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GLOSSARY

AFR is an acronym for Away From Reactor

ALARA is an acronym for As Low As Reasonably Achievable.

AL-STAR is the trademark name of the impact limiter design used in the family of HI-STAR
dual-purpose casks.

BWR is an acronym for Boiling Water Reactor.

Cask is a generic term used to describe a device that is engineered to hold high level waste,
including spent nuclear fuel, in a safe configuration.

C.G. is an acronym for Center of Gravity.

Commercial Spent Fuel (CSF) refers to nuclear fuel used to produce energy in a commercial
nuclear power plant.

Containment Boundary means the enclosure formed by the cask inner shell welded to a bottom
plate and top flange plus a closure lid with inner seal and associated penetration port closures and
inner seal(s)..

Containment System means the assembly of components of the packaging, intended to contain
the radioactive material during transport. This includes the containment shell, the containment
baseplate, the containment closure flange, the closure-lid, the closure lidbolts, the'vent/drain port
cover plates, the vent/drain port bolts, the vent/drain port test plugs and their respective
mechanical seals.

Cooling Time (or post-irradiation decay time, PCDT) for a spent fuel assembly is the time
between reactor shutdown and the time the. spent fuel assembly is loaded into the MPC. Cooling
Time is also referred to as the "age" of the CSF..

Critical Characteristic means a feature of a component or assembly that is necessary for the
component or assembly to render its intended function. Critical characteristics of a material are
those attributes that havebeen identified, in the associated material specification, as necessary to
render the material's intended function.

Criticality Safety Index (CSI) means the dimensionless number (rounded to up Ito. the next
tenth) assigned to and placed on the. label of a fissile material package, to designate the degree of
control of accumulation of packages containing fissile material during transportation.

Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as
determined by a review of records, greater than pinhole leaks or hairline cracks, empty fuel rod locations
that are not filled with dummy fuel rods, whose structural integrity has been impaired'such. that geometric

HI-STAR 60 SAR . RevisionI
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rearrangement of fuel or gross failure of the cladding is expected, or that cannot be handled by normal
means. Also see'fuel debris.

Damaged Fuel Container (or Canister) (DFC) means a specially designed vessel for damaged
fuel or fuel debris, which may permit gaseous and liquid mediaito'escape while minimizing
dispersal of gross particulates or maybe hermetically sealed. The DFC features a lifting location,
which is suitable for remote handling of a loaded or unloaded DFC..

Design Heat Load is the computed heat rejection capacity of the HI-STAR package with a
specific fuel basket with CSF stored in uniform storage with the ambient at the normal
temperature and the peak cladding temperature (PCT). at 400°C; The Design Heat Load is less
than the thermal capacity of the system by a suitable margin that reflects the conservatism in the
system thermal analysis.

Design Life is the.minimum duration for which the component is engineered to perform its
-intended function as set forth in this FSAR, if operated and maintained in accordance with this
SAR.

Design Report is a document prepared, reviewed and QA validated in accordance with the
provisions of Holtec's Quality Program. The Design Report shall demonstrate compliance with
the requirements set forth in the Design Specification. A Design Report is -mandatory for
systems, structures, and components designated as Inportant-to-Safety. The SAR serves-as the
Design Report for the HI-STAR 60 package.

Design Specification is a .document, prelared .,in accordan6-.,with the .quality assurance
requirements of I OCFR72 Subpart-Gto provide a complete set of design',criteria and functional.
requirements for a system, structure, or component, designated as Important-to-Safety, intended
to be used in the operation, implementation, or decommissioning of the HI-STORM 100 System..
The SAR serves.as the Design Specification for the HI-STAR 60 package.,

Enclosure Vessel (or MPC Enclosure Vessel) (EV) means the pressure vessel defined by the
cylindrical shell, baseplate, P'ort cover plates, lid, closure ring, and associated welds-that provides
confinement for the contents contained within the MPC. The EV and the fuel basket together
constitute themulti-purpose.canister, An enclosure vessel or MPC is not a design feature of the
HI-STAR 60 Package in the present issue of this SAR.:

Exclusive use means the sole use by a single consignor. of 'a conveyance for which all initial,
intermediate, and final loading and.un!lading are carried out in.accordancie with-the direction of
the consignor or consignee. The consignor and the carrier must ensure that loading or unloading
personnel have radiological training and resources appropriate for safe handling of the
consignment. The consignor must issue specific instruction's, in writing, for maintenance, of
exclusive use shipment controls, and include them with the shipping paper information provided
to the carrier by the consignor.

HI-STAR 60 SAR Revision 1
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[PROPRIETARY INFORMATION REMOVED]

Fracture Toughness is a material property, which is a measure of the ability of the material to
limit crack propagation under a suddenly applied load.

FSAR is an acronym for Final Safety Analysis Report under the regulations of I OCFR72.

Fuel Basket means a-honeycombed cavity structure with square openings that can accept a fuel
assembly of the type for which it is designed.

Fuel Debris is ruptured fuel rods, severed rods and loose, fuel pellets from damaged fuel
assemblies; and fuel assemblies with known or suspected defects which cannot be handled by
normal means due to fuel cladding damage, including containers and structures supporting these
parts.

[PROPRIETARY INFORMATION REMOVED]'

GTCC is an acronym for power reactor-related Greater Than Class C waste.

High Burnup Fuel (ILBF) is a commercial spent fuel assembly with an average burnup greater
than 45,000 M.WD/MTU.

rn-STORM Overpack or storage overpack means the cask that receives and contains the sealed
multi-purpose canisters containing. spent nuclear fuel. It provides the gamma and neutron
shielding, ventilation passages, missile protection, and protection against natural phenomena and
accidents for theMPC.

HI-STORM 100 System consists of any loaded MPC model placed within any design variant of
the HI-STORM overpack.

r'll-STAR is a generic term used to denote the family of dual-purpose metal cask systems
consisting of.HI-STAR 100, HI-STAR 1'80, HI-STAR 60'and HI-STAR HB...

HI-STAR 60 Cask or cask means the .cask that receives the fuel basket, which contains the
spent nuclear fuel. It provides the containment system boundary for radioactive materials and
fulfills all requirements of IOCFR71 to merit certification as a B(U) package.

HI-STAR 60 Package consists of the HI-STAR 60 cask and fuel basket .with two impact
limiters installed at the extremities and the' licensed contents loaded.

HI-STAR 60 Packaging consistsof the HI-STAR-60 Package without the licensed radioactive
contents loaded.

- HoltiteTM is the trade name for the. neutron shieldinig materials used in the HI-STAR/HI-STORM
family of casks. Holtite-A is used in the HI-STAR 60 cask. "

HI-STAR 60 SAR Revision I
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Impact Limiter means a set of fully enclosed energy absorbers-that are attached to the top and
bottom of the cask, during transport. The impact limiters are used to absorb kinetic energy
resulting from normaland hypothetical accident drop conditions. The HI-STAR impact limiters-.:_
are called AL-STAR.,

Important-to-Safety (ITS) means a function or condition required to transport spent nuclear
fuel safely; to prevent damage to spent nuclear fuel, and to provide reasonable assurance that
spent nuclear fuel can be received, handled, packaged, transported, and retrieved without undue
risk to the health and safety of the public.

Incore Grid Spacers are fuel assembly grid spacers located within the active fuel region (i.e., not.
including top and bottom spacers).

Independent Spent Fuel Storage Installation (ISFSI) means a facility designed, constructed,
and licensed for .the interim storage of spent nuclear fuel and other radioactive" materials
associated with spent fuel storage in accordance with i0CFR72.

LLNIL is an acronym for Lawrence Livermore National Laboratory.

License Life means the duration for which the system is authorized by virtue of its certification
by the 11S. NRC.

Light Water Reactor (LWR): are nuclear reactors moderated by light water. Commercial
LWRs typically utilize enriched uranium and/or the. so-calledMOX fuel for power generation.

Load-and-Go is a term used in this SAR that means the practice of loading spent fuel into the
HI-STAR packaging and placing the packaging into transportation service under 10 CFR 71,
without firstdeploying the system for storage under 10CFR 72 such as at an Indepeiident Spent.
Fuel Storage Installation.

Lowest Service Temperature (LST) is the minimum metal: temperature of a part for the
specified service condition..

Maximum Normal Operating Pressure (MNOP) means the maximum pressure that would
develop in the containment system in a period of 1 year under the heat condition specified in
1OCFR71.71(c)(I), in the absence of venting, external cooling by an ancillary system,, or
operational controls during transport.

Maximum Reactivity means the highest possible k-effective including bias, uncertainties, and
calculational statistics evaluated for the worst-case combination of fuel basket manufacturing
tolerances.

Metamic® is a trade name for an aluminum/boron carbide metal matrix composite material made
by the powder metallurgy, process to produce a spatially homogeneous boron distribution for•-- reactivity control. Metamic is.engineered for use in the HI-STAR/HI-STORM fuel baskets.

HI-STAR 60 SAR . Revision I
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MGDS is an acronym for Mined Geological Depository System.

Minimum Enrichment is the minimum assembly average enrichment. Natural uranium blankets
" .,are not considered in determining minimum enrichment.

Moderate Burnup Fuel (MBF) is a commercial spent fuel assembly with an average burnup
less than or equal to 45,000 MWD/MTU.

Multi-Purpose Canister (MPC) means the sealed canister consisting of a honeycombed fuel
-basket for spent nuclear fuel storage, contained in a cylindrical canister shell (the MPC
Enclosure Vessel). An MPC is not a design feature of the HI-STAR 60 Package in the present
issue.of this SAR.

NDT is an acronym for Nil Ductility Transition, which is defined as the temperature at which the
* fracture-stress in a material with a small, flawis equal to the yieldstress in the same material if it

had no flaws.

Neutron Absorber Material is a generic term used in this SAR to indicate any neutron 'absorber
material qualified for use in the HI-STAR/HI-STORM fuel basket.

Neutron Shielding means a material used to thermalize "and capture neutrons emanating from
* the radioactive spent nuclear fuel.

Neutron Sources means specially designed inserts for fuel assemblies that produce neutrons for
startup of the reactor.

Non-Fuel Hardware (NFH) means high-level waste not used to produce thermal energy in the
reactor. Examples of NFH are Burnable Poison Rod Assemblies (BPRAs), Thimble Plug
Devices (TPDs), Control Rod Assemblies (CRAs),. Axial PowerShaping Rods (APSRs), Wet
Annular Burnable Absorbers (WABAs), Rod Cluster Control Assemblies (RCCAs), Control
Element Assemblies (CEAs),water, displacement guide tube plugs, orifice rod assemblies, and
vibration suppressor inserts.

Not-Important-to-Safety (NITS) is the term used where a function or condition is not deemed
* as Important-to-Safety.. See the definition for Important-to-Safety.

ORNL is an acronym for Oak Ridge National Laboratory.. -

Overpack is an alternative term used to denote a cask that contains a basket with a separate
enclosure vessel.

Planar-Average Initial Enrichment is the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice. -

Post-Core Decay Time (PCDT) is synonymous with cooling time.
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PWR is an acronym for Pressurized Water Reactor.

Reactivity is used synonymously with effective neutron multiplication factor or k-effective.

SAR is an acronym for Safety Analysis Report under the regulations of 10CFR7I.

Service Life means the duration for which the component is reasonably, expected to perform its
intended function, if operated and maintained in accordance with the provisions of this FSAR.
Service Life may be much longer than the Design Life because of the conservatism inherent:in
the codes, standards, and procedures used to design, fabricate, operate, and maintain the
component.

Short-term Operations means those normal operational evolutions necessary to support fuel
loading or fuel unloading operations.

Single Failure Proof means that the handling system is designed so that a single failure will not
result in the loss of the capability of the system to safely retain the load. A Single Failure Proof
means that the handling system is designed so that all directly loaded tension and compression
members are engineered to satisfy the enhanced safety criteria of Paragraphs 5.1.6(l)(a) and (b)
of NUREG-0612.

SNF is an acronym for Spent Nuclear Fuel (also referred to as CSF).

STP is Standard Temperature (298°K) and Pressure (I atm) conditions.

SSC is an acronym for Structures, Systems and Components.

Surface Contaminated Object (SCO) means a solid object that is not itself classed-as
radioactive material, but which has radioactive material distributed on any of its surfaces. See-
I OCFR71.4 for surface activity limits and additional requirements.

Transport Index (TI) means the dimensionless number (rounded up to the next tenth) placed on
the label of a package, to designate the degree of control to be exercised by the carrier during

-transportation. The transport index is determined as the number determined by multiplying the
maximum radiation level in millisievert per hour at one meter (3.3 ft) from the external surface
of the package-by 100 (equivalent to the maximum radiation level in millirem per hour at one
meter (3.3 ft)).

Transport Package consists of a HI-STAR System with a set of support saddles, a personnel
barrier and licensed radioactive contents loaded for transport. It excludes all lifting devices, tie-
downs, longitudinal stops, rigging, transporters, welding machines, and auxiliary equipment
(such as the drying and helium backfill system) used during fuel loading operations -and
preparation for off-site transportation.

Transport Packaging consists of a HI-STAR Transport Package without licensed radioactive
,contents loaded.
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Undamaged Fuel Assembly is definedas a fuel assembly without known or suspected cladding
defects greater than pinhole leaks and hairline cracks, and which can be handled by normal

-,.means. Fuel assemblies without fuel rods in fuel rod ,locations shall not be classified as
Undamaged Fuel Assemblies unless dummy fuel rods are used to displace an amount of water
greater than or equal to that displaced by the original fuel rod(s).

ZPA is an acronym for Zero Period Acceleration.'

ZR means any zirconium-based fuel cladding material authorized for use in a commercial
nuclear power plant reactor. Any r'eference to Zircaloy fuel cladding in this SAR applies to any
zirconium-based fuel cladding material.
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NOTATION

dmax: Maximum predicted crush of the impact limiters in a package free drop event.

e: Elongation in percent (i.e., maximum tensile strain expressed in percentage at which the
ASME Code test specimen will fail)

f: Factorof-Safety (dimensionless)

m: Metric for bolted joint leakage (Table 2.6.1)

Sy. "Yield Stress, MPa (ksi)

Su Ultimate Stress, MPa (ksi)

E Young's Modulus, MPa x 104 (psi x 106)

Sm Stress intensity values per ASME Code

PL +--Pb Either primary or local membrane plus primary bending

Pmin Minimum pressure on gasket required to maintain the seal

Pm Primary membranestress intensity

PL Local membrane stress intensity..

Pb Primary bending stress intensity

Pe 7 Expansion stress

Q 'Secondary stress

Tc: Allowable fuel cladding temperature.

TP: Peak computed fuel cladding temperature

dt Mean Coefficient of thermal.expansion, cm/cm-°C X10"6 (in/in-°F~x 106)

3: Weight percent of boron carbide in the neutron shield

E: Charpy lateral expansion at -28.9 °C (-20'F)

F: Total gasket spring back in the unloading cycle.,

A: Initial inter-part gap immediately before impact (Section 2.7) R
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6: Lateral (global) deflection of the basket panel

6max Maximum value of 6

Weight percent of hydrogen in the neutron shield material

P: Density

c: Coefficient of thermal
interest)

Y: Thermal conductivity

expansion (average between ambient and the temperature of
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REFERENCES,

The following generic industry and Holtec produced references may have been consulted
in the preparation of this document. Where specifically cited; the identifier is listed-in the
SAR text or table. Active Holtec Calculation Packages which' are the repository of all
relevant licensing and design basis calculations are, annotated as "latest revision".
Submittal of the latest revision of such Calculation Packages to the USNRC and other
regulatory authorities during the course of regulatory reviews is managed by the
company's Configuration Control system;

A. United States Code of Federal Regulations

[A.A] U.S. Code of Federal Regulations, Title 10 '"Energy", Chapter I "Nuclear
Regulatory Commission", Part 50 "Domestic Licensing of Production and
Utilization Facilities", January 2006.

[A.B] U.S. Code of Federal Regulations, Title 10 "Energy", Chapter I' "Nuclear
Regulatory Commission"; Part 20 "Standards for Protection Against Radiation",
January 2006.

[A.C] United States Code of Federal Regulations Title 10 "Energy", Chapter I
"Nuclear Regulatory Commission", Part 71 "Packaging and transportation of
radioactive material", January 2006.

[A.D] United States Code of Federal Regulations Title-10 "Energy", Chapter 1,
"Nuclear Regulatory Commission", Part 72 "Licensing Requirements for the
Independent Storage of Spent NuclearFuel, High-Level Radioactive Waste, and
Reactor-Related Greater than ClassC Waste", January 2006.

[A.E] United States, Code of Federal Regulations Title 49 "Transportation", Subtitle B
Other RegulatiOns Relating to Transportation, Part 173 "Shippers'- General
requirements for shipments and packages",,October 2006.

B. Other National & International Regulations

[B.A] IAEA Safety Standards Series, "Regulations for the Safe Transport of
Radioactive Materials", Safety Requirements No. TS-R-1 (ST-I Revised),
Vienna, 1996.

C. USNRC Standard Review Plans (NUREG)

[C.A]ý NUREG-06 12, "Control of Heavy Loads at Nuclear Power Plants", USNRC,
Washington D.C., 1980

[C.B] NUREG-0800, "Standard Review Plan for the Review of Safety Analysis
Reports for Nuclear. Power Plants", Section 3.5.1.4, Rev. 2, July 1981

[C.C] NUREG-0800, "Standard Review Plan for the Review of Safety Analysis
Reports for Nuclear Power Plants", Section 9.1.2, Rev. 3, July 1981

[C.D] NUREG- 1536, "Standard Review Plan for Dry Cask Storage Systems",
USNRC, Washington D.C., Januaryz:1977
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[C.E] NUREG-1567, "Standard Review Plan for Spent Fuel Dry Storage Facilities",
USNRC, Washington D.C., March 2000

[C.F] NUREG-.1617, "Standard Review Plan for Transportation Packages for Spent
Nuclear Fuel", USNRC, Washington D.C., 2000

[C.G] NUREG/CR-1815, "Recommendations for Protecting Against Failure by Brittle
Fracturein Ferritic Steel Shipping Containers Up to Four Inches Thick",
USNRC, Washington D.C., 1981 -

[C.H] NUREG/CR-0497, "A Handbook of Materials Properties for Use in the
Anaylsis of Light Water Reactor Fuel Rod Behavior", Revision 2, USNRC,
Washington D.C., August 1981

[C.I] NUREG/CR-5661, "Recommendations for Preparing the Criticality Safety
Evaluation for Transportation Packages", USNRC, Washington D.C., April
1997

[C.J] NUREG/CR-6322, "Buckling Analysis. of Spent Fuel Basket", USNRC,
Washington D.C.,May 1995

[C.K] NUREG/CR-6407, "Classification of Transportation Packaging and Dry Spent
Fuel Storage System Component According to Important to Safety", USNRC,.
Washington D.C., February 1996

[C.L] NUREG/CR-6760, "Study of the Effect of Integral Burnable Absorbers-for
PWR Burnup Credit", USNRC, Washington- D.C., 2002

[C.M] NUREG/CR-6800, "Assessment of Reactivity Margin and:Loading Curves for
PWR Burnup CreditCask Designs", USNRC, Washington D.C., 2003

[C.N] NUREG/CR-681 1, "Strategies for Application of Isotopic Uncertainties in
Burnup Credit", USNRC, Washington D.C., 2003

[C.O] NUREG/CR-1864,,"A Pilot Probabilistic Risk'Assessmenit of a Dry Cask
Storage System at a Nuclear Power Plant", USNRC, Washington% D.C., 2007

[C.P] NUREG/CR-6865,."Parametric Evaluation of Seismic Behavior of Freestanding
Spent Fuel Dry Cask Storage Systems." V.Luk; et. al. (Sandia National
Laboratory Report SAND2004-5794P)

[C.Q] PVP2004-2804, "Spent Nuclear Fuel Structural Response When Subject to an
End Impact Accident", PVP-Vol 483, Transportation, Storageand Dispo§al of
Radioactive Materials-2004, Adkins, Koeppel, and Tang..

D. USNRC Regulatory Guides

[D.A] Regulatory Guide 1.59, "Design-Basis Floods for Nuclear Power Plants",
Revision 1;'April 1976

[D.B] RegulatoryGuide 3.61, "Standard Format for a Topical Safety Analysis Report
for a Spent Fuel Storage Cask", USNRC, Washington D.C., February 1989

[D.C] Regulatory Guide 7.6, "Design Criteria for the Structural Analysis of Shipping
Cask Containment Vessels", Revision 1, USNRC, Washington. D.C.,March
1978.

[D.D] Regulatory Guide 7.8, "Load Combinations for the Structural Analysis of
Shipping Casks for Radioactive Material",: Revision 1, USNRC, Washington
D.C.,-March 1989
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[D.E] Regulatory Guide 7.9, "Standard Format and Content of Part 71 Applications for
Approval of Packaging for Radioactive Material", Revision 2, USNRC,
Washington D.C., March 2005

[D.F]I Regulatory Guide 7.10, "Establishing'Quality Assurance Programs for
Packaging Used in the Transport of Radioactive Material", Revision 2, USNRC,
Washington D.C., March 2005

[D.G] Regulatory Guide 7.11, "Fracture Toughness Criteria of Base Material for
Ferritic Steel Shipping Cask Containment Vessels with a Maximum Wall
Thickness of 4 Inches (0.1 m)", USNRC, Washington D.C., June 199.1

[D.H] Regulatory Guide 7.12, "Fracture Toughness Criteria of Base Material for
Ferritic Steel Shipping Cask Containment Vessels with a Wall Thickness
Greater Than 4 Inches But Not Exceeding 12 Inches", USNRC, Washington,
D.C., June 1991

[D.I] Regulatory Guide 8.8, "Information Relevant to Ensuring that Occupational
Radiation Exposure at Nuclear Power Stations will be As Low As Reasonably
Achievable", USNRC, Washington D.C., June 1978

[D.J] Regulatory Guide 8.10, "Operating Philosophy for Maintaining Occupational
Radiation Exposures As Low As Reasonably Achievable",Revision l-R,-.
USNRC, Washington D.C., May 1997

E. Interim Staff Guidance (ISG) Documents

[E.A] SFPO-ISG- I, "Damaged-Fuel"
[E.B] SFPO-ISG-2, "Fuel Retrievability"
[E.C] `SFPO-ISG-3, "Post Acc'ident Recovery aind Compfiiiance with 1:0 CFR`

72.122(l)"
[E.D] SFPO-ISG-4,. Revision 1, "Cask Closure Weld Inspections"
[E.E] SFPO-ISG-5, Revision.1, "Confinement Evaluation"
[E.F] SFPO-ISG-6,-"Establishing Minimum Initial Enrichment for the Bounding

Design Basis Fuel Assembly(s)"
[E.G] SFPO-ISG-7, "Potential Generic Issue Concerning Cask Heat Transfer in a

Transportation Accident"
[E.H] SFPO-ISG-8, Revision 2, "Burnup Credit in the Criticality Safety Analyses of

PWR Spent Fuel in Transport andStorage Casks"
[E.I] SFPO-ISG-9, Revision 1, "Storage of Components Associated with Fuel

Assemblies"
[E.J] SFPO-ISG-10, Revision 1, "Alternatives to the ASME Code"
[E.K] SFPO-ISG-I 1, Revision 3, "Cladding Considerations for the Transportation and-,.

Storage of Spent Fuel"
[E.L] SFPO-ISG-12, Revision 1, "Buckling of Irradiated Fuel Under Bottom End

Drop Conditions"
[E.M] SFPO-ISG-13, "Real Individual"
[E.N] SFPO-ISG- 14, "Supplemental Shielding"
"[EO] SFPO-ISG-15, "Materials Evaluation" ' " -

[E.P] SFPO-ISG-16, "Emergeincy Planning" - .
[E.Q] SFPO-ISG- 17, "Interim Storage of Greater-Than Class C Waste"
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[E.R] SFPO-ISG-18, "The Design/Qualification of Final Closure Welds on Austenitic
Stainless Steel Canisters as Confinement Boundary for Spent Fuel Storage and
Containment Boundary for Spent Fuel Transportation"

[E.S] SFPO-lSG-19, "Moderator Exclusion Under Hypothetical Accident Conditions
and Demonstrating Subcriticality of Spent Fuel Under~the Requirements of 10
CFR 71.55(e)"

[E.T] SFPO-ISG-20, "Transportation Package Design Changes Authorized Under 10
CFR Part 71 Without Prior NRC Approval"

[E.U] SFPO-ISG-21, "Use of Computational Modeling Software"
[E.V] SFPO-ISG-22, "Potential Rod Splitting Due to Exposure to an Oxidizing

Atmosphere During Short-Term Cask Loading Operations in LWR or Other
Uranium Oxide Based Fuel"

F. Other USNRC Documents

[F.A] Safety Evaluation Report for CoC 1014, Amendment No.3, for the NUHOMS
Storage System, USNRC Docket 72-1004, ML012620217, September 2001

[F.B] USNRC Bulletin 96-04: "Chemical, Galvanic or Other Reactions in Spent Fuel
Storage and, Transportation Casks", July 5, 1996

[F.C] USNRC Information Notice 96-34, "Hydrogen Gas Ignition During Closure
Welding of a VSC-24 Multi-Assembly Sealed Basket", May1996

G. American Society of Mechanical Engineers (ASME) Codes..

[G.A] ASME. Boiler and Pressure Vessel Code, Section II, Parts A - Ferrous Material -
Specifications, 2004.

[G.B] ASME Boiler and Pressure Vessel Code, Section II, Parts D - Properties
(Metric), 2004.

[G.C] ASME Boiler and Pressure Vessel Code, Section II, Division I, Subsection NB
Class .Components, 2004.

[G.D] ASME Boiler and Pressure Vessel Code, Section IIi, Division 1, Subsection.NF
- Supports, 2004.

[G.E] ASME Boiler and Pressure Vessel Code, Section III, Appendices, 2004.
[G.F] ASME Boiler and Pressure Vessel Code, Section V Nondestructiye

Examination, 2004.
[G.G] ASME Boiler and Pressure Vessel Code, Section IX - Welding and Brazing

Qualifications, 2004.
[G.H] ASME Boiler and Pressure Vessel Code, Section XI - Rules for In-service

Inspection of Nuclear Power Plant Components, 2004 with 2006 Addenda.
[G.I] ASME Steam Tables, 3rd Edition (1977)
[G.J] Code Case N-284, "Metal Containment Shell Buckling Design Methods",

Section III, Division 1, Class MC, Approval Date 8/25/80.

H. American National Standards Institute (ANSI) Documents
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[H.A] ANSI N14.6-1993, "American National Standard for Special Lifting Devices for
Shipping Containers Weighing 10,000 Pounds (4500 kg) or More for Nuclear
Materials", June 1993.

[H.B];=ýý- ANSI N14.5-1997, "American National Standard for Radioactive Materials -

Leakage Tests on Packages for Shipment", June 1997.
[H.C] ANSI/ANS-6.1.1-1977; "American National Standard Neutron and Gamma-Ray

Flux-to-,Dose Rate Factors", June 1977. -

[H.D] ANSI/ANS 57.9-1992, "Design Criteria for an Independent Spent Fuel Storage,
Installation (Dry Type)", Re-affirmed 2000.

I. Other Standards

[I.A] American Society for Testing and Materials, ASTM A 352-93, "Ferritic and
Martensitic Steel Castings for Pressure-Containing Parts Suitable -for Low-
Temperature Service"--'

[IB] American Society for Nondestructive Testing, "Personnel Qualification and
Certification in Nondestructive Testing", Recommended Practice No. SNT-TC-
IA, December 1992

[I.C] American Society for Testing and Materials, ASTM E 1003-'05, "Standard Test
Method for Hydrostatic Leak Testing"

[I.D] American Cofniete Institute, "Code Requirementsfor Nuclear Safety Related
Concrete Structures", ACT 349-85, 1997, ACI, Detroit, Michigan,

[I.E] American Concrete Institute, "Building Code Requirements for Structural
Concrete"; ACI 318-95, ACI, Detroit, Michigan

[I.F] -Field Manual of the AAR'Interchiiiige!Rules,Ruie 8 American ýssocia tion of
Railroads, 1996..

J. Metamic Reports

[J.A] EPRI Report 1003137, "Qualification of Metamic for Spent Fuel Storage
Applications", Palo Alto, CA,. October 2001.

[J.B] Metamic LLC Proprietary Report HTA0691 1, Revision 2, "High Temperature
Metamic Metal Matrix Composite for Structural Applications and Criticality
Control", 2007

[J.C] USNRC Letter, Alexion (NRC) to Anderson (ANO), -"Arkansas Nuclear One,
Units I And 2 - Review Of Holtec Report Regarding Use of Metamic in Fuel
Pool Applications", June 17,2003

[J.D] California Consolidated Technology Inc., "Metamic 6061 +40% Boron Carbide
Metal Matrix Composite Test"; Augusf 2001.

K. Industry Reports

[K.A] Sanders et al., "A Method for Determining the Spent-Fuel Contribution to
Triansport Cask Containment Requirements," Sandia Report SAND90-2406,
TTC-1019, UC-820, pages II - 127,zNovember 1992
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[K.B] "Thermal Measurements in a Series of Large Pool Fires", Sandia Report
SAND85-0196TTC-0659UC-71, August 1971

[K.C] A. Luksic, "Spent Fuel Assembly Hardware: Characterization and IOCFR61
Classification for Waste Disposal", PNL-6909 Vol. 1, Pacific Northwest
Laboratory, June 1989

[K.D] EPRI, Greer et al., NP-5128, PNL-6054, UC-85; "The TN-24P Spent Fuel
Storage Cask: Testing and Analyses", April 1987

[K.E] J.M. Cano, R. Caro, and J.M Martinez-Val, "Supercriticality Through Optimum
Moderation in Nuclear Fuel Storage, "Nucl. Technol., 48, 251-260, (1980).

[K.F] Nuclear Systems Materials Handbook, Volume 1 Design Data, TID 26666, Vol.
1, Oak Ridge National Laboratory.

[K.G] Shappert,. L.B., "Cask Designer's Guide: A Guide for Design, Fabrication, and
Operation of Shipping Casks for Nuclear Applications," ORNL-RSIC-68, Oak
Ridge National Laboratories, Feb. 1970.

L. Holtec Licensing Reports

[L.A] HI-2002444, Latest Revision, "Final Safety Analysis Report for the HI-STORM
100 CaskSystem", USNRC Docket 72-1014

[L.B] HI-2012610, Latest Revision, "Final Safety Analysis Report for the Holtec
International Storage,. Transport, And Repository Cask" System (HI-STAR 100
Cask System), USNRC Docket 72-1008

[L.C] HI-951251, Latest Revision,. "Storage, Transport, and Repository Cask System
(HI-STAR 100 Cask System) Safety Analysis Report", USNRC Docket 71-9261

M. Holtec Generic Reports (Holtee Proprietary)

[M.A] HI-2002396, "Holtite-A: Development History and Thermal Performance
Data", 2002

[M.B] HI-2002420, "Holtite-A: Results of Pre- and Post Irradiation Tests and
Measurements", 2003

[M.C] HI-20432.15, Revision 2, S..Turner PhD, "Sourcebook for Metamic Performance
Assessment",- 2004

[M.D] HI-2063591, Revision O, "Benchmarking of LS-DYNA for Simulation of
Hypothetical Drop Conditions of Transport", 2006

[M.E] HI-2073684, Revision 0, "Performance Characterization of Holtite-B as a
Neutron Shielding Material", 2007:

[M.F] H1-971774, Revision 1, "Impact Limiter Test Results -30 foot Drop Tests",
August 1:997

[M.G] HI-971823, Revision 0, "Improved Correlation of ORNL 30 foot Drop Tests",
August 1997

-[M.H] HI-981891, Revision 3, "Impact Limiter Test Report - Second Series", 1998
[M.I] HI-992252, Revision 1, "Topical Report on the HI-STAR/HI-STORM Thermal

Model and its Benchmarking with Full-Size .Cask Test Data" -.

[M-J] Holtec International Quality Assurance Program,.Latest Approved Revision.
[M.K] Deleted. I.
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[M.L] Holtec Report No. HI-2073743, "Benchmarking the LS-DYNA Impact
Response Prediction Model for the HI-STAR Transport Package Using the AL-
STAR Impact Limiter TestData", Latest Revision.

[M.M] Quality Assurance Documentation Package for ANSYS (Version 5.3"and
Higher), HI-2012627, Revision 3, 2005._

[M.N] Quality Assurance Documentation Package for LS-DYNA 3D, HI-961519,
Revision 5, 2006.

[M.O] HI-2084137, "A Classical Dynamics Based and Experimentally Benchmarked
Impact Response Computation Methodology for AL-STAR Equipped Casks",
Latest Revision.

N. Computer Codes (Public Domain).

[N.A]
[N.B]

[N.C]
[N.D]
[N.E]
[N.F]

[N.G]
[N.H]

ANSYS, Version 5.7, 7.0, 9.0, or 11.0
a. "CASMO-4 Methodology", Studsvik/SOA-95/2, Rev. 0, 1995.
b. "CASMO-4 A Fuel Assembly Burnup Program, Users Manual," SSP-01/400,

Rev. 1, Studsvik Scandpower, Inc., 2001.
c. "CASMO-4 Benchmark Against Critical Experiments", Studsvik/SOA-94/13,

Studsvikof America, 1995.
CASMO-3, Version 4.4 or 4.7
LS-DYNA, Version 936, 940, 950,960, 970, or 971 •
FLUENT Version 4.32, 4.56, 5.5, 6.1.18, or 6.2.16
KENO-5A, Version 4.3 or 4.4
a. J.F. Briesmeister, Ed., "MCNP - A General Monte Carlo N-Particle Transport
Code, Version .4A," Los Alamos National Laboratory, LA-12625-M (1993).
b. MCNP - A General Monte Carlo N-Particle Transport Code, Version 5, LA-
UR-03-1987,.April 24, 2003 (Revised 10/3/05).
ORIGENS (Scale), Version .4.3 or*4.4:
SAS2H (Scale), Version 4.3 or 4.4

0. Handbooks

[O.A] Crane Manufacturer's Association of America (CMAA), Specification #70,
1988...

[O.B] DOE-HDBK - 10 17/2-93 DOE Fundamentals Handbook, Material Science,
Vol. 2 of 2.

[Q.C] M.G. Natrella, Experimental- Statistics, National Bureau of Standards,
Handbook 91, August 1963.

[O.D] Baumeister, T,, Avallone, E.A. and Baumeister Ili, T., "Marks' Standard
Handbook for Mechanical Engineers", 8th Edition, McGraw Hill Book
Company,' 1978.

P. Chapter 1 Specific References

None
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Q. Chapter 2 Specific References

[Q.A] Hexweb Honeycomb Attributes and Properties, HEXCEL Corp., Pleasanton,
CA, 2006.

[Q.B] Deleted.
[Q.C] L.W. Ricketts, Fundamentals of Nuclear Hardening of Electronic Equipment,

Robert E. Krieger Publishing Co., Malabar, FL, 1986.
[Q.D] Structural Calculation Package for the HI-STAR 60, HI-2073716, Latest

Revision, 200$8.
[Q.E] Finite Element Impact Analyses Supporting HI-STAR 60 SAR, HI-2073725,

Latest Revision, 2008
[Q.F] Buckling of Bars, Plates, and Shells, D.O. Brush and B.O. Almroth, McGraw-

Hill, 1975, p. 22.
[Q.G] Shah, M.J., Klymyshyn N.A., and Kreppel B.J., "HI-STAR 100 Spent Fuel

Transport Cask Analytic Evaluation for Drop Events", Packaging,-Transport,
and Security of Radioactive Materials, Vol. 18, No. 1, W.S. Maney & Sons
(2007).

[Q.H] Containment Performance of Transportable Storage Casks at 9-m Drop Test,
Hitoshi Tobita and Kenji Araki, PATRAM 2004, Berlin, Germany, 9/2004.

[Q.I] "Mechanical Design of Heat Exchangers and Pressure Vessel Components", by
K.P. Singh and A. I., Soler, Arcturus Publishers, Cherry Hill, New Jersey, 1100
pages, hardbound (1984).

[Q.J] "Validation of an Impact Limiter Crush Prediction Model with Test Data: The.
Case of the HI-STAR 100 Package", K.P. Singh, A.I. Soler, and C. Bullard,
tPATRAM 2004, Berlin, Germany, September 20-24, 2004.

[Q.K] USNRC ASLB, "Final Partial Initial Decision on F-16 Aircraft Accident

Consequences", Docket No. 72-22-ISFSI, ASLB# 97-732-02-ISFSI, dated
2/24/2005.
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CHAPTER 1: GENERAL INFORMATION

1.0 GENERAL INFORMATION

This Safety Analysis Report (SAR) for the HI-STAR 60 Package is a compilation of information
and analyses'in the format suggested in Reg. Guide 7.9 [D.E]* to suppoi'a United StatesNuclear
Regulatory Comimission (USNRC) licensing review-as a spent nuclear fuel transportation.
package under requirements specified in IOCFR71 [A.C] and 49CFR173 [A.E]. This.SAR
contains the necessary material-to provide the technical justification in support of an NRC
Certificate of Compliance under the -provisions of IOCFR71, Subpart D. To ensure completeness
of information and to facilitate locating key information in this SAR, a Reg. Guide 7.9
Compliance Matrix is provided in Appendix 1.A.

HI-STAR 60 is ,the' model name of a transport cask engineered to serve as a' Type B(U)F-96
packaging for transporting radioactive material (including commercial spent fuel (CSF), reactor-
related GTCC waste, and high level waste) under exclusive use shipment pursuant to
1OCFR71.47. The present issue of this••SAR considers only CSF as thepackage contents. -

The HI-STAR 60 Cask containment system is engineered similar to the anatomical design and
constructioh-of'the containment system of HI-ST"AR 100 certified for transport under Docket No.
71-9261 [L.C] and for storage under Docket No. .72-1008 [L.B]. More specifically, the
containment boundary materials, welding joint details; NDE requirements, and Code of design
and fabrication for the HI-STAR 60 containment boundary, etc., are identical to those of the HI-
STAR 100"(certified by the USNRC and deployed at niirl- plants sime thelate 1 990s).

[PROPRIETARY TEXT REMOVED]

Finally, the design embodiment, construction, and structural materials.employed in HI-STAR 60
are nearly identical to that used in the HI-STAR 100 (Docket No. 71-9261). •

Figures 1.0.1 and 1.0.2 provide pictorials of the exterior of the HI-STAR 60 Cask and HI-STAR
60 Packaging, respectively. The drawing package in:Section 1.3 details the important-to-safetyl
features considered in the packaging evaluation. and also includes certain details on non-
important-to-safety features.. For convenience and'-clarity, additional pictorials of the cask and
packaging components have been provided throughout this SAR.

SAlphabetic identifiers in square brackets indicate the references compiled under the heading: "References" in this
Safety Analysis Report. .. . _

HI-STAR 60SAR Revision I
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FIGURE 1.0.1 - EXTERIOR VIEW OF THE HI-STAR 60 CASK
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IMPACT

Note: Optional Personnel Barrier Not Shown.

FIGURE 1.0.2 - EXTERIOR VIEW OF HI-STAR 60 PACKAGING
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1.1 INTRODUCTION

The HI-STAR 60 Packaging is designed to comply with all of the requirements of IOCFR71 for
a Type B(U)F-96 package for transport. In particular, the prescribed maximum normal operating
pressure. (MNOP) of 700 kPa (100 lb/in 2) for a Type B(U) package is observed. No pressure
relief device is provided on the HI-STAR 60 containment boundary. Therefore, there is no relief
device that may permit release of radioactive material under the tests specified in IOCFR71.73.
Analyses that demonstrate the HI-STAR 60 Package complies with the requirements of Subparts
E and F of IOCFR7I are provided in this SAR.

The criticality safety index (CSI) for the HI-STAR 60 package is 0.0, as an unlimited number of
•packages~will remain subcritical under the procedures specified in IOCFR71.59(a). Section 6'1
provides the determination of the CSI. In addition, the transport index (TI) for the HI-STAR ,60
Packaging with design basis fuel contents is less than 10 and the radiation level does not exceed
2 mSv/h '(200 mrem/h) at any point on the external surface of the package. A HI-STAR 60
Package containing design basis fuel contents may be transported by exclusive use or non-
exclusive use shipment depending on the temperature of the accessible package surfaces. The
temperature cannot exceed the 50TC (122 0F) limit for non-exclusive use shipment. An empty but
previously loaded HI-STAR 60 cask may be shipped as an excepted package provided the
descriptions and limits for surface contaminated objects (SCO) material set forth in IOCFR71.4
are satisfied.

The HI-STAR 60 Packaging design, material acquisition, fabrication;,assembly, and testing shall
be performed in accordance with Holtec International's quality assurance (QA) program. Holtec
International's QAprogram was originally developed to meet NRC requirements delineated in
1OCFR50, Appendix B, and was expanded in the early 1990s to include provisions of I0CFR71,
Subpart H, and IOCFR72, Subpart G, for •structures, systems, and components designated'as
important-to-safety. NRC approval of Holtec International's QA program is .documented by the
Quality Assurance Program Approval for Radioactive Material Packages (NRC Form-311),
Approval Number 0784, Docket No. 71-0784.

The HI-STAR 60 is fabricated using structural materials with a long proven history in the
nuclear industry and specifying materials known to withstand their operating. environments with
little to no degradation. A maintenance program, as specified in Chapter 8, is implemented to
ensure the HI-STAR 60 cask will meet its intended function. The technical considerations. that
assure the HI-STAR 60 performs its design functions include all areas germane to the long-term
integrity of the system, such as:

* Consideration of exposure to environmental'effects
* Consideration of material corrosion, degradation and aging effects
* Provision'of preventive maintenance and inspections
* Consideration of structural fatigue and brittle fracture effects.
* Maintenance of helium atmosphere (prevention of internal corrosion)
* Assurance of fuel cladding temperatures below NRC prescribed limits.
° Assurance of long-term effectiveness 9f the neutron absorber

HI-STAR 60 SAR Revision 1
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The HI-STAR 60 Packaging is designed to maximize its robustness for safe transport of spent
nuclear fuel (SNF). Some of the principal features of the HI-STAR 60 Package-that enhance its
effectiveness are:

[PROPRIETARY TEXT REMOVED]

-• - ..
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.1.2. PACKAGE DESCRIPTION

1.2.1 Packaging

1.2.1 .1 Major Packaging Components

The-HI-STAR 60 Packaging consists of the following four major components:. - .

a. Cask
b. Fuel Basket
*c. Impact Limiters
d. Personnel Barrier

a. Cask

The HI-STAR 60 Cask is a metal cask designed to hold CSF in a subcritical. configuration in a
highly conductive fuel basket. The containment boundary of the radiological contents is provided

• by a cryogenic steel shell welded to a forged cryogenic steel "baseplate" at the bottom and a
suitably machined forging at the top. The top forging is equipped -with machined surfaces to
fasten a closure lid that is appropriately machined with two concentric gasket-bearing surfaces.

• . The fully cryogenic steel, weldment and the cryogenic steel-'closure lid define the "Containment
Boundary" for the cask. The Containment Boundary is designed and manufactured to ASME I
Section III Division 1, Subsection NB, [G.C] as clarified in this SAR. Cask design details are
shown in the drawing package in Section 1.3.

As with'the previously licensed HI-STAR 100 Cask, all materials used in the HI-STAR 60 Cask
containment boundary are widely used in low temperature applications and regardless of their

* product form, are the same. metallurgy genre and are readily weldable to each other. While the
HI-STAR 60 Cask containment boundary renders the function of a high integrity pressure vessel.
by providing a setof two highly reliable leakage barriers in its lid closure, it does not possess the
necessaryshielding in the radial direction to attenuate the radiationdose to the limits mandated
by IOCFR71. For this purpose, it is necessary to surround the containment shell with additional
material optimized to block gamma and neutron radiation. ,

The outer surface of the, cask inner shell is buttressed with intermediate shells of gammashielding that are installed in a manner to ensure conformal contact between adjacent layers.

Besides serving as an effective gamma shield, these layers provide additional strength to the cask
to resist puncture or penetration.

[PROPRIETARY TEXT REMOVED].

The HI-STAR 60 Cask features two top trunnions for lifting and two bottom trunnions for
rotation and handling.

The internal cavity of the HI-STAR 60cask is protected by a highly durable, stainless steel metal
finish applied by the thermal spray process or as~a weld overlay. Also all external'surfaces of the I

HI-STAR 60 SAR Revision 1
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HI-STAR 60 body that may come in contact with the spent fuel pool water are stainless steel.
The stainless steel interface on those surfaces shall be realized by suitable means such as weld
overlay, stainless steel cladding, stainless steelplate and/or stainless steel forging~stock.

b. Fuel Basket

[PROPRIETARY TEXT REMOVED]

c. Impact Limiters

Two impact limiters (also referred to as AL-STAR 60) are installed at the two extremitiEs of the
HI-STAR 60 cask and provide energy absorption capability with prescribed crush properties for
the normal and hypothetical accident conditions of transport. The structural materials in the HI-
STAR 60 impact limiters are identical to those of the AL-STAR 100 used in the HI-STAR 100
Package (Docket No, 71-9261). As.,,in-all HI-STAR embodiments, the HI-STAR 60 impact
limiters feature rigid cylindrical barrels or skirts as a part of the backbone stricture that engage
the top and bottom forgings of the cask with a snug fit. The impact limiter backbone is enveloped
by the crushable-material, which in turn is enclosed by a stainless steel skin. The following key
design features typify the HI-STAR 60 impact limiters:

[PROPRIETARY TET REMOVED] "

Impact -imiter details are shown in the-drawing package in Section. 1.3. •The critical
characteristics' and the attainment of the required critical characteristics through a
comprehensive 'qualification- prbcess and production testing are discussed in Chapters 2 and 8, [
respectively. .

.d. "Personnel Barrier

The personnel barrier is used. to provide a physical barrier to prevent manual access to thermally
hot areas of t.ecask when configured for transportation as required by 10CFR71.43(g)1zDuring
transport, the cask lies horizontally with impact :limiters on both ends. A typical transport
configuration and personnel barrier is shown in Section 1.3. The use 'of the personnel barrier is
optional if all exterior surfaces of the package are below 85°C (1851F) for exclusive use
shipment or 50"C (122°F) for non-exclusive use shipment in accordance with IOCFR71.43(g).
The personnel barrier is not required or considered in the analysis for the HI-STAR 60 Package
to meet the external radiation standards of I OCFR71.47(a)-under non-exclusive use shipment or
IOCFR71.47(b) 'under exclusive use shipment.' Thepersonnel barrier is not a structural part of the
HI-STAR 60 Packaging, but iskdesignated as a packaging component when in use.

The personnel barrier .is a sturdy cage type construction (constructed mainly of mesh or chain-
link supported by an internal or external support structure). The personnel- barrier is typically
installed over the cask but may also be installed over the package (cask with inpact. limiters).
For road transport, the personnel barrier, if used, is only required to cover the sides of the
package and be sufficiently high to preventinadveitent personnel access. ... .. .•

HI-STAR 60 SAR - Revision I
' Report HI-2073710 . 1.2-2 '-.-



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

1.2.1.2 Packaging Supports and Restraints

The HI-STAR 60 transport cask 'is engineered for shipment by both railroads and roadways using
appropriate supports:and restraints. Packaging supports and restraints considered as auxiliary
equipment, such as longitudinal stops, support saddles, transport cradle, wedge shims and a tie
down system are normally necessary as part of the transport on rail car conveyance. A similar
configuration of the auxiliary equipment may be implemented for package transport by road.
The HI-STAR.60 transport cask when configured for package transport by rail or. road may also
be transported by sea going vessel in accordance with applicable 49CFR requirements as
indicated by IOCFR71.5. Non-integral appurtenances to. the cask, such as the transport cradle,
longitudinal stops, support saddles, tie down system and wedge shims are not structural parts of
the HI-STAR 60 Packaging and, as such, are not designated as packaging components.: The HI-
STAR 60 Package lends. itself to two general options for the transport packaging supports, and
restraints.

In option one, a transport cradle supports the cask from the bottom rotation trunnions and
provides. a support surface for the upper end, of the cask body. The.packaging is secured
by the bottom cask trunnions and by a circumferential tie down strap near the top, end of
the cask to prevent vertical and. axial movement. This option is illustrated in Figure
1.3.2. Alternatively, the top end tie down strap may be eliminated by also securing the
-cask by the top trunnions. , ....... ..

* In option two, as in the HI-STAR 100 Packaging, two support saddles located at either
end of the cask body provide the support surface for the HI-STAR 60 Packaging.
Circumferential' tie' down straps are used to secure the packa'ing andtapered wedge
shims that close the gap between the impact limiters and the axial restraints (longitudinal
stops), of the transport vehicle are used to restrain the package against axial movement.

Packaging supports and restraints shall be designed as appropriate for either rail, road (i.e. public
highway) or vessel (i.e. sea) transport applications in compliance with the applicable
requirements of I'OCFR Part 71 and the applicable 49CFR requirem~ents as indicated: by

.'IOCFR71.5,. with additional consideration 'to the applicable, industry (railroad, road and sea
transportation) standards. More specifically, the following IOCFR71 requirements must be
complied with:

* Cask trunnions are not qualified to lift the HI-STAR 60 Package (i.e. loaded cask with
impact limiters); 'therefore, to comply 1OCFR71.45(a), physical devices shall ..be
implemented to disallow their use as lifting devices when in the transport assembly
configuration.

* Cask trunnions that are to be used to tie down the package must be qualified to perform
as tie- down devices in accordance with IOCFR71.45(b)(1) or otherwise be rendered
inoperable in accordance with 1OCFR71.45(b)(2).

For the purpose of dosecalculations/measurements that --ensure compliance with regulatory'
limits, the jurisdictional boundary of the HI-STAR 60 Packaging is the external surfaces of the
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i.mpact limiters and the cask. If a personnel barrier is used, the jurisdictional boundary is then
thie-external surfaces of the impact limiters and the personnel barrier; and'the, bottom surface of
the railcar/transport vehicle deck.

1.2.1.3 Overall Dimensions and Weight

The overall dimensions of the HI-STAR 60 Cask and Package are•summarized" below:

Overall Dimensions of HI-STAR 60*
Item Value, mm'.

Inside diameter of the HI-STAR Cask cavity 1. 1080
Outside diameter of the HI-STAR cask at mid-height 1924
Length of the HI-STAR cask without impact limiters' 4037
Length of HI-STAR 60 Package (cask plus the two impact
limiters) . .

The weights of the HI-STAR 60 Package and Packaging are summarized below:

General Weights of HI-STAR 60, _ _._'

- Item Value, kg (lbs)
Maximum Gross Weight of HI-STAR 60 Package 74,400 (164,000)
Nominal Empty Packaging (No Personnel Barrier) Weight 64,650'(142,530)

The maximum ,gross transport weight of the HI-STAR .69 Package, (without the.. personnel
barrier) is marked -on the packaging nameplate. Optionally, a lower maximum gross package
weight may be marked on, the. packaging nameplate that is consistent with (equal -to or greater
than) the nominal weight forthe-specific fuel basket and contents.

The actual as-built (empty)_ packaging weight will vary slightly due to dimensional tolerances
and small variations in material density. A verification of the as-manufactured empty packaging
weight is not required because the safety analysis contained in this SAR considers, such
variations to ensure that the analyses are bounding.

The nominal weights for the HI-STAR 60 Package main components, nominal weight of the
cask and package at maximum capacity with design basis SNF are provided in Section 2.1. The
weight of the package contents is discussed in Subsection 1.2.2 below.

1.2-.1.4 Containment Features

The containment system forms an internal cylindrical cavity foy housing the fuel basket.,. The
containment boundary itself is formed by a cryogenic-steel inner shell. (containment shell).

* All dimensions are nominal values. Design basis safety analyses may use upper or lower bound values,
as appropriate, to ensure conservatism. . .

Design basis safety-analyses may use upper or lower bound -Weight values, as appropriate, to ensure

conservatism.
HI-STAR 60 SAR Revision 1
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welded at the bottom to, a thick bottom plate (containment baseplate) and welded at the top to a
heavy top flange (containment closure flange), and a closure'lid with the inner[PROPRIETARY
TEXT REMOVED] seal. The closure lid is recessed into the containment closure flange and
configured to protect the'closure bolts and seals, in the event of a drop accident. The closure lid
has inter-seal test ports closed by threaded port plugs and vent and drain ports that are closed by
bolted port cover plates and seals. A schematic of the containment boundary is shown in Figure
4.1.1. -

The closure lid is designated to perform the containment function with final qualification by leak
testing to the acceptance criterion specified in Chapter 4. Each containment seal is backed by at
least one redundant seal. The sealed cask precludes continuous venting.

1.2.1.5 Neutron and Gamma Shield Features

The HI-STAR 60 Package is equipped with, shielding to minimize personnel exposure. The HI-
STAR 60 Packaging (with or without personnel barrier) ensures the external radiation standards
of 1OCFR71.47 under exclusive and non-exclusive use shipment are met when loaded with
design basis, fuel. As discussed in Section 1.2.1.1, if the cask exterior surface' does not exceed
85°C (185°F), the Use of the personnel barrier is optional. The drawing package in Section 1.3
provides illustrations of the design of neutron and gamma shield components.

The initial attenuation of gamma and neutron radiation emitted by the radioactive spent fuel is
provided by the fuel basket steel and the fuel basket neutronabsorber panels. Neutron shielding
is provided around the outside circumferential surface of the cask. Gamma shielding is
principally 'provided by the containment 'shell, the containment baseplate, the containment
closure flange, the closure lid, the intermediate shells and the enclosure shell. During transport,
the impact limiters provide additional gamma and neutron shielding thriough added' interposed
mass and distance with respect to the stored radioactive contents.

1.2.1.5.1 HoltiteTm Neutron Shielding Material.

As with the previously licensed HI-STAR 100, the shielding against neutron fluence in HI-STAR -
60 Packaging is :provided by Holtite-A. Holtite T M is a boron carbide impregnated, hydrogen rich,
radiation resistant polymeric material first used by Holtec International in the early 1990s in the
company's HI-STAR 100. transport cask. Holtite-A utilizes Aluminum. Trihydrate as the
principal source of hydrogen dispersed in an' epoxy compound'[(M.A), (M.B)]. A mixing
machine devised by Holtec-is used in the cask manufacturing facility, much in the manner of
mixing and placement of concrete, to pour the Holtite slurry into the. cask's cavities. The
shielding material cures in-situ, ensuring that no gaps orvoids'will exist.>Holtite-A was subjected
to extensive studies of its critical characteristics (viz., radiation resistance, physical stability at

,service temperature and homogeneity) during its evaluation and validation program in the 1990s
[(M.A), (M.B)], which led to its regulatory approval in the HI-STAR 100 docket (71-9261) and
subsequent use in the manufactured HI-STAR 100 overpacks.

In this SAR, the terms' Holtite-A and Holtite are Used interchangeably.

HI-STAR 60 SAR - • Revision, I
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Holtite neutron shielding material critical characteristics are discussed below.

(a) Shielding Function

Holtite Density

The nominal bulk density of Holtite _(pHoltite) is"1.68 g/cm . To conservatively bound -any
potential weight loss at the design temperature and any inability to reach the theoretical density,
the density is reduced. by 4% to 1.61 g/cm3 . The density used for the shielding analysis is
assumedto be 1.61 g/cm 3 to underestimate the shielding capabilities of the neutron shield.

Hydrogen Content

The nominal weight concentration of hydrogen is 6.0%. However, all shielding analyses
conservatively assume 5.9% hydrogen by weight in the calculations. .........

Boron Carbide Content

Boron carbide weight concentration in finely dispersed powder form is 1% (nominal).

(b) Thermal Function.

Thermal Stability

Holtite shall be stable"t6temipertatures up to and ihcitding'-149.0 C(3000F). . -

1.2.1.6 - Criticality Control-Features

Criticality control in the HI-STAR 60 Packaging is provided by METAMIC® neutron absorber
panels attached to the rectilinear gridwork 'of the Fuel Basket honeycomb. There are no.
moderators or special axial: fuel spacers used in-the HI-STAR 60 Packaging affecting-criticality
control; The. basket. for HI-STAR 60 is constructed' so that the fuel assemblies are separated
along the centerlines into four quadrants by two panels 6f, neutron absorber with a water gap
between them,(flux trap.construction), see drawing package in Section 1.3.

1.2.1.6.1 METAMICe

METAMIC® is an isotr6pic aluminum-based, macroscopically homogeneous neutron absorber
material widely licensed for' use for spent fuel re6ctivity control in dry and, wet storage
applications. Metallurgically, METAMIC® is a metal matrix' composite (MMC) consisting of a
matrix of aluminum reinforced with Type I ASTM C-750 boron carbide. METAMIC® is
characterized by extremely fine aluminum and boron carbide powder. As described in the U.S.
patents held by METAMIC, Inc.*, the high performance and reliability of METAMIC® derives

* U.S. Patent No. 5,965,829, "Radiation Absorbing Refractory Composition".
HI-STAR 60 SAR Revision 1
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from the particle size distribution of its constituents, rendered into a metal matrix composite by.
the powder metallurgy process. This yields excellent and uniform homogeneity.

METAMIC® has been subjected to an extensive array of tests sponsored by the Electric Power
Research Institute (EPRI) that evaluated the functional performance of the material at elevated
temperatures (up to 482C /900'F) and radiation levels (IE+1 I rads gamma). The results of the
tests documented in an EPRI report (Ref. [J.A]) indicate that METAMIC® maintains its-physicalF
and neutron absorption properties with little variation in its properties from the unirradiated state.
The main conclusions provided in the above-referenced EPRI report are summarized below:

* The metal matrix configuration produced by the powder metallurgy process with a-
complete absence of open porosity in METAMIC® ensures that its density is essentially
* equal to the theoretical density.

* The physical and neutronic, properties of METAMIC® are essentially unaltered under
exposure to elevated temperatures (3990C - 4820C / 7500 F - 9000 F).

* No detectable- change in the neutron attenuation characteristics under accelerated
corrosion testconditionshas been observed.

In addition, independent measurements of boron carbide particle distribution show extremely
small particle-to-particle distancet and near-perfect homogeneity.

Because of the absence of body extensive porosity, it has been found that fuel baskets equipped
with-MET-AMIC® vacuum dry in much less time than those equipped with"Boral (Which has a
porous core). Because of its performance in dry- storage applications, all Holtec fuel baskets
em`ply METAMICe (authorized under, USNRC Docket No. 72-1014). M etamic is also licensed
for use in other storage modules certified by the USNRC (viz., Docket No. 72-1004)."

'Prior to utilizing METAMIC ® in its fuel racks and multi-purpose canisters, Holtec International
ran an extensive property verification program that is documented in a (proprietary) technical
report [M.C]. The tests carried out by the company to evaluate Metamic's suitability for wet and
dry applications corroborated the conclusions reached by EPRI [J.A].

Consistent with its role in reactivity control, all METAMIC® material procured for use in the
Holtec fuel baskets will be qualified as important-to-safety (ITS) Category A item. ITS category
A manufactureditems, as required by Holtec's NRC-approved Quality Assurance program, must
*be produced to essentially preclude the potential of an error in the procurement of constituent
materials and the manufacturing processes. Accordingly, mnaterial and manufacturing control
processes must be established to eliminate the incidence of errors, and inspection steps must be

Medium measured neighbor-to-neighbor distance is 10.08 microns according to the article,
"METAMIC Neutron Shielding", by K. Anderson, T. Haynes, and R. Kazmier, EPRI Boraflex
Conference, November 19-20, 1998.

HI-STAR 60 SAR Revision 1
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* implemented to serve as an independent set of barriers to ensure that all critical characteristics
defined for the material by the cask designer are met in the manufactured product.

All manufacturing and in-process steps in the production of METAMIC® shall be carried out
using written procedures. As required by,'the company's quality program, the material
manufacturer's QA program and its implementation shall be subject to review and ongoing
assessment,: including' aUdits and surveillances as set forth in the applicable Holtec QA'
procedures to ensure that all METAMIC® panels procured meet with the requirements
appropriate for the quality genre of the fuel basket. Additional details pertaining to the
qualification and production tests for METAMIC® are summarized in Subsection 8.1 of this
SAR.

1.2.1.6.2 Locational Fixity of Neutron Absorbers

-"METAMIC0 neutron absorber panels are completely enclosed in- stainless steel. sheathing that is
* • stitch welded to the fuel basket cell walls along their entire periphery. The edges.of the sheathing

are bent toward the cell wall to make the edge weld. Thus, the neutron absorber is contained in a
tight, welded pocket enclosure. The shear strength of the pocket weld joint, which is an. order of
magnitude greater than the weight of a fuel assembly, guarantees that the neutron absorber and

- .its enveloping sheathing ýpocket will maintain their as-installed position under all loading,
storage, and transient evolAtions. Finally, the pocket joint'detail enisures that fuel assembly
insertion or withdrawal into or out of the fuel 'basket will not lead to a disconnection of the
sheathing from the cell wall.

41.2.1.73 Liftini and Tie-Down Devices; , . ,.

Two top lifting trunnions are permanently attached to the cask for vertical lifting and handling of
the loaded cask. The lifting trunnfions are located 1800 apart on the upper end-of the cask body.
Two bottom rotation trunnions are"1ocated 1800 apart on the lower end of the cask body to
provide a built-in pivoting akis for cask rotation. The bottomrotation trunnions are slightly off-
center to ensure proper. rotation direction of the cask.

Lifting trunnions are designed in accordance with IOCFR7.I.45, NUREG-0612 [C.A] and ANSI
N14.6 [H.A].

The lifting, upending, and downending of the HI-STAR 60 Package requires the use of external
handling devices. A lift yoke is typically utilized when thecask is to be lifted and handled
vertically, upended and downended. Upending and downending are typically performed with the
cask pivoting on an ancillary device specifically designed for this purpose.

Figure 1.3.2 provides an illustration of a typical transport configuration where the cask is shown
.secured by the bottom cask trunnions. Cask trunnions that are to be used to tie down the' package
must be designed and qualified to perform as tie down devices in accordance with
IOCFR71I.45(b)(1) or otherwise be rendered inoperable in accordance with IOCFR71.45(b)(2).
Also see Subsection 1.2.1.2 of this SAR.

HI-STAR 60 SAR Revision I
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1.2.1.8 Heat Transfer Features

The HI-STAR 60 Packaging can safely transport SNF by maintaining the fuel cladding
temperature below the limits for normal and accident conditions consistent with the guidance in
the NRC Interim Staff Guidance, ISG-1 I Rev. 3.'[E.K]..The temperature of the fuel cladding is
dependent on the decay heat and the heat dissipation capabilities of the cask. The 'SNF decay
heat is passively dissipated from the, HI-STAR, 60 Package vwithout: any mechanical or. forced'
cooling. The primary heat transfer mechanisms are conduction and radiation within the HI-
STAR 60.Package and convection and radiation from -the surfaces of the HI-STAR 60 Package.
The free volume of the space inside the containment boundary is filled with 99.99% puire helium
gas during fuel loading operations. The helium backfill pressure is provided in Table 1.2.3.
Besides providing an inert dry atmosphere for the fuel cladding, the helium also provides
conductive heat transfer across any gaps between the metal surfaces inside the containment
boundary. The principal paths of heat dissipation is by metal conduction through the fuel basket
and through. the containment boundary, the layered intermediate steel shells, the steel radialribs

*and Holtite neutron shielding, and finally to the outer.neutron shield enclosure shell. A small
amount of heat is rejected through the two extremities of the packaging.

1.2.1.9 . Internal Support Features

The HI-STAR.60 Packaging is equipped with basket supports engineered to. provide support for
the fuel basket under normal and. accident conditions, restrain the fuel basket from rotation,
enhance heat transfer and facilitate thermal expansion. The basket supports are fabricated from
metal plate or bar shapes and attached to the inside surface of the containment shell along the
length of the basket. Basket support design details are shown in the drawing package in Section.1.3.

1.2.1.10 -Packaging Markings

Each HI-STAR 60.0 Packaging shall have a unique identification plate(s) with appropriate
markings per 1OCFR71.85(c) (and IOCFR72.236(k) if applicable). The identification plate(s) are
installed on a visible location (not shielded by packaging restraints and supports) of the caske-
body.. The identification plate(s) shall not be installed until each HI-STAR 60 Packaging
component has, completed the fabrication acceptance -test program and been accepted by
authorized Holtec International personnel from the company's quality organization.

1.2.2 Contents of Package

This subsection delineates the authorized contents permitted for shipment in the HI-STAR 60
Package.

The HI-STAR 60 Package is classified as a Category I Type B package since the maximum
activity of the contents to be transported in the HI-STAR 60 Packaging is above the limits shown
in Table I of Regulatory Guide 7.11 [D.G]. The fuel basket termed F-12 is authorized.for use
within .the"HI-STAR..60 Cask. Undamaged PWR fuel assemblies meeting the .ph3sical

HI-STAR 60 SAR Revision 1
Repqrt HI-2073710 : - 1.2-9
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characteristics in Table 1.2.1 are permitted for transportation in the HI-STAR 60 Packaging.
Damaged fuel is not perm itted for transport.

Additionally, the fuel assembly and its host reactor operating parameters must meet the specified
requirements of Table 1.2.5 to merit transportation in the HI-STAR 60 package under the
provision of IOCFR71. The intent of these requirements is to ensure that the fuel assembly and
the operating conditions are withinrthe ralm- 'US;'g'ldbry experien e, and that there is
therefore reasonable assurance that the US NRC guidance documents related to fuel performance
and fuel behavior are applicable to the loaded fuel.

.The maximum mass of radioactive material permitted for transport.in-the HI-STAR 60
Packaging was calculated-for a fuel basket completely filled with fuel assemblies at the
maximum allowable radioactive material mass. The maximum mass of fissile material permitted
for transport in-the HI-STAR 60 Packaging was calculated for a fuel basket filled with. fuel
assemblies at the maximum allowable fissile material mass. . .

