ENERGYSOLUTIONS
May 15, 2012

CD12-0117

Brooke Poole, Acting Director
Division of Spent Fuel Storage and Transportation
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C., 20555-001
Subject: Request for Continued Use of EnergySolutions 8-120B and 10-160B Type B Casks
Dear Ms. Poole:
Following the discovery of an unanalyzed hypothetical accident condition (HAC),
EnergySolutions took the 8-120B and 10-160B casks out of service on April 27, 2012 and
promptly informed the U.S. Nuclear Regulatory Commission (NRC) of that action.
EnergySolutions also informed other owners of these casks operating under the Certificate of
Compliance (CoC) of the condition. Each of those entities also removed their casks from
service. As of this writing, all of the casks remain out of service.
EnergySolutions is in the process of preparing a license submittal by which we will request the
NRC to modify the CoC for each cask to address this problem. The design, licensing, and
modification will take several months to complete, which leaves the commercial nuclear industry
and the U.S. Navy unable to ship significant quantities of radioactive waste. In order to return
the casks to service as soon as possible, EnergySolutions is requesting that the NRC give
expedited consideration to this request to authorize continued operation of the casks while these
activities are completed.
10 CFR 71.41(c) provides that: "Environmental and test conditions different from those specified
in §§ 71.71 and 71.73 may be approved by the Commission if the controls proposed to be
exercised by the shipper are demonstrated to be adequate to provide equivalent safety of the
shipment." The attached Risk-Informed Justificationfor Continued Operationof EnergySolutions
8-120B and 10-160B Type Casks (JCO) provides the basis of safety "equivalent" to surviving a
fully engulfing fire lasting 30 minutes as required by 10 CFR 71.73(c)(4).
We therefore request that the NRC authorize casks Type 8-120B and 10-160B to return to
service effective immediately subject to the compensatory actions described herein. As
discussed in our meeting March 10, 2012, NRC has the authority to grant this request via a
variety of regulatory methods. EnergySolutionsproposes the following course of action:
NRC modify the CoC of the 8-120B and the 10-160B cask types in accordance
with the provisions of 10 CFR 71.41 (c) and subject to the compensatory actions
described herein. This modification would be limited in time until the physical
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modifications of the casks have been completed and would be based on the
attached Justification for Continued Operation.
The basis for allowing these casks to be returned to service is detailed in the attached JCO. In
our view, providing the requested relief is both protective of public health and safety and in the
public interest given that:
" It is for only the relatively short time period until the Certificates of Compliance for these
casks have been amended and the modifications to the casks have been implemented.
* Operating experience demonstrates an excellent safety record over the life of the casks.
*

The probability of a transportation accident is exceedingly low.
" The probability of a release given the occurrence of a transportation accident followed by
the HAC also is exceedingly low.
* The seals have been shown to remain fully effective for 19 minutes of a regulatory fire
for the 8-120B cask. 1
" The probability of an accident, the probability of the HAC, and the probability of a
release all are mitigated by the compensatory actions proposed herein.
*

The overall risk is sufficiently small as to justify granting the request for relief.

*

These factors combined provide the "equivalent safety" contemplated by the regulations.

It should be noted that while EnergySolutions is not the shipper of record, it is the domestic
carrier for all of the casks except the one operated by the U.S. Department of Energy (DOE) and
therefore has control over the transport conditions for eight of the nine casks in the United States.
Thus we are able to assure the Commission that the proposed compensatory measures will be
fully implemented for shipments from NRC and Agreement State licensees.
The attached JCO provides additional detail on each of the above points. In particular, it
quantitatively assesses the risk of a transportation accident based on data collected and published
not only by the NRC, but also the U.S. Department of Transportation and the U.S. Department of
Energy (DOE). It also qualitatively addresses the conservatism in the assumptions inherent in
the analysis of the containment provided by the cask in the event of the HAC. It is reasonable to
assume for example that the seal will likely exceed its design specification, that it will degrade
progressively rather than fail catastrophically, and that the lid, because it will remain bolted in
place, will provide some containment. These factors taken together compensate for the fact that
the time period over which the seal will not exceed its thermal design specification in the
regulatory fire is less than the 30 minutes required by regulation. This provides a basis for the
NRC to conclude that equivalent safety is provided and to authorize continued use of the Type B
casks for a limited time while a new insulating shield is designed, approved, and installed.
If NRC allows EnergySolutions to return these casks to service, EnergySolutions, as both the
certificate holder and the carrier, commits to taking the following compensatory actions until
these casks are modified to meet the conditions of the amendment to the CoC for the 8-120B and
10-160B casks:
The period of time that the seal in the 10-1 60B cask will survive is shorter.
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1. Limit the maximum speed limit of the cask vehicle to 55 MPH.
2. Provide an escort vehicle to accompany each shipment for the purpose of providing
enhanced emergency response notification and separating the cask vehicle from other
HAZMAT trucks.
3. Treat all shipments as RAM QC to provide:
a)
b)
c)
d)
e)

