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BNG Fuel Solutions Corporation
. () o B 2105 S Bascom Avenue, Suite 160
©e%°%° Campbell, California 95008
"sc” Fuel Solutions 00555
A BNG America Company

June 30, 2005

BFS/NRC 05-014

Docket No. 72-1007

File Nos. WEP-09
WEP01.26

ATTN: Document Control Desk

Director, Spent Fuel Project Office

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Amendment Request for the VSC-24 Ventilated Storage System
Certificate of Compliance

References: 1) Certificate of Compliance for Spent Fuel Storage Casks, Certificate
No. 1007, Docket No. 72-1007, Amendment 5, Package Identification
No. USA/72-1007.
2) Letter from BNFL Fuel Solutions to USNRC, “Notice of Company Name
Change,” BFS/NRC 05-009, April 12, 2005.

Dear Sir or Madam:

BNG Fuel Solutions Corporation (BFS) hereby submits an application to amend the VSC-24
Ventilated Storage System Certificate of Compliance (CoC No. 1007) (Reference 1) in
accordance with the requirements of 10 CFR 72.244. The license amendment request

(LAR 1007-006) requests to eliminate Technical Specification (TS) 1.3.4, which requires
daily temperature measurement of the cask. Daily temperature measurement is not required
because the daily visual inspection of the cask inlet and outlet vent screens required by

TS 1.3.1 provides the capability to determine when corrective action needs to be taken to
maintain safe storage conditions in accordance with the requirements of 10 CFR 72.122(h)(4).

In addition, the LAR incorporates editorial changes associated with the company name change
(Reference 2) that have been made in accordance with the BFS Quality Assurance Program.

A summary of the changes requested by LAR 1007-006 and the reasons for the changes are
provided in the Attachment to this letter.
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Enclosed are two (2) copies of a CD-ROM containing an electronic file of LAR 1007-006.
The LAR is being filed electronically in accordance with the requirements of 10 CFR 72.4.
Please note that all of the enclosed information is publicly available.

Should you or any member of your staff have any questions, please contact the undersigned at:

2105 S. Bascom Ave., Suite 160
Campbell, CA 95008

(408) 558-3509

E-Mail: ssisley@BNGAmerica.com

Sincerely,

Steven E. Sisley
Licensing/Regulatory Compliance Manager

Attachment:
Summary of Changes for VSC-24 Ventilated Storage Cask System LAR 1007-006

Enclosure:
CD-ROM, labeled “VSC-24 Ventilated Storage Cask System LAR 1007-006, June 30, 2005 —
Publicly Available” (2 copies), containing the following file:

001_LAR1007006_RO.pdf, 7,801 KB, publicly available

cc: Mr. J. Cuadrado, NRC NMSS, w/ attachment and enclosure
Mr. R. J. Lewis, NRC NMSS w/ attachment
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Summary of Changes for VSC-24 Ventilated Storage Cask System

LAR 1007-006
Section Page Description

1.2.1.1 1-4 Editorial revision for company name change

1.2.1.5 1-7 Editorial revision for company name change

1.3 1-8 Editorial revision for company name change

2332 2-9 Revise method of thermal performance verification consistent with
proposed TS monitoring requirements

3432 35 Editorial revision for company name change

7.1.5 7-4 Revise method of thermal performance verification consistent with
proposed TS monitoring requirements

10.1.1 10-1 Editorial revision for company name change

12.3 12-2 Editorial revision for company name change

TS TOC - Revise to remove deleted sections

TS 1.23 TS-21 Revise TS to specify method of thermal performance verification

TS 1.3.4 TS-45 Delete

TS Table 3 TS-46 Delete TS 1.3.4 from summary of surveillance requirements

B.1.34 TS-67 Delete

13.0 13-1 Editorial revision for company name change

14,2 144 Editorial revision for company name change
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1.0 GENERAL DESCRIPTION

1.1 INTRODUCTION

The Ventilated Storage Cask (VSC-24) System is a second-generation dry storage system using
a concrete storage cask and a steel, seal-welded basket to safely store irradiated nuclear fuel.
The Multi-assembly Sealed Basket (MSB) is stored in the central cavity of the Ventilated
Concrete Cask (VCC). The VCC is ventilated by internal airflow paths, which allow the decay
heat to be removed by natural circulation around the metal basket wall. Figure 1.1-1 pictorially
shows the major components of the VSC-24 System.

The VSC System can be sized to hold from 4 to 24 Pressurized Water Reactor (PWR)
assemblies. For this Final Safety Analysis Report (FSAR), a VSC-24 system that holds 24 PWR
assemblies has been chosen for analysis. This system takes full advantage of the economies of
scale and is the predominant size preferred by utilities where site-specific conditions do not limit
the storage cask size.

The technical specifications for the fuel to be stored in the VSC-24 System, including heat
generation rate, radiation source strength, and neutron multiplication factor (k.r), may be met by
a wide variety of combinations of enrichment, burnup, and cooling time. The exact fuel
specifications that serve as the basis for this FSAR are listed in Section 2.1. Generally, the
VSC-24 System can accommodate fuel that has received its design basis burnup without further
analysis.

The VSC-24 System has a number of unique design features. Among these are the vertical
loading of the MSB into the VCC. This is accomplished by employing the MSB Transfer Cask
(MTC) (or shielding bell) to move a loaded MSB from the fuel pool to the VCC (located in the
fuel building truck bay). This vertical loading greatly simplifies the transfer of fuel to a storage
cask (compared to horizontally loaded systems). The potential for spreading of contamination is
minimized because the vessel that goes in the pool (the MTC) is kept inside the fuel and
auxiliary building at all times. Vertical loading also allows the transfer to be conducted within
the controlled environment of the truck bay instead of outside on the storage pad.

Another important feature is the simplified fabrication of the MSB using mostly welded
components, minimal machining, a minimum of horizontal surfaces to hold water during drying
operation, and high-strength pressure vessel steel.

The VCC has chamfered edges to mitigate potential damage due to a cask drop. These
chamfered edges eliminate the sharp corners at the cask top and bottom, where chipping,
spalling, and loss of material predominately occur in a drop accident. The chamfered edges are
reinforced and greatly increase the impact area, thus spreading the load throughout a much larger
section of the cask and reducing (if not preventing) concrete material loss from a drop accident.

The VSC-24 handling system employs a hydraulic roller skid and a heavy haul trailer (or
alternatively, an engineered cask transporter, as described in Appendix B) in addition to the
MTC. The MTC is used to move a filled MSB from the fuel pool to the concrete cask, and the
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hydraulic roller skid (or transporter) is used to move the concrete cask on and off the storage pad
onto a heavy haul trailer. Moving all 24 assemblies at one time saves many hours of fuel
handling and the associated radiation dosage to personnel. This handling system is shown
pictorially in Figure 1.1-2. Only the MSB, VCC, and MTC are important to safety. They are
designed to withstand any failure of the handling equipment. It should be noted that the
handling system shown and discussed here is only one of many possible handling systems that
may be selected by a utility. The handling equipment, including the transfer cask lifting yoke, is
addressed on a site-specific basis in site safety reviews.

The VSC-24 System has been designed and analyzed for a lifetime of 50 years. However, it is
expected that the VSC-24 components will significantly out-perform this conservative analysis.
It is expected that life extension will be possible with future inspections.

The MSB is designed by analysis to meet material and stress requirements of the American
Society of Mechanical Engineers (ASME) Code, Section II1, Division 1. The VCC is designed
by analysis to meet the American Concrete Institute Code ACI-349 and the American Nuclear
Society ANS-57.9. The MTC is designed as a lifting device to meet NUREG-0612 and

ANSI N14.6 and as a shielding bell for radiological safety. Chapter 2 further describes the
design criteria for the VSC-24 System. The following subsections provide a general description.

1.2 GENERAL DESCRIPTION OF THE STORAGE CASK

1.2.1 CASK SYSTEM CHARACTERISTICS

The VSC-24 System includes:

I. Ventilated Concrete Cask (VCC)

2. 24-Assembly Multi-Assembly Sealed Basket (MSB)
(placed inside the central cavity of the VCC)

3. One MSB Transfer Cask (MTC)
(used to move the loaded MSB from the spent fuel pool to the concrete cask)

4. One Hydraulic Roller Skid®
(used to move the concrete cask on and off the heavy haul transfer trailer)

5. One Heavy Haul Transfer Trailer”
(for cask transport from the auxiliary building to the storage location)

6. Vacuum Drying and Helium Back-fill System with a Helium Sniffer for Leak Detection
7. Automatic (or Manual) Welding Equipment

The handling system discussed here is only one of many possible systems that may be selected by a utility. Such
systems are to be addressed by the utility on a site-specific basis.
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The following subsections describe the proposed hardware and its operation.

The overall design criteria of the VSC-24 System are shown in Table 1.2-1. The design accounts
for both normal and off-normal conditions, including a range of credible and postulated
accidents. The system design and analyses are performed in accordance with Title 10, Code of
Federal Regulations, Part 72 (10CFR72), ANS-57.9-1984, and the applicable sections of the
ASME and ACI codes. Other applicable ANSI, ANS, AWS, and ASTM standards and NRC
regulatory guides are also used in the VSC-24 design. These codes, standards, and regulatory
guides are discussed in the applicable sections describing the component designs.

The MSB is also designed to be compatible with future shipping casks. Therefore, a
hypothetical drop accident is evaluated as the structurally limiting condition for the MSB. The
MSB is first designed to accommodate hypothetical drop accident loads. Stresses from other
loads (thermal, internal pressure, etc.) are then determined. The loads are combined as required
per the ASME Code, Section 111, and the material stress allowables are shown to bound all
combined loads.

The shielding and thermal load requirements are the structurally determining criteria for the
VCC. Once the MSB design has been shown to provide adequate shielding and thermal load
capacity, calculations are then performed to show adequate margin of safety for the remaining
loading conditions (e.g., seismic, tornado, flood). The applicable load combinations are
determined (per ANS-57.9) and compared to the allowable stresses. The concrete cask also
meets the load combinations in ACI-349 (these are slightly different from those of ANS-57.9.)