The radioactive and fissile material is in the form of a solid fuel pellet with a maximum fuel
'idensity shown in Table 1.2.1. There are no moderating materials or neutron absorbers in the

contents, nor any other material that would create a chemical, galvanic or other reaction leading
to the release of combustible gases.

[PROPRIETARY TEXT REMOVED]

The fuel assemblies are loaded into the basket cells. Each basket cell holds one fuel assembly.
T'Thei'e fuel' as'ssmblie's, aid "th6' basketcells are apiproximately" the& .iin", he-ight. The b.Aske&t i '.

perm itted to move longitudinally inside the cask cavity but it cannot rotate: There is no,
secondary packaging in the contents that is not considered part of the packaging discussed in
Section 1.2.1.

The maximum weight of the radioactive contents and the payload are shown in Table 1.2.1.

HI-STAR 60 SAR -Revision I
Report HI-2013-710 1.2-10
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1.2.3 Special Requirements for Plutonium

The only contents authorized for transport in the HI-STAR 60 are spent nuclear fuel assemblies
that will contain plutonium in solid form in varying quantities.

1.2.4 Opeirational Features

The HI-STAR 60 Package has been developed to facilitate- loading and unloading of fuel with
ALARA, utmost protection against handling accidents, and maximum attention to minimizing
the number of handling evolutions (i.e, simplicity of handling). - There are no complex
operational features that warrant a detailed description. The HI-STAR 60 caský.closure lid is
equipped with penetrations (ports) for fluid exchange. The port configuration on the closure lid, is
appropriately configured' to minimize radiation streaming. The lid ports shown in the drawing
package in Section 1.3 are typical ports equipped with quick disconnects; however, port caps or
plugs are examples of port featuresthat may -also be implemented.r The abbreviated -narrative
below on typical loading operations helps illustrate. the overall simplicity of the process. Chapter

.7 contains the description, of the essential elements of cask operations.

Typical Loading Operations

At the, start of loading operations, the cask is configured with the closure lid removed and the
fuel basket' installed. The cask is lowered into the spent fuel -pool for fuel loading, Pre-selected
assemblies are loaded .into the fuel basket cells and a visual verification of the assembly
identification' is performed.

While still underwater, the closure lid is installed, The cask is removed from the pool and placed
in the designated preparation area.

Cavity drying is carried out using the classical- vacuum drying process. Following the fuel drying
operations, the caskcavity is backfilled with a predetermined amount of helium gas. The helium
backfill ensures adequate heat transfer and provides an inert atmosphere .for fuel cladding
integrity. -

After the installation of the closure lid along with cover plates are completed, all containment
boundary seals are leak tested to appropriate leakage acceptance criteria.

The cask is secured on the transport vehicle with impact limiters attached, security seal(s) are
attached, and the personnel barrier is installed (if required). The HI-STAR 60 package is then
ready for transport. * '-'

HI-STAR 60 SAR Revision I
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Table 1.2.A
[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRITARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARYTEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARYTEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED] "_ ___
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Table 1.2.2
Radiological Limits for EIl-STAR 60 Package

Fuel Assembly Type 15x15 PWR

Type of Fuel U0 2

Maximum Burnup 4,5000
(MWd/MtIHM)

Minimum Cooling
Time 5

(years)
Initial Enrichment

(wt.% 235 
4:1

Post Irradiation
Cooling See Table 1.2.4

Time/Burnup/
Minimum Enrichment
Maximum Decay Heat

_,per Assembly 0.875
(kW)

1 .1

HI-STAR 60 SAR
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TABLE 1.2.3

HELIUM BACKFILL PRESSURE

" .Cavity bulk temperature > 21.1°C (707F)
Maximum Absolute Pressure 59.3 kPa (8.6 psia)

Notes:

1. Helium temperature may be established by calculation using ambient temperature during
cask loading operations and does not need to be directly measured

2. To ensure the package MNOP of 35 kPa gauge (5 psig) is not exceeded, a conservative
helium normal operating temperature of 400°C is assumed to establish the maximum backfill
pressure.

3. U.S. units shown for information, only-.

_i:

HI-STAR 60 SAR
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TABLE 1.2.4
PWR FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND INITIAL

ENRICHMENT

Post-Irradiation Assembly Burnup Assembly Initial
Cooling Time (years) (MWD/MTU) Enrichment

S(wt% 235 u)

>5 <45,000 > 3.6

> 5 < 40,000 5-3.4

>5 - <37,000 > 3.0

>5 <30,000 > 2.67

>5 <. 27,000 > 2.4

HI-STAR 60 SAR .
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TABLE 1.2.5
REQUIRED CRITICAL CHARACTERISTICS OF THE-COMMERCIAL SPENT FUEL

- (CSF) AND HOST REACTOR

Item Required

Host Reactor Operating Parameters

Reactor Type Base Load Light Water Pressurized
Reactor

Average rod power in the reactor during normal < 20 kW/m
reactor operations

Maximum rod power in the reactor during normal < 60 kW/m
reactor Operations "- -

Minimum Reactor coolant inlet temperature > 523 OF (273 'C)

Maximum Reactor coolant outlet tem'perature < 624 OF (329 °C)

Maximum Soluble Boron Content in Core < 1500 ppm

Typical Cycle Length 12 to 24 month

pH value of primary coolant Between. 4.2 (high boric acid
concentration) and 10.5 (low boric acid

concentration) at 25 DegC

Hydrogen control of primary coolant system 25. to 50 cm 3 (STP)/kg-H2 Q:

Fuel Parameters

Cladding material Zr-4 per ASTM B 811-1997 or
______ _ __equivalent

Fuel Material ý'U0 2

Initialfill pressure < 3.44 MPa

Maximum end-of-life hoop stress in the cladding 90 MPa
@ 400 'C peak cladding temperature

Co-59 content of-fuel assembly hardware (end < 1200 ppm
fittings,.spacer grids, etc.)

Maximum cladding oxide thickness at EOL 0.05 mm-rn

HI-STAR 60 SAR,
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TABLE 1.2.5
REQUIRED CRITICAL CHARACTERISTICS OF THE COMMERCIAL SPENT FUEL

(CSF) AND HOST REACTOR

Item.. Required

Host Reactor Operating Parameters'

Reactor Type Base Load Light Water Pressurized
Reactor

Average rod power in the reactor during normal < 20 kW/m
reactor operations

Maximum rod power in the reactor during normal < 60 kW/m
reactor operations

Minimum Reactor coolant inlet temperature > 523 0F (273 °C)

Maximum Reactor coolant outlet temperature < 624 'F (329 °C)

Maximum Soluble Boron Content in Core < 1500 ppm

Typical Cycle Length 12 to 24 month

pH value of primary coolant Between 4.2 (high boric acid
concentration) and 1.0.5 (low boric acid

concentration) at 25 Deg C

Hydrogen control of primary coolant system 25 to 50:cm3 (STP)/kg-H 20

Fuel Parameters

Cladding material Zr-4 per ASTM B 811-1997 or
equivalent

Fuel -Material U0 2

Initial fill pressure <.3.44 MPa

Maximum end-of-life hoop stress in the cladding 90 MPa
@ 400 'C peak cladding temperature

Co-59 content of fuel assembly hardware .(end < 1200 ppm.
fittings, spacer grids, etc.)

Maximum, cladding oxide thickness at EOL 0.05 mm

HI-STAR 60 SAR
Report HI-2073710
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1.3 ENGINEERING DRAWINGS

This section contains the Holtec Drawing Package'prepared under the company's QA Program to
serve as the control document for the certified design of HISTAR 60 under the provisions of
10CFR71. In particular, the drawing package contains the details of the safety features

considered in the analysis documented in this SAR. Specifically, this drawing package includes:

* A list of materials and parts, including their safety significance status.

* All dimensions that define the package's critical characteristics.

* Requisite information on safety significant parts such as the containment. system parts as
well as processes such as welding, non-destructive examinations, including appropriate
weld symbols and NDE acceptance criteria.

* Details on configuration of gasket joints§'germane to their sealing function.

* Identification of the Containment Boundary.

* Design details on the impact limiters.

The manufacturing of the HI-STAR 60 components is required to be in strict compliance with
the Drawing Package in this section; any deviation from the drawing would warrant a certificate
amendmentirequest, under the provisions of I OCFR71.

Additionally, Figures. 1.3.1 and L3.2
transport configuration, respectively.

provide information on the transport assembly and railcar

HI-STAR 60 SAR
Report HI-2073710

1.3-1 Revision I



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

6969mm

TOP IMPACT
LIMITER

BOTTOM IMPAC
LIMITER

- HI-STAR 60 CASK

0 7

291

Note: Dimensions are nominal

FIGURE 1.3.1: ILLUSTRATION OF HI-STAR 60 TYPICAL ASSEMBLY FOR TRANSPORT

HI-STAR 60 SAR
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OPTIONAL
PERSONNEL-

BARRIER

'IMPACT LIMITER
(TYPICAL)

TRUNNION LATCH
DOWN BLOCK

TRANSPORT VEHICLE

330.
- TRANSPORT FRAME

FIGURE 1.3.2: ILLUSTRATION OF HI-STAR 60 TYPICAL RAILCAR TRANSPORT CONFIGURATION
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1.4 Summary of Compliance with 1OCFR71 Requirements

The HI-STAR 60 Package complies with the requirements of 1CFR71 for a Type B(U)F-96
package. Analyses which demonstrate that the HI-STAR 60 Package complies with the requirements
of Subparts E and F of 10CFR71 are provided in this SAR. In particular, the HI-STAR 60 Package
complies with the general standards for all packages (I OCFR71.43), as demonstrated in Chapter 2.
Under the tests specified in I OCFR71.71 (normal conditions of transport) the HI-STAR 60 Package
is demonstrated to retain its ability to render its safety function set for §7.1.45, §71.51; and §71.55.
Under the tests specified in 10CFR71.73 (hypothetical accident conditions) and 1OCFR71;61.
(special requirement for irradiated nuclear fuel shipments), the performance.of the HI-STAR 60
Package is shown to meet the requirements of IOCFR71, Paragraphs 71.51, and 71.55 with adequate
margins.

The HI-STAR 60 Package meets the structural, thermal, containment,. shielding and criticality
requirements of IOCFR71, as described'in Chapters 2 through 6. The -package operations and
acceptance tests and maintenance program providedin Chapters 7 and 8 ensure compliance with the
requirements of I OCFR7 1.

As summarized below, the information provided in Chapters 1 through 8 seeks to demonstrate
compliance with the overarching requirements of IOCFR7 1:

* The HI-STAR 60 package description including the drawing package provided in Section 1.3
provides an adequate basis for evaluation of the HI-STAR 60 packaging against the
IOCFR71 requirements for each technical disciplineEach drawing is identified, consistent
with the text of the SAR, and contains keysor annotationto.explain and clarify information
on the drawing. .

* The NRC-approved Holtec International quality assurance program for the HI-ST-AR 60
packaging has been identified.,

• The applicable codes and standards, for the HI-STAR 60 Package design, fabrication,
assembly, and testing have been. identified.

. Allowable contents in the HI-STAR60 packaging are specified (in Section 1.2).-

HI-STAR 60 SAR Revision 0
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Appendix 1.A: Supplementary Information

Table 1.A: Regulatory Guide 7.9-Compliance Matrix

Chapter1
R.G. 7.9

Description SAR Section RemarksSection-

1. GENERAL INFORMATION 1.0, 1.1
1.1 Introduction 1.0, 1.1

- Use of the package 1.0, 1.1
- Model number 1.0,1.1

Criticality Safety Index 1.1
1.2 Package Description 1.2

1.2.1 Packaging, 1:2.1
- Dimensions and maximum and, 1.2.1.3

minimum weights _ __ _"

Containment features 1.2.1.4
Neutron and Gamma Shield Features 1.2.1.5

-Personnel barriers -. 1.2.1.1 d.
____ -Criticality control features 1.2.1.6

- Structural features 1.2.1.1 a., b., c.,.
1.2.1.7 and 1.2 1.9 ._ -_ _

-. Tie-d6wn devices . -2.1.2 anrd'12.l.7 __._" _"

-:Impact limiters 1.2.1.1 c.
. Outer shell or outer packaging 1.2.1.1 a.
- Packaging closure devices 1.2.. 1.1 a., and

1.2.1.4 , "
- Heat transfer features 1.2.1.8. and 1.2.-f.9
-Packaging markings , .1.2.1.10 '

1.2.2 Contents 1.2.2
- Identification and maximum quantity of 1.2.2 and
radioactive material Table 1.2.1
' Identification and maximum quantity of 1.2.2 and
fissile material Table 1.2.1

- Chemical and physical form .- 1:2.2
- Location and configuration of contents 1.2.2 and 1.3

within packaging
- Identification and quantity of nonfissile 1.2.2
materials used as neutron absorbers or
moderators
- Chemical, galvanic reaction, generation 1.2.2
of gas __•_ _
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Table 1.A: Regulatory Guide 7.9 Compliance Matrix

________ .. : Chapter 1
R.G. 79 Description SAR Section Remarks
Section

- Maximum weight of radioactive contents 1.2.2 and
and maximum weight of payloads Table 1.2.1
- Maximum decay heat Table 1.2.2
- Loading restrictions . Tables 1.2.1,

1.2.2, and 1.2.5
- Additional information that is suitable. Table 1.2.1, 1.2.2,
for inclusion in the certificate of and 1.2.5
compliance

1.2.3 Special Requirements for Plutonium 1.2.3
- Package content .1.2.3 . .

1.2.4 Operational Features 1.2.4
- Description of operational features 1.2.4
- Schematic diagram showing valves, etc. 1.3

1.3 Appendix 1.3, 1.4, and L.A
Drawing Package 1.3
- Material list 1.3
- Dimensions 1.3
- Valves, etc. 1.3

• Welder and welding procedure 1.3
qualification requirements
- Weld symbol, joint specification, NDE, 1.3
acceptance standard

Gasketed joints - surface finish, flatness, 1.3 and Table
gasket specification, gasket retention .2.2.8
References . . References -

* : Section .

Other supplemental information .__1.4 and .A LA
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Table 1.A: Regulatory Guide 7.9 Compliance Matrix

.Chaliter2
RG. 7.9 . -:-Section Description SAR Section Remarks

2. STRUCTURAL EVALUATION -. 2.0
2.1 Description of Structural Design 2.1 -

.2.1.1 Discussion 2.1.1
- Principal structural members and '2.1.1-
systems
- Reference of above items in drawings 2.1.1
- Discussion of structural -design and 2.1.1.1-2.1.1.3
functions of theabove items

2.1.2 Design Criteria 2.1.2
Description of load combinations and 2.1.2.1

'factors that serve as design criteria
- Maximum allowable stresses and strains 2.1.2.2
- Other structural failure modes (e.g., 2.1.2.2 -

brittle fracture, fatigue, buckling)
- Design criteria for impact evaluation 2.1.2.2
- Codes and standards for material 2.1.2.2.
properties, design limits, and
combinations of loads and stresses
- Substitute design criteria -•, -2.1.2,2. , .2

2.1.3 Weights and Center-of Gravity
. Weight of packaging and contents 2.1.3- . -

Center of gravity 2.1.3
- Sketch showing c.g.s 2.1.3 Refers to drawings

. Section 1.3
2.1.4 Identification of Codes'and Standards 2.1.4 -

for Package Design
- Identification of c6des and standards in 2.1.4 - -

package design, fabrication, assembly,
testing, maintenance, and use

2.2 Materials 2.2 -

2.2.1 Material Properties and Specifications 2.2.1 .-

- Mechanical properties used in structural 2.2.1
analysis _ _ _ _ _ _ _ _ "
- Compression stress-strain curve for the Fig. 2.2.1
material of the impact -limiter ...... __.

- Properties at elevated temperatures 2.2.1.1.3
- Sources of information 2.2.1

Prdperties from testing . 2.2.1.1.5 Ref. [L.C].
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Table. LA: Regulatory Guide 7.9 Compliance Matrix

______ 2 Chapter 2
RG. 7.9 Description SAR Section Remarks
Section

2.2.2 Chemical, Galvanic, or Other Reactions 2.2.2
- Possible chemical, galvanic, or othefr 2.2.2
reactions

Coatings on external and internal 2.2.2
package surfaces and any reaction from -

water inleakage
- Generation of hydrogen or other gases 2.2.2
from chemical of radiolytic interactions

2.2.3 Effects of Radiation on Materials 2.2.3
-Aging or damaging effects of radiation 2.2.3.

on packaging materials .
- Degradation of seals, sealing materials, 2.2.3
coatings, adhesives, and structural
materials

2.3 Fabrication and Examination 2.3
2.3.1 Fabrication 2.3.1

- Description of fabrication processes 2.3.1
- Codes and standards used for design 2.1.4

* and fabrication
Specification for components with no 2.3.2

. codes or standards
2.3.2 Examination 2.3.2

-. Description of the methods and criteria 2.3.2
used for fabrication acceptance

2.4 General Requirements for All Packages " 2.4
2.4.1 Minimum Package Size 2.4.1 "

- Smallest overall dimension of the 2.4.1
package

2.4.2 Tamper-Indicating Feature 2.4.2
- Package closure system description 2.4.3

2.5 Lifting and Tie-Down Standards for All 2.5..
Packages _

2.5.1 Lifting Devices " 2.5.1.
-Identification of all lifting devices for 2.5.1
the package or its lid _ _ _

- Compliance with 1OCFR 71.45(a) 2.5.1
- Drawings or sketches of lifting devices 2.5.1 and Figure

2.5.1 _
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Table 1.A: Regulatory Guide 7.9 Compliance Matrix

Chapiter 2
RG. 7.9
Section Description SAR Section 'Remarks

Effect of forces imposed by the lifting 2.5.1.1 and 2.5.1.2
devices
- Documented Values of yield stresses of 2.2.
materials including failure under
excessive loads

2.5.2 Tie-Down Devices 2.5.2 -

- Description of tie-down system 2.5.2
. Drawings or sketches 1.3 -

- Compliance with 10CFR 71.45 .2.5.2
- Effect Of imposed forces on vital 2.5.1.2.3 . Figs. 2.5.2-2.5.4
components
- Documented values of yield stresses of 2.5.3, 2.5.4
materials including failure under.
excessive loads

2.6 Normal Conditions of Transport -.2.6
• Consideration of most limiting initial 2.1..2

conditions
•.consideration of most damaging .2.1.2
orientations. . r;,,
--Method and calculations used in the. 2.B 13.
package evaluation .
.,- .Descriptioi and justification of 2.B 1 -3

assumptions
• Sketches and force'diagrams NA
- Analysis equations and source or NA . Numerical
derivation - . modeling-
- Computer programs description and - .2.A.
benchmarking
- Computer model, description and 2.6,72.7.1, and 2.B1
justification of finite element
discretization
- Sensitivity studies ' - 2.B . -

Description of modeling of bolting 2.6 and 2.7.1 -

connections
Impact analysis showing energy ' -. 2.6.1 Ref. [Q.D, Q.E]

dissipation, local deformation, dynamic
forces, stress-strain to components,
structural stability, combination with-"'' stresses due to thermal-gradiegft,-efc ".

.1
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Chaplte 2
RG. 7.9•Section7 Description SAR Section Remarks

- Results compar6d with acceptance 2.6.1
criteria..

Demonstration of effectiveness of the 2.6.1.
package

2.6.1 Heat 2.6.1 -

2.6.1.1 Summary of Pressures and 2.6.1.1
Temperatures

Summary of pressures and temperatures 2.6.1.1
derived in Section 3

2.6.1.2 Differential Thermal Expansion 2.6.1.2
Calculations of deformation and stresses 2.6.1.2

under steady-state and transient conditions
- Demonstration of package integrity -2.6.1.2

2.6.1.3 Stress Calculations " 2;6.1.3
Stresses due to combined effects of 26.1.3.

thermal gradients, pressure, and.
- mechanical loads

- Repeated cycles of thermal loading 2.6.1.3.2
'causing fatigue failures or extensive .

accumulations of deformation
2.6.1.4 Comparison with Allowable Stresses: .2.6,1.4 -

- Comparison of resulting stresses with 216.1.4
the design criteria -.

2.6.2 Cold . 2.6.2
- Effect of cold conditions on the package 2.6.2 . -

including materia! properties and possible
freezing and shrinkage .....

- Address of brittle fracture 2.6.2, 2.1.2.2.
2.6.3 Reduced External Pressure 2.6.3

- Effect of reduced external pressure 2.6.3
2.6.4 Increased External Pressure - 2.6.4 • -

- Effect of increase external pressure' . 2.6.4 References
bounding analysis

in 2.7
Evaluation of buckling '2.6.4 References 2.7

2.6.5 Vibration 2.6.5

- Evaluation of effects of vibration 2.6.5 References calc.
package [Q.D]
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_______. .... .... ... Chapter 2.

RG. 7.9 Description SAR Section Remarks
Section Description

2.6.6 Water Spray 2.6.6.
- Water spray test 2.6.6 ....

2.6.7 Free Drop 2.6.7
- Package evaluation for free drop 2.6.7 Pointer to 2.6.1
- Discussion of drop orientation 2.6.1.3

2.6.8 Corner Drop -2.6.8 -

Effects of corner drop 2.6.8
2.6.9 Compression 2.6.9

Effects of compression on package 2.6.9
2.6.10 Penetration 2.6.10

- Effects of penetration on package 2.6.10
2.7 Hypothetical Accident Conditions 2.7

2.7.1 Free Drop 2.7.1 -
- Effects of lead slump . A-NA
- Closure-lid bolt design 2.7.1 -

- Buckling of package components 2.7A -

- Effects on other package components 2.7.1
2.7.1.1 End Drop 2.7.1.1

- Effects:of end drop on package -.2.. .Details in [Q.E]
Figure 2.7.1

2.7.1.2 Side Drop.. . 2.7.1.1
- Effects of side drop-on package :2.71.1 Details in [Q.E]

•______._______.. Figure 2.7.3
2.7.1.3 Corner-Drop . .2.7.1.1

Effects of comer drop on package .2.7.1.1 Details in [Q.E]
-- _ . •. . "•Figure 2.7.2

2.7.1.4 Oblique Drop 22.7*1.1
Effectsof oblique drop on package. 2.7.1.1 Details in [Q.E].

Figure 2.7.4

2.7.1.5 Summary of Results 2.7.1.1
- Condition of package after each drop 2.7.1.1

2.7.2 Crush 2.7.2--
- Effects of dynamic crush test 2.7.2

2.7.3 Puncture 2.7.3
- Description of the effects of puncture on -2.7.3
the package and identification and
justification of orientation for maximum

. damage
2.A.4 ,Thermal .- 2.7.4

I
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:Chapte2
RG. 7.9
Section Description SAR Section RemarksSection

- Initial condition of package for fire test 2.7.4
- Temperature resulting from fire and 2.7.4 -

increase in gas inventory
- Maximum thermal stresses .during or 2.7.4 No interference
after fire

2.7.4.1 Summary of Pressures and 2.7.4.1
Temperatures
- Summary of temperatures and pressures 2.7.4.1 Refers to 3.4

2.7.4.2 Differential Thermal Expansion 2.7.4.2 ,
- Circumferential'and axial deformations 2.7.4.2 Refers to-3.4.4
and stresses due to differential thermal
expansion

2.7.4.3 Stress Calculations 2.7.4.3
- Calculation of stresses 2.7.4.3

2.7.4.4 Comparison and Allowable Stresses 2.7.4.4
- Comparison of results with the design 2.7.4.4 Table 2.7.8
criteria ,___ .__.__

2.7.5 Immersion - Fissile Materials, 2.7.5
- Effects and consequences of water 2.7.5 -

immersion test condition
2.7.6 Immersion - All Packages 2.7.6

- Evaluation 2.7.6 - Refers. to 2.7.7,
-Which is bounding

.2.7.7 Deep Water Immersion Test 2.7.7 . ___hhsbondng__

- Evaluation 2.7.7 ' _ _ _,_-

2.7.8 Summary of Damage 2.7.8 __.- _"

- Summary of condition after the accident 2.7.8,
. test sequence. -. _ ._ _

- Relation of the package condition with 2.7.8
the acceptance standards "

2.8 Accident Conditions for Air Transport. 2.8.
of Plutonium ._...... _ _.

- Address accident conditions 2.8
2.9 Accident Conditions for Fissile 2.9

Material Packages for Air Transport
- Address accident conditions 2.9

2.10 Special Form 2.10
Contents 2.102.11 FuelRods 2.11 .
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ýChapter 2
.RG. 7.9 Description SAR Section Remarks
Section

Containment in cladding 2.11
.2.12 Appendix 2.12,.2.A, and 2.B

- List of references 2.12

- Pages from reference documents Not Applicable
- Computer code description 2.A -"
- Input and output files Provided as

supporting data
files with license

I application
-Other supplemental information 2.B "1"3 •_....._"_
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Chapter 3
RG. 7.9 Description SAR Section Remarks
Section

3. THERMAL EVALUATION 3.0
3.1 Description of Thermal Design 3.1

- Thermal design features and operating 3.1
characteristics
- Thermal criteria 3.2.2
- Thermal analysis results 3.1.3,
- Minimum and maximum decay heat. 1.2
loads

.3.1.1 Design Features . 3.1.1
- Package geometry and materials of . 1.2, 1.3
construction
- Structural and mechanical features 1.2

3.1.2 Content's Decay Heat 3.1.2
- Maximum decay heat and radioactivity 1.2
of contents
- Derivation of decay heat 1.2

•3.1.3 Summary Tables of Temperatures 3.1.3
-..Summary of maximum.and minimum 3.1.3
temperatures. under normal and accident
conditions
- Maximum temperatures of package .3.1.3
components at fire initiation
- Post fire steady state condition 3.1.3

3.1.4 Summary Tables of Maximum 3.1.4
• Pressures

- Summary of maximum pressures under 3.1.4
normal and accident conditions

3.2 Material Properties and Component 3.2
Specifications _ _ •

3.2.1 Material Properties 3.2.1 •
- Thermal properties of materials 3.2.1 , -

Liquids and gases within the package 3.2.1
- Thermal absorptivities and emissivities 3.2.1
for package surface
- Temperature dependent. properties 3.2.1
- References for data 3.2.1

3.2.2 Component Specifications 3.2.2
-' Technical specifications 6f components 3.2.2 .
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. :_~~Chapter 3>::. :•~~i!•ii::•
RG. 7.9 Description SAR Section Remarks
Section

- Operating pressure range and 3.2.2
temperature limits for valves or seals
- Performance test data for insulation and
coatings 2.2

Maximum allowable service 3.2.2,2.1 -

temperatures and pressures for package
components

Minimum allowable service temperature 3.2.2 . -

for components ....
.3.3 Thermal Evaluation under Normal 3.3'

Conditions of Transport
- Description of thermal evaluation 3.3
- Results and comparison with allowable 3.3 -

limits of temperatures, pressures, etc.
- Margins of safety 3.3 .
- Thermal evaluations methods and 3.3 -

' calculations
-Assumptions 3.3 -

Computer programndescription and 3.3 .
benchmarking .
- Computer models and modeling details 3.3
- Temperature data -for gaskets, valves, 3.1.3,
and containment -boundaries _ _ _-

- Interior and exterior temperatures 3.1.3
3.3.1 Heat and Cold 3.3.1 -

Degradation of heat transfer capability 3.3.1
of the packaging
- Changes in material conditions • . 3.3.1
- Changesaffecting containment, 3.3.1
shielding, or. criticality
- Ability-to withstand accident conditions 3.3.1
- Maximum surface temperature 3.1.5

_requirements ___-__-

3.3.2 Maximum Normal Operating Pressure 3.3.2
- Maximum normal operating pressure 3.3.2

:. ---
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Chapter 3 ___...... _: __ _____• _________
RG. 7.9f'"Section Description SAR Section Remarks

- Sources of gases (gases initially present, 3.3.2
vapor from contents, helium fr6om.
radioactive decay, hydrogen and other
gases from material decomposition, fuel
rod failure, etc.) and potential for
-flammable mixture

3.4 Thermal Evaluation under 3.4
Hypothetical Accident Conditions
- Accident conditions applied 3.4
sequentially

3.4.1 Initial Conditions 3.4.1
Identification of initial conditions, and 3.4.1

justification
3.4.2 Fire Test Conditions 3.4.2

Detailed analysis description 3.4.2
3.4.3 Maximum Temperatures and Pressure 3.4.3

- Transient peak temperatures of 3.4.3
components during and after the fire, and
the maximum temperatures from post-fire
steady state condition

Temperatures at locations that are 3.1.3
significant to safety.analysis and review
-Consideration of thermal combustion or 3.4.3
decomposition, fuel rod failure, phase
changes, etc.
- Description of, damage to the package, 3.4.3 " -

assessment of structural damage, breach
of containment, and loss of shielding

3.4.4 Maximumi Thermal Stresses 3.4.4
Evaluation of thermal; stress condition 3.4.41

during the fire and subsequent cooldown
condition _.,

3.4.5 Accident Condition for Fissile Material 3.4.5
Package -for Air Transport

3.4.6 Fire Accident Evaluation 3.4.6
3.5 Appendix Appendix 3.A

References ' Literature
citations listed

under
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RG. 7.9 -Section Description SAR Section Remarks

"References",
- Computer programrbenchmarking 3.3
- Pages from non-public domain
reference documents Complete

references
inchided with
application.

Other supplemental information Appendix 3.A

, -
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Cha't'r 4
RG. 7.9RG. ~ Description SAR Section -Remarks
Section._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4. CONTAINMENT 4.0
4.1 Description of the Containment System 4.1

- Definition and description of 4.1
containment system-
- Identification of coniainment boundary 4.1
- Sketch of the containment system 4.1 Figures 4.1.1

through 4.1.2
- Containment system penetrations and .4.1.2, 4.1.4
method of closure .
- Performance specification of valves and 1.1
pressure relief devices
- Protection against unauthorized 1.2.4
operation
- Positive fastening devices .4.1.3 --_-.

- Preclusion of continuous venting 1.2.1.4
4.2 Containment Under Normal Conditions 4.2 -

of Transport _._-____ ,_ .
- Evaluation of containment system 4.2.5 '-
- Releasable source term 4.2.5 '
" Maximum internal pressure 3.1 -
- Structural. performance'of containment 2.6
system, including seals, closure bolts, and .
penetrations -_____,_.....

4.3 Containment under, Hypothetical 4.2
Accident Conditions

- Evaluation of containment system . 4.2.5.
-Compliance with 10CFR71.51(a)(2), 4.2.5
- Structural performance of the 2.7
containment system.

4.4 Leakage Rate Tests for Type B 4.3
Packages

Description of leakage test. including 4.3.1, 4.3.2
newly fabricated packaging, periodic tests,

-and pre-shipment tests
.4.5 Appendix

- References References
.____Section
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Chapter' ..4..
RG. Sc9t Description SAR Section Remarks
Section

- Applicable pages from reference Not Applicable-
documents -

-- Supporting information and analysis - Not Applicable
Input and output files - Provided as

supporting data
files with license

application

:;'-" .•," :'.* ' 'C." " -.. '•:3" ...... .
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Chapter 5
RG.St Description SAR Section Remarks
Section SHIELDINGDescription ... Section
5. SHIELDING EVALUATION 5.0 -

5.1 Description of Shielding Design 5.1.
5.1.1 Design Features 5.1.1

- Description of shielding-design features 5.1.1 -

Dimensions, tolerances, materials, and 5.3,13
densities of neutron and gamma shielding
materials

5.1.2 Summary Table of Maximum 5.1.2
Radiation Levels

Maximum dose rates for normal 5.1.2.1
conditions - on package surface and I
meter from package surface

SCompare normal condition dose rates 5.1.2.1
with IOCFR7m.47(a) limits

-Maximum dose rates for accident 5.1.2.2
conditions - 1 meter from package surface
- Compare accident condition dose rates 5 1.2.2
with IOCFR71.51(a)(2) limits. -. .

5.2 Source Specification
- Description of content source terms 5.2
- Discussion of fuel burnup, power 5.2, 1.2.2 -

density, and cooling times
5.2.1 Gamma Source 5.2.1

- Quantity of radioactive material 5.2 -. -

- Gamma decay source strength 5.2.1
- Description of method used to. 5.2,. 5.2.1
determine gamma source strength and
distribution

5.2.2 Neutron Source .5.2.2.
- Quantity of radioactive material 5.2
- Neutron decay source strength 5'2.2- '
- Description of method used to 5.2, 5.2.2
determine neutron source strength and
distribution

5.3 Shielding Model 5.3 -

5.3.1 Configuration of Source and Shielding 5.3.1
- Description of the model 5.3.1

HI-STAR 60 SAR
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Chapter.5-________
RG. 7.9 Description SAR Section Remarks
Sectionc Destson

Effects of the tests on the packaging and 5.3.'.1
its contents
- Sketches (to scale) and dimensionsof 5.3.1
-shielding materials
pcDimensions of transport vehicle and .53.1.1.

____ Dos_ package location
mDose pointlocations in the shielding 5.3.1

_______model

- Treatment of voids, streaming paths, 5.3.1.3
"______ and irregulargeometries in the model
5.3.2 Material Properties 5.3.2

- Description of material properties 5.3.2
including any changes under normal
transport and accident conditions
- Source data of any uncommon materials 5.3.2.

5.4 Shielding Evaluation 5.4
5.4.1 Methods 5.4.1

Description of methodology 5.4.1
- Description of special source, 54.1 ..

distribution
- Computer program description and 5.4.1 -

bases.for selecting the program
- Basic input parameters 5.4.1
,.Discussion of attenuation and removal Not Applicable-
cross-sections Full set of

contiguous energy
cross section used

Discussion of buildup factors -. Not applicable to
Monte Carlo

-_ _•_- '__ _Analyses

5.4.2 -Input and Output.Data 5.4.2 -

- Identification of key input data 5.4.2 -

- Representative input/output file 5.4.2, 5.:A, 5.B
- Demonstration of code convergence 5.4.1

5.4.3 Flux-to-Dose-Rate Conversion 5.4.3
- Tabulation of flux-to-dose-rate . . 5.4.3
conversion factors as function of energy .

- References supporting data - . .5.4.3

HI-STAR 60 S-AR
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Chapter 5 _______

RG. 7.9
Section Description- SAR Section Remarks

5.4.4 External Radiation Levels 5.4.4
-,Results of radiation analysis for normal 5.4.4
condition _

- Locations of maximum dose rates for 5.4.4
normal condition
- Demonstration of the variation of the 5.4.4• -

normal condition dose rates and their
consistency with the geometry and the
shielding characteristics of the package
- Results.of radiation analysis for accident 5.4.4
conditions
- Locations of maximum dose rates for 5.4.4
accident conditions
- Demonstration of the variation of the 5.4.4
accident condition dose rates and their
consistency with the geometry and the
shielding characteristics of the package .. ..

5.5 Appendix 5.5, 5.A, 5.13
- References - References

Section
- Pages fromnreferenced document none
- Analytical procedures / assumptions none
- Test results none
- Photographs none -

- Computer program none
-Other supplemental information none
. Input and output files . Sample input files Additional.input

in 5,.A, 5.B and output files
provided as

supporting data
files with license

-'_ _ application
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Chabter 6,
RG. 7.9 Description SAR Section Remarks
Section
6. CRITICALITY EVALUATION., 6.0

6.1 Description of Criticality Design 6.1
6.1.1 Design Features 6.1.1

- Description of design features 6.1.1
- Discussion on. confinement system, 6.1.1-
neutron absorbing and moderating
materials,, flux traps, spacers, etc.

6.1.2 Summary Table of Criticality 6.1.2
Evaluation :

- Summary of criticality analysis for a 6.1.2
single package, an array. of undamaged
packages, and'an array of damaged

,____packages
Maximum keff, bias, number of 6.1.2

packages evaluated; etc.
6.1.3 Criticality Safety Index 6.1.3

- Criticality Safety Index 6.1.3
6.2 Fissile Material Contents, 6.2

- Description of fissile materials 6.2
- Mass, dimensions, physicaland 6.2
chemical composition, density, moisture,
and other characteristics

6.3 General Considerations 6.3
- General considerations for criticality 6.3
evaluation

6.3.1 Model Configuration 6.3.1
- Description 6.3.1
- Sketches identifying materials used 6.3.1
-. Differences between model and actual 6.3.1
package and justification

6.3.2 Material Properties 6.3.2,
- Mass densities and atomic number 6.3.2
densities
. Difference's between normal and 6.3.2
accident conditions

Address of materials relevant to 6.3.2
criticality design, such as poisons, foams,
plastics, and other hydrocarbons -'
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RG. 7.9 Description SAR Section Remarks
Section

6.3.3 Computer Codes and Cross-Section 6.3.3 . -
Libraries
- Methodology to calculate effective 6.3.3 -

*neutron multiplication constant
- Description of computer code 6.3.3
- Bases for the specific program and 6.3.3 -

cross-sections
Key input data - neutrons per 6.3.3 -

generation, number of generations,
convergence criteria, mesh selection, etc.

6.3.4 Demonstration of Maximum Reactivity, 6.3.4 -
- Demonstration of the most reactive 6.3.4, 6.3.5, 6.3.6
configuration _,

- Identification of the optimum 6.3.41,
combination of internal moderation and .
interspersed moderation
- Consideration of moderation by water: 6.3.4
and any hydrogen-containing packaging
materials . .

- Consideration of preferential flooding 6.3.4.4 . .-

- Consideration of partial loading 6.3.6 ...

6.4 Single Package Evaluation 6.4 ____- __

6.4.1 Configuration 6.4.1 - .... _
Demonstration that a single package 6.4.1

subcritical under normal and accident
conditions
- Consideration of the most reactive 6A4.1, 6.3.4 -

credible configuration ._ _.__

- Consideration of water moderation to 6.4.1, 6.3.4.
the most reactive credible extent

Consideration of reflection on all sides 6.4.1 .
of containment: reflection by the package
materials

6.4.2 Results 6.4.2
Presentation of results 6.4.2

6.5 Evaluation of Package Arrays under 6.5
Normal Conditions of Transport

6.5.1-1 Configuration, 6.5. 1,
- Evaluation of atiarray of packages .6,5.1 _-_.
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Chapter6
RG. 7.9 Description SAR Section Remarks
Section -

- Most reactive configuration with 6.5.1,.6.3.4
nothingbtetween packages
- Most restrictive 6redible configuration 6.5.1, 6.3.4
- Consideration of full water reflection 6.5.1, 6.3.4

6.5.2 Results 6.5:2
'Presentation of results ' 6.5.2

- Identification of most restrictive array 6.5.2
configuration

6.6 Package Arrays under Hypothetical 6.6.
Accident Conditions,

6.6.1: Configuration 6.6.-1
Evaluation of an array of packages 6.6.1

- Most reactive configuration 6.6.1, 6.3.4
Optimum interspersed hydrogenous 6.6.1, 6.3.4

moderation
- Most reactive credible configuration 6.6.1, 6.3.4,

Consideration of full wat&r reflection 6.6.1, 6.3.4
6.6.2 Results

- Presentationoof results .. . 662 .';
. Identification of most restrictive array .6.6.2
configuration: "

6.7 Fissile MaterialPackages for Air 6.7
.. Transport -

6.7.1 Configuration . - Not applicable
6.7.2 Results Not applicable

6.8 Benchmark Evaluation ..... _ _

-,Description of methods - -6.A.
. .. - Results of benchmark calculations 6.A

6.8.1 Applicability of Benchmark .
Experiments
- Description of experiment 6.A
- Applicability of the benchmarks 6.A
- References - 6.A
- Overall quality of the benchmark 6.A
experiments and uncertainties ____

- Results of benchmark calculations 6.A

-- HI-STAR 60 SAR
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Chapter 6
RG. 7.9 Description SAR Section Remarks
Section

6.8.2 Bias Determination
- Results of benchmark calculations and 6.A
the method used to account for biases,
uncertainties

Considerationof pitch-to-rod diameter, 6.A
assembly separation, and neutron absorber
material

6.9 Appendix 6.9, 6.A, 6.B1
References none,

- Pages from referenced documents - none
- Assumptions and analytical procedures none

test results - none -

Photograph - none
Computer code descriptions - none.

- Input / output files for representative or Sample Input File Additional input
most limiting cases in Appendix 6.13 and output filesprovided as

supporting data
files with license

______application
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- -ChApter'7.
R.G. 7.9 Description SAR Section Remarks
Section

7. PACKAGE OPERATIONS 7.0
7.1 Package Loading 7.1 -

7.1.1 Preparation for Loading 7.1-.1
Operations for preparing the package 7.1.1

for loading
- Special control and precautions for 7.1.1
handling
- Inspections of gaskets, criteria for 7.1.1
replacement, and repair process .... ____________,

- Inspection of closure devices, and 7.1.1-
criteria for replacement

7.1.2 Loading of Contents 7.1.2 -
- Loading of package contents 7.1.2.1
- Closing 6f package 7.1.2.2 -

7.1.3 Preparation for Transport 7.1.3 -
- Radiation and contamination survey 7.1.2.2, 7.1.3- --
- Leakage testing of package.. 7.1.2.2 -

S. Measurement of package surface 7.1.3-
temperature -_____ -___
- Package tie-down 7.1.3 -
- Temper-indicating devices 7.1.3 ...

7.2 Package Unloading. . 7.2 _ _ I "
- - Inspections, tests, and'special 7.2.1

preparations for unloading ______- "__.__.___
- Operations used to ensure safe removal -7.2.2,
of fission -gases, contaminated coolant, "

'__ _ and solid 'Contaminants
7.2.1 Receipt of Package from Carrier 7.2.1

- Radiation and contamination surveys 7.2.1
- Inspection of temper-indicating device,- 7.2.1 . .

- Special control and precautions - 7.2.1 _ ._.._
7.2.2 Removal of Contents " 7.2.2

- Operations and method for opening and 7.2.2 -

removing package contents --

- Address of the requirements of. 7.2.1
S1OCFR20.1906
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Table l.A: Regulatory Guide 7.9 Compliance Matrix

ChapteGre7ipS S om-
R.G. 7.9 Description SAR Section Remarks
Section

7.3 Preparation of Empty Package for 7.3
Transport
- Description of inspection, tests, and 7.3.1, 7.3.2
special preparations.

Address requirements of 49CFR173.428 7.3.2 -

7.4 Other Operations - Not Applicable
- Special operational controls - Not Applicable

System is

completely

passive7.5 Appendix • T7A-

References References
_Section

- Other supplemental information _-

- Graphic presentation 7.A
- Input and output files . Provided as

supporting data
files with license

.__ _ __"_ _ 'application

V
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Table 1.A: Regulatory Guide 7.9 Compliance Matrix

__ _ _ _Chap~terl 8 _ _ _ _ .... .. ____ _____ _i i ~i::
RG. 7.9Section Description SAR Section RemarksSection ..

'8. ACCEPTANCE TESTS AND 8.0
MAINTENANCE PROGRAM

8.1 Acceptance Tests 8.1
. Description of tests 8.1 -

- Acceptance criteria of tests 8.1.
8.1.1 Visual Inspections and Measurements 8.1.1

- Description of visual inspections 8.1.1
- Acceptance criteria for inspections 8.1.1

8.1.2 Weld Examinations 8.1.2
- Description of welding examinations 8.1.2

Identification of specs for weld 8.1.2
performance, NDE, and acceptance

8.1.3 Structural and Pressure Tests 8.1.3 -

- Description of structural /pressure tests 8.1.3
- Sensitivity of the tests Not Applicable
- Actions when criteria are not met -8.1.3

8.1.4 Leakage Tests . 8.1.4
,, ,, Description of leakage tests - 8.1.4. 1: .... . ...... .
- Sensitivity of the tests " -8.1.4.1
- Criteria for acceptance 8.1.4.1
- Actions when criteria are not met - - .. Criteria must be

met
8&1M5 Component and Material Tests 8.1.5

- Description of tests forcomponents 8.1.5.
such as gaskets
- Sensitivity of the tests - Not Applicable
- Acceptance Criteria. - Not Applicable
- Actions when criteria are not met . Not Applicable
- Description.of tests and acceptance 8.1.5.1, 8.1.5.2,
criteria for packaging materials such as 8.1.5.3, 8.1.5.4
neutron absorber and insulating materials

8.1.6 Shielding Tests , 8.1.6 -

- Tests for neutron and gamma radiation Not Applicable
- Acceptance criteria - Not Applicable

8.17 Thermal Tests 8.1.7
-- Specification of tests - Not Applicable

8.18 Miscellaneous Tests 8.1.8 -

- Description of additional tests - -- Not A:ppiiable
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Table 1.A: Regulatory Guide 7.9 Compliance Matrix

:ý.Chapter.8
RG. 7.9 : ",Rc. " • Description SARSection Remarks
Section

8.2 Maintenance Program .8.2
Description of maintenance program 8.2

8.2.1 Structural and Pressure Tests 8.2.1
- Description of any periodic structural / 8.2.1
pressure tests

8.2.2 Leakage Tests 8.2.2
Description of tests including. frequency 8.2.2 -

and sensitivity of the tests*
- Address elastomeric! metallic seals 8.2.3.6

8.2.3 Component and Material Tests 8.2.3
- Description of periodic tests and. 8.2.3 and Table
replacement schedules for components 8.2.1
- Address any deterioration of package 8.2.3 and Table
components 8.2.1

Replacement intervals of components, 8.2.3 and Table
such as bolts, that are susceptible to 8.2.1
fatigue _ _.

8.2.4 Thermal Tests . 8.2.4 - _

- Description of periodic tests .. Not Applicable
. Description of periodic thermal tests - Not Applicable

8.2.5 Miscellaneous Tests . 8.2.5
Any additional tests performed 8.2.5

• priodically .

8.3 Appendix - - Not Applicable
- References References - .

Section
Pages.from references - "

- Test data and reports -

• Supplemental information
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CHAPTER 2: STRUCTURAL EVALUATION

2.0 INTRODUCTION

• .Thischapterpresents a synopsis of the .Design Criteria relevant to the mechanical and structural..
characteristics of the HI-STAR 60 package that ensure compliance with the performance
requirements of IOCFR71, and summarizes all structural evaluations and analyses of the package,
pursuant to the provisions of 1OCFR71..In particular, the objectives of this 'Chapter are:

* To demonstrate that the structural performance of the HI-STAR 60 package has been
adequately evaluated for the normal conditions of transport (NCT) and for the hypothetical"
accident conditions (HAC) set forth in IOCFR§71.63, 1OCFR§71.71, and 1OCFR§71.73.

* To demonstrate that the HI-STAR 60 package design has adequate structural integrity to
meet the regulatory requirements of IOCFR§71.63, 1OCFR§71.71, and IOCFR§71.73.

Among the topical areas addressed in this chapter are:

* Structural characteriE-ti6n of the cask and its appurtenances.
. Identification of the materialsused in the package and their critical characteristics.
* Identification of the loads applied on the package during handling, normal conditions of

transport andaccident conditions.Definition of miscellaneous bounding conditions for
desisgn sich s•s:a fire event and imnmersionv in water.

* Derivation of acceptance criteria for the package's performance under the
aforementioned various conditions of service from the ASME Codes and other reference
standards.

. Analyses of the package using appropriate methodologies to establish the margins of
safety under each condition of service. In addition to the typical evaluations for normal
•and accident conditions, these analyses include:

o -Evaluation of the physical integrit' of the spent-fuel under the postulated
. impactive loading events.

o A demonstration of the adequacy of the minimum acceptable Charpy impact -

values specified for the parts subject to potential impact loadings. This is based on
a methodology that determines the fracture strength of a material using the
Charpy impact strength data.

Analyses are predominantly performed using the following methods and computer codes:,

* Static 3-dimensional'finite element analyses using the ANSYS code
- Dynamic 3-dimensional finite element analyses using the LS-SYNA code
* A "Classical Dynamics" approach previously used for the HI-STAR 100 cask
• Strength-of-material and hand calculations :

HI-STAR 60 SAR . Revision 1
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Appendix 2.A provides introductory information on the ANSYS and LS-DY'NA codes. Appendix
2.B provides a comprehensive summary of the benchmarking effort by Holtec International to
demonstrate the veracity of the LS-DYNA solution for simulating package drop events. .'

To facilitate regulatory review, throughout this chapter, the assumptions and conservatism inherent
in the analyses are clearly identified along with a complete descripItion of the analytical methods,
models, and acceptance criteria. A summary of other considerations germane to satisfactory
structural performance, such as protection against corrosion and brittle fracture is also provided.

. J
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2.1 STRUCTURAL DESIGN

2.1 1 Discussion

This subsection, along with the drawings in Section 1.3, presents the essential characteristics of the
structural parts that constitute the containment boundary, and those parts that render radiation
shielding function in the cask. In addition, the-structu'ral components that constitute the fuel basket
and surrounding support, and the impact limiters needed to protect the package in the event of a
hypothetical accident event (§71.63(b)), are also described.

2.1.1.1 Cask

The structural functions of the cask in the transport mode are:

* To sefrve as a penetration and puncture barrier for the fuel basket.
e To provide a high-integrity containment boundary.
• To provide a structurally robust support for the radiation shielding.

The HI-STAR 60 cask structural. features are summarized below:

The cask features a thick inner shell welded to a base plate, which forms a load bearing surface for
the HI-STAR 60 Cask. A solid metal top flange is welded at the top ofthe inner shell. The top flange
is designed to provide a recessed ledge for the closure lid to protect the bolts from direct shear
loading resulting from an impulsive load at thetop edge of the cask. The cask. inner shell, base plate,.
top flange, and closure lid with two sets of [PROPRIETARY TEXT REMOVED] constitute the

* containment boundary for the HI-STAR 60 ýCask. The space -inside the containment system,
identified in Figure 4. 1. 1, and described in Section,4.1, is the heart of the package:It must ensure.a
high level of protection from leakage (leakage, rate criteria are discussed in Chapter 4) for:its
contents under all normal and.accident conditions of transport. Accordingly, it is designed to nfieet
the most rigorous industry standards, to the extent germane to its function, of Section III,Subsection
NB, of the ASME Boiler& Pressure Vessel Code [G.C]. •

The inner shell (containment boundary) is surrounded by multi-layered intermediate shield shells.
The multi-layer approach eliminates the potentialF for a crack in any one layer, developed by any
postulated mechanical loading or material flaw, to-travel uninterrupted through the vessel wall.. The
intermediate shells of the HI-STAR 60 cask provide gamma shielding and must not undergo body
extensive damage under any scenario of transport. Neutron shielding isprincipally provided by a
thic'lCannular sector-of Holtite, which is held in place by an outer shell. The-0uter shell is held in
position by full-length radial ribs. The -intermediate shield shells, together with theouter neutron
shield and the outer steel shell are collectively denoted as the "radial shield".

To facilitate handling of the loaded package, the HI-STAR 60 cask is equipped with two lifting
trunnionsat the top of the cask. The lifting trunnions penetrate the outer shell, the full-length rib, the

. intermediate shells, and are welded to the outer shell, to the radial rib, to the outermost intermediate
,shell, and to the inner shell of the containment boundary. The lifting trunnions are conservatively

HI-STAR 60 SAR Revcision I
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designed to meet enhanced design safety factor requirements. To facilitate cask rotation and to resist
*' longitudinal and vertical decelerations arising during transportation, there are two trunnions at the

bottom of the cask. The lower trunnions are attached to the HI-STAR 60 cask in the same manner as
the upper lifting trunnions.

The vent and drain ports used during HI-STAR 60 cask loading and unloading operations are closed
* with port plugs and [PROPRIETARY TEXT REMOVED] . The port plugs are recessed and are

suitably protected with a cover plate with seal. These small penetrations equipped with dual seals are
not deemed to be particularly vulnerable locations in the HI-STAR 60 Package as they are protected
from direct impact by the steelwork of the top impact limiter.

[PROPRIETARY TEXT REMOVED]

I ..

2.1.1.2. Fuel Basket.

The structural function of the fuel basket in the transport mode is to maintain the position of the fuel
in .a sub-critical configuration., In its role as the guarantor of subcriticality, the fuel basket must
exhibit global physical integrity.(i.e., no brittle or ductile fracture) and.minimal plastic deformation
under the most structurally demanding conditions of transport.

2.1.1.3 Impact Limiters

The impact 'limiters used in the HI-STAR family of transport casks utilize shaped blocks of a
crushable material arrayed around an extremely stiff cylindrical core in such a manner that the cask
is protected from excessive inertia forces under a (hypothetical) uncontrolled drop event regardless
of the orientation of drop. [PROPRIETARY TEXT REMOVED]- ..
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The impact limiter configured on the above design platform is referred to as "AL-STAR" and is
used in all models ofHI-STAR transport packages, including the first package (HI-STAR 100) and "
subsequent packages labeled HI-STAR HB, HI-STAR 180 and this-package (HI-STAR 60).

The structural function of the impact limiters in the transport mode is to cushion the HI-STAR 60
cask and the contained-fuel-during normal transport package handling,*and in a hypothetical drop
accident. The impact limiters and other appurtenances such as the support saddles, and the personnel
barrier necessary for the-transport package must also meet all applicable regulatory requirements.

In what follows, explicit design criteria for the components of the transport, package and essential
appurtenances are presented.

•2•1
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2.1.2 Design Criteria

Regulatory Guide 7.6 [D.C] providesguidance design criteria for the structural analysis of shipping
casks. Loading conditions and load combinations for transport are defined in IOCFR71 [A.C] and in
Regulatory Guide 7.8 [D.D]. Consistent with the provisions of these documents, the central objective
of the structural analysis presented in this- chapter is -to ensure -that the -HI-STAR 60 Package
possesses sufficient structural strength to meet the demands of both normal (§71.71) And
hypothetical accident conditions (§71.73) of transport.

The following table lists the seven regulatory positions with respect to the containment boundary
stated in Regulatory Guide 7.6: The HI-STAR 60 Package and this SAR are in full compliance with
every one of the seven regulatory positions.

USNRC's. Regulatory Position regarding the Containment Boundary for the Transport Package
1. Material properties,' design stress intensities, and fatigue curves are obtained from the ASME Code.
2. Under normal conditions of transport, the limits on stress intensity are those limits defined by the ASME
Code for primary membrane and for primary membrane plus bending for Level A conditions.
3. Perform fatigue analysis for normal conditions of transport using ASME Code Section III methodology
(NB) and appropriate fatigue curves.
4. The stress intensity Sm associated with the range of primary plus secondary stresses undernormal
conditions should be less than 3Sn where Sm is the primary membrane stress intensity from the Code.
5. Buckling of the containment vessel should not occur under normal or accident conditions.
6. Under accident conditions, the values of primary membrane stress intensity should notexceed the lesser of
2.4Sm and 0.7Su (ultimate strength), and primarymembrane plus bending stress intensity should not exceed
the lesser of 3.6Sm and.S•.
7. The extreme total stress intensity range should be less -than 2S at 10 cycles as given by the appropriate
fatigue curves.

In addition to the above requirements applicable to the Containment boundary, its enveloping
-i shielding is required to remain in place and functional after all Normal and Hypothetical Accident
'Conditionsof Transport. For the HI-STAR 60, the intermediate shield shells are in the.!oad path
during alifting operation. For thiscondition,the intermediate shells must satisfy the strength criteria
in the vicinity of the lifting trunnions pursuantto Regulatory Guide 3.61[D.B].

The fuel basket is required to maintain its physical integrity so as to ensure reactivity control under
Normal and Hypothetical Accident Conditions of Transport. -

The fuel basket supports are required to maintain their physical integrity so as to adequately support
the fuel basket under all Normal and Hypothetical Accident Conditions of Transport.

The impact limiters are required to have the energy absorption capacity to insure that the inertial
loads developed during the postulated impactive and impulsive events do not cause any of the"
containment and shielding components to fail to meet their specified requirements.

Detailed criteria are set down in the following paragraphs.

HI-STAR 60 SAR Revision I
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2.1.2.1 Loadina and Load Cases

I OCFR71 and Regulatory Guiide 7.6 define two conditions that must be considered for qualification
of a transport package. These are defined as "Normal Conditions of Transport" (NCT) and
"Hypothetical Accident Conditions" (HAC), which are related herein'to the ASME Code Service.
Levels for the purposes of quantifying allowable'sttessliffiits. In terms of the ASME term inology',
the following' parallels are applicable.

Normal Conditions of Transport = ASME Design Condition and ASME Level A or B Service
Condition

Hypothetical Accident Condition = ASME Level D Service Condition

The loadings applicable to the HI-STAR 60 package can be broadly divided into five categories,
namely:

I. permanent loads
.2. design condition loads
3. handling loads
4. normal conditions of transport loads (§71.71)
5. hypothetical accident.conditions loads (§71.73)

Permanent Loads

- A permanent load in the HI-STAR 60 arises from the bolt pre-load to seat the gasketed joints. The
pre-load applied to the cask lid bolts seats the [PROPRIETARY TEXT REMOVED] seals and
creates a contact pressure on the inside metal-to-metal annulus, referred to as the "land", to protect
the joint from .leakage under postulated impact loading events.. Bolt pre-load produces a state of
stress in the cask lid, the cask top flange, and the cask. inner shell region adjacent to the flange.

The stress field in the cask body and the lid from the bolt pre-load combines with the stresses
produced under a specific event such as during the hypothetical accident condition (item #5 above).
Thus, the bolt pre-load induced stress participates in every load combination analyzed for the cask.

The initial. preload should be set to maintain a seal under the action of the internal pressure plus the
effective pressure calculated as the cask content weight times the maximum rigid body deceleration
from thefree 9-meter end drop (see discussion below). This preload is much larger than the preload
needed to balance the normal operating internal pressure.-

Stresses from weld shrinkage endemic to every welded component also lie in the category of
permanent stresses. However, because they are of the secondary genre (i.e., they arise to satisfy
compatibility, not equilibrium) they are not computedor included in the load combinations.

HI-STAR 60 SAR " Revision]
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Design Condition Loads

The ASME Code [G.C] requires that a pressure vessel be qualified to a design internal and external
pressure. The Design Pressure should be selected to bound all operating condition pressures. The
applicable Design Temperature (used to establish allowable stress values), likewise, should be one
that bounds the metal temperature of the affectedpressure parts under all service conditions. For the
HI-STAR 60 Package, the Design;,Internal Pressure and Design Temperatures, set down in Table
2.1.1, accordingly bound all service condition values.

Stress analysis of the containment boundary under the Design Pressure is required to demonstrate
compliance with the "NB" stress limits for the containment boundary material and to demonstrate
the sealing performance of the bolted joints (seeChapter 4). The Design Temperature is utilized to
establish the applicable allowable stress intensity, Smn, for the "pressure part" (a term used in the
ASME B&PV Codes). The following design pressure loading scenarios are identified and
summarized in tabular-form in Table 2.1. 1:

* . Internal Design Pressure: An internal design pressure is defined for the containment
boundary including the closure lid of the cask pressure vessel. The. coincident external
pressure is assumed to be atmospheric. .

* Internal Normal Operating Pressure: A normal operating pressure is defined for the
containment boundary including the closure lid of the.caskpressure vessel. The coincident
external pressure is assumed to be atmospheric.

* Accident Internal Pressure: An internal accident design pressure is defined for the
containment cavity of the cask pressure vessel. The coincident external pressure is assumed
to be atmospheric.

* External Design Pressure: An external design pressure with the cavity depressurized is
defined for the cask pressure vessel as the second desigin.condition loading.
External Normal Operating Pressure: An external normal operating pressure with the cavity**
depressurized is defined for the cask.
Accident External Pressure" An external accident design pressure with cavity depressurized
is defined. This loading, in conjunction with the buckling analysis of the caskinner shell, is.
intended to demonstrate that the containment boundary. is in compliance with the
requirements of 1OCFR71.61 .This loading (2.0 MPa (290psi)) bounds the external pressure
specified by IOCFR71.73(c)(5) and (6); therefore, it is considered in Section 2.7.

[PROPRIETARY TEXT REMOVED].
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Handling Loads

The lifting trunnions in theHI-STAR 60 cask are subject to specific limits set forth in ANSI N 14.6-
1993 [H.A]: the primary stresses must be less than the smaller of 1/10 of the material ultimate
strength and 1/6 of the material yield strength while subject to the lifted load that includes an
appropriate dynamic load amplifier.

The above limits apply to the cask top lifting trunnions. The bottom trunnions in the HI-STAR 60
are rotation trunnions and are also used to. resist humping loads in transport; the bending stress and
the section average in-plane shear stress, under a l0g longitudinal deceleration and 2g vertical
deceleration of the package acting simultaneously, are limited to the yield strength in tension and
shear (60% of the trunnion material tensile yield strength), respectively. These criteria are further
explained in Section 2.5, which contains detailed analysis of the lifting and transport criteria

• applicable to the trunnions for the HI-STAR 60 Package.

Normal Conditions of Transport .Loads (07 1.71)

The normal conditions of transport. loads that warrant structural evaluation are:

* a. Normal operating pressure and operating temperature distribution.
b. Reduced external pressure.25kPa (3.5 psia).
c. Increased external pressure (! 40kPaor 20 psi absolute).
d. Free drop from 0.3-meter (1-foot) height in the most vulnerable orientation onto an

• ,, sntially unyielding ,horizontal surface.
e. Normal vibratory loads incidental to transport.

External pressure loads ((b) and (c) above) are ciearly enveloped by the design external pressure set
by a deep immersion of the package to a depth producing an external pressure of 2.0 Mpa (290psi).,
This condition is evaluated in Section 2.7. Therefore, the only mechanical load pursuant to §71.71
that requires a separate evaluation in this section is the so-called "0.3-meter drop event" (c)..The
most credible and vulnerable orientation for the "0.3-meter drop event", is the "Side Drop" where the
package is dropped from a horizontal. orientation so that both impact limiters resist the load. This
orientation produces bending of the containment shell; evaluation againstLevel A stress limits is
performed. A handling "End Drop" will produce maximum demand on the seal;,however, seal

.boundingmaximum demand is imposed in Section 2.7, so it need not be considered here.

Vibratory loads transmitted to the HI-STAR 60 Package (e) produce negligibly small stresses in
c comparison with stresses produced by the loading described previously, Therefore, this loading is
neglected in the analyses performed herein.

HI-STAR 60 SAR . Revision I
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Based on the itbove considerations, the Load Cases to be considered in Section 2.6, for both Heat
and Cold conditions, are:.

i. Loading Event NI: Design Internal Pressure
ii. Loading Event N2: Operating Pressure + Temperature

iii. Loading Event N3: Free drop of the package by 0.3-meters.

In all cases, the bolt preload (referred to as the "Permanent Loading") is assumed to be present.

Hypothetical Accident Condition Loads (§71.73)

These loads pertain to hypothetical accident conditions. Specifically, they are:

a. Free Dropfrom 9-meters (30-ft) (§71.73 (c)(1))
b. Puncture (§71:73 (c)(3))
c. Engulfing fire @ 800°C (1475'F) (§71.73 (c)(4))
d. Immersion in at least 15 m (50 ft) head of water (§71.73 (c)(6)).

a. Free Drop

The free drop event can be broken down into seven candidate scenarios with potential to cause.
maximum damage:

' Bottom End Drop: The. packaging is assumed to drop vertically'with its cask containment.
baseplate sustaining the impulsive load transmitted by the contents. The weight of the
package is included in all drop load cases.

A Top End Drop: This drop condition is the opposite of the preceding case. The closure lid
and top flange withstand the impact load transmitted through the impact. limiter, and the

*• closure lid withstands the opposing impact from the contained fuel and:fuel basket.

* Side Drop: The c-ask along with its contents drops with its longitudinal. axis horizontal. The
contents of the cask bear down on the cask as it decelerates under the resistance offered by
the two impact limiters pressing against an essentially unyielding surface.

* Bottom Center-of-Gravity Over-the-Corner Drop: In this drop scenario, the HI-STAR 60
Package is assumed to impact an essentially unyielding surface with its center-of-gravity
directly above its initial point of contact (on the impact limiter) in the drop event.

* Top Center-of-Gravity Over-the-Corner Drop: This loading case is identical to the
preceding .case, except that the package is assumed to be dropping with its top end down and
its center-of-gravity isaligned over the initial point of contact.

HI-STAR 60oSAR Revision. 1
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Slapdown - Initial Impact at Top End: In this case, the package drops at an oblique angle
from the horizontal with the top end impacting first. Subsequent to the primary impact, the
package begins to rotate with the bottom end impacting thetarget at a later time (secondary
impact). Higher decelerations are typically experienced during the secondary impact. The
governing slapdown angle, 0, is 'determined by a parametric analysis.

Slapdown - Initial Impact at Bottom End: This case is the same asabove, except the location

of primary and secondary impacts is reversed.

b. Puncture

The puncture event is broken down into two potential scenarios, namely:

* Side Puncture Force Event: This evenifons'ists ofa 1-m (40-in) free drop (impact limiters
are ignored) onto a stationary and vertical mild steel bar of 15 cm (6 in)'diameter with its
leading edge (top edge) rounded to 6 mm (1/4 in) radius. The bar is assumed to be of such a
length as to cause maximum damage to the cask without causing any deformation of the
impact limiters. The package is assumed to be dropping horizontally with the penetrant force
being applied at the mid-length of the cask.

* Top End Puncture Force: This event is similar to the preceding case except the penetrant

'force is assumed to act at the center of the closure lid. Because of the proximityof the bolted

• ..j~iitthis ea§e isconsidered~limiting f6r'an'end punctture:-No:credit-is taken"fr the impact
. limiter crush material.

All of the above loading evehts may occur, under the 'so-called '"hot" (maximum ambient
temperature) or "cold" condition -406C (-40'F).. Therefore, the effects of brittlefracture and change
in bolt-prestress (Permanent Load) must be considered.