Increased inspections of equipment to prevent mechanical issues
Increased communications requirements
Mandatory installation of Qualcomm GPS Hardware Equipment
Automatic Ping/Email to Logistics Staff after Accident Conditions
Route selection planning and enhanced driver training.

4. Inform the NRC when the modifications to these casks are completed such that
commitments in items 1-3 are no longer in force.
5. Inform the NRC if EnergySolutions does not believe it will complete the modifications
by August 3, 2012.
If for any reason, EnergySolutions needs to deviate from these commitments, it will provide prior
notice to the NRC and obtain its approval before implementing the deviation.
EnergySolutionsexpects to submit an application for amendment of the CoC to address the
modification of the casks by the end of May. We expect to be able to complete the modifications
to each cask within three weeks of the NRC approval of the amendment.
In light of the pressing need of nuclear power licensees, DOE, and the U.S. Navy to use these
casks to ship their waste offsite, it is in the public interest that the NRC grant the requested relief
as soon as practicable.
Should you have any questions on this request or need additional information, please call me at
(240) 565-6148 or temagette@energysolutions.com.
Sincerely,

Thomas E. Magette, P.E.
Senior Vice President
Nuclear Regulatory Strategy
cc:

Document Control Desk
Pierre Saverot, NRC Project Manager

Risk Informed Justification for Continued Operation
of
EnergySolutions 8-120B and 10-160B Type B Casks
May 15, 2012
EXECUTIVE SUMMARY

EnergySolutions has prepared this Justification for Continued Operation (JCO) to support our
request to continue use of the 8-120B and 10-160B shipping casks for a limited period of time
while the casks are modified to address a previously unanalyzed hypothetical accident condition
(HAC). The JCO addresses a newly-identified, potential puncture scenario in which the
puncture bar makes contact with the package at the top central location of the Type B cask
impact limiter. Should this scenario occur, followed by a HAC fire, EnergySolutions' modeling
indicates that the temperature at the lid will exceed the seal material temperature limit of 450'F
specified in the currently approved Safety Analysis Report (SAR).
From a risk-informed approach 1 , it is clear that the probability of a release as a result of this
defect is extremely low. The probability of a transportation accident involving the shipment of a
Type B cask is very low and the subsequent occurrence of the HAC is even lower. Both of these
probabilities would be further reduced by compensatory measures that EnergySolutions proposes
to put in place. These compensatory measures place additional controls on the transportation of
the casks, including reduced speed limits and the use of escort vehicles. EnergySolutions
commits to these compensatory measures as not only the holder of the Certificate of Compliance
(CoC) for both cask types, but also as the carrier of the casks.
Furthermore, as described below, the conservative assumptions made in the thermal modeling do
not take into account several factors that would mitigate any potential release in the event of the
HAC. Thus, there is justification for assuming that the consequences of the scenario would be
lower than projected. We therefore believe that the overall risk is extremely low. As such, there
is no undue risk to the public health and safety for continuing to operate the casks for a limited
period of time while appropriate modifications are designed, approved, and installed.
The Type B cask certification requirements used to demonstrate compliance of a package under
10 CFR 7 1.41 (c) state that "Environmental and test conditions different from those specified in
§§71.71 and 71.73 may be approved by the Commission if the controls proposed to be exercised
by the shipper are demonstrated to be adequate to provide equivalent safety of the shipment."
EnergySolutions provides in this JCO a basis for the NRC to conclude that equivalent safety is
provided and to exercise its discretionary authority to authorize the continued use of the Type B
casks for a limited time while a new insulating shield is designed, approved, and installed.
NRC recognizes that the requirements that form the basis for the CoC are not risk informed. The Commission's
risk-management task force recently observed that there is a lack of risk information of the transportation of nonfuel materials. NUREG-2150. "A Proposed Risk Management Regulatory Framework," April 2012, p. 4.8-4.
1

