PUBLIC SUMMARY
The use of nuclear (radioactive) materals have great potential benefits to the US public, however
because of the tremendous energy produced from the flssioning of nuclear materials, such as in
nuclear [power plants, there is an associated risk with the use of these materials. Spent nuclear
fuel is extremely radioactive. People are understandably concerned when spent fuel is moved in
trucks and by rail over public roads and railroads. Thirty-five years ago the Nuclear Regulatory
Commission responded to this concern by estimating what the radiation impact of transporting
radioactive materials, including spent fuel, would be. The result was the Final Environmental
Statement (EIS) on the Transportation of Radioactive Material by Air and Other Modes,
NUREG-0170, published in 1977 (NRC, 1977). This EIS included transportation of all types of
radioactive material by road, rail, air, and water..ind concluded that:
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" The average radiation dose to members of the public from routine transportation of
radioactive materials is a fraction of the background dose.
" The radiological risk from accidents in transporting radioactive materials is very small
compared to the non-radiological risk from accidents involving large trucks or freight trains.
On the basis of this EIS, 1981 regulations were considered "adequate to protect the public
against unreasonable risk from the transport of radioactive materials." The adequacy of these
regulations was questioned, however, because the EIS was based mostly on estimates of
radiation dose and accident rate, and not much data or information was available to support those
estimates. Questions about "reasonable" risk and accident consequences ("what if the accident
does happen?") were also raised. To this end the ouestion arises, what constitutes an acceptable
risk to the public? As straightforward as it appears, there is no single answer to this question.
What we accept as a risk for many daily activities is far greater than what we accept or perceive
as our risk from other activities. For example, the fear and associated risks ofdaily activities
around the house, or driving to and from work are perceived to be small and readily accepted
while the fear and acceptance of risk by many people associated with such things as plane travel
or swimmin in the ocean for fear•of shark attack take on a perceived level of risk that is not
consistent with actual quantitative risk. The challenge for a risk assessment such as this is to
quantify the risk such that oversight organizations and the public they serve can make reasoned
assessments as to the risk/benefit of these activities. To this end, the analysis presented in this
document provide one portion of this assessment. The analyses that preceded this effort (i.e..
NUREG-0170 and NUREG/CR-6672) have been undated herein to reflect more advanced
models and methods. It is intended to determine whether more sophisticated models and
methods will confirm and extend the level of assurance provided in these previous efforts. It is
smnnrtsmt ta'spmnlsmew~ thuif Ilik

[Deleted:

~fi~nrt Ananetwit fnnn flip enlp htsee t'nr thin swa'pntgnpp nf.'iel,

assoiat
s~ wih
ful sipmnts.Addtioalspecific analysis and/or testing for individual
approval of all shipping casks, fuel shipments and prooosed routes are all 'individually reaRim&%
The purpose of this document in the overall assessment ofswent fuel shipment risks is a alobal
view of the societal risks, not individual approvals of specific casks. shipments, or routes,