The VSC-24 system employs several features that facilitate decontamination. The metal surfaces
of VSC-24 cask system components are coated with industry standard coatings, such as
Carbo-Zinc, Dimetcote 6, or the equivalent (as is discussed in more detail for the MSB in
Section 1.2.1.1). These coatings prevent corrosion of the metal components, as well as
facilitating decontamination. However, significant contamination of the radial surfaces of the
MSB exterior and MTC interior is not expected because a continuous flow of demineralized
water is maintained in the annulus between the MSB shell and the MTC inner liner during fuel
loading operations. Another feature of the VSC-24 system that facilitates decontamination is
placement of ceramic tiles on the VCC bottom plate. These ceramic tiles prevent the MSB
bottom plate from contacting the VCC bottom plate, thereby preventing galvanic reactions and
potential contamination of the VCC bottom plate.

1.2.1.1 Description of the MSB

Design

The 24 PWR element MSB consists of an outer shell assembly, a shielding lid, a structural lid,
and the fuel basket assembly. The MSB is shown in Figure 1.1-1. General arrangement
drawings of the MSB are provided in Section 1.5. Table 1.2-2 summarizes the main physical
design parameters. Each major component of the MSB is described in the paragraphs below:.
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The MSB shell is fabricated from SA-516 Gr 70 pressure vessel steel. This material shall be
low-carbon, low-sulfur, calcium-treated and vacuum-degassed.” The MSB shell is 62.5 inches in
diameter with a 1.0-inch wall thickness. The MSB length depends on fuel type, with or without
control elements, and varies from 164.2 to 192.25 inches.

The shell and the internals are coated to prevent detrimental effects from the fuel pool water
chemistry during the four to eight hours the MSB is in the pool for loading. A coating with a
proven history of nuclear applications and compatible with existing site painting requirements
and pool chemistry requirements will be used. Everlube 812, Everlube 823, Carbo-Zinc 11,
Dimetcote 6, or an equivalent coating is recommended. These are radiation-resistant hard film
coatings that can withstand high temperatures. The shell thickness was designed to withstand
more than 50 years of corrosion in an uncoated condition in a coastal, marine environment. The
exterior is coated, however, so that no corrosion is expected.

The pressure boundary is designed to withstand a hypothetical cask tip-over or drop without loss
of containment.

The fuel basket is a welded assembly fabricated from square steel tubes. Structural support in
the horizontal direction is provided by the curved horizontal support assemblies located at each
end and at the center of the basket assembly. All material is SA-516 Gr 70 or equivalent. The
coating is also applied to the interior basket to protect the fuel pool chemistry. The basket is
designed by analysis using the ANSYS computer code to demonstrate that it can take the
horizontal drop loads without deformation that would cause a fuel assembly to be damaged or
constrained.

The basic MSB design is for fuel that has received up to its design basis burnup. Therefore,
criticality control is by administrative procedures and by taking credit for the negative reactivity
effect due to the steel in the basket assembly. The administrative controls include limitations on
the boron concentration in the MSB cavity and a minimum burnup for analyzed fuel types other
than CE 16x16 fuel. For CE 16x16 fuel, the administrative controls include a minimum boron
concentration relative to initial enrichment, rather than reliance on burnup. The boron
concentration will be maintained at the level which would provide subcritical configuration if the
MSB were loaded with unburned fuel. The calculations showing the criticality safety of the
VSC-24 System are provided in Chapters 6 and 11 of this FSAR.

The shield lid is made of steel plate and RX-277 neutron shielding. To prevent binding during
installation, the diameter and the thickness of the shield lid are such that the diagonal from the
bottom edge to the top edge through the center is less than the MSB internal diameter. The
shield lid sits on the shield lid support ring and is held securely in place between the support ring
and the structural lid. Two penetrations for draining, vacuum drying, and backfilling with
helium are also located in the shield lid.

*  For material that has already been procured prior to issuance of Amendment 2, the top 4 inches of the MSB shell
inside shall be inspected for flaws and defects by acid etching and the MSB shell shall be UT inspected in
accordance with ASTM A435. Alternatively, the MSB shell may be UT inspected in accordance with ASME
Section 111, Division 1, NB-2532.1, 1986 Edition with the 1988 Addenda, or later Editions or Addenda.
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The shield lid is placed in the MSB body after the fuel is loaded. A guide tube is screwed into a
threaded hole on the backside of the draining penetration. This tube is installed at the pool
surface. The tube reaches to within 1/16 inch of the MSB bottom to facilitate removal of the
water from the MSB after fuel loading. The structural lid is a 3-inch thick steel disk that has a
penetration for access to the fittings. This penetration is sealed via multiple welds once the
helium backfill process has been completed. The MSB bottom plate is 0.75 inches thick. The
bottom plate is welded to the shell in the fabrication shop. The shield and structural lids are
welded to the MSB shell after the fuel is inserted.

Fabrication

The detailed fabrication requirements are described in the general arrangement drawings in
Section 1.5. The major points of fabrication are listed in Table 1.2-3. Additional details are also
provided in Section 7.1.

1.2.1.2 Description of the VCC

Design

The VCC is shown in Figure 1.1-1. General arrangement drawings of the VCC are included in
Section 1.5. Table 1.2-4 lists the major physical design parameters. The VCC provides
structural support, shielding, and natural convection cooling for the MSB. The steel and
concrete walls of the cask are sufficiently thick to limit side surface radiation dose rates to less
than 20 mrem/hr.

The internal cavity of the VCC is formed by a thick steel cylinder. The concrete is Type 11
Portland Cement, 144 Ib/ft®, 4000 psi concrete. Outer and inner re-bar cages are formed by
vertical hook bars and horizontal ring bars. The concrete mix has been specifically selected to
assure strength and long life at the elevated temperatures expected during normal operations
(100 to 200°F) and the higher short-term temperatures that could potentially occur during
off-normal and accident conditions. Specific properties selected are the use of Type 11 Portland
Cement, matching of the aggregate’s and its carrier’s thermal expansion coefficients, and low
water/cement ratio.

The air flow path is formed by the skid channels at the bottom (air entrance), the air inlet ducts,
the gap between the MSB exterior and the concrete cask interior, and the air outlet ducts. The
air inlet and outlet vents are steel lined penetrations that take non-planar paths to minimize
radiation streaming. The cask cover plate is a thick plate which provides additional shielding to
reduce the skyshine radiation and provides a cover and seal to protect the MSB from the
environment and postulated tornado missiles. The cover is bolted in place and has tamper
indications on two of the nuts. The bottom of the VCC has a quarter-inch thick steel plate which
covers the entire bottom and prevents any loss of material during a bottom drop accident. Also,
as previously pointed out, the VCC has reinforced chamfered corners at the top and bottom to
minimize the damage due to a drop.
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Construction

The VCC is constructed by pouring concrete between a re-usable form and the inner metal liner.
Reinforcing bars are used at the inner and outer concrete surfaces. The air flow embedments are
inserted into the inner shell and tied to the outer re-bar frame and outer form. Normal density,
Type Il Portland cement concrete is used. This construction can be performed at the reactor site
or at a contractor’s facility. It is recommended that a local constructor be used to build the VCC
on a 50 ft x 50 ft “construction section” of the Independent Spent Fuel Storage Installation
(ISFSI) storage pad. This construction section will be outside of the security fence. However,
the VCC can also be constructed off-site at a local contractor’s facility and “heavy hauled” to the
plant site.

The VCC construction is detailed in the general arrangement drawings in Section 1.5.
Table 1.2-5 provides a summary of the VCC construction requirements.

1.2.1.3 Description of the MTC

Table 1.2-6 gives the important design parameters of the MTC. General arrangement drawings
of the MTC are provided in Section 1.5. The MTC consists of a cylinder (the length is
site-specific and depends on the MSB length) with a steel-lead-steel-RX-277 neutron shield-steel
sandwich wall. The thick-walled cylinder reduces the dose rate to below 250 mrem/hr at one
meter from its surface. The top cover of the MTC extends over the MSB to prevent the MSB
from being inadvertently lifted out of the top of the MTC while being lowered into the VCC.
The MTC has a movable shield door at the lower end to allow lowering of the MSB into the
VCC. The doors slide in steel guides along each side of the cask. Four steel pins are used to
prevent inadvertent opening of the doors. Hydraulic pistons are used to open the doors for the
MSB transfer. The yoke provided with the MTC is used to interface with the existing cask
crane.

The MTC is a special lifting device designed and fabricated to the requirements of
NUREG-0612 and ANSI N14.6 so that a crane designed to the same requirements can be used
during transfer operation without a cask drop being considered (per NUREG-0612). If the cask
is used with a crane which does not meet NUREG-0612, site-specific heavy loads requirements
will be followed to conform to the existing 10CFRS50 license.

During operation, an empty MSB is inserted into the MTC and filled with borated water. Steel
shielding segments are placed in the top of the MSB-MTC gap. The gap between the inner MTC
surface and the outer MSB surface is filled with clean demineralized water as the cask is being
lowered into the pool. A water supply hose is connected to the side of the MTC. This allows
clean water to be injected into the MSB-MTC gap during the entire time it is submerged in the
pool. This prevents the outside of the MSB from becoming contaminated from contact with the
pool water and loosened crud from the fuel assemblies. After loading fuel into the MSB, the
MTC containing the loaded MSB with the shield lid is lifted with the shield lid from the pool and
placed in the decontamination area. The MSB is then seal welded, dried, backfilled with helium,
and structurally welded.
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At this point the MTC and its MSB payload are moved from the decontamination area to the top
of the VCC. The bottom doors of the MTC are unpinned and the MTC supports are placed into
position. Next the hydraulically operated lower shield doors are opened and the MSB is lowered
into the VCC.

1.2.1.4 Description of the Roller Skid

The loaded VCC is too large to be lifted by most in-plant cranes. Hence, a roller skid with
hydraulic lifting cylinders (or engineered transporter vehicle) is used to move the cask.

The skid is composed of two steel forks which ride on eight 50-ton Hilman rollers. The roller
skid also has a detachable, rear stabilizing beam and a permanently mounted front beam. The
rollers are capable of moving the loaded VCC over smooth metal or concrete surfaces.

With the hydraulic pistons lowered and the rear stabilizing beam removed, the two forks of the
skid can be rolled under the loaded VCC through the two skid channels located at the cask base.
Once the skid is under the cask, the rear stabilizing beam is re-bolted to the protruding forks.
When the hydraulic pistons are energized, they lift the cask two inches above the floor. In this
position, the skid and its cask load can be towed or pushed with a heavy haul truck (or other
suitable vehicle). The skid is removed from the cask by lowering the pistons, removing the rear
beam, and pulling the skid from underneath the cask. The use of the Hilman rollers in this
manner to lift and move heavy loads is a standard practice among fabricators and constructors of
large equipment.