BACKGROUND

EnergySolutions has identified a hypothetical accident condition (HAC) involving its 8-120B
and 10-160B casks that has not been previously analyzed. The scenario is a drop with a puncture
resulting in the rupture of the impact limiter top end followed by immersion in a fire lasting 30
minutes at a temperature of 1475 0F (the "regulatory fire"). In this newly identified scenario, the
puncture bar is postulated to rupture the sheet metal cover on either the top or the bottom impact
limiter on either cask model. Figure 1 illustrates the 8-120B cask, and associated structures, and
the puncture bar. Although such a rupture in and of itself is not postulated to cause a credible
release, the ruptured sheet metal cover at the central location of the impact limiter (top) could
potentially allow the secondary cask lid (on either model) to be exposed to the regulatory fire.
The theoretical fire modeling employed by EnergySolutionsindicates that the temperature at the
lid will ultimately exceed the seal material temperature limit of 450°F specified in the currently
approved Safety Analysis Report (SAR).
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Figure 1. 8-120B Cask with impact limiter and penetrating bar (not to scale).
EnergySolutions is working to design a thermal shield that would provide the necessary
insulation. The thermal shield would be affixed externally to the inner lid beneath the impact
limiter so that the secondary lid seal's temperature will not exceed the acceptable challenge
temperature (450'F) in the currently approved SAR. EnergySolutions is requesting NRC
approval to continue using these two shipping cask types based on a risk-informed evaluation of
potential transportation accident frequencies. EnergySolutions is also proposing compensatory
measures in the form of administrative transit controls to be exercised by carriers (which for the
2

Type B casks is also EnergySolutions) to provide continued, equivalent safety of the shipment to
2
meet the alternate compliance means in 10 CFR 71.41 (c).
This frequency-based evaluation generally aligns with ongoing efforts at the NRC 3 to develop
and implement a formalized risk management framework that would allow risk-informed
evaluations for transportation issues. The evaluation provided below considers the relative
frequency of radioactive materials transportation incidents, as reported by the Department of
Transportation Pipeline and Hazardous Materials Safety Administration, through its Hazmat
Incident Database. 4
Operational History
8-120B Cask - EnergySolutions operating experience with the 8-120B cask type has spanned
over 27 years. In this time, EnergySolutions has successfully completed over 5,000 shipments of
these Type B casks without incident. This experience represents an average of 185 shipments
per year for this cask type, for all EnergySolutions shipments. EnergySolutions estimates that
these casks have been safely used over 3,000,000 shipping miles.
10-160B Cask - EnergySolutions operating experience with this cask type has spanned 12 years.
In this time, EnergySolutions has successfully completed over 1,000 shipments without incident
in these Type B casks, representing an average of 83 shipments per year for all EnergySolutions
shipments. EnergySolutions estimates that these casks have been safely used over 600,000
shipping miles.
This highly successful operating history has been the result of diligence on behalf of all parties
involved. NRC, EnergySolutions, DOT, and the package shippers have each played a crucial
role in maintaining the safety of radioactive material shipments within these two cask types.
DOE Type B Casks - The U.S. Department of Energy (DOE) maintains a number of Type B
casks for its transportation needs. Prior to their use, these casks are required to comply with
NRC certification requirements under 10 CFR 71, and are issued a DOE CoC, in the same way
as EnergySolutions' 8-120B and 10-160B cask models. As with commercial Type B cask
transport, DOE Type B casks also must meet the transportation requirements under Title 49 of
the CFR. No DOE Type B casks have been involved in any radioactive material dispersing
incidents for the time period considered (1993 to 2012).5 In a recent report covering the period
1999 to 2010, US DOE had safely shipped almost 25,000 type B packages (in 8,000 shipments)
6
over about 20 million shipping miles without a release of radiological materials.

2 10 CFR§71.41 (c), "Demonstration of compliance."
3 NUREG-2150, April 2012, p. xxviii.