Because the HI-STAR 60 package. operates at a relatively low internal pressure or even. sub-
atmospheric conditions, the impact and puncture loadings under service. conditions are orders of.
magnitude greater than pressure loadings. Therefore, the pressure loads are neglected in the free
drop and puncture analyses. However, the final residual pressure on the seal, after the hypothetical
accidents, must be sufficient to maintain the sealed joint..

c. Fire

Fire is not a mechanical loading event; its chief consequence is to challenge the integrity of the
neutron shielding material. The results are presented in Chapter 3. The results show that the gas
pressure inside the containment boundary remains below the accident pressure limit for the package...
(see Table 2.1.1). Based on the temperature changes established in Chapter 3,an evaluation- is"
performed to demonstrate that the land compression load at the lid/flange joint does not degrade to
an'unacceptable value.

HI-STAR 60 SAR * Revision I
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d. Immersion

From the structural standpoint, the 15-m (50-fl) immersion case is clearly bounded by the accident
external pressure loading referred to in the foregoing.

Based on the above considerations, the load combinations that are evaluated in Section 2.7, for both
Heat and Cold conditions, are: . .

Hypothetical Accident Load Cases*
9-m free drops

End and Side Puncture
Deep Submergence (2.0 MPa)
Gasket Relaxation from Fire

* Permanent Loads are in-place at the start of every load case.

2.1.2.2 Acceptance Criteria

The constituent parts of the package must meet acceptance criteria specific to their function under
* each loading condition, as described below.,

(i) Containment Boundary

a. Design Pressure: The containment baseplate, containment closure flange, closure lid, and the
containment shellshould meet stress, intensity limits of Subsection NB (Table 2.1.2) under the --
Design Pressure with allowable stress limits defined at the Design Temperature conditions.

b.. Free Drop: Under the normal handling event (0.3 m drop (§71.71)) with impact limiters installed)
and the hypothetical accident. (9-meter drop (§71.73)' with impact limiters installed), the
containment boundary (including the closure lid) should be shown to limit leak rates to below an
acceptable value (see Chapter 4).In quantitative terms, this is guaranteed if the primary axial.
stress in the body bolts remain in the elastic range and the gaskets remain compressed after the
event. A quantitative measure of margin-against-unacceptable leakage from or into the
containment space is presented in Subsection 2.6.1,3.4. As suggested in Reg. Guide 7.6, the
components of the containment boundary should also meet the ASMECode, Section ill, Level A
and Level D stress intensity limits, respectively, for the two 'sets of free drops.

c. Under the puLncture event,. the containment boundary must be'demonstrated to remain
unbreached, the limitingleak rates must not be exceeded, andapplicable Level D primary stress
intensity limits in the .containment boundary should be satisfied (High stresses that inevitably
develop in the region of impact are termed "local" stresses that belong to the generic genre of
"secondary stresses"). •

d. The closure lid seals must remain functional under.all events-to ensure acceptable leak rates of
the containment boundary. Specifically, at the end of the event, the gasket bearing surface must.
maintain a compressive -tress above the manufacturer's (or Code) recommended value. Note

HI-STAR 60 SAR Revision 1
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that the "demand" to seal the joint under normal and accident internal pressures is bounded by
the "demand" on the joint to resist :the impact loading from the cask content (fuel and fuel
basket) punder certain impact scenarios. Therefore, impact analyses are undertaken without
including any internal pressure. 211

Applicable allowable stress intensity limits for the containment boundary, including closure bolts,
are obtained from the ASME Code, Section III, Division 1, Subsecti6h'NB[G-C]•a ind'are-given in
Tables 2.1.2 and 2.1.3.

Allowable stresses and stress intensities are calculated using the data provided in the ASME Code,
Section II, Part D [G.B] and Tables 2.1.2 and 2.1.3. Tables 2.1.4 through 2.1.10 provide numerical
values of the stress intensities, as a' function'of temperature, for the cask containment boundary
materials, including lid closure bolts..

In the above referenced, tables, and throughout this chapter, the termis "Sm" and "'Su" denote the
design stress intensity and ultimate strength, respectively. Property values at intermediate
temperatures thatare not reported in the tables are obtained by linear interpolation as allowed by
paragraph NB-3229 of the ASME Code.

Terms relevant to the analyses are extracted from the ASME Code (Figure NB-3222-1) as follows.

Symbol Description Notes

Pm.Average primary stress. ,Excludes.effects of discontinuities and. concentrations.
across a solid section. Produced'by pressure and mechanical loads.

PL Average stress. across any Considers effects of discontinuities but not concentrations.
solid section... - Produced by' pressure and mechanical loads, including

inertia earthquake effects.

Pb Primary bending stress. Componentiof primary stress proportional to the distance
from the centroid of a solid section. Excludes the effects of

. . discontinuities and concentrations. Produced by pressure
and mechanical loads, including -inertiaearthquake effects.

Pe Secondary expansion Stresses* which result from the constraint of free-end
stress. displacement. Considers effects of discontinuities but not

local stress concentration. (Not applicable to casks.)

Q Secondary membrane plus Self-equilibrating.stress necessary to satisfy. continuity of .
-bending stress. structure. Occurs it-structural discontinuities. Can be

caused by pressure, mechanical loads, or differential thermal
expansion.

Summarizing the previous discussions, in accordance with Regulatory Guide 7.6 and ASME Code
Section III,'Subsection NB, the allowable stress'limits.for the cask containment boundary-are based
on design stress'intensities (Sm), yield strengths, and ultimate strengths. These limits govern the'.
design of the cask inner shell, the top flange, the base plate', and-the closure lid and are given in&-
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Tables 2.1.4 through 2.1.10 for normal and.hypothetical conditions of transport as a function of
temperature. As the ASME Code sections governing the containment boundary are stress based,
there is no explicit maximum.strain limit set down in this SAR for the containment boundary.

All containment boundary materials subject to impact loading'in a cold environment must be
evaluated and/or tested for their potential for brittle fracture. SA350-LF3 and SA-203-E have been
selected as acceptable, materials for these components based on the material's capability to perform
at low temperatures with excellent ductility properties. These materials of construction are identical.
to the materials approved for use in the licensed HI-STAR 100. The. lowest service temperature
(where impactive or impulsive loads are present) is.-40 deg C for the HI-STAR 60. The appropriate
Regulatory Guides are used to provide guidance on the test temperature to demonstrate an.
appropriate margin against brittle fracture. Table 2.1.12 provides fracture toughness test criteria for
the HI-STAR 60 containment boundary components in accordance with the applicable ASME Codes
and Regulatory Guide requirements for prevention of brittle fracture.. Regulatory Guides 7.11 [D.G]
and 7.12.[D.H] are used to determine fracture toughness requirements forthe containment boundary
.components.

SA193-B7 is the designated bolt material. Section 5 of NUREG/.CR-1 815 [C.G] indicates that bolts
are generally. not considered susceptible to brittle fracture. However,-for additional assurance, the
following additional requirements are imposed in.the procurement of the bolting material:

a. Minimum Charpy V-notch values at -40'F as specified in Table 2.1.12.

b. A volumetric examination of each bolt to ensure absence of voids.

Additionally, a crack propagation analysis of the bolt is performed to establish that. an adversely
oriented sub-surface V-notch in the boltwill.not grow 'Under the most limiting impactive scenario.
See Section 237.1 for a description of the methodology.

(ii) Fuel Basket

In order to render its intended function, namely, to maintain reactivity control, the fuel basket panels
must satisfy the following criteria under all loading events.

-Meet the Level D primary stress intensity limit from Section III Subsection NG of theASME

Code (assuming elastic behavior)..

(iii) Dose Blocker Parts

The intermediate shells that girdle the containment shell, the steel gamma shielding attached to the
closure lid, the Holtite neutron shield material, and the, outer shell, are examples of dose blocker
parts in the HI-STAR 60 package. To meet the performance mission of the package, the dose blocker
parts should not separate from the cask or suffer body extensive damage. Furthermore, under "cold".
conditions, the potential for brittle fracture leading to a separation and/or loss of function mustalso
be addressed.

HI-STAR 60 SAR Revision I
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Under the lifting condition, because the-intermediate shells are in the liftingload path, the average
primary stress in the intermediate shells is maintained below 33.3% of the material yield strength at
the operating temperature as suggested in Reg. Guide 3.61 [D.B]. "

For brittle fracture evaluation, ASME Code Section III, Subsection NF (NF-2300) is used to provide
guidance for appropriate Charpy V-notch- testsfor-_`th6e fi5i-iontainment parts. The intermediate
shells used for gamma shielding are fabricated from normalized SA516-70. Figure NF-233 I (a)-2 of
ASME Section 1II, Subsection NF shows that normalized SA516-70 should have minimum energy
absorption of 15 ft-lb at -40°C (-40°F) for a Charpy V-notch test. Therefore, these tests on the
normalized SA516-70 materials of the intermediate shells will confirm 'the minimum energy
absorption of 15 ft-lb at.-40°C (-40'F) to ensure that the intermediate shells will perform their
intended function at the lowest service temperature.

' While the practice of specifying a minimu m Charpy strength. using the guidance in Subsection NF of
Section III of the ASME Code for-the Dose Blocker parts is well established in the HI-STAR design
practice (licensed and used to manufacture HI-STAR 100s since 1999 in DocketNo. 71-9261), an
independent analysis of the sufficiency of the Charpy gtrength requirement to ensure protection from
asignificant loss of shielding in an impact event is also performed in Section 2.7.

(iv) Impact Limiters

Impact limiters are designed to absorb the impact energy during a drop event by plastic deformation.
-The impact fimiter-must perform its energy absorption function over the-range of environmental-
temperatures. -

Under all postulated impact events applicable to the HI-STAR 60 Package, the impact limiter must
Tmitigate the inertia forces such that-

i. The stress levels in the containment boundary do not exceed the Section 11. Subsection NB
allowhbles for the applicable service condition. - .

ii. The stress and deformation levels in the-basket meetathe limits set forth in the foregoing. -

iii. The gasketed joints in the containment boundary remain fully functional to prevent leakage.
iv. The decelerations in the cask under the 9-meter drop are limitedto ensure that the contained

spent nuclear fuel cladding will. not breach from excessive flexural strain.
v. The deformation of the crush material is limited to prevent contact between the cask and the

target ("bottomingout of the package"). - .

vi. The impact-iimiter(s) remain physically attachedto the cask. In quantitative terms,-this
means that the impact limiter's skirt (which girdles the cask at both ends) does not become
completely detached-from the cask, and that the attachment fasteners remain elastic.

As discussed in paragraph 1.2.1.1(c) the HI-STAR 60 impact limiter mimics the anatomy of the
previously licensed AL-STAR impact limiter-for the HI-STAR 100 Package (Docket71-9261).

HI-STAR 60 SAR Revision I
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2.1.3 Weights and Centers.of Gravity

Table 2.1.14 provides nominal weights of the indiVidual HI-STAR 60 components (including
weld material, where applicable), as well as the total Transport Package weights, and the
weight of the heaviest HI-STAR 60 Package on the crane hook above the pool.

Table 2.1.15 provides the locations of the calculated centers of gravity (CGs) (refer to
drawings in Section 1.3). All centers of gravity are assumed to be located on the cask
centerline since the non-symmetric component of the mass in the cask system and its contents
is negligible.

2.1.4 Identification of Codes and Standards for Package Design

The Containment Boundaiy of the HI-STAR 60' Package invokes ASME Code SectionillI to the
extent required to ensure utmost reliability. Specific Code paragraphs in NB-3000 of Section, III,
Subsection NB of the ASME Boiler and Pressure Vessel Code (ASME Code) [G,.C], and Appendix
F [G.E] that are cited herein are invoked for design of the containment boundary of the HI-STAR 60
Package.

Table 2.1.16 lists each major structure, system, and component (SSC) of the HI-STAR 60 Package,
along with its function, and applicable code or standard. The Bill of Materials for each drawing set

• in Section 1.3 identifies whether items are "Important to Safety" (ITS) or "Not Important to Safety"
(NITS); the identification is carried out using the guidanceofNUREG/CR-6407, "Classification'of
Transportation Packaging and Dry Spent Fuel Storage System Components.". Table 2.1.17 lists.
alternatives to the ASME Code where appropriate. Table 2.1.18 provides applicable sections of the
ASME Code and other documents for Material Procurement, Design, Fabrication, and Inspection,
and Testing. NUREG 1617 [C.F] provides additional guidance in the preparation, of this table.

All materials and sub-components that do not constitute the containmentboundary inmthe HI-STAR
60 cask are procured to ASTM Specifications, except for the neutron. shield (Holtite-A), which is a
specialty material, for which an ASTM Standard does not exist. This special purpose material has

* been tested and characterized under Holtec's QA Program.

The critical characteristics of all materials are set down in the following to establish the minimum
requirements that must be met by the material. The applicable critical characteristics for each part in
the HI-STAR 60 Package are listed in Table 2.1.19 with the requiredlimiting values, as applicable.

HI-STAR 60 SAR Revision I
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Table 2.1.1: Pressures and Temperatures for Containment
Boundary Stress Analysis

Location Pressure Limit MPa (psig) Temperature

Design: 0.0345 (5)

Internal Normal: 0.0345 (5)

Accident: 0.4138 (60)
See Table 3.2.10

Design: 0.0345 (5)

External to the cask Normal: 0 (0)

Accident:.2.0 (290)*

* Set to meet 10CFR71.61

HI-STAR 60 SAR
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Table 2.1.2: Stress Intensity Limits for Different Service Conditions for
Section EI Class 1 Pressure Vessels (Elastic Analysis Per NB-3220)

Stress Category Level A Level D

Primary Membrane, Pm Sm Smaller of 2.4Sm and
0.7SU

Local Membrane, PL 1.5Sm 150% of Pm Limit

Membrane plus .Primary Bending i 1.5Si 150% of Pm Limit

Primary Membrane plus Primary Bending 1.5Sm 150% of Pm Limit

Membrane plus Primary Bending plus 3Sm N/A
Secondary

Averaget 0.6SM O..42Su
Primary Shear
(Section in Pure Shear) -

Notes:

1. The stress intensity limits per ASME Section III Subsection NG (NG-3220), which apply to
the stainlesssteel fuel basket,-are, identical to the above limits..

2. Fatigue analysis (as applicable) also includes peak stress-(denoted by "F" in the
nomenclature of the ASME Code [G.C])...

Governed by:NB-3227.2 or F-133'1.1 (d) of the ASME Code, Section II (NB or Appendix F)
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Table 2.1.3: Stress Limits for Lid Closure Bolts (Elastic Analysis Per NB-3230)

Stress Category Level A Level D

Average Service Stress 2 Sm Cannot exceed Yield Strength

Maximum Service Stress (sum Joint maintains metal to metal
of primary and secondary 3Sm contact (see Note 2). Cannot
stress) exceed Ultimate Strength

Notes:

1. Stress limits for Level Aservice condition ensure that bolt remains elastic. .
2. Limit set on primary tension plus primary bending for Level D loading is based on an elastic

stress evaluation; however, the overriding acceptability of the joint design is performance.based
on the absence of leakage.
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Table 2.1.4: Design, Levels A and B: Stress Intensity - SA203-E

Code: ASME NB
Material: SA203-E

Item: Stress Intensity

Temperature Classification and Value, MPa (ksi)

°C (CF) Sm Pm PL - PL + Pb PL + Pb + Q Pe
(Note 1) (Note 1) (Note 1) (Note 2)

-40 to 38 (-40 160.6- 160.6 (23.3) 241.3 (35.0) 241.3 (35.0) 481.9 (69.9) 481.9
to 100) (23.3) . (69.9)

93,3 (200) 160.6 160.6 (23.3) 241.3 (35.0) 241.3 (35.0) 481.9 (69.9) 481.9
(23.3) (69.9)

149 (300) 160.6 160.6(23.3) 241.3 (35.0) 241.3 (35.0) 481.9 (69.9) 481.9
(23.3) _-(69.9

204 (400) 157.9 157.9 (22.9) 237.2 (34.4) 237.2 (34.4) 473.7 (68.7) 473.7
(22.9) (68.7)

260 (500) 148.9 148.9 (21.6) 223.4 (32.4) 223.4 (32.4) . 446.8 (64.8) 446.8
(21.6' (2 (64.8)

Definitions:

Sm

Pm
PL
Pb
Pe
Q
PL + Pb

Stress intensity values per ASME Code
Primary membrane, stress in-tensity
Local membrane stress intensity
Primary bending stress intensity.
Expansion Stress
Secondary stress.
Either primary or local membrane plus primary bending

Notes: I.

1. Evaluation required for Design condition only per NB-3220.
2. Pe not applicable to vessels per Fig. NB-3221-1.
3. Values are in accordance with stress intensity limits provided in Table 2.1.2.

HI-STAR 60 SARý
Report HI-2073710

RevisionI
2.1-18



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 2.1.5: Level D Stress Intensity - SA203-E

Code: ASMENB
Material: SA203-E

Item: Stress Intensity

Classification and Value, MPa (ksi)Temperature

C(oF) Pm PL PL + Pb

-40 to 38 (-40 to 100) 337.8 (49.0) 506.8 (73.5) 506.8 (73.5)
93.3 (200) 337.8 (49.0) 506.8 (73.5) 506;8 (73.5)
149 (300) 337.8 (49.0) . 506K8 (7•3.5.) 506.8 (73.5)
204 (400) 337.8 (49.0) 506.8(73.5) 506.8 (73.5)
260 (500) 337.8 (49.0) 506.8 (73.5) 506.8 (73.5)

Notes:

I.
2.
3.
4.

Level D allowables per NB-3225 and Appendix F, Paragraph.F-1331.
Average primary shear stress across a section loaded in pure shear may not exceed 0.42 S,.
Values are in accordance with stress intensity limits provided in Table 2.1.2.
See Table 2.1.4 for stress classification definitions.
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Table 2.1.6: Design, Levels A and B: Stress Intensity - SA350-LF3

Code: ASMENB
Material: SA350-LF3

Item: Stress Intensity

Temperature Classification and Value, MPa (ksi)
-C (F) Sm Pm: PL PL + Pb PL + Pb +Q Pe

(Note 3) (Note 3) (Note 3) (Note 4)
-40 to 38 (-40 .160.6 .160.6 240.9 240.9 481.9 481.9

to 100 (23.3) (23.3) (35.0) (35.0) (69.9) (69.9)
93.3 (200) 157.9. 157.9 236.9 236.9 473.7 473.7

(22.9) (22.9) (34.4) (34.4) (68.7) (68.7)
149(300) 152.4 152.4 228.6 228.6 457.2 457.2

(22.1) (22.1) (33.2) (33.2) (66.3) (66.3)
204(400) 147.5 147.5 221.3 221.3 442.5 442.5

(21.4) (21.4) (32.1) (32.1) (64.2) .(64.2)

260 (500) !40.0 140.0 210.0. 210.0 420.0 420.0
(20.3) (20.3) (30.5) (30.5) (60.9) (60.9)

316 (600) 129.6 129.6 194.4 194.4 388.8 388.8
(18.8) (18.8) (28.2) (28.2) (56.4) (56.4)

371 (700) 116.5 116.5 174.8. . 174.8 349.5 •. 349.5
(16.9) (16.9) (2514) (25.4) (50.7) (50.7)

Notes:

1. Source for Sm is Table 2A of ASME Section 11, Part D.
2. Values are in accordance with stress intensity limits provided in Table 2.1.2.
3. Evaluation required for Design condition only per NB-3220.
4. Pe not applicable to vessels per Fig. NB-3221-1.
5. See Table 2.1.4 for stress classification definitions.
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Table 2.1.7: Level D, Stress Intensity - SA350-LF3

Code:
Material:Item:

ASME NB
SA350-LF3
Stress Intensity

Temperature Classification and Value, MEPa (ksi)

°C( 0 F) * Pm PL PL + Pb

-40 to 38 (-40 to 100) 337.8 (49.0) 506.8 (73.5) 506.8 (73.5)
93.3 (200) 337.8 (49.0) 506.8 (73.5) 506.8 (73.5)
149 (300) 337.8 (49.0) 506.8 (73.5) 506.8 (73.5)
204 (400) -337.8 (49.0) -506.8 (73.5) 506.8 (73.5)
260 (500), 335.8 (48.7) 506.8 (73-5) 506.8 (73.5)
316(600) 311.0 (45.1) 462.6 (67.7) 462.6 (67.7)
371 (700) .279.9 40.6) 419.9 (60.9) 419.9 (60.9)

Notes: -

1. Level D allowables per NB-3225 and Appendix F, Paragraph F- 1331.
2. Average primary shear stress across a section loaded in pure shear may not exceed 0.42 Su.
3. Values are in accordancewith stress intensity limits provided in Table,2.1.2.
4. See Table 2.1.4 for stress classification definitions.
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Table 2.1.8

DESIGN, LEVELS A AND B: STRESS INTENSITY - SA240-304 (ASME NG)

Code:
Material:
Service Conditions:
Item:

ASME NG (same limits as ASME NB)
SA240-304
Normal Conditions of Transport
Stress Intensity

Temp., °C Sm Pm Pm+Pb Pm+Pb
,(°OF ... +Q

-40 to 38 137.9 413.7
(-40 to 100) (20.0) 137.9 (20.0) 206.8 (30.0)• (60.0)

137.9 413.7
93(zo.) (20.0) (20.0) 206.8 (30.0) 60.0

137.9 413.7
14(300) (20.0) 137.9 (20.0) 206.8 (30•0) (60.0)

128.2 384.7
204(400) (18.6) 128.2 (18.6) 192.4 (27.9) (55.8)

2601(500) (17.7 120.7(17.5) 181.3 (26.3) 362.02 )17.5) (52.5)

31(0)114.5,.4.
316(600) 16.6) 114.5 (16.6) 171.7 (24.9) 343.4

(16.6)(49.8)
111.7 1 335.1

343 (650) (16.2) 111.7 (16.2) 168.2 (24.4) (48.6)

1.08.9 326.8
37.1 (700) (15.8) 108.9 (15.8) 163.4 (23.7) (47.4)

106.9 320.6399 (750) 106.9 (15.5)- 160.3 (23.3)
Q 5.5) •.(46.5)
104.8 •314.4

427(800) (15.2) 157.2 (22.8) 45.2) 45.•6)

Source for Sm is Table 2A of ASME Section II, Part D.
Values are in accordance with stress intensity limits provided in Table 2.1.2.
See Table 2.1.4 for stress classification definitions.
Values listed are also applicable to forgings' (SA336-304).

Notes:
1.-

2.
43.
4.

I
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Table 2.1.9

LEVEL D: STRESS INTENSITY - SA240-304 (ASME NG)

Code:
Material:
Service Conditions:
Item:

ASME NG (Same Limits as ASME NB)
SA240-304
Hypothetical Accident
Stress Intensity

Temp., °C Classification and Value, MPa (ksi)
°F) Pm PL PL + Pb

-40 to 38 (-40 330.9 496.4 496.4(72.0)
to 100) (48.0) (72.0)

330.9 496.4
93.3 (200), 48.0) (72.0) 496.4 (72.0)

330.9 496.4149 (300) 496.4 (72.0)
(48.0) (72.0)
307.5 461.3

204 (400) (44.6) (66.9) 461.3 (66.9)

200(500) 289.6 .--_434A 434.4 (63.0)
'(42.0) (63.0)
274.4 411.6

316(600) 39.859.7) 411.6 (59.7)

;34:3 (650) ..... 268.-1 ,402.2'-34(5ýý-422-: 402.`2 (5'8.4)
(38.9) (58.4)

371261.4 392.1 392.1 (56.9)
(37.9) (56.9)

39 :- •256.5 384.8
399. (750) -(37.2) . (55.8) .... _388. (5 .8

251.7 377.8 378(48427(800) (325)7377.837.8__ '(54.8)"-. (36.5) -(54.8).

Notes:
I.
2.

3;
4.,
5.

Level D stress intensities per ASME NG-3225 and Appendix F. Paragraph F- 1331
Average primary shear strength across a section loaded in pure shear may not exceed 0.42
Su.
Values are in accordance with stress intensity limits provided in Table 2.1.2.
See Table 2.1.4 for stress classification definitions.
Values listed are also applicable to forgings (SA336-304).
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Table 2.1.10: Design Stress Intensity - Bolting Materials

Code: ,ASME NB
Material: (SA19_3-B7 <2.5 inch diameter)

Item: Stress Intensity

Design Stress
Temperature Intensity

°C (OF) SA193-B7
MPa (ksi)

-40 to 38 (-40 to 100) 241.3 (35)
93.3 (200) 224.8-(32.6)
149 (300) 216.5 (31.4)
204 (400) 210.3 (30.5)
260 (500) 203.4 (29.5)
316 (600) 195.8 (28.4)
371 (700) 185.5 (26.9)
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Table 2.1.11

[Intentionally Deleted] ,
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Table 2.1.12: Fracture Toughness Test Criteria:. Containment Boundary

Thickness Drop Test Temperature
Item Material Charpy V-Notch Temperature (ote 1)

As required per ASME Section As required per ASME
Weld Metal 111, Subsection NB, Article NB- Section III, Subsection NB,
for NB As required NA 2430 and Article NB-2330 Articles"NB-2430 and Article
Welds Min. test temperature = -40'C NB-2330

TNDT:< -82 °C (-115°F) (with
SA 203-E 5 testing and acceptance criteria per , or A 8M S pe i I D. 3,

Shell /SA350-LF3 50 (1!97) ASME Section III, Subsection or ASME Section 11, Div. 3,

NB, Article NB-2330

TNIT < -100 0C (-147 °F) TNDT -100 °C per R.G. 7.12
*Top Flange SA203-E with testing and acceptance or ASME Section 111, Div. 3,./SA350-LF3 141 (5.55) . orAM SetnIlDv3,

/SA350-LF3 criteria per ASME Section III, Table WB-2331.2-1
Subsection NB, Article NB-2330

TNDT< -104.4 0 C (-156 0F) TNDT:< -104.4 °C per R.G.
SA203-E (0 with testing and acceptance J7.12 or ASME Section Ill,

Base Plate criteria per ASME Section III, Div.3, Table WB-2331.2-1

Subsection NB, Article NB-2330

Clsueid 127(5. No test required - stainless No test required - stainless

Closure Lid SA240-304 127 (5.0) Noaterial:ui
material -.material

TNDT _ -69.8C (-93.7 OF) TNDT:< -69.8.°C per R.G.

Port Cover SA 516 Gr. 70 32 (1.26) with testing and acceptance 7.11 or ASME Section IIl,
.... Ccriteria per ASME Section III, Div. 3, Table WB-2331.2-1

Subsection NB, Article NB-2330

Cv (lateral expansion) minimum'
Closure (1.65) 25 .mils (per Table NB-2333-1) -No requirements (per Table
Bolts for each of three specimens. NB-2333-1)

(Note 2)

Notes:
1.

"2.
Materials to be tested in accordance with ASTM E208-87a. -

An additional Charpy absorbed energy requirement of 5 ft-lb at -40°F is imposed on the
, closure bolts.
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Table 2.1.13: Fracture Toughness Test Criteria: Dose Blocker Steel Parts

-I Mt • Thickness Charpy V-Notch Test Remarks
mm(in.) Temperature (Note 1)

30 Minimum values of Charpy
Intermediate SA-516 Grade 30 (1.18)AbsrbedlEnergy and Lateral"
Shells 70 Expansion are 15 ft.-lb, and

15 mils, respectively.

Notes:
I. Material to be tested in accordancewith applicable sections of NF-2320-2350 [G.D]. Test

specimens-shall be in accordance with SA-370 [G.A, Fig. 11].
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Table 2.1.14

HI-STAR 60 CALCULATED WEIGHT DATA

Item- Component Weight Total Weight.
kg lb) kg 0b)

Cask Closure Lid (including shielding): 2,366 (5,215)
Fuel Basket -. .. 2,022 (4,456) "
Fuel Assembly (12 assemblies total - maximum 470.8 (1,037.6) 5,649.6 (12,452)
weight)
Empty.Cask (with Closure Lid,Fuel Basket, in' 51,736 (114,058)
place)
Loaded Cask (without water). _ _- _ 57,400 (126,510)
Water in Cask-(see Note 2) 2,290 (5,047)
Loaded Cask (with water) 59,690 (1.31,557)
Top Impact Limiter (estimated weight with lower 6,290 (13,863)
bound crush strength)
Bottom Impact Limiter 6,290 (13,863) -

Total. weight of Transport.Package (dry and 69,980 (154,236)
sealed):

Notes:
1. Tabulated weights are nominal values and include weld weight where applicable.
2. Based on full volume of containment cavity minus the displaced'volume of its contents

(i.e., fuel assemblies, fuel basket, fuel-basket supports, drain line).
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Table 2.1.15

CENTERS OF GRAVITY OF HI-STAR_60 CONFIGURATIONS

-Component Height of CG* (Nominal)
mm (in)

Empty Cask (includes fuel basket and fuel 2
basket shims; no fuel assemblies)
Fully Loaded Cask (includes fuel basket,
fuel basket sfiims, and 12 fuel assemblies) 2014 (79.29)

Height of CG is measured ab6ve floor in upright-configuration, without the presence of impact limiters.
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Table 2.1.16: Applicable Codes, and Standards for the
Materials Used in The HI-STAR 60 Package

Item Principal Function Applicable Codes and
__ Reference Standard

1. Base Plate,., Containment Boundary ASME Code Section III
,, Subsection NB

2. Containment Shell Containment Boundary ASME Code Section III
Subsection NB

3. Top flange Containment Boundary ASME Code Section III
Subsection NB

4. Closure Lid Containment Boundary ASME Code Section II.I
Subsection NB

5 ASME Code Section Ill
5. Closure Lid Bolts Containment Boundary .Subsection NB

6. Vent and Drain Port Plugs Secondary Closure ASME Code Section 11
7. Fuel Basket Positioning of Fuel Assemblies ASME Code Section II
8. Seals Deformable annular elements to Non-Code (Manufacturer's

provide a high reliability barrier Catalog and Test Data)
against leakage from the bolted joints.

9. Metamic® Criticality Control Holtec Purchasing
(Metal MatrixComposite) Specification PS-9 . -

10.. Intermediate Shells Gamma Shielding ASME Code Section II
1!. Holtite-A Neutron Shielding Holtec Reports [M.A,

M.B13
12... Trunnions, Lifting and Handling ' ASME Code Section I1 and

-ANSI 14.6.
13. Holtite Cavity Closure End Holtite Cavity Space Enclosure (non- ASME Code Section II

Plates and Outer Shell structural)
14. Basket Shims Positioning of Fuel Basket in the ASME Code Sectiori II

Containment Cavity
15.. Impact Limiter Backbone Structural Support of Impact Limiter ASME Code Section II

Plate Material
16. Impact Limiter Attachment Structural Support of Impact Limiter ASME Code Section II

Rods and Nuts
17. " Impact Limiter Crush Impact Energy Absorption Non-Code (Manufacturer's

Material Catalog and Test Data)
18.. Impact Limiter Insulation Thermal protection of against fire Non-Code (Manufacturer's.

Board damage. Catalog and Test Data)
19. [PROPRIETARY

INFORMATION
REMOVED] __- i

Note: Materials for ITS components n6t listed above shall meet ASME, ASTM, or other
standard industrial codes, as approved by Holtec International. Materials for NITS
components shall meet standard industrial codes or the manufacturer's product sheets as.
approved by Holtec International.
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Table 2.1.17: ASME Code Requirements and Alternatives for the HI-STAR 60 Package

Component Code Section 'Code Requirement" Alternative, Justification & Compensatory Measures

Cask NB-1000 Statement of requirements for Cask containment boundary is designed, and will be
Containment Boundary Code stamping of fabricated in accordance with ASME Code, Section Ii,

components. Subsection NB to the maximum practical extent, but Code'
• stamping is not required.

'Cask NB-2000 Requires materials to be. Holtec approved suppliers will supply materials with
Containment Boundary supplied by ASNIE-approved CMTRs per NB-2000.

material supplier.

Cask NB-7000 Vessels arerequired to have No overpressure protection is provided. Function of cask
Containment Boundary overpressure protection. vessel is as a radionuclide containment boundary under

normal and hypothetical accident conditions. Cask is
designed to withstand maximuin internal pressure and
maximum accident temperatures.

Cask NB-8000 States requirements for name, HI-STAR 60 Package to be marked and identified in
Containment Boundary stamping and reports per accordance with IOFR71, Code stamp'ing is not required.

NCA-8000. -- QA data packageprepared in accordance with Holtec's
approved QA program.

Cask NB-2330 Establish TNDT and test base Rather than testing to establish the RTNDT as defined in
Containment Boundary metal, heat affected zone and paragraph NB-2331, Reg. Guide 7.12 is specified for'

weld metal at TNDT + 60OF materials from 4 to 12 inches thick. The Containment shell
is nominally 2 inches thick, so the provisions Reg. Guide
7.11 are more applicable for the shell material. Reg: Guide
7.11 for materials up to 4 inches thick does have a reference
to SA203 material and requires the TNDT to be<-70'F.

'Since the specified TNDT of-1 15'F for the shell material
as reflected in Table 2.1.12 is significantly lower, it is in
compliance with NB-2330. Table 2.1.12 summarizes the
specific impact testing requirements for the Containment
Boundary components per Reg. Guides 7.11 and 7.12.

A -120OF TNDT will be applied for all containment welds 4
inches and less in thickness. The base 'plate and top flange'.:'
may need a lower'TNDT as specified in the SAR to comply

.. ... __ _with the thicker base material requirements of the Reg

-3
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Table 2.1.17: ASME Code Requirements and Alternatives for the HI-STAR 60 Package

Component Code Section Code Requirement Alternative, Justification & Compensatory Measures

Guide, but all containment welds on the HI-STAR 60 will
be involving the shell and have a nominal thickness of 2
inches. The ASME code does apply its criteria to the
thinner material in NB-4622.3 for heat treating and the weld
in NB-4622.4 for heat treatment. Applying a standard Drop
Weight and Charpy Impact test temperature criterion of
TNDT = -120F•vwould provide the required properties for

the application. A consistent specification will permit
optimization of the process for best results.

Cask NB-4622 All welds, including repair PWHT of interniediate shell-to-top flange and intermediate
Intermediate Shells. welds, shall be post-weld heat shell-to-bottom plate, welds do not require PWHT. These

treated (PWHT). welds attach non-pressure retaining parts to pressure
retaining parts. The pressure retaining parts are > 7 inches
thick. Localized PWHT will cause material away from the
weld to experience elevated temperatures that will have an
adverse effect on the material properties.

Cask NB-5 120 Perform radiographic Radiography of the helium retention boundary welds after
Containment Boundary examination after post-weld PWHT is not required. All welds (including repairs) will

heat treatment (PWHT). have passed radiographic examination prior to PWHT of the
entire containment boundary. Confirmatory radiographic
examination after PWHT is not necessary because PWHT is

_________ __ _not known to introduce new weld defects in nickel steels.

0

n-i

n-ri
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0
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Table 2.1.18: ASME Code Boiler & Pressure. Vessel Code and Other ANSI and Holtec Standards Applicable to HI-STAR 60

1. Subi-Component ID Material Procurement Design Stress and C Welding Inspection Testing
Criteria Deformation

_____ __ _Analysis

2. Containment Boundary ASME Code Section III ASME Code Section ASME Code. ASME Code ASME Code ASME Code Section III
.,(except closure seals) Subsection NB-2000 III Section III Section III:' Section III Subsection
(includes closure lids' and Subsection NB-3000 Subsection Subsection NB- Subsection N NB-6000

• applicable subcomponents) . NB-3000 4000 . NB-5000
3. Fuel Basket ASME Code *. ASME Code Section ASME Code Holtec Holtec Holtec Manufacturing

Section II III Section III Manufacturing Manufacturing. Manual
Part A Subsection NG-3000 Subsection Manual (N6te. 1) Manual

NG-3000
4. Lifting Trunnions ASME Code Section II ANSI N14.6 (may, ANSI N 14.6 ASME Code Chapter 8 of this Chapter 8 of this SAR

* not apply to'bottom (may not apply Section III - SAR
.,trunnions) to bottom Subsection NF

._ _ trunnions)
5. Intermediate- Shells ASME Code Chapter 2 of this Chapter 2 of ASME Code ASME Code Chapter 2 of this SAR

Section II SAR this SAR Section IX- Section V
Part A __

6. Basket Shims and Supports ASME Code NUREG-1617 Chapter 2 of ASME Code ASME Code Holtec Manufacturing
Section II and this SAR Section IX " 'Section V Manual
-Part A Chapter 2 of0this

SAR _'

7ý Neutron Shielding Holtec Manufacturing References [M.A], Not Applicable Holtec Holtec Holtec Manufacturing
Manual [M.B] Manufacturing Manufacturing. Manual and

_ _ _ _ _ _ _ _• __Manual Manual Chapter 8 of this SAR

z

M

M

>Note 1: Holtec Manufacturing Manuals Contain detailed instructions for manufacturing of the subassemblies and the complete componentin accordance with the
applicable SAR, Codes, Standards,.'and for special products, such as Metamic, thesupplier's specifications. The Holtec Manufacturing Manual is a comnpilation
of procedures, travelers, weld maps, specifications, Standards, etc, to ensure the manufacturing of the rn-STAR components in full accord with this SAR. The
manufactuiring manuals are prepared, reviewed, and approved by use by the Holtec Manufacturing Division and Nuclear Division, and the latest issuemaintained
in the company's network under Holtec's configuration!control system.
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Table 2.1.18: ASME Code Boiler & Pressure Vessel Code and Other ANSI and Holtec Standards Applicable to HI-STAR 60
Continued

8. Sub-Component ID Material Procurement .Design Stress and Welding Inspection Testing
Criteria Deformation

,_______ Analysis
9. Radial Ribs and Trunnion ASME Code Chapter 2 of this Chapter 2 of ASME Code ASME Code Not Applicable

Supports Section II SAR this SAR Section IX Section V
Part A "_ __"_"_"

10. Enclosure Shell Plates ASME Code Chapter 2 of this Chapter 2 of ASME Code ASME-Code Not Applicable
Section II SAR this SAR Section IX Section V
Part A

!11. Impact Limiter Backbone ASME Code - Chapter 2 of this Chapter 2 of ASME Code ASME Code Not Applicable
Structure Section II SAR this SAR Section IX Section V

Part A
12. Neutron Absorber Holtec Manufacturing Reference [M.C] Not Applicable Not Holtec Holtec Manufacturing

Manual Applicable Manufacturing Manual and
"_._..__ _" " -. _Manual I Chapter 8of this SAR

C

m

C-)

~I-I

z

Cz

Note: "ITS Components, not li~sted above shall be procured,. designed, fabricated, inspected, and tested in accordance with ASME,
ASTM, AWS, or other applicable industrial codes as specified in Holtec International's manufacturing documents.

'C

HI-STAR 60 SAR
Report HI-2073710

Revision 1
2.1-34



Table 2.119:•Critical Characteristics of the HI-STAR 60 Package Materials

Part I.D. Function Applicable Critical Characteristics Minimum Values
Yield strength, cry, and ultimate strength, au, at ambient and

Primary Containment maximum possible metal temperature under normal and hypothetical As specified in Section II of the ASME Code for
Boundary Shell and Provide radiological containment conditionsof transport. Minimum Charpy lateral expansion at "cold" the materials listed in the Drawing Package inS Plate (or forging)c conditions (-400C) (measure of protection against brittle fracture); Section 1.3.

thermal conductivity, w; thermal expansion coefficient
Provide means to maintain the seals in

2. Closure Lid Bolts compressed condition to prevent leakage for Yield strength,- and ultim ay 861 MPa(l5 ksi)
the main (inner and outer) closure seals -_._.._•_a_> 861.8 MPa (125 ksi)

3. Closure Lid Seals Prevent leakage in the closure lid bolted joint Maintain sealing See Table 22.8
for closure lids main seals

.Room Temperature Yield strength, a,.; ultimate strength, aC. As specified in Section II of the ASME Code for
4. Fuel Basket elongation, e; thermal conductivity, y; and thermal expansion the materials listed in the Drawing Package in

provie support fuel coefficient, p; Young's modulus, E Section 1.3.

Holtite Neutron Provide principal means to block neutron See Subsection 1.2.1.5.1 See Subsection 1.2.1.5.1
Shielding radiation

6. Top and Bottom Provide means for lifting and/or pivoting the Yield strength, Or, and ultimate strength, au, at 350 degrees F ry> 172.4 MPa (25 ksi)
Trunnions cask for upending/downending. temperature; . a, _> 482.6 Mpa (70 ksi)

Fuel Basket Supports Provide positioning and cushioning of the fuel Yield and ultimate strengths; maximum elongation @ 425 deg. F'" As specified in Section FI of the ASME Code for7. condition . the materials listed in the Drawing Package in
(Shims) basket coSectoni1.3IF• - . ; I ..Section 1.3.

Crush Strength, Crush strength tolerance; % crush before "lock-up;Provide resistance against excessive _tL
8. Ipact Limiters decelerataion a tsensitivity to temperature and humidity changes in the transport . See Table 2.2.9.Ipctdeel o . • condition operating range.

0

M,

0

-o

tT

>-

Note: Values for critical characteristics based on evaluation of safety margins from analysissresults:
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FIGURE 2.1.1: PROPRIETARY INFORMATION REMOVED
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2.2 MATERIALS

2.2.1 Mechanical Properties and.Specifications

This section .provides the mechanical properties used in the structural evaluation. The properties
include, as appropriate, yield stress, ultimate stress, modulus of elasticity, Poisson's ratio,weight
density, and coefficient-of thferfminal expansion. The property values are presented for a range of
temperatures, for which structural calculations are performed.

2.2.1.1 Structural Materials

2.2.1.1.11 Nickel Alloy, Low-AlloW Steel

The nickel alloy and low-alloy steels used in the HI-STAR 60 containment components are
SA203-E and SA350-LF3; respectively. The material properties .(used: in' structural evaluations)
of SA203-E and SA350-LF3 are given in Table 2.2.1.

Properties of steel that are not included in-any of the tables at the end of the section are weight
density and Poisson's ratio. These properties are assumed constant for all structural analyses.
The values used are shown in the table below.

Property - Value

Weight Density, kg/mr3 (lb/in3) - 7.833 (0.283)

.8.027 (0.290) (for Stainless Steel)

Poisson's Ratio 0.30

2.2.1:1.2 Bolting, Trunnion and Lid Materials

Material properties (for structural evaluations) of the closure lid bolting material used in the HI-
STAR 60 Package are given in Table 2.2.2. The closure lid is made from stainless steel, and the
material properties are listed in Table 2.2.3. The trunnions will be stainless steel forging material,
and the properties are also given in Table 2.2.3.

2.2.1.1.3 Fuel Basket

The fuel basket: is classified as an Internal Structure under the rules of the ASME Boiler.& I
Pressure Vessel Code, Subsection NG. In particular, the following provisions apply"

i. All materials except the neutron absorber will meet the requirements of Section II of the
ASME Code.

Ji. All welding procedure specifications will comply with Section IX of the ASME Code. -

HI-STAR 60 SAR Revision, 1
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iii. All non-destructive examinations specifitions will comply with Section V of the ASME
Code.

iv. All stress limits will correspond to those of Section III Subsection NG of the ASME
Code.

The fuel basket material is Stainless Steel (SA240-304). Table 2.2.3 lists the numerical values'
for the material properties of SA240-304 versus temperature. These values, which are taken from.
the ASME Code, Section II, Part D [G.B], are used to complete all structural analyses.

As shown in ASME Code Case N-47-33 (Class 1 Components in Elevated Temperature Service,
1995 Code Cases, Nuclear. Components), the strength properties of austenitic stainless steels do
not change due to exposure to 538°C (10000 F) temperature. for upto 10,000 hours. Therefore,
there is no significant effect on mechanical properties of the fuel basket materialduring anyshort

• duration of elevated.temperaturesuchas during vacuum drying of the containment cavity.

2.2.1.1.4 Weld Material

All weld filler materials utilized in the welding of the Code components will comply with the
provisions of the appropriate ASME Code Subsection (e.g., cited -paragraphs of Subsection NB
and with applicable. paragraphs of Section IX). All non-Code welds shall be made using weld
procedures that meet Section IX of the ASME Code. The minimum tensilestrength of the weld
wire and filler material (where -applicable). will be equal to or greater than the tensile strength of
the base metal listed in the ASME Code.

2.2.1.1.5 Impact Limiter

The impact limiter for the HI-STAR 60 Package is shown in the drawing package in Section 1.3.
The impact limiter consists of a rigid cylindrical core, a cylindrical skirt that girdles the cask
forging, the energy absorbing material, an outer skin, an insulating board that thermally
decouples~the impact limiterfrom the cask, and attachment bo!ts. The energy absorbing material,
is positioned to realize adequate crush modulus in all potential impact modes. The core-and skirt
are made from carbon steel. The external surface of the impact limiter consists of a stainless steel
skin to provide long-term protection against weather and inclement environmental conditions.
The attachment bolts are also made from stainless steel.

The: material properties for the stainless and carbon steels, for structural evaluations, are
provided in Table 2.2.3 and Table 2.2.4, respectively. Material properties for the, stainless steel
impact limiter attachment bolts are provided in Table 2.2.5.

[PROPRIETARY TEXT-REMOVED].

Table 2.2.9 also contains the required critical characteristics of the insulation •board material,
which is shown in the licensing drawing, [PROPRIETARY TEXT REMOVED].

HI-STAR 60 SAR Revision I
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[PROPRIETARY TEXT REMOVED].

Note that the pressure-crush behavior of the aluminum honeycomb energy absorbing material is
insensitive to the environmental and operating temperature range germane to Part 71 transport of
the HI-STAR 60. This was demonstrated by testing performed to support the licensing of the HI-
STAR 100 transportpackage [L.C]. ".. -

2.2.1.1.6 Closure Lid Seals

The containment integrity of the HI-STAR 60 package relies on two concentric O-ring joints
shown in the licensing drawings in Section 1.3. The sealing action against the release of the
cask's contents is provided by the two[PROPRIETARY TEXT REMOVED] located in each of
the two annular. grooves. Each gasket acts autonomously, thus providing a double barrier against
leakage. . ..

To ensure that the effectiveness of the leak barriers is optimal, the grooves are machined in the
precise configuration and surface finish, called for the [PROPRIETARY TEXT REMOVED]
selected for this application. The [PROPRIETARY TEXT REMOVED] chosen for the HI-
STAR 60 cask must fulfill the principal requirements set down in the following:

* A reasonably uniform compression/decompression characteristic over the temperature
range of interest (-40°C to 200'C).

* Adequate springback upon withdrawal of the iompression load

• Ability to withstand Borated water environment

* Ability to seal against light gases such as helium

* Excellent radiation resistance

* Weill adapted for joints required to withstand impulsive and impactive loads

[PROPRIETARY TEXT REMOVED] are characterized by a relatively small compression force
to "seat" them in the groove,(less than 1% of the bolt pull used to secure the joint), and hence the
required. "seating load" (an ASME Boiler & Pressure Vessel ýcode term) is not an important
parameter.:.,The- size of the O-ring in relation to the size of the groove, on the other hand, is a
critical dimension that is based on the gasket Supplier's test data and which must be.controlled
through the gasket Procurement Specification. Other. critical characteristics of the HI-STAR 60
[PROPRIETARY TEXT REMOVED] gasket that must be controlled to ensure a robust joint
performance are listed in Table 2.2.8. The gaskets shall be procured as an Important-to-Safety
part..

Amoiig the commercially available gaskets that satisfy the criteria in Table 2.2.8.:is silicon-

HI-STAR 60 SAR. . Revision I
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rubber (VMQ) made of methyl vinyl silicone synthetic rubber sold by Parker (parker.com/O-
ring).

Paragraph 2.6.1.3.4 provides an explanation of the mechanics of the gasket sealing action in the
bolted joint of the type, used in the HI-STAR 60 package.

2.2.1.1.7 [PROPRIETARY TEXT REMOVED]-

2.2.1.2 Nonstructural Materials

2.2.1.2.1 Intermediate Gamma Shield Shells

The intermediate shells are in the primary load path of the HI4-STAR .60 cask due to their
connection to the upper trunnion during a lifting operation. The intermediate shells girdle the
containment shell and thus may act in concert with the containment shell during Hypothetical-
Accident Conditions of Transport. Necessary structural properties for the intermediate shells,
germane to their participation during handling, normal transport, and accident events, are the
yield and ultimate. strengths, which are given in Table 2.2.4.

2.2.1.2.2 Neutron Shield

The non-structural properties of the neutron shield are provided in Section 1.2. Since the Holtite
isincluded in the structural analysis, model, appropriate mechanicbal-iroperties are listed in Table
2.2.6.

2.2.1.2.3 Cask Coating

The HI-STAR 60 cask non-stainless steel exterior surfaces are spray coated with stainless steel.
The HI-STAR 60 cask cavity is either spray coated or weld overlayed with stainless steel.

2.2.2 Chemical, Galvanic or Other Reactions

There is no credible mechanism for significant chemical or galvanic reactions in the packaging
during loading-and unloading operations or in the package during transport.

Similar to the HI-STAR 100 packaging, the HI-STAR 60 packaging combines low-alloy and
nickel alloy steels, carbon. steels, neutron and gamma shielding, andbolting materials. All of
these materials have a long history'of non-galvanic behavior within close proximity of each
other. The non-stainless steel external surfaces of the cask are spray coated with stainless steel to
preclude surface. oxidation. The coiting does not chemically react with borated water. A
stainless steel xweld overlay or stainless steel spray is applied to the cask cavity surface. Thecask
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is dried and helium backfilled as discussed in Chapter 7 to the extent of eliminating any credible
corrosion from moisture and oxidizing gasses. Metamic neutron absorber plate in the fuel basket
has high corrosion resistance, and anodizing to meet the required emissivity further enhances its
corrosion resistance- Therefore, chemical, galvanic 6r-:,other reactions involving the 6ask
materials are highly unlikely and are not expected.

The interfacing seating surfaces of the.[PROPRIETARY TEXT.REMOVED] seals are stainless
steel or clad with stainless steel to assure long-term sealing performance and to eliminate the
potential-for localized corrosion of the seal seating surfaces.

In accordance with NRC Bulletin 96-04 [F.B], a review of the potential for chemical, galvanic,or. other reactions among the materials of the HI-STAR 60 Package, its contents and the
operating environment, which may produce adverse reactions, has been performed. Table 2.2.7
provides a listing of the materials of fabrication for the HI-STAR 60 System and evaluates the
performance;m of the material in the expected operating environments during .T short-term
loading/unloading operationsand transportloperations. As a result ofthis review, no operations
were identified which could produce adverse reactions. No closure welding is performed and
thus hydrogen generation while the cask is in the pool is of minor consequence to cask
operations based on previous experience with the same cask materials.

2.2.3 Effects of Radiation on Materials

The general physical effects of radiation of metals by fast neutrons and other high-energy
particles are summarized in the following table taken from a DOE Handbook on Material
Science [O.B]. .

General Effect of Fast Neutron Irradiation on Metals.,

Property Increases Property Decreases
* YieldStrength S Ductility

* Tensile Strength * Stress-Rupture Strength
NDT Temperature " Density

" Young's Modulus (Slight) I Impact Strength.
* Hardness . Thermal Conductivity

High Temperature Creep Rate -(During
Irradiation)

The HI-STAR 60 Package is composed of materialslof demonstrated competence in cask spent
fuel storage and transport components. Specifically, the range of radiation levels from spent
nuclear fuel will not affect the critical characteristics of the. packaging materials. Gamma
radiation damage to metals (e.g., aluminum, stainless steel, and carbon steel) does not occur until

-the fluence level reaches 1018 rads or more. A 40-year gamma fluence -(assuming design basis
fuel for 40 years without radioactive decay)-from the spent nuclear fuel transported to the HI-
STAR 60 Containment Boundary is below this value and reduces significantly as it penetrates
though cask components. Moreover, significant radiation damage due to neutron exposure does
not occur f6r neutron-fluences. below approximately 1019 mn/cm 2 [O.B, F.B, Q.C], which is far..
-greater than a 40-year neutron fluence from spent nuclear fuel transported in the HI-STAR 60'

HI-STAR 60 SAR .. Revision I
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Package, which is on the order of 1016 n/cm 2- assuming design basis fuel for 40 years without
radioactive decay. Also as indicated in reference [O.B], the effects listed in the table above are
generally less significant at elevated temperatures for a given fluence.

As discussed in Section 1.2, the Metamic neutron absorber and Holtite have been tested
extensively to prove that it will not degrade when subjected these fluence levels. All surface
protectants used in the HI-STAR 60 Package&are also selected to essentially be unaltered by the
cumulative fluence levels to which they may be exposed.
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Table 2.2.1

CONTAINMENT SYSTEM - MECHANICAL PROPERTIES
(EXCEPT FOR STAINLESS STEEL)

Temperatuireý' -. " SA350-LF3/SA203-E
0 c ( OF) S Y S. E a S I 'S .

-73.30 (-100) 258.6 (37.5) 482.6 (70.0) 19.72 - 275.8 482.6
(28:6) (40'0) (70.0)

37.78(100) 258.6(37.5). 482.6 (70.0) 19.03 11.7 275.8 482.6
(27.6) (6.5) (40.0) (70.0)

93.33 (200) 235.8 (34.3) 482.6 (70.0) 18.68 12.06 252.3 -. 482.6
(27.1) (6.7) (36.6) (70.0)

148.89 (300) 228.9 (33.2) 482.6'(70.0) 18.41 12.42 244.1 482.6
(26.7) (6.9) (35.4) (70.0)'

204.4 (400) 220.6 (32.0) 482.6 (70.0) .18.07 12.78 235.8 482.6
" (26.2) (7.1) (34.2) (70.0)

260 (500) 209.6 (30.4) 482.6 (70.0) 17.72 13.14 224.1 .482.6,
__(25.7) (7.3) (32.5) (70.0)

Definitions:

Sy = Yield Stress MPa (ksi)
Su = Ultimate Stress MPa (ksi)
x = Coefficient of Thermal Expansion, cm/cm-°C x 10-6 (in./in. per degree F x 10-6)

E = Young's Modulus MPa x 10 4 (ksi x 10)3

Notes:

L1.
2.

3..
4.

• Source.for Sy values is Table Y-1 of [G.B].
S, values are obtained by ratioing Sm values.
Source for a values is material group 1 in Tablý TE-i of [G1B].
Source forE values is material group B in Table TM-i of [G.B].
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Table 2.2.2

CLOSURE LID BOLTING - MECHANICAL PROPERTIES

SA193 Grade B7 [less than 64 mm (2.5 in) diameter]

Temperature, 'C ('F) SY S . E S

38 (100) 724.0 (105.0) 861.8 (125.00) 20.3 (29.5) 11.7 (6.5) 241.3 (35.0)
93.3 (200) .675.9 (98.0) 861.8 (125.00) 19.99 (29.0) 12.06 (6.7) 224.8 (32.6)
149 (300) 648.8 (94.1) 861.8 (125.00) 19.65 (28.5) 12.42 (6.9) 216.5 (31.4)
204.(400) 630.9 (91.5) 861.8 (125.00) 19.31 ý(28.0) 12.78 (7.1) 210.3 (30.5)
260(500) 610.2(88.5) 861.8 (125.00) 18.89(27.4) 13.14 (7.3) 203.4 (29.5)
316 (600) 588.1 (85.3) 861.8 (125.00) 18.55 (26.9) 13.32 (7.4) 195.8 (28.4)

Definitions:
Sy

Sut
•E=

I

Notes:

Yield Stress, MPa (ksi)
Mean Coefficientof thermal expansion, cm/cm-°C x 10.6 (in/in-TF x 10-6)
Ultimate Stress, MPa (ksi)
Young's Modulus, MPa x 104 (psi x 106)

Source for Sy values is Table Y-1 of [G.B] for ferrous materials.
Source for S. values is Table U of [G.B] for ferrous materials, or from Section 1I, Part A. Where
ultimate strength is unavailable, values above 300 deg. F are based on 100 deg.F value multiplied
by ratio of yield strength at room temperature to yield strength at desired temperature.
Source for a values is Tables TE-1 and TE-4 of [G.B] for ferrous materials.
For SA 193-B7 bolt material, accompanying nuts should be SA 194-2H..

1.
2.

3.
4.

HI-STAR 60 SAR
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Table 2.2.3

SA240-304 MATERIAL PROPERTIES (Closure Lid/Fuel Basket/Trunnions)*--,-

Temp. Sy S. a E
°C (oF)

-40 (-40) 206.8 (30.0) 517.1 (75.0)/ 15.3 (8.5) 19.91 (28.88)
[482.6 (70)]

38 (100) 206.8 (30.0) 517.1(75.0)/ 15.48 (8.6) 19.39 (28.12)
[482.6 (70)]

93.3 (200) 172.4 (25.0) 489.5(71;0)/! 16.02 (8.9)' 18.96 (27.5)
[457.1 (66.3)]

149 (300) 154.4 (22.4) 456.4(66.2)/ 16.56(9.2) 18.62 (27.0)
[426.1 (61.8)]

204 (400) 142.7 (20.7) 441.3(64.0)/ 17.1 (9.5) 18.20 (26.4)
[411.6 (59.7)] _. _

260 (500) 133.8 (19.4) 437.1(63.4)/. 17.46 (9.7) 17.86 (.25.9)
[408.2(59.2)]

316 (600) 126.9 (18.4) 437.1(63.4)/ 17.64 (9.8) 17.44 (25.3)
[408.2(59.2)]

343 (650) 124.1 (18.0) 437.1(63.4)/ - 17.82(9.9) 17.27 (25.05)
..... .. . .....• .. .. . . ... [40 8.2(59'.2)] - . . . . . . . "

371 (700) 121.3 (17.6) 437.1(63.4)/ 18.0 (10.0) 17.10 (24.8)

- -- [408.2(59.2)]

.399(750) 118.6(17.2) 436.4(63.3)/ 18.0 (10.0) 16.86 (24.45)
[406.8(59)]

427 (800) 116.5 (16.9) 433.0(62.8) 18.18 (10.1) 16.62 (24.1)
_. • [404.0.(58.6)] . _

* Values in brackets'are ultimate strengths for SA336 forging material.

Definitions:

ST = Yield Stress, MPa (ksi)
a = Mean Coefficient of thermal expansion, cm/cm-°C X 10-6 (in/in-0 F x. 10-6)

s, = Ultimate Stress, MPa (ksi)
E =Young's Modulus, MPa x 104 (psi x 106) 6

Notes:
1. Source for Sy values is Table Y-1 of [G.B].
2. Source for Su values is Table U of [G.B].
3. Source for a min and a mzx values is-Table TE- I of [G.B].
4. Source for E values is material group G in Table TM-I of [G.B].

-4-.
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Table 2.2.4

MISCELLANEOUS STEEL - MECHANICAL PROPERTIES

Temperature SA36
-.oC (OF) .: , . . .,,.SY .. SO.. . a E

37,8 (100) 248.2 (36,0) 399.9 (58.0) 11.7(6.5) 20.17 (29.26).

93,3 (200) 227.5 (33.0) 399.9•(58.0) 12.06 (6.7) 19.86 (28.8)

149 (300) 219.3 (31.8) . 399.,9 (58.0) 12.42 (6.9) 19.51 (28.3)

204(400) 212.4 (30.8). 399.9 (58.0) 12.78 (7.1) 19.24 (27.9)

260(500) 202.0 (29.3) 399.9 (58.0) 13.14(7.3) 18.82 (27.3)

316 (600) 190.3 (27.6) 399.9 (58.0) 13.32(7.4) 18.27 (26.5)

371 (700) 177.9 (25.8) 399.9 (58.0) 14.04 (7.8) 17.58 (25.5)

'. Temperature . SA516 Grade 70

•C (OF) Sy SO . E

38 (100) 262.0 (38.0) 482.6 (70.0) 11.7 (6.5) 20.17 (29.26)

93.3 (200) 239.9 (34.8) 482.6 (70.0) 12.06 (6.7) - 19.86 (28.8)

149:(300) 231.7 (33.6) 482.6 (70.0)- 12.42(6.9) 1.9.51 (28.3)

204(400) 224.1 (32.5) 482.6 (70.0) .12.78 (7.1) 19.24 (27.9)

260 (500) 213.7 (31.0) 482.6 (70.0) . 13.14 (7.3) 18.82 (27.3)

316(600) 200.6 (29.1) 482.6 (70.0) 1.3.32 (7.4) 18.27.(26.5)

371 (700) " 187.5 (27.2) 482.6 (70.0) 14.04 (7.8) 17.58 (25.5)

Definitions:
Sy = Yield Stress, MPa (ksi)
ax = Mean Coefficient of thermal expansion, cm/cm-°C x 10-6 (in/in-°F x- 10-6)

S,, = Ultimate Stress, MPa (ksi)
E = Young's Modulus, MPa x 104 (psi x 106)

Notes:
1. Source for Sy values is Table Y-I of [G.B].
2. Source for Su values is Table U of [G.B].
3. Source for a values is material group I in Table TE-1 of [G.B].
4. Source for E;.-alues is "Carbon steels with C less than or equal to 0.30%" in Table TM-I

of [G.B].
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Table 2.2.5

YIELD AND ULTIMATE STRENGTH OF SAI93-B8S
IMPACT LIMITER ATTACHMENTBOLTS.

Minimum Room Temperature Yield and Ultimate Stress for Attachment Bolt
Calculations

Item MPa (ksi)

Yield Stress 344.7 (50)

Ultimate Stress 1655.0 (95)

Note: Source. for stress is Table 3 of [G.B].

Table 2.2.6

HOLTITE NEUTRON SHIELD - REPRESENTATIVE MECHANICAL PROPERTIES.:

Units are MPa (ksi) unless otherwise stated

Specific Gravity 1.68 g/cm3 (maximum)

Ultimate Tensile Strength 72.4 (10.5) (minimum)

Comfpression Yield Strength 60.54'(8.78) (minimum).

Compression Modulus 3868 (561) (minimum)

HI-STAR 60 SAR
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Table 2.2.7

HI-STAR 60 PACKAGE MATERIAL COMPATIBILITY
.WITH OPERATING ENVIRONMENTS

Fuel Pool Transport
Material/Component (Borated and Unborated Water)' (Open to Environment)

Metamic (fuel basket Stability of Metamic in the fuel pool environment No adverse reactions identified.
neutron absorber) has been demonstrated through extensive testing

[M.C].

Stainless steels have been extensively used in
Fuel Basket - SA240-304 spent fuel storage pools with both borated and

unborated water with no adverse reactions or
interactions with spent fuel..

Steels: All exposed steelsurfaces (except seal areas, Cask outside surface will be spray coated with
trunnions, and bolt locations) will be either spray stainless steel. No adverse reactions identified.

-SA350-LF3 coated with stainless steel orhave a stainless steel
-SA203-E weld overlay. Even without coating, no adverse
-SA51&6Grade 70 reactions (other than nominal corrosion) have
-SA36 been identified:

Cask Body/Impact Limiter Impact Limiter is not used in thepool.

HI-STAR 60 Package short-term operating environment during loading and unloading.

z
M

M

C'

H'

H
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Table 2.2.7 (continued)

* HI-STAR 60 PACKAGE MATERIAL COMPATIBILITY
WITH OPERATING ENVIRONMENTS

Fuel Pool Transport
Material/Component (Borated and Unborated Water)3  (Open to Environment)

SA-193 B7 Bolts are not used in pool. Exposed to weathering effects. No adverse
Bolting . reactions with cask closure plate. No impact on

performance..

Brass:,, Small surface of rupture disk will be. exposed. No Exposed to external weathering. No loss of
-Rupture Disk significant.adverse impact identified.. function expected. Disks inspected prior to

_ _ _ __ __ _ _ ._transport.
Holtite , The Holtite is fully enclosed by the outmost The Holtite is fullyjenclosed. No adverse reaction

-Neutron Absorbei" intermediate shell and the enclosure' shell..No identified.
_________"_____adverse reaction identified.. _ _ __.,_ _ _

[PROPRIETARY TEXT Exhibit good behavior when exposed to both Seals enclosed by closure plate or port cover
REMOVED] Seals: water and boric acid plates.

Closure plate seals seat against stainless steel
surfaces.

3 HI-STAR 60 Package short-term, operating envifonment during loading and unloading.

HI-STAR.60 SAR Revision 1
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Table 2.2.8:[PROPRIETARY TEXT REMOVED]
Value

[PROPRIETARY INFORMATION REMOVED]
[PROPRIETARY INFORMATION REMOVED]

i

i
[PROPRIETARY INFORMATION REMOVED]
[PROPRIETARY INFORMATION REMOVED]
[PROPRIETARY INFORMATION REMOVED]
[PROPRIETARY INFORMATION REMOVED]
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Table 2.2.92

CRITICAL CHARACTERISTICS OF THE AL-STAR IMPACT LIMITER CRUSH
MATERIAL, INSULATION BOARD, AND [PROPRIETARY TEXT REMOVED]

Item & Property Category Value Comment
Crush strength (nominal), ac, of crush Target volumetric Used in free drop analyses
material, psi average value is 900 (Sections 2.6 and 2.7). The•
(Primary property) psi individual sectors' crush.

strengths may vary
somewhat from the target

value, the volumetric
-average, however must lie
between 800 psi. (lower) &

1000 psi (upper) limits.
Density (reference) of crush material, 13.5 • Reference value is used in
lb/ft3  ... the "fire analysis". Upper
(Secondary property) bound limit is 16.4 lb/ft3 .ý
Minimum thermal resistance Placed inside the Impact
(thickness/conductivity) of the 1.25 Limiters to retard fire heat
insulation board, ft2-hr-°F/Btu -input. (See licensing
(Primary property) drawings.in Section 1.3)
Operating temperature limit of crush 220 Conservatively limited to
material, 'F upperbound aluminum
(Primary property) -. honeycomb test data.
Minimum operating temperature limit.
of the insulation board material,°0F 1500
(Secondary property)
[PROPRIETARY INFORMATION
REMOVED]
[PROPRIETARY INFORMATIQN
REMOVED]
[PROPRIETARY INFORMATION
REMOVED]

2 Thi's table is referenced in.Chapter 8 and hence cannot be altered without a license amendme;ni.
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Table 2.2.10

[PROPRIETARY INFORMATION REMOVED]

[PROPRIETARY INFORMATION
REMOVED]
[PROPRIETARY INFORMATION
REMOVED] ......
[PROPRIETARY INFORMATION
REMOVED]
[PROPRIETARY INFORMATION
REMOVED] _

[PROPRIETARY INFORMATION
REMOVED]
[PROPRIETARY INFORMATION
REMOVED]
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Aluminum Honeycomb Crush Curve

-. i s aLCLA 70% . in"ia " .eig - -

_- Pnoik Ihd, n limirt -. ; rnad r n- , r.n-,,nrn

Avarage cr.js'na -1?