If an engineered transporter is used, the vehicle would be similar to those previously developed
for metal casks. Trunnions or other lifting devices would also have to be provided on the VCC.

1.2.1.5 Transfer Trailer

A number of different transfer trailers can be used for the on-site movement of the loaded VCC
from the fuel building to the ISFSI pad. A three-axle trailer with 24 foam-filled tires that can
support the stationary weight of the VCC, MTC, loaded MSB, and auxiliary equipment is
recommended. The trailer has stabilizing/load spreading jacks which will spread the floor
loadings to below the truck bay limits to prevent vertical trailer movement during loading or
unloading of a VCC.

1.22 OPERATIONAL FEATURES

Fuel assemblies are stored in the VSC-24 System according to the following sequence of main
events:’

1. Position transfer cask containing empty MSB in fuel pool.

See Chapter 8 for a more detailed presentation of VSC system operations.
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Load fuel assemblies in the MSB,

Place shielding lid on MSB and use transfer cask to remove MSB from fuel pool.
Close MSB. (See discussion in Chapter 8.)

Transfer MSB to concrete cask.

Close VCC.

Move VCC to storage location via truck trailer.

® NS AN

Position VCC at storage site via hydraulic roller skid.

Safe storage of the irradiated fuel in the VSC-24 System is provided by the removal of decay

. heat by convection, radiation, and conduction from the fuel rods to the MSB shell wall and the
subsequent natural convection in the MSB-VCC annulus. Radiation exposure to site personnel is
limited by the steel and concrete shielding. VSC-24 System operation is totally passive. No
active systems are required.

The handling equipment required to implement the VSC-24 System is site-specific. This
equipment includes an overhead handling crane at the reactor fuel pool, one transfer cask, one
hydraulic roller skid, one yoke, and one transfer trailer. All equipment is designed and tested to
applicable government and industrial standards and will be maintained and operated to the
owner’s specifications.

1.2.3 CASK CONTENTS

The fuel to be stored in the VSC-24 System is described in Section 2.1 of this FSAR. In addition
to the fuel, the MSB will contain a helium cover gas.

1.3 IDENTIFICATION OF AGENTS AND CONTRACTORS

The owner of the design and Certificate of Compliance for the VSC-24 Ventilated Storage

System is BNG Fuel Solutions Corporation (BFS). BFS is a wholly owned subsidiary of BNG
America. All design and specification activities including quality assurance services continue to
be performed by BFS. Fabrication of the steel components (MSB, MTC) will be by a qualified
steel fabrication shop chosen through a competitive bidding process. Fabrication of the VCC

will be performed by a local concrete contractor, also chosen by the bid process. BFS will retain |
full responsibility and control over all design, analysis, and fabrication activities.

Additional agents/contractors that may build and deliver VSC-24 systems and components are
Wisconsin Electric Power Company of Milwaukee, Wisconsin. Wisconsin Electric Power
Company will only build the VSC-24 systems and components for their own use and will build
them under their own 10 CFR 50 Appendix B QA Program. BFS will build casks and
components for other users under the BFS Manual of Quality Assurance referenced in

Chapter 13 of this FSAR.
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1.4 GENERIC CASK ARRAYS

A typical ISFSI storage pad layout is provided in Figure 1.4-1. This layout is for 69 casks. As
Figure 1.4-1 shows, the pad has three major sections: the truck/trailer loading area, the cask
construction area, and the cask storage area. Casks are placed in the vertical position on the pad
in linear arrays as defined by the owner utility. Actual array sizes could range from 20 to more
than 200 total casks. Figure 1.4-1 shows typical spacing and overall site dimensions. However,
these are heavily dependent on the general site layout, access roads, site boundaries and transfer
equipment selection.

The reinforced concrete foundation of the storage pad is capable of handling the transient loads
from the roller skid and the general loads of the stored cask. Furthermore, the pad can be poured
in phases to specifically meet utility required expansions. However, any number of alternative
layouts and expansion plans are available.
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Table 1.2-1 - Summary of VSC-24 System Design Criteria (2 pages)

Component: VCC (Major Design Codes: ANS-57.9, ACI 349-80)

Design Load

Type Design Parameters Applicable Codes
Design Basis Maximum wind pressures NRC Reg. Guide 1.76
Tornado Maximum speeds ASCE 7-93
(DBT) Maximum differential pressures
DBT Missile Maximum speed NUREG-0800

Types: Automobile Section 3.5.1.4
8 in dia. shell
1 in solid sphere
Flood Maximum water height 10CFR72.122
Maximum velocity
Seismic Design horiz. acceleration: 0.25g 10CFR72, NRCR.G. 1.60
Design vert. acceleration: 0.17g 10CFR72, NRC R.G. 1.61
Dead Loads Dead weight, including MSB ANS-57.9
weight (concrete density with
rebar at 150 1b/ft%)
Design Basis Maximum concrete temperature ACI-349 and NRC Guidance
Normal 150°F (bulk), 225°F (locally)
Operating
Temperature

Snow and Ice

Loads

Design load of 403 psf
Included in live loads

ASCE 7-93 and

ANS-57.9
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Table 1.2-1 - Summary of VSC-24 System Design Criteria (2 pages)

Component: MSB (Major Design Code: ASME, Section III, NC Class 2 Components)

Design Load Type

Design Paramecters

Applicable Codes

Flood

Seismic

Dead Load

Design Basis
Internal Press

Normal and
Off-Normal
Operating
Temperature
Normal

Operation
Load

Operation
Handling
Accident Load

Accident Drop

Accident
Pressure

Load
Combinations

Maximum water height

Design horiz. Acceleration: 0.25g
Design vert. Acceleration: 0.17g

Weight of MSB loaded

Design pressure

MSB w/fuel generating 24 kW
decay heat. Ambient temperature
-40°F to 100°F

+0.5g applied in all directions
simultaneously

MSB moving at 2 ft/sec hitting
cask

Limited to 0.75 ft/sec when
loading MSB into storage cask

Peak vert. deceleration:

60g (120g applied statically)
Peak horiz. deceleration:

22g (44g applied statically)

Containment Boundary
(shell, structural lid)

Sleeve Assembly

Maximum internal pressurization
from rod ruptures

See Table 2.2-3.

10CFR72.122
10CFR72, NRCR.G. 1.60

ASME Sec. 111
ASME Sec. 111

ASME Sec. Il

ASME Sec. Il

ASME Sec. 111

ASME Sec. 111, 10CFR72

10CFR72

Deformation limited so that fuel
is not touched by sleeves, ASME
Section III material properties
used.

ASME Sec. 111

ASME Sec. 11
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Table 1.2-2 - Major Physical Design Characteristics
for the 24 Assembly MSB

Parameter Value

Outside Diameter 62.5 inches

Length 164.2 to 192.25 inches
(depending on fuel length)*

Capacity 24 PWR assemblies

Maximum Heat Load 24 kW

Maximum Fuel Cladding **

Temperature

Material SA-516 Gr 70 coated with

Everlube 812, Everlube 823,
Carbo-Zinc 11, Dimetcote, 6 or
equivalent.

Internal Atmosphere Helium

*  Dimensions of all MSB configurations are shown in the general arrangement drawings in Section 1.5.

** Maximum cladding temperature is dependent on many parameters. The methodology developed in Reference 1.1
and further described in Reference 4.1 is used for this temperature determination. The range of acceptable
temperatures for most PWR fuel is between 712 and 752°F (370 and 400°C).
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Table 1.2-3 - MSB Fabrication Summary

EXAMINATION

Dye penetrant or magnetic particle examination of welds shall be performed in accordance with the
requirements of ASME Section V, Article 6, and Section 11T, NC-5350 (dye penetrant), or Article 7
and NC-5340 (magnetic particle), respectively.

Welds that are not dye penetrant or magnetic particle examined shall be visually examined in
accordance with ASME Section V, Article 9 and Section IlI, NF-5360, or in accordance with AWS
D1.1, “Structural Welding Code — Steel” (1983 to 1995 Editions), Section 8.15.

Personnel performing examinations shall be qualified in accordance with the quality assurance
program and either ASNT Recommended Practice No. SNT-TC-1A (1984, 1988, 1992, or
1996 Edition) or ASNT Standard for Qualification and Certification of Nondestructive Testing
Personnel, CP-189 (1991 or 1995 Edition).

Welds to be radiographed shall be examined in accordance with the requirements of ASME
Section V, Article 2, and Section 111, NC-5320.

FABRICATION

Except as provided in Table 1.2-7, the MSB confinement boundary shall be constructed in accordance
with ASME Section II1, Subsection NC, 1986 Edition, or later Editions and Addenda through the
1998 Edition with the 2000 Addenda. Welding of temporary attachments shall meet NC-4435 of the
1992 Edition with the 1992 Addenda, or later Editions and Addenda through the 1998 Edition with
the 2000 Addenda.

Surfaces shall be cleaned to a surface cleanness classification C or better as defined in
ANSI/ASME N45.2.1, Section 2.

PACKAGING AND SHIPPING

Packaging and shipping shall be in accordance with ANSIVASME N45.2.2.

QUALITY ASSURANCE
The MSB shall be fabricated under a quality assurance program that meets 10 CFR 72, Subpart G.
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Table 1.2-4 - Major Physical Design Parameters
for the 24 Assembly VCC

Air Flow at Design Heat Load

Material of Construction

Service Life

Maximum Concrete Temperatures
for Normal Operation

*

Parameter Value
Height 196.7 to 225.1 inches*
Outside Diameter 132 inches
Capacity 1 MSB containing 24 PWR Fuel
Assemblies
Shielding
Concrete Thickness 29 inches
Steel Thickness 1.75 inches
Surface Average Radiation Dose:
Side <100 mrem/hr
Top <200 mrem/hr

1.1 Iby/sec

Normal Density, Type 11
Portland Cement, 4000 psi
Reinforced Concrete ASTM
A-615 grade 60 Reinforcing
Steel and A36 Structural Steel

>50 years

150°F Bulk
225°F Local Hot Spots

Dimensions of all VCC configurations are shown in the general arrangement drawings in Section 1.5.
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Table 1.2-5 - VCC Construction Summary

MATERIALS

Concrete mix shall be in accordance with ACI 318, Chapters 4 and 5.
Type 11 Portland Cement, ASTM C150.

Fine aggregate ASTM C33.

Coarse aggregate ASTM C33.