4 From: http://www.phmsa.dot.gov/hazmat/library/data-stats/incidents
5 From: http://www.phmsa.dot.gov/hazmat/library/data-stats/incidents
6Transportation Incidents and Lessons Learned from nearly 20 Million Miles of WIPP Shipments, March 2010.
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JUSTIFICATION FOR CONTINUED OPERATION

EnergySolutions has prepared this Justification for Continued Operation (JCO) to support the
continued use of its 8-120B and 10-160B casks. EnergySolutions bases its justification on an
analysis of the low probability of a traffic accident that could affect transportation of the 8-120B
or 10-160B packages, the even lower probability of the sequence of events leading to the HAC,
the conservative assumptions associated with postulation the consequences of a HAC, and the
additional safety provided by compensatory measures proposed.
Traffic Incident Frequencies
Traffic Incident frequencies derived from NUREG/CR-7035 were compared to incident
frequencies independently derived by EnergySolutions from other sources. These frequencies
were then compared, and taken together, provide a clear demonstration of the low probability of
a transportation accident.
NUREG/CR-7035 Derived Traffic Incident Frequencies - The NRC Office of Nuclear
Material Safety and Safeguards has performed an analysis of roadway accidents involving longduration fires. 7 The data set considered was derived from DOT's Pipeline and Hazardous
Materials Safety Administration (PHMSA) data. This data and other sources have been used to
derive an incident frequency for Type B casks.
Tallying the overall number of in-transit radioactive material accidents in the period of 1997 to
2008, out of 23,106 reported HAZMAT incidents, only 59 of these incidents involved Class 7
HAZMAT materials (radioactive). It is estimated that these 59 incidents occurred in shipping
materials over an estimated 502.4 million vehicle-miles. This leads to an in-transit radioactive
material accident frequency of:
8
1.17E-01/1 million Class 7 vehicle-miles

Considering thermal events (fires), there were 23,106 reported HAZMAT incidents, and of those
incidents, 477 involved in-transit fires involving hazardous materials on US roadways. 9 On
average, this translates as 40 in-transit fires per year, 30% of which (12 per year) involved more
than one vehicle (all HAZMAT materials combined). Radioactive material incidents account for
a much smaller number of in-transit fires, and even fewer in-transit fires involving more than one
vehicle.
For radioactive material shipments (1997 to 2008) the number of radioactive in-transit fires was
5, and for in-transit fires involving more than one vehicle, there was only 1 accident.
Considering an estimated 502.4 million Class 7 HAZMAT vehicle-miles estimated to have been
7 NUREG/CR-7035,

"Analysis of Severe Roadway Accidents Involving Long Duration Fires," February 2011.

8 Ibid, p. 2-6.

9 Ibid, p. 2-3.
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driven during that time, this leads to a frequency of in-transit fires (serious enough to engulf a
Type B cask) of:
1.99E-3/million Class 7 HAZMAT vehicle-milesl'
It is important to note that in the NRC review of the PHMSA data, and the derivation of the
frequency above, several screening criteria were applied. These criteria were:
1. Any accident only involving one vehicle was considered as not being able to supply
sufficient fuel for a fire that could envelop an SNF transportation package" (Type B
shipping cask) and approach or surpass the HAC fire temperatures or duration. This
reasoning is valid because the principal source of fuel was assumed to be provided by the
other vehicle.
2. The fuel that the second vehicle would provide had to be a liquid fuel, so that the liquid
could be assumed to pool underneath the transportation package.
3. The accident was between two vehicles on a roadway and didn't include trains.
4. The severity of the fire must be persistent for a considerable time (30 minutes or more) to
"effectively transfer the heat to the canister/container carrying nuclear materials." The
reason, although not stated, is that a fully engulfing fire is conservative, and such a fire
transfers heat uniformly to all package surfaces throughout the assumed 30-minute
duration of the hypothetical fire. For real fires, the effects of turbulence produce uneven
and reduced heating of the package.
In addition to screening criteria, other assumptions were made to accommodate for inaccurate or
missing data, for example, the number of miles of transport for 2008 were estimated based on
2007 miles travel. Nevertheless, NRC has still concluded that the derived frequency is
reasonable.
EnergySolutions-Derived Frequencies - Looking at the same database, but over a different
time period, EnergySolutions derived incident rates that were similar to those derived by NRC in
NUREG/CR-7035. The time period chosen for the PHMSA database for radioactive (Class 7)
incidents was 1993 to 2012. In that time, out of 307,404 HAZMAT incidences recorded in the
database, 284 radioactive material incidents (all conveyances) were recorded. These incidents
have resulted in 0 major injuries, 5 minor injuries, and -$2.6M in damages related to their
occurrences. The overall proportion of radioactive material incidents to all hazardous material
incidents over this 19 year period can therefore be expressed as:
Pr = lrlt