Arca urider ~:vj i rnaaswrt f.enpe9y arisor~Ud

.I....I...~I,.,.I ~

. Dispwap-mant - in

Figure 2.2.1: Aluminum Honeycomb Load vs...Crush Curve
(Typical, reproduced from Ref. [Q.A])

Per the manufacturer's catalog [Q.A], crush strengths for any specific application may be
achieved by special order. The manufacturer's catalog is readily available through any sales
office (see web site listed with'Ref. [Q.A]).

-4 .
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2.3 FABRICATION AND EXAMINATIONS

2.3.1- Fabrication

Consideration of the manufacturing process of a cask must be an integral part of its design evolution
to ensure that the as-engineered cask can be manufactured to meet the intents of the design. For HI-
STAR 60, as in all other cask models, Holtec International utilizes the following key criteria during
the design stage to ensure that design objectives will be realized during manufacturing:

The tolerances specified for the sub-components are achievable with state-of-the-art

equipment and machinery.

ii. The design is not overly reliant on tight tolerances to ensure functional compliance.

iii. Suitable (compatible) material combinations are specified whenever two dissimilar materials
are to be welded.

iv. Post-weld heat treatment and other means to alleviate weld shrinkage stresses are specified,
as appropriate, to enhance the quality of the hardware and to comply with the applicable
ASME Code.

v.- The manufacturing sequence must permit all required non-destructive examinations to be
performed and remedial repairs to be made to ensure compliance with the:applicable codes.
and standards. This requirement is particularly relevant to the Containment Boundary in
which the butt-welded joints must undergo 1.00% volumetric examination.

vi. The manufacturing sequence must permit machining of critical surfaces, such as the gasket
seating surfaces in the top flange, to be carried out after all welding and forming related
operations (that inevitably produce distortion) have been completed.

vii. The manufacturing steps do not involve operations that entail unnecessary risk toworker
safety.

The above objectives are fully realized in the manufacturing process envisioned for HI-STAR 60. Of
course, there are several candidate manufacturing sequences that will meet the above criteria. In the
following, an overview of one such acceptable fabrication sequence for the HI-STAR 60 is presented
to illustrate its fabricability while meeting the above objectives. This manufacturing sequence was
followed in the making of the HI-STAR 100 casks by Holtec International under docket number 71-'
9261. (The HI-STAR 60 cask is anatomically identical to HI-STAR 100 overpack.)

Fabrication of the cask body begins by welding together three components of the containment
boundary, which consist of the Containment Closure Flange, the Containment Shell (the cask inner
shell), and the Containment Baseplate. The thickness of these components is specified over-size to
allow for machining to the necessary tolerance. After these containment boundary components are
welded together and NDE is complete, the weldmenf is heat treated (stress relieved) as required by
the applicable ASME Code (Section III Subsection NB) toalleviate any residual stresses induced

HI-STAR 60 SAR Revision I
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during the welding process. If necessary, the containment unit outside diameter is then machined to
the specified tolerance, the. containment inside diameter is rough machined and sealing surfaces are
weld prepped for the stainless steel Overlay. As an alternative, the inside diameter may be weld
overlayed/spray coated prior to welding and NDE. The outer surface of the cask inner shell is
buttressed with intermediate shells of gamma shielding that are installed in a manner to ensure a
permanent state of contact between adjacent layers. j

The installation and welding of the lifting trunnions may be accomplished by either of two different
methods: The first method is machining the opening after all of the intermediate shells have been
put in place and welded to the Closure Flange and Baseplate with the trunnion being welded on its
ID to the Containment Shellfand on its OD to the outermost intermediate shell; the second method
is to first weld the trunnion directly to the Containment Shell with the intermediate shells
subsequently being coped and configured for a precise fit around the trunnions. Using this method,
each intermedi ate shell is welded to the trunnion (this optional weld detail is also shown in Section .-

1.3). Regardless of the method employed to install the trunnions, full-length radial ribs are then
vertically welded to the outside surface of the outermost intermediate shell at equal intervals around
the circumference. The radial ribs are welded to the trunnion where applicable. The enclosure shell
is formed by welding enclosure shell panels toeach of the ribs to form additional cavities. Neutron
shielding material is placed into each of the radial cavity segments formed by the radial ribs, the
outermost intermediate shell, and the enclosure shell panels. The exterior flats of the radial ribs and
enclosure shell panel form the cask outer enclosure shell. If not completed during welding overlay of-
the containment boundary, the stainless steel overlay is placed in the bore for closure lid sealing
surfaces. Final dimensional inspection and machining, if necessary, of the-cask ID, sealing surfaces
and threaded connections are performed, followed by the installation of themiscellaneous internal
structural supports, and all other threaded fasteners. Finally, the Basket Shims and Fuel Basket are
installed.

2.3.2 Examinations

Thedesign, material procurement, fabrication, and inspection of the HI-STAR 60 are performed in
accordance with applicable codes and standards. The following fabrication controls and required
inspections.shall be performed on the HI-STAR-60 in order to assure compliance with the SAR and-
the Certificate of Compliance.

1. Materials of. construction specified for the HI-STAR 60 are identified in the
drawings. Important-to-safety (ITS) materials shall be procured with certification and
supporting documentation as required by ASME Code, Section II (When applicable);
the applicable subsection of ASME Code Section III (when applicable); andHoltec
procurement specifications.,Materials and components shall be receipt inspected for
visual and dimensional acceptability, material conformance to specification
requirements, and traceability markings, as applicable. Material traceability' is
maintained throughout fabrication for ITS items through a computerized process that
has been implemented by Holtec International in the manufacture of all safety-
significant component .

HI-STAR 60 SAR Revision 1
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2. Welding shall be performed using welders and weld procedures that have been
qualified in accordance, with ASME Code Section IX and the applicable ASME
Section III Subsections.

3. Welds shall be examined in accordance with ASME Code Section V with acceptance
criteria per ASME Code Section III. Acceptance criteria for NDE shall be in
accordance with the applicable. Code for which the. item was fabricated. Weld
inspections shall be detailed in a weld inspection plan that identifiesthe weld and the
examination requirements, the sequence of examination, and the acceptance criteria.
The inspection plan is subject to mandatory review and approval by Holtec
International in accordance with its QA program prior to its use. NDE inspections
shallbe performed in accordance with written andapproved procedures bypersonnel
qualified in accordance with SNT-TC-IA as specified in Holtec's QA program.

4., The HI-STAR 60 containment boundary shall be examined and tested by a

combination of methods (including helium leak test,, pressure test, UT, MT and/or
PT, as applicable) to verify that it is free of cracks, pinholes, uncontrolled voids or
other defects that could significantly reduce, the effectiveness of the packaging. All
Category A and B welds are subject to volumetric examination per Subsection NB of
the ASME Code.

5. Grinding and machining operations of the HI-STAR 60 containment boundaryshall
be controlled through written and approved procedures and quality, assurance
oversight to ensure that material removal. operations, do not reduce base metal wall
thicknesses of the boundaries beyond that allowed by the design. The thicknesses of
base metals shall be ultrasonically tested, as necessary, in accordance with written
and approvedlpiocedures to verify base metal thickness meets design requirements.

6. Dimensional inspections of the HI-STAR 60 shall be performed in accordance with
written and'approved procedures in order to Verify compliance to design drawings
and fit-up of individual components. All dimensional inspections and functional fit-
up tests shall be documented.

7. Lifting trunnions are provided for lifting and handling of the HI-STAR 60. The
trunnions are designed, inspected,.and tested following guidance of ANSI N14.6.
The high material ductility, absence of materials vulnerable to brittle fracture,
excellent stress margins, and a carefully'engineered design to eliminate local stress
risers in the highly-stressed regions of the trunnion during lift. operations ensure that
the lifting trunnions will,work reliably. Further, pursuant to the defense-in-depth
approach of NUREG-0612, acceptance criteria for the lifting trunnions have been
established in conjunction with 'other considerations applicable to heavy load
handling. ',

In order to ensure that the, lifting trunnions do not have any hidden material flaws,
thedl.ifting trunnions shall be tested at0300% of the maximum design (service) liftinig
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load. The load shall be applied for a minimum of 10 minutes to the pair of lifting
trunnions. The accessible parts of the trunnions (areas outside the HI-STAR cask),
and the local HI-STAR 60 cask areas shall then be visually examined to verify no
deformation, distortion, or cracking has occurred' Testing shall, be performed in
accordance with written and approved procedures.

8. The containment boundary shall behydrostaticallyor pneumatically pr-essure tested,
if necessary, in accordance with the requirements of the ASME Code and 1 OCFR7 1.
The test shall be performed in accordance with written and approved procedures. The
written and approved test procedure shall clearly define the test equipment
arrangement and acceptance criteria.

After completion of the pressure testing, the internal surfaces shall be visually
examined for cracking or deformation. Any evidence of cracking or 'leformation
shall be cause for rejection or repair and retest, as applicable' Test results shall-be
documented and shall become part of the final quality documentation package.

9. The majority of materials used in the HI-STAR 60 cask body are ferritic steels.
ASME Code Section III and Regulatory Guides 7.11 and 7.12 require that certain
materials be tested in order to assure that these materials are not subject to brittle
fracture failures.

Each plate or forging for the HI-STAR 60 containment boundary shall be required to
..:::. be-drop:weight~tested in accordance with the requirements of Regulatory Guides 7.11

and 7.12, ,as applicable. Additionally, per the ASME Code Charpy V-notch testing
shall be performed on these, materials. Weld material used in. welding the
containment boundary shall be Charpy V-notch tested in accordance with the ASME
Code-and the code alternatives listed in Table 2.1.17.

Non-containment portions of the HI-STAR 60, as required, shall beCharpy V-notch
tested in accordance with ASME Code. Test results' Shall be documented and shall
become part of the final quality documentation record package.

10. A containment boundary leakage test of the' welded structure shall be performed at
any time after the containmentboundary fabrication is complete. Preferably,this test
should be performed at the completion of fabrication. The leakage test
instrumentation shall have a minimum test sensitivity of one half-of the leak test rate.
Containment boundary welds shall have indicated leakage rates not exceeding leak
test acceptance criteria. At the completion of fabrication, the total helium leakage
through all penetrations shall be demonstrated to not exceed the leakage. rate
acceptance criteria.

11. All required inspections, examinations, and tests shall be documented. The
inspection, examination, and test documentation• shall become part of the final
quality documentation package.

HI-STAR 60 SAR :".,Revision 1
Report HI-220737i0 213-4 .



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

12. The HlzSTAR 60 shall be .inspected for cleanliness and proper preparation for
shipping in accordance with written and approved procedures.

13. A completed quality documentation record package shall be prepared and maintained
during fabrication of each HI-STAR 60 to include detailed records and evidence that
the required inspections and tests have been performed for important to safety items.
The quality document record package shall be reviewed to verify that the HI-STAR
60 has been fabricated and. inspected in accordance with the governing Certificate-of-
Compliance.

HI-STAR 60 SAR
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2.4 GENERAL REQUIREMENTS

The compliance of the HI-STAR 60 Package to the general standards for all packaging, specified'
in 1OCFR71.43, is demonstrated in the following paragraphs.

2.4.1 Minimum Package Size

As can be seen from the external dimensions of the package depicted in Section 1.3, the HI-

STAR 60 Package meets the requirements of IOCFR7I-.43(a).

2.4.2 Tamper-Indicating Feature

During transport operations, a cover is installed over the access tube above one of the impact
limiter attachment bolts. A wire tamper-indicating seal with a stamped identifier is attached to
hold the cover in place to indicate possible tampering-with-the upper impact limiter. The upper
impact limiter must be removed to gain access to the closure, plate bolting and the radioactive
contents; thus, the absence of tampering is an indication that the radioactive contents of the
package have not been accessed. This tamper seal satisfies the requirements of IOCFR71.43(b).

2.4.3 Positive Closure

The only access to the cask internals is through the closure lid on the cask, which weighs several
thousands pounds, and the cask Vent and drain ports in the closure lid, which are sealed and
protected by bolted cover plates. The closure lid is fastened to the cask flange with heavy bolts,
which are torqued to create a high integrity seal. Opening of the cask vent and drain port would -

require-removal of the bolted cover plates and unthreading of the port plugs. Inadvertent opening
of the cask is not feasible; opening a cask requires mobilization of special toolsand a source of
power. The cask containment boundary is analyzed for-normal and accident condition internal
pressure and.demonstrates integrity under both conditions.

HI-STAR 60 SAR
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2.5 LIFTING AND TIE-DOWN STANDARDS

2.5.1 Lifting Devices

Per Reg. Guide 7.9, this subsection presents analyses for all lifting operations applicable to the
transport of a HI-STAR 60 package to demonstrate compliance with requirements of paragraph
71.45(a) of IOCFR71.

The HI-STAR 60 System has the following typ5es of lifting devices:"two lifting trunnions embedded
in the cask radial shield at the upper end of the cask and threaded holes on the closure lid that serve
as attachment locations to lift the cask closure lid.

The evaluation of the adequacy of the lifting devices entails careful consideration of the applied
loadingand associated stress limits. The load combination D+H, where H is the "handling load", is
the generic case for all lifting adequacy assessments. The term D denotes the dead load. Quite
obviously, D must be taken as the bounding value of the dead load of the component being lifted.
Table 2.1.14 provides package weights. In all lifting analyses considered in this document, the
inertia amplifier during the lifting operation is assumed to be equal to 0.15g. This value is consistent
with the guidelines of the Crane Manufacturer's Association of America (CMAA), Specification No.
70, 1988, Section 3.3 [O.A], which stipulates a dynamic factor equal to 0.15 for slowly. executed
lifts. Thus, the "apparent.dead load" of the component for stress analysis purposes is D* = 1.15D.
Unless otherwise stated, all lifting analyses in this section use the "apparent dead load", D*, in the
lifting analysis.

The lifting trunnions are designed to meet the requirements of 10CFR71.45(a). The lifting
attachments that are part of the HI-STAR 60 package also meet the design provisions of
NUREG-0612 [C.A], which defines specific additional safety margins to ensure safe handling of
heavy loads in critical regions of nuclear power plants. Satisfying the more conservative design
requirements ofNUREG-0612 ensures that the design requirements of 1OCFR71.45(a) are met.

The specific stress limits for the upper and lower trunnions are set down in the following:.

1. Upper Trunnion and threaded portion of lid lifting holes: NUREG-0612 (which references
ANSI N 14.6 [H.A]) requires that under the "apparent dead load", D*, the maximumprimary:
stress in the trunnion be less than .1/10th of the trunnion material ultimate strength and less
than 1/6th of the trunnion material yield strength. In other words, the maximum moment and
shear force developed in the trunnion cantilever is less than 1/6 of the moment and shear
force corresponding to incipient plasticity,. and less than 1/10 of the flexural collapse
moment or ultimate shear force for the section.

2. Lower Trunnions: The lower trunnion is used to pivot the cask while changing from -a
vertical to horizontal orientation (or vice-versa) on the transport conveyance. During the I
actual transport, the lowxer trunnions also serve to react loads from the tie-down devices
(slings and saddles; etc.). Although the lower trunnions are not tie-down devices, they will

...resist the transport loads defined byIOCFR71.45(b); these defined-loads exceed the loads
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imposed during any cask rotation process. Therefore, in accordance with IOCFR71.45(b), the
lower trunnion primary stress intensity should remain below the yield strength under a net
inertia load of 1 Og longitudinal.

Consistent with the practice adopted throughout this chapter, results are presented in dimensionless
form, as "safety factors", defined as SF, where:

SF = (Allowable Stress Intensity (or Load) in the Region Considered)/(Computed Maximum Stress
Intensity (or Load) in the Region).

In the following subsections, the analyses performed to demonstrate compliance with regulations,

are described.

2.5.1.1 Cask Trunnion Analysis

The lifting trunnions for the HI-STAR 60 Package are the upper trunnions shown in the drawing
package in Section 1.3. The two lifting trunnions for HI-STAR 60 are circumferentially spaced at
180-degrees. The trunnions are designed for a two-point lift and are sized to satisfy the NUREG-
0612 criteria. The trunnion material is identified in Section 1.3 (Drawing Package), which also'
shows the trunnion connection details. As previously-noted, there are also two trunnions at the base
of the cask that resist the defined transport 16ad&

The trunnion cylinder, as shown in the package drawings in Section 1.3, is welded to the thick
walled containment shell, to the outermost intermediate shell, to the enclosure shell, and to the
adjacent longitudinal rib to create a deeply embedded cantilever construction. Accordingly, the outer
po6rtion of the embedded trunnion beyond the radial rib is analyzed as a cantilever beam subjected to
a line load applied at the outer edge of the trunnion (see Figure 2.5.1). Applying the sling reaction
load at the outer extremity of the trunnion is extremely conservative because the sling-to-trunnion
interface extends virtually over the entire projection ofthe trunnion cylinder. The resultant of the
sling reaction. load on the.trunnion, therefore, ismoreapt to be located near the longitudinal center..
of the trunnion's exposed, cylinder surface. Calculations demonstrate that the stresses in the upper.
and lower trunnions, computed in the manner of the foregoing, comply 'with the above-mentioned
stress limits with large margins imposed by NUREG 0612 and by 1 OCFR71.45(b).

Key results are presented in Table 2.5.1 where it is shown that all safety factors meet the
requirements for the trunnions as an ANSI 14.6-compliant handling appurtenance.
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2.5.1.2 Closure Lid Lifting, Lifting Stress Analysis of Baseplate, Stress Analysis of Radial
Shield Components Under Trunnion Lift Load

2.5.1.2.1 Closure Lid Lifting

The closure lid contains tapped lifting holes used to move the lid over and onto the top forging of the
cask. Since the cask contains fuel during this movement, the tapped lifting holes in the closure lid
are sized using the classical strength-of-materials method so that adequate thread strength and
engagement length exist using allowable stresses in accordance with NUREG-0612 requirements.
Detailed calculations are in the Holtec Proprietary Report [Q.D], and are summarized in Table 2.5.2.

2.5.1.2.2 Lifting Stress Analysis of Baseplate

During lifting of a loaded' HI-STAR 60, the baseplate is subject to amplified dead load from the
package contents (fuel assemblies and fuel basket), self-weight, and internal pressure.
[PROPRIETARY TEXT REMOVED]. To analyze this condition, the baseplate is conservatively

-assumed to be simply supported at its, connection with the containment shell. All loads are
conservatively applied as uniform pressure. [PROPRIETARY TEXT REMOVED]. The primary.
stress intensity at the center of the baseplate is shown to be less than the limit imposed by the ASME
Code for Level A conditions (Table 2.1.2). 'The key result is presented in Table 2.5.2.

215.1.2.3 Stress Analysis of Radial Shield Components under.Bounding Trunnion Load

A finite element analysis of a bottom trunnion and the surrounding cask body is carried out to ensure
that the internal weldsjoining the cask to the trunnion are adequately sized. In order to maximize the*
computed stresses in the welds, the intermediate shells are assumed to be in frictionless contact with
interfacing shells, including the containment shell. Only the region in the. vicinity.of the 'lower
trunnion is modeled since the prescribed humping load applied to the lower trunnions during
transport exceeds the lifting load applied to the upper trunnions during a lifting operation. Figures
2.5.2 through 2.5.4. show the ANSYS finite element modeland the results for stress intensity arising
from application of a IOg longitudinal loading applied to a bounding package weightof 74,389 kg
(164,000 lb), including impact limiters. The trunnion is considered as a rigid cylinder embedded in
the layered* intermediate shells (and has been removed' from the figures). Half of the cask and a

* single trunnion are-modeled so the offset of the lower trunnion' can be included. Each.shell is
modeled with the element "SOLSH190". This element is used for simulating shell structures with a

_wide range of thickness (from thin to: moderately thick). The element possesses the continuum 'solid
element topology and features eight-node connectivity with three degrees of freedom at each node:
translations in the nodal x, y, and z directions. Thus, connecting SOLSH 190 with other continuum
elements requires no extra effort. Contact surfaces are defined between the shell layers, and between
the shells and the trunnion body; the trunnion body is connected to the shells only where welds are
actually located. A coefficient of friction of 0.5 is assumed at all contact surfaces. The extent of the
model is set far enough away from the trunnion centerline so that end effects will not affect the
stress state close to the trunnion. Theloading is applied by assuming n6 longitudinal displacement at
the cutsurface that defines the extent of the model, and imposing a 1Og load to'the outer end of the
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trunnion. The analysis isnon-linear because of the contact surfaces. Key results are provided in
Table 2.5.3, with complete documentation of the analysis in [Q.D]. The tabular results are obtained
from visual examination of the stress intensity distributions Jn Figures 2.5.2 through 2.5.4, and
estimating bounding primary stress intensity for each component.

2.5.2 Tie-Down Devices

Tie-down devices are not integral to the struictural embodiment of the package. Therefore,
1OCFR71.45(b) is not applicable to the HI-STAR 60 Transport Package.

Tie-down devices are attached to the transportation vehicle. Design calculations for sizing tie-down
.devices shall be. performed using the load amplifiers given by the American Association of Railroads
(AAR) Field Manual, Rule 88 [I.F] for rail transporter and appropriate consensus standards for over-
the-road transport, as applicable.-

2.5.3 Failure of Lifting and Tie-Down Devices

1 OCFR71.45 establishes criteria for minimum safety factors for lifting attachments, and provides
input design loads for tie-down devices. IOCFR71.45 also requires that the lifting attachments and
tie-down devices permanently attached to the cask, be designed in a manner such that a structural
failure during lifting or transport will not impair the:ability of the transportation package to meet
other requirements of Part 1OCFR7 1. In this section of the SAR, the issues concerning a structural
failure during lifting or tie-down during transport are addressed. Specifically, the following issues
are considered and resolved below:

Lifting Attachments:

The ultimate load carrying capacity of the lifting trunnions is governed by the cross section of the
trunnion external to the cask rather than by any section within the cask. Loss of the external shank of
the lifting trunnion will not cause loss of any other structural or shielding function of the HI-STAR
60 Package; therefore, the requirement imposed by I•OCFR71.45(a) is satisfied.

° Tie-Down Devices "

There are no tie-down devices that are permanently attached to the cask; therefore, no analyses are
required to demonstrate that the requirements of IOCFR71.45(b)(3) are satisfied..
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2.5.4 Conclusions

Lifting devices have been considered in Subsection 2.5.1 and Tie-Down devices have been
considered in Subsection 2.5.2. It is shown that requirements of I OCFR71.45(a)(lifting devices) and
IOCFR71.45(b)(tie-down devices) are satisfied. All safety factors exceed 1.0.

No tie-down device is a permanent part of the cask. All tie-down devices (saddle, tie-down straps,
etc.) are part of the transport conveyance and accordingly are not designed in this SAR. However,
recognizing that the lower trunn ions balance the transport inertia loads, it is demonstrated herein that
the lower trunnions and the surrounding cask structure can support the mandated transport loads
without exceeding the respective yield limits under a lOg longitudinal load.
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Table 2.5.1: Key Safety Factors for HI-STAR 60 Trunnions

Item Calculated Safety Factor
Value

Upper Trunnions

Bending stress (Comparison with Yield Strength in
7.95 (1.153) 19.43Tension) MWa (ksi)

Shear stress (Comparison with Yield'Strength in 7.991 (1.159) 11.6
Shear) MPa (ksi)
Bending Moment

Bendng omet . 14,910 (132.0) 78.21
(Comparison with Ultimate Moment) N-i (kip-in) 14'910_132"0) 78.21

Shear Force
(Comparison with. Ultimate Shear Force) (kip) 33,270 (74.79) 32

Lower Trunnions*

Shear stress
(Comparison with Yield Strength in Shear) (ksi)

* Only the most limiting case is reported - (Humping load during transport)
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Table 2.5.2: Key Safety Factors for HI-STAR 60 Closure Lid Lifting Holes and for HI-
STAR 60 Baseplate While Lifting the Cask

Item Value Capacity Minimum Safety
______.______ _ -. Factor

Closure Lid Direct Load (N (Ib)) 22,241 (5000) 166,416 6.506*
(37,4122)

Baseplate Primary Stress Intensity 7.093.(1,029) 221.3 (32,100) 31.2.**
During Lifting Operation MPa
(psi).

NOte: Safety Factor for Closure Lid direct load represents the margin above the mandated value
of 3 on yield strength and 5 on ultimate strength per ANSI N14.6 [H.A].

*Governed by internal thread on lid.

• Bounding Design Pressure of 25 psi conservatively assumed for this calculation.
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--Table 2.5.3: Key Safety Factors for HI-STAR 60 Structure (near Lower Trunnion) Subject
to the Humping Load

Location** Calculated Primary Allowable Stress Safety Factor
Stress Intensity MPa Intensity* MPa (ksi)

.. ...... ___ __(ksi) .
Outer Shell 161.4 (23.405) 227.5 (33) 1.41

Rib 179.3 (26.004) 227.5 (33) 1.27
Intermediate Shells 107.6 (15.608) 227.5 (33) 2.1.1
* Yield Strength based on a bounding temperature profiles (from Chapter 3) for Normal

Condition of Transport
** Outer Shell result from Fig. 2.5.2

Rib result from Fig. 2.5.4.
Intermediate Shell result from Fig. 2.5.3 .......
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LOAD

Figure 2.5.1: Trunnion with Applied Force and Moment Arm Shown
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Figure 2.5.2: ANSYS Finite Element Model for Humping Load Structural Analysis -View

Showing Outer Shell
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Figure 2.5.3: ANSYS Finite Element Model for Humping Load Structural Analysis - View
with. Outer Shell Removed to Show Outermost Intermediate Shell and. Ribs
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Figure -2.5.4: ANSYS Finite Element Model for Humping Load Structural Analysis - View
Showing Close-Up of Rib - Outer Shell Removed
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2.6 NORMAL CONDITIONS OF TRANSPORT

In this section, the HI-STAR 60 package consisting of the loaded cask and the AL-STAR impact
limiters, when subjected to the normal conditions of transport specified in I OCFR71.71, is shown to
meet the design criteria in Subsection 2.1.2, which arederived from the stipulations in 1 OCFR71.43
and I OCFR71.51. There are two cases to be considered:

l):The containment boundary must meet ASME Code Level A stress. intensity limits under the
design internal pressure and under internal pressure plus temperature appropriate to the normal
condition of transport. For this evaluation, only the containment boundary needs to be considered
and classical plate and shell theory or a static finite element model can be used to assess the state of
stress in the baseplate, the containmentshell, and the closure lid.

2) The containment boundary must also meet the same Level A stress limits when subject to a 0.3
meter.side drop with impact limiters in place. For this dynamic analysis, the entire. package is,
modeled and a comprehensiye 3-D finite element simulation of the package drop is carried out using.
a public domain, QA validated computer code (Appendix 2.A). For this purpose, 3-D finite element
models of the [cask, the fuel basket, and the two AL-STAR impact limiters have been prepared.

As discussed in Appendix 2.B, the AL-STAR impact limiter was subjected to a series of "9-meter
ddrop.tests" on quarter-scale models during the licensing of Hi-STAR 100 in the late 90's. The
quarter-scale drop test results were correlated with a classical contact mechanics-based dynamic
simulation model to predict the HI-STAR 100 Package's response under any drop orientation [Q.J]..
The test data and the analytical correlation model provided the basis of NRC's transport certification
of the HI-STAR 100 package' in the late 90s [L.C].

[PROPRIETARY TEXT REMOVED]
[PROPRIETARY TEXT REMOVED] The. scale model test data 'from' the. HI-STAR 100
certification effort has been recently used to develop an LS-DYNA-based dynamic simulation model
to prognosticate the response of the AL-STAR impact limiter. As discussed in Appendix 2.1, the.
LS-DYNA model simulates the sca'e model crush tests with. acceptable accuracy. Because of the
benchmarked LS-DYNA model, it has been possible to simulate a greater number of drop scenarios.
for the HI-STAR 60 package than could be done by physical testing. Equally. important, the LS-
DYNA solution (referred to as the numerical dynamics approach in the foregoing) provides insights
into the crush phenomena, such as margin to failure, which wasonly crudely inferable from.scale
model physical tests.

[PROPRIETARY TEXT REMOVED]
Examination of the geometry of the impact limiters for the different cask models shows that a major
improvement in the HI-STAR 60 impact limiter design has been in, the configuring of the internal
backbone structure; the' use of shaped internal gussets has been replaced by a series of identical
radial ribs to provide a more robust internal structure with a clearly defined and identifiable load
path.

[PROPRIETARY TEXT REMOVED] The dynamic finite element model of the HI-STAR 60
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Package is further described in subsection 2.7.1, and has the following key attributes:

* The finite element models of the components are implemented in LS-DYNA [N.C], to
prognosticate impact and shock response.

The finite element discretization of the cask is sufficiently detailed to.accurateIy articulate
the primary membrane and bending stresses as well as secondary ýsteresses .at -locations of
gross structural discontinuity. '

* Special emphasis is placed on a detailed modeling of the bolted joint: for example, each
'closure bolt is explicitly modeled and the gasket bearing and metal-to-metal contact
interfaces are discretized insufficient detail to capture the effect ofdeflectionsand rotations,
during the impact events, on the seal-worthiness of the bolted joints.

* Thefinite 6iemen't'model is subjected to the permanent loads'discus'sed in Subsection 2.1.2.1
(viz. the bolt pre.-load). The cask finite element model With a state ofpre-stress is the starting
point for all subsequent analyses with dynamic loading.

* All materials are represented by their bounding non-linear elastic-plastic stress-strain.
relationships developed at the applicable material temperature. Thus, the deformation of the
fuel basket and the constituent parts of the cask under the various dynamic loadings is
predicted with reliable accuracy..

-o Mechanical and thermal property values of the materials used arethose from robust sources
.(such as the ASME Code), as compiled in Chapter 2 and in Chapter 3, respectively.

The finite element model for the impact limiter for implementation on LS-DYNA is similar to
the benchmarked model (Ref. [M.D]) in that it has a crushable region that is backed by a
steel backbone structure. [PROPRIETARY TEXT REMOVED]

Finally, the LS-DYNA modelof the cask and its contents is adapted in ANSYS for the static
analysis with modifications as described in Subsection 2.7.1.

Analysis results germane to establish regulatory compliance are summarized in tabular form in this

SAR. Details ofthemodel input data and results can be perused in the Calculation Package [Q.E].

2.6.1 Heat

This' subsection, labeled "Heat" in the format of Regulatory Guide 7.9, contains'information on all
structural- (including thermoelastic) analyses performed on the cask to demonstrate'positive safety
margins, except for lifting operations that are covered in Section 2.5. Accordingly, this .subsection
contains all necessary information on the applied loadings, differential thermal expansion
considerations, stress analysis_ models, and results for all normal conditions of transport. Assessment
of compliance under "Cold" conditions is presented in Subsection 2.6.2.
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The thermal evaluation of the.HI-STAR 60 Package is reported in Chapter 3, wherein the material
temperatures, which are needed for the structural evaluations discussed in this section and in Section
.2.7, are computed.

2.6.1.1 Summary of Pressures and Temperatures

Table 2.6.2 summarizes key results for temperature and pressure that are used as inputs for the
analyses undertaken to structurally qualify the HI-STAR 60 under Normal (Hot) Conditions of
Transport.

2.6.1.2 Differential Thermal Expansion

The effect of thermal expansion is closely related to the presence and consideration of gaps in the
.system, hence both thermal expansion and gaps are discussedtogether in this subsection.

The appropriate thermal solutions for the HI-STAR 60 fuel baskets, the fuel basket suppoits, and the
cask are discussed in Chapter 3, Subsection 3.4.4 for the Normal Conditions of Transport under hot
conditions. Conservative estimates of free thermal expansion of the components in the HI-STAR 60
package are obtained using these bounding (high or-low)* uniform temperatures, together with
conservatively chosen coefficients of thermal expansion, and the calculations and results are
documented in the thermal calculation package. referenced in. Subsection 3.4.4. Table 3.4.2
documents the radial and axial expansions prior to and after heat-up.,
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To provide for sufficient clearance during insertion of basket and assemblies, and to account for
thermal expansion, there are gaps between the various components of the package, i.e., the cask
body, basket and assemblies. These gaps are small compared to other characteristic dimensions such
as.the cask diameter, or the crush depth of the impact l imiters. Hence they are not expected to have a
significant effect on the overall dynamic. behavior of the package during transient events (drop
conditions). However, during such events, those gaps can result in internal impacts, resulting in
additional loads on the individual components involved Infthe HI-STAR 60, there are four locations
of such engineered gaps. These are

i. Axial gap between the fuel assembly and the containment cavity,, either at the top
(towards the lid) or the bottom (towards the base plate).

ii. Axial gap between the basket and the containment cavity,,again either at the top or the
bottom.

iii. Lateral gap between the fuel assembly and the storage cells.
iv. Small gap between the fuel basket and the basket shims.

As heuristic reasoning would suggest, increased internal gaps would produce increased impact loads
during impact events due to the rebound of the unfixed masses (fuel assemblies and/or basket) from
their support surfaces during the package's free fall. For example, an elastic surface such as the
baseplate or lid of the cask supports the weight'of the fuel by flexural action when the cask is in a
vertical orientation prior to the initiation of the drop event. As soon as the free fall begins, the
"flexuralspring" would begin'to relieve its strain energy, resulting in the presence of a possible gap'.
between the fuel assembly and the baseplate or lid surface at the moment of impact. The extent of

'- . separation depends on the flexibility of the support surface and weight of the supported mass.
Scoping calculations show that the extent of separation between the fuel assembly and the cask and
basket surfaces are rather minute at the instant of impact in any impact event.. However, for.
conservatism, the initial gap is assumed to be at its maximum geometrically feasible value in any
drop orientation. This'is an evidently counterfactual assumrption made tomaximize the computed
severity ofthe impact events.

[PROPRIETARY TEXT REMOVED]

In summary, under Normal Hot Conditions of Transport, the HI-STAR 60 package internals are not
subject to restraint of free thermal expansion, [PROPRIETARY TEXT REMOVED]. Therefore,
subsequent buckling or significant fuel basket deformation due -to differential thermal' expansions
that can afflict a transport package with heat producing contents is not credible for the HI-STAR 60

" package. [PROPRIETARY TEXT REMOVED]. The drop analyses presented in Section 2.7 assume
conservatively the maximum gaps present Under cold conditions. -

2.6.1.3 '-..,.Stress Calculations

This subsection considers the structural- analysis of the package under the conditions of design
pressure, 'normal operating, pressure and temperature, together. with the effects of bolt preload
[PROPRIETARY TEXT REMOVED]. A!so considered is the calculation of expenditure of fatigue-
life (usage factor) under the above load.
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2.6.1.3.1 Structural Evaluation of the Package Subiect to Pressure, Temperature, Bolt Preload
Design Condition, Normal Operating Condition, and 0.3-meter Free Drop

The Package is analyzed for the load 6ombinations listed in Subsection 2.1.2 using ANSYS and LS-
DYNA (Appendix A). For the simulation of the normal operating condition (Load Combination N2
consisting of design pressure and temperature), the package orientation is not significant. For the
0.3-meter free drop condition (Load Combination N3), the package is oriented at a 0-degree angle
with respect to the horizontal rigid target, and the package has an initial downward vertical velocity
given by

V = 2gH H= 0.3 meters (12 inches),

so that V = 37.9 cm/sec. (96.3 inch/sec.)

For the free drop analysis, the:package is simulated in LS-DYNA with full representation of elastic-
plastic response. Contact surfaces between appropriate components of the model are included. The
details of the material models and contact surface definitions are documented in the Holtec
Proprietary calculation package for the finite element analyses [Q.E]. This same dynamic finite
element model is also used for the drop and puncture analyses under the Hypothetical Accident
Conditions of Transport, which are reported in Section 2.7.

Results from the analysis of the 0.3-meter drop case are also'documented in the Holtec Proprietary
finite element analysis calculation package [Q.E]. A discussion of the results and key safety factors
are reported in Subsection 2.6.1.4 below:.

2.6.1.3.2 Fatigue Considerations

Regulatory Guide 7.9 [D.E] suggests that fatigue due to cyclic loading during normal conditions of
transport should be evaluated. Considerations of fatigue, associated with long-term exposure to
vibratory motion .during normal conditions of..transport, are presented below where individual
components of the package are assessed for the potential for fatigue failure.-.

Cask Containment Shell and Baseplate Fatigue Considerations

As shown in the following, the cask components in the HI-STAR 60 Package do not require a,
detailed'fatigue analysis because all applicable cyclic loadings are well within the range that permits
exemption from fatigue analysis p6rtheprovisions of Section III of the ASME Code. Paragraph NB-
3222.4. (d) of Section III of the ASME Code provides five criteria that are strictly material and
design condition dependent to determine whether a component *can be exempted from a detailed
fatigue analysis. The sixth criterion'is applicable only when dissimilar materials are involved, which
is not the-case in the HI-STAR 60 Package (the intermediate shield shells and the containment shell
have essentially the same thermal expansion properties and thesame Young's Modulus).

The Design Fatigue curves for the cask materials are given in Appendix I of Section III of the
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ASME Code. Each of the five criteria is considered in the following:

i. Atmospheric to Service Pressure Cycle

The number of permissible cycles, n, is bounded by f(3Sm), where f(x) means the number of
cycles from the appropriate fatigue curve at stress amplitude of"x" psi. In other words

n < f(3Sm)

From Tables 2.1.4 and 2.1.6 (for normal conditions), and the fatigue curve in Appendix I of
the ASME Code, the number of permissible cycles for the containment boundary is (@ 204
deg. C):

n (cask) < 1600 (3Sm = 64,200 psi) (Figure 1.9-I of ASME Appendix I)

Since 1000 pressurizations of the cask is an upper bound estimate, it is concluded that
projected pressurizations of the HI-STAR 60 components do not warrant a usage factor
evaluation.

ii. Normal Service Pressure Fluctuation

Fluctuations in the service pressure during normal operation of a component are considered
if the total pressure excursion 6p exceeds Ap. _

where

Ap = Design pressure * S/( 3 Sm), and S = Value of Sa for one million cycles.

Using the above mentioned tables and appropriate fatigue curves,

(5) (13,000)
(Ap)O k 4 =.01 psi (6.96 kPa)

oeac-.(3) (21,400)

During normal operation the pressure field in the cask is steady state. Therefore, pressure
fluctuations during,_normal operation are negligibly small and do not approach the limit
computed., Therefore, normal service pressure oscillations do" not warrant a fatigue usage
factor evaluation.

iii. Temperature Difference - Startup and ýShutdown -

Fatigue analysis is not required if the temperature difference AT between any two adjacent
points on the component during normal service does not exceed Sa/2Ea, where Sa is the
cyclic stress amplitude for the specified number of startup and shutdown cycles. E and C are
-the Young's Modulus and instantaneous coefficients of thermal expansion (at the service
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temperature). Assuming 1000 startup and shutdown cycles, Tables 2.2.1 (conservatively,
assuming a service temperature of 400'F) and the appropriate ASME fatigue curve in
Appendix I of Section III of the ASME Code give:

(AT )overpack 83,000 =223.10 F (106.2 0C)
(2) (26.2) (7.1)'

There are no locations on the cask where AT between any two adjacent points approach this
value. Therefore, it is evident that this temperature criterion is satisfied for 1,000 startup and
shutdown cycles.'

iv. Temperature Difference - Normal Service

Significant temperature fluctuations that require consideration in this criterion are those in
which the range of temperature difference between any two adjacent points under normal
service conditions is less than S/2Eax where S corresponds to 106 cycles. Substituting, gives

12,500
(AT )o•erpack (2)(26.2)(7.1) - =33.6F (0.9'C)

During normal operation, the temperature field in the cask is steady state. Therefore, normal
temperature fluctuations are negligibly small. Therefore, normal temperature fluctuations do

- not warrant a fatigue usage factor evaluation.

v. Mechanical Loads

Mechanical loadings of appreciable cycling occur in the HI-STAR 60 Package only during'
transportation. The stress cycling under transportation conditions is considered significant if.
the stress intensity amplitude, is greater than Sa corresponding to 106 cycles.. It, therefore,
follows that the stress intensity range that exempts the cask is 26,000 psi (179.3MPa).

Deceleration loads typically associated with rail transport will produce stress intensity ranges
in the cask, that are a small fraction of the above limits. Therefore, no potential for fatigue
expenditurein the 'cask materials is found to exist under transportation conditions.

In conclusion, the cask containment shell and baseplate do not require 'detailed fatigue evaluation
under the -exemption criteria of the ASME Code. The closure lid is fabricated from stainless steel
and has been subject to the same evaluations as discussed above. The results ofthe evaluation'
demonstrate that the closure lid is exempt from a detailed fatigue analysis.

HI-STAR 60 SAR Revision I
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• • Fatigue Analysis of Closure Bolts

The maximum tensile stress range, developed in the cask closure bolts. during normal operating
conditions occurs during the preload operation. The maximum bolt stress is permitted to have the
value 2Sm (Table 2.1.3). At a temperature of 350OF (177 °C),-Table 2.1.10 shows that the preferred

* bolt material (SA193--B7) may be pre-stressed to a value not to exceed 61.9 ksi (426.8MPa). The'.
alternating stress intensity in the bolt is equal to 1/2 of the maximum stress intensity, or 30.95 ksi
(213.4MPa). Per Table 2.2.2, the Young's Modulus at 350°F (177'C) is 28,250 ksi (194,800 MPa).
Therefore, incorporating a fatigue strength reduction factor of 4, the effective stress, intensity
amplitude for calculating usage factor using Figure 1-9.4 (ASME Code, Section III Appendices) is

• (ratioing the modulus used in the figure to the modulus used here);

(30.95) (4) (30e+06)
28.25 e + 06

= 131.5 ksi = 906.7MPa

Using Figure 1-9.4 (NB, loc. cit), the permissible number of cycles is 600; this sets a limit on the use

of a set of closure. lid bolts.

* Fatigue Considerations for Top Flange Threaded Inserts

Fatigue of the top flange threaded inserts (stainless steel) is also evaluated. Based on the nominal.
diameter and the thread engagement length, the total shear area of the inserts can be computed. The
maximum shear stress on the internal threadedtarea of the inserts is calculated using the maximum'
allowable bolt pre-stress and a tensile area conservatively computed using the nominal bolt diameter.
The resulting shear stress is:

r =3.25ksi (22.4MPa)

The primary membrane stress intensity in the inserts is equal to twicethe maximum shear stress, and
the alternating stress intensity in the threads Sa, is equal to 1/2 of the total stress* Conservatively,
using the cask design temperature (per Table 3.2.10), the Young's Modulus (Table 2.2.3) is 26,400
ksi (182,100 MPa). The'effective stress amplitude accounting for the fatiguestrength reduction and
Young's Modulus effects-is given byjthe formula:

(3.25):(4) (28.3) -13. ksi (95.8MPa)
Sa 26.4- ....

Using Figure 1-9.2.1 (ofNB, loc. cit), the allowable number of cycles exceeds one million cycles and
does not govern the connection.
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* Satisfaction of Regulatory Guide 7.6 Commitment (Condition 7 on Cyclic Stress Intensity
Range)

The minimum alternating stress range, Sa, at 10 cycles from all appropriate fatigue curves is 600 ksi.
Evaluation of containment boundary under any of the analyses performed in this SAR under the
required load combinations for Normal Conditions0of Transport result in stress intensities that are
less than the ultimate strength of the containment vessel material (70 ksi). Conservativelyassuming
a stress concentration of 4 regardless of specific location produces a stress intensity range below 4 x
(70) = 280 ksi (< 600 ksi). Therefore, satisfaction of the Regulatory Guide 7.6 provision on
alternating stress intensity range is assured.

2.6.13.3 Stability of the Stainless Steel Fuel Basket Plates

Under certain loading conditions, portions the fuel basket plates may be under direct compressive
load. The numerical simulations, which include large deformation effects, will predict any instability.
and subsequent post-instability behavior. As no instability is predicted in any numerical simulation
performed in Subsections 2.6 and 2.7, it is concluded that instability of fuel basket panels in not
credible.

2.6.1.3.4 Closure Lid Flange Joint

The closure-to-lid flange joint in all HI-STAR family of casks is engineered to be a "controlled
compression joint" (see Figure 2.6.1) widely used in the pressure vessel industry (see [Q.1, Chapter
3, pp 144-51]). The defining features of a controlled compression joint are:

i. The extent of. the *gasket's compression is controlled by the metal-to-metal contact
between the flange and the lid inboard of the bolt circle. The surface where the contact
occurs is referred to as the "land".

ii. There is a relief between the two surfaces outboard of the bolt circle.

In such a joint, the bolt pre-load B is equilibrated by the gasket "seating" force G and the contact
force on the land C.

B=G+C (1)

The eccentricity between the bolt load circle B and the reaction circles G and C produces a rotational
moment' which tends to rotate both the flange and the cover towards each other. The edge "relief'
between the two surfaces must be sufficient to prevent edge-to-edge contact.

During the "operating" condition (in the terminology of the ASME Code), wherein an axial load
(impact or pressure load), Hp, acts on the inside surface of the closure lidthe axial force equilibrium
changesto

HI-STAR 60 SAR Revision I
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B' = G' + C' + Hp (2)

It is shown in [Q.I, Chapter 3, pp 104-151], that the~bolt load B' !B, if no edge contact between the
two bodies develops due to the added rotation of the'two bodies due to increased offset between the
opposing forces in the operating condition. (The "relief' must be sized to be large enough to prevent
edge-to-edge contact .The design formulas in the ASME code for raised face flange design are
predicated on assuming that B- B')

Furthermore, because of thejoint geometry, the gasket willbegin to relax only after the contact load

on the land vanishes (i.e., C' = 0). A key consideration in the design of the HI-STAR closurejoints is
to ensure that the bolt pre-load B. is large enough to prevent C' from reaching zero and to ensure that
there is sufficient relief outboard of the bolt circleto prevent the development of a contact reaction
at the outer edge. If the above conditions are realized then the force equilibrium in the Operating
condition becomes

B=G+C'+Hp .(3)

Using Eq. (1) and (3), we have

C'=C -Hp

In other words the contact. load at the "land" is reduced by the amount of the operating condition
axial load.

Maintaining a positive C' means that:the compression of the gasket will remain unchanged,and,
therefore, the sealing state of the gaskets will not be impaired.

The analysis of the bolted joint using classical plate and shell theory methodsdAescribed in [Q.I;
Chapters 3, 4, and 5].is now,.superseded in the state-of-the-artby a more rigorous simulation on a
finite element code which enables each bolt to be individually, modeled (in lieu of the simplifying

assumption in the classical methods of an annular radially symmetric load). The finite element
solution under the pre-load condition andthe operating condition is surveyed for the following itemsý
of information:

i. Absence of an edge-to-edge contact load outboard of the bolt circle'duringthe pre-load and
the operating conditions.

ii. The bolt load in the pre-load condition undergoes a minor increase in the operating
condition, and more importantly, the bolt axial stress remains below the limits' specified in'
Table 2.6.5 .. .

iii. The gasket surface does not open, i.e., no gasket relaxation,.

If the abovecriteria are fully satisfied then there is an absolute assurance that the joint will not leak.
and the bolts will not.stretch.
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However, a transgression of the above criteria does not foretell a joint leakage. For the joint to leak,
the gasket must relax (i.e., the joint must open by a sufficient amount) such that the pressure on~the
gasket drops to the point that it can no longer maintain the seal. Table 2.2.8 provides the minimum
required springback of the O-ring gasket to ensure joint seal. Strictly speaking; leakage is likely to
occur if the seal unloads beyond the minimum springback value provided in Table 2.2.8. Typically,
this condition is realized if the bolts begin to yield in sufficient number to permit a joint opening.

The above information can be cast into a metric, m, which serves to prov.ide a quantitative
assessment of the margin, against leakage, as summarized in Table 2.6.1.

[PROPRIETARY TEXT REMOVED]

The above criteria are used to determine the integrity of the bolted joint in the transport package in
the wake of an impact :event.

2.6.1.4 Comparison with Allowable Stresses

Following Regulatory Guide 7.9, calculated stress intensities in the containment component of the
package from all analyses are compared with the allowable stress intensities defined in Subsection
2.1. as applicable for conditions of normal transport. The results of these comparisons are presented
in the form of factors of safety, "SF", defined as:

SF=Allowable Stress.
_ SF=

Calculated Stress

Safety factors associated components identified as lifting and tie-down devices have been presented

in Section. 2.5 as required by Regulatory Guide.7.9.

2.6.1.4.1 Results-for Pressure Boundary Stress Intensity

Results from the analyses for Load Cases N1, N2 and N3 are tabulated for normal heat conditions of
transport in Holtec Proprietary calculation packages [Q.D, Q.E]. For Load1 Cases NI and N2,.
classical -strength ofmaterials formulas are used to conservatively and separately establish the
primary stress intensityý in the baseplate, the containment shell, and the closure lid under the action
of the Design Pressure and preload. The results are established assuming simple supports at each of
the component connections sothat discontinuity analyses are avoided. (this is the "design by
formula" approach used in Section VIII, Division I of the ASMECode). The baseplate and closure
lid are modeled as simply supported plates under uniform pressure. The containment shell is

ýconsidered as a clamped long shell under uniform pressure. For Load Case N3, two independent
analysis methods are used to determine the peak deceleration of the cask: the Classical Dynamics
Approach and the numerical dynamics approach implemented in LS-DYNA. A static stress analysis
is then performed inANSYS based on the bounding cask deceleration f3max.

For LoadCase N 1, only the design pressure is considered.

HI-STAR 60 SAR Revision I
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For Load Case N2, where the inclusion of the operating temperature leads to discontinuity stress, the
tabular results include contributions from mechanical and thermal loading and are needed to insure
satisfaction of primary and primary plus secondary stress limits for normal conditions of transport.
[PROPRIETARY TEXT REMOVED]

For Loa~d Cas& N3, the primary stresses in the containment boundary- and the fuel basket resulting
from a 0.3 meter side drop are evaluated against Level A stress intensity'limits.

The results for stress intensities for Load Cases NI through N3 are computed for each component
and minimum safety factors are established. All safety factors are conservatively computed using
allowable stress intensities based on the maximum expected temperature of the component.

2.6.1.4.2 Result Summary for Normal Heat Condition for Transport

* Stress Intensity Results from Load CasesNI-N3.

Table 2.6.3 is a"-summary table that includes primary and primary plus secondary stress intensity
.safety factors (per Table 2.1.2) for Load Cases NI and N2 'associated with the Normal (Heat)
Conditions of Transport. Table 2.6.6 provides similar results for Load Case N3. The tabular results
demonstrate that all safety factors exceed 1.0 at-the key locations for each component of the
containment boundary. Also, the safety factor values are so largethat it is clear that N I and N2 are
not bounding conditions, and that therefore the only load case'of merit is Load CaseN3.
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* Maximum Cask Decelerations from Load Case N3

Table 2.6.4 lists the maximum cask decelerations calculated for the 0.3-meter side drop using the.
LS-DYNA model and the Classical Dynamics method. The LS-DYNA model yields a significantly
greater peak deceleration than the Classical Dynamics method for the following reasons.

[PROPRIETARY TEXT REMOVED] [PROPRIETARY TEXT REMOVED] Table 2.6.4 also
defines the bounding.value for N3max, which is used as input for the static stress analysis.

* Status of Lid Bolts and Seals

[PROPRIETARY TEXT REMOVED] The evaluation for the. state of stress in the body bolts and the
state of compression in the seals is performed using the ANSYS finite element code.

[PROPRIETARY TEXT REMOVED]

Based on the results of the above analyses for normal heat-conditions of transport, the following
conclusions are reached.

i. No bolt overstress is indicated under anyloading event associated with Normal Conditions
of Transport; As expected, the tensile stress in the bolts remains essentially unchanged from
its initial preload state for reasons discussed in Section 2.6. 1.3.4.

ii. The closure plate seals do not unload under Load Case N3; therefore, the seals continue to
perform their function under'Normal Conditions of Transport.

Load Cases NI and N2. do not govern sealing as the bolts and the "lands" are engineered to
withstand the much larger loading from the hypothetical drop accidents. This conclusion is readily
reached by comparing the Design Pressure from Table 2.14.1 with the maximum equivalent pressure,',
Pmax, computed above that the bolted joint must withstand under Load Case N3 (0.3 meter drop)..
Therefore, loss of sealing during normal operation is not credible, since the initial compressive stress
in the land, C, is much larger than required to accommodate only the internal pressure loading. This
is documented in [Q.D].

* Performance of Non-Containment Components of Package

The Holtec Proprietary calculation package documenting all of-the finite element solutions [Q.D]
contains graphical visualizations of the stress intensity and deformation for every component in the
HI-STAR 60 package. In particular, for Load CaseN3, the fuel basket are surveyed to evaluate their
performance and compare with the acceptance criteria in Subsection 2.1. Table 2.6.6 summarizes the
results from the evaluation of the performance of the non-containment components of the HI-STAR
60. From Table 2.6.6, it is established that the surveyed, components meet the acceptance
requirements stated for Load Case N3. I. .
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.-2.6.1.5 Summary of Results for Normal Heat Conditions of Transport

The analyses performed on the HI-STAR 60Package lead to the conclusion that the package will
render its intended safety function under the Normal Condition of Transport.

2.6.2 Cold

The Normal Cold Condition of Transport conservatively assumes an" ambient environmental
temperature of-40'C (-40TF) and minimum decay heat. A discussion of the resistance to failure due

- to brittle fracture is provided in Subsection 2.1.2.2and the analyses to demonstrate safety from crack
propagation under limiting impactive loading events are summarized in Section 2.7.

The value of the ambient temperature has two principal effects on the HI-STAR 60 Package,
namely:

1. The steady-state temperature of all material points in the cask.package willgo up or
,down by the amount of change in the ambient temperature.

ii. As the ambient temperature drops, the absolute temperature of the contained helium
will drop accordingly,, producing a proportional reduction in the internal pressure in
accordance with the Ideal Gas Law.

In other words, the temperature gradients in the cask package under steady-state conditions will
remain the same regardless of the value of the ambient temperature. The internal pressure, on the
other hand, will decline with the lowering of the ambient.temperature. Since the stresses under
normal transport conditionarise principally from pressure and thermal gradients, it follows that the.
stress field in the cask under'a bounding "cold" ambient would be smaller than the "heat" condition
offnormal transport, treated in the preceding subsection.
In addition, allowable stresses generally increase"with decreasing temperatures. Safety factors,

therefore, wil-be greater for an analysis at cold temperatures than at hot temperatures. Theieore, the

safety factors reported for the hot conditions in Subsection 2.6.1 provide the limiting margins. Since
the bolt preloads may be altered by a change in the environmental temperature, the effect of bolt
temperature changes on the level of preload, subsequent to the initial application of preload, is
evaluated in the calculation package [Q.D]. .The results from that calculation demonstrate that
changes in environmental temperature lead to small changes in the bolt stress, which have no impact
on the sealing-capacity (i.e.; on the compression load on the gasket).

The computed change in stress due to the assumption of a severe local low temperature condition is
- insignificant compared to ihe initial bolt stress and to the change in the allowable bolt stress because

of the lowered temperature. It is concluded that the small change in bolt preload stress will have an
insignificant'effect on structural calculations and therefore safety factors and sealing are essentially
unaffected by the environmental change.

As no liquids are included in the HI-STAR 60 Package design, loads due to expansion of freezing'
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liquids are not considered..

The effect of environmental and component temperature changes on the stress in the intermediate
shield shells and in the inner shell is evaluated in the calculation package [Q.D]. The coefficient of
thermal expansion of the shield shells and the inner containment shell is essentially the same.
Subsequent to fabrication, but prior to loading, the cask is ata uniform temperature. After loading,
the inner shell will expand more than the surrounding shield shells so that any contact pressure will
increase. A change in the environmental temperature to the cold condition with no decay heat.should
have little effect on the interface pressure,

2.6.2.1 Differential Thermal Expansion -

Differential thermal expansion of the cask internals is evaluatedin Chapter 3, Subsection 3.4.4.

It can be verified by referring to the drawings, in Section 1.3, that the clearances.between the basket
and cask inside surface are sufficient to preclude temperature* induced interference in the cold
condition. [PROPRIETARY TEXT REMOVED]. No further analysis is warranted for the cold
.condition since (a) the restraint of free thermal expansion is less under cold conditions and (b)
material strength properties tend to be greater at lower temperatures, resulting in higher allowable
stress limits.

It is concluded that the HI-STAR 60 package meets the requirement that there be no restraint of free
thermal expansion, under Normal Cold Conditions of Transport, that would lead to primary stresses
greater than the applicable ASME Level A limit.

-2.6.3 Reduced External Pressure

This case does, not provide any bounding loads for other components of the cask containment
boundary. Under normal operation, a reduced external pressure has the same effect on stress as an
increase in internal pressure. That condition is boundedby the design pressure case. .

2.6.4 Increased External Pressure

The effect of an external pressure equal to 140 kPa (20 psia) on the package, which is required by
USNRC Regulatory Guide 7.8 [D.D], is bounded by the effect of the large value for the external
pressure specified by I OCFR71.61. Instability of the containment boundary shell, under this external
pressure is examined in Section 2.7. Therefore,, no additional analyses are performed herein- to
demonstrate package performance.

2.6.5 Vibration

During transport,,.vibratory motions occur which could cause low-level stress cycles in the package
due to beam-like deformations. If any of the package components have natural frequencies in the
flexible range (i.e., below 33 Hz), or near the flexible range, then resonance may amplify the-low
level, input into a significant stress response.
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It is shown below that the lowest frequency of the fuel basket walls and the cask,,acting as a beam,
are well above 33 Hz. Therefore, additional stresses from vibration are not expect(d.

The lowest frequency of vibration during normal transport conditions will occur due to vibrations of
a fuel basket cell wall. It is demonstrated that the lowest frequency of the component, computed
based on the assumption that there is support sufficient to limit vibration to that representative of a
clamped beam, is well in the rigid range (see calculation package [Q.D]).

When in a horizontal position, the cask, is supported over a considerable length of the enclosure
shell. Conservatively considering the HI-STAR as a supported beam .at only the two ends of the
enclosure shell, and assuming the total mass of the fuel basket and its contents moves with the cask,
a computation of the lowest natural frequency of the structure during transport provides a result in
the rigid range. (See calculation'package [Q.D]).
Based on these frequency calculations, it is concluded that vibration effects are inconsequential to

the structural integrity of the cask.

2.6.6 Water Spray

The condition is not applicable to the HI-STAR 60 Package per [A.C].

2.6.7 Free Drop

The structural analysis of a 0.3-meter (1-foot) free drop under the heat condition has been performed.
in Subsection 2.6.1. Safety factors are well over 1.0. The discussion in Subsection 2.6.2•
demonstrates why the cold condition is not a bounding condition for the 0.3-meter (1-foot) free drop.

2.6.8 Corner Drop

This condition is not applicableto the HI-STAR 60 Package per [A.C].

2.6.9 . Compression

This condition is not applicable to the HI-STAR 60 Package per [A.C].

2.6.10 Penetration

This condition is not applicable to the HI-STAR 60 Package per [A.C].
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Table 2.6.1; [PROPRIETARY INFORMATION REMOVED]
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Table 2.6.2: Summary of Operating Pressure Difference and Bounding Metal
Temperatures for Heat Condition of Transport

Pressu~re Temperature 'C Component Temperature
Location Used in LS-DYNA Model for

Mpa (psig) ... (°F) Safety Factor Evaluation (°F)

Containment Shell 5 131 (268) 176.7 (350)

Containment Baseplate. 5 105 (221) 176.7 (350)

Containment Lid 5 84 (183) 135.0 (275)

Top Forging 5 83(181) 135.0 (2.75),

Fuel Basket ---Top (Outer j37 (279) 343.0 (650)
Edges) •_
Fuel Basket - Middle . .. ... :..
FOutel Baset-Middle288 (550) 343.0 (650)
(Outer Edges) _________

Fuel Basket - Base " 33,.
((Outer Edges) 175 (347) 343.0(650)
Fuel Basket - Top(Cener) . - ,.1q50. (302) 343.0) (§50)

(Center)*.
Fuel Basket - Middle 338(640) 343.0 (650)
(Center)
Fuel Basket - Base

200 (392) 343.0 (650)(C.enter) ..

Intermediate Shells - 129 (264) 162.8 (325)

Enclosure Shell -00.(2.12) 121.1 (250)

Notes: t Local temperature at the basket/baseplate contact interface is not considered.

I

I.
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Table 2.6.3: Normal Heat Condition, Load Cases Ni and N2

Containment Boundary Stresses and Safety Factors
Location and Stress Load Case Ni Load Case N2

Intensity Component _________"_..

Closure Lid- Primary 1.094 (0.159) 14.41 (2.091)
-Bending Stress Safety Factor = 182 Safety Factor = 13.8

Intensity - MPa (ksi)

Containment Shell - 0.407 (0.059) 2.585 (0.375)

Primary Membrane Safety Factor = 368 . Safety Factor = 58.0

Stress Intensity - MPa
(ksi)

.Containment Shell - 1.098 (0.159) 25.05 (3.634)
Primary + Secondary. Safety Factor = 410 Safety Factor = 17.9

Stress Intensity - MPa
(ksi)•

Baseplate - Primary .NA NA
Membrane +.Bending

Stress Intensity at
Center - MPa (ksi)

Baseplate - Primary + NA NA
Secondary Bending
Stress Intensity at

Periphery - MPa (ksi) ._._._____"-
Lid Bolts - Average NA .-- NA
Service Stress (Stress
Intensity) - MPa (ksi)__"__-__-

Note 1: NA-means: Not Applicable or Not. Bounding,
Note 2: Peak stresses (near the bolt-to-lid contact locations) are not classified as

secondary stresses and therefore are not considered in the evaluation of secondary stress.
intensities.
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Table 2.6.4: Maximum Deceleration Under 0.3 Meter FireeDi-p Condition
S...(Side Drop)

"Method Oamax

Classical Dynamics 10.9*
Method_

Numerical (LS-DYNA) 38.27*
Solution

The value of Pmax for static analysis chosen to
bound the above is 40g's.
*Upper Bound Crush Strength
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Table 2.6.5: Allowable Stress Intensities for Level A and Level D Conditions

ITEM LEVEL A' LEVEL Dt TEMPERATUREtt

Closure Lid Top - Primary Bending 206.8 496.4 135.0°C
Stress Intensity - MPa (ksi) (30.0) (72.0) (275 °F)

Containment Shell - Primary Membrane 149.95 337.82 176.7 0C
Stress Intensity - Mpa (ksi) (21.75) (49.0) (350 OF)

Containment Shell - Primary + 449.85 NA 176.7 0C
Secondary Stress Intensity - Mpa (ksi) (65.25) (350 °F)

Baseplate - Primary Membrane. + 224.9 506.78 176.7 0C
Bending Stress Intensity - Mpa (ksi) •(32.625) (73.5) (350 °F)

Baseplate- Primary + Secondary Stress 449.85 N 176.7 0C
Intensity - Mpa (ksi) .(65.525) NA (350 OF)

Fuel Basket - Primary Membrane + 168.2 40227 3430C
Bending Stress Intensity - Mpa (ksi) (24.4) (58.4) (650 OF)
Fuel Basket -Membrane + Primary 335.1 343°C
Bending + Secondary Stress Intensity - (48.6) NA
Mpa (ksi) (48.6) (650 °F)_

Lid Bolts - Average Service Stress 437.14 655.575 135 0C
(Stress Intensity)•- MPa (ksi) (63.4) (95.075) (275 °F)

Lid Bolts - Maximum Service Stress at - 655.575tt 861.80 135°C
Extreme Fiber (Stress Intensity) - MPa ((95.075) (125.0) (275 OF),
(ksi) . ._'_-,-
Gamma Shield Shells - Ultimate 473."ttt 121.1PC
Strength -MPa (ksi) (68.6)- (250 °F)

Notes: t Obtained from Section 2.1; f Bound the temperatures reported in Table 2.6.2; ttt The
lesser of 3 SM and S~y is conservatively used; tttt Governed by the stainless steel enclosure shell.:
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Table 2.6.6 - Results for Load Case N3 (Free 1-Ft Drop) Static Analysis

Allowable Stress
Item' Intensity from Side Drop -

Table 2.6.5
Primary Membrane stress intensity in the 149.95 71.22 (10.33) t
containment shell - MPa (ksi) (21.75) SF = 2.11

Primary + Secondary stress intensity in the 449.85 127.62 (18.51)
containment shell - MPa (ksi) (65.25) SF = 3.53

Primary Membrane.+ Bending stress 168,2ý 153.41 (22.25),
intensity in the fuel basket panel - MPa (ksi) (24.4) SF = 1.10

Membrane +.Primary Bending,+ Secondary
stress intensity in the fuel baskettpanel- 335.1 275.79 (40.0)

MPa (ksi) (48.6) SF= 1.22

I

Note: "SF" means the Safety Factor. 'As an example,
shell under 1-Ft side drop is shown in Figure 2.6.3.

the stress distribution in the containment
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Table 2.6.7- [PROPRIETARY INFORMATION REMOVED]
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CLOSURE LID

Note:.
The sealing grooves may be 0
located in the flange or the coker.

