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December 9, 2005

MEMORANDUM TO: Roy P. Zimmerman, Director
Office of Nuclear Security

and Incident Response

FROM: Jack R. Strosnider, Director IRA/ by M.Federline acting
Office of Nuclear Material Safety

and Safeguards

SUBJECT: FRAMEWORK ASSESSMENTS OF SPENT FUEL STORAGE CASKS
AND TRANSPORTATION PACKAGES AND RADIOACTIVE
MATERIAL TRANSPORTATION PACKAGES

In response to former Chairman Meserve's memorandum, "Response to Terrorist Acts," dated
September 28, 2001, and in accordance with SRM-SECY-04-0222, "Decision-Making
Framework for Materials and Research and Test Reactor Vulnerability Assessments," the Spent
Fuel Project Office (SFPO) staff performed framework assessments for spent fuel storage
casks and transportation packages and radioactive material transportation packages for various
potential terrorist threats. The SFPO staff prepared the following reports: (1) "Spent Fuel
Storage Large Plane Assessment," (2) "Spent Fuel Storage General Threat Framework
Assessment," (3) "Spent Fuel Transportation General Threat Framework Assessment," and
(4) "Radioactive Material General Threat Framework Assessment." These four reports
(Enclosures 1-4) summarize the technical details and provide the staff's observations and
recommendations on the framework assessments. The SFPO staff used much of the
information contained in the Sandia National Laboratories reports cited in Enclosure 5,
"Inventory of Sandia National Laboratories Reports Prepared for the Spent Fuel Project Office
Framework Assessment," which were previously provided to the Office of Nuclear Security and
Incident Response (NSIR).

The Office of Nuclear Material Safety and Safeguards (NMSS) has coordinated these
framework assessments, over the past few years, with NSIR and the Offices of Nuclear Reactor
Research and Nuclear Reactor Regulation.

CONTACTS: Bernard White, NMSS/SFPO
301-415-8515

Shana Helton, NMSS/SFPO
301-415-7652

Elizabeth Thompson, NMSS/SFPO
301-415-2443

Upon separation of Enclosures 1-4, this document is
OFFICIAL USE ONLY - SECURITY-RELATED INFORMATION.
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R. Zimmerman 2

The SFPO staff evaluated four spent fuel storage casks, four spent fuel transportation
packages, and nine radioactive material transportation packages. The staff-chose a cask or
package design for analysis to be representative of a group of designs so that the analysis
results are expected to be similar for any other design within that group. The four spent fuel
storage casks evaluated were HI-STORM 100, VSC-24, NUHOMS®-32PT, and TN-68. F

---- J These storage cask and
transportation package designs were chosen to represent the maioritv of currentlv certified
designs.f .______ -.

')jThese packages represent most currently certified radioactive material
transportation packages, but they may not encompass packages that were recently certified.

The staff evaluated all of the spent fuel storage cask and transportation package designs
against a variety of land-based threats. Additionally, the staff evaluated a deliberate large-
plane crash into the four spent fuel storage casks and two spent fuel transportation packages.
Applying the decision-making framework, SECY-04-0222, as supplemented by Enclosure 6,

.Based on these
findings, the current security measures, including those enacted since September 11, 2001, are
adequate., The staff recommends not establishing any additional mitigative measures for the
storage ard transportation of spent fuel.

The staff also evaluated the radioactive-material transportation package designs against a
variety of land-based threats. -

T b;
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1Enclosure 4 to SECY-04-0222, "Technical Basis for Chemical Related Prompt Fatalities"
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R. Zimmerman 3

Based on these findings, the SFPO staff considers the current security measures, including
those enacted since September 11, 2001, to be adequate for the transportation of radioactive
material. The staff intends to meet with Department of Transportation, DHS, and Department
of Energy (DOE) staff to discuss results and insights from this analysis, including UF6 results,
potential changes to the Emergency Response Guidebook, and radioactive material packages
certified by the Nuclear Regulatory Commission and used at DOE sitesý

Enclosures:
(Enclosures 1-4 contain Safeguards information)
1. Spent Fuel Storage Large-Plane Assessment
2. Spent Fuel Storage General Threat Framework

Assessment
3. Spent Fuel Transportation General Threat

Framework Assessment
4. Radioactive Material General Threat Framework

Assessment
5. Inventory of Sanlia National Laboratories Reports

Prepared for the Spent Fuel Project Office Framework
Assessment
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(U) Spent Fuel Storage Large Plane Assessment