Where:

Ir= Number of Radioactive Material Incidents for the time period, and

It= Total number of Hazardous Material Incidents for the time period.
Substituting:
'0 NUREG/CR-7035, p.2-6.
'' Ibid, p. 3-1.
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P=--

284
307,404

=9.2E-4

This means that a very small proportion of incidents actually involved radioactive materials over
a 19-year period. This ratio was calculated to provide an overall perspective of radioactive
materials incident frequencies relative to the overall number of hazardous material incidents.
Essentially, the proportion of radioactive material incidents to HAZMAT incidents is -1 in 1000.
Therefore, as far as these incidents are concerned, they are considered "unlikely."
The average annual number of incidents is this number is divided by the 19 year time period,
yielding an annual frequency of:
Incidavg = Ilncidtotai/t
Where:
t = 19 years
284
Incidapg -19 yrs

14.9/yr

This annual frequency of all radioactive materials incidents reported to DOT and is based on 19
years operating experience in the US (all conveyances), and is therefore a reliable starting point
to use it for a qualitative, risk informed justification. This frequency is still conservative, since
the data set includes all conveyances and not just trucks, which are used for 8-120B and 10-160B
shipments.
To relate frequency to millions of vehicle miles, US Census information from 1997 and 2002
(most recent reports due to discontinuance) was consulted. From these two Census reports,12,13
the number of miles that trucks carrying radioactive materials was averaged over the three years

where data was taken 1992 (106.4 million vehicle-miles); 1997 (78.7 million vehicle-miles) and
2002 (28.1. million vehicle-miles), resulting in an average of 71 million vehicle-miles/year.
Expressing frequency in terms of "million Class 7 vehicle miles" yields: 14
14.9 incidents/yr
Fýn = 71 million Class 7 vehicle - miles/yr

2.1E - 1 incidents
million Class 7 vehicle - miles

This number is within an order of magnitude agreement with the total frequency over the 12 year
period calculated by NRC, in Table 2-2 of NUREG/CR-70351 5 (L.17E-01/1 million Class 7
vehicle miles). The number considered in this calculation considers another 7 years' data, and

therefore it is not surprising that it would vary.
12 "2002

Economic Census, Vehicle Inventory and Use Survey, Geographic Area Series," Table 8, 2004.
Economic Census, Vehicle Inventory and Use Survey, Geographic Area Series," Table 2a. 1999.
14 "Class 7" is the DOT designation for radioactive materials shipments.
"5NUREG/CR-7035, p. 2-6.
13 "'1997
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This frequency for Type B casks would be less, considering that of the 284 radiation incidents
for the 19 year period, only 5 involved Type B casks. Therefore, the frequency for Type B
Casks would be:

F8

=

5 incidents/19yrs
71 million Class 7 vehicle - miles/yr

3.7E - 3 incidents
million Class 7 vehicle - miles

It is important to note that only 5 incidents were directly linked to Type B container types. Of
the Type B containers mentioned in incident reports, none were related to either the 8-120B or
10-160B casks.
Both NRC-derived radioactive material incident frequencies and EnergySolutions derived
incident frequencies are very low, meaning that the likelihood of an incident per mile would be
approximately 1 in 270 billion (or 3.7E-9) thus providing assurance that continued use of Type B
casks for a limited time is protective of human health and safety.
EnergySolutions Performance versus Derived Frequencies - In deriving incident frequencies
for comparison, EnergySolutions referred to the same PHMSA database for all incidents
involving Type B packages, but for the period of 1986 to 2012 (27 years). This time interval was
chosen, because it is the same time interval that the company has been using its 8-120B shipping
cask. The shipping-time chosen for the cask fully overlays the PHMSA data considered by NRC
in NUREG/CR-7035. In this time, roughly 5,000 shipments have been safely completed. These
shipments amount to roughly 3,000,000 Class 7 HAZMAT vehicle-miles. Within this time
period, according to PHMSA, there were 11 incidents reported in the database involving Type B
containers. Of these reports, none involved the 8-120B shipping cask. Therefore, the
performance frequency of incidents of the 8-120B cask is 0.0.
In the same way, the 10-160B casks, in service since 2001, there have been roughly 1,000
shipments safely completed, covering approximately 600,000 Class 7 HAZMAT vehicle-miles.
None of the PHSMA reports for Type B casks involved this cask type. Thus our incident
frequency for the 10-160B cask is 0.0.
These results are not completely unexpected, in light of the very small potential incident
frequencies calculated above.
Hypothetical Accident Conditions
EnergySolutionsuses the accepted NRC methodology for demonstrating compliance with the
package tests when applying for or maintaining a Certificate of Compliance. In accordance with
the regulations, EnergySolutions has demonstrated compliance by way of analytical methods in
lieu of physical tests. The compliance demonstration was analytically provided for the following
HAC:
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* Free Drop
" Crush (not applicable, the 8-120B weighs >1100 lb and density >62.41b/ft).
" Puncture
" Thermal
" Immersion
To meet 10 CFR 71.73, each of these HAC is to be sequentially applied, in the order shown
above, to determine the cumulative effect on a package.
Although it is a 10 CFR 71 requirement to determine the cumulative effect on a Type B package,
the potential frequency associated with such a multi-variable accident in a transportation setting
is exceedingly low, based on the performance and frequency experience within the industry over
the past 2 decades, considering the frequency of a radioactive shipping incident at all (L.17E01/1 million Class 7 vehicle-miles). It is even more unlikely that if a cask comes loose from a
conveyance, it will fall in such a way that it will be perforated in precisely the right spot
necessary to produce any particular cumulative HAC sequence. It then becomes even more
unlikely that once perforated, the cask would be subjected to a fire (frequency: 1.99E-3/million
Class 7 HAZMAT vehicle-miles) of sufficient duration and intensity to lead to seal failure.
With respect to the vulnerability identified at this time, there are no issues with the 8-120B or 10160B passing the Free Drop test. As stated above, the crush test does not apply to these two
cask models, based on their respective weights. The unanalyzed condition arises during the
puncture test for the impact limiter skin that covers the void area of the impact limiter (refer to
Figure 1 above). Once such a puncture occurs, the thermal insulating quality of the air void
space is lost and as analyzed using the ANSYS model, leads to the inner lid seal being heated
beyond its established working temperature limit.
Considering the HAC regulatory fire (14750F)l 6 , the temperature profile would exceed the 450'F
limit in about 19 minutes for the 8-120B cask' 7 (Figures 2 and 3). The temperature model
considers that the heating from the thermal event continues unabated for the entire 30 minutes,
and then the heat source is removed. At that time, the cask continues to heat for approximately
another 20 or so minutes, peaking at 582°F. To meet the containment criteria, the inner lid
gasket cannot fail, but is currently postulated to do so, based on the temperature calculated by the
ANSYS model. The ANSYS model was utilized to illustrate the effects of varying temperature
thermal events below.
If a HAC thermal event occurs with lower flame temperatures (e.g., 1200'F or lower for the 8120B), the seal would maintain integrity (see Figure 2 and 3 below). A lower temperature
thermal event may be more realistic, given that there are a variety of fuels and other hazardous
materials transported on the highway system could potentially impact the Type B casks.
1610 CFR 71.73(c)(4), "Hypothetical Accident Conditions."
17The analysis for the 10-160B cask is not yet completed, but the seal is expected to fail in less time, based on its

physical configuration.

8

Furthermore, in order to reach the regulatory fire temperature, it is necessary for the fuel to form
a pool, which is highly dependent upon topography. Highways lanes and on- and off-ramps are
generally constructed with a pitch and storm drains to assist in rain runoff. The same pitch and
storm drains could allow fuel to run off, thus decreasing overall average fire temperature and
overall duration of an actual fuel fire caused by impact with another vehicle. These risk-based
considerations are not considered in the model, which assumes the fuel forms a deep enough
pool to remain resident under the majority of the cask and such that the fire fully engulfs all sides
of the cask for an entire 30 minutes.
In addition, these analyses demonstrate that the even in the event of the HAC regulatory fire, the
seals will not exceed their design period for several minutes. In the case of the 8-120B cask, this
time period is 19 minutes (see Figure 3).
The likelihood of sufficient fuel being available for a fire is further reduced by the compensatory
measures that EnergySolutions proposes. The escort vehicle will serve in part to provide
separation from other traffic, in particular any tanker trucks. This will further reduce the
availability of a large quantity of fuel to pool following an accident.
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Conservatism in Projected Dose Consequences
In addition to the probability of a transportation accident combined with the HAG scenario being
extremely low, the consequences following the HAG also have been modeled with conservatism.
The robust design and construction of the 8-120B and 10- 160B casks would provide protection
against a release even following the extremely unlikely HAG addressed herein. Although no
credit is taken for them in the analysis in the SAR, several specific aspects of the design could be
expected to mitigate any release. The way in which each of these contributes the conservatism
of the analysis is discussed below.
Modeling of the Puncture - The calculation of the maximum seal temperature assumes that the
entire skin surface of the impact limiter is lost in a puncture event. That entire surface has a 30inch diameter, whereas the punch has a 6-inch diameter. The model very conservatively assumes
that all thermal insulating capacity of the air space between the impact limiter skin and the inner
lid is lost. Figure 4 visually illustrates the skin surface area assumed lost in the model:
Assuming that the surface area exposed by the puncture exposes a 30-inch diameter hole this
would mean that it is 25 times the surface area of a simple 6-inch diameter puncture. Such a
large, exposed surface area would not likely occur in a puncture scenario although the regulatory
10