Admixtures
— Water Reducing ASTM C494
— Pozzolanic Admixture ASTM C618

Air Entrainment 3% to 6% by volume,

Compressive Strength 4000 psi.

Slump and air content shall be in accordance with ACI 301, Chapter 3.
Steel reinforcement A615, Grade 60 or equivalent.

Density 144 Ib/ft’.

WELDING

Welding shall meet ASME Section 11, NF-4000.

Visual inspection of all welds shall be performed to the requirements of ASME Section V, Article 9,
and the acceptance criteria of ASME Section 111, NF-5360 or AWS D1.1.

CONSTRUCTION

The quantities and intervals of compressive test cylinder tests shall be in accordance with ACI 318,
Chapter 5, with a minimum of one set of test cylinders per cask.

Test specimens shall be tested in accordance with ASTM C39.

Formwork to be in accordance with ACI 318, Chapter 6, and ACI 301.

Embedded items shall be in accordance with ACI 318, Chapter 6.

Reinforcement shall be in accordance with ACI 318, Chapter 7, and ACI 301, Chapter 5.

All sidewall formwork and shoring to remain in place for at least 24 hours.

The placement of concrete shall be in accordance with ACI 318, Chapter 5, and ACI 301, Chapter 8.
Surface finish shall be in accordance with ACI 301,

Curing shall be in accordance with ACI 318, Chapter 5, and ACI 301, Chapter 12.

QUALITY ASSURANCE

The concrete cask shall be constructed under a quality assurance program that meets 10CRF72,
Subpart G.

Parameters important to safety that are covered by the QA program are density, wall thickness,
compressive strength, and reinforcing material strength.
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Table 1.2-6 - Major Physical Design Parameters
for the 24 Assembly MTC

Parameter Value

Inside Diameter 63.0 to 63.5 inches*

Outside Diameter 82.0 to 83.5 inches*

Height 164.7 to 192.8 inches*

Weight 110,000 to 119,000 Ibs

Side Wall Dose Rate 250 mrem at 1 meter from
surface

* Dimensions of all MTC configurations are shown in the general arrangement drawings in Section 1.5.
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Table 1.2-7 - Exceptions to ASME Section III Requirements
for the MSB (2 pages)

Section Requirement Exception

Subsection NCA Miscellaneous  The MSB is not Code Symbol stamped. Therefore:

administrative 1. No Design Specification is prepared. Design conditions

requirements are specified by this Safety Analysis Report. A
fabrication specification is prepared.
2. No Design Report is prepared. Design calculations are
used instead.
3. Manufacturers are not required to have a Certificate of
Authorization or an NCA-4000 quality assurance
program. A 10CFR72, Subpart G Quality Assurance
program is applied.
4. Material Organizations are not required to have an
NCA-3800 quality assurance program. A 10CFR72,
Subpart G Quality Assurance program is applied.
5. Code Authorized Inspection is not required, and Code
Data Reports are not prepared. These activities are
accomplished using a 10CFR72, Subpart G Quality
Assurance program.
NC-2330, Impact Testing  For MSB pressure-retaining material, Charpy V-Notch impact
NC-4335 testing is performed at a temperature no higher than —-50°F,
Acceptance criteria are 15 ft-1bs average, 10 ft-1bs minimum. The
upper shell course, structural lid, and weld filler metal used to
join the shell and structural lid shall also exhibit at least 45 ft-Ibs
when tested at no higher than 0°F. For the HAZ and unaffected
base material, lateral expansion or absorbed energy values meet
the requirements of NC-4335.2, using these test temperatures and
acceptance criteria.
NC-3211.1, Types of The shield lid support ring is joined to the pressure boundary by
NC-3254, attachment a weld that is not continuous on all sides. This attachment does
NC-4267 welds in not serve a pressure-retaining function, and, when fuel is loaded,
NC-3200 could be subjected to accident loads that occur only once. If this
vessels attachment is subjected to such a load, the MSB would be

examined prior to continued use. Therefore, cyclic loading, stress
ratchet, and fatigue are not credible events. Detailed drop
analysis includes weld configuration and load transfer to the
pressure-retaining boundary.
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Table 1.2-7 - Exceptions to ASME Scction I Requircments

for the MSB (2 pages)

Section Requirement

Exception

NC-3252, Category C

NC-5253 welded joints
for NC-3200
vessels

NC-3258 Design of head
attachments
using corner
joints

NC-6000 Hydrostatic
pressure test

Subsection NC requires Category C full-penetration
corner-welded joints to be examined by the radiographic or
ultrasonic method. Because of the difficulty of performing a
meaningful radiographic examination, the Category C structural
lid closure weld is not volumetrically examined in accordance
with NC-5253. Instead, this weld is examined by

" time-of-flight-diffraction ultrasonic examination method.

To ensure a leak-tight boundary, the partial-penetration weld
between the shield lid and the shell is examined by the liquid
penetrant method (as required by NC-5260), with an additional
root-pass PT examination, and is helium leak tested.

When the head-to-shell weld is a corner joint, NC-3258.3
requires that the through-thickness dimension of the weld exceed
the thinner of the head or shell thickness by an amount that
varies with the specific joint design. Due to the geometry of the
internals and due to lack of access to the inside surface of the
structural lid closure weld, the shell-to-bottom-plate weld and the
structural-lid-to-shell closure weld do not have the required

Ya inch fillet weld or other weld reinforcement on the 1D surface.
This is acceptable because there is no significant cyclic loading
on these joints.

The vessel shell is not hydrostatically tested. Structural shell
welds are volumetrically examined. The structural-lid-to-shell
weld is examined by the time-of-flight-diffraction UT and by the
liquid penetrant method (root, middle, and final layers). The
partial-penetration shield lid weld is helium leak tested at the
Code-required pneumatic test pressure. The MSB design
pressure is very low; the pressure stresses are less than 10% of
the ASME Code allowable stresses.
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Figure 1.1-1 - VSC-24 System Components

LAR 1007-006, Revision 0 1-19 June 2005



VSC-24 Storage Cask Final Safety Analysis Report Docket No. 72-1007

N !

sy
ATt
frretitrtieLL ey
R ey
rlTOLIITLLID
ALY

* -fTitrirsitITOTRT

/ ' —L
gr—n| - Luk a8 o
NOZE | | i . (@) MOVE TRANSFER CASK
Lo . N 3", TO DECON AREA AND DRY
(D PLACE BASKET (2) PLACE TRANSFER (BLOADBASKET - AND BACKFILL BASKET
IN TRANSFER CASK CASK IN POOL WITH FUEL
A - MULTI-ASSEMBLY SEALED BASKET _
B - TRANSFER CASK TTTEY | — AD
, C - FUEL POOL . ) : ¢
i D - FUEL _ B\
: E - CASK YOKE 0O 1R
F - VENTILATED CONCRETE CASK | e OO W AON.
G - TRUCK AND TRAILER W l—m‘—ﬁ"ﬂl i T
H - HYDRAULIC ROLLER SKID [ . ®TOW TRAILER TO STORAGE PAD
J - SKID TOW TRUCK ENERGIZE HYDRAULIC LIFTERS ON
SKID, AND ROLL VSC ONTO PAD

= -
o ° OJ _ "'\.-rw'uﬂ

- (7) DE-ENERGIZE SKID LOWERING
CONCRETE CASK VSC ONTO STORAGE PAD

Figure 1.1-2 - VSC-24 Operations Using MTC

LAR 1007-006, Revision 0 1-20 June 2005



VSC-24 Storage Cask Final Safety Analysis Report

Docket No. 72-1007

180

GRAVEL AND SECURITY PERIMETER

20 —ot

——

ELECTRICAL LINES TO
SITE LIGHTING AND
SECURITY AS NCESSARY

-

/

1|4 |7 110{13|16(19(22|25|28|31 (34
s |2 |58 |11]14]17]20]|23|26|29|3235
| |36 |9 l12]15]18]|21]24]|27]30(33 |36
| SECURITY SHACK
310 /
}(i SECURITY GATE TRU‘(:g Tstﬁ"z-ETR) AREA u:.a :>"sscukmr GATE
3942 |45(48 |51 |54 |57 |60 |63 |66 |69 ciermen. [
e 20 — (220V-100AMP)
|+ |38]|41|44|47|50|53|56|59 |62 |65 |68
| |37]40|43 |46 |49|52|55|58|61 |64 |67 JRTACR
v65 ELECTRICAL LINES —==[—

l/_/E

|

CONSTRUCTION SHACK - WATER LINE / -

FROM
PLANT
Figure 1.4-1 - Typical ISFSI Pad Layout
LAR 1007-006, Revision 0 1-21 June 2005



VSC-24 Storage Cask Final Safety Analysis Report Docket No. 72-1007

1.5 SUPPLEMENTAL DATA

General arrangement drawings of all the equipment items are provided in this section.
Operational schematics are provided in Chapter 8.

LIST OF DRAWINGS
Drawing Title Drawing Number Sheet  Revision
Ventilated Concrete Cask (VCC) Assembly VCC-24-001 112 6
VCC-24-001 272 4
Cask Liner and Lid Assembly VCC-24-002 1/3 5
VCC-24-002 2/3 5
VCC-24-002 373 3
Air Inlet Assembly VCC-24-003 171 2
Air Outlet Assembly VCC-24-004 1/1 2
VCC Bottom Plate Assembly VCC-24-005 1/1 2
VCC Reinforcement VCC-24-006 172 5
VCC-24-006 2/2 3
Miscellaneous Steel Components VCC-24-008 1/1 3
MSB Assembly MSB-24-001 172 6
MSB-24-001 2/2 5
MSB Shell and Structural Plates MSB-24-002 1/2 6
MSB-24-002 22 4
Shield Lid Assembly MSB-24-003 1/1 6
Storage Sleeve Assembly MSB-24-004 1/3 6
MSB-24-004 2/3 1
MSB-24-004 33 4
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LIST OF DRAWINGS (continued)

MSB Transfer Cask (MTC) MTC-24-001 12 5
MTC-24-001 22 5
Cask Wall Assembly MTC-24-002 1/2 5
MTC-24-002 2/2 5
Outer Shell MTC-24-003 1/2 3
MTC-24-003 2/2 3
Inner Shell MTC-24-005 171 4
MTC Lid and Shim Rings MTC-24-006 1/1 2
Rail Assembly MTC-24-007 1/1 5
Trunnion Assembly MTC-24-008 171 5
Shield Door Assembly MTC-24-009 12 3
MTC-24-009 212 0
Hydraulic Cylinder Assembly MTC-24-010 172 2
MTC-24-010 22 2
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2.0 PRINCIPAL DESIGN CRITERIA

The most limiting physical parameters of the different VSC-24 versions are used in the design
basis analyses. Tables 2.0-1 through 2.0-3 show the ranges of physical parameters (material,
nominal dimensions, and nominal weight) considered in the structural and thermal calculations.
Table 2.0-4 shows which combinations of these parameters were determined to be limiting for
these analyses.