RELIEF 1

BODY FLANGE

FIGURE 2.6.1: ESSENTIAL ELEMENTS OF A CLASSICAL "CONTROLLED
COMPRESSION JOINT"
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FIGURE 2.6.2: [PROPRIETARY INFORMATION REMOVED]
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2.7 HYPOTHETICAL ACCIDENT CONDITIONS

In this section, the required technical information is presented to support the conclusion that the HI-
STAR 60 Package, when subjected to hypothetical accident conditions, has adequate structural
integrity to satisfy the subcriticality, containment, shielding, and temperature requirements of
10CFR71.

The hypothetical accident conditions, as defined in I 0CFR71.73 and explained in Regulatory Guide
7.9, are applied to the HI-STAR 60 Package as a sequence of loading events. The system is first
subject to a 9-meter (30-foot) drop. As required by the regulations, the "free drop" should be
assumed to occur in the orientation that is likely to cause maximum damage. To identify• the most
vulnerable orientation, the drop simulation is performed in four candidate orientations. From the
post-impact package configuration determined to have the most damaging orientation, the package is
then subject to a 1-meter (40-inch) drop onto a 15 cm (6 inch) diameter mild steel pin (of length
sufficient to impart the impact energy to the cask structure through penetrant action). In the third
• step, the package is subject to a 1475'F temperature fire environment for 30 minutes.Finally; the
package is subject to water immersion.

As a separate loading event, the cask containment boundary is also subjected to deep immersion in
accordance with 1OCFR71.61.

[PROPRIETARY TEXT REMOVED]

The reasons for using multiple methodologies are as follows:

In respect to the decelerations, while the LS-DYNA method has been successfully-benchmarked
* using scale model drop. tests (see Appendix 2.B), using the previously established CDM approach

• gives additional assurance that maximum decelerations are established..

For the stresses it is noted that the: scale model tests (described in Appendix 2.B) were not
instrumented.to measure internal stresses or strains, so the LS-DYNA solution for the transient
stresses, by.itself, may not be sufficient to make a safety case with certainty, especially at locations
of structural vulnerability. Thus, while for example the low values of stresses in the welded regions
of the Containment Boundary (baseplate and the shell). compared to the allowable stresses may
provide an acceptable basis for an affirmative safety evaluation, such an'assertion cannot be made
for the bolted joint, which is potentially vulnerable to leakage. However, in such cases, the dynamic
analysis still:serves as the validator of the safety conclusions reached on the strength of a static
analysis approach.

[PROPRIETARY TEXT REMOVED]

The transient analysis' results from LS-DYNA are used to provide the added (secondary)
confirmation to the safety evaluation of the HI-STAR 60 Package. This second means of
confirmation of safety could not be invoked in the HI-STAR 100 docket because LS-DYNA had not
yetattained the necessary status of credibility in themid-90s when HI-STAR 100 licensing occurred.
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As noted in Subsection 2.6, LS-DYNA is used to evaluate all Hypothetical Accident Conditions that
requirea dynamicsim ulation. Results germane to establishing regulatory compliance are herein,
summarized from the Calculation Package [Q.E].

2.7.1 9-meter Free Drop

2.7.1.1 *, Problem Description and Dynamic Model

The performance and structural integrity of the"HI-STAR 60 Package must be evaluated for the most
severe drop scenarios. The appurtenance that is critical to protecting the integrity of the containment
boundary during a high. momentum collision event is the AL-STAR impact limiter.

The central purpose of the impact limiter is to limit the package maximum deceleration, armax, under a
postulated drop evenl-to a specified design value. The HI-STAR 60 Package, consisting of-the
loaded cask and top and bottom impact limiters, is essentially a cylindrical body with a rigid interior
(namely, the cask) surrounded by a pair of relatively soft crushable structures. The crushable
structures (impact limiters) should deform and absorb the kinetic energy of impact without detaching
from .the cask, disintegrating, or otherwise malfunctioning. A falling cylindrical body may
theoretically impact the target surface in an infinite number of orientations; thie-impact limiter must

• limit decelerations to insure that stress intensity.and performance limits, as descriibedin Subsection
2.1, are satisfied, and to, ensure that the impact limiter remains with the cask, regardless -of the
impact orientation. In general, a drop event orientation is defined by the angle of the HI-STAR 60
longitudinal axis, 0, with the impactsurface. In this notation, 0 = 0' means a side~drop and 0 = 909
implies a vertical or end drop scenario. In any orientation, the drop height is measured from the
lowest point on. the package. "

An intermediate value of 0 at which the point of impact is directly below the center of gravity (C.G.)
of the HI-STAR package warrants special mention. This drop orientation is traditionally called the
C.G.-over-corner (CGOC) configuration. The CGOC orientation, 0c, is the demarcation line between
single and dual impact events. At 900> 0'> 0., the leading end of the packaging, denoted as~the
"primary" impact limiter, is the sole participant in absorbing the incident kinetic energy. At 0 < 0c,,
drop orientations, the initial :impact and:crush of the primary impact limiter is followed by the
downward rotation of the package with the initial impact surface acting as the pivot, culminating in
the impact of the opposite (secondary) impact limiter on the target surface. In the dual impact
scenarios, the first 'and second impact limiter crush events are referred to as the "primary" and

- '"secondary" impacts, respectively. It is reasonable to speculate that for certain values of 0, the
. secondary impact may be the more severe of the, two. Figures 2.7. I-through 2.7.4 illustrate the

orientation of a (generic) cask at the initiation of a drop event.

[PROPRIETARY TEXT REMOVED] .

Finally, the package design must satisfy all criteria in ambient temperature conditions (temperature,
and humidity) that may prevail during transport. Therefore, the impact limiter design must be
-functionally insensitive to the ambient temperature and humidity. T65limit the temperature range
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experienced by the impact limiter during transport, a sheet of insulating material is incorporated at
the impact limiter/cask interface. Thus, the temperature of the crush material in the impact limiter is
only marginally influenced by the heat load of the contents. The minimum acceptable value of the
insulating board's thermal resistance is provided in Table 2.2.9.

As the drawings in Section 1.3 indicate, in addition to the crushable material, the impact limiter
contains a cylindrical shell that is stiffened with internal guss&ts. This buttressed carbon steel shell is
engineered to behave as an essentially undeformable surface during impact events and thus serve as
the backbone of the impact limiter.

To summarize, the performance objectives of the impact limiter are set down as five discrete items,
namely:

[PROPRIETARY TEXT REMOVED]

The last two objectives are realized by utilizing temperature insensitive materials such as aluminum
honeycomb. as crush material and stainless steel (Type 304) for the external skin enclosure. The
surfaces of the carbon steel impact limiter backbone are painted to prevent corrosion. The stainless
steel skin is procured to "bright annealed" finish to minimize absorption of solar-thermal radiation.

[PROPRIETARY TEXT REMOVED] ,

The remaining design objectives, namely, limiting of the maximum rigid body deceleration under
the 9-meter drop event*, and preventing contact'of the cask with the unyielding surface,. are
demonstrated by the Classical Dynamics Approach, and LS-DYNA [N.C]finite.element analysis, as
discussed 6arlier. Both methodologies have beei benchmarked by Holtec using the test data from the
quarter-scale model 9-meter drop experiments carried out at the Oak Ridge National Laboratory in
support of HI-STAR 100 Part 71 certification in the late 90S [M.L], [MO], [Q.J]. As discussed in.
Appendix 2;B, the LS-DYNA simulation model provides a credible and- reliable vehicle for
prognosticating the HI-STAR 60 package's impact performance with respect to the extent of crush

ý,and the peakgload. Note that LS-DYNA has been used by Holtec International and others in a wide
variety of impact scenarios in dry storage projects [Q.N], [Q.K].

Based on the dynamic behavior of the package, the response of the containment component in terms
of stress intensity, the structural stability, as well as the consequences of the combined effects of
temperature gradients, pressure, and other loads must be determined. The work effort to fulfill these
requirements is carried out using a static analysis approach, supplemented. by results from the
dynamic analyses, as discussed earlier.

Details of the simulation models and graphical presentation of the results obtained -for each drop
considered are presented in the supporting Holtec Proprietary calculation packages [Q.D], [Q.E].
Summary descriptions are provided below.
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[PROPRIETARY TEXT REMOVED]
[PROPRIETARY TEXT REMOVED]

LS-DYNA Model Description

[PROPRIETARY TEXT REMOVED]

The previously described key attributes implemented in the HI-STAR.60 transport package LS-
DYNA model take advantage of the state-of-art numeric analysis capability of the finite element.
code for simulating transient, nonlinear impact events. With excellent accuracy demonstrated in the
benchmarking report [M.D] as well in the analysis independently performed by the NRC/PNNL
investigators [Q.G], the previously described HI-STAR 60 finite element model is able to predict the
impact performance of the HI-STAR 60 package under. various accidental drop conditions with
reliable accuracy.

ANSYS Model Description

The LS-DYNA half model of the cask for the dynamic drop simulations is adapted for the ANSYS
static analysis. Modifications are necessitated by the differences between the dynamic and the static
analyses within two different environments. Specifically, the following changes are made to the LS-
DYNA model:

0 ,The top and bottom impact limiters-are- irrelevant and thus[ removed. Their effects are reflected,
with' appropriate boundary conditions'at both ends. The non-structural Holtite is also remonved and
its imposed loading is applied as pressureto individual main supporting surfaces under different
drop scenarios. For simplicity, the closure lid seals are~removed since their contribution to support
the closure lid is insignificant. The contact status between the lid and the top flange is checked for
any potential gasket opening during drop events.

. For the end drops, the cask contents including.the fuel basket and the loaded fuel assemblies are
not explicitly modeled and their resulting load is applied as uniform pressure to either the closure lid
or the baseplate inner surface. For the side drop simulation, the fuel basket is explicitly modeled
while the effect of the fuel assemblies isapplied as a bi-triangular pressure distribution along the
width of each supporting fuel panel symmetric about the center of the panel and reaching peak
values at the two edges..

* Solids are modeled with SOLID45 elements and shells with SHELL63 elements. The fuel basket,
when present, is modeled with SOLSH190 elements that are equivalent to thick shell elements in
LS-DYNA. -.

* Preloadingin'closure lid bolts is realized by using PRETS 179'elements that can be automatically
inserted between the existing elements along the grip length of the bolts. Preloading is applied only
for the 30-ft top end drop-case wherein the closure lid is exlected to experience the largest prying"

, - force resulting from the cask contents, which in turn will cause maxiimum bolt tension and gasket
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opening, if any.

* Standard contact pairs using CONTAI73/TARGEI70 elements are defined at the closure lid/top
flange interface. When the fuel basket is present for the side drop simulation, at locations where the
fuel basket is sitting on the basket supports that are welded to the containment shell inner surface,
standard contact pairs using CONTA 173/TARGE 170 elements are defined at the fuel basket/basket
channel support'interface, while sliding only contact pairs using CONTA I 75/TARGE 170 elements
are defined at the fuel basket/basket corner support.i-hterface where the comer support only allows
the fuel basket to move in the cask axial direction. Bonded contact is assumed at closure lid/lid bolt
washer/ bolt head interfaces and is defined using CONTA173/TARGE.170 elements. Friction at
these contact interfaces is conservatively neglected. Contact between intermediate shells is also
conservatively disregarded since interaction between shells would otherwise make the Cask body
stronger. It is also a reasonable approximation because bending is expected to be insignificant in
these shells.

* Linear elastic material behavior is assumed. Material properties listed in Section 2.2 for SA240-
304, SA203-E/SA350-LF3, SA516 Grade 70, and SA193-B7, are defined at their corresponding
normal (hot) bounding temperatures as summarized in Table 2.6.2. Thermal expansion is not
considered in drop events (see discussion in Section 2.6.1.2)

[PROPRIETARY TEXT REMOVED]

2.7.1.2 Simulation of Drop Events

''As discussed before, the free drop of the package from 9 meters onto an essentially unyielding
surface is. simulated for a number of orientations using LS-DYNA and a "Classical Dynamics"
method. The peak g-load from each drop simulation, amax, in both axial and lateral direction (to the
cask's axis) arecompared betweenthe two approaches.,The largest axial and' lateral decelerations
from both approaches, denoted hereafter as I3max, are then used to determine the'regulatory
compliance of the package using the so-called "static analysis" explained previously, with additional
confirmation by results from the LS-DYNA analyses.

The postulated free drop events belong to four broad categories, namely:

1. Vertical-end drop
2. Lateral (side drop)
3. C.G.-over-comer

* 4. Oblique (slap down)

Under certain category of events, there may be more than one drop orientation in each category,
such as the vertical end drop on the top or bottom impact limiter. The various drop orientations that
were analyzed to identify the most damaging scenario with reasonable assurance are summarized in
Table 2.7.2.

As.,can be seen from Tables 2.7.2 arid 2.7.3, parametric studies on the-properties of the crush
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material were also performed to ensure that the largest Value of ccmax and maximum crush, dmax, have
been identified.

2.7.1.3 Summary of Results

Table 2.7.2 summarizes the maximum values of (max for the axial and lateral direction from all of
the drop scenarios simulated on LS-DYNA. Table 2.7.3 contains the Cxmax'andmaximum crush data
obtained from the "Classical Dynamics" solution [M.O]. The governing values Of amax (axial and
lateral) culled from Table 2.7.2 and 2.7.3, and rounded up by a modest amount for conservatism,
henceforth referred to as "Design Basis" decelerations, P3max, are provided in Table 2.7.4. These
design basis decelerations are used in the "static analyses" to determine the margins-of-safety in the
different constituent parts of the package.

Evidently, the axial and lateral pmax values respectively challenge the top and bottom plate
components, and the fuel basket panels in bending. Thus, Pma (axial) determines the margin-of-
safety in the baseplate and closurelid. The rmax (lateral) governs the lateral deflection of the fuel
basket.

The axial deceleration, P3max, can be. cast as a pressure loading on the inner closure lid (or the
baseplate, depending on the assumed sense of action of the inertia load). The pressure Pmax

corresponding to IPmax is given by

pmax =4W, m' .

where W, is the weight of the cask cont6nts,(basket plus fuel) and D is the inside diameter of cask
forging.'

In the "static analysis" procedure, Pmax is applied as a pressure loading on the inner lid and the
baseplate. Table 2.7.4 summarizes the value of Pmax and identifies the most vulnerable locations and
parts in the package that must be evaluated.

The effect of lateral deceleration is to cause flexing of the fuel basket cell panels transverse to the
direction of the load under the magnified- inertia load of the fuel, and to load the panels oriented in
the direction of the inertia load in direct compression.

The inertia load of the fuel from the deceleration, P3 max, is transmitted to the fuel basket through
contact pressure at the fuel-to-fuiel basket interface. Because the fuel basket is a cross gridwork of
flat panels, the most vulnerable direction of loading is clearly one wherein the inertia force of fuel
mass acts perpendicular to the surface of the panels on which the fuel is resting. It would be
expected that the distribution of the contact pressure would depefid on the magnitude of the" inertia
force. A 2-D finite element simulationof the contact problem with the fuel assembly modeled as a
prismatic bar of equivalent elastic properties using the data of Table 2.7.1 shows that a bi-triangulair
pressure distribution along thewidth of the storage cell panels symmetric about the center of the
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panel and reaching peak values at the two edges will bound all pressure distribution in terms of
maximizing the bending stress in the panel and the deflection of the panel. The magnitude of the
peak pressure, qmax, reached at the two long edges of storage cell panel is given by

qmx=f flmax
qmLxf

wherefis the mass of the fuel assembly and e c is the length of the interface between the fuel and the
fuel basket. The value of qnýax is also provided in Table 2.7.4 along with the identification of the
most severely loaded members.

The bi-triangular pressure distribution is applied over the entire surface of each storage cell wall in
the drop event where the inertia force of the fuel assembly acts perpendicular to the axis of the
transport package.

The allowable stress, limits necessary for the safety evaluation of each part are compiled in Table
2.6.5. The corresponding results from the static analyses are listed in Table 2.7.5, and the results
extracted from the LS-DYNA calculations are listed in Table 237.6.

Based on the computed results, it is concluded that for each of the drop scenarios:

* The primary stress intensities for the containment component are below the ASME NB limits
for all drop configurations.

The closure lid bolt loads are sufficiently low to ensure that the sealing surface remains
under a substantial compressive load.

The intermediate shield shells surrounding the containment shell remain intact and
functional..

The fuel basket maintains its physical integrity, and the primary stress intensities for the
fuel basket are below the ASME NG limits for all drop configurations..
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[PROPRIETARY TEXT REMOVED]

[PROPRIETARY TEXT REMOVED]

Using the app-roach described above, the p6tential fracture of the closure lid bolts and the
intermediate shells under cold conditions at -40 degrees F is investigated. By simulating the standard
Charpy V-notch impact test using the minimum Charpy energy specified in.Subsection 2.1, the
failure strains of the SA193-B7 bolting material and SA516 Gr. 70 intermediate shell material are
calibrated.

[PROPRIETARY TEXT REMOVED]

From the above simulations, it can be concluded that the minimum Charpy values prescribed for the
intermediate shells are adequate to prevent a significant loss of shielding under all governing Parr7l
impact events, and the minimumCharpy values prescribed for the closure lid bolts are adequate to
prevent a loss of seal integrity. The details of this evaluation are documented in the Holtec
proprietary calculation package [Q.D].

2.7.2 Crush

An evaluation of package crush is not required for the HI-STAR 60. ,. I

2.7.3 Puncture

IOCFR-71 specifies that a puncture event-be considered as a hypothetical accident condition
subsequent to the hypothetical 9-meterdrop event. For this event, it is postulated that the package
now falls freely through a distance of I meter (40 inch)andimpacts a .15 cm (6 inch) diameter mild
steel bar. The effects of the puncture drop will, quite ostensibly, be most severewhen the steel bar is

. perpendicular to the impact, surface. Therefore, all puncture analyses assume that the bar is

perpendicular to the impact surface. Puncture is considered on the side wall; andonthe top end-(a
puncture on the bottom end is not bounding since there is a full welded c n'iection, rather than a
bolted connection that needs to remain intaci). "

Two independent methods are used to analyze the hypothetical puncture event. The first method uses
the LS-DYNA simulation model to examine the puncture accidents. For top end puncture, the impactlimiter is conservatively ignored. A mild steel bar, having theappropriiate dimensions is added to the

model, placed in the proper orientation, and fixed to the ground. The package is then assumed to
have a known initial velocity at contact with the bar.F-urther details of the simulation model and the
results (all output figures) from each simulationi are provided in the Holtec Proprietary, calculation
package [Q.E].

-,-The second method uses. energy principles and strength of materi'als formula to determine the
--primary stress intensities in the containment boundary. In particular, local penetration is examined

.by-comparing the potential energy of-the falling cask with the strain energy required to shear a
circular plugof material from an otherwise rigidplate. For the top end puncture, the Impact Limiter
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is conservatively ignored. The primary stress intensity in the containment shell due to the side
puncture is calculated assuming that the shell deflects like a cantilever beam, which is fixed atthe
shell cross-section through the cask centroid. The stress in the closure lid away from the immediate
vicinity of.the- impact is calculated by considering a simply supported circular plate under a
concentrated load at its center. Details of the analysis and the results from each puncture accident
are provided in the Holtec Proprietary calculation package [Q.D]. The key results of the puncture
analysis are summarized in Table 2.7.7.

The results from the puncture analyses yield the following conclusions:

i. The bolted joint maintains its integrity; the margin-against-leakage parameter, m, (defined in
paragraph 2.6.1.4) remains at the maximum possible value of 10.

ii. No thru-wall penetration of the containment boundary or Dose Blocker parts is indicated.
The total depth of local indentation is a fraction of the available material thickness in the
path of the penetrant.

iii. The'stress levels in the closure lid, containment shell, and baseplate remain below their
respective Level D condition limits.

iv. The shield shells continue to maintain their shielding effectiveness (i.e., no thru-wall cracks).

The above results confirm the structural adequacy of the package under the "puncture" event of
§71.73.

2.7.4 Thermal.

In this subsection, the structural consequences of the 30-minute fire event, which occurs after the
hypothetical drop events, are evaluated using the metal temperature data from Chapter .3 where a.
detailed analysis of the fire and post-fire condition-is presented. Specifically,.the evaluations show" that: , . , .. . . . . : . . . . • . . .. '.

1. The metal temperature, averaged across any section of the containment boundary,
remains below the maximum permissible temperature for the Level A condition in
the ASME Code for NB components. Strictly speaking, the fire event is a Level D
condition for which Subsection NB of the ASME.Code, Section HII does not
prescribe a specific metal temperature limit. The Level.A limit is imposed herein for
convenience because it obviates the need for creep consideiations to ascertain post-
fire containment integrity.

2. The outer surface of the cask, directly.exposed to the fire does not slump (i.e., suffer
primary or secondary creep).' Thiscondition is readily ruled out for steel components
since the metal temperature remains below 50% of the metal melting point
(approximately 3000'F). -
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3. Internal interferences among the constituents of the HI-STAR 60 Package do not
develop due to their differential thermal expansion during and after the fire transient.
[PROPRIETARY TEXT REMOVED]

4. Cask closure lid bolts do not unload leading to a reduction of compression load on
the gasket surfaces to a level that may precipitate leakage of gaseous contents from
the containment boundary. -, ,. ,

Table 2.7.8 provides the stress data on .the body bolts that indicate that the stresses remain well
--below the yield point at all times during and after the fire.

2.7.4.1 Summary of Pressures and Temperatures

Subsection 3.4 contains a discussion of the maximum section temperatures occurring during and
after the fire transient. It is-,concluded in that section that: -

1. The containment boundary (SA203-E material) protected by the intermediate shield
shells remains below 260 degrees C (500 degrees F).

2. The cOntainment boundary that is within the confines of the impact limiters remains
below the upper temperature limit in the ASME Code (SA350 LF3 material).

3. The portion ofthe containment boundary directly exposed to the fire has its bulk metal
temperature of the material volume remaining below the uppertemperature limit for
the .material in the ASME Code for pressure vessels.

* 2.7.4.2 Differential Thermal Expansion

Differential thermal expansions under the limiting conditions of the fire transient are evaluated
in Subsection 3.4.4. The analyses below show that under the fire condition, there is no restraint
of free thermal expansion of the fuel basket.

2.7A:4.3 Stress Calculations

The fire transient is an accident condition that develops self-limiting secondary stresses; no
comparison with ASME Code allowable stresses is required. However, an assessment of the change
in bolt load and residual- metal-to-metal compression from the "heat" temperature to the "fire"
temperature is assessed. To account for the fact that the fire event is last in a series of accidents, it is
assumed (based on a survey of results subsequent to the -free drop anal yses) that the initial bolt
preload is reduced by an appropriate increment, prior to the fire, to account for cumulative effect
from drop'and puncture. The accident conditibn- internal pressure (Table 2.1.1) is applied in
conjunction with the fire temperatures. The same. methodology used to demonstrate bolt integrity
under the fire conditions in the licensed HI-STAR 100 is applied here to the HI-STAR 60.

2.7.4.4 Comparison With Allowable Stresses

Table 2.7.8 'provides a summary of the key resulIts obtained from the continued sealing analysis
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under the fire accident; the details of the solution are documented,_in the Holtec Proprietary
calculation package [Q.D]. A computer code and an analysis methodology previously used for the
HI-STAR 100 licensing effort is used here, with the only loading being the temperature change of
the bolted connection from the fire. Because of the differences in coefficient of thermal expansion
between the lid, flange and the bolt, the bolt loads increase from their value at preload but remain
below the yield. point. Because of the controlled compression design utilized in the HI-STAR 60
package (see Figure 2.6.1), this stress increase in the bolts will. notcrush the gasket. Thus, the state
of stress in the bolted joint after the fire transient, occurring after a-9-meter drop accident or a
puncture, will not adversely impact the sealworthiness of the Containment Boundary. Hence, the
package meets the acceptance criteria set forth in Section 2.1 for the postulated fire transient.

2.7.5 Immersion - Fissile Material

I OCFR71.73(c)(5) specifies that fissile material packages, in those cases where water inleakage has
not been assumed for criticality analysis, must be evaluated for immersion under a head of water of
at, least 0.9 m (3 fi) in the attitude for which maximum leakage is expected. The criticality analyses
presented in Chapter 6 conservatively assumes flooding with .water at optimum. moderation.
Therefore, this paragraph is not applicable. However, an analysis has been carried out to'demonstrate
that inleakage of water is not credible and to verify that the flooded assumption made in the
criticality analysis is conservative.

A head of water at a depth of 0.9 m (3 ft.) is equal to 9.0 kPa (1 .3psi). This head of water is bounded
by the hypothetical -accident condition external pressure for the cask (IOCFR71.61). Analysis
summarized in this chapter demonstrates the containment component meets the applicable stress
intensity allowables for normal conditions of transport, and hypothetical accident conditions (both
conditions impose pressures exceeding 0.009 MPa (1.3 psi)). Further, it has been demonstrated that
the sealing function is not impaired under these conditions. Therefore, there is no in-leakageof water
into the cask under a head of water at a depth of 0.9 m (3 ft).

2.7.6 " Immersion - All Packages

This external pressure condition is bounded by the analysis in Subsection 2.7.7.

2.7.7 Deep WaterImmersion Test

The HI-STAR 60 containment boundary is subject to an all-around external pressure after applying
initial bolt preload. Code Case N-284 [G.J] is used to evaluate the potential for cbntainment shell
instability assuming the Radial Shielding does not prevent the pressure from acting directly on the

outer surface of the containment shell. The Holtec Proprietary calculation package [Q.D] contains
the supporting details; it is demonstrated there that there is no yielding of the vessel and that there is
no elastic or plastic instability of the containment shell. Since the external pressure acts in a
direction to add additional pressure to the lands of the lids, seal opening is not a concern for this
accident. The primary stress intensity in the lids, assuming that -the lids are conservatively
considered as simply supported plates at the bolt circle, meet the Level D ASME Code limits (this is
easily demonstrated by examining the results for Load Case N2 summarized in Section 2.6).
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2.7.8 Summary of Damage

The'results presented in Subsections 2.7.1 through 2.7.7 show that the HI-STAR 60 Package meets
the requirements of IOCFR71.61 and IOCFR71.73. The most limiting four free drop events are
evaluated. For the most limiting drop orientatioi,- two additional solutions are presented in the
Holtec Proprietary Calculation Package [Q.E] where the impact limiter~crush strengths are increased
or decreased by roughly 10% from their nominal values. Two puncture events have also been
considered and the consequences documented. All safety factors are greater than 1.0 for the
Hypothetical Accident Conditions of Transport, and the sealing function is maintained at the end of
each event and at the end of the sequence. The fuel basket does not experience any primary plastic
strain after the accidents, although the results from the oblique, drop accidents show some localized
effective plastic deformation near the extremity oftheactive fuel region. Therefore, in summary, the
HI-STAR 60 Package, under the Hypothetical Accident Conditions of Transport,. has adequate
structural integrity to satisfy the subcriticality, containment, shielding, and temperature requirements
of 10CFR71.

Specifically, the analyses summarized in this section show that:

i. Because the bolt average stress remains in the elastic range, and the gaskets remain in a
compressive state, the HI-STAR 60 containment space will remain sealed under the
immersion event of §71.73, which follows free drop, puncture, and fire.

ji. ., The closure- lid-to-flange joint -will continue to maintain the, two gaskets in a fully
compressed state.

iii. The [PROPRIETARY TEXT REMOVED] gaskets will remain functional after the
postulated, fire event because, as shown by the analyses presented in Chapter 3,. their
temperature during and after the fire event remains below the manufacturer's recommended

. temperature limit for short-term condition.

iv. Local plastic deformation under the concentrated penetrant impulse event from a mild steel
bar will cause superficial denting, but no deeppenetration, and no loss of the integrity of the
containment boundary.

HI-STAR 60 SAR Revision 1
Report HI-2073710 2.7-12
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Table 2.7.1: [PROPRIETARY INFORMATION REMOVED]
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Table 2.7.2: Nine-Meter Free Drop Simulations Results Using LS-DYNA
Case 0 Maximum Maximum Reference Comments
No., Drop Scenario Computed Crush Figure

Deceleration in g's Inch.
amax Allowable* Computed

Axial Lateral Value Value

1. End drop - bottom 90 52.42 - 19.19 11.87 2.7.1
down

2. "565 .. 1 .7 [PROPRIETARY ,End drop - top down 90 (55.29) 19.19 1.8 2.7.1 [PFORMATION
2.(56.56:9 (1.88) REMOVED]

3. Side drop - Internal 531;. " 0. - " •55.10 15.67 14.53 2.7.3 •"
(gaps maximized) ,________. ....

4. C.G.-over-corner drop 73 10.69 33.42 30.60 22.94 2.7.2
(top. down)
C.G.-over-corner (top
down - lower bound 73 10.89 33.97 30.60 24.49 2.7.2
crush strength) ___ ._

6. Oblique drop (slap Bounding results of the
down), primary impact 6- 54.47 15.67 14.05 2.7.4 primary and secondary impacts

at the top end are reported

7. Oblique . drop (slap Bounding results of, the
down-primary impact 6 .- 54.82 15.67 13.88. 2.7.4 primary and secondary impacts
at the bottom end .. " " - are reported .

M
©

H
z

0

M
;" 0

0<

H-

H

Note: Allowable crush basea on distance to closest point on steel acKnone or hining trunnion, except Tr en darop wnere aiowaie crush is o65/o or me aistance
to closest point. All results are for Lower Bound crush strength unless noted otherwise. "
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Table 2.7.3: Matrix of Free Drop Simulations Results Using the "Classical Dynamics" Method
Case 0 Maximum Maximum Refer- Comments
No. Drop Scenario Computed Crush ence

Deceleration in g's Inch Figure

.MAX .. Allowable* Computed
Value Value

* Axial Lateral

1..' Enddrop 90 34.4 - 19.19 12.825 2.7.1 End drop governs for axial
- (4312) (10.23) deceleration; values in

parentheses are for Upper
Bound crush strength

2. Side drop 0 - 32.8 15.67 13.75 2.7.3

3. CG.-over-corner drop (top down) • 73 23.38 7.02 30.60 24.75 2.7.2

4. Oblique drop (Slap Down) pirimary impact at the 6 - 42.87 15.67 15.63 2.7.4 60 slapdown is the governing

,top end (50.12) (13.18) case for lateral deceleration;
Maximum value occurs when
cask ismnearly horizontal

5. Oblique drop. (Slap Down) primary impact'at the 8 - 42.33 15.67 15.66 2.7.4 Maximum value occurs when
top end cask is nearly horizontal

6. Oblique drop (Slap Down) primary impact at the 10 - 41.9 15.67 15.62 2.7.4 Maximum value occurs when
top end cask is nearly horizontal

7. Oblique drop (Slap Down) primary impact at the 4 < 42.87 - 2.7.4 Confirms that 6-degree case
top end approximates max.

deceleration

* " Note: Allowable crush based on distance to closest point on steelbackbone or lifting trunnion, except for end drop where allowable crush is 65% of the
distance to closest point. All results'are for Lower Bound crush strength unless noted otherwise.

HI-STAR 60
REPORT HI-2073710
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Table 2.7.4:.Equivalent Load from the Design Basis Decelerations, Imax

Direction . max Equivalent Load- Type of Stress and Location of
"_ _ _Maximum Stress

Axial 60 718 psi Flexure of baseplate, flexure .of
closure -lid,, unloading of inner
Sga-ske s.eals, possible
overstress.ing of bolts, axial in-
plane compression of fuel basket
panels.

Lateral 65 489 lb/inch per panel Flexure of fuel basket panels, in-
plane compression of panels,
flexure of containment shell,

_ gamma •shield shells strength.

HI-STAR.60
REPORT HI-2073710 2.7-16"
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-,Table 2.7.5 - Results from 30-Ft Drop Simulations Using ANSYS Static Analysis

ALLOWABLE TOP END BOTTOM END SIDE
STRESSt DROP DROP DROP

Closure Lid Top - Primary Bending Stress. 496.4. 124.66 (18.08) NA -NA
Intensity - MPa (ksi) (72.0) SF = 3.98

Containment Shell -Primary Membrane 337.82 26.41 (3.83) 27.51 (3.99) 92.87 (13.47)
Stress Intensity - Mpa (ksi) (49.0) SF = 12.79 SF = 12.28 SF = 3.64

Baseplate - Primary Membrane + Bending 506.78 NA 129.28 (18.75) NA
Stress Intensity - Mpa (ksi) (73.5) SF = 3.92

Futel Basket - Primary Membrane + 402.7 206.84 (30.00)
Bending Stress Intensity - Mpa (ksi) (58.4) NA NA SF = 1.95

Lid Bolts- Average Service Stress (Stress 655.575 514.42 (7 4 .61)tt NA
Intensity) - MPa (ksi) (95.075) SF - 1.27

Lid Bolts -Maximum Service Stress at 861.80 708.44 (102.75)
Extreme Fiber (Stress Intensity) - MPa (ksi) (125.0) SF= 1.22 N

Does Lid Gasket Surface Remain Closed? NA Yes NA NA

•am .hedn - rm r. Efeciv .S..r•.e.•s

Gamma Shielding-Primary Effective Stress 473.0 204.84 (29.71) 193.05 (28.0) 202.15 (29.32)
(Compared to Ultimate Strength)- MPa (68.6) SF 2.45 SF 2 24(ksi) ______(68.6) _ SF___=__2.31_ SF___=__2.45__ SF___=____34 _

Note: "SF" means the Safety Factor. "NA" means Not Applicable or Not Bounding.
t Also see Table 2.6.5.

As an example, the stress distribution in the'closure lid bolts under 30-ft top end drop is shown in Figure 2.7.15.

4
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Table 2.7.6 - LS-DYNA Stress Intensity Results (for information only)

Load. Stress Intensity Allowable
Component Stress Type Cae (./si1Maki

S "Case i(Ml~a/kAi) (MPa/ksi')

Average Service Stress 474.9/68.88 655.575/95.075
CI

ClosureLid Bolt Maximum Service Stress' at 660.0/95.72 861.80/125.0
Extreme Fiber- __"_______

Fuel, Basket Primary Membrane + Bending 3 283.7/41.14 506.78/73.5

Closure Lid Primary Bending 7 293.0/42.5' 496.4/72.0

Containment Shell Primary Bending 8 452.6/65.64' 506.78/73.5

Note: 'The reported stress is the maximum local stress foi conservatism.

I.

*1
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Table 2.7.7 - Minimum Safety Factors for Containment Boundary Components Due to
Puncture Event

ITEM CALCULATED ALLOWABLE SAFETY
VALUE, MPa LIMIT, MPa (ksi) FACTOR

(ksi)

Side Puncture - Primary
Membrane Stress Intensity 102.5 (14.9) 337.8 (49.0) 3.30
in Containment Shell
Top End Puncture - Primary -

Membrane Plus Bending (55.9) 455.7 (66.1) 1.18
Stress Intensity in Closure
Lid

HI-STAR 60.
REPORT H1-'207371 0

Revision 1
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Table 2.7.8: Fire Transient

HI-STAR 60
REPORT HI-2073710 2.7-20
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Table 2.7.9: Key Performance Objectives for Non-Containment Components
of the HI-STAR 60

Item Requirement
Effective Stress in Yes

Intermediate Shells-
Primary Effective

Stress Below Ultimate
Strength

Fuel Basket Yes'
Deformation- Global

Average < 1.0mm

HI-STAR 60
REPORT HI-2073710
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Figure 2.7.4: Oblique Drop (Slapdown), 0 Selected to Maximize Secondary Impact

HI-STAR 60
REPORT HI-2073710

Revision 11
-2.7-25



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
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Figure 2.7.5: LS-DYNA Half Model of HI-STAR 60 Package
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Figure 2.7.6: Finite Element Grid for HI-STAR 60 Containment Components
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Figure 2.7.7: Finite Element Grid for HI-STAR 60 Top Forging
(Containment Closure Flange)
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Figure 2.7.8: [PROPRIETARY INFORMATION REMOVED]
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Figure 2.7.9. Fuel Assembly Array Model
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~zzY

Figure 2.7.10: LS-DYNA Model of Fuel Basket (Basket Support & Containment Shell Also
Shown)
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Figure 2.7.11: LS-DYNA Model of Top Impact Limiter
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:!

Figure 2.7.12: Stress Distribution in Enclosure Lid Bolts after Preloading
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Figure 2.7.13: Stress Distribution of Closure Lid Seals after Preloading
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Figure 2.7.14: Stress Distribution of Containment Closure Flange after Preloading
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Figure 2.7.15: Closure Lid Bolts Stress Intensity - 30-FT Top End Drop
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2.8 ACCIDENT CONDITIONS FOR AIR TRANSPORT OF PLUTONIUM

This section is not applicable to the HI-STAR 60 -Package. This application does not, seek
approval for air transport of plutonium and therefore does-not address the accidents defined 'in
IOCFR71.74.

HI-STAR.60 SAR
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2.9.. ACCIDENT CONDITIONS FOR FISSILE MATERIALS FOR AIRTRANSPORT

This section i's not applicable to the HI-STAR 60.Package. This application does not seek
approval for air transport of fissile materials and therefore does not address the accidents defined
in IOCFR71.55(f).
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2.10 SPECIAL FORM

This section is not applicable to the HI-STAR 60 Package. This application does not seek
approval for transport of special form radioactive material; therefore, the requirements of
IOCFR71.75 when subjected to the applicable test conditions of 1OCFR71.77 are not applied.
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2.11 FUEL RODS

The cladding of the fuel rods is the first confinement boundary in -the HI-STAR 60 Package.
Analyses have been performed in Chapter 3 to ensure that the maximum temperature of the fuel
cladding is below ISG-I 1, Rev. 3 regulatory limits [E.K].

-The vertical drop of the package, leading to a rapid axial deceleration of the stored CSF and the
consequent large flexural strains, is recognized as the most vulnerable free drop configuration
from the standpoint of potential damage to the fuel [Q.M, Q.N]. Fortunately, the problem of
large inertial loading-of fuel has been comprehensively studied in a recently published NUREG
[C.O] and studies conducted by PNLL and USNRC [C.Q], which obsolesces prior analyses and
provides a robust and conservative basis for prognosticating fuel damage under vertical drop
events.

[PROPRIETARY TEXT REMO.VED]
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Table 2.11.1: LS-DYNA Results for 30-Ft End Drop of Transport Cask

From [C.QJ [PROPRIETARY

Item INFORMATION
REMOVED]

Max. Cask Deceleration (g's) 60

Max. Fuel Deceleration (g's) 135

Max. Cask Displacement (in.) 7.0

Max. Fuel Rod Displacement (in.) 7.0

Peak Cladding Axial Compressive Stress (psi) 93,392

Peak Cladding Axial Compressive Strain (%) 2.85

Table 2.11.2: Key Input Data for HI-STAR 60 Design Basis Fuel

Input Parameter Value

Fuel Rod Height (mm.) 3200

Fuel Rod Diameter (mm.) 10

Fuel Clad Thickness (mm.) 0.7

Fuel Rod Maximum Pressure (MPa) 17.5

Bounding HI-STAR 60: Weight (lb.) 154,300

Total Mass of Fuel Assembly (kg.) 465

Fuel Density (g/cm3) 10.4

* HI-STAR 60 SAR
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Table 2.11.3: [PROPRIETARY INFORMATION REMOVED]
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Figure 2.11.1: Finite Element Model of NUREG 1864 Fuel (Model 1)

HI-STAR 60 SAR Revision I
Report HI-2073710 2.11-4



Figure 2.11.2: [PROPRIETARY INFORMATION REMOVED]
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Figure 2.11.4: [PROPRIETARY INFQRMATION REMOVED]
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Figure 2.11.5:. [PROPRIETARY INFORMATION REMOVED]

HI-STAR 60 SAR Revision 1
Report HI-2073710 2.11-8



Fig ure 2..l 1.6: [PROPRIETARY INFORMATION REMOVED] 0

~.r1

C-)

z

0z

HI-STAR 60 SAR
Report HI-2073710

,Revision I
,.2.11-9



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

2.12 REFERENCES AND APPENDICES FOR CHAPTER 2

All references for Chapter 2 are contained in the References section of this report. The
following appendices support the structural analyses summarized in Chapter 2 of the
SAR:

Appendix 2.A:

Appendix 2.B:

Description of Computer Codes for Structural Evaluation

Benchmarking of LS-DYNA for Impact Simulations

HI-STAR 60 SAR
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Appendix 2.A: Description of Computer Codes for Structural Evaluation

Two commercial computer programs, both with a well established history of usage in the nuclear
industry, have been utilized to perform-structural and mechanical numerical analyses documented in
this submittal. These codes are ANSYS Mechanical and LS-DYNA. A brief synopsis of the
capabilities.of each code is presented below:

.ANSYS Mechanical"

ANSYS is the original (and commonly used) name for ANSYS Mechanical general-purpose finite
element analysis software. ANSYS Mechanical is the version of ANSYS commonly used for
structural applications. It is a self contained analysis tool incorporating pre-processing (geometry.
creation, meshing), solver, and post processing modules in a unified graphical user interface.
ANSYS Mechanical is a general purpose finite element modeling package for numerically solving a
wide variety of mechanical problems. These problems include:. static/dynamic structural analysis
(both linear and non-linear), heat transfer and fluid problems,ý as well as acoustic and electro-
magnetic problems.

ANSYS Mechanical has been independently QA validated by Holtec International and-used for
structural analysis of casks, fuel racks, pressure vessels, and a wide variety of SSCs, for over twenty
years.

LS-DYNA

LS-DYNA is a general purpose finite element code for analyzing the large deformation static and
dynamic response of structures including structures coupled to fluids. The main. solution
methodology is. based.on explicittime integration and is therefore well suited for the examination of
the response to shock loading. Acontact-impact algorithm allows difficult contact problems to be.
easily treated. Spatial diskretiza(ion is achieved bythe use of f6ur node tetrahedron and eight node
solid elements, two node beam elements, three and four node shell elements;.eight node-solid shell
elements, truss elements, membrane elements, discrete elements, and rigid bodies. A variety of
element formulations are available for each element type. Adaptive re-meshingis available for shell
elements. LS-DYNA currently contains approximately one-hundred constitutive models and ten
equations-of-state to cover a wide range of material behavior.

In this safety analysis report, LS-DYNA is used to analyze all loading co9nditions that involve short-
time dynamic effects.

HI-STAR 60 SAR Revision 0
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Appendix 2.B: [PROPRIETARY INFORMATION REMOVED]*

*This appendix is proprietary in its entirety.
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CHAPTER 3: THERMAL EVALUATION

3.0 INTRODUCTION

In this chapter, compliance of the HI-STAR 60 package to I0CFR71 [A.C]1 and ISG-I 1, Rev. 3
[E.K] thermal requirements are evaluated for normal transport and hypothetical accident conditions
of transport.-The analysis considers passive rejection of decay heat from the Spent Nuclear Fuel
(SNF) t6 al OCFR71 -mandated environment under normal transport and hypothetical fire accident
events.

I OCFR71 defines the requirements and acceptance criteria that must be fulfilled by the cask thermal
design. The requirements and acceptance criteria applicable.to the thermal analysis presented inthis
chapter are summarized here as follows:

1. A package must be designed, constructed, and prepared for shipment-so that in still
air at 38'C (1 00'F) and in the shade, no accessible surface of the package would have
a temperature exceeding 85°C (185'F) in an exclusive use shipment [§71.43(g)].

2., With respect to the initial conditions for the events of normal conditions of transport
and hypothetical accident .conditions, the demonstration., of.compliance with the

, requirements of I OCFR7 1 must be based on the ambient temperature preceding and
following the event remaining constant at that value between -29TC (-20 0F) and
V38C (100'F) which is most unfavorable for the feature under consideration. The
initial internal pressure within the containment must be considered to be the
maximum normal operating pressure, unless a lower internal pressure consistent with
the ambient temperature considered to precede and. follow the event is more
unfavorable [§71.71 (b) and.,§71.73(b)].

.3'. For normal conditions of transport, a heatevent consisting of an ambient temperature
of 38°C (I00'F.) in _still air and prescribed insolation must. be evaluated
[§71 .71(c)(I)].

4. For normal conditions of transport, a cold event consisting of an ambient temperature
of -40'C (-40'F) in still air and shade must be evaluated [§71.71 (c)(2)].

5. Evaluation for hypothetical accident conditions is to be based on sequential
application of the specified events, in the prescribed order, to determine, their
cumulative effect on a package [§71.73(a)].

6. For hypothetical accident conditions, a thermal event consisting of a fully engulfing
hydrocarbon fuel/air firie with an average emissivity coefficient of at least 0.9, with
an average flame temperature of at least 802'C (1475°F) for a period off30 minutes
[§71.73(c)(4)].

1 Literature citations throughout this'SAR.indicated by Alphabetic letters in square-bra.ckets, are compiled under the
-heading "References".

HI-STAR 60 SAR Revision 1
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3.1 DESCRIPTION OF THERMAL DESIGN

3.1.1 Design Features

Sectional views of the HI-STAR 60 package are provided in Chapter 1. As described; in Chapter 1,
the HI-STAR 60 package is equipped with a stainless steel fuel basket inside a thick steel cask with
a bolted closure. The fuel basket is a stainless steel honeycomb structure engineered with square-
shaped compartments to store fuel. The fuel basket walls are equipped with META1MIC thermal
neutron absorber plates sandwiched between a stainless steel sheathing plate and'the cell wall
along the entire length of the active fuel region. As shown in HI-STAR 60 package drawings (See
Chapter 1) the HI-STAR 60 package is equipped with an optional personnel barrier. Although the
personnel barrier is not required-to comply with I 0CFR71 accessible temperature limits a cask user
may include it to minimize package boundary dose. Prior to sealing the lid, the cask cavity is
backfilled with helium. This provides a stable and inert environment for the transport of the SNF.
Heat is transferred from the cask to the environment by passive heat transport mechanisms only.

The helium backfill gas is an integral part of the HI-STAR 60 thermal design. The helium fills all
the spaces between solid components and provides an improved conduction medium (compared to
air) for dissipating decay heat. Additionally, helium in the spaces between the fuel basket and the
cask cavity is heated differentially and dissipates heat by the so-called "Rayleigh" convection. To
ensure that the. helium gas is retained and not diluted by lower conductivity air, the cask pressure
boundary is designed as an ASME Section III pressure vessel equipped with high integrity double
lid seals. This ensures the presence of helium during transport. The helium gas is therefore retained
in an undiluted state, and may be credited in the thermal analyses.

An important thermal. design criterion imposed on the HI-STAR 60 package is, to ensure fuel
cladding temperatures are below regulatory limits. An equally important design criterion is to
minimize temperature gradients within the fuel basket, to minimize thermal stresses. In order to
meet these design objectives, the HI-STAR 60 fuel basket is designed to possess certain distinctive
characteristics, which are summarized in the following.

The cask design minimizes resistance to heat transfer within the basketi and basket periphery
regions. This is ensured by an all-welded honeycomb structure. .The cask design incorporates top
and bottom plenums with interconnected downcomer paths to facilitate heat dissipation by internal
helium circulation. This mode of heat transfer is active when the cask is tiltedia few degrees from
horizontal orientation. The top plenum is formed between the cask lid and the top of'the
honeycomb fuel basket."The bottom plenum is formed by openings at the base of all cell walls. The
fuel basket is designed to eliminate structural discontinuities (i.e., gaps), which introduce large
thermal resistances to heat flow. Consequently, temperature gradients are minimized in this design,
which results in lower thermal stresses within the basket. Low thermal stresses are also ensured by
a cask design that permits unrestrained axial and radial thermal growth of the basket.

The HI-STAR 60 cask is designed to transport PWR spent fuel assemblies. Thermal analysis of the
cask is based on including all three fundamental modes of heat transfer: conduction, natural

:-cCn-vection and thermal radiation.-On the outside surface of the cask, heat is dissipated to the
environment by buoyancy induced co6ivective air-flow (natural convection)•and thermal radiation.
HI-STAR 60 SAR Revision I
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In the cask body, only conductive heat transport is possible. Between surfaces- (e.g., between
neighboring fuel rods) heat is transported by a combination of conduction through a gaseous
medium (helium) and thermal radiation. Finally buoyancy-,induced convective heat transport, aided
by the fuel basket design engineered with low pressure drop flow passages, occurs within the open-
spaces of the cask cavity. Heat transfer between the fuel basket external surface and fuel basket
enclosure shell is further influenced by the so-called "Rayleigh" convection inside differentially
heated closed spaces.

The spent fuel-decay heat is conservatively assumed to be non-uniformly distributed over the
active fuel length with mid-height peaking. Additionally, an array of conservative assumptions bias
the results of the thermal analysis towards much reduced computed margins. The thermal analysis
Js performed using the FLUENT [N.D] code. FLUENT is a well-benchmarked CFD code validated
by the code developer with an array of theoretical and experimental works from technical journals.
Additionally, Holtec has confirmed the code's capability, to reliably predict temperature fields in
dr'y storage [M.I] 'ising independent full-scale test data fromn a loaded cask [R.A].

3.1.2. Contents Decay Heat

The HI-STAR 60 cask is designed to transport spent nuclear fuel with the design basis heat loads
defined in Table 3.1.1. The design.basis heat loads envelope the heat generated by the cask
contents for the burnups and cooling times set forth in Chapter 1.

3.1.3 Summary Table of Temperatures

The HI-STAR 60 cask temperatures are analyzed for normal transport condition and hypothetical
*fire accident event. The analytical modeling is discussed in Sections 3.3 and 3.4. The analysis
results are provided in Tables 3.1.2 and 3..1.4.

3.1.4 Summary Table of Maximum Pressures

The containment boundary pressures of the HI-STAR 60 cask are computed for normal transport'
condition and hypothetical fire accident event. The analytical modeling is discussed in Sections 3.3
and 3.4. The analysis results are provided in Tables 3.1.3 and 3.1.5.:

3.1.5 Cask Surface Temperature Evaluation

In accordance with the regulatory requirement specified in 1 OCFR71 (§71.43(g)), the cask surface
temperature is computed for'the normal transport conditions without insolation. Under this
scenario the maximum computed cask surface temperature, 82°C (180'F) is below.the allowable
surface temperature limit of 85°C (185°F). Accordingly, the personnel barrier is defined as
optional hardware in Chapter 1. The personnel barrier, if used, is a large open area screen which
permits unhindered access to ambient air for cask cooling. It is positioned outside the thermal
boundary layer of the cask surface where the far field ambient temperature is approached. ' -

HI-STAR 60 SAR Revision 1
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Table 3.1.1
DESIGN HEAT LOAD

Maximum Cask Decay Heat 10.5 kW

Maximum Assembly Decay Heat 0.875 kW

HI-STAR-60 SAR
Report HI-2073710 311-3 Revision I



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

4-.

Table 3.1.2
HI-STAR 60 MAXIMUM NORMAL TRANSPORT' TEMPERATURES

Temperature Normal Condition
OC (OF) Temperature Limit

.- oC (oF)

Fuel Cladding 350(662) 400 (752)

Fuel Basket 338 (640) 427 (800)

Containment Shell 131 (268) 204 (400)

Neutron Shield 116(241) 149(300)

Enclosure Shell 100 (212) 204 (400)

Lid Seals 77(171) 200.(392)

Lid Drain Port and Vent Port Seals 79 (174) 200 (392)

Impact Limiters Temperature
Bottom

Bulk Average 67 (153).
-Maximum 82(180) 104.(220)

- Bulk Average 59 (138)
- Maximum - 71(160)

I 3D model, used to analyze normal transport condition (Steady-state hot (38°C (100°F) ambient), inaximum
decay heat and insolation.

HI-STAR 60 SAR
Report HI-2073710
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Table 3.1.3
HI-STAR 60 MAXIMUM NORMAL OPERATING PRESSURE (MNOP)(Note I)

Condition Gauge"Pressure Cask Cavity Bulk

kPa (psig)(Note 2) Temperature

-C (OF)

Initial Backfill (at 70TF) -42.1 (-6. 1 )(NOte4) 223 (433)
Normal Condition -1.4 (-0.2)
With 3% Rods Rupture(Note 3) 8.7 (1.3)

Note 1: Pressure analysis in accordance with heat condition specified in §71.71(c)(1) in
the absence of venting, external ancillary cooling or operational controls.

Note 2: The normal operating pressures are below the HI-STAR 60 design internal
pressure (Chapter 2, Table2.1.1).

Note 3: In accordance with NUREG-1617, 3% of the rods. are assumed to be breached
releasing 100% fill gas and 30% fission gas to the containment cavity.

.Note 4: HI-STAR 60 helium backfill limits are specified in Chapter 1. For a bounding
evaluation the upperbound limit is used in the pressure calculations.

HI-STAR 60 SAR
Report HI-2073710

Revision 1
3.1-5



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 3.1.4
HYPOTHETICAL FIRE ACCIDENT MAXIMUM HI-STAR 60 TEMPERATURES

Initial, During Fire Post Fire Accident
- Condition °C (OF) Cooldown Limit

Material/Component °C (OF) °C (-F)@ OC (OF)
coincident

time

Fuel Cladding 350(662) 350 (662) 7 570 (1058)
@ 22 hr

Fuel Basket 338 (640) 338 (640) 364 (687) 510 (950)
__________ @ 22 hr

., .... . °; . 214-(417) 3/i(0 )
Containment Shell 131'(268) 173 (343) 1 37(700)

______ @ @1.5 hr.

116(241)614(1137)
Neutron Shield 116 (241), 614 (1137) @30 -NA

Enclosure Shell 100(212) 669 (1236) 669(1236) 788(1450)
-. _ _._ -...__ @ 30 min _

153 (307) 20(48
Lid Seals '77 (171) 81(178) @3( 2203(428)

Lid Drain Port-and Vent 79 (174) 93_(199) 139(282) 220 (428)
•Seals @6hr

Impact Limiters
(Bulk Temperature)

•.• .... ~~576(1069) 5610),Bottom 67(153) 576(1069) 596 (1105)

57(1069 @30min

Top 59 (138) 599092) 589 (1092)
589(1092) @ 30 min "

HI-STAR 60 SAR
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Table 3.1.5
MAXIMUMHI-STAR 60 HYPOTHETICAL FIRE

ACCIDENT PRESSURES

Condition Gauge Pressure kPa (psig)' Cask Cavity Bulk
_ _.__ __Temperature, TC ('F)

No fuel rods rupture 5.2 (0.8)

With assumed 100% fuel rods 364.6 (52.9) 256(493) @ 14 hr

rupture2 _

1

2

The fire accident pressures are belowthe HI-STAR 60 accident pressure limit (Chapter 2- Table

Pressure analysis conservatively assumes release of 100% of the rods fill gas and 30%.of the .
significant radioactive gases from ruptured rods.

HI-STAR 60 SAR
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3.2 MATERIAL PROPERTIES AND COMPONENT SPECIFICATIONS

3.2.11 Material Properties

Materials present in the HI-STAR 60 package include stainless steel, carbon-steel, neutron absorber,
neutron shield (Holtite-A), aluminum honeycomb (Impact Limiters crush material) and helium. In
Table 3.2.1, a summary0of references used to obtain overpack material prop;&ties for performing all
thermal analyses is presented.

Tables 3.2.2, 3.2.3 and 3.2.8 provide thermal conductivity data of materials at several representative
temperatures. Surface emissivity data for key materials of construction are provided in Table 3.2.4.
A conservative solar absorbtivity of 1.0 is applied to all exposed overpack surfaces.

In Table 3.2.5, the heat capacity and density data of overpack materials are presented. These
properties are used in performing transient (hypothetical fire accident condition) analyses. Helium
Viscosity data is listed in Table 3.2.6.

Heat is dissipated from the HI-STAR 60 package exposed surfaces by natural convection and
radiation. The natural convection coefficient of a heated cylinder depends upon the product of the.
Grashof(Gr) and Prandtl- (Pr) numbers. Following the approach developed by Jakob and Hawkins'
[R.F], GrPr is expressed as L3 AT Zwhere L is the diameterof the overpack, AT is the HI-STAR 60,
package surface-to-ambient temperature differential and Z is a parameter which depends upon air
properties, which are known functions of temperature, evaluated at the average film temperature.
The temperature dependence of Z for air is provided in Table 3.2.7.

The long-term thermal stability and radiation resistance of Holtite-A has been confirmed through,
qualification testing in the late 90s. The qualification test conditions were originally selected to
-exceed the Holtite-A thermal andsradiation environment (gamma and neutron fluence) in the high
S heat load HI-STAR 100 6.0 cask. As the HI-STAR 60 cask design heat loads are a fraction of the HI-
STAR. 100 caskI the thermal and radiation fluence margins are much greater., The Holtite-A.
qualification test data is archived in the following reports:

i) "Holtite A: Development History and Thermal Performance Data", Holtec.
Report HI-2002396, Rev. 3.

ii) "Holtite-A: Results of Pre-and-Post-Irradiation Tests and Measurements",
Holtec Report HI-2002420, Rev. 1.

The testing referenced above confirms that Holtite-A 1does not degrade at elevated temperatures and
Holtite-A is unaffected by high neutron fluence and megarad gamma doses. Even under very
conservative assumptions (20-years of storage under the maximum temperature reached at the

- beginning of dry storage) only 2% weight loss is computed (licensing basis commitment is 4%).
Because of the excellent stability characteristics of Holtite-A, the thermal properties remain
essentially unchanged during the service life of the HI-STAR overpack. Nevertheless, to provide an-

HI-STAR 100 Transport.Cask Docket Number 71-9261. ' "

HI-STAR 60 SAR - . Revision 1
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additional layer of assurance, periodic thermal testing of HI-STAR 60 is required (See Chapter 8).

3.2.2 Component Specifications

HI-STAR 60 package materials and components which are required to be maintained within their
safe operating temperature ranges to ensure their intended function are summarized in Tables 3.2.9
and 3.2. 10. The HI-STAR 60 package materials and components do not degrade under exposure to
extreme low temperatures. To facilitate evaluation of cold events defined by transport regulations
the HI-STAR 60 package cold service temperatures are conservatively limited~to-400F (-400C).

Long-term stability and continued neutron shielding ability of the Holtite-A neutron shield material
under normal transport conditions are ensured when material exposure temperatures are maintained
below the maximum allowable limit. The overpack seals will continue to ensure their intended
sealing function if manufacturer's design temperature limits are not exceeded. Integrity of SNF
during transport requires demonstration of HI-STAR 60 package thermal performance to maintain
fuel cladding temperatures below regulatory limits. METAMIC used in fuel basket for criticality
control (a composite of B4C and aluminum) is stable in excess of 538°C (10000F)§. For conservatism
lowerbound temperature limits are specified for transport evaluation (See Table 3.2.9). In the HI-
STAR 60 thermal evaluation, the cladding temperature limits of ISG-11, Rev. 3 [E.K] are adopted
for transport evaluation. These limits are applicable to all fuel types, burnup levels and cladding
materials approved for power generation.

Compliance to IOCFR71 requires evaluation of hypothetical accident conditions. The inherent
mechanical stability characteristics of the HI-STAR-package materials and components ensure that,
significant functional degradation is not credible due to exposure to short-duration temperature
excursions outside the normal. long-term temperature limits. For evaluation of the HI-STAR 60
package under hypothetical accident conditions conservatively postulated accident temperature
limits are specified in Table 3.2.9 and 3.2.10. -

§ B4C is a refractory niaterial that is unaffected by high temperature (on the order of 538°C (1000°F)) and aluminum
is solid at temperatures in~excess of 538'C (1000 0F).

HI-STAR 60 SAR Revision I
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Table 3.2.1

SUMMARY OF HI-STAR 60 PACKAGE MATERIALS'.
THERMAL PROPERTY REFERENCES

Material Emissivity Conductivity Density Heat Capacity

Helium NA. Handbook [R.B] Ideal Gas Law Handbook [R.B]

Air NA Handbook [R.B] Ideal Gas Law Handbook [R.B]

Zircaloy Cladding [R.A], [C.H], NUREG [C.H] Rust [R.C] Rust [R.C]
[R.E], [R.J]

U0 2  Note 1 NUREG [C.H], Rust [R:C] Rust [R.C]
__ __ __ __ _ :[R.E] __ _ _ _ __ _,___ _ _ _ _

Stainless Steel Kern [R.D] ASME [G.B] Marks [O.D] 'Marks [O.D]
(machined
forgings)"* "_"__

Stainless Steel ORNL ASME [G.B] Marks [O.D] Marks [O.D]
Plates [R.G], [R.H]

(annealed)"

Carbon Steel Kern [R.D] ASME [G.B] Marks [O.D] Marks [O.D]

... ME-TAMIC .. .Note.l . [M.C]- [M.C] [M.C]

Holtite-A Note I [M.A]. [M.A] [M.A]

-Note 1 Aluminum ..Aluminum Aluminum
Crush Material Honeycomb Test. Honeycomb Test Honeycomb Test
Cu MData [Q.A] " Data [Q.A] Data [Q.A]

Note 1: Emissivity not reported as radiation heat dissipation from these surfaces, is conservatively
neglected.

•* Used in-the cask.lid.
t Used in the basket panels and neutron absorber sheathing'

HI-STAR 60 SAR
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Table 3.2.2

THERMAL CONDUCTIVITY OF HI-STAR 60 PACKAGE MATERIALS .1

@ 93.3°C (200°F) @ 232.2°C (450°F) @ 371.1°C (700°F)

Material ,W/m-°C (Btu/ft-hr- W/m-0 C (Btu/ft-hr-. W/m-°C (Btu/ft-hr-
OF) -F) OF)

Helium 0.1688 (0.0976) 0.2230 (0.1289) 0.2725 (0.1575)

Air 0.02993 (0.0173) -0.03892 (0.0225) •0.04706 (0.0272)

SS-304 14.5 (8.4), 16.9.(9.8) 19.0 (11.0)

Carbon Steel 42.2 (24.4) 413 (23.9) 38.7 (22.4)

Cryogenic Steel 41.2 (23.8) 41.01(23.7) 38.6'(22.3)

Aluminum, 53.9 (31.1)
Honeycomb*

[PROPRIETARY [PROPRIETARY TEXT REMOVED]
TEXT REMOVED]

[PROPRIETARY
TEXTPRIEMOVED [PROPRIETARY TEXT REMOVED]TEXT REMOVED]•

* Conductivity at reference honeycomb density (See Table 2.2.9).

•* Reasonably bounding values under normal and fire accident conditions. During post-fire
cooldown
conductivity is understated.

HI-STAR 60 SAR
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Table 3.2.3

SUMMARY OF FUEL ELEMENT COMPONENTS
THERMAL CONDUCTIVITY DATA

. Fuel Cladding Fuel (U0 2)

Temperature Conductivity Temperature Conductivity

°C (OF) W/m-°C (Btu/ft-hr-°F), oC (OF) W/m-.C (Btu/ft-hr-°F)

200 (392) 14.32.(8.28)* 37.8(100) 6.02 (3.48)

300 (572) 15.15 (8.76) 231.1(448) 6.02 (3.48)

400 (752) 16.61 (9.60) 298.9 (570) 5.60 (3.24)

500 (932) 18.06 (10.44) 422.8 (793) 3.94 (2.28)

" Lowest reported conductivity used in the thermal analyses for conservatism.

HI-STAR.60 SAR
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Table 3.2.4

SUMMARY-OF MATERIALS SURFACE EMISSIVITY DATA

Material Emissivity

Fuel cladding [PROPRIETARY TEXT REMOVED]

Carbon steel [PROPRIETARY TEXT REMOVED]

Stainless steel (machined forgings) [PROPRIETARY TEXT REMOVED]

Stainless steel plates (annealed) [PROPRIETARY TEXT REMOVED]

Stainless steel coated surfaces [PROPRIETARY TEXT REMOVED]

Impact Limiter Polished Stainless [PROPRIETARY TEXT REMOVED]
Steel Skin [R.S]

HI-STAR 60 SAR
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Table 3.2.5

MATERIAL DENSITY AND HEAT CAPACITY PROPERTIES SUMMARY I, .

Density kg/m3 (Ibm/ft3) Heat Capacity J/kg-°C

Material (Btu/_bm-°F)

Helium' Ideal Gas Law 5192 (1.24)

Zircaloy Cladding . 6555.(409) 305 (0.0728)

Fuel (UO2) 10961 (684) 234 (0.056)

Carbon Steel 7836 (489) 419 (0.1)

Stainless Steel 8029 (501) 502 (0.12)

METAMIC 2650 (165.4) 918 (0.22)

Aluminum Honeycomb" 216 (13.5) 963 (0.23)***

Holtite-A' 1600 (99.9) 1600 (0.38)

Air .-- Ideal Gas Law 1003 (0.24)

§§ Conservatively understated for fire accident evaluation.
S Heat capacity. of the honeycomb material's Aluminum grade (Alloy 5052) tabulated herein.
t Conservatively understated for fire accident evaluation.

HI-STAR 60 SAR
Report HI:2073710

Revision 1

• 3.2-ý7._



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 3.2.6

HELIUM GAS VISCOSITY' VARIATION WITH TEMPERATURE

Temperature Helium Viscosity
0C (OF) kg/m-s (Micropoise)

75.2 (167.4) 2 .2 05x 10-5 (2 2 0. 5)

93.5 (200.3) 2.282x 105 (228.2)

147.4 (297.4) 2.506x 10-5 (250.6)

174.9 (346.9) 2.618x 10s (261.8)

239.4.(463.0) 2.887x 10-5 (288.7)

281-,0 (537.8) 2.998x10-' (299.8)

392.0 (737.6) 3.388x10 5 (338.8)

Obtained from Rohsenow and Hartnett [R.B].
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Table 3.27

VARIATION OF NATURAL CONVECTION PROPERTIES
PARAMETER "Z" FOR AIR WITH TEMPERATUREttt

Temperature Z Z
0C (°F) m-3oC- (ft' 3OF-I)

•.4(40) 1.3x10 (2.1x106)
60(140) 5.7x10 7 (9.0x101)

115 (240) 2.9x 107 (4.6x 105)

171 (340) 1.6x10 7 (2.6x10 5)

227(440) 9.5x10 7 (1.5x!05)

9 btained from Jakob and HaN~kins [R.F]

HI-STAR•60 SAR
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Table 3.2.8

METAMIC CONDUCTIVITY DATA (33 wt.% B4C):::

Temperature Conductivity

°C (OF) W/m-°C (Btu/ft-hr-0 F)

25 (77) [PROPRIETARY TEXT REMOVED]

100(212), [PROPRIETARY TEXT REMOVED]

250 (482) [PROPRIETARY TEXT REMOVED]

:. For conservatism the B 4C content is overstated.