fire and the cask heating profile are modeled that way. It is therefore less likely that the thermal
event following a puncture in the impact limiter skin would result in the specified seal
temperature being exceeded in the 30 minutes specified by the regulation. In reality, some
degree of continued protection could be expected from the remaining, undamaged covering on
the impact limiter.

Puncture Area considering a 6"
diameter
hole in impact limiter:
2
0.2 ft

Puncture Area assuming the
whole skin is lost a 30" diameter:
2

5 ft

Figure 4. Graphic representation of a conservative thermal assumption
Seal Performance - A review NUREG/CR-7115, "Performance of Metal and Polymeric O-Ring
Seals in Beyond-Design-Basis Temperature Excursions"' 8 shows that leakage of different sealing
materials, namely metallic seals, ethylene-propylene seals and polytetrafluoroethylene seals
occurred well after a postulated 10 CFR 71.73-defined 30 minute HAC thermal event (in the
study some materials only failed after constant heating for 2.8 hours at 1472°F). For extreme
periods of time (between 20 and 22 hours) for some materials, leakage was observed upon
cooling, but not during the thermal event. Lastly, it appeared that metallic seals performed better
during beyond design basis events.
From this review, it could be concluded that independent of the material tested, seals didn't fail
immediately upon reaching a thermal event temperature or time the prescribed 30-minute time.
It can be concluded that polymeric silicone rubber materials such as those used to seal the 8120B and 10-160B cask inner lids would not be expected to catastrophically fail upon exceeding
the 450'F operating temperature. The data suggest that rather, they could degrade progressively.
Lid Performance - The most important physical attribute on the cask to limit a potential dose
consequence resulting from a leaking seal is the inner cask lid. Although the seal may leak when
challenged above its designed operating temperature, the inner cask lid itself would remain
tightly torqued to the outer lid. The only path for a leak would be through a compromised
silicone "0" Ring.

NUREG/CR-7115, "Performance of Metal and Polymeric O-Ring Seals in Beyond-Design-Basis Temperature
Excursions," p. 3-7.
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In NRC's beyond-design-basis thermal study, leakage was measured in the gasket tests on the
order of thousandths of cubic centimeters per second. Reviewing Figure 3-2 from NUREG/CR7115,19 the maximum leak rate observed with no seal whatsoever, but bolted on lid (interpreted
as failed seal) was measured as 2.4E-3 cubic centimeters/second after 26 hours of heating. This
very small leak rate over time would imply that the entire volume lost over a 26 hour-long leak
would be on the order of 215 cm 3 , or about 1/5 of a liter of leaked gaseous material from the
testing rig. Of course, a full-scale Type B cask could have a different leak rate, but an entire,
catastrophic loss of all of the contents of a Type B cask is not considered credible. Thus
potential dose consequences would be minimized.
Types of Radioactive Waste Transported - The 8-120B and 10-160B casks are routinely used
to ship spent ion-exchange resins or highly contaminated irradiated hardware. The ion-exchange
resins have been de-watered and are in a high integrity container (HIC) within the cask. No
credit is taken for The HIC in reducing radiological consequences. The resins are a granular,
clay-like substance that has been volumetrically contaminated with radionuclides removed from
nuclear power plant coolant and service water systems. The irradiated hardware consists of
surface contaminated objects that are not easily decontaminated, or have been activated. Of the
two described waste forms of material that could cause dose consequences, the spent ionexchange resin would be most dispersible in an HAC condition due to its consistency. Seal
failure could lead to small quantities of ion exchange resin escaping, if the hole in the seal is
larger than the diameter of the resin materials.
Taken together, these conservatisms can logically be seen to overestimate the adverse effects of
the HAC. While this effect has not been quantified, it is reasonable to consider this conservatism
in justifying a decision to allow the casks to remain in use while their modifications are
designed, authorized, and installed.
Proposed Compensatory Measures
EnergySolutions proposes to take the following compensatory measures to further reduce the
probability of an accident. EnergySolutions commits to these actions as both the certificate
holder and the carrier.
1. Limit transport speed of 8-120B and 10-1 20B Type B cask shipments to 55 MPH on the
interstate highway system - It is widely acknowledged that the degree of damage suffered by
a vehicle is directly proportional to its speed of travel immediately prior to its impact with
another object, be that object another vehicle or conveyance, or a solid, immovable object
(e.g., bridge buttress). As such, to reduce the overall frequency of potential cask drop or cask
puncture scenarios, EnergySolutionsis proposing to limit the speed at which the Type B
casks are transported. This proposal is further supported by a U.S. DOT study, "Cargo Tank