2.1 IRRADIATED FUEL TO BE STORED

The design payload for the VSC system is PWR fuel with the characteristics listed in

Table 2.1-1. The main physical parameters are the fuel assembly length, weight, and envelope
(transverse dimension). These parameters define the mechanical and structural design of the
VCC and MSB. Each structural analysis is performed using the combination of fuel assembly
parameters limiting for that specific analysis. The other important characteristics are the initial
enrichment, burnup, and time since discharge from the reactor (subcritical time). The technical
specifications provided in Section 12.4 of this FSAR provide specific limits on these
characteristics, which define the thermal load, radiation source strength, and neutron
multiplication factor of the loaded cask.

The only thermal design limit of the fuel to be stored in the VSC is that the maximum heat
generation rate per assembly be such that the fuel cladding temperature is below its limit. The
limitation in the decay power per assembly specified in the technical specifications in

Section 12.4 includes the use of the combination of fuel assembly parameters that is limiting for
a specific analysis. The thermal analysis (described in Chapter 4) shows that if the cladding
limit is not violated, other temperatures (concrete and RX-277) will also be below their limits.

The thermal design limit is that the fuel cladding temperature is below the temperature limit as
determined by the methodology developed in References 1.1 and 4.1. This methodology is
described in detail in Appendix C. The analyses in Appendix C show that a fuel cladding
temperature limit of 712°F is bounding for all types of PWR fuel. The thermal analyses presented
in Chapter 4 show that the fuel cladding does not exceed this temperature, provided that the
loaded assemblies have a decay power not greater than 1.0 kW, and provided that the uranium
loading does not exceed 0.471 MTU per fuel assembly or 3.27 kg/inch of fuel in the assembly.
The 3.27 kg/inch limit ensures that assemblies with fuel lengths shorter than 144 inches will not
produce heat generation levels exceeding the 6.94 W/inch value used in the analyses presented in
Chapter 4.

The principal radiological design criteria for loaded spent fuel is that the gamma and neutron
sources are such that the cask exterior dose rates are not greater than the values given in
Section 2.3.5.2. Analyses presented in Chapter 5 show that the Section 2.3.5.2 dose rate limits
are not exceeded for MSBs containing design basis, 35 GWd/MTU, 5-year-cooled PWR fuel.

Supplementary analyses presented in Section 5.5 determine the minimum cooling time at which
both the thermal and radiological criteria are met, as a function of PWR assembly burnup and
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initial enrichment. The PWR assemblies that meet the requirements defined in Section 5.5
would have a decay power of 1.0 kW or less, and would have gamma and neutron sources that
would not exceed any of the cask exterior dose rate limits given in Section 2.3.5.2.

The criticality design criterion requires that ks remain below 0.95 under normal, off-normal, and
accident conditions. The VSC-24 cask system employs soluble boron in the pool water during
cask loading as the primary means of criticality control. The minimum boron concentration
required to maintain criticality control varies with fuel assembly physical parameters and with
assembly initial enrichment. The required boron concentration is presented as a function of
initial enrichment for each PWR assembly type in Figures 6.4-1 through 6.4-8. The physical
parameters important to criticality that define each PWR assembly type are listed in

Tables 6.2-1(a) and 6.2-1(b).

2.2 DESIGN CRITERIA FOR ENVIRONMENTAL CONDITIONS AND NATURAL
PHENOMENA

The VSC system is designed to be stored outdoors without additional weather protection.
Therefore, the cask is designed to withstand the design basis daily and seasonal temperature
fluctuations, and tornado, wind, flood, seismic, snow, and ice loads. Loads from these various
phenomena are combined as directed in ANS-57.9, and variation of live loads from 0% to 100%
is considered.

2.2.1 ENVIRONMENTAL TEMPERATURES

The normal, long-term design temperature was selected to model the expected average ambient
temperature seen by a cask over its lifetime. A temperature of 75°F was selected to bound most
annual average temperatures in the United States. The following list shows a representative
selection of sites in the hot regions of the country (Reference 2.1):

Annual Average

Location Temperature (°F)
Columbia, SC 64
Mobile, AL 68
Shreveport, LA 66
Miami, FL 75
Laredo, TX 74
Yuma, AZ 74
Needles, CA 73
Las Vegas, NV - 66
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The 75°F normal temperature was used to evaluate the long-term concrete properties and to
serve as the base temperature for thermal cycle evaluations. The evaluation of this
environmental condition is discussed along with the thermal analysis models in Chapter 4. The
thermal stress evaluation to define the normal operating thermal stress load (T,) is provided in
Chapter 3. Normal temperature fluctuations about this temperature are bounded by the severe
ambient temperature cases that were evaluated as off-normal and accident conditions.

Off-normal, severe environmental conditions were defined as -40°F with no solar loads and
100°F with solar loads. An extreme environmental case of 125°F with maximum solar loads for
12 hours (analyzed as 125°F steady state) was also evaluated to show compliance with the
maximum heat load accident case required by ANS-57.9. Furthermore, the cases of the complete
and half-blockage of the air inlets were considered. Thermal analyses for the above described
cases are presented in Chapter 11. The ambient temperature design conditions are further
discussed in Chapter 4. The case with a maximum temperature gradient is chosen for the
thermal stress analysis so that the obtained thermal stresses are used in the load combinations as
either normal operating stress (T,) or accident thermal stress (Ts).

The calculations using the above-defined ambient conditions are described in Chapters 3
(Structural), 4 (Thermal Hydraulics), and 11 (Accident Analysis).

The cask is also designed for tornado, wind, flood, seismic, and off-normal loads as well as snow
and ice conditions as described in the subsections that follow. Appropriate combinations of
normal, off-normal, and accident loadings are also defined in the Section 2.2.6, Combined Load
Criteria.

2.2.2 TORNADO AND WIND LOADINGS

The VSC cask is designed to withstand loads associated with the most severe meteorological
conditions, including extreme wind and tornado, which are postulated to occur at the storage site.
Tornado design parameters used to evaluate the suitability of the cask include high winds, wind
generated pressure differentials and tornado generated missiles. The design basis tornado
maximum wind speed is 360 mph. The design basis tornado missiles are described in

Table 2.2-1. These tornado and tornado missile parameters were used to determine the resulting
loads on the VSC and assess any damage that could be caused. A full evaluation of the tornado
event is presented in Chapter 11. NUREG-0800, Regulatory (Reg.) Guide 1.76, ANS-57.9,
ASCE 7-93, and National Defense Research Committee (NDRC) methodologies were used to
guide the tornado analyses. Furthermore, all missiles were assumed to impact in a manner that
produces the maximum damage to the VSC.

In summary of the analysis given in Chapter 11, the maximum penetration depth for local
damage is 5.69 inches (due to an 8-inch diameter missile). Combined effects of the wind loading
and the high-energy missile were also evaluated and the cask was shown to be stable (i.e., no
overturning) even under these severe loadings.
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2.2.3 WATER LEVEL (FLOOD) DESIGN

The VCC and MSB have been evaluated for forces associated with a probable maximum flood
(PMF). For the purpose of these analyses, the PMF has been assumed to result in a maximum
water level which completely inundates the cask. Resultant loads on the cask consist of
buoyancy effects, static pressure loads and velocity pressures. Wind wave effects and the
dynamic effects of vortex shedding have been neglected in these assessments. The results of the
analyses indicate that the VCC and MSB can safely withstand flood water levels up to 120 feet
and water stream velocities up to 17.7 ft/sec. The analyses which support these design bases are
provided in Chapter 11. Site-specific safety reviews will need to confirm that flood parameters
do not exceed the results shown in Chapter 11 (i.e., 17.7 ft/sec and submerged depth of 120 feet).

224 SNOW AND ICE LOADINGS

The criteria for determining design snow loads is based on ASCE 7-93, Section 7.0. Including
the worst-case ground snow load in Alaska, the live load is 403 psf. Stresses from the snow load
are combined with stresses from other loads as described in Chapter 3. The following design and
environmental factors are used.

Ce = Exposure factor = 1.0
C = Thermal factor=1.2
I = Importance factor = 1.2

The exposure factor accounts for wind effects. The VSC is assumed to have a site location
typical for siting category C, which is defined to be a location in which “snow removal by wind
cannot be relied on to reduce roof loads because of terrain, higher structures, or several trees
nearby.”

The thermal factor accounts for the thermal condition of the structure. The VSC is classified as
an unheated structure.

The importance factor accounts for the importance of buildings and structures in relation to
public health and safety. The VSC is conservatively classified as Category III.

2.2.5 SEISMIC DESIGN

The VSC is designed to withstand a maximum horizontal ground acceleration of 0.25g in each of
two orthogonal horizontal directions and a maximum vertical ground acceleration of 0.17g
occurring simultaneously. A horizontal ground acceleration of 0.25g was selected as the basis of
the design in accordance with 10 CFR Part 72, 72.102 (a) as being appropriate for the majority
of sites east of the Rocky Mountains. Site-specific analyses will be necessary for sites whose
design basis earthquake is larger than 0.25g. Analysis of the seismic event is presented in
Chapter 11.
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22,6 COMBINED LOAD CRITERIA

The cask is subjected to normal, off-normal, and accident loads. These loads are defined as
follows:

Normal Loads - Dead Weight, Pressure, Handling, Thermal, Snow, Winds, etc.

Off-Normal Loads - Off-Normal Severe Environmental Conditions, Interference
During MSB Lowering From MTC to VCC, Blockage of One-Half
of Air Inlets, Off-Normal Handling Load, Off-Normal
Pressurization

Accident Loads - Full Blockage of Air Inlets, Maximum Heat Load, MSB Drop
Accident, Tornado (wind and missiles), Flood, Earthquake,
Accident Pressurization

Normal loads due to pressure, temperature, and dead weight act in combination with all other
loads, except that snow, ice, and wind loads are negligible and are bounded by other loads. No
two accident events are postulated to occur simultaneously. However, loads due to one event,
such as tornado wind and tornado missile loads, are assumed to act in direct combination.