HI-STAR 60 SAR.
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Table 3.2.9

HI-STAR 60'PACKAGE MATERIAL TEMPERATURE LIMITS

Material Normal Transport Limits Accident Temperature Limits

Fuel Cladding 4000C (752 0F) 570°C (1058-F)

METAMIC 4270C (801°F) 5380 C (1000-F)

Lid, Vent and
Drain Port!Seals Table 2.2.8 Table 2.2.8

Holtite-A 149-C (300°F)l N/A2

Aluminum Table 2.2.9 5960C (1 105-F)3

Honeycomb
Bulk
Impact Limiter

Insulating Board Table 2.2.9 Table 2.2.9

1. See Chapter 1
2. For conservatism no reduction in Holtite-A heat conduction effectiveness is assumed during

fire, and during post-fire cooldown conductivity of air is assumed.
3. Melting range of alloy is 596°C-649°C (1 105'F-12009F) [R.I].

HI-STAR,60 SAR,
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Table 3.2.10

HI-STAR 60 STRUCTURAL MATERIALS TEMPERATURE. LIMITS

Material Normal Condition Accident Temperature
Temperature Limits(a) Limits(a)

oC (9F) O. (OF)
427 (800) (Structural

Fuel Basket SS-304 427 (8 0 0 )(b) Accidents)(b)

'510 (950) (Fire
Accident)(c)

Containment Shell,
Baseplate and Closure Cryogenic Steel 204 (4 0 0 )(b) 371 ( 7 0 0 )(b)

Flange

Closure Lid Cryogenic Steel 204 (40 0 )(b) "__. 371_(700)_b)_

371 (700) (Structural

Enclosure Shell Stainless Steel 204 (4 0 0 )(b) accidents)(b)

788 (1450) (Fire
_ _ _ _ _ _ __ accident)(c)

Notes
(a) The section temperatures of structural members shall not exceed the temperatures limits.
tabulated herein.
(b) The temperature limits bound the ASME Code temperature limits.,
(c) To preclude melting the fire accident temperature limit is set well below the melting
temperature of structural steel.
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3.3 THERMAL EVALUATION UNDER NORMAL CONDITIONS OF TRANSPORT

The HI-STAR 60 package is designed to safely dissipate the decay heat of fuel emplaced in the HI-
STAR 60 packaging under passive conditions (still air).

During transport, the HI-STAR 60 package is placed in a horizontal position with impact limiters
installed at both ends of the cask..Under' normal transport conditions, the cask contents (fuel basket
and fuel) rest on solid surfaces. Direct contact between the cask and its contents enhance heat
dissipation. Nevertheless to engineer a robust measure of conservatism a theoretically opposite'
configuration, a levitating cask is assumed. Under this assumption the fuel, fuel basket and cask are
in concentric alignment. Prior to cask closure the cask cavity is backfilled with helium. The cask
closure lid is engineered with double seals to retain helium during transport. Presence of a highly
conducting medium (helium) in the cavity spaces aids heat transfer by minimizing gap resistances
and dissipating heat by natural convection in the cavity peripheral spaces. For conservatism, gaps are
overstated in the thermal design and fluid motion in the cavity spaces ignoredl'

The HI-STAR 60 package thermal analysis is performed using the FLUENT CFD code [N.D].
FLUENT is a -well-benchmarked CFD code validated by the code developer with an array of
theoretical andexperimental works from technical journals. Additionally, Holtec has Q.A. validated
FLUENT within the company's quality assurance system and confirmed the code's capability to
• reliably predict temperature fields in dry storage [R.N] using independent full-scale test data:from a
loaded cask [R.A]. The code has a long history of usage for obtaining NRC approval of fuel storage
in transport and storage casks. A list of dockets wherein USNRC relied on FLUENTjthermal models
for cask certification is given. in Table 3.3.3.

The HI-,STAR 60 cask is equipped with the F-I12 fuel basket (See Chapter 1) designed to hold 12
PWR fuel assemblies. The fuel basket is a matrix of square-shaped fuel compartments sized to store.
PWR Spent Nuclear Fuel (SNF). The basket is formed by a full-length welded honeycomb structure
of stainless steel panels. The fuel basket is equipped with highly conducting neutron absorber plates
(METAMIC) sandwiched to the cell walls by stainless steel sheathing. The fuel basket is-surrounded
by an array of'shaped Aluminum spacers inserted in the cask cavity peripheral spaces. The thermal
:design featuresof the HI-STAR 60 cask are provided in' Section, 3.1 'Modeling details of the various
thermal transport mechanisms are provided in the following.

Fuel Region Effective Planar Conhductivity

In the HI-STAR 60 thermal modeling the cross secti-ih bounded by the. inside of a storage cell is
replaced with an ".equivalent" square section characterized b" an effective thermal conductivity in
the 'planar and axial.:directions. Figure 3.3.1 pictoriallyillustrates this concept. The two
conductivities are unequal because while in the planar directidii heat'dissipation is interrupted by
inter-rod gaps, in the axial direction heat is dissipated through a continuous medium (fuel cladding).
The equivalent planar conductivityof theý storage cell space is obtained using a 2D conduction-
radiation model for the limiting transport scenario defined previously in this section as all fuel
storage locations occupied with fuel. The fuel geometry is constructed using the ANSYS .code
[N.A]. The finite-elementmodel, consisting of an array of-fuel rods with helium gaps between them

HI-STAR 60 SAR Revision I
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residing in a storage cell is illustrated in Figure 3.3.3. In the axial direction, an area-weighted
average of the cladding and helium conductivities is computed.

The fuel region effective conductivity is defined as the calculated equivalent conductivity of the fuel
storage cell by including conduction and radiation heat transfer. Because radiation is proportional to
the fourth power of absolute temperature, the effective conductivity is a strong function of
temperature. The ANSYS finite element model is used to characterize fuel resistance at several
representative storage cell temperatures and the effective thermal conductivity as a function of
temperature obtained and presented in Table 3.3.2.

Effective Thermal Conductivity of Sheathing/METAMIC/Cell Wall Sandwich

The fuel basket cell walls are manufactured with METAMIC neutron absorbing plates for criticality
control. Each METAMIC plate is sandwiched in a sheathing-to-basket wall pocket. During
fabrication, a uniform normal pressure on each.sheathing-METAMIC-cell wall sandwich is applied
and the sheathing stitch welded to the box wall. This ensures. surface-to-surface contact and
elimination of macroscopic gaps. The mean coefficient of linear expansion of METAMIC is higher
*than the basket materials thermal expansion coefficients. Consequently, basket heat-up from the
contained SNF will further ensures a tight fit of the METAMIC plate in the sheathing-to-cell wall
pocket. The presence of small microscopic gaps due to less than perfect surface finish characteristics
requires consideration of an interfacial contact resistance between the METAMIC and the box and
sheathing surfaces. A conservative contact resistance resulting from a 2 mils METAMIC-to-pocket
helium gap is applied to the analysis. In other words, no credit is taken for the interfacial pressure
between METAMIC and stainless plate/sheet stock producedby the fixturing and welding process.

Heat conduction properties of thelcomposite "Box Wall-METAMIC-Sheathing"' sandwich in the two
principal directions, the thru-thickness' and paralle! plates direction-are unequal. In the thru-thickness
direction,.heat is transported across layersIof sheathing, helium-gap, METAMIC, helium-gap, and
cellwall resistances arrayed in series. Heat cornduction in the parallel plates direction, in contrastis
through an array of essentially parallel resistances comprised of these same layers: This difference
is duly recognized -in the analysis and effective thermal conductivities in the two orthogonal
directions are determined and applied: in the analysis. .

Heat Reiection from Cask and Impact Limiter Surfaces

The exposed surfaces oftheHI-STAR 60 package dissipate heat by radiation and natural convection
heat transfer. Radiation is modeled using classical equations for radiation heat transfer. Jakob and
Hawkins [R.F] recommend the following correlations for natural cofivection heat transfer tO air from
heated vertical surfaces (flat impact limiter ends) and from horizontal cylinders (cask and impact
limiter cylindrical surfaces):

Turbulent range:

HI-STAR 60 SAR Revision 1
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h =0.19 (AT)" 3 (Vertical, GrPr > 10')

h = 0.18 (AT)1 "3 (Horizontal Cylinder, GrPr > 109)

(in conventional U.S. units)

Laminar range:

h =0.29 A (Vertical.GrPr < 10
L

S h = 0.27 (AT)1 /4 (Horizontal Cylinder, GrPr < 109)

(in conventional U.S. units)

where AT is the temperature differential between the package exterior' surface and ambient air
and .GrPr is the product of Grashof and Prandtl numbers. During normal transport conditions; the
surfaies to be cooled are the impact limiter and cask cylindrical surfaces, and the flat vertical
faces of the impact limiters. The corresponding length scale L for these surfaces are the impact
limiter diameter, cask diameter, and impact limiter diameter, respectively. As described in
Section 3.2, GrPr can be expressed as L3ATZ, where Z (from Table 3.2.7) is at least 2.6x ×10 at a I.
conservatively high surface temperature of 340'F. It is thus apparent that the turbulent condition
is always satisfied assuming~a lowerbound L (6.2 ft) and a small AT (-160 F). For conservatism
the more limiting turbulent correlation (h 0.18 AT1/3) is used in the thermal analysis.

Determination of Solar Heat Input

The intensity of solar radiation incident on exposed surfaces depends on a number of time varying.
parameters. The solar heat flluxstrongly depends upon the time of the day as well as on latitude and
day of the year. Also, the presence of clouds and other atmospheric conditions (dust, haze, etc.) can
significantly attenuate solar intensity levels.

The insolation energy absorbed by the HI-STAR 60 Package is the product of incident insolation and
the package absorbtivity;. The incident insolation is computed as follows. The HI-STAR Package.
thermal analysis is based on I12-hour daytime insolation specified in IOCFR71. During normal
transport conditions, the HI=STAR Package is cyclically subjected to solar heating during the 12-
hour daytime period followed by cooling during the 12-hour nighttime. However, due to the large
mass of metal and the size of the package, the inherent dynamictime lag exceeds the 12-hour
heating period. Accordingly, the HI-STAR Package cask model includes insolation at exposed
surfaces averaged over a 24-hour time period. The 1OCFR71 12-hour insolation is summarized in-
Table 3.3. 1.

[PROPRIETARY TEXT REMOVED]

I In accordance with classical radiation principles absorbtivity equal'to the package emissivity is applied to the
package surfaces. .

HI-STAR 60 SAR Revision 1
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The HI-STAR 60 package thermal model described above accounts radiation, conduction and
natural convection modes of heat transfer in a conservative manner. The model is constructed using
an array of conservative assumptions to bias the results of the thermal analysis towards much
reduced computed margins. The thermal assumptions are listed below.

[PROPRIETARY TEXT REMOVED]

An isometric view of the HI-STAR 60 thermal model is presented in Figure 3.3.2. To ensure a mesh
independent thermal solution the HI-STAR 60 thermal model is constructed with a large number of
nodes [PROPRIETARY. TEXT REMOVED] with particular attention to mesh density in areas of
high thermal resistance. The nodal distribution in critical areas are given below:

[PROPRIETARY TEXTREMOVED]

To this. model insolation heat (Table 3.3.1) is applied on all external surfaces of the HI-STAR 60
package assuming 100% absorption. Natural convection and radiation from exposed surfaces is
enabled to model heat dissipation to ambient air. Using this model, steady state HI-STAR 60
Package temperatures in still air for the limiting decay heat distribution defined in Section 3.3 are
computed and evaluated in the next section.

3.3.1 Heatand Cold

3.3.1.1 Maximum Temperatures

As required by trzinsport regulations the HI-STAR 60. Package is evaluated under hotahibient
conditions defined in i 0CFR! 1. These conditions are 100.0F ambient temperature, still air and
insolation (Table 3.3.1 ). To ensure a bounding evaluation, maximum permissible decayheat in each
fuel storage cell (See Subsection 3.1.2) is assumed. Under this array of adverse conditions, the
maximum steady state temperature of the cask structural members and its contents (SNF) are
computed. The temperatures are computed using the 3Dthermal model described in Section 3.3 and
results reported in Subsection 3.1.3.

The following observations are derived by inspecting the temperature field obtained from the
thermal analysis:

* The maximum fuel cladding temperatureis well within the ISG- 11, Rev. 3
temperature limit.

* The maximum temperature of fuel basket is well within the design temperatures.

HI-STAR 60 SAR . Revision I
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* The maximum temperatures,9ofthe containment boundary is well below the ASME Code
limits.

* The neutron shielding material (Holtite-A) will notexperience temperatures in excess of its
qualified limits.

The lid seal temperatures are well below the manufacturer recommended operatiriglimits.

The above observations lead us to conclude that the temperature field in the HI-STAR 60 Package
loaded with heat emitting SNF complies with all regulatory requirements for normal conditions of
transport. In other words, the thermal environment in the HI-STAR 60 Package will be conducive to
safe transport of spent nuclear fuel.

3.3.1.2 Minimum Temperatures

As specified in IOCFR71, the HI-STAR 60 Package is evaluated for a cold environment at -40'F.
The HI-STAR Package design does not have any minimum decay heat load restrictions for transport.
Therefore zero decay heat load and no solar input are bounding conditions fort cold evaluation.

Under these conditions, the temperature distribution in the HI-STAR 60 Package uniformly
approaches the cold ambient temperature. All HI[STAR 60 Package materials of construction
satisfactorily perform their intended function in the transport mode at this. minimum postulated
temperature condition. Evaluations in Chapter 2 demonstrate the acceptable structural performance
of the cask materials at low temperature. The HI-STAR60 shielding and criticality materials (Holtite
Aand METAMIC) areunaffected by exposure tocold temperatures.*

3.3.2 Maximum Normal Operating Pressure (MNOP)

The MNOP evaluation considers the following source of gases:

Initial Backfill: -
The HI-STAR 60 cavity is assumed to be backfilled to the maximum permissible pressure limit
(Table 1.2.3).

Water Vapor:

The HI-STAR 60 cavity and its stored fuel are de-moisturized to avery !ow vapor pressure (less than
3 torr). As this pressure is dwarfed by the helium backfill pressure it is neglected inthe MNOP
calculations. '

Helium from radioactive decay:
-The helium from radioactive decay is-dwarfed by the generation of fission products during reactor
power operations'.These products are assumed to be released into the HI-STAR 60 cavity under
hypothetical rod ruptures. As radioactive decay is a small fraction of the fission gas releases it is
neglected in the MNOP calculations. -

Generation of flammable.gases:
HI-STAR 60 SAR Revision I
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The HI-STAR 60 package uses non-reactive materials of construction. Generation of flammable
gases is not credible.

Fuel Rod Failures:.
In accordance with NUREG 1617, 3% of the fuel rods are assumed to be breached.

During normal transport conditions, the gas temperature within the cavity rises to its maximum
operating temperature as determined by the thermal evaluation described earlier. The gas pressure
inside the cavity increases monotonically with rising temperature. The pressure rise is determined
using the Ideal Gas Law.

The HI-STAR 60 Maximum Normal Operating Pressure (MNOP) is calculated for the §71.71 (c)(1)
heat condition (1 00°F ambient, still air and insolation) and design heat load. Based on a 30% release
of the significant radioactive gases and 100% release of the rod fill gas from postulated cladding
breaches (3%) the, MNOP is computed and reported.-in Subsection 3.1.4. The HI-STAR 60 cavity
pressures presented in Table. 3.1.3 show that the MNOP is well below the design- pressure of the
containment boundary (Table 2.1.1).

The evaluation of pressures and temperatures reached during, transport provides reasonable
assurance of safe transport of spent nuclear fuel packaged in a HI-STAR 60 package. This
conclusion is based on the technical data and analyses presented in this chapter, 10 CFR Part 71
provisions, appropriate regulatory guides, applicable codes and standards, and accepted engineering
practices. .. ..

3.3.3 Time-to-Boil Limits

In accordance with NUREG-1536; water inside the HI-STAR 60 cavity is not permitted to boil
during fuel loading operations. In this manner operational concerns due to vapor formation and two-
phase conditions are avoided. To meet this requirement time limits are defined herein for completion
of wet operations. after a loaded HI-STAR 60 cask is removed from the pool.

When the HI-STAR 60 cask is removed from the pool, the combined water, fuel and cask metal
mass absorb.the decay.heat emitted bythe fuel assemblies. This results in a slow temperature rise of
the system with time, starting from an initial temperature of the contents. The rate of temperature
.rise is limited by the thermal inertia of the HI-STAR 60 system. To ensure a bounding.heat-up rate
*determination, the thermal model assumes the following:

i. Designheat input from the fuel assemblies is applied to the cask.
ii. Heat dissipation to air by natural convection and. radiation from the cask is

neglected.
iii. Water mass in the cask cavity is understated.

The rate of temperature rise of the cask under adiabaticheat up (assumption (ii) above) is computed
as follows:

HI-STAR 60 SAR Revision 1
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dT_ Q

dt Ch

= cask heat load, W (Btu/hr) (Table 3.1.1)
= thermal inertia of the loaded cask, J/°C (Btu/°F)
= cask temperature, 'C (°F).
= time after loaded cask is removed from the pool, s (hr)

where: --..
Q
Ch

T
T

The maximum permissible time, duration, tma, for fuel to be submerged in water is computed as
follows:

Tboil - Tinitial
tma.-• (dT/dt)

where:-
Tboii = lowerbound boiling temperature of water (IO0 °C (212 0F) at the water surface)
Tinitial = initial cask temperature (pool temperature during fuel loading operations)

Table 3.3.4 provides a summary Of tmax at several representative-Tinitial temperatures.

3.3.3.1 Additional Measures During Extended Duration Operations

In the unlikely event that the maximum allowable time provided in Table 3.3.4 is found to be
insufficient to complete wet transfer operations; forced water circulation must be provided to
remove the decay heat, from the cask cavity. During forced circulation relatively cooler water
enters the closure lid drain port connection and heated water exits from the vent port. The
minimum water flow rate required to maintain the water temperature below boiling is determined
as follows:

MW
Cpw (Tm.,-

where:
QC = cask decay heat W (Btu/hr)
Mw = minimum water flow rate kg/s (lb/hr)
Cpw = water heat capacity J/kg-°C (Btu/Ib-°F)
Tmax =-cask user selected maximum cavity water temperature °C (°F)

(must be less than 100I C (212'F))
Tin = water supply temperature °C (OF)

HI-STAR 60 SAR
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Table 3.3.1

IOCFR71 INSOLATION DATA

Surface Type 12-Hour Insolation

(We/m2),
Horizontally Transported Flat Surfaces

Base None
Other Surfaces 774.0

Non-Horizontal Flat Surfaces 193.5

Curved Surfaces 387.0

HI-STAR 60 SAR
Report HI-2073710
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Table 3.3.2

15xI5 DESIGN BASIS FUEL EFFECTIVE CONDUCTIVITY

Temperature Conductivity

°C (OF) '"W/m- 0 C (Btu/ft-hr-0F)

Planar Conductivity

93 (200) . 0.457 (0.264)

232(450) 0.713 (0.412)

371 (700) 1.050 (0.607)
538 (1000). 1 .. . .. . .. .158 (0.913)

Axial Conductivity

93(200) 1.609 (0.93)

232 (450) 1.781 (1.029)

371 (700) 2.000 (1.155)

538(1000) 2.309 (1.334).

HI-STAR 60 SAR
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Table 3.3.3

HISTORY OF FLUENT FOR SECURING TRANSPORT AND STORAGE
CERTIFICATIONS

USNRC Docket Number Project
72-1008 HI-STAR 100 Storage
71-9261 HI-STAR 100 Transport

72-1014 HI-STORM Storage
72-22 Private Fuel Storage Facility
72-27 Humboldt Bay ISFSI
72-26 Diablo Canyoni ISFSI
72-17 Trojan ISFSI

HI-STAR 60 SAR
Report HI-2073710
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Table 3.3.4

MAXIMUMALLOWABLE TIME FOR COMPLETION
OF WET TRANSFER OPERATIONS

Pool Water Temperature, TC (°F) Time Limit, hr

32.2 (90) 54

35.0 (95) 52

37.8(100) .49

40.6 (105) 47
• "...43.3 (1"10) .. .. " ' ' 45

46.1 (115) 43

48.9 (120) 41

HI-STAR 60 SAR
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FIGURE 3.3.1: HOMOGENIZATION OF THE STORAGE CELL CROSS-SECTION
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Grid Jun 27, 2007
FLUENT 6.2 (3d, dp, segregated, lam)

FIGURE 3.3.2: ISOMETRIC VIEW OF THE HI-STAR 60 QUARTER-SYMMETRIC
THERMAL MODEL
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FIGURE 3.3.3: FINITE ELEMENT MODEL OF THE FUEL ASSEMBLY
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3.4 THERMAL EVALUATION UNDER HYPOTHETICAL ACCIDENT

As mandated by IOCFR71 regulations, the HI-STAR 60 package is subjected to a sequence of
hypothetical accident conditionsAThe objective is to determine and assess the cumulative damage
sustained by the package. The accident scenarios specified in order are: (1) a 30 foot free drop onto
an unyielding surface; (2) a 40-inch drop onto a mild steel bar; (3) exposure to a 30-minute fire at
802 0C2(1475 0 F).and (4a immersion under a 3 ft head of water. The initial conditions for the fireý
accident specify steady state at an ambient temperature between -29°C (-20'F) and 38°C (100°F).in
the HI-STAR 60 package hypothetical fire accident evaluation, insolation is assumed during all
phases of the fire accident (before; during and post-fire). The effects of the accidents (1), (2) and (4)
are evaluated in Chapter 2. In this section, the effects of accident (3)are evaluated. The initial
condition prior to fire accident is the hot ambient environment for normal transport and design heat
load (see Section 3.3). The fire accident evaluation is performed assuming an adverse combination
of factors that overestimate heat input during fire followed by an underestimation of heat rejection to
the environment afer the ire. .... .

During the drop accidents some of the neutron shield pockets can rupture thereby reducing the
ability of the package to reject heat after the fire. To bound this condition, thermal conductivity of
air is applied to the neutron shield pockets during post fire cooldown. During drop events the
honeycomb material in the impact limiter is locally crushed. However, the impact limiters survive.
the drop events without structural collapse and remain attached to the. cask during and after the
event. During a puncture event the cask's exterior shell may be locally pierced but with no gross
damage to the cask or its internals. Because of these reasons the global thermal performance of the
HI -STAR 60,-caský,is~unaffected by.the dropevents.., . : ,

During fire some portions of the neutron shield will be exposed to high temperatures and degrade its
thermal properties. In computing the heat input to the package during fire the undegraded neutron ,

• shield thermal conductivity is assumed. During the post-fire cooldown phase, thermal conductivityý
* of air is applied to the neutron shield pockets to minimize heat dissipation and thermal inertia.

properties of undegraded neutron shield assumed to maximize fire accumulated thermal energy.
During fire a I OCFR71 mandated cask surface emissivity is assumed to maximize radiant heat input
to the cask. During post-fire'the lowerboundem issivity of stainless steel (Table 3.2.4) is assumed to
minimize cooling.

The temperature history of the HI-STAR 60 package is monitored during the 30-minute fire and

.during post-fire cooldown for a sufficient length of time for the cask and fuel to reach maximum
temperatures. The impact of transient temperature excursions on HI-STAR package materials is
evaluated.

3.4.1 Initial Conditions

In accordance with transport regulations the HI-STAR 60 package fire accident is evaluated under
hot ambient initial conditions (§71.71(c)(1) and §71.73(b)). These conditions are 38°C (100°F)

.o ambient temperature, still air and insolation. The HI-STAR 60 temperature distribution under hot
ambient conditions reported in Section-3•.1.3 is adopted as the. initial condition for fire accident
evaluation.
HI-STAR 60 SAR Revision 1
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3.4.2 Fire Test Conditions

As required by transport regulations the HI-STAR 60 package is evaluated under an all-engulfing
fire at 802'C (1475°F) lasting for 30 minutes (§71.73(c)(4)). The regulations specifya minimum fire
emissivity (0.9) and lowerbound package absorbtivity (0.8) for hypothetical accident evaluation. In
th&' HI-STAR 60 firi'e"ccident evaluation, the-mini'i-'isifiir ifi an coservatively
postulated absorbtivity'(equal to 1) are adopted.

Heat input to the HI-STAR 60 package while engulfed in a fire is from a combination of radiation
and forced convection heat transfer. This can be expressed by the following equation:

q F= hfC (TF-TS) +ora[TF4 -T 4]

where:
qF = fire heat input, W/m 2 (Btu/ft2-hr)
TF = fire condition temperature, .075°K(i935°R)
Ts = package surface temperature, 'K ('R)

2 o2hfc = forced convection heat transfer coefficient W/m,- K (Btu/ftZ-hr-OR) (See Table
3.4.3)

- flame emissivity (= 0.9)
(X = package absorbtivity (=1)
a = Stefan-Boltzmann Constant 5.67x 108 W/m 2-OK4 (0.1714x 108 Btu/ft2-hr-oR 4)

For conservatism, the reported Sandia large pool fires'orced"cnvection heat transfer coefficient
(see Table 3.4.3) is adopted. In Table 3.4.1 the principal fire accident inputs are summarized.

3.4.3 Maximum Temperatures and Pressures

3.4.3.1 Maximum Temperatures:

The HI-STAR 60 package is evaluated under a hypothetical fire accident at 8020C (J1475 0F) lasting
for 30 minutes. To ensure a bounding evaluation, design heat load (Subsection 3.1.2) is assumed.
Under this array of adverse conditions, the maximum temperatures reached in the cask structural
members and its cOntents(SNF) are computed. The package initial temperatures are computed using
the 3D transport thermal model described in Section 3.3. To this model the fire accident thermal
inputs are applied (see Table 3.4.1) and time-dependent response of the packdge to the 30-minute
fire is computed. At the end of the 30-minute fire conservatively specified post-fire thermal inputs
are applied to the thermal model (see Table 3.4- 1) and post fire cooldown followed -for a sufficient
duration to allow the cask and its contents to reach their maximum temperatures. The results of the
critical components (cladding, basket, seals and containment shell) are graphed in Figure 3.4.1 and
maximum temperatures reached during fire and post-fire cooldown are reported in Subsection 3.1.3.
The following observations are derived by inspecting the temperature field obtained from the
thermal analysis:

The maximum fuel cladding temperattire is well within the ISG-1 1, Rev. 3 accident

HI-STAR 60 SAR Revision 1
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temperature limit.

The maximum temperature of fuel basket is well within its accident design temperature.

The maximum temperature of the containment boundary is well below the accident
temperature limit.

* -The maximum temperatures of the lid seals and drain and vent port seals are well below the

accident temperature limit.

3.4.3.2*Maximum Pressures

The HI--STAR 60 containment pressure is computed based on the maximum temperatures of the cask
contents (fuel basket and fuel) reached during the fire accident. The calculations use an array of
66n•ervaitive assumptions listed below:

i) Maximum initial fill pressure (See Table 1.2.3)
ii) 100% rods rupture
iii) 100% release of rods fills gas and 30% release of fission gases
iv) Understated cavityfree volume

The maximum containment fire accident pressures are tabulated in Table 3.1.5. The Table 3.1.5 I
results are bounded by the structural Chapter 2, Table 2.1.1 accident pressure limit.

3.4.4 Maximum Thermal Stresses

The HI-STAR 60 package is designed to ensure a low state of thermal stress in the structural
memberSY. This. is ensured by using high conductivity materials (structural steels)ý to minimize
temperature gradients and large fit-up gaps to allow unrestrained thermal expansion of the cask

.-internals (fuel, basket) during normal transport. The differential thermal expansion of the fuel basket
under normal transport is tabulated in Table 3.4.2. The normal transport gaps are bounding during
fire because of the expansion of the cask body under direct fire heating, As.thermal- interference is
precluded during fire a low state of thermal stress prevails in the cask.

3.4.-5 Accident Condition for Fissile Material Package for Air Transport

Not applicable becatse only surface transport of the HI-STAR 60 package is permitted.

3.4.6 Fire Accident Evaluation.

The HI-STAR 60 package fire accident analysis is based on a geometrically accurate heat transfer
modelIthatproperlaccourits for radiation, conduction and convection modes of heat transfer. In the
interest of conservatism, internal convection cooling is ignored and forced external heating of the
package included. The thermal model incorporates severaliconservative assumptions listed below.

1. The undegraded neutron shield and impact limiters conductivity-is assumed during fire to
HI-STAR 60 SAR Revision 1
Report HI-2073710 .- 3.4-3



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

maximize heat input.

2. To maximize fire heating, an all-engulfing fire, a high flame emissivity (6 = 0.9) and a
theoretically bounding package absorbtivity (a 1) are assumed.

3. To. minimize heat dissipation during post fire cooldown, the thermal conductivity of air is
applied to the neutron shield., pockets and a complete destruction of the resin material
bonding the corrugated Aluminum layers of the honeycomb material inthe impact limiters is

assumed.

4. To minimize post-fire heat loss a lowerbound emissivity of the cask surfaces is used (See
Table 3.4.1).

5. To maximize fire'accumulated thermal energy the undegraded thermal inertia properties of
neutron shield and the Aluminum honeycomb -materials are assumed during post fire
cooldown.

Package temperature results obtained from the conservatively constructed fire accident thermal
model show that maximum fuel cladding temperature limits of ISG- II Rev. 3 are met with adequate
margins. The maximum local temperature in the HI-STAR 60 closure lid primary (inner) and
secondary (outer) seals is lower than the design limits. The maximum fuel basket temperature is
below the temperature limits for structural materials. Specifically, the cladding;temperatures for fire
accident are, below the regulatory limit 5700C (1058 0F).

Thus, the results of the thermal analysis under the fire event provide assurance that:

L'.The lid seals prevent-the release of the cask's radiological contents to the
environment.

2. The structural parts of the cask will not undergo plastic instability (slump) from
excessive creep due, to elevated temperatures.

3. The temperature of the contained SNF shall remain belowthe regulatory limit
(5700C (1058 0F))..

The thermal evaluation provides reasonable assurance of safety in the event of a fire. This
conclusion is based on the technical data and analyses presented in this chapter, the provisions of 10
CFR Part 71, appropriate regulatory guides, applicable codes and standards, and accepted
engineering practices. As a result of the above-mentioned considerations, it is concluded-that the HI-
STAR thermal design is in compliance with IOCFR71 requirements under hypothetical accident
conditions.

HI-STAR 60 SAR , Revision 1
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Table 3.4.1

HYPOTHETICAL FIRE ACCIDENT INPUTS

Initial' 30-minute Post-Fire*
Condition Fire Equilibrium

1.. Neutron shield conduction Yes Yes No
-(Jnderstated (Undegraded (Air
Cofnduc~tivity) material conductivity

conductivity) applied to the
neutron shield
pockets)

2. Insolation.. . Yes Yes Yes

3. Surface Convection Natural Forced Natural

4. Surface Enissivity 0.5871 .. '0.9 0.5871

5. Impact limiters Honeycomb
Material conductionNoteA

Parallel to Aluminum Layers Table 3.2.2 Table 3.2.2 .Table 3.2.2'

Normal to Aluminum Layers :.Table 3.2.2 Table 3;2.2 Air conductivity

Note A; Parallel-to-layers direction honeycombrnaterial conductiyities are notaffected by fire. However, normal-
to-layers direction'conductiiity is severely degraded because the resin bonding the corrugated Aluminum

• layers is destroyed. To maximize heat input during fire the normal-to-layers direction conductivity is
assumed to be unaffected and'during post-fire cooldown theoretical lowerbound conductivity of Air
* assumed to minimize post-fire cooldown heat~dissipation.

1 Lowerbound emissivity of externalcask surfaces.
, HI-STAR 60 SAR
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Table 3.4.2

THERMAL EXPANSION OF THE FUEL BASKET UNDER NORMAL TRANSPORT.

Differential Expansion Minimum Cold Gap (mm)
___mm)

Basket Radial 2.35 -4.1 . .
Basket Axial .10.19 "22

Fuel Axial 13.17 2 2 Note 3

Notes: -,

1) The cold gaps are greater than the differential expansion of the fuel basket in axial and
radial directions.
2) The normal transport condition gaps bound the fire accident gaps from below.
3) The hard gap between top of fuel assembly and lid is tabulated herein.
[PROPRIETARY TEXT REMOVED]
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Table 3.4.3

SANDIA POOL FIRE TEST DATA 2

Test Item 3 m (10 ft) OD propane railcar -

Fuel JP-4

Pool Size 9 m x 9 m (30 ft x 30 ft)

649°C to 1093°C (843TC avg.)
1200°F to 2000°F (1550°F avg.)

Convective Coefficient 25.5 W/ma-°K (4.5 Btu/ft2 -hr-6F)

2 From -Sandia Large Pool Fires Test Report [R.M],'Page 41.

I .
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Variation of Maximum Temperature of HI-STAR 60 Components with Time
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Appendix 3.A: Roadmap of Thermal Calculations

3.A.1 Introduction.

This attachment provides a roadmap of thermal calculations supporting the evaluation of HI-STAR
60 Package for licensing under 11OCFR Part 71 regulations. The calculaiti6ns' c06ejfiee foll'oWing
evaluation areas:

i)
ii)
iii)
iy)

Maximum package temperatures during normal transport
Maximum package temperatures during-hypothetical fire accident
Maximum temperatures reached during post-fire cooldown
MNOP and fire accident maximum pressures

In accordance with Holtec's QA requirements ([3.A.I], [3.A.2] and [3.A.3]), an archival report
documenting all calculations utilized in support of the HI-STAR 60•Package evaluation is assembled
[3.A.4] for ready retrievabilityand reproducibility at any time in the future by a specialist trained in
the disciplines involved. To aid the reviewers in locating information a tabulated guide to the input
and output files supporting the~areas of evaluation listed above are provided. Because of their large
size, the input and output files are provided on optical media.

3.A.2 Calculation Roadmap

. The thermal evaluations use 3D FLUENT models of the HI-STAR 60 Package described ihiSAR
Section 3.3. The FLUENT input/output files are listed in Table 3.A.1.
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Table 3.A.l: List of Licensing Basis Calculations

Calculation FLUENT Input/Output Files

Normal Transport [PROPRIETARY INFORMATION

REMOVED]

Fire' [PROPRIETARY INFORMATION
REMOVED]

Post Fire Cooldown [PROPRIETARY INFORMATION
___ " .-. REMOVED]

MNOP and Fire Accident Pressures .[PROPRIETARY INFORMATION

(EXCEL worksheet) REMOVED]

Differential Expansion [PROPRIETARY INFORMATION
_ _ _ _"__ _ _ _ _ _REMOVED]

Time to Boil .[PROPRIETARY INFORMATION
"__REMOVED]
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3.A.3

[3.A.1I

[3.A.2]

[3.A.3]

[3.A.4]

References

Design Input Requirements", HQP 3.1 (Latest Revision).

Design Analysis", HQP 3.2 (Latest Revision).

Design Verification", HQP 3.3 (Latest Revision).

Thermal analyses of the HI-STAR 60", Holtec Report HI-2073740, Rev. 2.
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CHAPTER 4: CONTAINMENT.

4:.0 INTRODUCTION

This chapter demonstrates the HI-STAR 60 containment boundary compliance with the permitted
activity release limits specified in IOCFR71, 71.5 1(a)(1) and 71.51(a)(2) for both normal and
hypothetical accident conditions of transport [A.C]. Satisfaction of the containment criteria,
expressed as the leakage rate acceptance criterion (ref-cm 3/sec, Helium), ensures that the HI-STAR
60 package will not exceed the specified allowable radionuclide release rates. Leakage rates are
determined in accordance with the recommendations of ANSI N14.5 [H.B], and utilizing
NU REG/CR-6487, Containment A nalysisfor Type B Packages Used to Transport Various Contents
[S.A], Regulatory Guide 7.4, Leakage Tests on Packages for Shipment of Radioactive Materials
[S.B] as content guides, and NUREG- 1617, Standard Review Plan for Transportation Packages for
Spent Nuclear Fuel [C.F].

The.HI-STAR 60 packaging allowable leakage rates established herein ensures that the requirements
of I0CFR71.51 are met. The containment system for the HI-STAR 60 packaging consists of the
containment shell, the containment baseplate; the containment closure flange, the'closure lid, the
closure lid bolts, the vent/drain port cover plates, the vefit/drain port bolts, the vent/drain port test
plugs and their respective mechanical seals.

Chapter 2 of this SAR shows that all containment boundary components are maintained within their
code-allowable stress limits during all normal and hypothetical accident conditions of transport as
defined in 1OCFR71.71 and IOCFR71.73. Chapter 3 of this SAR shows that the peak containment
component temperatures. and pressures are within the design basis limits for all normal and
hypothetical accident- conditions of transport as defined in 1OCFR71.71 and 1OCFR71.73. Since
both the containment boundary is shown to remain intact, and the temperature and pressure design -
bases are not exceeded, the design basis leakage rates are not- exceeded during normal or
hypothetical accident conditions of transport.

The HI-STAR 60 cask is subjected to a containment system fabrication verification test before the
first use as described in Section 4.3. The containment system fabrication verification test is-
performed at the factory as part of the HI-STAR 60 acceptance testing. The welds of the
containment boundary, the closure plate inner seal, and the vent and drain port plug seals are helium

• leakage tested in accordance with ANSI N 14.5. A containment system periodic verification test as
'described in Section 4.3 will be performed prior to each loaded transport. The [PROPRIETARY.
TEXT REMOVED] seals of the HI-STAR 60 cask will be replaced and retested each time the
HI-STAR 60 is loaded.

As the containment system periodic verification leakage test shall be performed on the containment
boundary prior to each loaded transport, this test takes the place of and is performed in lieu of the
assembly verification.
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4.2 addresses containment under' both normal conditions and hypothetical accident conditions.
Section 4.3 addresses the leakage rate tests for the HI-STAR 60 package.
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4.1 CONTAINMENT SYSTEM

*The containment system for the HI-STAR 60 packaging consists of the containment shell, the
containment baseplate, the containment closure flange, thei-closure lidthe closure lid bolts, the
vent/drain port cover plates, the vent/drain port bolts the vent/drain port test plugs and their
respective mechanical seals. The containment system components for the HI-STAR 60 system are
designed and fabricated in accordance with the requirements of ASME Code, Section III, Subsection
NB [G.C], to the maximum extent practicable. Chapter 1 provides design criteria for the containment
design. Section 2.1 provides applicable Code requirements. Exceptions to specific Code
requirements with completejustifications are presented in Table 2.1.17. The containment boundary
components are shown on Figure 4.1.1 with additional details provided in Figure 4.1.2

4.1.1 Containment Vessel

The containment vessel for the HI-STAR 60 packaging consists of the cask components which form
the inner cavity volume which contains spent nuclear fuel. The containment vessel is represented by.
the containment shell, containment baseplate, the containment closure flange, and the closure lid.
These components create an enclosed cylindrical cavity sufficient for insertion and enclosure of
spent nuclear fuel. The materials of construction for the packaging containment vessel are specified:
in the drawings in Section 1.3. -

Table 4.1.1 provides a summary of the .containment-boundary design specifications..

..4.1.2:,. Containment Penetrations

The containment boundary penetirations.for the HI-STAR 60 package include the closure lid vent
and drain ports. The vent and drain-ports are located in the closure lid. The closure~configuration of
the vent and drain ports is essentially identical (See Figure 4.1.2). The vent and drain port

penetrations are sealed using a cover plate with concentric mechanical seals. The containment
penetrations are designed and tested to ensure that the radionuclide release rates specified -in
1 OCFR71.51 will not be exceeded.

4.1.3 Seals and Welds

The HI-STAR 60 containment vessel uses a combination of seals and welds designed to~withstand
normal and hypothetical accident transport conditions. Seals and welds are individually discussed
below.

The seals and welds provide a containment boundary which is securely closed and-cannot be opened

unintentionally or by an internal pressure within the package as required in IOCFR71.43(c).

4.1.3.1 Containment Seals .

The HI-STAR 60 closure lid uses two concentric [PROPRIETARY TEXT REMOVED] seals-to -

form the closure between the containment closure flange surface and thie closure lid. To protect the
sealing surfaces against corrosion, a stainless steel weld inlay is provided during manufacturing on
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the containment closure flange surface. The closure lid inner seal is tested for leakage through a
small test port in the closure lid (See Figure 4.1.2). The test port provides access to the volume
between the two closure lid seals for leakage testing of the closure lid inner seal. Following leakage
testing, a threaded plug with an [PROPRIETARY TEXT REMOVED] seal is installed in the test
port hole to provide redundant closure.

Closure of the vent and drain ports is achieved via a bolted cover- plate with two concentric
[PROPRIETARY TEXT REMOVED] seals installed in a machined seal groove. The
[PROPRIETARY TEXT REMOVED] seals are compressed between the underside of the cover
plate and the closure lid to form the seal. The sealing surfaces are not subject to corrosion due to the
presence of the cover plates and their seals preventing exposure of the seal surfaces to the elements.
Each vent/drain port inner seal is independently tested for leakage. to verify containment
performance.

Additional details on the seals are provided in Table 2.2.8. Table 4.1.1 contains reference
information for the seals from the selected supplier. Note that the seals selected are designed and
fabricated to meet the design requirements of the HI-STAR 60 System. The procedures require
replacement. of any used seal after closure opening except for transportation of an empty cask.

4.1.3.2 Containment Welds

The containment boundary welds of the HI-STAR 60 cask body include the welds forming the
containment shell, the weld connecting the containment shell to the containment closure flange, and
the weld connecting the containment baseplate to the containment shell.. All containment boundary
welds are fabricated and inspected in accordance with ASME Code Section III, SubsectionNB (no
stamp required). Full-penetration welds are specified for the plates that form the containment shell.
Full-penetration welds are also specified for the containment shell to the containmentclosure flange
and containment.baseplate welds. The weld details are shown in the drawings in Section 1.3.. The
containment boundary welds are volumetrically examined by radiography (RT).

4.1.4 Closure

The HI-STAR 60 packaging closure lid is secured using multiple closure bolts around the perimeter.
Torquing of the closure lid bolts compresses the closure lid concefitric mfiechanical seals between the
closure lid and the containment closure flange forming~the closure lid seal.

Closure of the cask vent and drain ports is provided by the cover plates with&tWo concentric

[PROPRIETARY TEXT REMOVED] seals installed over each penetration. The mechanical seals
are compressed between the underside of the cover plate and the closure lid forming the port closure.
The cover plate is secured by bolts.

The installation procedures, bolt torquing patterns, required lubrication, and torque values are
provided in Table 7.1.1. The torque values are established to maintain containment during normal
and accident conditions of transport. Torque values for the closure lid bolts were determined to
preclude separation of the closure lid -from the containment closure flange.

-HI-STAR 60 SAR " Revision 1
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Table 4.1.1

SUMMARY OF CONTAINMENT BOUNDARY DESIGN SPECIFICATIONS

Design Attribute Design Rating

Closure Lid [PROPRIETARY
TEXT REMOVED] Seals: See Table 2.2.8
Design Temperature IxIO-5 atm cm 3/s, He
Design Leakage Rate

Vent and Drain Port
Cover Plate Mechanical Seals:

Design Temperature See Table 2.2.8
Design Leakage Rate' lx 10 5 atm cm 3/s, He

Leakage Rate Acceptance 2.7 x 10-4 atm cm 3/s, He
Criterion

2

Leakage Rate Test Sensitivity, 1.35 x 10-4atm cm 3/s, He

' The design leakage rate is the leakage rate for which the seal must be capable of meeting.
- The leakage rate acceptance criterion is the leakage rate needed to meet the regulatory requirements. I
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Figu're 4.1.1:. HI-STAR 60 CONTAINMENT BOUNDARY COMPONENTS
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Figure 4.1.2: HI-STAR 60 CLOSURE LID CONTAINMENT BOUNDARY DETAILS
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4.2 REQUIREMENTS FOR NORMAL AND HYPOTHETICAL ACCIDENT
CONDITIONS OF TRANSPORT

Chapter 2 shows thatfall containment components are maintained within their code-allowable stress
limits during all normal and hypothetical accident conditions of transport as defined in I 0CFR71.71
and IOCFR71.73 [A.C]. Chapter'3 shows that the, peak containment component temperatures and
pressure are within the design basis limits for all normal and hyoothetical'accideitcnfiditions of
transport as defined in I OCFR71.71 and 1 OCFR-71.73. Since the containment vessel remains intact,
and the temperature and pressure design bases are not exceeded, the design basis leakage rate (see
Table 4.1.1).will not be exceeded during normal or hypothetical accident conditions of transport.

4.2.1 Containment Criteria

The allowable leakage rates presented in this chapter were determined in accordance with ANSI
N14.5-1997 [H.B1] and shall be used for containment boundary fabrication verification and
containment boundary periodic verification tests of the HI-STAR 60 containment boundary.
Measured leakage rates shall not exceed the values presented in Table 4.1.1. Compliance with these
leakage rates ensures that the radionuclide release rates specified in 1OCFR71.51 will not be
exceeded during normal or hypothetical accident conditions of transport.

4.2.2 Containment of Radioactive Material

The HI-STAR 60 packaging allowable leakage rate (See Table 4. 1 .1)ensures that the requirements
of 1OCFR71.51 are met. Section 4.2.5'determines the maximum leakage rate for. normal and -

hypothetical accident conditions. of transport and the allowableleakage rate criterion for the HI-
STAR 60 packaging. The maximum calculated leakage rates for normal transport conditions assume
a full:complement of design basis fuel assembly types with bounding radiologic al source terms. For
calculating the maximum leakage rates for normal conditions of transport, the internal pressure is
conservatively assumed to be greater than the HI-STAR 60 internal pressure determined in
Chapter 3.

The allowable leakage rate is then conservatively chosen to be less than the calculated maximum
leakage rates for normal conditions of transport. This ensures that the IOCFR71.5I(a)(1) limit for
radionuclide release are not exceeded.

4.2.3 Pressurization of Containment Vessel

The HI-STAR 60 cask contains spent nuclear fuel during normal conditions of transport. The interior
space is drained, dried, evacuated and backfilled with helium gas prior to final closure of the cask;
therefore, no vapors or gases are present which could cause a reaction or explosion inside the cask.

Procedural steps prevent cask over-pressurization during closure operations. The cask accident
condition design basis internal pressure analysis assumes a non-mechanistic event resulting in a full-
complement of design basis fuel with f00% fill~gas and 30% of significant fission gas release, and
the hypothetical 1OCFR71.73(c)(4) fire conidition. Even-in this event, structural integrity and
containment of the HI-STAR:60 packaging is maintained. .. .
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As the HI-STAR cask is drained, dried, evacuated and backfilled with helium gas, no vapors or
gases are present which could cause a reaction or explosion inside the-enclosure vessel. The interior
of the HI-STAR cask contains stainless steel and neutron absorber. There is no possibility of
chemical reaction that would produce gas or vapor.

4.2.4 Assumptions

The HI-STAR 60 is designed to meet the radioactive release limit -requirements of 1OCFR71.51.
Allowable leakage rates are determined in accordance with the requirements of ANSI N14.5, and
utilizing NUREG/CR-6487, ContainmentrAnalysis for Type B Packages Used to Transport Various.
Contents [S.A] and Regulatory Guide 7.4, Leakage Tests on Packages for Shipment of Radioactive.
Materials [S.B] as guides.

[PROPRIETARY TEXT REMOVED]

4.2.5, Analysis and Results

The allowable leakage rates for the containment boundary under normal and hypothetical accident
conditions of transport at operating conditions for the HI-STAR 60 packaging are presented in this
section. To calculate the leakage ratesfor a particular transportation condition, the following were
determined: the source term concentration for, the releasablematerial; the effective A2 of the
individual contributors;, the releasable activity; the effective A2 for the total source term; the
allowable radionuclide release rates; and the allowable leakage rates at -transport (operating)
conditions. Using the equations for continuum and moleular flow' thecorresponding leakage hole
diameters were calculated. Then, using these leak hole diameters, the corresponding allowable
leakage rates at test conditions were calculated. Parameters were utilized in a way that ensured
conservatism in the final leakage rates -for the conditions, contents, and package'arrangements
considered.

The methodology and analysis results are summarized below.

4.2.5.1 Volume in the Containment Vessel

Except the volume taken up by the fuel basket, fuel assemblies and other interal hardware the cask
internal cavity is essentially empty. The free gas volume of the containment is repeated in Table
4.2.1 for completeness.

4.2.5.2 Source Terms For Spent Nuclear Fuel Assemblies

In accordance with NUREG/CR-6487 [S.A], the following contributions are. considered in
determining the releasable source term for packages designed to transport irradiated fuel rods: (1)
the radionuclides comprising the fuel rods, (2) the radionuclides on the surface of the fuel rods, and
(3) the residual contamination on the inside surfaces of the vessel. NUREG/CR-6487 goes on to
state that a radioactive aerosol;can be generated inside a vessel when radioactive material from the
fuel rods or from the inside surfaces of the container become airborne. The sources for the airborne

material are (1) residual activity onthe cask interior, (2) fission and activation-product activity
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associated with corrosion-deposited material (crud) on the. fuel assembly surface, and (3) the
radionuclides within theindividual fuel rods. In accordance with NUREG/CR-6487, contamination
due to residual activity on the cask interior surfaces is negligible as compared to crud deposits on the
fuel rods themselves and therefore may be neglected. -The source term considered for this:
calculation results from the spallation of crud from the fuel rods/and from the fines, gases and
volatiles which result from cladding breaches.

The inventory for isotopes other than 60CO is calculated with the SAS2H and ORIGEN-S modules of
the SCALE 4.3 code package as described in Chapter 5. The ,inventory for the HI-STAR 60 was
conservatively based on the 15x] 5 fuel assembly with a burnup of 45,000 MWD/MTU, 5 years of
cooling time, and an enrichment of 3.6%. The isotopes which contribute greater than 0.01% to the
total curie inventory, for the fuel assembly are considered in the evaluation as fines. Additionally,,
isotopes with A2 Values less than .1.0 in Table A-i, Appendix A, 1OCFR7.1 are included as fines.

* Isotopes which contribute greater than 0.01% but which do not have an assigned A 2 value in Table
Al1 are assigned an A 2 value based onthe guidance in Table A-3, Appendix A, 10CFR71 Isotopes
which contribute greater than 0.01% but have a radiological half life less than 10 days are neglected.
Table 4.2.2 presents the isotope inventory used in the calculation.

A. Source Activity Due to Crud Spallation from Fuel Rods

The majority of the activity associated with crud is due to 60 [S.A]. The inventory for 60 was
.determined by using the crud surface activity for PWR rods (140x10 6 Ci/cm 2) provided in
NUREG/CR-6487 [S.A] multiplied by the surface area per assembly (3x1 0 cm for PWR fuel, .also
provided in.NUREG/CR-6487). ',.-

The source terms were then decay corrected 5 years using the basic radioactive'decay equation:

A(t) AoeXt (4-1)

where:

A(t) is activity at time t [Ci]
A, is the initial activity [Ci]
X. -is the ln2/t1 /2 (where-t1 /2 = 5.272 years for 60Co)

t is the time in years

-60A summary of the Co inventory available for release is provided in Table 4.2.2.

The activity density that results inside the containment vessel as a result of crud spallation from
spent fuel rods can be formulated as:.

SC fC MANA (4-2)

Ccrud V

where:,

* Ccrud is the activity density in'side'the containment vessel as a result of crud spallation [Ci/cm3],
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MA is the total crud activity inventory per assembly [Ci/assy],
fc is the crud spallation fraction,
NA is the number of assemblies, and
V is the free volume inside the containment vessel [cm 3].

NUREG/CR-6487 states that measurements have shown 15% to be a reasonable value for the
-percentV of crud spallation for PWR fuel rods under normal transportation conditions. For
hypothetical accident conditions, it is assumed that there is 100% crud spallation [S.A].

B. Source Activity Due to Releases of Fines from Cladding Breaches

A breach in the cladding of a fuel rod may allow radionuclides to be released from the resulting
cladding defect into the interior of the cask. If there is a leak in the containment vessel, then the
radioisotopes emitted from a cladding breach that were aerosolized may be entrained. in the gases
escaping from the package and result inma radioactive release to the environment.

NUREG/CR-6487 suggests that a bounding value of 3% of the rods develop cladding breaches
during normal transportation (i.e., fB=0.03). For hypothetical accident conditions, it is assumed that
all of the rods develop a cladding breach (i.e., fB=l.0). Asdescribed in NUREG/CR-6487, roughly
0.0030/. of the fuel mass contained in a rod is released as fines if the cladding on the rod ruptures
(i.e., ff=3x10-5).

The activity concentration inside the containment vessel due to fines being released from cladding
breaches is given by:

"Ctines- ff ILines NA fB (4-3)
V

where:

Cfines is the activity concentration inside the containment vessel as a result of fines released from
cladding breaches [Ci/cm3],

ff is thefraction of afuel rod's massreleased as fines as a result of a cladding breach (ff=3xl 0
5),

Ifines is thetotal activity inventory [Ci/assy],
NA is the number of assemblies,
fB is the fraction of rods that develop cladding breaches, and
V is the free volume inside the containment vessel [cm 3].

C. Source Activity from Gases due to Cladding Breaches

If a cladding failure occurs in a fuel rod, a large fraction of the gap fission gases will be introduced
into the free volume of the HI-STAR 60 cavity. Tritium and Krypton-85 are typically the major
sources of radioactivity among the gases present [S.A]. NUREG/CR-6487 suggests that a bounding
value of 30% of ihe fission product gases escape from a fuel rod as a result of a cladding breach (i.e.,
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fg=0. 3).

The activity concentration due to the release of gases form a cladding breach is given by:

"Cgass - fg Igases NA fB (4-4)

where:-

Cgases is the releasable activity concentration inside the containment vessel due to gases released
from cladding breaches [Ci/cm3],-

fg is the fraction of gas that would escape from a fuel rod that developed a cladding breach,
. lgases is the gas activity inventory [3 H, 129I, 85Kr,. 81Kr, 127Xe] [Ci/assy],
NA is the number of assemblies,
fB is the fraction of rods that develop cladding breaches, and
V: 'istthe free volume inside the containrient:vessel[cm 3]..

D. Source Activity from Volatiles, due to Cladding Breaches

Volatiles such as cesium, strontium, And ruthenium, can also be released from a fuel rod as a result•
of a cladding breach. NUREG/CR-6487 estimates that 2xl 0-4 isa conservative bounding value for
the fraction of the volatiles released from a fuel rod (i.e., fv=2xl0-4)

:The-activity concentration due-to the-release of volatiles is-given.by:..

•Cv= ~ I-v 4I, NA fB " (45)

V

where:

Cv01  is the releasable activity concentration inside the containment vessel due to volatiles released
•from cladding breaches [Ci/cm 3],

fv is the fraction of volatiles that would escape from a fuel rod that developed a cladding
breach,

IVol is the volatile activity inventory [89 Sr, 9sr, 134Cs, 135Cs, 13 7 cs, 134Cs, 103Ru, 106Ru] [Ci/assy],
NA - is the number of assemblies, -.
fB is the fraction of rods that develop cladding breaches, and
V is the free volume inside the containment vessel [cm 3].

- E. Total Source Term for the HI-STAR 60

The total source term was determined by adding the results from Equations 4-2, 4-3, 4-4, and 4-5:

Ctotal= Ccrud + Cfines + Cgases -t Cvol (44)

where Ctotal has units of Ci/ciii 3. -

HI-STAR 60 SAR Revision I
Report HI-2073710 -4:2-5



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 4.2.3 presents the total source term determined using the above methodology. Table 4.2.4
summarizes the parameters from NUREG/CR-6487 used in this analysis.

4.2.5.3 Effective A2 of Individual Contributors (Crud, Fines, Gases, and Volatiles)

The A2 of the individual contributions (i.e., crud, fines, gases, and volatiles) were determined in
accordanceSwith NUREG/CR-6487. As previously described, the majority of the activity due to
crud is from Cobalt-60. Therefore, the A2 value of 10.8 Ci used for crud is the same as that for
Cobalt-60 found in I1OCFR71, Appendix A.

In accordance with 1OCFR71.51(b) the methodology presented in 1OCFR71, Appendix A for
mixtures of different radionuclides was used to determine the A2 values for the gases, fines and
volatiles.

A2 for a mixture = (4-7)
ft

(AA),

Where f(i) is the fraction of activity of nuclide I in the mixture and A2(i) is the appropriate A2 value
for the nuclide I.

10CFR71.51(b) also states that for Krypton-85, an effective A2 value equal to 10 A2 may be used.
Table 4.2.5 summarizes the effective A2 for all individual contributors.

4.2.5.4 Releasable Activity

The releasable activity is the product of the respective activity concentrations (CQnes, Cgas, Ccrud, and
C, 0,) and the respective free volume. The releasable activity of fines, volatiles, gases, and crud were

" determined using this metfiodology.

4.2.5.5 Effective A2 for the Total Source Term

Using the releasable activity and the effective A2 values from the individual contributors (i.e., crud,
fines, gases, and volatiles), the effective A 2 for the total source term was calculated,, for normal
transportation and hypothetical accident conditions. The methodology used to determine the
effective A2 is the same as that used for a mixture, which is provided in Equation 4-7. The results for
the total source term are summarized in Table 4.2.6.

4.2.5.6 Allowable Radionuclide Release Rates

The containment criterion for the HI-STAR 60 under normal conditions of transport is given in
I0CFR71.5.1 (a)(l).) This criterion requires that a package have a radioactive release rate less than A2
X10 6 in one hour, where A2 is the effective A2 for the total source term in the packaging determined
in 4.2.5.5. Additionally, 1OCFR71.51(b)(2) specifies that for hypothetical- accident conditions, the
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quantity that may be released in one week is A2 (effective A2 for the total source term, determined in
4.2.5.5).:-.

NUREG/CR-6487 and ANSI Ni 4.5. provides the followingequations for the allowable release rates.

Release rate for normal conditions of transport:

-RN = LN CN < A2 x 2.78X10 10/second (4-8)

where:.

RN is the release rate for normal transport [Ci/s]
LN is the volumetric gas leakage rate [cm 3/s]
CN is the total source term activity concentration [Ci/cm3]
A 2  is the appropriate effective A2 value [Ci]:

Release rate for hypothetical accident conditions:

RA LA CA < A2 x 1.65x10 6/second (4-9)

where:

RA is the release rate for hypothetical accident conditions [Ci/s]
LA is theypolumetric gas leakage rate [cm 3/s] .
CA is the total source term activity concentration [Ci/cm3] "
A2  is the appropriate effective A2 value [Ci].

Equations.4-8 and 4-9 were used to determine-the allowable radionuclide release rates for the HI-
STAR 60 under each transport condition. The'release rates are summarized in Table 4.2.7.

4.2.5.7 Allowable Leakage Rates at Operating Conditions

The allowable leakage rates at operating conditions were determined by dividing the allowable
release. rates by the appropriate source term activity concentration (modifying Equations 4-8 and 4-
9).

orRALN= or LA '(4-10)

where,

LN or LA- is the allowable leakage rate at the upstream pressure for normal (N) or accident (A)
conditions [cm 3/s],

RN or RA isýthe allowable release rate for normal(N) or accident (A) conditions [Ci/s], and
CN or CA is the allowable release rate for normal (N), or accident (A) conditions [Ci/cm3 ]I

The allowable leakage rates determined using Equation 4-10 are the allowable leakage rates at the.
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upstream pressure. Table 4.2.8 summarizes the allowable leakage rates at the upstream pressures.
The most limiting allowable leakage rate presented in Table 4.2.8 was conservatively selected and
used to determine the leakage rate acceptance criterion.

4.2.5.8 Leakage Rate Acceptance Criteria for Test Conditions '

The leakage rates discussed thus far were determined at operating conditions (see normal and
accident conditions in Table 4.2.9). The following provides details of the methodolbgy used to
convert the allowable leakage rate at operating conditions to a leakage rate acceptance criterion at
reference test conditions.

For conservatism, unchoked flow correlations were used as the unchoked flow correlations better
approximate .the true measured flow rate for the leakage rates associated with transportation
packages. Using the equations for molecular and continuum flow provided in NUREG/CR-6487, the
corresponding leak hole diameter was calculated by solving Equation 4-i 1 for D, the leak hole
diameter. The capillary length required for Equation 4-11 for the containment was conservatively
chosen as the closure plate inner seal seating width which is 0.89 cm.

F2= 106  4 3.81"" [ P T

1 aiu a aPa u PdI(-1

where:

L@pu is the allowable leakage rate at the upstream pressure for normal and accident-conditions
[cm 3/s],. .

a is the capillary length [cm],
T is the temperaturefor normal and accident conditions [K],
M is the gas moleculair weight [g/mole] = 4.0 from ANSI N14.5;1997, Table B I [H.B],
u • is the fluid viscosity for helium [cP] from Rosenhow and Hartnett [S.C]
P.. is the upstream pressure [ATM],
D -leak hole diameter [cm],
Pd is the downstream pressure for normal and" accident conditions [ATM], and
Pa is the average pressure;'Pa = (Pu + Pd)/2 for normal and accident conditions [ATM].

The actual leakage tests performed on the containment boundary are typically not performed under
exactly the same conditions every time. Therefore, reference test conditions are specified to provide
a consistent comparison of the measured leakage rate to the leakage rate acceptance criterion. The
reference test conditions, and approximate actual test conditions are specified in Table 4.2.9.

The corresponding leak hole diameter at operating conditions was determined by solving Equation,
4-11 for 'D' where L@pu is the most restrictive allowable leakagerate at the upstream pressure from
Table 4.2.8 and using the parameters for normal conditions of transportpresented in Table 4.2.9.

HI-STAR 60 SAR '" Revision I
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Using this leak hole diameter and the temperature and pressure specified for reference test
conditions provided in Table 4.2.9, Equation.4-11 was solved for the volumetric leakage rate at
reference test conditions.

Equation B-1 of ANSI N 14.5-1997 [H.B] is used to express this volumetric leakage rate into a mass-
-• like helium flow rate (Qu) as follows:

Qu = Lu * Pu (atm-cm 3/sec) (4-12)

where:

LPu

Pu

is the upstream volumetric leakage rate [cm 3/sec],
is the"mass-like helium leak rate [atm-cm 3/sec], and
is the upstream pressure [atm].

Using Equation 4-12 to convert the. volumetric flow rate into a mass-like flow, the leakage. rate
acceptance criteria is calculated and conservatively reduced to the value presented in Table 4.1. 1.

4.2.5.9 Leak Test Sensitivity.'

The sensitivity for the cask leakage test procedures is equal toone-half of the allowable leakage rate.
The leakage rates for the HI-STAR 60 containment packaging with its corresponding sensitivity are

presented in Table 4. .. 1.
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Table 4.2.1

FREE GAS VOLUME OF THE CONTAINMENT VESSEL

Cask Containment
Volume

(cm3)

HI-STAR 60 2.17E+06

HI-STAR 60 SAR
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Table 4.2.2

ISOTOPE INVENTORY
Ci/Assembly

Nuclide PWR Fuel
Ci/Assembly

Gases

3 H 1.41E+02

129I 1.29E-02

85Kr 2.36E+03

81Kr 4.39E-08

'2Xe 1.78E-17

Crud

6°Co 2 1.77

Volatiles

90 Sr"- 2.56E+04

10 6 Ru 5.74E+03

'"134Cs "1.16E+04

137Cs " 3.8 1E+04

89Sr 2.21E-06

Ru " 3.69E-09

13Cs 202E-01

Fines

225 Ac* 4.82E-08

7Ac* 1.76E-06

1 Ag 9.19E+00

S241 Am* 4.06E+02

HI-STAR 60 SAR
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Table 4.2.2 (continued)
ISOTOPE INVENTORY

Ci/Assembly
242M Am* ' 4.20E+00

243 Am* 1.30E+01

210M Bi*, 1.60E-18

247Bk* - O.OOE+00

144Ce 3.27E+03

248cf* O.OOE+00.

249 Cf* 3.19E-05

25°C..* 1.04E-04

251Cf* 1.22E-06

252CfP* 9.06E-05

2 5 4
Cf* 7.18E-18

24°Cm* .O.OOE+00

2.42Cm* 1.29E+0I

2Cm* 9.79E+00

244 Cm* 1.65E+03

245Cm* 1.57E-01

246Cm* 5.62E-02

247Cm* .3.36E-07

248Cm* 1.82E-06

154Eu 1,84E-+03

155Eu 5.84E+02
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Table 4.2.2 (continued)'
ISOTOPE INVENTORY

Qi/Assembly
148Gd* O.OOE+00

36Np* .. 5.0 1E-06

7Np* 1.32E-01

239Np 1.30E+01

23 1Pa* 8.87E-06

!47pm 1.34E+04

210°po* 6.26E-09

23 6pu* 5.90E-02

238pu* 1 .48E+03

2 39 pu* 1.02E+02

24°pu* 1.89E+02

.241u " 3.73E+04

242 Pu* 1.02E+00

7.90E-14

2Ra* 1.76E-06
224"

Ra*- 7.65E-03

225 Ra* 4.82E-08

2 26 Ra* "5.77E-08

I
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Table 4.2.2 (continued)
ISOTOPE INVENTORY

Ci/Assembly
228Ra* 1.40E- 11
222Rn* 5.77E-08

125Sb 7.76E+02.

