were used for rural, suburban, and urban areas, 
respectively. 

Source: Neuhauser and Kanipe 1993. 
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Table 7. Summary of Annual Shipment Information and Collective Population Impacts 

Truck Shipments Rail Shipments 
Parameter Scenario 1 Scenario 2 Scenario 1 Scenario 2 

Shipment summary 
Annual Number of Cask Shipments 4 18 4 18 
H-3 Inventory (Cikhipment) 10MCi 2MCi 10MCi 2 MCI 

Route distance (one-way mi) 2,728 2,728 2,954 2,954 

Total Mileage (one-way mi/yr) 10,900 49,100 11,800 53,200 

'opulation impacts 
Cargo-related impactsa 

Annual Dose Risk (person-rem) 
Routine crew 

Routine public 

Accident 

Latent cancer fatalitiesb 
Crew fatalities 

Public fatalities 

0.97 
1.24 

0.002 

4~ 104 
6 x  lo4 

4.35 0.85 
5.6 0.17 

0.002 0.0002 

3.8 
0.76 

0.0002 

2 x 10-3 
4 x 104 

Vehicle-related impactsc 
Emission fatalities 5 x  lo1  2 x  lo4 9 x  4 x 104 
Traffic accident fatalities 7 x  10' 3 x  10) 3 x  1 x 104 

a Cargo-related impacts are those impacts attributable to the radioactive nature of the material. 
bLatent cancer fatalities are calculated by multiplyin dose by the ICRP publication 60 

workers and for the public, respectively. 
(ICRP 1991) health risk conversion factors of 4x10- 2 and 5 ~ 1 0 - ~  fatal cancers per person-rem for 

Vehicle-related impacts are those impacts that are independent of the cargo in the shipment. 
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Table 8. Impacts to Maximally Exposed Individuals During Routine Transportation 
Conditions a 

Dose (redevent) Lifetime RiskC 

Receatorb Truck Rail Truck Rail 

Workers 
Crew member 
Inspector 

Rail inspector 

Public 
Resident 
Person in traffic jam 

d 
0.0029 
NA 

d d 
0.0029 1 ~ 1 0 - ~  
0.0013 NA 

d 
1x10-6 
5x10-7 

Person at service station 3 . 1 ~ 1 0 - ~  NA 2x10-7 NA 

Resident near rail stop 1 . 3 ~ 1 0 ~  NA 7 ~ 1 0 - ~  NA 

aThe external dose rate is assumed to be 10 mremih at 2 m (6.6 ft) for all shipments. 
Receptor assumptions are described in the text. 
Lifetime risk of fatal cancer based on ICRP publication 60 (ICRP 1991) health risk conversion 

factors Of 4x low4 and 5 x  
respectively. 

fatal cancers per person-rem for workers and members of the public, 

The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 
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Table 9. Summary of the Maximum Accident Consequence Assessment - Population 
Impacts for Rural, Suburban, and Urban Areas Under Neutral and Stable Weather 
Conditions" 

Scenario 1 Scenario 2 
Population Dose Health Effects Population Dose Health Effects 

Accident (person-rem) (cancer fatalities) (person-rem) (cancer fatalities) 
Location 

Urban 

Suburban 
Rural 

Urban 

Suburban 
Rural 

148 

62 
0.55 

217 

92 
0.80 

Neutral Weather Condition? 
I x 10-2 
3 x 10-2 

3 x 10-4 

30 
12 

0.11 

Stable Weather Conditions' 
1 x 10-1 43 
5 x 10-2 
4 x 10-4 

18 
0.16 

1 x 10-2 

6 x 

6 x 

a The consequences presented are for the most severe credible truck accidents, corresponding to a release of 0.8% of 
the total tritium inventory. Populations extend at a uniform population density to a radius of 80 km (SO mi) from the 
accident site. Population exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended 
inhalation; resuspended cloudshine; and ingestion of food, including initially contaminated food (rural only). No 
decontamination or mitigative actions are taken. 

Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquill stability Class D with a wind speed of 4 m/s (9 m a ) .  Neutral conditions occur approximately SO 
percent of the time in the United States. 

Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquill stability Class F with a wind speed of 1 m/s (2.2 mih). Stable conditions 
occur approximately one-third of the time in the United States. 
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