2.2.6.1 Load Combinations and Design Strength - Concrete Cask

As shown in Table 2.2.2, the load combinations for the concrete cask are those specified for
concrete structures in ANS-57.9. The live loads are considered to vary from 0% to 100% to
ensure that the worst-case condition is evaluated. In each case, use of 100% of the live load
produces the maximum load condition. The steel components of the concrete cask are
stay-in-place forms and radiation shielding. Therefore, they are designed to the ACI 349
requirements for steel forms and reinforcement.

Design Strength Reduction Factors - Concrete

In calculating the design strength of the VCC concrete body, nominal strength values are
multiplied by a strength reduction factor @ per Section 9.3 of ACI 349.

2.2.6.2 Load Combinations and Design Strength - MSB Steel Vessel

The MSB shell and basket internals are designed to the 1986 Edition, or later Editions and
Addenda through the 1998 Edition with the 2000 Addenda of the ASME Boiler and Pressure
Vessel Code, Section III, Division 1, Subsection NC for Class 2 components, with the exceptions
listed in Table 1.2-7. The load combinations for all normal, off-normal and accident conditions
and corresponding Service Levels are shown in Table 2.2-3, which defines the MSB design and
service loadings. Level A Service Limits are used for normal conditions, and Level B and C
Service Limits are used for off-normal conditions. The analysis methods allowed by the ASME
Code are used. Stress intensities caused by pressure, temperature, and mechanical loads are
combined before comparing to ASME Code allowables.
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For accident conditions (Level D Service), the stress limits are specified in the ASME Code,
Section III, Appendix F. Stresses caused by normal condition loads are combined with the
stresses caused by accident or off-normal loads.

The design strength criteria for the drop evaluation is that any damage to the cask will not
prevent the cask from performing the following safety functions: heat dissipation, criticality
prevention, confinement, and shielding. Local stresses may exceed allowables. Internal basket
deformation is limited such that fuel assemblies shall be removable.

The structural design criteria are summarized in Table 2.2-4.

2.2.6.3 Design Strength - MSB Transfer Cask

The MTC is a special lifting device designed and fabricated to the requirements of ANSI N14.6
and NUREG-0612. The criteria are:

o Maximum stress during the lift (with 10% dynamic load factor) less than or equal to (S,/6 or
S./10) for nonredundant load path or (Sy/3 or S,/5) for redundant load path.

o Load bearing members of the MTC shall be subject to drop weight test (ASTM E208) or
Charpy impact test (ASTM A370) per ANSI N14.6 paragraph 4.2.6.

The MTC cover plate and bolts are not designed as part of a special lifting device; they are
designed to protect against excessive radiation exposure to workers. Therefore, they are
designed to meet the AISC Manual of Steel Construction, not NUREG-0612.

2.3 SAFETY PROTECTION SYSTEMS

2.3.1 GENERAL

The VSC is designed for safe, long-term storage of spent nuclear fuel. The VSC will survive all
normal, off-normal, and postulated accident conditions without any uncontrolled release of
radioactive material or excessive radiation exposure to workers or members of the general
public. The major design considerations that have been incorporated in the VSC system to
assure safe long-term fuel storage are:

1. Leak-tight/multi-pass seal welds on MSB structural lid, shield lid and bottom-end
plate.

2. Thick shielding lid to minimize radiation exposure during MSB closure.
3. Design of MSB body and internals to withstand a hypothetical cask drop accident.

4. Use of sealing shims to minimize contamination of the MSB exterior by fuel pool
water,
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As discussed in the following sub-sections, the VSC design incorporates features addressing
each of the above design considerations to assure safe operation during fuel loading, VSC
handling, and storage.

2.3.2 PROTECTION BY MULTIPLE CONFINEMENT BARRIERS AND SYSTEMS

2.3.2.1 Confinement Barriers and Systems

The radioactivity which the VSC must confine originates from the spent fuel assemblies to be
stored and the contaminated water in the fuel pool where the MSB loading is conducted. This
radioactivity is confined by the multiple barriers listed in Table 2.3-1.

The VSC is provided with multiple systems to confine the radioactive fuel. First, only non-
failed’ fuel assemblies are to be stored within the cask, so that the cladding material provides the
first level of confinement for the fission products. Second, the MSB is sealed by a weld on the
shield lid tested in accordance with the technical specification in Section 12.4, and tested to a
leak tightness of 10™* standard cubic centimeters (scc) per sec at a pressure differential of

0.5 atmospheres in accordance with the technical specification in Section 12.4. Also, the MSB
structural closure is accomplished by multi-pass welding that is tested in accordance with the
technical specification in Section 12.4. The longitudinal and girth welds and bottom welds of
the MSB shell are radiographed at the fabrication shop.

Radioactive contamination from the fuel pool water is minimized by restricting its contact with
the MSB exterior. Pool water is prevented from contacting the MSB exterior by filling the MSB
with demineralized borated water prior to placing the MSB in the fuel pool, filling the transfer
cask-MSB annular gap with clean demineralized water as it is being lowered into the fuel pool,
placing steel shielding pieces in the transfer cask-MSB annular opening (to prevent entrainment
of contaminated fuel pool water in the gap) and injecting clean water into the gap during the
entire submerged time.

The MSB is designed to withstand a postulated drop accident without damaging the stored fuel
(i.e., the storage sleeves do not deform such that they bind the fuel). A detailed evaluation of the
drop accident is included in Chapter 11.

Personnel radiation exposure during handling and closure of the MSB is minimized by the
following steps.

1. Placing the shield lid on the MSB while the MTC and MSB remain in the fuel pool.
2. Decontaminating the MTC exterior prior to draining the MSB

3. Draining the MSB while still housed in the MTC.

4. Using portable shielding as necessary and available.

*+ Failed fuel is an assembly which is structurally deformed or has damaged cladding or spacers to the extent
that special handling may be required
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5. Using the shielded MTC that is remotely operated to transfer the MSB to the VSC.
6. Placing a shielding ring over annular gap between the VSC and MSB.

7. Swiping the VSC exterior for contamination prior to leaving the auxiliary building.

2.3.2.2 Ventilation Off-Gas

The VSC is passively cooled by radiant and natural convection heat transfer at the outer surface
and natural convective heat transfer in the MSB-VSC annulus. The bottom of the cask is
conservatively assumed to be an adiabatic surface. The design criterion for the air-flow in the
VSC-MSB annulus is that the pressure difference due to the buoyancy effect due to the heating
of the air is equal to the flow pressure drop. The details of the passive ventilation system design
are provided in Chapter 4.

There are no radioactive releases during normal operations. Also, there are no credible accidents
which cause significant releases of radioactivity from the VSC and, hence, there are no off-gas
system requirements for the VSC during normal storage operation. The only time an off-gas
system is required is during the MSB drying phase. During this operation the off-gas system at
the licensed reactor site will be used.

2.3.3 PROTECTION BY EQUIPMENT AND INSTRUMENTATION SELECTION

2.3.3.1 Equipment

The VSC system may include several pieces of support equipment. However, the only important
to safety equipment used is the handling gear required to lift the transfer cask in and out of the
pool. This equipment is by nature site-specific and must be addressed in site safety reviews.

Additional handling equipment (such as trailers, skids, portable cranes, or cask transporters) are
not important to safety as the VSC system is designed to withstand the failure of any of these
components.

2.3.3.2 Instrumentation

The VSC does not require any instrumentation to assure the safe storage of spent fuel.

Continuous monitoring of the MSB closure welds (for radionuclide leakage) is not necessary
because there are no long-term degradation mechanisms that could cause the closure welds to
fail within the design lifetime of the MSB, and because the possibility (and effects) of corrosion
have already been considered in the MSB confinement boundary design. Application of existing
plant 10CFRS50 environmental monitoring requirements, along with periodic surveillance,
inspection, and survey requirements, are sufficient to satisfy the requirements of
10CFR72.122(h)(4).
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The thermal performance of the cask system is verified through daily visual inspections of the
storage cask inlet and outlet ducts that are performed to detect and prevent any airflow
blockages. Such a blockage would lead to a rise in outlet duct air temperature. The daily
temperature measurements and visual inspections ensure that the temperatures of all cask system
components remain within their specified thermal design limits as analyzed in this SAR.

2.34 NUCLEAR CRITICALITY SAFETY

The VSC is designed to maintain nuclear criticality safety (subcriticality) under all applicable
regulatory conditions. These conditions include normal handling and storage conditions,
off-normal handling and component functioning, and hypothetical accident conditions.

The principal criticality design criterion is that ke remain below 0.95 during normal operation
and during accident conditions where optimum moderation is assumed. These values of ke also
include error contingencies and calculational and modeling biases.

The methods of criticality control in the VSC are the use of soluble boron in the fuel pool water
and the neutron absorption properties of the fuel and the steel basket of the MSB. The
administrative controls ensure that fuel placed in the VSC and the boron concentration meet the
requirements described in Chapter 6.

2.3.5 RADIOLOGICAL PROTECTION

2.3.5.1 Access Control

Access to a VSC installation site is controlled by a peripheral fence so as to meet 10 CFR 72
requirements. The details of this access control and the division of the installation site into
radiation protection areas will be on a site-specific basis and described in an applicant’s

10 CFR 50 license documents or safety review. ‘

2.3.5.2 Shielding

The VSC is designed to provide an average external side surface dose (gamma and neutron) of
less than 100 mrem/hr on the sides and 200 mrem/hr on the top. Dose rates of less than

350 mrem/hr at the inlet duct and 100 mrem/hr at the outlet vent are also provided. The actual
VSC shielding calculations show dose rates lower than these limits. The design maximum dose
rate at the top of the MSB structural lid is 1000 mrem/hr to allow limited personnel access
during MSB closure operations. Chapter 5 presents analyses verifying that the VSC loaded with
the design basis payload (35 GWd/MTU, 5-year-cooled, PWR fuel) meets these criteria.
Supplementary analyses presented in Section 5.5 give the cooling time required, as a function of
assembly burnup and initial enrichment, to meet the above criteria and the assembly decay power
limit of 1.0 kW.
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Sections 72.104 and 72.106 of 10 CFR 72 set whole body dose limits for an individual located
beyond the controlled area at 25 millirems per year during normal operations and 5 rem

(5,000 millirems) from any design basis accident. The radiation emanating from the VSC system
results in much lower doses. The analyses showing the actual VSC doses are included in
Chapters 10 and 11. These analyses conservatively assume the maximum allowable average
surface dose rates on the cask side and top, which are 100 and 200 mrem/hr, respectively.