1.0 (U) INTRODUCTION

(SRI) In response to former Chairman Meserve's memorandum, "Response to Terrorist Acts,"
dated September 28, 2001, the staff, with assistance from Sandia National Laboratories (SNL),
assessed the potential responses of four spent fuel storage cask designs to a terrorist attack by
a large jetliner similar to the attacks on the World Trade Center and the Pentagon. SNL
evaluated the structural response of each storage cask and the consequences to the public for
a large-plane impact, and provided the Nuclear Regulatory Commission (NRC) with four
reports (Smith et~al., 2004a; Smith et al., 2004b; Smith et al., 2004c; and Smith et al., 2004d).

2.0 (U) STORAGE CASK DESCRIPTIONS

(U) The four storage cask designs evaluated were selected to be representative of four different
groupings of designs, such that similar results would be expected for any design within that
group. In choosing a storage cask to assess for each group (when there was more than one
cask in a group), the NRC staff considered the number of casks of each design in use and the
relative strength of each design, but chose neither the strongest nor the weakest design within
each group.

2.1 (U) Un-reinforced Concrete
(SRI) The Model Number HI-STORM 100 Cask System4Docket Number 72-1014) is a thick-

walled, vented, cylindrical cask which stands vertically.

IThe overall external dimensions of the cask are 132½ inches in
diameter and 239Y2 inches high. The HI-STORM 100 storage'cask is certified for up to
32 pressurized-water reactor (PWR) fuel assemblies or up to 68 boiling-wateFjeactor (BWR)
assemblies. The gross weight of the loaded cask is approximately 180 tons.

IThe HI-STORM 100
storage cask has several different basket designs, but no other vendors make storage cask
designs similar to the HI-STORM 100.

1(U) Dimensions for storage casks were taken from Licensee documents which are in English units, while
calculations performed for this assessment used metric units.

IAFECUARD INFoRIVlAIoI,.N
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2.2 (U) Steel Construction

(SRI) The Transnuclear Model Number TN-68 2 (Docket Number 72-10 _?)is also a cylindrical
cask which stands upright and is mostly fabricated from carbon steel.

pL

The TN-68 storage cask is certified for up to 68 BWR assemblies.
of the l•aded TN-68 is approximately 115 tons. f

2.3 (U) Reinforced Concrete, Vertical Orientation

(SRI) The Model Number Ventilated Storage Cask3 (VSC-24 Docket Number 72-1007) is a
thick-walled, vented, cylindrical cask which stands vertically.J

(The loaded cask weighs

apppoximately 14.5 tons.I

2.4 (U) Reinforced Concrete, Horizontal Orientation

(SRI) The Model Number Standardized NUHOMS®4 (PDQcket Number 72-1004) horizontal . y2
storage module is a rectangular, vault-type structure.! ..frtwloth.Jrhe front wall of the

horizontal storage module contains a circular port for dry-shielded canister loading.

_ y 2-4

2 (U) Several vendors, other than Transnuclear, make casks of a design similar to the TN-68: (1) Model
Number V-21 (Docket Number 72-1000), (2) Model Number X/33 (Docket'Number 72-0002), (3) Model Number
MC-10 (Docket Number 72-1001) and (4) Model Number HI-STAR 100 (Docket Number 72-1008). Additionally,
Transnuclear has two storage cask designs similar to the TN-68: Model Number TN-32 (Docket Number 72-1021)
and Model Number TN-40 (Docket Number 72-0002).

3(U) Storage cask designs similar to the VSC-24 include (1) the Model Number FuelSolutions Storage
System (Docket Number 72-1026), (2) the Model Number NAC-UMS (Docket Number 72-1015), and (3) the Model
Number NAC-MPC (Docket Number 72-1025).

4(UL) The only other storage cask design similar to the Standard NUHOMS® is the Model Number
Standardized Advanced NUHOMS® (Docket Number 72-1029). The Standardized NUHOMS® storage cask has
several different basket designs. No other vendors make casks similar to the NUHOMS®.

rAFEGU*RB3 rI1FIRMATIN
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The loaded cask weighs up to 125.tOns- )(,z
3h9

2.5 (U) Model Number NAC 128 S/T

(SRI) All casks other than the NAC 128 S/T, which was designed by Nuclear Assurance
Corporation (currently NAC International, Inc.), belong in one of the four groups discussed
previously. -

---

3.0 (U) STRUCTURAL EVALUATION

S6~
Sc!