Trksaaa•railcrs carrying casks of spent nuclear fuelare sbiect to accidents like any other
truck or r•alcar of similar size and weight. The Nuclear Regulatory Commission recognizes this,
and requires that spent fuel casks be designed and built to withstand very severe accidents.
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Nonetheless, questions have been raised about accidents that are worse than those that the casks
r•adesigned for. The NUREG,01 70 and later studies of casks have considered accident
conditions more severe than the regulations require for caskcertification.
A 1987 study applied actual accident statistics to projected spent fuel transportation (Fisher, et
al., 1987). This "Modal Study" also recognized that accidents could be described in terms of the
strains they produced in the cask (for impacts) and the increase in cask temperature (for fires).
Like NUREG-0170, the 1987 study based risk estimates on modelsbecause the limited number
of accidents that had occurred involving spent fuel shipmentsawere not sufficient to support
projections or predictions. However, the Modal Study's refinement of modeling techniques and
use of accident frequency data resulted in smaller assessed risks than had been projected by
NUREG,0170.
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A 2000 study of two generic truck casks and two generic rail casks analyzed the cask structures
and response to accidents using a computer modeling technique (Sprung, et al., 2000). Semidetached trailer truck and rail accident statistics for general freight shipments were used because
even by 2000 there had been too few accidents involving fuel cycle shipments to provide
statistically valid data.
The dispersion of material released from the cask in an accident was also modeled with
increasing refinement. NUREG-01 70 assumed that most very severe accidents would result in
release of all of the releasable cask contents to the environment; this engineering judgment
overstated the release but was nevertheless used because analytical capabilities at the time did
not permit a more accurate assessment of the release. The 2000 study analyzed the physical
properties of spent fuel rods in a severe accident, and revised estimates of radioactive material
that could be released to one percent or less of the NUREG-01 70 estimates. Accordingly, risk
estimates were revised downward. The 2000 study also verified that an accidental release of
radioactive material could only be through the seals at the end of the cask where the lid is
attached. In other wordsa, severe accident (more severe than those required to be evaluated in
the regulations for radioactive material transportation) could cause only a seal failure, _with no
breach in the cask body.
The present study models real casks and the commercial spent nuclear fuel that these casks are
certified to transport. Two rail casks and a truck cask are evaluated. Rail casks are believed likely
to be used for most future shipments.
Almost all spent fuel casks are shipped without incident. However, even this routine, incident
free transportation causes radiation exposures because all loaded spent fuel casks emit some
external radiation. The radiation dose rates for spent fuel shipments are measured before each
shipment and required to be within regulatory limits. The radiation dose from this external
radiation to any member of the public during routine transportation, including stops, is barely
discernible compared to natural background radiation. Figure PS-I shows an example cask and
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Figure PS-1. Model of a spent fuel cask in routine, incident-free transportation and
radiation dose to a member of the publicg Relative sizes of the cask and person are
approximately to scale,
The external radiation from the spent fuel cask results in a very small dose to each member of the

I public along the route traveled by the cask. The collective dose ,from routine transportation is the

sum of all of these doses. For this study, several example transportation routes were examined.
Figure PS-2 shows the total dose to all of the exposed workers and members of the public for one
of these routes, the truck shipment from the Maine Yankee Nuclear Power Plant to Oak Ridge
National Laboratory. The background radiation dose to exposed workers and members of the
public during the time of the shipment is included in Figure PS-2.
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Figure PS-2. Collective Doses from Background and from a Truck Shipment of Spent
Nuclear Fuel (Person-Sv)
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The collective doses calculated for routine transportation are approximately the same for the
2000 study and for this study of the risks from spent fuel transportation, and are about 40 percent
of the doses reported in NUREG-0 170 Figure PS-3 shows a comparison of the collective doses
from truck transportation, averaged over the sixteen routes udiek

0.0010
@1

0
i 0.0005

Uo.o

4•

,Figure PS-3. Collective doses (person-Sv) from routine truck transportation.
This study uses current (2006 to 2008) truck and rail accident statistics to determine the
probability of an accident and the severity of that accident. Detailed analyses are performed to
evaluate how the cask would respon4 to the accident scenarios. Figure PS-4 shows one impact
scenario, a 97 kph (60 mph) comer impact onto a rigid target, and the resulting deformations.
Almost all of the deformation is in the impact limiter, a device that secured t the cask to absorb
energy, much like the bumper of a car. Similar analyses were performed for impacts at 48,
97,145, and 193 kilometers per hour (kph)--equal to 30, 60, 90, and 120 mph-in end-on,
comer, and side-on orientations for two cask designs. These impact speeds encompass all
accidents for truck and rail transportation. Figure PS-5 shows one fire scenario, a three-hour
engulfing fire, and the resulting temperature distribution in the cask. Additional simulations were
performed with the fire offset from the cask. These f
ompass all fire-related accidents in
rail transportation. The longest duration for an engulfing fire during truck transportation is one
hour, due to the smaller amount of fuel that is carried on board a tanker truck.
The detailed simulations were performed for two spent fuel casks that are intended for
transportation by railroad, the NAC-STC and the HI-STAR 100, and one truck transportation
cask, the GA-4.
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Figure PS-4. Corner impact onto a rigid target at 97 kph (60 mph) accident scenario for a
spent fuel cask and the deformations produced by the impact.