15 1Sm 1.30E+02

227Th* 1.74E-06

228Th* 7.63E&03

•2129T* 4.82E-08

23OTh* 2.56E-05
23 lTh* 3.81E-03

23°U, 1.36E-34

232U* 1.0 1E-02

233U* . -9.37E-06

234U* 3.03E-01

S236U* 9.57E-02

• Y.9o ." 2.56E+04

Note: The isotopes which contribute greater than 0.0•1% to the total curie
inventory for the fuel assembly are considered in the evaluation as fines.

* Additionally, isotopeswith A2 values less than 1.0 in Table A-1, Appendix A,
IOCFR71 are included as fines and are designated in the table by an ""'.

HI-STAR 60 SAR
'Report HI-2073710

Revision I
4.2-.14



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 4.2.3

TOTAL SOURCE TERM FOR THE HI-STAR 60 (Ci/cm 3)

Transport Condition Ccrud Cfines Cgas Cv01  Total
(Ci/cm 3) ' (Ci/cm 3) (Cl/cm3) (Ci/cm 3) (Ci/cm 3)

Normal 1.81E-05 4.32E-07 i.24E-04 2.69E-06 1.46E-04

Accident 1.20E-04 i.44E-05 4.15E-03 8.96E805. 4.37E-03
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Table 4.2.4

VARIABLES FOUND IN NUREG/CR-6487, USED IN THE
LEAKAGE RATE ANALYSIS

Variable PWR

Normal Accident

Fraction of crud that spalls, fc :0.15 1.0

Crud surface activity (Ci/cm 2) 140x10-0 6  140kO"10 6

Surface area per assembly, 3xl0 5  3x10 5:
cm2

Fraction of rods that develop 0.03 1.0
cladding breach, fB "_"

Fraction of fines that are •3xl0-5  3xl 0-5

released, ff

Fraction of gases that are - 0.3 0.3
released, fG

Fraction of volatiles that are 2x 100 4  2x 100 4

released, fv
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Table 4.2.5

INDIVIDUAL CONTRIBUTOR EFFECTIVE A2
FOR GASES, CRUD, FINES, AND VOLATILES

Contributor, A2 (Ci)

Gases 2490

Crud 10.8

Fines 0.623

Volatiles 11.3

HI-STAR-60, SAR
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Table 4.2.6

TOTAL SOURCE TERM EFFECTIVE A2 FOR
NORMAL AND HYPOTHETICAL'

ACCIDENT CONDITIONS

Transport Effective A 2

Condition (Ci)

'Normal 54.9

Accident 99.7
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Table 42Z;.7

RADIONUCLIDE RELEASE RATES

Transport Condition Allowable
Release Rate (RN

or RA) (Ci/s)

Normal 11.53E-08

Accident 1.64E-04
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Table 4.2.8

ALLOWABLE LEAKAGE RATES AT UPSTREAM PRESSURE

Transport Condition Ctota. Allowable Leakage
(Ci/cm3) Rate at P. (LN or LA)

(cm 3/s)

Normal 1.46E-04 1.05E-04

Accident 4.37E-03 3.76E-02
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Table 4.2.9

PARAMETERSTFOR NORMAL,. HYPOTHETICAL ACCIDENT
AND TEST CONDITIONS

Parameter Normal Hypothetical Reference Test Actual Test
Conditions Accident Conditions Conditions -.-7

Conditions

19.7 psia 73.4 psia•Pu -..... (.7AT)(.9AM.10 ATM. 0.59 ATM (min)
-(2.7 ATM) (4.99 ATM)

Pd 14.7 psia (1 ATM) 14.7 psia (1 ATM) 0.147 psia 0.147 psia

PdAT) (0.01 ATM) (0.01 ATM)

T 476.3°F (520 K) -1058°F (843 K) 293 K - *293 K (min)

M 4.g/mol 4 g/mol 4 g/mol 4 g/mol

u - 0.0284 cP 0.0397 cP. 0.0 195 cP (TBD) 0.0195 cP

a 0.89 cm 0.89 cm .0.89 cm 0.89 cm

-" .• ~ ~~-M . . -. •, - .•.
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4.3 LEAKAGE RATE TESTS FOR TYPE B PACKAGES

Leakage rate testing of the cask containment boundary shall be performed in accordance with the
* guidance in ANSI N14.5-1997,[H.B]. Table 4.3.1 provides a summary of the containment boundary
components to be tested and the type of leakage test to be performed for post-fabrication
qualification and for final pre-shipment qualification.

4.3.1 Fabrication Leakage Rate Test

The fabrication leakage rate test demonstrates that the containment system, as fabricated, provides
• the required level of containment. The fabrication leakage test for the HI-STAR 60 package is
performed at the fabrication facility to ensure that the welded enclosure vessel will maintain its
containment .function.

4.3.2 Pre-Shipment Leakage Rate Test

The pre-shipment leakage rate test demonstrates that the final containment system closure has been
properly performed. Pre-shipment leakage rate testing is performed by the user before each
shipment, after the contents.are loaded and the containment system is assembled (if not previously
tested in the prior 12 months except as indicated in Section 7.3).

HI-STAR 60 SAR
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Table 4.3.1

LEAKAGE RATE TESTS' FOR THE HI-STAR 60 CONTAINMENT SYSTEM BOUNDARY

Leakage Test Components Tested Type of Leakage Rate Test Leakage Rate Test
from ANSI N14.5, App. A Acceptance Criteria*

* Containment Shell
* Containment Basepiate 4,
* Containment Closure Flange

-Containment Shell Welds 6

Fabrication * Containment Shell to Containment Baseplate A.5.3 5.0 x 10 atmcm3/s, He
Leakage Rate Weld

Test * Containment Shell to Containment Closure
Flange Weld

* Closure.Lid Inner Elastomeric Seal A.5.4 2.4 x 10-4 atm cm 3/s, He
* Closure Lid Vent/Drain Port Cover Inner 5A.5.4 1.0 x 10 atm cm 3/s, He

Elastomeric Seal
Pre-Shipment * Closure Lid Inner Elastomeric Seal A.5.4 2.4 X 10-4 atm cm 3/s, He
Leakage. Rate * Closure Lid Vent/Drain Port Cover Inner A.5.4 1.0 x atm cm 3/s, He

Test Elastomeric Seal

Leakage rate test sensitivity is specified as '/2 of the leakage-rate test acceptance criteria, for each test, as per ANSI N14.5-1997 [H.B]
HI-STAR60 SAR
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CHAPTER 5: SHIELDING EVALUATION

5.0 INTRODUCTION

The shielding analysis of the HI-STAR 60 Cask is presented in this chapter. The HI-STAR 60
Cask is designed to accommodate a basket for 12 design basis PWR assemblies.

This chapter contains the following information:

SA description of the shielding features of the HI-STAR 60 Cask.
* A description of the source terms used in the analysis.

A general description of the shieldinganalysis methodology.
Analyses for the HI-STAR 60 Cask's content to show that the 0OCFR71.47 radiation- limits
are met during normal conditions of transport and that the 1OCFR71.51 dose rate limit is'not
exceeded following hypothetical accident conditions. Additionally due to the potential non-
exclusive use of the HI-STAR 60, dose rates under normal transport conditions at 1 m from
the package are reported.

The principal sources of radiation in theHI-STAR 60 Cask are:

* Gamma radiation originating from the following sources

L. Decay of radioactive fission products
2. Hardware activation products generated duringcore operations
3. Secondary photons from neutron capture in fissile and non-fissile nuclides

. Neutron radiation originating from the following sources

1. Spontaneous fission,
2. an reactions in fuel materials

"3. Secondary neutrons produced by fission from subcritical multiplication

Shielding from -gamma radiation is provided by the steel structure of the cask. In order for the
neutron shielding to be. effective, the neutrons must be- thermalized and then absorbed in a
material of high neutron cross section. In the HI-STAR 60 Cask design, a neutron shielding
material, Holtite-A, is used to thermalize the neutrons. Boron carbide, dispersed in the neutron
shield, utilizes the 'high neutron absorption cross section of 10B to absorb the thermalized
neutrons.

The shielding analyses were performed with MCNP5 from Los Alamos National Laboratory
[T.A]. The source terms were calculated with the SAS2H and ORIGEN-S sequences from the

HI-STAR 60 SAR Revision 1
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SCALE 4.4 Cask from Oak Ridge National Laboratory [T.B, T.C].

The design basis fuel assembly is a 15x15 PWR fuel assembly at a burnup of 45,000 MWd/MtU
burnup arid 5 years cooling time. Source terms are computed for this assembly at an initial
enrichment of 3.6 wt % 2 3 5U which is a lower bound for the design basis burnup. The design
basis initial enrichment andburmup combination bounds the expected discharged fuel. See Table
1L2.4 for a listbf all acceptable fuel burnup and enrichment combinations.
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5.1. DESCRIPTION OF SHIELDING DESIGN

5.1.1 Desigzn Features

The principal design features of the HI-STAR 60 cask with respect to radiation shielding consist
of the fuel basket, cask body and impact limiters. The main shielding is provided by the cask.
body which includes 282 mm of steel (minimum), 121 mm of Holtite and:.a 19 mm Holtite
enclosure shell for radial shielding and includes a 252 mm steel lid and a 205 mm steel base for
axial shielding. Both impact limiters include two 5,0 mm steel plates, 60 mm.of Holtite and
several hundred millimeters of crushable material. The steel -of the cask.body, the top lid and
impact limiter structure provide the gamma shielding, while theneutron shielding is provided by
* the Holtite embedded in the cask body and in the impact limiters.,

The fue*l basket and the basket supports maintain the fuel assemblies in a fixed position within
the package, and also provide additional gamma shielding. The dimensions of the shielding
components are shown in the drawing package in Section 1.3. Main dimensions used in the
shielding analyses are also. shown in Figure 5.3.1 and 5.3.2. The shielding material densities are
listed in Table 5.3.1.

5.1.2 Summary of Maximum Radiation Levels

.5.1.2.1 Normal Conditions of Transport

The 10CFR71.47 external radiation requirements during-normal conditions of transport for an
exclusive, use shipment are:

1. 200 mrem/hr (2 mSv/hr) on the external surface of the package, unless the following
conditions are met, in which case the limit is1.000 mrem/hr (10 mSv/hr).

i. The shipment. is made in a closed transport vehicle;
ii. The package~is secured withinthe vehicle so that its position remains fixed during
p transportation; and

iii. There are no loading and unloading operations. between the beginning and end of the
transportation.

2. 200 mrem/hr (2 mSv/hr) at any point on the outer. surface of the vehicle, including the top

and underside of the vehicle; or in the case of a flat-bed style vehicle, at any point on the
vertical planes projected from the outer edges of the vehicle, on the upper surface of the
load or enclosure, if used, and on the lower external surface of the vehicle.

3. 10 mrem/hr (0;1 mSv/hr) at any point 2 meters (80 in) from the outer~lateral surfaces of
the vehicle (excluding the top and underside of the vehicle); or in the case of a flat-bed
style vehicle, at any point 2 meters (6.6 feet) from the vertical planes projected by the

HI-STAR 60 SAR Revision 1.
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outer edges of the vehicle (excluding the top and underside of the vehicle).

4. 2 mrem/hr (0.02 mSv/hr) in any normally occupied space, except that this provision does
not ,apply to private carriers, if exposed personnel under their control wear radiation
dosimetry devices in conformance with 1OCFR20.1502.

In the case-of.'"non-exclusive use", the normal conditions of transport dose rate limit is:

5. 0.1 mSv/hr at 1 meter from the surface of the package

The HI-STAR 60 Cask will be transported on either a flat-bed rail .car, heavy haul vehicle, or a
barge. The smallest width of a transport vehicle is equivalent to the width of the impact limiters.
Therefore, the vertical planes projected by the outer side edges of the transport vehicle are
equivalent to the outer edge of the impact limiters. The minimum length of any transport vehicle
Will be, longerthan the length of the cask, with impact limiters attached. However, in axial
directions, it is conservatively assumed that the edge of the impact limiter is aligned with the
edge of the vehicle at both ends.

Table 5.1.1 provides the dose rates on the surface, 1 m and at 2 m from the edge of the railcar for*
the cask during normal conditions of transport. The analyses summarized in this section
demonstrate the HI-STAR 60 Cask's compliance with the IOCFR71.47 limits.

5.1.2.2 Hypothetical Accident Conditions

The 10CFR71.51 external radiation dose limit for design basis accidents is:

* The external radiation dose rate shall not exceed 1 rem/hr (10 mSv/hr) at I m (40 in.) from
- the external surface of the package.

The hypothetical accident conditions of transport have two bounding consequences whichaffect
the shielding-materiais. They are the damage to the neutron shield as a result of the. design basis
fire and damage of the impact limiters as a result of the 30 foot drop. In a conservativeifashion,-
the dose analysis assumes that as a result .of the fire, the neutron shield is completely destroyed
and replaced by a void. Additionally, the impact limiters are assumed to have been lost except
for bottom impact limiter lower support plate. These are highly conservative assumptions since.
some portion of the neutron shield would be expected to remain after the fire as the neutron
shield material is fire retardant, and the impact limiters have been shown by 1/4-scale testing to:.
be deformed, but reniain completely attached following impact.

Throughout the hypothetical accident condition the axial location of the fuel will remain fixed
Within the basket by the cask lid and base. Applicable structural analyses.performed for the HI-
STAR: 60 cask show that the inner shell, intermediate shells and outer enclosure shell of the cask
remain unaltered throughout the hypothetical accident conditions. Localized damage of the cask
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outer enclosure shell could be experienced during the pin puncture. However, the localized
deformations will have only a negligible impact on the dose rate at 1 meter from the surface.

Table 5.1.2 provides-the maximum dose rates at 1 meter for the accident conditions.

Analyses summarized in this section demonstrate the HI-STAR 60 Cask's compliance with the
1OCFR71.51 radiation dose limit.

HI-STAR 60 SAR
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Table 5.1.1
MAXIMUM DOSE RATES FOR THE HI-STAR 60 PACKAGE

UNDER NORMALXCONDITIONS OF TRANSPORT,
45,000 MWD/MTU AND 5-YEAR COOLING

SIDE
Dose-Point Gammas Neutrons Totals 1OCFR7i.4
Location 7(a) Limit

(mSv/hr) fsd (mSv/hr) fsd (mSv/hr) fsd. (mSv/hr)
Cask

Srae 0.081 0.015 0.294 0.019ý 0.374, 0.016 10Surface

1 m from 0.050 0.009 0.045 0.017 0.095 0.009 0.1*
Package ______ ____ _____ •___ _____ ____ _____

2 rn from
the Edge of 0.019 0.009 .0.017 0.043 0.037 0.02 1 0.1
the Railcar

TOP
Dose Point 10 CFR-
Location Gammas Neutrons Totals 71.47(a)

____Limit

(mSv/hr) fsd (mSv/hr) fsd (mSv/hr) fsd (mSv/hr)
Cask-Surface 0.006 0.020 0.018 0.004 0.024 0.006 10I m from

Package -0.003 0.028 0.006 0.009 0.009 0.012 0.1*,

2 m from the
Edge of the 0.001 0.044 0.00 1 0.022. 0.002 0.023 0.1

Railcar

______ BOTTOM
Dose Point 10 CFR
Location Gammas Neutrons Totals 71.47(a)

_Limit

(mSv/hr) fsd (mSv/hr) - fsd (mSv/hr) fsd (mSv/hr)
Cask Surface 0.052 0.019 0.070 0.007 0.122 0.009 10

1: m from
Package 0.030 0.020 0.021 0.0lV 0.051 0.013 0.1*

2 m from the
Edge of the 0.009 0.029 0.004 0.033'.; 0.013 0.023 0.1

Railcar -
*Non-exclusive use limit at 1 meter from the package
fsd - fractional standard deviation

HI-STAR 60 SAR
Report HI-2073710

Revision 1
5.1-4



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 5.1.2

MAXIMUM DOSE RATES AT ONE METER FOR THE HI-STAR 60 PACKAGE
• • UNDER HYPOTHETICAL ACCIDENT CONDITIONS

45,000 MWD/MTU AND 5-YEAR COOLING

'Dose Point 1OCFR71.51(a)
Location Gammas fsd Neutrons fsd Totals fsd Limit

(mSv/hr) (nsvlhr) (mSv/hr)
Side 0.116 `0.018 2.132 0.007 2.249 0.007 10

Top 0.965 0.034 0.266 0.008 1.232 0.027 10

Bottom 1.327 0.014 0.703 0.045 2.030 0.018 10

fsd - fractional standard deviation
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5.2 -SOURCE SPECIFICATION.

The neutron and gamma source terms were calculated with the SAS2H and ORIGEN-S modules
of the SCALE 4.4 code package. The design basis fuel assembly characteristics used. in the
computation are listed in Table 552.1.

5.2.1 Gamma Source

The gamma source term is actually comprised of three distinct sources. The first is a gamma
source term from the active fuel region dueto decay of fission products. The second source term
is from 6°Co activity of the steel structural material, in the fuel assembly above and below the,
active fuel region. The third sourceis from (n,y) reactions described below.

:Table 5.2.2 provides thegamma source in MeV/s and photons/s as calctulated with SAS2H and
ORIGEN-S. NUREG-1617 states that "in general, only gammas from approximately 0.8 Mev-
2.5 MeV will contribute significantly to the external radiation levels." However, specific analysis
for the generic HI-STAR 100 Cask has revealed that, due to the magnitude of the gamma source
in the energy range just below 0.8 MeV, gammas with energies as low as 0.45 MeV must be-
included in the shielding analysis. The effect of gammas With energies above 3.0 MeV, on the'
other hand, was found to be insignificant (less than 1% of the total gamma dose). This is due to
the fact that the source, of gammas in this range (i.e., above 3.0 MeV) is extremely low (less than
1% of the total source). Therefore, all gammas with energies in the range of 0.45 to 3.0 MeV are
included-in the shielding-calculations. Photons with energies below 0.45 MeV are too weak to
penetrate the steel of the cask, and photons with energies above 3.0 MeV are too few to
contribute significantly to.the external dose.

.The primary source of activity in the non-fuel regions of an assembly arise from the activation of
59 60.. 59Co to "Co. The primary source of Co in a fuel element is the steel structural material. A.
conservative 59Co. impurity level of 1.2 gm/kg was used. The methodology used to determine the
activation level is described here.

1. The activity of the 6°Co is calculated using ORIGEN-S. The flux used in the calculation
was the in-core fuel region flux at full power.

2. The activity calculated in Step 1 for the region of interest was modified by the
appropriate scaling factors listed in Table 5.2.3 [T.E].

Table 5.2.4 provides the 6°Co activity utilized in the shielding calculations in the non-fuel
regions of the assemblies.
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In addition to the two sources already mentioned, a third source arises from (n,,y) reactions in the
material'of the basket and the cask. This source ofphotons is properly accounted for in MCNP5
when a neutron calculation is performed in a coupled neutron-gamma mode.

5.2.2 Neutron Source

It is well known that the neutron source strength increases as enrichment decreases, for a
constant bumup and decay time. This is due to the increase in .Pu content in the fuel which
increases the inventory of other transuranium nuclides such as Cm. The gamma source also
varies with enrichment, although only slightly. Source terms were computed at an initial
enrichment of 3.6 wt % 235U which is a lower bound for the design basis burnup of 45,000
MWD/MTU.

The neutron source calculated for the design basis fuel assembly is listed in Table 5.2.5 in
neutrons/s. 244Cm accounts for approximately 96% of the total number of neutrons produced,
with slightly over 2%-originating from (cc,n) reactions- within the U0 2 fuel. The remaining 2%
derive from spontaneous fission in various Pu and Cm radionuclides. In addition, any neutrons
generated from subcritical multiplication, (n,2n) or similar reactions are properly accounted for
in the MCNP5 calculation.

HI-STAR 60 SAR
Report HI-2073710

Revigion, I
5.2-2



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

TABLE 5.2.1
DESCRIPTION OF DESIGN BASIS FUEL ASSEMBLY.

Item Parameter Unit
Array of Rods 15x15
Minimum Initial Enrichment 3.6 Wt % U-235
Maximum Fuel Assembly Burnup 45,000 MWd/MtU
Minimum Cooling Time 5 - Year
Number of Fuel Rods 204
Fuel Rod Pitch : 13.3 mm
Total Assembly Length 3525 mm
Active Fuel Region Height 2900 - mm
Fuel Rod Height 3200 - mm
Fuel Assembly Cross Section 199.3 mm
Total Assembly Mass 465 kg
Uranium Mass per Assembly 297 kg
Number ofGuide Tubes 20
Number of Instrument Thimbles
Fuel Density 10.4 g/cm3

Fuel Pellet Diameter' 8.43 mm
Fuel Rod Diameter 10 mm
Fuel Clad Thickness and Material 0.7 mm
Fuel: Clad Material Zirc-4
Guide Tube Diameter - 12.9 mm
Guide Tube Wall Thickness 0.5 mm
Guide Tube Material Steel
Upper Nozzle Mass 8.63 kg
Lower Nozzle Mass .5.223 kg.-
Upper Nozzle Height without Springs 165 mm
Gap Between Fuel Rod and Upper Nozzle 25 mm
Plenum Height 240 mm
Plenum Spring Mass 5.3448 kg
Gap Between Lower Nozzle and Rod 10 mm
Lower Nozzle Height 100 mm
Grid Strap Mass 0.5 x 8 kg
Grid Spring Material Steel
Maximum Cobalt Content 0.12 wt %
Power Level per Assembly 7.983 MW

-'HI-STAR 60 SAR
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Table 5.2.2
CALCULATED FUEL GAMMA SOURCE PER ASSEMBLY

Lower Upper Fuel at
Energy Energy- 45,000 MWD/MTU.

.5 Year Cooling

(MeV) (MeV) (MeV/s) r (Photons/s)

0.45 0.7 1.17E+15 2.03E+15

0.7 1.0 3.63E+14 .4.27E+14"

Lo 1.5.. 8.41E'+13 .6.73E+13-

1.5• 2.0 .4.86E+12 2.78E+12

2.0 2.5 2.95E+12 1.31E+12

-25 3.0 1.30E+l1 4.73E+10

Totals 1.62E+15 2.53E+15
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Table 5.2.3
SCALING FACTORS USED IN CALCULATING THE "Co SOURCE

Region Factor

Top.Nozzle 0.1

Plenum 0.2

Active Fuel 1.0

Bottom Nozzle 0.2
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.- Table 5.2.4
CALCULATED 60Co SOURCE PER ASSEMBLY

Location Fuel at
45,000 MWD/MTU

5 Year Cooling
(curies)

Lower Nozzle 97.77

Active Fuel 1209.17

Plenum 124.01

Upper Nozzle 80.78

HI-STAR 60 SAR
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- Table 5.2.5
CALCULATED PWR NEUTRON SOURCE PER ASSEMBLY

Lower Upper Fuel at

Energy Energy 45,000 MWD/MTU.
(MeV) (MeV) - 5 Years Cooling'

(Neutrons/s)

1.OE-01 4.OE-01 8.91E+06

4.OE-01 9.OE-01 4.55E+07

9.OE-01 1.4 4.17E+07

1.4 1.85 3.08E+07

1.85 3.0 5.43E+07

3.0 .6.43. 4.93E+07

6.43 20.0 4.37E+06

TOTALS 2.35E+08

HI-STAR 60 SAR
Report HI-2073710

Revision 1
5.2-7



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

5.3 SHIEDLING MODEL

The shielding analysis of the HI-STAR 60 Cask was performed with MCNP5 and the continuous
energy ENDF/B-VI neutron .and photon cross section libraries. MCNP5 is a Monte Carlo
transport code that offers a full three-dimensional combinatorial geometry modeling capability
including such complex surfaces as cones and tori. This means that no gross approximations
were required to represent the HI-STAR 60 Cask in the shielding analysis.

Subsection 5.1.2 discussed the. accident conditions' and stated that the only accident
consequences that would impact the shielding analysis would be a loss of the neutron shield and
impact limitersexcept for the bottom of the cask which includes I impact limiter support plate.
Therefore, the MCNP5 models of the HI-STAR 60 Cask normal condition have-the neutron
shield and impact limiters in placewhile the hypothetical accident condition replaces theneutron
shield with void and removes the impact limiters, except for the bottom of the cask which
includes one impact limiter support plate.

5.3.1 Configuration of Source and Shielding

Section 1.3 provides the drawings that describe. the HI-STAR 60 Cask. These drawings were
used to create the MCNP5 models used in the radiation transport calculations.

5.3.1.1 Fuel Source Configuration

Design basis fuel assemblies are modeled in each of the twelve basket locations. Fuel assembly
locations and source zoneslare shown in Figures..5.3.1 and 5.3.2. The active fuel region is
modeled as a. homogenous zone. The bottom nozzle, plenum. and top nozzle regions are also
modeled as homogenous-. regions of steel. The energy distribution of the source term is used
explicitly in the MCNP5 model. A different MCNP5 calculation is performed for each of the
three source terms (fuel neutron, fuel gamma, and hardware .0Co). The Co source in thehardware was assumed to be uniformly distributed over the appropriate regions.

The axial distribution of the fuel source term due to the burnup shape is also modeled based on
representative fuel burnups for a 15x15 PWR fuel assembly. The representative fuel gamma and
neutron source shape is shown in Figure 5.3.3. The fuel gamma source is distributed' in direct
proportion to the burnup. It has been shown that the neutron source strength varies as the burnup
level raised by the power of 4.2. Since this relationship is non-linear and since the burnup in the
axial center of a fuel assembly is greater than theaverage burnup, the neutron source strength in
the axial center of the assembly is greater than the relative burnup times' the' average neutron
source strength. In order to account for this effect, the neutron source, strength in 12 axial nodes
was determined by multiplying the average source strength by the relative burnup level raised to
the power of 4.2. The assumed peak relative burup is 1.104. Using the power of 4.2
relationship,. results in a 37.2% (1.1044.2/1.104) increase in the neutron source strength in the
peak nodes for the fuel.:The totalneutron source strength~'increakes-by 15 %. The overall

HI-STAR 60 SAR Revision 1
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increase in strength due to the shape of the burnup is accounted for by multiplying the total cask
neutron source by 1.15.

5.3.1.2 Shielding Configuration

The normal conditions of transport shieldinigeconfiguration for the HI-STAR 60'cask is shown in
Figures 5.3.1 and 5.3.2. In this configuration, the MCNP5 model includes the radial steel shells,
steel base, steel top lid, radial neutron shield with the radial ribs and the impact limiters. The
lifting and rotation trunions are also included.

The hypothetical accident shielding configuration for the HI-STAR 60 cask is shown in Figures
5.3.4 and 5.3.5. In this configuration, the MCNP5 model includes the radial steel shells, steel
base, steel top lid, no Holtite in the radial neutron shield, no Holtite in the trunions and no impact
limiters, except that the lower support plate from the bottom impact limiter is assumed attached..

5.3.2 Regional Densities

Composition and densities of the various materials.used in the HI-STAR 60 Cask shielding
analyses are given in Table 5.3.1. All of the materials and their actual geometries are represented
in the MCNP5 model. All steel in the basket was modeled as stainless steel, and all steel in the
cask body and impact limiter structure was modeled as carbon steel.

Chapter 3 demonstrates.that all materials-used in the HI-STAR 60.Cask remain ator below-their
design temperatures as specified in Chapter 2 during all normal conditions. Therefore, the
shielding analysis does not address changes in the material density or composition as a result of
temperature changes.

Based on analysis performed for the HI-STAR 100 during normal operations, the depletion of B-
10 in the Metamic and the Holtite-A neutron shield is negligible. The fraction of B-10atoms that
are depleted in 50 years is approximately 3.0E-9 and 4.OE-8 in the Metamic and Holtite-A;
respectively. Therefore, the shielding analysis does not address changes in the composition of
the Metamic or Holtite-A as a result of neutron absorption.

The density of the Holtite-A during normal condition was reduced by approximately 4% to
account. for any potential water loss.. In addition, the Hydrogen weight percent.. was
conservatively reduced from 6% to'5.92%.

Chapter 3 discusses the effect of the hypothetical accident condition (fire) o.n the temperatures of
-the~shielding materials and the resultant impact on their shielding effectiveness. As stated in
Subsection 5.1.2, the only consequence that has, any significant impact on the shielding
configuration is the loss of the neutron shield in the HI-STAR 60 Cask as a result of fire' The
change in the neutron shield'was conservatively analyzed by. assuming that the entire volume of
the neutron shield was replaced by void.

HI-STARF60-SAR .- ".Revision I
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TABLE 5.3.1

COMPOSITION OF THE MATERIALS IN THE HI-STAR 60 CASK

Component Density (g/cm 3) Elements Mass Fraction (%)

Metamic 2.64 B-_10 4.54.

B-10 20.11

C 6.85

__Al_ _ -: 'A68.50

Stainless Steel 7.92 Cr 19

Mn 2

Fe 69.5

Ni 9.5

Carbon steel 7.82 Fe 99.5

C 0.5

Holtite-A , 1.61 C 27.66039

(Void for Accident). H 5.92

Al 21:285

N 1.98

.0 42.372
•.B .0.14087

S11B • 0.64174

Aluminum 0.16 Al 100
HOneycomb (Void for Accident) ._.__ _ .... _ ._
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TABLE 5.3.1 (CONTINUED)

COMPOSITION OF THE MATERIALS IN THE HI-STAR 60 CASK

Component- Density (g/cm3) Elements Mass Fraction (%)

Zircaloy 6.56 Zr 100-

Lower Nozzle
.(Stainless Steel)

1.315 Fe 72

Ni 10

Cr 18

Gap below fuel, Void
rods.

Active fuel 3.614 .U-235 2.853

U-238 68.483

0 9.599

_ _ _ _ _ " Zr 1-..19.064
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TABLE 5.3.1 (CONTINUED)

COMPOSITION OF THE MATERIALS IN THE HI-STAR 60 CASK

Component Density (g/cm 3) Elements Mass Fraction (%)

Plenum 1.384 Fe 36.152

Ni 5.017

Cr 9.038

Zr 49.789

Gap above fuel Void
rods

Upper Nozzle
(Stainless Steel) 1.317

Fe 72
Ni 10
Cr 18

HI-STAR 60 SAR
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FIGURE 5.3.1
[PROPRIETARY INFORMATION REMOVED]

I
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FIGURE 5.3.2
[PROPRIETARY INFORMATION REMOVED] I
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FIGURE 5.3.3
HI-STAR 60 AXIAL FUEL SOURCE DISTRIBUTION
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FIGURE-5.3.4
[PROPRIETARY INFORMATION REMOVED] II
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FIGURE 5.3.5
[PROPRIETARY INFORJMATION REMOVED]

I.
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5.4 SHIELDING EVALUATION

5.4.1 Methods

The MCNP5 code was used for all of the shielding analyses. •MCNP5 is a continuous energy,
thr'ee-dimensional, coupled neutron-photon-electron Monte Carlo transport code. Continuous
energy cross section data is represented with sufficient energy.points to permit linear-linear
interpolation between these points. The; individual cross section libraries used for each nuclide
are those recommended by the MCNP5 manual. All of these data are based on ENDF/B-VI data.
MCNP5 has been extensively benchmarked against experimental data by the large user
community [T.D].

5.4.2 Input and Output Data

A sample SASH2H input for the generation of active fuel source terms is shown in Section 5.5.1
of the Appendix to this chapter. A sample MCNP5 ,input to compute side dose rates for normal
conditions of transport is shown in Section 5.5.2 of the Appendix, and a sample MCNP5 input to
compute dose rates for hypothetical accident conditions is shown in Section 5.5.3 of the
Appendix.

5.4.3 Flux-to-Dose-Rate Conversion

[PROPRIETARY TEXT REMOVED]

5.4.4 External Radiation Levels

Dose rates were computed with MCNP5 using surface tallies (f2), multiplied by the appropriate
flux-to-dose factors and multiplied by the total source strength for each radiation source term.
The surface tallies were segmented into bands, around the cask radial and axial surfaces. The
influence of neutron streaming as well as the corresponding gamma attenuation throughthe ribs
in the neutron shield was evaluated with azimuthal tallies around the radial surfaces of the cask.
Conservative neutron and gamma peaking factors were determined and were applied to the band
average dose rate values. Maximum doses were determined at key locations along the side of the
cask, i.e. radial midplane, top nozzle, and bottom nozzle elevations, and along the centerline of
the impact limiters. The key locations are shown in Figure 5.4.1 and Figure 5.4.2 for the normal
conditions of transport and hypothetical accident conditions, respectively. Table.5.4.3 through
Table 5.4.6 provide the dose rates at the key locations for normal condition of transport and
hypothetical accident conditions. All dose rates are below regulatory limits.

HI-STAR 60 SAR Revisioni I
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Table 5.4.1

ANSI/ANS 6.1.1 - 1977 - FLUX-TO-DOSE ýCONVERSION FACTORS

Gamma Energy (rem/hr)/(photon/cm 2-s)
.. eV) . ... _ _

0.01 3.96E-06

0.03 5.82E-07

0.05 2.90E-07

0.07 2.58E-07

0.1 2.83E-07

0.15 3.79E-07

0.2 5.0iE-07

0.25 6.31E-07

0.3 7.59E-07

0.35 8.78E-07

0.4 9.85E-07

0.45 1.08E-06

0.5 1.17E-06
0.55 - I .27E-06

0.6 1.36E-06

0.65. 1.44E-06

0.7 1.52E-06

0.8 1.68E-06

1.0 1.98E-06

1.4 2.51E-06

1.8 2.99E-06

2.2 - 3.42E-06
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Table 5.4.1 (continued)•

ANSI/ANS 6.1.1 - 1977 - FLUX-TO-DOSE CONVERSION FACTORS

Gamma Energy (rem/hr)/(photon/cm 2-s)

(MeV)

2.6 3.82E-06

2.8 4.01E-06

3.25 4.41E-06

3.75 4.83E-06

-4.25 5.23E-06

4.75 5.60E-06

5.0 5.80E-06

5.25 6.01E-06

5.75 6.37E-06

6.25 6.74E-06

6.75 7.11E-06

7.5 7.66E-06

9.0 8.77E-06

11.0 1.03E-65

13.0 1.18E-05

15.0 1.33E-05
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Table 5.4.1 (continued)

ANSI/ANS 6.1.1 - 1,977 - FLUX-TO-DOSE CONVERSION FACTORS

Neutron Energy (MeV) Quality Factor (rem/hr)/(n/cm 2-s)t

2.5E-8 2.0 3.67E-6

1OE-7 2.0 3.67E-6

1.OE-6 2.0 •4.46E-6

L.OE-5 2.0 4.54E-6

1.0E-4 2.0 4.18E-6

1.OE-3 2.0 3.76E-6

I.OE-2 2.5. 3.56E-6

0.1 7.5 2.17E-5

0.5 1.0 9.26E-5,

1.0 11.0 1.32E-4

2.5 9.0 1.25E-4

5.0 .. 8.0. 1.56E-4

7.0 7.0 .1.47E-4

10.0 6.5 1.47E-4

.14.0 7.5 2.08E-4

20.0. -8.0 2.27E-4.

includes the Quality Factor.
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Table 5.4.2
Table Intentionally Deleted
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TABLE 5.4.3
DOSE RATES ON THE SURFACE AND PERSONNEL BARRIER OF THE HI-STAR 60 CASK

UNDER NORMAL CONDITIONS OF1ItRANSPORT -
45,000 MWD/MTU BURNUP AND 5 YEARS COOLING

Dose Pointt Fuel 60Co Neutrons Totals lOCFR71.47(b)
Location-. Gammastf fsdtft Gammas -fsd (mSv/hr) fsd (mSv/hr) fsd Limit

(mSv/hr) (mSv/hr) -~(mSv/hr)

l a 0.018 0.081 0.035 0.020 0.300 0.020 0.353 0.017 10

2a 0.062 0.019 0.019 0.023, 0.294 0.019 0.374 0.016 10

3a 0.002 0.099 0.030 0.022 0.132 0.0-38 0.163 0.031 10

1 0.015 0.059 0.030 0.029 0.135 0.017 0.180 .0.014 2

2 0.058 0.012 0.019 0.013 0.067 0.024 0.144 0.012 2

3 0.005 0.030 0.035 -0.022 0:053 0.024 .0.094 0.016 2

4 0.003) 0.037 0.038 0.033 0.056 0.025 0.098 0.019 2

5 0.001 0.062 0.005 0.021 0.018 0.004 0.024 0.006 2

6 0.010 0.049 0.042, 0.021 0.070 0.007 0.122 0.009 2

t Refer toFigure 5.4.1.-

Gammas generated by neutron capture are included with fuel gammas.
*** Fractional standard deviation

M

z
z]

0-f
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TABLE 5.4.4
DOSE RATES AT 1 METER FROM THE SURFACE OF THE HI-STAR 60 CASK

UNDER NORMAL CONDITIONS OF TRANSPORT
45,000 MWD/MTU BURNUP AND 5 YEARS COOLING

Dose Pointt Fuel 60Co Neutrons Totals Non-Exclusive
Location Gammastt ýfsdttt Gammas fsd (mSv/hr) fsd (mSv/hr) fsd Use Limit

(mSv/hr) (mSv/hr) 10CFR71.47(a)

,,__ _ _ _ _(mSv/hr)

41 '0.016 0.023 0,0144 0.028 0.062 0.032,ý 0.093 0.023 0.1

2 0.037 0.011 0.013 0.011 0.045 0.017 0.095 0.009 0.1

3 0.008 0.020 0.020 0.020 0.029 0.025 0.056 0.015 ,,0.1

0.006 0.024 0.020 .0.028 0.029 0.034 0.054. 0.021 0.1

5 <0.001 0.085 0.003 0.029 0.006 0.009 0.009 0.012 0.1

6 0.005 0.054 0.024 0.021 0.021 0.011 0.051 0.013 0.1

Refer to Figure 5.4.2.
::*t Gammas generated by neutron. capture are included with fuel gammas.
, ttt Fractional standard deviation-

0:

z

z"

0

-.]
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DOSE RATES
TABLE 5.4.5

AT 2 METER FROM THE EDGE OF THE RAILCAR FOR HI-STAR 60 CASK
A UNDER NORMAL CONDITIONS OF TRANSPORT-

'45,000 MWD/MTU BURNUP AND 5 YEARS COOLING

Dose Pointt Fuel "Co Neutrons Totals IOCFR71.47(b)
Location GammastGammas (mSv/hr) (mSv/hr) LimitLato Gamst fsdltt Gams fsd (r vhr fsd (mvh) fsd

(mSv/hr) (mSvihr) (mSv/h'r)

1 0.009;, 0.0191 0.00626 0.018 0.028 0.032 0.017 90.1

2 0.013 0.012 0.006 0.010 0.017 0.043 0.037 0.021 0.1

0.006 0.015. 0.007 0.019 0.011 0.028 00.014 0.1

4 0.006. 0.016 .0.007 0.021 0.010 0.025 0.023 0.014 0.1

5 < 0.001 0.172 0.00 .0.045 0.001 0.022 0.002 0.023 0.1

6 0.002 0.074 0.007 0.032- 0.004 0.033 0.013 0.023 0.1

S..

Refer to Figure 5.4.1.

tt Gammas generated by neutron capture are included With fuel gammas.
ttt Fractional standard deviation

-0
H-

,-i

0

H.

H
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TABLE 5.4.6
DOSE RATES AT 1 METER FROM THE SURFACE OF HI-STAR 60 CASK

UNDER HYPOTHETICAL ACCIDENT CONDITIONS
45,000 MWD/MTU BURNUP AND 5 YEARS COOLING

Dose Pointt Fuel 6°Co Neutrons Totals 10CFR71.51(a)(2)
Location Gammastt fsdttt Gammas.. s (mSv/hr) .(mSv/hr) f Limit

(mSv/hr) (mSv/hr) Sm-v.fds• " , " . "(mSv/hr)

1 0.033 0.037 0.038 0.017 1.071 0.010 1.142 0.009 10

2 0.077 0.026 0.039 0.009 2.132 0.007 2.249 0.007 W0%

3 0.014 0.039 0.044: 0.012 0.658 0.013 "0.716 0.012 10

4 0.010 0.048 0.041 0.015 0.576 0.014 0.627 0.013 10

5 0.015 0.035 0.950, 0.035 0.266 0.008 1.232 0.027 10

6 0.182 0.066 1.145 0.013 0.703 0.045 2.030 0.018 10

t Refer to Figure 5.4.2.

Stt Gammas'generated by neutron capture are included with fuel gammas.
ttt Fraction standard deviation
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FIGURE 5.4.1
HI-STAR 60 DOSE POINT LOCATIONS

FOR NORMAL CONDITIONS OF TRANSPORT

-OUTUNE OF
PERSONNEL
BARRIER
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FIGURE 5.4.2
HI-STAR 60 DOSE POINT LOCATIONS

FOR HYPOTHETICAL ACCIDENT CONDITIONS

, CLOSURE LID TOP FLANGEJ

1 I

1 m

iVOI

* 1 M BASE PLATE
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5.5 APPENDIX

5.5.1 SAS2H Input For Active Fuel Source Terms

[PROPRIETARY INFORMATION REMOVED]
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5.5.2 MCNP5 Input For Side Dose Rates From Fuel Gamma Under Normal Conditions Of
Transport

[PROPRIETARY INFORMATIONREMOVED]

HI-STAR 60 SAR
Report HI-2073710

Revision 0
5.5-2



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

5.5.3 MCNP5 Input For Side Dose Rates From Fuel Neutron Under Hypothetical Accident
Conditions.

[PROPRIETARY INFORMATION REMOVED]
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CHAPTER 6: CRITICALTY EVALUATION

6.0 INTRODUCTION

This chapter documents the criticality evaluation of the HI-STAR-60 cask for the packaging and
transportation of radioactive materials (spent nuclear fuel) in accordance with IOCFR7I. The
results of this evaluation demonstrate that an infinite number of HI-STAR 60 casks with
variations in internal and external moderation remain subcritica.l with a margin of subcriticality
greater than 0.05Ak. This corresponds to a criticality safety index (CSI) of zero (0.0) and
demonstrates compliance with 10 CFR 71.55 and 10 CFR 71.59 criticality requirements for
normal and hypothetical accident conditions of transport.

In addition to demonstrating that the criticality safety acceptance criteria are satisfied, this
chapter describes the HI-STAR 60 System design structures and components important to
criticality safety. It also provides limiting fuel characteristics. With the cask and fuel description,
this chapter gives data in sufficient detail to allow the criticality evaluation of the package.

6.1 DESCRIPTION OF CRITICALITY DESIGN

6.1.1 'Design Features

The containment system of the HI-STAR 60 is a cylindrical shell with a flat bottom and a flat
bolted lid at the top. Inside the containment system, fuel assemblies are placed in a basket
structure to maintain their location.

The HI-STAR 60 cask contains a 12-cell basket,. designed for fresh undamaged PWR U0 2 fuel
assemblies of a specified maximum enrichment.

For general details of the basket see the description and drawings in Chapter 1. Sketches showing
the basket details that. are important for criticality, safety are, shown in Section 6.3.1 of this
.chapter.

.Criticality safety of the HI-STAR 60 cask depends on the following principal design parameters:

* The inherent geometry of the fuel basket design within the cask, which contains flux
traps between some of the basket cells;

* The incorporation of permanent fixed neutron-absorbing material in the fuel basket
structure; and

* An-administrative limit on the maximum enrichment.

HI-STAR 60 SAR Revision I
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Applicable codes, standards, and regulations, or pertinent sections thereof, include references[A.C], [B.A], [C.F], [A.A, Appendik A, General Design Criterion 62], and [C.C].

6.1.2 Summary Table of Criticality Evaluations

The principal calculational r'esults address the following conditions:

" A single package, under the conditions of 10 CFR 71.55(b), (d), and (e);
" An array of undamaged packages, under the conditions of 10 CFR 71.59(a)(1); and
" An array of damaged packages, under the conditions of 10 CFR 71.59(a)(2)

Results are summarized in'Table 6.1.1 for the most reactive configuration and fuel condition.
The table contains the maximum kff, and the uncertainty for each case. The results are
conservatively evaluated for the worst combination of manufacturing tolerances (as identified in
Section 6.3), and include the calculational bias, uncertainties, and calculational statistics. For
package arrays,-an infinite number of packages is analyzed. The maximum keff value for all cases
is below the regulatory, limit of 0.95. The results therefore demonstrate that the HI-STAR 60
cask is in full compliance with 1OCFR71 (71.55(b), (d), and (e) and 71.59(a)(1) and (a)(2)).

* To assure the true reactivity will always be less than the calculated reactivity, the following
conservative assumptions were made:-

[PROPRIETARY TEXT REMOVED]

6.1.3 Criticality Safety Index

The calculations for package arrays are performed for infinite arrays of HI-STAR 60 casks under
flooded conditions and results are below the regulatory limit, i.e. N is infinite. Therefore, the
criticality safety index (CSI) is zero (0.0).
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Table 6.1.1

SUMMARY OF THE CRITICALITY RESULTS
TO DEMONSTRATE COMPLIANCE WITH IOCFR71.55 AND I0CFR71.59

F-12

Configuration % Internal % External Applicable Maximum'
Moderation Moderation Requirement keff

Single Package, unreflected 100% 0% n/a 0.9212

Single Package, fully reflected 100% 100% 1OCFR71.55 0.9197

Containment, fully reflected 100% 100% (b), (d) 0.9194

Single Package, Damaged 100% 100% 10CFR71.55 (e) 0.9197

Infinite Array of Undamaged 0% 0% 10CFR71.59 (a)(1) 0.3373
Packages ,__

Infinite Array of Damaged 100% 100% IOCFR71.59 (a)(2) 0.9197
Packages ___

1 The maximum keff is equalto the sum of the calculated kff, two standard deviations, the code bias, and the
uncertainty in the code bias. For all cases, the standard deviation ranges from 0.0002 to 0.0006. The
combined bias and bias uncertainty is 0.003 1.

t Tolerance for wall thickness is +1.27 mm, -0.0 mm
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6.2 FISSLE MATERIAL CONTENT

6.2.1 General

The HI-STAR 60 contains up to 12 fuel assemblies. The maximum amount of U0 2 per assembly
is about 350 kg. The maximum amount of UO 2 per cask is therefore about 4.2 t (metric). The.
nominal fuel pellet density is in the range of about 94 to 96 percent of the maximum theoretical .
density of 10.96 g/cm 3 . The maximum enrichment for U0 2 fuel is 4.1 wt% 235U. All fuel is in
solid metal oxide form and is dry.

•6.2.2 Fuel Parameters

Specifications for the PWR fuel assemblies that are analyzed and qualified for loading in the HI-
STAR 60 are given in Section 1.2, Tables 1.2.1 and 1.2.2. "
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TABLE 6.2.1

Deleted
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' 6.3 GENERAL CONSIDERATIONS:

In compliance with the requirements of IOCFR71.31(a)(I), IOCFR71.33(a)(5), and
IOCFR71.33(b), this section provides a description of the HI-STAR 60 cask in sufficient detail to
identify the package accurately and provide a sufficient basis for the evaluation of the package.

6.3.1 Model Configuration

Figures 6.3.1 through 6.3.3 show representative cross sections of the criticality model. Figure
6.3.1 shows a single cell from the basket. Figure 6.3.2 shows the entire basket. Figure 6.3.3
shows a sketch of the calculational model in the axial direction.

Full three-dimensional calculations were used, assuming the axial configuration shown in Figure
.6.3.3, and conservatively neglecting the absorption in the cask• neutron shielding material
(Holtite). Although the neutron absorber panels are about 308 cm in length, which is longer than
the active fuel length of 290 cm, they are assumed equal to the active fuel length in the
calculations.

The calculational model explicitly defines the fuel rods and .cladding, the guide tubes, and the-
neutron absorber panels on the stainless steel walls of the basket cells. Under normal conditions
of transport, when the cask is. internally dry, the resultant reactivity with the design basis fuel is

-very low (ker < 0.5), For the flooded condition (loading, unloading, and hypothetical accident
condition), water was also assumed to be present in the fuel rod pellet-to-clad gap regions (see
Subsection 6.3.2.3).

The basket geometry'can vary due to manufacturing tolerances. The tolerances are defined on the,
drawings in Chapter 1. However, in addition to the tolerances, it is conservatively assumed the
cell ID is increased or reduced further by 1.0 mm. Similarly, it is assumed for all flux traps that
their. thickness. is reduced by 1.0 mm. Stated differently, the tolerances were conservatively
increased, by: 1.0 mm. MCNP4a was used to determine the manufacturing tolerances, that
produced the most adverse effect on criticality. After the reactivity effect (positive effect with an
increase in reactivity; or negative effect with a decrease in reactivity) of the manufacturing
tolerances was determined, the criticality analyses were .performed using the worst cases
conditions in the direction which would increase reactivity. An evaluation of the various possible
dimensional combinations was performed using MCNP4a, with fuel assemblies centered in the
fuel-.storage locations. Calculated kerr results (which do not include the bias, uncertainties, or,
calculational statistics), along with the selected dimensions, for a number of dimensional
combinations are shown in Table 6.3.1. The cell ID is evaluated for minimum, nominal and
maximum values. The flux trap width and-neutron absorber thickness are evaluated for nominal.
and minimum values. The wall thickness is evaluated for nominal and maximum values.

Based on the calculations, the conservative dimensional assumptions listed in Table 6.3.2 were
determined for the basket designs. These values are also shown in Figure 6.3.i-.
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Note -that the drawing in Chapter-4. shows the cell dimension between the steel walls of the
basket (209.6+1.5), while Table 6.3.1tand Figure 6.3.1 shows the Cell ID between the sheathing
and the . opposite cell wall. Under nomi halconditions, the wall-to-wall distance is 209.6 mm.
With a sheathing thickness of 1 mm, a neutron poison thickness of 2.6 mm, and an assumed
small gap of 0.1 mm on each side of the poison this corresponds to a shdathing-to-wall distance
of 209.6- 1 -2.6- 2*0.1 205.8 mm. The assumed maximum wall-to-wall thickness is 212.1
mm, based on the nominal distance of 209.6, a 1.5 mm tolerance and an additional 1.0 mm
increase asdiscussed earlier. With a sheathing thickness of 1 mm, a neutron poison thickness of
2.4 mm, and an assumed small gap 6fPO2 mm on each side of the poison this corresponds to a
sheathing-to-wall distance of 212.1 - 1 - 2i.4 -2*0.2 = 208.3 mm, i.e. 2.5 mm larger than the
corresponding nominal dimension. Correspondingly, the minimum sheathing-to-wall distance is
2.5 mm smaller than the nominal dimensions, i.e. 205.8 mm - 2.5 mm = 203.3 mm. These are
the values listed as nominal, maximum and minimum Cell ID in Table 6.3.1.

Variations of other parameters, "namely fuel density-and water temperature in the cask, were
analyzed using CASMO-4. The results are presented in Table 6.3.3, and show that the maximum
fuel density and the minimum water temperature (corresponding to a maximum •water density)
are bounding. These conditions are therefore used in all further calculations.

Calculations documented in Chapter 2 show that the basket stays within the applicable structural
limits during all normal and •accident conditions. Furthermore, the neutron absorber material is
an integral and non-removable part Of the basket, and its presence is therefore not affected by the
accident conditions. Damage to the cask'under accident conditions is limited to damage to the
neutron shielding. However,, this external •hielding is already neglected in'the calculational
models. Other parameters important to criticality safety are fuel dimensions and enrichment,
which are not affected by the hypothetical accident conditions: The calculational. models of the
.cask and basket for the accident.-conditions are therefore identical to the models for normal
conditions, and no separate models need to be developed for accident conditions.

There are, however, differences between the~normal and accident models in terms of internal and
external water density and external reflections. The effect' of these conditions is discussed in
Section 6.3.4.

6.3.2 Material Properties

The compositions of the various components of the HI-STAR 60 cask are listed in Table 6.3.4.

The HI-STAR 60 cask is designed such that the fixed neutron. absorber will remain effective for
a period greater than .60 years, and there are no credible means to lose it. A detailed physical
description, historical applications, unique characteristics, service experience, and manufacturing
quality assurance of the fixed neutron absorber are provided in Subsection 1.2.1.6.

The continued efficacy of the fixed neultron absorber is assured 'by acceptance testing,
documented in, Subsection 8.1.5.4, to validate the ,B4C (neutron absorber) concentration in the
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fixed neutron absorber. To demonstrate that the neutron flux from the irradiated fuel results in a
negligible depletion of the neutron absorber material, amMCNP4a calculation of the numnber of.
neutrons absorbed in .the 1°1 of the B 4C was performed previously forithe HI-STAR 100 cask
that showed that the fraction of !0B atoms destroyed duiring'.the service life in the fixed neutron
absorber by neutron absorption is negligible. Therefore, there is no need to provide a surveillance
or monitoring program to verify the continued efficacy of the neutron absorber.

Damage to the cask under accident conditions is limited to damage to the ineution shielding.
However, this external shielding is already neglected in. the calculational models. Therefore,
there is no difference in the material properties between normal and accident compositions.

6.3.3 Computer Codes and Cross Section Libraries

The criticality analyses use the same codes, MCNP4a and CASMO-4, that were used for
Holtec's dry storage and transportation systems reviewed and approved by the NRC under
separate dockets.

The principal code for~the criticality analysis is the general three-dimensional continuous energy
Monte Carlo N-Particle code MCNP4a [N.F] developed at the Los Alamos National Laboratory.
.MCNP4a was selected because it has been extensively used and Verified and has all of the
necessary features for this analysis. ý'MCNP4a design basis calculations used continuous energy
cross-section data, based on ENDF/B-V, as distributed with the code. "

The convergence ofa Monte Carlo criticality problem is. sensitive to the following parameters:
(1) irnmber of hlistories per c'ycle, (2) the number of cycles skipped beforeaveraging, (3) the total
number of cycles and (4) the initial source distribution. The MCNP4a criticality output contains
a great deal of useful information that may be used to determine the acceptability of the problem
convergence. This information was used in parametric studies to develop appropriate values for
the aforementioned criticality parameters to, be used in the criticality calculations for this
submittal. Based on these studies, calculations typically used 10,000 simulated histories per
cycle, 50 cycles were skipped before averaging, 200 cycles were accumulated, and the initial

.source was specified as uniform over-the fueled, regions (assemblies).- Further, the output was
examined to ensure that each calculation achieved acceptable convergence. These parameters
represent an acceptable compromise between calculational precision and computational time.

CASMO-4 [N.B] was used for determining some incremental reactivity effects (see Section
6.3.1), Although CASMO has been extensively benchmarked, these calculations are used only to
establish the direction of reactivity.

.6.3.4 Demonstration of Maximum Reactivity

6.3.4.1 Internal and External Moderation

The regulations in .1OCFRTI.55 include the requirement: that the system remains subcritical when
assuming mfoderation- to the .most reactive credible extent. The regulations in 10CFR71.59o
require subcriticality for 'package arrays under different moderation conditions. Subsections
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6.3.4.1.1 through. 6.3.4.4 present various studies to confirm or identify the most reactive
configuration or moderation condition. Specifically, the following conditions are analyzed:

* Reduced internal and external water density for single packages (6.3.4.1.1) and package
arrays. (6.3.4.1.2);

* Variation in package to package distance in package arrays (6.3.4.1.2);
" Partial internal flooding of package,.(6.3.4.2);
* Flooding of pellet to cladding gap of the fuel rods (6.3.4.3); and
* Preferential flooding, i.e. uneven flooding inside the package, (6.3.4.4).

The calculations that specifically demonstrate compliance with the individual requirements of
IOCFR71.55 and 1OCFR71.59 are presented in Sections 6.4 through 6.6.

Regarding the effect of low moderator density it is noted .that with a neutron absorber present.
(i.e., the neutron absorber attached to the walls of the storage compartments), the phenomenon
of a peak in reactivity, at a hypothetical low moderator density (sometimes called "optimum"
moderation) does not occur to any significant extent. In a definitive study, Cano, et al. [K.E] has
demonstrated that. the phenomenon of a peak in reactivity at low moderator dehsities' does not
occur..when strong neutron absorbing material is present or in the absence of large water spaces
between fuel assemblies. Nevertheless, calculations for a single reflected cask-and 'for infinite
arrays of casks were made to confirm that the phenomenon does not occur with low density
water inside or outside the HI-STAR 60 casks.

6.3.4.1.1 Single Package Evaluation

The calculational model for a single package consists of the HI-STAR cask surrounded by a
hexagonal box filled with water. The neutron" shielding .on the outside of the HI-STAR is
neglected, since it might be damaged under accident conditions, and since it is conservative to
replace the neutron shielding (Holtite) with a neutron reflector (water). 'The minimum water.
thickness on each side of the. cask is 30 cm, which effectively represents full water reflection.
The outer surfaces, of the surrounding box are conservatively 'set to be fully reflective, which
effectively models a three dimensional array of cask systems with a minimum surface to surface'
distance of 60 cra' The calculations' with internal and' external moderators of various densities
are shown in Table 6.3.6. For comparison purpo-ses, a calculation for a single, unreflected cask
(Case '1) 'is also included in Table 6.3.6. At 100% external moderator density, Case 2
corresponds to a single,' fully-flooded cask, fully reflected by water. Figure 6.3.4 plots calculated
keff values as a function of internal moderator density for 100% external moderator density (i.e.,
full water reflection).

.Results listed in Table 6.3.6 and plotted in Figure 6.3.4 support the following conclusions:

The calculated kff for a fully-flooded cask is independent of the external moderator (the
small variations ifithe listed values are due to'statistical uncertainties which are inherent
to the calculational method'(Monte Carlo)); and '
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Reducing the internal moderation results in a monotonic reduction in reactivity, with no
evidence of-any optimum moderation. Thus, the fully flooded condition corresponds to
the highest reactivity, and the phenomenon of optimum low-density moderationidoes not
occur and is not applicable to the HI-STAR 60 cask.

6.3.4.1.2 Evaluation of Package Arrays

In terms of reactivity, the normal conditions of transport (i.e., no internal or external moderation)
are bounded by the hypothetical accident conditions of transport. Therefore, the calculations in
this section evaluate arrays of HI-STAR 60 casks under hypothetical accident conditions (i.e,.
internal and external moderation by water to the most reactive credible extent and no neutron
shield present).

In accordance with IOCFR71.59 requirements, calculations were performed to simulate an
infinite three-dimensional square array of internally fully-flooded (highest reactivity) casks with
varying cask spacing and external moderation density. The maximum keff results of these
calculations are listed in Table 6.3.7 and confirm that the individual casks in a square-pitched
array are independent of external moderation and cask spacing.

To further investigate -the reactivity effects of array configurations, calculations were also
performed to. simulate an infinite three-dimensional hexagonal (triangular-pitched) array of

* internally fully-flooded (highest reactivity) casks with varying cask spacing and external
moderation density. .The maximum keff results of these calculations are listed in Table'63.8 and
confirm that the individual casks in a hexagonal (triangular pitched) array are effectively

* independent of external moderation and cask spacing.

To. assure that internal moderation does not result in increased reactivity, hexagonal array
calculations were also. performed for 10% internal moderator with 10% and 100% external
moderation for varying cask spacing. Maximum ketf results are summarized in Table 6.3.9 and
confirm the very low values of kff for low values of internal moderation.

The results presented thu's far indicate that neutronic interaction between casks is not enhanced
by the neighboring casks, or the water between the neighboring casks, and thus, the most reactive
arrangement of casks corresponds to a tightly packed. array with the cask surfaces. touching.
Therefore, calculations were performed for an infinite hexagonal (triangular pitched) array of
touching casks (neglecting the Holtite neutron shield). These calculations were performed for the
internally :flooded (highest reactivity) and internally- dry.conditions, with and without. external
flooding. The results of these calculations are listed in Table 6.3.10. In all cases, -the maximum
keff values are shown to be-in, close agreement to that of a single, internally flooded, unreflected
cask and are below the regulatory limit of 0.95.

The calculations demonstrate that the thick- steel wall of the cask is more than sufficient to
preclude neutron coupling between casks, consistent with the findings of Cano, et -al [K.E].
Neglecting the Holtite neutron shielding in the calculational model provides further assurance.of
conservatism in the calculations; o

HI-STAR 60 SAR Revision 1
Report HI-2073710 6.3-5



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

6.3.4.2 Partial Flooding

To demonstrate that the HI-STAR 60 cask would ,remain subcritical if waterwere to leak into the.
containment system, as required by 1OCFR71.55, calculations in this section address partial
flooding in the HI-STAR 60 cask and demonstrate that the fully flooded condition is the most
reactive.

The reactivity changes during the flooding process were evaluated in both the vertical and
horizontal positions. For these calculations, the cask is partially filled (at various levels) with full
density (1.0 g/cm 3) water and the remainder of the cask is filled with steam consisting of
ordinary water at partial density (0.002 g/cm 3). Results of these calculations are shown in Table
.6.3.11• In all cases, the reactivity increases monotonically as the water level rises, confirming
that the most reactive condition is fully flooded. The fully flooded case therefore represents the
bounding condition for all basket types.

6.3.4.3 Clad Gap Flooding

The reactivity effect of flooding the fuel rod pellet-to-clad gap regions, in the fully flooded
condition, has been investigated. Table 6.3.12 presents maximum keff values that demonstrate the
positive reactivity effect associated with flooding the, pellet-to-clad gap regions. These results
confirm that, it is conservative to assume that the pellet-to-clad gap regions are flooded. For all
cases that involve flooding, the pellet-to-clad gap regions are assumed to be flooded.

6.3.4.4 Preferential Flooding

Preferential flooding of the basket is not possible because flow holes are present on all four walls
of each basket cell at the bottom of the basket. The, flow holes are sized to ensure that crud
deposits cannot block them. Therefore, the basket cannot be preferentially flooded.

6.3.4.5 Eccentric Positioning of Assemblies in, Fuel Storage' Cells

To conservatively account for eccentric fuel positioning in the fuel storage cells,. three different
configurations are analyzed; and the results are compared to determine' the bounding
configuration:

* Cell Center Configuration: All assemblies centered in their fuel storage cell;
" Basket Center Configuration: All assemblies in the basket are moved as closely to the center

of the basket as permitted by the basket geometry; and

* Basket Periphery Configuration: All -assemblies in the basket are moved furthest away from
the basket center, and as closely to the periphery of the basket as possible.

The results are presented in Table 6.3.5. The table shows the maximum keff value for centered
and the two eccentric configurations, and the difference in k~ff between the centered- and
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eccentric positioning. The cell centered configuration results in the highest reactivity. This
configuration is used in the calculations to demonstrate compliance with IOCFR71 requirements.

6.3.5 Partial Loading

:Each basket cell is completely surrounded by the basket walls with'the attached neutron absorber
plates. Under a partial loading situationji.e. where one or more basket locations are not occupied
with fuel, the amount of fissile material is obviously reduced. Also, under the :bounding
condition of a fully flooded system, the amount 6f water is increased. This will resultzin an
increased moderation of neutrons in the empty cell locations. This increased moderation will
increase the effectiveness, of the surrounding thermal neutron absorber. Described differently, the
now empty cell locations will act as additional flux traps. Therefore, due to the reduced amount
of fissile material,'and the increased neutron absorption, the reactivity -of the system under partial
loading conditions will be reduced, and will always be bound by the fully loaded4conditions.
Nevertheless, a calculation was performed with one of the inner four cells in the basket without:a
fuel assembly. The resultis shown in Table 6.3.13, in comparison to the fully loaded condition.
The results show, as expected, that the reduced number of assemblies results in a reduction in the
maximum keff. value. Any partial loading condition is therefore acceptable, and no further
evaluations are required for these conditions.

,6.3.6 Reactivity Effect of Potential Neutron Absorber Damage

During the manufacturing process of the fuel baskets, it is possible that minor'damage to the
neutron absorber panels occurs'during welding operations. Criticality, calculations have been
performed to determine whether this condition could have an effect 0n:'the reactivity of the
system. Since the potential damage is typically- the result of welding operations, the damage
would occur in a narrow area along the edge,.of the panel, and would only be present in a few
'panels within each basket. However, in order to maximize the potential reactivity effect of the
damage in the calculations, it isassumed that the damageo¢ccurs in an area with a diameter of 25
mm at the center of the panel, and that this condition exists in every, panel in the basket. It is K

* further assumed that the neutron absorber in this area is completely replaced by water, while inreality only a relocation of the absorber would occur, since-the absorber is completely covered by
the sheathing. Calculations performed, under these assumptions demonstrate that the
conservatively modeled damage has a negligible effect on the reactivity, i.e. the difference to the
condition without the. damage is less than. 2 standard deviations. In summary, these calculations
demonstrate that neutron absorber damage bounded by the configurations assumed in the-
analyses is acceptable and does not affect the reactivity of the HI-STAR System.