(U) SNL performed the structural analysis of the storage casks in two stages: a global analysis
followed by a local analysis. The global analysis simplified the evaluation of a jetliner's impact
into an array of casks by evarfuting a direct impact of the jetliner fuselage into a storage cask.
SNL performed the global analysis for all four storage casks using the CTH computer code
(McGlaun et al., 1990) to determine (a) the velocity as a function of both time and distance for
the primary cask, (b) momentum imparted to the primary cask, and (c) the force-time history
applied to the cask during the jetliner impact.

(U) For the local analysis, SNL evaluated the effects of subsequent cask-to-cask impacts using
the velocity at the time of the impacts and force-time history from the global analysis. -

3E
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3.1 (U) Un-reinforced Concrete (HI-STORM 100)

3.1.1 (U) Global Orientation

F I
56~Z

3.1.2 (U) Local Analysis
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3.2 (U) Steel Qonstruction (TN-68)

3.2.1 (U) Global Analysis

3.2.2 (U) Local Analysis

/

3.3

3.3.1

(U) Reinforced Concrete, Vertical Orientation (VSC-24)

(U) Global Analysis

-I

3.3.2 (U) Local Analysis

1j6T
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3.4 '(U) Reinforced Concrete, Horizontal Orientation (NUHOMS®-32PT)

3.4.1 (U) Global Analysis

J-h

f

3.4.2 (U) Local Analysis

(SRI) Like the local analysis for the three vertical storage casks, the NUHOMS®-32PT local
analysis applies the plane impact force as a function of time to the initial cask to determine the
damaqe as well as any damage to subsequent casks.

The local analyses for the NUHOMS®-32PT was also performed using LSDYNA
Version 9.50.

r7
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4.0 (U) THERMAL EVALUATION

(U) A thermal analysis of the HI-STORM 100 cask was performed to bound the response of the
cask to a fire resulting from the jetliner crash. SNL has obtained data on fire durations for
large plane crashes that show for high speed crashes, most of the fuel would splash into the air
on impact and be consumed in a large fireball. 6/iL

Sb

5.0 (U) CONSEQUENCE EVALUATION

(SRI) A consequence analysis was performed for each storage cask.J

5.1 (U) Fuel Failure Evaluation

SGJ
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C 5.2 (U) Dose Calculations I

5(UFormation of the rim layer is unique to high-burnup fuel; the rim layer does not form on average-bumup
fuel pellets. :

C-SAFEGUARBS #FIMvMei9
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Fuel properties such as assembly type, burnup,
and cooling time are contained in the SNL reports for each storage cask. ,

( OC.-

5.3.1 (U) Un-reinforced Concrete (HI-STORM 100)
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5.3.2 (U) Steel Construction (TN-68)

5,3.3 (U) Reinforced Concrete, Vertical Orientation (VSC-24)
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5.3.4 (U) Reinforced Concrete, Horizontal Orientation (NUHOMS®-32PT)
C.-

82-C&

6.0 (U) FRAMEWORK ASSESSMENT

(SRI) The staff's screening criteria for recommending additional mitigative measures were
consistent with the decision-making framework, SECY-04-0222, "Decision-Making Framework
for Materials and Research and Test Reactor Vulnerability Assessments," as approved by the
Commission in SRM-SECY-04-0222. The framework was used to review the security
assessment results to determine whether additional detailed analysis is warranted and whether
mitigative strategies should be implemented.

7.0 (U) CONCLUSIONS AND RECOMMENDATIONS

(SRI) Based on the staff's review of the SNL reports, the staff recommends enacting no
mitigative measures to protect spent fuel storage casks from a jetliner attack.

SAFZGUARBS lWFORrv1ATI3I
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(U) Spent Fuel Storage General Threat Framework Assessment

1.0 (U) BACKGROUND

(SRI) In response to former Chairman Meserve's memorandum, "Response to Terrorist Acts,"
dated September 28, 2001, and in accordance with SRM-SECY-04-0222, "Decision-Making
Framework for Materials and Research and Test Reactor Vulnerability Assessments," the staff,
with assistance from Sandia National Laboratories (SNL), performed a top-to-bottom review of
all U.S. Nuclear Regulatory Commission (NRC)-licensed activities and evaluate those activities
against threats similar to or exceeding the design basis threat (DBT).