2.3.5.3 Radiological Alarm Systems

There are no radiological alarms required on the VSC. Justification for this is provided in
analysis in Chapters 5 (Shielding), 10 (Radiological Protection) and 11 (Accident Analysis).

2.3.6 FIRE AND EXPLOSION PROTECTION

The VSC design is highly resistant to the effects of fire and explosion. The thick concrete walls
are not significantly affected by short-term exposure to temperatures in excess of 2000°F and the
thermal diffusivity is such that any fire would be required to burn for a long time (days) before
much of the wall thickness would be affected. This can be seen from the transient analysis
presented in Chapter 11. The resistance of the cask design to explosive loadings can be implied
from its performance under other impulsive loadings, such as missile impacts. However, the
VSC has not been specifically analyzed for these events, because it is not expected that either
fire or explosive events would be considered credible at most storage sites. It is expected that no
fire and explosion protection will be required, although this will be determined on a site-specific
basis as necessary.

2.3.7 LIGHTNING

The possibility of lightning strike must be addressed, on a site-specific basis, by all VSC-24 cask
system licensees, in accordance with the requirements of the Lightning Protection Code and the
National Electric Code. These site-specific evaluations must show either that lightning strike on
a cask is not credible or that the cask is capable of withstanding a lightning strike without
significant damage.

24 DECOMMISSIONING CONSIDERATIONS

The first step in decommissioning the VSC is to remove the fuel. This can be done in a number
of ways. Three potentials are discussed in Reference 2.2.

Unless the MSB is licensed for transportation at some later date, the MSB will be reopened after
the storage period, and the spent fuel will be unloaded and placed in another storage or
transportation system. This process will most likely involve “wet” fuel unloading and transfer in
some form of spent fuel storage pool and, thus, involves re-flooding the MSB.
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Analysis of the re-flooding process is required to demonstrate that fuel cladding integrity will be
maintained (i.e., to show that the cladding will not be damaged by “thermal shock” effects.) The
analysis must also show that the MSB will not be over-pressurized by the boiling of water that
may occur during the re-flood process. In addition to demonstrating cladding integrity and
ensuring against MSB over-pressure, such analyses may be used to determine specifications for
the MSB re-flood process, such as minimum temperatures and maximum flow rates for the
injected water.

The MSB re-flooding analyses described above must be performed, on a site-specific basis, by
all VSC-24 licensees. These evaluations must be performed before placing any spent fuel into
storage at the site in question.

The VSC system has been designed to minimize contamination of the cask during loading and
unloading operations. No contamination is expected on the VCC. A corrosion and radiation
resistant coating is applied to the cask interior. Therefore, it is anticipated that, if the interior
were to become contaminated, it could be decontaminated and the complete VCC broken up (or
left whole) and shipped to a normal landfill.

Activation of the concrete or steel is not a concern because the neutron flux is only on the order
of 10° n/sec-cm®. Also, this is a fast neutron flux with energy around 1 Mev. Hence, activation
of the VSC components would be on the order of 10'° less than the activation around a reactor
(where the flux is 10'® n/fem?-sec). Activation is, therefore, insignificant.

The MSB interior is expected to be highly contaminated with fuel crud. At the time of cask
decommissioning a determination of the amount of crud or other contamination would be made.
If necessary, MSB flushing could be performed to reduce most of the interior contamination. It
is not expected that large quantities of crud would remain in the MSB, but should quantities
sufficient to create a hazard to site workers be present, the cask interior could be further
decontaminated using one of the currently available solvent based systems. After the cask has
been made sufficiently safe to handle, it could be cut into large pieces and shipped as Low
Specific Activity (LSA) material to a low-level disposal site. Alternatively, the MSB could be
shipped (without cutting) to a burial site and buried. It could even be used to hold other waste
for burial.
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Table 2.0-1 - VCC Design Parameters (2 pages)

Component Design Input Value
Concrete/rebar Density 150 Ibf/ft3
Concrete Density 144 1bf/f13
Concrete Strength 4,000 psi
VCC CASK oD 132 in.
Length (w/o cover plate or lid) 196.7 - 225.1 in.
Comer Chamfer 3 in.;; 3§lng'
Material A36
VCC BOTTOM PLATE oD 126 in.
Thickness 0.25 in.
VCCLID OD 82in.
Thickness 0.75 in.
oD 70.5 in.
VCC SHIELD RING ID (including ring on shield lid) 60 in.
Height 6in.
Number 2
VCC SKID CHANNELS Width 121n.
Height 12.2 in.
Average Length 100.3 in.
VCC COVER PLATE Material A 36
Height 174.7-203.1 in.
ID 70.5 in.
Thickness 1.75 in.
VCC CASK LINER Vent Hole Width 49.0 in,
Cask Liner Segment Width between Vent .
Holes 4.56 in.
Material A 36
VCC CASK LINER oD 90 in.
FLANGE Thickness 2in.
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Table 2.0-1 - VCC Design Parameters (2 pages)

Component Design Input Value
gggl%ﬁ]{ LINER Thickness 2in.
VCC Outside Rebar #6 at 6 in. spacing
VCC REBAR No. in Air Outlet Cross Section 32
Diameter in Air Outlet Cross Section 0.75 in.
Material A 615Gr. 60
Number 4
Width 47.8 in.
Length with 3 In. Overlap Between High and .
vcce AIR OUTLET Low Channels 363 in.
CHANNELS Height 4in,
Thickness 0.5 in.
Length from Top of VCC to Midpoint of 8 in
Outlet Assembly ’
nggﬁ,}g[ﬂ\géET No. of Air Inlet Assemblies 4
Width 12 in.
VCC AIR INLET TUBES Length 40 in.
Height 12in.
Width (mid-wall) 4.5in.
Height 5in.
ggg&%{gLET Angular Extent 71 deg.
Outer Radius 35.25in.
Liner Thickness 0.5 in.
No. of Tiles 24 0r29"
CERAMIC TILE Square Tile Thickness 0.3 in.
Square Tile Width 1.7 in.

As shown on the general arrangement drawings in Section 1.5, two different tile configurations are

permitted in the VCC.
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Table 2.0-2 - MSB Design Paramecters (2 pages)

Component Design Input Value

MSB Shell Material SA-516 Gr. 70
Steel Density 0.284 1bf/in®
MSB Bottom Plate Material SA-516 Gr. 70
Minimum MSB Cavity Length (w/tolerances) 150.55-178.6 in.

MSB SHELL MSB Length 164.2 - 192.25 in.
MSB Shell Thickness 1.00 in.
MSB Bottom Thickness 0.75 in.
MSB OD 62.5 in.
Minimum MSB Basket Inside Diameter .
(witolerances) 398 in.
MSB Structural Lid-to-Shell Weld Size 0.75 in.
Material SA-516 Gr. 70
MSB Structural Lid Thickness 3in.
MSB Structural Lid OD 60 in.

MSB STRUCTURAL Hoist Thread Engagement Length 1.5-2.0in:

LID Lid Lifting Bolt Holes Radius 26.5-27.0in.
No. of Lid Lifting Bolts/Hoist Rings 6
MSB Hoist Thread Type 12..50.-?1}51NUCI:\1(();
Hoist Ring Type 24,000 z:::li ;?:’000 Ib.
Material SA-516 Gr. 70
Rx-277 Density 0.0607 1b/in’®
Steel Density 0.284 Ibffin’

MSB SHIELD LID
Lead Density 0.41 Ibffin®
Shield Lid Weld Type and Size V4 in. partial penetration
Shield Lid Support Ring Weld Type & Size V4 in. partial penetration
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Table 2.0-2 - MSB Design Parameters (2 pages)

Component Design Input . Value
9.5in.
(sandwich of 2.5 in.
Thickness plate, 2 in. Rx-277
neutron absorber, and
5 in. plate)
oD 60.1 in.
MSB SHIELD LID . D.istance from Top of MSB to Top of Support 12.55 in.
Ring
Shield Lid Support Plate OD 60.25 in.
Shield Lid Side Ring Thickness 0.5 in.
Support Ring Thickness 0.5 in.
Support Ring Height 2.0in.
Material ' SA-516 Gr. 70
MSB STORAGE Outer Dimension 9.2 in.
SLEEVE Thickness " 0.2in.
Length 147.5-163.6 in.
Storage Sleeve Assembly OD 59.2in.
No. of Curved Support Plates 12
Curved Support Plate Height 28 in.
Curved Support Plate Thickness 0.5 in.
No. of Support Wall Plates 24
MSB STORAGE Support Wall Plate Height 28.0in.
SLEEVE (BASKET)
ASSEMBLY Support Wall Plate Width 4.37 in.
Support Wall Plate Thickness 0.5in.
No. of Support Bars 12
Support Bar Height 28 in.
Support Bar Thickness 1.45 in,
Support Bar Width 2.0in.
FUEL ASSEMBLY Fuel Assembly Weight 1110 - 1585 1bs.
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Table 2.0-3 - MTC Design Parameters (2 pages)

Component Design Input Value

Inner Shell Material SA-588 Gr.AorB
Outer Shell Material SA-588Gr.AorB
Gamma Shielding Material Lead
Neutron Shielding Material Rx-277
Outer Shell OD 82.0-83.51in.
Outer Shell Thickness 1.0 in.

MTC SHELL Outer Shell Height 161.7-189.8 in.
Inner Shell OD 64.5-65.0in.
Inner Shell Thickness 0.75 in.
Diameter at Lead to Neutron Shielding Interface 72.0-73.38in.
Top Thickness 2in.
Bottom Thickness Iin,
Lead Shielding Top Gap 1.0 in. and 7.0 in.
Cover Plate Material SA-516 Gr. 70
Cover Plate OD 74 in.
Cover Plate Thickness 1in.