'9 NUREG/CR-7115. Figure 3-20.
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Roll Stability Study"'20 where it reduces the likelihood of a cargo tanker (i.e., fuel truck
tractor-trailer) to roll over. By controlling speed, the potential for either a puncture or a
thermal HAC are thereby reduced.
2. Accompany 8-120B and 10-160B Type B cask shipments with an escort vehicle to maintain
visual and radio communication with the tractor-trailer performing the Type B shipment We anticipate this vehicle would follow a shipment, so that other hazardous materials trailers
would be warned by the trailing vehicle, and kept away from the transport vehicle. In real
transportation incidents, providing an escort vehicle will furnish a means for enhanced
emergency responder notification, and provide a warning to existing traffic as to the nature of
the shipment as it moves down the highway. The visual and radio communication will
reduce the likelihood of the trailer to drift due to driver fatigue, and would allow an observer
to communicate potential issues to the driver. In the "Cargo Tank Roll Stability Study" 2 1it
was discovered that one main reason that roll-overs occur, is because a driver, over time, can
start drifting over due to fatigue, or cutting turns too closely, hence losing load stability.
Furthermore, an escort vehicle can protect the shipments from coming into close proximity
with fuel tanker vehicles, or other vehicles transporting flammable materials, to further
minimize the risk of an HAC thermal event.
3. Treat all shipments as RAM QC - by increasing equipment inspections, mechanical issues
can be detected and prevented prior to their failure, thus reducing the likelihood of an
accident involving the conveyance. Enhanced inspections would more likely identify wear
items on the conveyance, and assuring that a Type B load has been more thoroughly checked.
As part of RAM QC, there are additional, increased communication requirements that can
take the form of 2-way radios, and Qualcomm GPS Hardware equipment. This equipment
will furnish automatic ping/email to Logistics Staff should an incident occur, and lastly, as
part of RAM QC, additional driver training and route selection planning will occur.
EnergySolutionswill immediately inform the NRC if for any reason it cannot complete the cask
modifications by August 3, 2012. We will not deviate from the proposed commitments in any
way without advance approval from the NRC. EnergySolutions understands the importance of
maintaining communications while these compensatory measures are in effect.
CONCLUSION

EnergySolutionsproposes that the NRC permit the continued use of the Type B casks while
modifications to the casks are made to account for a previously unanalyzed HAC. We believe
this relief to be justified based on the past two decades of outstanding overall Type B
transportation experience across the nuclear industry, the very low probability of a transportation
accident, the even lower probability of the HAC, the ability of the casks to mitigate releases even
in the event of the HAC, and the compensatory measures proposed. We believe that the ability
20
21

US DOT, "Cargo Tank Roll Stability Study," D.B. Pape, K. Harback, N. McMillan et al. April 30, 2007. p. xv.
US DOT, "Cargo Tank Roll Stability Study," p. 45.
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of the seals to survive for some period of time in the event of a HAC regulatory fire, combined
with compensatory measures that will both reduce the probability of such an event and reduce
the time to respond, provides a basis for the NRC to conclude that equivalent safety is provided
and to authorize the continued use of the Type B casks for a limited time while a new insulating
shield is designed, approved, and installed.
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