(SRI) NRC contracted with SNL to perform assessments of land-based threats on four spent
fuel storage casks. SNL was tasked to determine land-based threats of concern for storage
casks and evaluate the potential source terms resulting from those threats. Sixteen threats of
concern, including three scenarios that combined individual threats during one attack, were
deemed feasible by SNL for storage casks, given the security requirements at an independent
spent fuel storage installation (ISFSI) at the time of contract initiation.

(SRI) SNL evaluated 15 of the threats of concern using in-house subject matter experts to
estimate the potential release fractions from each spent fuel storage cask design in the "NRC
Spent Fuel Source-Term Guidance Document" (Yoshimura et al., 2004). I -- (

Ic.

I None-n of the-members of the expert panel were directly
employed by SNL. Only one of the ten panel members was an NRC employee. The source
terms were questioned and significantly revised as a result of the expert panel review, prior to
endorsement by the expert panel.

2.0 (U) STORAGE CASK DESCRIPTIONS

(U) The four storage cask designs evaluated were selected to be representative of four different
groupings of designs, such that similar results would be expected for any design within that
group. In choosing a storage cask to assess for each group (when there was more than one
cask in a group), the NRC staff considered the number of casks of each design in use and the
relative strength of each design, but chose neither the strongest nor the weakest design within
each group.

,AFE-UAR•• lI1lRMAT-lOI1-
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2.1 (U) Unreinforced Concrete

(SRI) The Model Number HI-STORM 100 Cask Systemjpocket Number 72-1014) is a thick-
walled, vented, cylindrical cask which stands vertically. r _

The overall external dimensions of the cask are 132½ inches in
diameter and 239½ inches high. The HI-STORM 100 storage cask is certified for up to 32
PWR fuel assemblies or up to 68 BWR assemblies. The gross weight of the loaded cask is
approximately 180 tons. F

JThe HI-STORM 100 storage cask has several different basket designs, but no other
vendors make storage cask designs similar to the HI-STORM 100.

2.2 (U) Steel Construction

(SRI) The Transnuclear Model Number TN-68 2 (Docket Number 72-1027) is also a cylindrical
cask which stands upright and is mostly'fabricated from carbon steel. .

7

The TN-68 storage cask is certified for up to 68 BWR assemblies. The
gross weight of the loaded TN-68 is approximately 115 tons. F

2.3 (U) Reinforced Concrete, Vertical Orientation

(SRI) The Model Number Ventilated Storage Cask3 (VSC-24, Docket Number 72-1007) is a
thick-walled, vented, cylindrical cask which stands vertically<

:2A!,

'(U) Dimensions for storage casks were taken from Licensee documents which are in English units, while
calculations performed for this assessment used metric units.

2(U) Several vendors, other than Transnuclear, make casks of a design similar to the TN-68: (1) Model
Number V-21 (Docket Number 72-1000), (2) Model Number X/33 (Docket Number 72-0002), (3) Model Number MC-
10 (Docket Number 72-1001) and (4) Model Number HI-STAR 100 (Docket Number 72-1008). Additionally,
Transnuclear has two storage cask designs similar to the TN-68: Model Number TN-32 (Docket Number 72-1021)
and Model Number TN-40 (Docket N. 72-0002).

3(U) Storage cask designs similar to the VSC-24 include (1) the Model Number FuelSolutions Storage
System (Docket Number 72-1026), (2) the Model Number NAC-UMS (Docket Number 72-1015), and (3) the Model
Number NAC-MPC (Docket Number 72-1025).

IIAFIICUAE1UI~ lrIFOI1L1ATIUrl
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The loaded cask weighs
approximately 145 tons. i

2.4 (U) Reinforced Concrete, Horizontal Orientation

(SRI) The Model Number Standardized NUHOMS®' (Docket Number 72-1004) horizontal
storage module is a rectangular vault-type structure.

The front wall of the
horizontal storage module contains a circular port for dry shielded canister loading.

The NUHOMS® storage cask is certified for up to 32 PWR fuel assemblies or up to 68 BWVV
assemblies. The loaded cask weighs up to 125 tons.1

Q~O (L~
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2.5 (U) Model Number NAC 128 S/T

(SRI) All casks other than the NAG 128 S/T, which was designed by Nuclear Assurance
Corporation (currently NAC Ihtemational, Inc.), belong in one Of the four groups discussed
previously. Two NAC 128 S/T storage casks are in use at the Surny Nuclear Power Plant.
NAC 128 S/T casks are not being used at any other storage facilities. The storage cask is a
multiwall design with a steel inner shell, and a steel outer shell. The volume between the two
shells is filled with lead. The storage cask is closed by a bolted lid consisting of steel inner and
outer closure plates, separated by lead shielding. The NAC 128 Sit is auhorized to hold up to
28 intact PWR fuel assemblies, with a maximum bumup of 35,000 MWD/U and a minimum
cooling time of 10 years. This storage cask has not been formally assessed, nor can it be
dire ly compared to the four groups.