* 6.3.7 Reactivity Effect of Manufacturing Variations

Neutron absorber panels may be manufactured in one or two pieces. When two pieces are used, a
maximum gap of 6 mm is permitted between the pieces. To conservatively model this condition,
the maximum gap of 6mm is assumed to exist iri'all panels-in a basket, located at the -axial centerz
of the active length of ihe.ý fuel. Calculations demonstrate that this conservatively modeled
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condition has a negligible effect on the reactivity, i.e. is within 2 standard. deviations of the
reference case. The calculations therefore demonstrate that the condition stated above has a
negligible effect on reactivity and is acceptable.
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Table 6.3.1

MCNP4a EVALUATION OF BASKET MANUFACTURING TOLERANCES

Cell ID Cell Wall Flux Trap Neutron MCNP4a
(mm) Thickness Width Absorber Calculated

(mm) (mm) Thickness keff
__ __(mm)

nominal (205.8) nominal (6) nominal (50.8) nominal (2.6) 0.9052

maximum (208.3) nominal.(6) nominal (50.8) nominal (2.6) 0.9101

minimum (203.3) nominal (6)ý nominal (50.8) nominal (2.6) 0.9016

nominal (205.8) maximum (7.5) nominal (50.8) nominal (2:6) 0.9075

nominal (205.8) nominal (6) minimum (49) nominal (2.6) 0.9083

nominal (205.8) nominal (6) nominal (50.8) -minimum (2.4) 0.9082

maximum (208.3) maximum (7.5)'• minimum (49) minimum (2.4) 0.9169
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Table 6.3.2

BASKET DIMENSIONAL ASSUMPTIONS

Cell ID Cell Wall Flux Trap Neutron
Thickness Width Absorber

Thickness

Maximum Maximum Minimum.' Minimum

208.3 mm 7.5 mm 49 mm 2.4mm
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Table 6.3.3

CASMO-4 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

Change in Nominal Ak Maximum Tolerance Action/Modeling
Parameter Assumption

Increase UO2 Density to Maximum +0.0014. Assume max U0 2 density
max. = 10.522 g/cm 3

nom. .10.40 g/cm3  
_

Increase in Temperature. Assume 20'C

20 0C Ref.
40 0C -0.0029
70 0C -0.0086
IO0 °C -0.0156

10% Void in Moderator Assume no void

20°C with no void Ref.-
2010C -0.0375:.-,..
1000C .- 0.05281000C i
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Table 6.3.4

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STAR 60 SYSTEM

HI-STAR 60

U0 2 4.1% ENRICHMENT, DENSITY 10.522 g/cm3

Nuclide Atom-Density Wt. Fraction
160 4.694E-02 1.185E-01

235 9.746E-04 3.614E-02

U 2.250E-02 8.454E-01

COMMON MATERIALS

ZR CLAD, DENSITY 6.550 g/cm 3

Nuclide Atom-Density Wt. Fraction

Zr 4.323E-02 1.000E+00

MODERATOR (H20), DENSITY 1.000 g/cm 3

Nuclide Atom7Density Wt. Fraction

1H j 6.688E-02 .119E-01

160 3.344E-02 8.881E-01

STAINLESS STEEL, DENSITY 7.840 g/cm 3

Nuclide... Atom-Density Wt. Fraction

Cr 1.761E-02 1.894E-01
55Mn 1.761E-03 2.001E-02

Fe 5.977E-02 6.905E-01

Ni 8.239E-03 1.000E-01

METAMIC, DENSITY= 2.64 g/cm 3

Nuclide Atom-Density Wt. Fraction
101 6.140E-03 3.867E-02

"B 2.493E-02.1 1.726E-01
12C 7.769E-03 5.870E-02

27Al 4,301E-02 7.300E-01
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Table 6.3.5
REACTIVITY EFFECTS OF ECCENTRIC POSITIONING OF CONTENT

IN BASKET CELLS

Content Content moved Content moved towards Bounding
centered towards basket periphery' Configuration

(Reference) center of basket

Maximum Maximum -kef Maximum kff
keff ken Difference kff Difference

to to
Reference. Reference',

0.9212 0.9189 -0.0023 0.9117 -0.0095 Centered
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Table 6.3.6

MAXIMUM REACTIVITIES WITH REDUCED WATER DENSITIES FOR CASK
ARRAYSt

Water Density MCNP4a Results

Case HI-STAR 60
Number Internal External

Max. 1 a EALF
_____ (eV)

1 100% singlecask 0.9212 0.0006 0.2665

2 100% 100% 0.9197 0.0006 0.2667

3 100% 80%0/ 0.9199 0.0006 0.2661

4 100% 40% 0.9197 0.0006 0.2664

5 100% 20% 0.9200 0.0006 0.2662

6 100% 10% 0.9203 0.0006 0.2659

7 100% 5% 0.9200 0.0006 0.2672

8 100% 0% 0.9192 0.0005 0.2663

9 70% 0% 0.7971 0.0006 0.5674

10 50% 0% 0.6927 .0.0006. 1.4067

I1 20% 0% 0.5004 o0:004, 32.03

12 10% 0% 0.4318 0.0003 343.09

13 5% 0% 0.3943 0.0002 2229

14 10% 100% 0.4268 0.0003 370.76

For an infinite square array of casks with 60 cm spacing between cask surfaces.

ti - Maximum keff includes the bias, uncertainties, and calculational statistics,
evaluated for the worst case combination: of manufacturing tolerances.
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Table 6.3.7

EFFECTS OF SPACING AND EXTERNAL MODERATOR DENSITY FOR
SQUARE ARRAYS OF HI-STAR 60 CASKS

REACTIVITY

Cask-to-Cask External Spacing (cm)

External
Moderator 2 20 60

.Density (%) " Maximum keff

5 0.9201 0.9202 0.9200

20 * 0.9196 0.9200 0.9200

100 0.9205 0.9202 0.9197

Note:

1. All values are maximum keff which include the bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

2. The standard deviation (a) of the calculations is about .0.0006.
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Table 6.3.8

REACTIVITY EFFECTS OF SPACING AND EXTERNAL MODERATOR DENSITY FOR
HEXAGONAL (TRIANGULAR-PITCHED) ARRAYS OF HI-STAR 60 CASKS

Cask-to-Cask External Spacing (cm)

External
Moderator 2. 20 60

Density (%) Maximum kef

5 0.9193 0.9200 0.9206

20' 0.9199 0.9201 0.9209

100 0.9202, 0.9191 0.9194

Note:

1. Ail values are maximiium kenf which include the bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

2. The standard deviation (a) of the calculations is about 0.0006.
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Table 6.3.9

REACTIVITY EFFECTS OF SPACING AND EXTERNAL MODERATOR DENSITY FOR
HEXAGONAL (TRIANGULAR-PITCHED) ARRAYS OF HI-STAR 60 CASKS

INTERNALLY FLOODED WITH WATER OF 10% FULL DENSITY

Cask-to-Cask External Spacing (cm)

External
Moderator 2 20 60

.Density (%) Maximum keff

10 0.4303 .0.4277 0.4270

100 0.4277 0.4265 0.4271

Note:

1. All values are maximum ker which include the bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

2. The standard deviation.(a) of the calculations is about 0.0006.
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Table 6.3.10

CALCULATIONS FOR HEXAGONAL (TRIANGULAR-PITCHED) ARRAYS OF
TOUCHING CASKS WITH HI-STAR 60

Internal Moderation (%) External Moderation (%) Maximum kIt

0 0 0.3418

0 100 0.3298

100 0 0.9199

100 100 0.9198

Note:

1. All values are maximum k. which include bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

2. The standard deviation (a) of the calculations ranges between 0.0003 and 0.0006.
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Table 6.3.11t

REACTIVITY EFFECTS OF PARTIAL CASK FLOODING FOR HI-STAR 60

Flooded Vertical Orientation Horizontal Orientation
Condition

9(% Full)

25 0.8872 0.8027

50 0.9127 -0.9091

75 0.9176 0.9079

100 0.9212 0.9212

Notes:

1. All values are maximum keff which include bias, uncertainties; and calculational statistics, evaluated
for the worst case combination of manufacturing tolerances.

.2. The standard deviation (a) of the calculations ranges between 0.0005 and 0.0006.
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Table 6.3.12

REACTIVITY EFFECT OF FLOODING THE PELLET-TO-CLAD GAP FOR HI-STAR 60

Pellet-to-Clad Maximum keff

Condition

dry 0.9132

flooded 0.9212

Notes:

1. All values are maximum-.kef which includes bias, uncertainties, and calculational statistics, evaluated
for the worst case combination of manufacturing tolerances.

2. The standard deviation (a) of the calculations is about 0.0006.
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Table 6.3.13

REACTIVITY EFFECT OF PARTIAL LOADING OF THE BASKET

Loading Maximum ken

Configuration

Fully Loaded 0.92 12

One Cell Empty in 0.9098
Center of Basket

I!

Notes:

3. All values are maximum keff which includes bias, uncertainties, and calculational statistics, evaluated
for the worst case combination of manufacturing tolerances.

4. The standard deviation (a) of the calculations is about 0.0006.
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FIGURE 6.3.1 - [PROPRIETARY TEXT REMOVED]
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FIGURE 6.3.2 [PROPRIETARY TEXT REMOVED]
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Figure 6.3.4: Calculated krff as a Function of Internal Moderator Density
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6.4 SINGLE PACKAGE EVALUATION

6.4.1 Configuration

The calculations in this section demonstrate that a single package of the HI-STAR 60 cask
remains subcritical for all credible conditions of moderation, and that the system, fulfills all
requirements of IOCFR71.55.

In modeling the single package, the following considerations are applied:

* The bounding geometric assumptions identified in Table 6.3.2 are. used
* The assemblies are centered in the cell locations, which results in the highest keff as

demonstrated in section'6.3.4.5
* The pellet to clad gap is assumed to be flooded (see Section 6.3.4.3)
* The basket is assumed.to be loaded with fuel of the maximum permissible reactivity, i.e.

the basket is loaded with fresh 15x15 U0 2 fuel with an initial enrichment of 4.1 wt%.

Normal Conditions.

The studies in sections 6.3.4.1 through 6.3.4.4 demonstrate that the moderation, by water to the
most reactive credible extent corresponds to the internally fully flooded condition of the basket,
with the pellet-to-clad gap in the fuel rods also flooded with water. The external moderation has
a statistically negligible effect.

Under normal condition, water is assumed to leak into the package, consistent with 10CFR71.55.
Flooding with full density water is assumed, since this .is the bounding condition as shown in
Section 6.3.4.

To demonstrate compliance with IOCFR71.55 under normal conditions, the following

calculations are performed for the HI-STAR 60 design;

[PROPRIETARY TEXT REMOVED]

To satisfy the requirements of 1OCFR71.55 (b)(1), the calculations are performed

[PROPRIETARY TEXT REMOVED]

The maximum keff values for all these cases, calculated with 95%/o probability at the 95%
'confidence level, are listed in Table 6.4.1. The results confirm that the" effective multiplication
factor.(kIff), including all biases and uncertainties at a 95-percent confidence level, does not
exceed 0.95 under normal conditions of transport.

Additional calculations (CASMO-4) at elevated temperatures confirm that the temperature
coefficients of reactivity are negative as shown in Table 6.3.3. This confirms that the calculations

. are conservative.

HI-STAR 60 SAR Revision I
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Actcident Conditions

The analyses presented in Chapter 2 and Chapter 3 demonstrate that the damage resulting from
-the hypothetical accident conditions of transport are limited- to a loss of the neutron shield
material as a result of the hypothetical fire accident. Because the criticality analyses do not take
credit for the neutron shield material (Holtite-A), this condition has no effect on the criticality
analyses.

In summary, the hypothetical transport accidents have no adverse effect on the geometric form of
the package contents important to criticality safety, and thus, are limited to the effects on internal
and external moderation evaluated in Subsection 6.3.4.1.

J izTo demonstrate compliance with7.10CFR7I.55 under accident conditions, the following
calculations are performed for the HI-STAR 60 design:

Singlecask, internally flooded, with full external water moderation. As for the single cask
under normal conditions, the full external water moderation is modeled as water with a
thickness of about 300 cm. The external neutron moderator is conservatively neglected in the
model. This case addresses the requirement of 1OCFR71.55 (d).

6.4.2- .,Results.

[PROPRIETARY TEXT REMOVED] .

. Appendix 6.A presents the 'critical 'experiment benchmarking for fresh U0 2 fuel and the
derivation of the corresponding bias'and standard error of the bias (95% probability at the 95%
confidence level).

The results are listed in Table 6.4.1
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Table 6.4.1

HI-STAR 60 SINGLE PACKAGE

Configuration % Internal % External Max.* 1 0 EALF

Moderation Moderation kfr (eV)

Single Package, fully reflected 100% 100% 0.9197 0.0006 0.2667

Containment, fully reflected 100% 100% 0.9194 0.0005 0.2661

Single Package, Damaged 100% 100% 0.9197 0.0006 0.2667

The maximum keff is equal to the sum of the calculated keff, two standard deviations, the code bias, and the
uncertainty in the code biasý'
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6.5 EVALUATION OF PACKAGE ARRAYS UNDER NORMAL CONDITIONS OF
TRANSPORT

6.5.1 Confiauration

Studies :in Subsection. 6.3.4, show that the spacing and external' moderator density have: a
negligible effect on the reactivity of the package. Therefore, ayny external condition can be used
to represent the most reactive configuration. To represent package arrays under normal
conditions, an infinite hexagonal array of touching Casks, internally and externally dry is
modeled. All other modeling assumptions.are identical to the modeling assumptions for the
single package under normal conditions. This addresses the requirement of iOCFR71.59 (a) (1)
and the determination of the criticality safety index according to 1OCFR71.59 (b).-

6.5.2 Results

The results are presented in Table 6.5.1, and show that the maximum keff is well below the
regulatory limit.' Since an unlimited number of packages can be placed in an array, the value of N
is infinite, and the CSI is therefore zero (0.0).
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Table 6.5.1

HI-STAR 60 PACKAGE ARRAYS UNDER NORMAL CONDITIONS

The maximum keff is equal to the sum of the calculated keff, two standard deviations, the code bias, and the
uncertainty in the code bias.
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6.6. PACKAGE ARRAYS UNDER HYPOTHETICAL ACCIDENT CONDITIONS

6.6.1 Configuration

Studies in Subsection 6.3.4 show that the spacing and external moderator density have a
negligible effect on the reactivity of the package. Therefore, any external condition can be used
to represent the most reactive configuration. To represent package arrays under accident
conditions, a hexagonal array of touching, internally flooded casks with full external water
reflection is modeled. This model is consistent with the model for the single cask-under accident
condition. This calculation addresses the requirement of IOCFR71.59 (a)(2)

6.6.2 Results

The results are presented in Table 6.6.1, and show that the maximum k1f is. well below the
regulatory limit. Since an unlimited number of packages can be placed in an array, the value of N
is infinite, and the CSI is therefore zero (0.0).
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Table 6.6.1

HI-STAR 60 PACKAGE ARRAYS UNDER ACCIDENT CONDITIONS

% Internal % External Max.* 1 • EALF
Moderation Moderation kff (eV)

100% j 100% 0.9197 0.0006 0.2667

The maximum keff is- equal to the sum of the calculated keff, two standard deviations, the code bias, and the
uncertainty in the code bias.:
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6.7 FISSILE MATERIAL PACKAGES FOR AIR.TRANSPORT

Not Applicable. The HI-STAR 60 will not be transported by air.
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6.8 BENCHMARK EVALUATIONS

Benchmark calculations have been made on selected critical experiments, chosen, insofar as
possible, to bound the range of variables in the cask designs. The most important parameters are
(1) the enrichment, (2) the cell spacing, and (3) the 10B loading of the neutron absorber panels.
Other parameters, within the normal range of cask and fuel designs, have a smaller effect, but are
also included. No significant trends were evident in the benchmark calculations or the derived
bias. Detailed benchmark calculations are presented in Appendix 6.A. This is a subset of the
benchmark calculations that were used in Holtec's previously approved storage and
transportation FSARs and SAR, utilizing only the U0 2 based experiments and excluding the
MOX based experiments, since the HI-STAR 60 is not qualified for MOX assemblies.

The benchmark calculations were performed with the same computer codes and cross-section
data, described in Section 6.3, that were used to calculate the keff values for the Cask. Further, all
calculations were performed on the same computer hardware, specifically, personal computers
under Microsoft Windows.

HI-STAR 60 SAR
Report HI-2073710

Revision I
6.8-1



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
a

6.9 APPENDICES

APPENDIX 6.A

APPENDIX 6.B

BENCHMARK CALCULATIONS

MCNP SAMPLE INPUT FILE
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Appendix 6.B

Sample Input File for MCNP
Infinite Array of Damaged Packages

[PROPRIETARY INFORMATION REMOVED]
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CHAPTER 7: PACKAGE OPERATIONS

7.0 INTRODUCTION

This chapter provides a summary description of the essential elements and minimum
requirements necessary to prepare the cask for shipment and to ensure that it operates in a safe
and reliable manner under normal and accident conditions as described in this SAR. Holtec
will use the information presented in this chapter along with their knowledge of the technical
basis of the package design described in chapters 2 through 6 to develop more detailed generic
procedures for users of the HI-STAR 60 Package. Equipment specific operating details such as
valve manipulation and onsite cask transporter operation will be provided to users based on the
specific equipment selected and the configuration of the site. It is the user's responsibility to
utilize the information provided in. this chapter, the conditions of the Certificate of Compliance
(CoC), equipment-specific operating instructions, and plant working procedures and apply them
to develop the site-specific written loading, unloading, and handling procedures to ensure that
the package is operated in accordance with the CoC and all applicable government regulatory
requirements. The following criteria shall be used to insure that the site specific operating
procedures are acceptable for use:

* All heavy load handling instructions are in keeping with the guidance in industry
standards.

* A careful technical evaluation of all potential modes of loss of load stability has been
performed and accepted by Holtec International's site services organization.

* The procedures are in conformance with this SAR and the NRC issued COC.

* The operational steps are ALARA

* The procedures contain provisions for documeniing successful execution of all safety
significant steps for archival reference.

Holtec's lessons learned database has been consulted to incorporate all lessons. learned

from prior cask handling and loading evolutions.

* Procedures contain provisions for classroom and hands-on training and for a Holtec

approved personnel qualification process to insure that all operations personnel are
adequately trained.

The operations described in this chapter assume that the fuel will be loaded into or unloaded
from 'the HI-STAR cask submerged in> a spent fuel pool. With some modifications, the
information presented herein can be used to. develop site-specific procedures for loading or
unloading fuel into the cask within a hot cell or other remote handling facility.

US Department of Transportation (USDOT) transportation regulations in 49CFR applicable to
the transport of the HI-STAR 60 package are only addressed in this..chapter to the extent required
to ensure compliance with 1OCFR71 regulations and to provide a more complete package
operation description. Applicable 49CFR regulations, including those explicitly called out in

HI-STAR 60 SAR Revision 0
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I OCFR 71.5, shall be complied with for package use in the US and/or for US package export and
import. For transport outside US territory and *under the approval of one or more foreigný-
competent authorities, other requirements such as the ADR, "European Agreement Concerning
the International Carriage of Dangerous Goods by Road" and the RID, "European Agreement
Concerning the International Carriage of Dangerous Goods by Rail" may be imposed in place of
the 49C FR.

Users will be required to develop or modify existing programs and procedures to account for the
transport operation of the HI-STAR 60. Written procedures are required and will be developed or
modified to account for such things as handling and storage of items and components identified
as important-to-safety, heavy load handling, specialized instrument calibration, special nuclear
material accountability; fuel handling procedures, training, equipment and process qualifications.
Users shall implement controls to ensdre that the lifted weights do not exceed the cask lifting.
trunnion.design limit. Users shall implement controls to monitor the time limit from the removal
of the. cask from the spent fuel pool .to the commencement of cask draining to prevent.boiling.
'Users shall also implement controls .to ensure that the cask cannot be subjected.to a fire [in excess
.of design limits during loading operations.

Control of package operation shall be performed in accordance with the user's Quality
.Assurance (QA) program to ensure critical steps are not overlooked and that the cask has been
confirmed to meet all requirements of the Part.7 I CoC before being released for shipment.

Table 7.1.1 provides, the HI-STAR 60 Package bolt torque and sequencing requirements. Fuel
assembly selection and verification shall be performed by the user in accordance With written,
approved procedures that ensure that only SNF assemblies authorized in the CoC are loaded into
the HI-STAR 60 cask. Fuel handling, shall be performed in accordance with written Site-specific
procedures.

APPENDIX A of this Chapter provides figures of the HI-STAR 60 components. These figures
are examples of possible configurations, and may change based upon site conditions.

HJI-STAR 60 SAR - Revision 0
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7.1 PACKAGE LOADING

The HI-STAR 60 Cask is used to load and transport spent fuel: The essential elements required
to prepare the HI-STAR 60 Cask for fuel loading, to load the fuel, to ready the cask for transport
and to ship the HI-STAR 60 Package asa Transport Package are described below.

7.1.1 Preparation for Loading

1. If the HI-STAR 60 Packaging has previously been used to transport spent fuel, the HI-
STAR 60 is received and any vehicle covers or personnel barriers, if attached, are
removed and security seals, if used, are inspected to verify there was no tampering and.

* that they match the corresponding shipping documents.

2. The HI-STAR 60 Packaging is visually receipt inspected to verify that there are no
outward visual indications of impaired physical iondition except for superficial'marks

and dents

3. Radiological surveys are performed in accordance with 49CFR173.443 [A.E] and
I OCFR20.1906 [A.B].

4. The impact limiters, if attached, are removed and a. second visual inspection to verify that
there are no outward visual'indications.of impaired physical condition is performed.

5.. The cask is upended and the neutron shield relief device(s).are inspected to confirm that
they are installed, intact, and not. covered by tapeor any other covering.

6. The cask lid is removed and used seals are discarded.

Note:

Steps 7 through 10 may be performed imany order.

7. The containment -closure flange seal surfaces are inspected for damage that may
compromise the performance of the seal. Any damage to the. seal surface may be
repaired by welding and/or machining damaged areas as necessary and the seal surfaces
are covered with protective covers.

8. The closure lid bolts are inspected for distortion and damaged threads and any suspect
bolts are replaced.

9. Road dirt/debris and any foreign material are removed from the cask prior to placement
in'the spent fuel pool.

10. The cask neutron absorber panel sheathing is present and there are no signs of potential
damage to the neutron absorber.

HI-STAR 60SAR Revision I
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7.1.2 Loading of Contents*

7.1.2.1 Loading Operations

I. The cask containnient closure flange seal surfaces are covered with a protective cover.

ALARA Notes:

A bottom protective cover may be attached to the cask bottom or placed in the designated
preparation area or spent fuel, pool. This will help prevent embedding contaminated particles in
the cask. bottom surface 'and ease the decontamination effort.. . Waterproof tape placed over
empty bolt holes, and bolt plugs may also reduce the time required for decontamination. Wetting
thecomponents that enter the spent fuel pool may reduce the amount of decontamination work to
be performed later.

2. The cask interMal cavity is filled with either spent fuel pool water or clean.water and
lowered into the spent fuel pool for fuel loading.

3. Prior to loading the fuel, the user identifies the fuel -to be loaded and the fuel is
independently verified that it meets the conditions of the CoC.; The pre-selected

7 assemblies are loaded into the cask and a visual verification: of the assembly
identification is performed.

4. While still underwater, the containment closure flange sealing surface protective cover is
removed and ihe sealing surfaces for the closure lid are inspected for signs of damage to
determine if the seal-surface is clear of potential solid contamination' and free from gross
damage that might affect the seal performance. Any damage that wotld prevent a seal is

jremedied. The lid is installed using..new seals. New seals are installedin the groove in
the lid prior to the lid installation in the spent. fuel pool. The seal is held in-'place*by the
groove geometry. The lid is visually inspected to confirm it is properly seated. The user
performs a site-specific Time-to-Boil evaluation to determine a time limitation to ensure
that water boiling will ,not occur in the cask prior' to the start of draining operations..
Bounding time limits for design basis fuel, are shown in Table 3.3.4 Using the
methodology in Section 33.3.3. Users may use these bounding limits or calculate their
own time limits using the methodology of Section 3.3.3. If it appearslthat the Time-to-

'Boil limit will be exceeded prior todraining operations, the user shall take. appropriate:
action 'to. replacethe water in the 'cask cavity with an inert gas or 'to circulate water
through the cask cavity to reset the Time-to-Boil clock. The closure lid bolts are installed
any time after the lid is properly, seated.

ALARA Note:

Activated debris may have settled on flat surfaces of the cask during fuel loading. Cask surfaces
suspected of carrying activated debris should be kepf under water until a preliminary dose rate
scan clears the cask for removal.

5. The lift attachment is engaged to the cask lifting trunnions'and the cask is raised out of
the spent fuel pool. As the cask is raised out.of the spent fuel pool, the lift attachment and

HI-STAR 60 SAR . Revision 1
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cask are sprayed *with clean water to help remove contamination. A
radiation/contamination-survey,of the cask lid and-upper surface is performed prior to
breaking the surface of the spent fuel pool.

ALARA Note:

To reduce decontamination time, the surfaces of the cask and lift yoke should be kept wet until
decontamination begins. Decontamination of the cask bottom should be performed using pole-
mounted cleaning devices.

6. The bottom of the cask is decontaminated and the cask is-. placed in the designated
preparation area and the lift attachment is removed. The top surfaces of the cask are
decontaminated..

7. The lid vent, line is opened to prevent cask pressurization. The closure lid bolts are
torqued after the vent line is opened and before the cask cavity is drained. Bolt torque
values and patterns are provided in Table '7. 1.1.. If desired, security seals are' attached to
the closure lid bolts.

8. Temporary shielding (if used) is installed.

9. Dose rates are measured at the closure lid and around the cask body to. establish
appropriate radiological control.

ALARA Warning:.

Personnel should remain clear of the drain lines any time water is being pumped or purged from.
the cask. Assembly crud, suspended in the water, may create a radiation hazard to workers..
Dose rates will rise as water is 'drained from the cask. Continuous dose rate monitoring is
recommended.

10. The Vacuum Drying System is connected to the cask and used to remove moisture from
the internal. cavity. There is no time limit on vacuum drying. As the water is drained
from the cask, an inert gas is introduced into the cask to prevent oxidation of the fuel
cladding. After the bulk 'water has been removed, the pressure inside of the. canister is
lowered to below 3 torr. When the canister has demonstrated that the internal pressure
remains below 3 torr for greater than or equal *to 30 minutes, with the valve closed, it
shall be considered dry.

11. The cask cavity is backfilled with helium tothe requirements in Talie 1.2.3.and the port

connections are closed.

7.1.2.2 Cask Closure

1. The sealing surfaces for the closure lid port covers are inspected for signs of damage.
Any damage that would ;prevent a seal is remedied, any old seals are discarded" The
space beneath the port covers.'shall be filled with helium in sufficient concentration to
allow-for helium leak testing and the port covers are installed with new seals. Flushing of
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the cavity below the port cover with a volume of helium equal to at least ten times the
cavity volume under the port-cover will insure a sufficient concentration of helium is
available for the leakage test. The port cover inner-seal and closure lid inner-seal are
helium leak tested to demonstrate the §eals meet the required acceptance criteria.

2. Plugs are installed using new seals at the port cover test ports and closure lid inter-seal
test port and torqued in accordance with Table 7.1. 1.

3. The cask is surveyed for removable contamination and any removable contamination is
removed to within the limits of49CFRI73.443 [A.E].

7.1.3 Preparation for Transport

1. The cask is moved to the transport location.

2. A visual inspection for signs of impaired condition is performed. Superficial marks and
dents are acceptable.

3. The cask neutron shield pressure relief devices are visually verified to be undamaged.

ALARA Warning:

Dose rates around the unshielded bottom end'of the cask may be higher that other locations
around the cask. After the cask is downended on the transport frame, the bottom impact limiter
should. be installed promptly. Personnel should remain clear. and exercise other appropriate
ALARA controls when working around the bottom end of the cask.:

Note:

Steps 6 through 9 may be performed in any order.

4. The cask is downended and placed on the transport frame.

5. The impact limiters are installed on the cask and the bolts/nuts are torqued in accordanbe
with Table 7.1.1. A security seal is installed on 'each impact limiter and the seal numbers
are recorded in the shipping documents.

6. The tie-down system is installed.

7. Final radiation surveys, of the package surfaces per 1OCFR71.47 [A.C] and
49CFR173.443 are performed and recorded in the shipping documents. .- .

HI-STAR 60 SAR Revision 1
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8. The surface temperature of the accessible areas of the package are measured.

9. The personnel barrier is installed. The personnel barrier is optional if the package surface
temperature and the dose rates without the personnel barrier are within IOCFR71.43 and
IOCFR71.47 [A.C] requirements, respectively; and no applicable 49CFR requirements
are violated.

10. The assembled package is given a final inspection to verify that the following conditions
for transport have been met:

Note:

Steps ar:through j may be performed in any order.

a. Verify that required radiation survey results are properly documented on the
shipping documentation.

b. Perform a cask surface temperature check. The, accessible surfaces of the
Transport Package (impact limiters and personnel barrier) shall not exceed the
exclusive use temperature limits of49CFRI 73.442 [AE].

c. Verify that all required leakage testing has -been performed, the acceptance criteria
have been met, and the results have been-documented on the shipping
documentation.

d. Verify that the receiver has been notified of the impending shipment and that the
receiver has the appropriate procedures and equipment:available to safely receive
andi handle the Transport Package (10CFR20.1906(e)) [A.B]. - -

e. Verify that the carrier has the written instructions and a list of appropriate
contacts for notification of accidents or delays.

f. Verify that the carrier has written, instructions that the shipment is. to be Exclusive
Use in accordance with 49CFR173.441 [A.E].

g. Verify that route approvals and notification to appropriate agencies have been7
completed.

h. Verify that the, appropriate labels have been applied in accordance with
49CFRI72.403 [A.E].

i. Verify that the appropriate placards have been applied in accordance,: with
49CFR172.500 [A.E].

HI-STAR 60 SAR Revision 1
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j. Verify that all required information is recorded on the shipping documentation.

Folloywing the above checks, the Transport Package is released for transport.
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Report HI-2073710

Revision I
7.1-6



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 7.1.1

HI-STAR 60 Package Torque Requirements

Fastener Torque, newton-m (ft-lbs) Pattern

Closure Lid Bolts - Loaded Packaget' tt First Pass - Wrench Tight First pass
Second Pass - 1300 (950) need not
Third Pass - 2600 +100/-0 follow
(1925 +75/-0) pattern. See

_ _ _ _ _ Figure 7.1 1

Closure Lid Bolts - Empty Package First Pass- WrenchTight First pass.
•Second Pass - 400 (300) need not
Third Pass - 825 +100/-0 (600 follow
+75/-0) pattern. See

Figure 7.1.1

Port Cover Bolts 16+3/-0 (12+2/-0) . *None

Port Cover Inter-Seal Test Port Plugs Wrench Tight None

Closure Lid Inter-SealTest Port Plugs Wrench Tight None

Top Impact.Limiter Attachment Bolts/Nuts 95 +14/-14 None

-_ __J(70 +10/-10)

Bottom Impact Limiter Attachment 95+14/-14 None
Bolts/Nuts . (70 +10/-10)

Torque values in tables assume standard torque wrench accuracies of approximately +/-3%

t Detorquing shall be performned by turning the bolts counter-clockwise in 1/3 turn +-30
degrees increments per pass according to Figure 7.1.1 for. three passes. The bolts may
then be removed.
Bolts shall be cleaned and inspected for. damage or excessive wear (replaced if necessary)

and coated with a light layer of Nuclear Grade Lubrican~t such as Fel-Pro Chemical
Products, N-5000.
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: . .

Figure 7.1.1

Typical Bolt Torque Pattern, for 28 Bolt Lids
(Similar Patterns may be used with Holtec Approval)
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7.2 PACKAGE UNLOADING

For HI-STAR 60 Cask unloading, the essential elements required to prepare the package for fuel
unloading, to cool the stored fuel assemblies in the cask, to flood the internal cavity, to remove
the lids and bolts, to unload the spent fuel assemblies, and to recover the cask are described
below.

7.2.1 Receipt of Package from Carrier

1. The HI-STAR 60 Package is received from the carrier and inspected to verify that there
are no outward visual indications of impaired physical conditions except for superficial
marks and dents.

2. Any vehicle covers or personnel barriers are removed and the security seals are inspected
to verify there was no tampering and that they match the corresponding shipping
documents.

3. Radiological surveys are performed in accordance with 49CFR173.443 [A.E] and
IOCFR20.1906 [A.B]

ALARA Warning:

Dose rates around the unshielded bottom end of the HI-STAR 60 cask may be higher than other
locations around the cask. After the impact limiter is removed, the cask should be upended
promptly. Personnel should remain clear of the bottom of the unshielded cask and exercise other
appropriate ALARA controls.

4. The impact limiters are removed.

5. The cask is upended and returned to the fuel building or other unloading area.

6. The neutron shield relief device(s) are inspected to confirm that they are installed, intact,
and not covered by tape or any other covering.

7. The cask is placed in the designated preparation area.

7.2.2 Removal of Contents

1. The closure lid port cover and drain port cover are removed to access the vent and drain
ports.

HI-STAR 60 SAR
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ALARA Warning:

Gas sampling is performed to assess the condition of the fuel cladding. If a leak is:discovered in
the fuel cladding, the user's Radiation Control organization may require special actions to vent
the cask cavity.

2. A temporary attachment is connected to the vent port to open the vent port tube
connection and a gas sample from inside the cask cavity is collected. A gas sample
analysis is performed to assess the condition of the fuel assembly cladding. As necessary
during preparation for lid removal, thegas inside the cask cavity is handled/vented to an
approved location. Depending on cask cavity pressure, the cavity may require additional
backfill or venting to equalize its pressure to atmospheric.

3. If the cask is to be Unloaded underwater, the cask is cooled if necessary to reduce the
internal temperature to allow water flooding without thermally shocking the fuel
assembliesor over-pressurizing the cask from the formation of steam. Thecask is then
filled with water at a controlled rate with the effluent directed to the spent fuel pool or
other approved discharge point.

4. The closure lid bolts may be removed at any time from after the internal cavity pressure
is equalized until the time the lid is to be removed. In addition, the closure lid bolts are
removed either before the cask is placed-in the spent fuel pool or other fuel unloading
area or after placement of the cask in one of these areas.

ALARA Note: .

Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

5. The cask is placed in the spentý fuel pool or other appropriate unloading area. The closure
lid is removed.

.6. All fuel assemblies are returned to the storage racks.

7. The fuel cells are checked for any remaining items and they are removed as appropriate.

ALARA Warning:

Activated debris may have settled on flat surfaces of the cask during fuel unloading.

8. The cask is raised to the top of the spent fuel pool, and the dose rates at the top of the
cask are measured in accordance with plant radiological procedures. The top surfaces of
cask are flushed or washed to remove any highly-radioactive particles.

HI-STAR 60 SAR 7.2-2 Revision I
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ALARA Note:

To reduce contamination of the cask, the surfaces of the cask and lift yokeshould be kept wet
until decontamination can begin.

9. The cask is returned to the designated preparation area and any cask cavity water is
pumped back into the spent fuel'. pool, liquid radwaste system Or other approbed location
as necessary.

10. The cask is decontaminated.

't`ý
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7.3 PREPARATION OF EMPTY PACKAGE FOR TRANSPORT

7.3.1 Overview of Empty Package Transport

The essential elements and minimum requirements for preparing an empty package (previously
used) for transport are similar to those required for transporting the loaded-package with several
exceptions,. A 'survey for removable corntamination is performed to verify that the removable
contamination on the internal and external surfaces of the cask is ALARA and that the limits of
49CFR173.428 [A.E] and 1OCFR71.87(i) [A.C] are met. At the user's discretion, impact limiters
and/or personnel barrier are installed. The procedures provided herein describe the installation
of the impact limiters and personnel barrier. These steps may be omitted as needed.

7.3.2 Preparation for Empty Package Shipment

1. The Seal Surface Protector is removed from the cask if necessary.

. 2. The cask is surveyed for contamination and verified to be empty and contain less'than 15 gm
U-235 in accordance with 49CFR173.421(a)(5) [A.E]..

3. The .closure lid is installed and the bolts are torqued. See Table 7.1-1 for torque
requirements. If desired, a security seal may be attached to the closure lid bolts.

4. The closure lid port covers are installed if necessary.

5. The cask is downended and positioned on the transport equipment.

6. A-final inspection of the cask is performed and includes the following:

* A final survey for removable contamination on the accessible external surfaces -of the
cask in accordance with 49CFRI 7.3.443(a) [A.E].,.,

* A radiation survey of-the cask to confirm that the radiation levels on any external surface
of the overpack do not exceed the levels required by 49CFR173.421(a)(2)[A.E].

* A visual inspection of the cask to verify that there are no outward visual indications of
impaired physical condition and that the package is securely closed in accordance with
49CFR173.428(b) [A.E].

- -Verification is made that the cask neutron shield pressure relief devices are installed,
intact and not covered by tape or other covering. ,

7. If desired, the impact limiters are installed and the impact limiter bolts/nuts are torqued.
See Table .7.1.1 for torque requirements.

8. A security seal is installed (one per impact limiter or closure lid) and the security seal
number(s) is(are) re6-'rded on the shipping documentation.
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9. Final radiation surveys of the package surfaces are performed per IOCFR71.47 [A.C],
and 49CFR173.428(a) [A.E].

10. If desired, the personnel 'barrier and personnel barrier locks are installed and the.
personnel barrier keys are transferred to the carrier.

11. A final check to ensure that the package is ready for release is performed and includes the
following checks (Note: Checks may be performed in any order):

* Verification is made that the receiver has been notified of the impending shipment..!

* Verification that any labels previously applied in conformance with Subpart E of
49CFR172 [A.E] have been removed, obliterated, or covered and the "Empty" label
prescribed in 49CFR172.450 [A.E] is affixed to the packaging in -accordance with
49CFR173.428(d) [A.E].

* Verification is made that the package for, shipment is prepared in accordance with
49CFR173.422 [A.E]

* Verification is made that all required information is recorded on the shipping

documentation.

12. The Package is then released for transport.
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APPENDIX 7.A

FIGURE 7.A.1: GENERAL ARRANGEMENT OF THE Ell-STAR 60 ON A RAIL CAR
WITH IMPACT LIMITERS, TIE-DOWN AND OPTIONAL PERSONNEL BARRIER

ATTACHED
(EXAMPLE ONLY, SHOWN FOR ILLUSTRATION ONLY)
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Tie-Down (typical)..,

Personnel Barrier
(optional)I

,- Impact Lim iter (typical)

Transport Vehicle

Transport Frame

FIGURE 7.A.2: HI-STAR 60 SHOWN IN EXPLODED TRANSPORT
CONFIGURATION

(EXAMPLE ONLY, SHOWN FOR ILLUSTRATION ONLY)
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FIGURE 7.A.3: HI-STAR 60 SHOWN WITH CLOSURE LID REMOVED
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FIGURE 7.A.4: EMPTY HI-STAR_60 SHOWN WITH CLOSURE LEI) REMOVED
BEING PLACED IN THE SPENT FUEL POOL FOR FUEL LOADING

(FOR EXAMPLE ONLY - ACTUAL CONFIGURATION AND LIFTING
ATTACHMENT WILL VARY)
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FIGURE 7.A.5: SPENT FUEL ASSEMBLY LOADING IN THE rn-STAR 60
(EXAMPLE ONLY, SHOWN FOR ILLUSTRATION ONLY)
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Lid Lift Rigging (optional)

- Lid Bolts

- Closure Lid

FIGURE 7.A.6: II-STAR 60 CLOSURE LID EXPLODED VIEW
(example only, shown for illustration only)
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FIGURE 7.A.7: mI-STAR 60 SHOWN DURING DEWATERING, DRYING, AND
BACKFILL OPERATIONS (EXAMPLE CONFIGURATION FOR ILLUSTRATION

ONLY, ACTUAL CONFIGURATION WILL VARY)
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CHAPTER 8: ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.0 INTRODUCTION

This chapter identifies the acceptance tests and maintenance program to be conducted on the
HI-STAR 60 Package to verify that the structures, systems and componefits'(SSCs) classified
as important-to-safety have been fabricated, assembled, inspected, tested, accepted, and
maintained in accordance with the requirements set forth in this Safety Analysis Report (SAR),
the applicable regulatory requirements, and, the Certificate of Compliance (CoC). The
acceptance criteria and maintenance program described in this chapter fully comply with the
requirements of IOCFR Part 71.
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8.1 ACCEPTANCE TESTS

In this section the inspections and acceptance tests to be performed on the HI-STAR 60
Package prior- to its use are summarized. These inspections and tests provide 'adequate. .
assurance that the HI-STAR 60 Package has been fabricated, assembled and accepted for use.
and loading under the conditions specified in this SAR and the CoC issued by the NRC in
ac:.-- ordance With the requirements of I OCFR Part 71. .

8.1.1 Visual Inspections and Measurements

The HI-STAR 60 Package shall be assembled in accordance with the engineering/licensing
drawings supplied in Section 1.3 (drawings referenced in the CoC). The drawings provide
dimensional tolerances and gap. requirements that define the limits on the dimensions used in
licensing basis' analysis. Fabrication drawings provide any additional dimensional tolerances
necessary to ensure component fit-up. Visiual inspections and measurements shall be made and
controls shall be exercised to ensure that the packaging conforms to the' dimensions. and
tolerances specified on 'the engineering/licensing and fabrication drawings. These dimensions
are subject to independent confirmation and documentation in accordance with the Holtec. QA
program approved in NRC Docket No. 71-0784.

The following shall be verified-as part of visual inspections and measurements:

o Visual inspections'.and measurements -shall be made to ensure that the packaging
effectiveness is not significantly reduced. Any important-to-safety component found to be

. .undeirthe specified minimum thickness shall be repaired or replaced as required.
• Visual inspections shall be made to verify that neutron absorber panels are present as

required by the basket design.
V Visual inspections shall be made to verify that FlAs are present as required by the cask
design.

* The packaging shall be visually inspected to ensure it is conspicuously and durably. marked
with.the proper markings/labels in accordance with 10CFR71 85(c). "

* The packaging:shall be inspected for proper cleanliness and preparation for shipping in
accordance with written 'and approved procedures;

The visual inspection and measurement results for the HI-STAR cask shall become part of the
quality documentation package.

8.1.2 Weld Examination

The examination of HI-STAR 60 package Welds shall be performed in accordance with the
drawings' in Section 1.3 anid applicable codes and standards'in Table 2.1.18, including
alternatives as specified in Table 2.1.17. Weld examinations and repairs shall be performed as
specified below. All weld inspections shall be performed in accordance with written and
approved procedures by personnel qualified in accordance with SNT-TC-IA [I.B]. All required
inspections, examinations, and tests shall becorne ;part of. the final quality 'documentation
package.

HI-STAR 60 SAR . Revision 1
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The following specific requirements 'shall be followed-, in order to verify fabrication in
accordance with the drawings.

1. Containment boundary welds including any attachment welds (and temporary welds to the,
containment boundary) shall be examined in accordance with ASME Code Section V,
Article 9 with acceptance criteria perASMECode Section III, Subsection NB, Article NB-
5300. VT, RT and PT or MT examinations apply to these welds as defined by the code.
These welds shall be repaired in accordance with the requirements of the ASME Code
Section III, Article NB-4450 and examined after repair in the same manner as the original
weld. Weld overlays *for cask sealing surfaces shall be VT*and PT examined.

2. Structural, welds on the cask and impact 'limiter (excluding those listed above) shall be
examined in accordance with ASME Code Section V, Article 9 with acceptance criteria per

• ASME Code Section lII, Subsection.NF, Article NF-5300. These welds shall be repaired in
accordance with ASME Code Section II, Article NF-4450 and examined after repair in the
same manner as the original weld. The preceding ,requirements are not applicable to non-
code, welds (e.g. seal welds) on the cask and impact limiters.

3. Basket welds shall be examined in accordance with ASME Code Section V, Article 9 with
acceptance criteria per ASME Code Section III, Subsection NG, Article NG-5300. Basket
welds shall be repaired in accordance with ASME Code Section III, Article NG-4450 and

• examined after repair in the same manner as the original weld. The preceding requirements
are not applicable to non-code welds on the basket.

4. Non-code welds shall be examined in accordance with written and approved procedures and
shall be repaired in accordance with written and approved procedures.

8.1.3 Structural and Pressure Tests

The cask containment boundary shall be tested by a combination of methods (including, helium
leak test, pressure test, MT,.and/or PT, as applicable) to verify that it is free of cracks, pinholes,
uncontrolled voids or other defects that could significantly reduce the effectiveness of the
packaging during its licensed service life.

8.1.3.1 Lifting Trunnions

Two top trunnions are provided for vertical lifting and handling of the loaded cask. The top
trunnions are designed and shall be inspected and tested in accordance with ANSI N 14.6 [H.A].
Two bottom trunnions are provided for rotation 'of the loaded or unloaded cask and to react to
loads during actual transport.:

The top trunnions shall be tested at 300% of the maximum design (service) lifting load of
60,000 kg (132,000 Ibs). The test load shall be applied for a minimum of 10 minutes. The
accessible parts of the top trunnions (the cantilevered portion outside the cask), and the local
cask areas shall then be visually examined to verify no' deformation, distortion, or cracking has
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occurred.. Any evidence of deformation (other than minor localized surface deformation due to
contact pressure between lifting device and top trunnion), distortion or cracking of the trunnion
or adjacent HI-STAR 60 cask areas shall require repair of the. HI-STAR 60 cask in accordance
with cask manufacturer's recommendations. Following' any major repair or alteration, as
defined in ANSI N14.6, the load testing shall be re-performed and the components re-examined..
in accordance with the original procedure and acceptance criteria. Testing shall be performed in
accordance With' written.d'and approved' procedures". Certified'hi'ateriai' '.est'r•p i0rts verifying
trunnion material mechanical properties meet ASME Code Section II requirements provide.
further verification of the trunnion load capabilities. Test results shall be documented and shall
become part of the final quality documentation package.

The requirements in the preceding paragraph do not apply to the bottom trunnions since the
bottom trunnions are not used for cask lifting.

. • .8.1.3.2 .. Pressure Testing. ,

Pressure testing-of the HI-STAR 60 containment boundary' is not required. The cask cavity and
the inter-lid space MNOPs are below 5 psig; therefore, the provision of 1OCFR71.85(b) does
not apply.

8.1.4 Leakage Tests

8.1.4.1 Containment Boundary Leakage Tests

Cask containment boundary leakage testing shall be performed per written and approved'
procedures and in accordance with the requirements of ANSI N14.5 [H.B]. Criteria and basis
for leak rate and leakage testing are discussed in Chapter 4-of this SAR. Table 4.3.1 provides
-the leakage tests, leakage rate criterion and test sensitivity. .

In case of an unsatisfactory leakage rate, weld repair, seal surface cleaning/repair, or seal
change and retest shall be performed until the test. acceptance criterion is satisfied.

Leakage testing results shall become'part of the quality documentation package.

o8.1.5 Component and' Material Tests

Cask closure seals are:elastomer seals and conservatively specified to provide a high degree of
assurance of sealing function under normal and accident coniditions of transport. Seal tests
under the most severe package service conditions including performance at pressure under high
and low temperatures will not challenge the capabilities of these seals and thus are not required.

HI-STAR 60 SAR Revision I
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8.1.5.1 Material Testing

The majority of the cask materials are ferritic steels. ASME'Code Section III and Regulatory
Guides 7.11 [D.G] and 7.12 [D.H] require-that certain materials be tested in o.rder to assure that
these materials are not subject to brittle fracture failures..

:Each bar,. plate;,.orforging for the cask containment system shall be required to be drop weight
tested in accordance with the requirements of Regulatory Guides 7.11 and 7.12, as applicable.
Additionally,. per the ASME Code Section 1II, Subsection NB, Article NB-2300, Charpy V-
notch testing shall be performed on these materials. 'Weld material used in welding- the

* containment system shall be Charpy V-notch tested in accordance with ASME Section. Iti,
Subsection NB, Articles NB-2300 and NB-2430 with code alternatives listed in Table 2.1.17.

Tables 2.1.12 and 2.1.13 provides the test temperatures or TNDT, and test requirements to be
used when performing the testing specified above.-.

Test results shall become part of the final quality documentation package.

.8.1.5.2 Impact Limiter

Verification of the transport impact limiter crush material is accomplished by performance of a
*crush test of sample blocks. The verification tests are performed by the crush material supplier
or third party testing facility in accordance with Holtec approved procedures. The certified test
results shall be submitted to Holtec International with each shipment. Impact limiter maiierial
crush strength: properties are specified in Chapter 2.

The certified test results shall be retained by Holtec International as archive records for each

batch of impact limiter crush material manufactured and used,

8.1.5.3 Neutron Shielding Material

Neutron shield properties of Holtite-A are provided in Chapter 1. Each manufactured lot of
neutron shield material shall be tested to verify that the material composition (aluminum and
hydrogen), boron concentration, and .neutron shield density (orspecific gravity) meet the
requirements specified in Chapter 1. A manufactured lot is defined as the total amount of
material used to make any number of mixed batches comprised of constituent ingredients from.
the same !ot/batch identification numbers supplied by the constituent manufacturer. Testing
shall be performed in accordance with written and approved procedures and/or standards.
Material composition, boron concentration, and density (or specific gravity) data foreach
manufactured lot of neutron shield material shall become part of the quality documentation
package.

The installation of the neutron shielding material shall be performed in accordance with
written, approved, and qualified procedures. The procedures shall ensure that mix ratios and
mixing methods are* controlled in order to achieve proper material composition, boron
concentration and distribution,- and that pours are controlled in order to prevent gaps or voids
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from occurring in the material. Holtec International shall maintain samples of each

manufactured lot of neutron shield material.

8.1.5.4 Neutron Absorber Material

8.1.5.4.1 Manufacturing Process

The following is a description of the manufacturing' process for the METAMIC neutron
absorber panels.

Aluminum alloy..6061 powder and Type .1 ASTM C-750 B 4C powder with a specified
minimum B-10 content are analyzed for particle size, screened, and carefully blended to form a
lot in an inert atmosphere, without binders or other additives that could potentially adversely
influence performance. Each lot will make approximately 200 mixed batches, all with the same
isotopic percentage of.B-10.

Each mixed batch is further blended and three powder samples are taken from the mixed batch.
One sample is tested via wet chemistry to verify the correct B4C weight percent. The other
samples are kept for archiving purposes. This blend of powders is isostatically compacted into
a billet under high pressure. Then the billet is vacuum sinteredto near theoretical density. The
*vacuum levels and temperatures are monitored. during the process. Each mixed batch will
typically make three billets, all with the same B4 C weight percent.

The compacted material (billet) is then extruded into a piece of bloom stock 'under, tight
temperatur'e moniitoring and controlled exirusion speed. An inert gas bIanket prevents: oxide
formation. The bloom stock istypically cut into two pieces aind each is rolled to final thickness
and appropriate length using a strict reduction schedule.

Typically two panels are made from each piece of bloom stock. The panel is made by shearing
* the top, bottom and sides of the rolled piece to the specified length and width: Before shearing
to the final length a test coupon •that is approximately. 4"x6" is sheared from. the end; of the
panel and kept as a-permanent record or used for further testing.

:8.1.5.4.2 Acceptance Criteria ..

The parameter most important f6r the criticality control function of the neutron absorber is the
so-called •B-10•areal density, i.e. the amount of B-10 per unit area of the absorber panel (usually
specified as gm B-10/cm 2). While this parameter can be measured in the final product (via
neutron attenuation testing), it is not a direct input into the manufacturing process. However,,.
the value is the mathematical product of three input and process parameters, namely the B4C

content of the material, the B-10 content of the Boron in the B4C, and the thickness of the
panel, together with an appropriate, proportionality constant (see Equation (1) from the
qualification program documentation [M.C). To provide a robust and conservative acceptance
criteria approach, each of these three parameters is controlled independently in the
manufacturing process and each parameter must independently meet a specified minimum
required value. Furthter, the -evaluations in Chapter 6 are' also based on the minimum value of
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each parameter (with a further reduction per NUREG/CR-5661 .[C.I], as discussed below). This
approach essentially guarantees that the panels exceed the required areal density.LSince the
approach uses a worst-case combination of the minimum value for each parameter, no
statistical evaluation or criteria is required. The specific requirements are therefore:

* All lots of B4C will~contain boron with an isotopic B-10 content of at least 18.4%.

" The B 4C content in METAMIC® shall be greater than or equal to 30.0 and less than or
equal to 33.0 weight percent.

' The Metamic panel thickness must be no less than the minimum thickness specified in the
drawings inSection 1.3

NUREG/CR-5661 [C.I] identifies the main reason for a penalty in the neutron absorber B-10
•density as the potential of neutron streaming, due to non-uniformities in the neutro6-absorber,
and recommends comprehensive acceptance tests to verify the presence and uniformity of the
neutron absorber for credits more than 75%. Since a 90% credit is taken for METAMIC®, the
following criteria must be satisfied:

.o The boron carbide powder used. in the manufacturing of•METAMIC® must have. average
particle size of 25 microns, with all particles less than 50 microns to preclude neutron
streaming.

o The B4C powder must be uniformly dispersed locally i.e. must not show any particle.
agglomeration. This precludes neutron streaming.

* The B4C powder must be uniformly dispersed macroscopically i.e. must have a consistent
• concentration throughout the entire neutron absorber panel.

8.1.5.4.3 Acceptance Testing

To effectively and reliably ensure that all manufactured panels are, acceptable, a two-phase
approach is used: a) a qualification testing program, is performed such that the manufacturing
process and procedures consistently result in panels with acceptable parameters and properties.
This program'also confirms the validity .of the wet chemistry tests using neutron attenuation
testing; and b) during production runs, the three main parameters are verified for each panel,'
and neutron attenuation.testing is performed on coupons from, a percentage of the panels to
provide additional assurance. Further details are discussed below.
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Qualification Testing Program.

The following qualification testing has been performed on the first production runs of
METAMIC® panels in order to validate the acceptability and consistency of the manufacturing
process and verify the acceptability of the METAMIC® panels for neutron. absorbing
capabilities: .

1) B4C Content: The "boron carbide and aluminum powders were mixed using a
documented and approved procedure. The boron carbide powder weight percent was
verified by testing samples from forty different mixed batches. The samples were drawn
from the top, middle and bottom of the mixing containers after mixing operations were
completed. Testing was performed using the wet chemistry method on all three samples
to verify that the mixture was uniform.

2) "B areal density: The expected B areal density was-verified by testing a sample from
one panel from each of approximately forty different mixed batches. The samples were
drawn from areas contiguous to the manufactured panels of METAMIC® and were
tested using the neutron attenuation test method.

3) Local Uniformity: To. verify the local uniformity of the boron particle dispersal, neutron
attenuation measurements of random test coupons were performed.

4) Macroscopic Uniformity: To verify the macroscopic uniformity of the boron particle
-distribution, test samples were taken from the sides of one panel from-fiye different
m.iixed batches before the panels were~cut to their final.sizes. The sample locations were
chosen to be representative of. the final product. Neutron attenuation tests were'
performed on each of the samples. The consistency in neutron attenuation in coupons
from the same panel verifies the macroscopic uniformity.

5) Thickness: Five panels were testedat 30 locations each at regular intervals.

6) Wet Chemistry vs. Neutron Attenuation Test: For samples from at least 100 panels, the
1°1 areal density is determined by wet chemistry, and neutron attenuation testing to

confirm the validity of the wet chemistry approach. The wet chemistry approach is
essentiallythe determination of the '°Bareal density from the measured B4C content of
the mixed samples, together with the B-10 content and panel thickness, as specified in
Equation (1) from the qualification program documentation [M.C].

The critical parameters of the Metamic panels for the HI-STAR 60 are essentially identical to
those for the HI-STORM storage system with the MPC-68 or MPC-32 [L.A]. The qualification
testing for those panels are therefore directly applicable to the panels for the HI-STAR 60. The
results of the testing program are documented in Holtec's Metamic Sourcebook [M.C]

The result of the qualification testing demonstrated that the manufacturing process produces
Metamic-panels which meet or exceed the requirements for criticality control. -Note that the
manufacturingg. process for production runs is the same.as for the qualification process and is
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documented in Holtec's Metamic Sourcebook [M.C]. Processing changes that will clearly lead
to. an improvement in the properties- of the material may be incorporated into the-producti on
process, provided they are reviewed and approved by Holtec.

Testing of Production Runs

To ensure that the above requirements are met the following testsý shall be performed during
production:.

All lots of boron carbide powder shall be analyzed to meet, particle size distribution
requirements.

All lots of B4C will be certified as containing Boron with aminimum 18.4% of isotopic B-
10 per the purchase specification.

Wet chemistry testing of a sample from each mixed batch shall be performed to verify the
• correct boron carbide weight percent is being mixed. The mixing of the batch is controlled

via approved procedures.

* The thickness of each final panel will'be measured in at least six places, with two at one
end, two at the other end and two in the middle.

The measurements of B4C content, particle size, thickness, and uniformity of B4C distribution
(via wet chemistry test) shall be made using written and approved procedures. If any one of the
above criterion is not met, the panel will be rejected.- ,

As additional verification a minimum of 10% of the test coupons shall be tested via neutron
attenuation testing to verify the expected B-10 areal density is attained. Theneutron attenuation
testing will be performed using a neutron beam that is 1 in2 in diameter and the results will be
compared to a known standard whose B-10 content has been checked and verified. This test
shall be performed to verify the continued acceptability of the manufacturing process.The 13-10
areal density will be. compared to'the wet chemistry results, using Equation (1) from the
qualification program documentation [M.C], with the minimum values, asverified above. If a
coupon fails the neutron attenuation test, all panels from this mixed batch will be rejected.

Each plate of neutron absorber shall be visually inspected for damage such as scratches, cracks,
burrs, peeled cladding, foreign material embedded in the surfaces, voids, delamination, and
surface finish.

Test and inspection results shall be documented and become part of the cask quality records
documentation package.

8.1.5.5 Gamma Shielding
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The gamma shielding (steel) used in the construction of the HI-STAR 60 package is specified
on the licensing drawings in Section 1.3 and dimensionally inspected to assure compliance with
the drawings referenced in the CoC as required in Subsection 8.1.1

8.1.6 Shielding Tests

Users shall implement procedures which verify the ifitegrity of the Holtite-;A eutron shi'eld -

once for each overpack. Neutron shield integrity shall be verified via measurements either at
first use or with a check source using, at a maximum, a 6x6 inch test grid over the entire
surface of the neutron shield, including the impact limiters.

Following the first fuel loading of each HI-STAR 60 Package, a shielding effectiveness test
shall be performed to verify the effectiveness of the shielding using written and approved
procedures. Calibrated radiation detection equipment shall be used to take measurements at the
surface of the HI-STAR; overpack; Measurements shall be taken at three cross sectional planes
through the radial shield and. at four points along each plane's circumference. The average

* measurement results from each sectional plane shall be compared to calculated values to assess.
the continued effectiveness of the shielding. The calculated values shall be representative of
the loaded contents (i.e., fuel type, enrichment, burnup, cooling time, etc...). Measurements
shall be documented and become part of the quality documentation package.

8.1.7 Thermal Tests

Thermal tests of the cask or packaging are''not required prior to using the packaging for the
following reasons:
* The methodology used in the thermal analysis described in Chapter 3, Thermal Evaluation,:-.

is well established and proven.'
* The HI-STAR 60 Packaging design closely mirrors that of the HI-STAR 100. Thermal

tests performed on HI-STAR 100 [Dockets 71-9261 and 72-1008] and HI-STORM 100
[Docket 72-10141 overpacks have. shown that the thermal analysis, methodology is
conservative.

* The thermal performance of the HI-STAR 60 Package is achieved mainly by conduction
and radiation heat transfer, The thermal analysis is performed with conservativethermal
properties and continuous and bounding gaps between heat transfer features.

* The HI-STAR 60 Packaging design, materials and features are not complex or novel to the
extent of requiring verification by thermal tests.

8.1.8 Miscellaneous Tests

No additional tests are mandated by this SAR prior to using the packaging.
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8.2 MAINTENANCE PROGRAM

An ongoing maintenance program is defined and incorporated in the HI-STAR 60 Package
Operations & Maintenance (O&M) Manual, which will be prepared and issued prior to the
delivery and first use of the HI-STAR 60 Package. This document shall delineate the detailed
inspections, tests, and parts replacement necessary to ensure continued radiological safety,
proper handling, and containment performance of the HI-STAR 60 Package in accordance with
IOCFR71 regulations, conditions in the Certificate of Compliance, and the design requirements
and criteria contained in this Safety Analysis Report (SAR).

The HI-STAR• 60 Package is totally passive by design i.e. there are no active components or
systems required to assure the continued performance of its safety functions. As a result, only
minimalmaintenancewill be required over its lifetime, and this maintenance would primarily
result from weathering effects and pre- and post-usage requirements fortransportation. Typical
of such maintenance would be the removal of scratches, dents, etc: from accessible external
surfaces to eliminate locations for potential contaminant hideout; seal replacement; and .leak
testing following seal replacement. Such maintenance requires methods and procedures no more
demanding than those routinely used at power plants.

A maintenance program schedule for the HI-STAR 60 Package is provided in Table 8.2.1.

8.2.1 Structural and Pressure Tests"

Periodic structural or pressure tests on the cask following the initial acceptance tests are not
required to verify continuing performance.

8.2.2 Leakage Tests.

The' elastomeric.seals on the cask containment boundary shall be replaced as defined in Table
8.2.1. After each replacement, a helium leak test of the seals shall be performed.

8.2.3 Component and Material Tests

8.2.3.1 Relief Devices.

The relief devices (such as rupture disks) on the cask shall be visually inspected for damage or.
indications of excessive corrosion prior to each transport of the HI-STAR 60 Package. If the
inspection determines an unacceptable condition, therelief devices shall be replaced. The relief
devices shall be replaced with approved spares at the frequency recommended by the
manufacturer while the cask is in transport service.

8.2.3.2 Shielding Materials

Periodic verification of the neutron shield integrity shall be performed Within 5 years prior to
each shipment. The periodic verification shall be ,performed by radiation measurements with
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either loaded contents or a check source. Measurements shall be taken at three cross sectional
planes through the radial shield and at four points along each plane's circumference. The
average measurement results from each sectional plane shall be compared to calculated values to
assess the continued effectiveness of the neutron shield. The calculated values shall be
representative of the loaded contents (i.e., fuel type, enrichment, burnup, cooling time, etc...) or
the particular check source used for the measurements.

8.2.3.3 Packaging Surfaces

Accessible external surfaces of the packaging (including impact limiters) shall be visually
inspected prior to each fuel loading for surface (superficial) and component damage including
surface denting, surface penetrations, weld cracking, chipped or missing corrosion resistant
veneer, etc. Where necessary, any damage shall be-restored per the instructions in Holtec
supplied O&M manual..Damage to components shall be evaluated for impact on packaging
safety and components shall be repaired or replaced accordingly. Wear andtear from normaluse
will not impact cask safety. Repairs or replacement in accordance with written and approved
procedures, as set down in the O&M manual, shall be required if unacceptable conditions are
identified.

Prior to installation or replacement of a closure seal, the cask sealing surface shall be cleaned and
visually inspected for scratches, pitting or presence of an unacceptable surface finish. The
affected surface areas shall be restored as necessary in accordance with written and approved
procedures.

M--8.2.3.4 Packaging Fasteners

Cask closure bolting and impact limiter fasteners shall be visually inspected for damage such as
excessive .wear, galling, or indentations on the threaded surfaces prior to installation. The
severity of thread damage shall be evaluated.as set forth in the cask O&M manual. Damaged
bolting and/or fasteners :shall be replaced accordingly. Damaged internal threads may be
repaired using thread inserts (e.g. HeliCoil®)..

Closure lid bolting shall be replaced after every (no more than) 240 bolting cycles. The number
of bolting cycles is based on the assumption .that the cask is loaded and shipped 12 times a year
for 20 years. One bolting cycle is the complete sequence of torquing and removal of bolts.

8.2.3.5 Cask Trunnions

Cask trunnions shall be inspected prior to each fuel loading. The accessible parts of the trunnions
(areas outside the cask), and the local cask areas shall then be visually examined to verify no
deformation, distortion, or cracking has occurred. Any evidence of deformation (other than
minor localized surface deformation due to contact pressure between lifting device and
trunnion), distortion or cracking of the trunnion or adjacent cask areas shall require repair of the
trunnion and/or the cask. Following any major repair of a lifting trunnion, as-defined in ANSI
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N14.6, the load testing shall be re-performed and the components re-examined in accordance
with the original procedure and acceptance criteria.

8.2.3.6 Closure Seals

The HI-STAR 60 Packaging is equipped with elastomeric closure seals. The closure seals are
shippedlfrom thefactory pre-inspected and carefully packaged. Once installed and compressed,.
the seals should not be disturbed by removal of closure bolting. -Removal of closure bolting
requires replacement of closure seals.

8.2.4 Thermal Tests

For each package, a periodic thermal performance test shall be performed within 5 years.prior to
each shipment, to demonstrate that the thermal capabilities of the cask remain within its design*
basis.

8.2.5 Miscellaneous Tests

Prior to each use, the impact limiters shall be visually inspected in accordance with a written
procedure to inspect for surface denting, surface penetrations, and weld cracking. Any areas not
complying with the defined acceptance criteria shall be repaired'and/or replaced in accordance
with written and approved procedures.

HI-STAR 60 SAR
Report HI-2073710

Revision 1
8.2-3



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

Table 8.2.1

Maintenance and Inspection Program Schedule

Task Frequency

Cask external surface (accessible) visual,... Prior to each fuel loading
inspection

Cask bolting and port plug visual Prior to installation and transport
inspection

Cask trunnion visual inspection Prior to each fuel loading and transport

Containment Boundary Periodic Leakage Following each fuel loading, and prior to off-
Test of containment boundary seals. site transport if the time elapsed from last test

exceeds 1 year. Acceptance criteria in
accordance with Pre-Shipment requirements in
Table 4.3.1

Transport impact limiter and impact limiter Prior to each transport
fasteners visual inspection

Closure lid seal replacement Following removal of closure lid bolting

Closure bolt replacement Every 240 bolting cycles (assumes 20 years at
12 cycles per year)

Pprt plug seal replacement Following removal of applicable port plug
Port cover plate seal replacement Following removal of applicable 'cover plate

Relief devicevisual inspection (as clarified Pr'ior to each transport
in Subsection 8.2.3.1.)-"

Relief device replacement (as. clarified in As recommended by.the manufacturer's O&M
Subsection 8.2.3.1.) Manual

Shielding Test Within 5 years prior to each shipment

Thermal Test - Within 5 years prior to each shipment

HI-STAR 60 SAR"W
Report HI-2073710

Revision1 .-
8.2-4