a) During fire

b) After fire

Figure PS-5. Engulfing fire scenario and the temperature contours in the rail cask model
following a 3-hour fire duration. The transparency of the flames has been increased so the
cask can be seen. In the actual fire simulation, and in a real fire, the flames are opaque.
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The impact and thermal analysis results indicate that no accident involving the truck
transportation cask would result in release of radioactive material or reduction in the
effectiveness of the
shielding .mma
The only radiological consequence of an accident would
be exposure to external radiation from the cask because of a longer duration stop associated with
the accident. The stop would require the emergency responders to clear the accident scene and to
arrange for shipment resumption. In this situation the emergency responders will receive a
radiation dose due to the radiation emitted from the cask. However, because there is no loss in
effectiveness of the gamma shielding, the radiation dose to these responders is quite small.
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For rail transport of spent fuel that is in an inner welded canister, the detailed impact and thermal
analyses show there would be no release of radioactive material in any accident scenario
evaluated. Only for very improbable impacts and long duration fires could there be a small
reduction in the effectiveness of the lead gamma shielding, leading to an elevated external
radiation level. This loss of lead shielding (LOS) would result in a maximum dose to a person 20
meters from the cask of 3x 10-5 Sv and a collective population dose risk of less than 6x 10-9
person-Sv per shipment for a typical shipment.
For rail transport of spent fuel that is not enclosed within an inner welded canister, there is the
possibility for a small release of radioactive material following exceptionally severe (and
improbable) impacts. The maximum dose risk to an individual from this release would be about
4.5 x 10-13 Sv. The maximum dose to an individual would be 1.6 Sv if the release actually
,occurred. The collective population dose risk is 5x]0-7 person-Sv per shipment along the route
with the largest population.
Similar to the routine transportation collective doses, the calculated collective dose risk from
accidents has decreased with each successive risk assessment. Figure PS-6 shows a comparison
of average collective doses from releases and loss of lead shielding from the three studies
(NUREG,01 70 did not calculate loss of lead shielding). This study also considered accident
doses from a source that was not analyzed in the prior studies, the dose that results from
accidents in which there is neither release nor loss of lead shielding, but there is increased
exposure to a cask that is stopped for an extended period of time. Average collective doses for
this scenario for the three casks studied are shown in Figure PS-7.This scenario is important
because over 99 percen of all accident scenarios do notresult in ither a release of radioactive
material or a loss of shielding.
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Figure PS-6. Accident collective dose risks from release and LOS accidents. The LOS bar
representing the NUREG/CR-6672 collective dose is not to scale.
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,Figure PS-7. Average collective dose risk from accidents that have no impact on the cargo.
As noted above the pgrose of this analysis was to reproduce (and in some cases extend) risk
analsis previouslv considered in NUREG-0 170 and NUREG/CR-6672 using upate models
and methodologies. In the analysis completed the following conclusions were reached:
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Theqoutes "elected for this study are a
cadequate representation of U.S. routes for spent
nuclear fuel. There were relativelyfew variations in the risks per km over these routes.

* The collective dose risks from routine transportation are vanishingly small. Theses doses are
about four to five orders of magnitude less than collective background dose.
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o Radioactive material Vouj• not be released in an accident if the fuel is in a welded canister in
the cask, eliminating an already small transportation risk.
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* Only rail casks without inner welded canisters wouIhave any release in extremely severe
accidents-99.999 percent of potential accidents will not result in a release of radioactive
material from any cask.
*

The collective dose risks for the two types of extra-regulatory accidents, accidents involving
a release of radioactive material and loss of lead shielding accidents, are negligible compared
to the risk from a no-release, no-loss of shielding accident.

* The risk of either a release or loss of shielding from a fire is negligible.
These results kin agreement with previous studies.
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Figure I (Drop test of cask with associated minimal damage)
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Figure 2 (Truck impact to unvielding surface - front end impact)
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Figure 3 (Side impact of cask by train)
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Figure 4 (Cask engulfed in thermal pool fire).
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