I
3tOQ2-

•(U) The only other storage cask design similar to the Standard NUHOMS% Is the Model Number
Standardized Advanced NUHOMS (Docketr Numb•• 72-1029). The 8t6drized NUHOM• storage cask has

several different basket designs. No other vendors make casks similar to the NUHOMS6.
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3.0 (U) SCENARIO EVALUATION

(SGI) Scenario 147
(SGI) Scenarios 2, 3, and 4
(SGI) Scenario 5
(SGI) Scenario 6 - u4 L.K.
(SGI) Scenario 7- / S -
(SGI) Scenario 8 -

(SGI) Scenario 9 -
(SGI) Scenario 10 _
(SGI) Scenario 11 -
(SGI) Scenario 12 -

(SGI) Scenario 13 -

(SGI) Scenario 14
(SG1.) Scenario 15 -

(SGI) Scenario 16

2•-•

3.1 (U) Scenario Screening

(SRI) NSIR staff conducted a remote and speculative screening (Dorman, 2005) of the
scenarios to remove from consideration scenarios that were not supported by the current threat
environment. ".

o)UO - 5IZ
JThe

following scenarios were removed from framework consideration by the remote and speculative
screening:

(SGI) Scenario 1 -
(SGI) Scenario 5 - 7(S ,I) Seh *o 6- J • i(SGI) Scenario 10 -
(SGI) Scenario 13 -
(SGI) Scenario 14-
(SGI) Scenario 15 -

(Sj!)Based on the lnowledge of the licensing basis nd security at IFSIs, the .NRC fuher
culled the remaining scenarios to remove, from' framework sideration those scenarios that

SAFEU IORATIOI&-
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either were already covered by the licensing basis for storage cask designs or are not feasible
at a storage site. The following additional scenarios were removed:

(SGI) Scenario 8 -j
(SGI) Scenario 9 -
"(SGI) Scenario 11-
(SGI) Scenario 16

W(p~

3.2 (U) Scenario Development

(U) Each-scenario was developed to determine the number of attackers, weapons and an
estimate of the time required for scenario completion.

-5C_

5(U) Under hypothetical accident conditions (10 CFR 71.73), 10 CFR 71.51(a)(2) allows the
escape of up to a total amount A2 in 1 week for radioactive material other than krypton-85. Krypton-85
releases under hypothetical acbident conditions cannot exceed 10 A2 in 1 week.
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4.0 (U) CONSEQUENCE ASSESSMENT METHODOLOGY
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4.1.3 (U) Other Parameters

(
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5.0 (U) FRAMEWORK ASSESSMENT

(SRI) The framework in SECY-04-0222, "Decision-Making Framework for Materials and
Research and Test Reactor Vulnerability Assessments," as supplemented by Attachment 6,
was used to determine whether additional detailed analysis is warranted and whether mitigative
strategies should be implemented. The scenario numbers above map the scenarios to their
corresponding chapters in Yoshimura et al. (2004).

(SRI)r The staff determined the scenario Attractiveness, using the guidance in Table 1, "Activity
Specific Attractiveness Category Ranking Matrix," from Attachment 26 to-the Frameworkwhen

the estimated potential consequences corresponded to Consequence Categories I - IV. The
staff then used the.Consequence and the Attractiveness to obtain a color finding from the
Decision Matrix. 7 -

000.3(11

.1 m

/
liUO

bs. 3 Ha~

63 e-

U ill
6(U) ADAMS Accession # ML043200720, "Framework Methodology."

7(U) Figure 1 in Attachment 2 to SECY-04-0222, "Decision-Making Framework for Materials and
Research and Test Reactor VulnerabiIty Assessments."
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6.0 (U) CONCLUSIONS AND RECOMMENDATIONS

2-

Based on the decision-making framework results, the current security measures are
adequate, and the staff recommends that no additional mitigative measures be implemented to
protect spent fuel storage casks from land-based threats.
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