MTC COVER PLATE Cover Plate ID 60.5 in.
No. of Cover Plate Bolts 16
Cover Plate Bolt Type 1 in.-8 UNC
Cover Plate Bolt Material A 325
MTC Cover Plate Bolt Circle Radius 35.5in.
No. 2
Material , SA-516 Gr. 70

MTC TRUNNION Diameter 10.75 in.
Length from Outer Shell OD to End of Bearing 45in.
Surface )
Length (including End Cap) 14.5-15.0in.
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Table 2.0-3 - MTC Design Parameters (2 pages)

Component Design Input Value
No. 2
Width 39.25-42.7in.
MTC DOORS Length 69.5-70.0in.
Thickness 7.13 in. and 9.0 in.
Door Cutout Width 17.7 - 20.25 in.
MTC DOORS Door Cutout Length 15.0-17.25 in.
Lead Thickness in Shielded Door Assemblies 0-2.0in.
Material A36
Number 2
Height 7.25-9.125in.
Length 99 - 105 in.
MTC RAILS Width 6.5-7.5in.
Partial Length Rail Shield Plate Thickness 5.50 in.
Rail Shield Plate Average Length 75.5in,
Spacing at Outside of Rails ¥ 83.3-84.8in.
Rail to Shell (Inner Weld) Leg Length 0.625 in.
Material A 36
MTC RAIL Width 9.25-10.25 in.
SUPPORTS Thickness 1.5 in.
Is{iazi:3 to Rail Support Partial Penetration Weld 0.625 in.
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Table 2.0-4 - Design Configurations for Calculations (2 pages)

Calculated Load/Stress Limiting Configuration Notes

Deadweight

] The bounding analysis is based on
MSB Ceramic Tile Support Heaviest Loaded MSB 24 tiles equally spaced around the

perimeter of the MSB.
MSB Structural Lid Heaviest Loaded MSB
(1) 30,000 Ib. Hoist Ring w/81,000 Ib.

MSB Hoist Ring MSB

(2) 24,000 Ib. Hoist Ring w/74,000 Ib.

MSB

MTC Support Rail, Support Rail to Rail
Weld, Rail to MTC Shell Weld

(1) Thin MTC w/81,000 1b. MSB
(2) Thick MTC w/74,000 Ib. MSB

. Thin MTC Configuration
MTC Trunnion and Shell Heaviest Loaded MTC
MTC Cover Plate Heaviest Empty MTC
Heaviest Loaded VCC
VCC Bottom and Wall Stresses Tallest VCC
VCC Liner Stress Heaviest Loaded MTC
Thermal
L Varying the lengths of the MSB and
MSB Stresses Medium-Length MSB and Storage storage sleeve has minimal effect on
Sleeve
stress results.
VCC Stresses Medium-Length VCC and Liner Varying the heights of the VCC and liner
has minimal effect on thermal stresses.
Pressure

MSB Normal, Off-Normal, and Accident
Pressures

B&W 15x15 fuel assembly w/BPRAs

MSB Normal and Accident Pressure
Stress

Heaviest Loaded MSB

The analysis combines deadweight,
handling, and pressure.

MSB Normal, Off-Normal, and Accident
Pressure Stresses

Medium-Length MSB

Varying the length of the MSB has
minimal effect on stress results.

Normal Handling
. Tallest MSB
Vertical Heaviest MSB
Horizontal Medlt‘m'Le"gth MSB V?r?'mg the length of the MSB has
Heaviest MSB minimal effect on stress results.
Off-Normal Handling
. Tallest MSB
Vertical Heaviest MSB
Horizontal Medium-Length MSB Varying the length of the MSB has
Heaviest MSB minimal effect on stress results.
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Table 2.0-4 - Design Configurations for Calculations (2 pages)

Calculated Load/Stress

Limiting Configuration

Notes

Drop

MSB Vertical Drop — Ceramic Tile
Support

Heaviest Loaded MSB

The bounding analysis is based on
24 tiles equally spaced around the
perimeter of the MSB.

MSB Vertical Drop — No Ceramic Tile

Tallest MSB and Storage Sleeve
Heaviest Fuel

MSB Horizontal Drop

Medium-Length MSB
Tallest Storage Sleeve
Heaviest Fuel

Varying the length of the MSB has
minimal effect on stress results,

Storage Sleeve Horizonta! Drop

Heaviest Fuel
Tallest Storage Sleeve

Storage Sleeve Buckling Due to
Horizontal Drop

Tallest Storage Sleeve

Storage Sleeve Buckling Due to Vertical
Drop

Heaviest BPRA Fuel Weight
Medium-Length Storage Sleeve

Vertical Acceleration

Highest Loaded VCC Center of Gravity

i Vg LV
VCC Tip-over - VCC Concrete Crush | Tallest VCC

Depth Heaviest Loaded VCC
VCC Tip-over - MSB Deceleration i?:}: :Z: Z(():a(d:e 4VCC
VCC Vertical 5-Foot Drop Concrete Tallest VCC

Crush Depth Heaviest Loaded VCC
VCC Vertical 5-Foot Drop— MSB Shortest VCC
Deceleration Lightest Loaded VCC
VCC Horizontal 5-Foot Drop Concrete | Shortest VCC

Crush Depth and MSB Deceleration Lightest Loaded VCC
Seismic

VCC Tip-Over Due to Horizontal & Lightest Loaded VCC

VCC Tip-Over Due to Vertical Comer
Lift

Highest Loaded VCC Center of Gravity

VCC Seismic Stresses

Heaviest Loaded VCC
Highest Loaded VCC Center of Gravity
Tallest VCC and Liner

Flood

VCC Tip-Over Due to Immersing Flood,
or Tornado Wind Load and/or Missile

Highest Loaded VCC Center of Gravity
Lightest Loaded VCC
Tallest VCC

VCC Sliding Due to Tornado Wind Load

Tallest VCC
Lightest Loaded VCC

VCC Stress Due to Tornado Missile

Tallest VCC Liner
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Table 2.1-1 - Principal Design Parameters for PWR Fucl Assemblies

to be Stored in a Ventilated Storage Cask

PHYSICAL PARAMETERS:
Maximum transverse dimension, in.'

Assembly weight, 1b. (with or without
control elements)'

Maximum overall length, in. (with control
L1
elements)

Maximum weight of uranium/assembly, kg.
Fuel length, in.

Fuel rod clad material

No. of assemblies/VSC

THERMAL CHARACTERISTICS:

Maximum heat generation per assembly

s

RADIOLOGICAL CHARACTERISTICS:
Maximum initial enrichment (wt% 2*U)
Maximum burnup (MWd/MTU)

Cooling Time (years)

*

*¥

Maximum width of fuel assembly, excluding end fittings.

8.536
1110-1585

178.6

471
141.8-150.0
Zircaloy

24

1.0 kW

42
45,000

Varies with burnup and
enrichment. See Table 5.5-1.

Limiting parameter value chosen as applicable for each specific analysis.
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Table 2.2-1 - Tornado-Generated Missiles

Missile Description Weight (Ibs.) Velocity (mph)
Automobile 3960
Armor Piercing Artillery 275
Shell
(8 in. diameter)
Steel Sphere 0.22

(1 in. diameter)
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Table 2.2-2 - Load Combinations for the VSC Concrete Cask

Temp.

Load Norm./ Tornado Accidents/  Soil

Comb. Dead Live Wind Acc, Seismic  Missile Impacts Pressure
1. 1.4D +1.7L
2, 1.4D +1.7L +1.7H
3. 0.75(14D +1.7L +1.7W  +1.79T, +1.7H)
4, 0.75(1.4D +1.7L +1.7T, +1.7H)
5. D + L + T, + Eg + H
6. D + L + T, +A + H
7. D + L + T, + H
8. D + L + T, + W, + H

D = Dead Load T, = Accident Temperature

L = Live Load Es = Earthquake

w = Wind W, = Tornado/Tornado Missile

To = Normal Temperature A = Accidents/Impact

H = Soil Pressure
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Table 2.2-3 - MSB Load Combinations

LOAD NORMAL OFF-NORMAL ACCIDENT
Dead Weight MSB w/fuel X X X X X . X X X XX XX XXX
Thermal Inside VCC: 75°F X X X X X X X X
Inside MTC: 75°F X X X X
Inside VCC: -40°F or 100°F X X
Inside VCC: Max Heat Load X
(125°F)
Pressure Normal X X X X X X XX
Off-Normal X X X X X
Accident X X
Handling Load Normal X X X X X
. Off-Normal X X
Drop X
(Vertical or Horizontal)
Seismic X
Flood X
Tornado X
ASME Service Level A B C D
Load Combination No 1 2 3* 1* 2 1* 2 i* 2 3 4 56 7 8
* Controlling load combinations for the Service Level.
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Table 2.2-4 - Structural Design Criteria for Steel Components
Used in the Multi-Assembly Sealed Basket

Component (Applicable Code) Criteria
1. MSB Normal Operation P.<S.
(ASMEII, NC, Service Level A) Pn+Py<1.5S,
PL+P,+Q<3S,
Lifting Devices Redundant load path: max stress <S,/5 or
(ANSI N14.6 and NUREG-0612, S,/3
10% dynamic factor) Non-redundant load path: max stress

2. MSB Off-Normal Operation
(ASME III, NC, Service Level B

3. MSB Off-Normal Operation
(ASMEIII, NC, Service Level C)

4. MSB Accident Conditions, Vessel
and Cover
(ASME 111, NC, Service Level D)

5. Internal Basket

6. Brittle Fracture
(NUREG/CR-1815)

<S,/10 or S,/6

Pn.<1.1S,
P+ P, <1.65S,
P +P,+Q<38S,

P.<128§,
P.+Py<1.8S,

Pn<0.7S,

PL.+Py<1.05S,
Prmax £ 0.9 S, for plastic system analysis

Plastic yielding of basket shall not prevent
the removal of fuel assembly(s).

Selection of material with adequate
toughness. Control by operating
procedures based on minimum temperature.
A VCC containing a loaded MSB shall
only be removed at ambient temperatures
of 0°F or above, coincident with a
structural lid-to-shell weld temperature of
30°F or above. Movement of a MTC
containing a loaded MSB shall only be
made at ambient temperatures of 40°F or
above.

LAR 1007-006, Revision 0

June 2005



VSC-24 Storage Cask Final Safety Analysis Report Docket No. 72-1007

Table 2.3-1 - Radioactivity Confinement Barriers and Systems

of the VSC System
Radioactivity Confinement Barriers and Systems
Contaminated Pool Water 1. Demineralized borated water in MSB and

MSB-MTC annular gap filled by steel pieces
with positive flow of clean demineralized
water while submerged in the pool

Draining and vacuum drying of MSB

Use of MTC during MSB transfer to VSC
Fuel Cladding

MSB Body

Seal Welded MSB Shield Lid

Multi-pass Seal Welded MSB Structural Lid

Multi-pass Seal Welded MSB Bottom End
Plate

Irradiated Fuel Assemblies

A A L o
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3.0 STRUCTURAL EVALUATION

This section describes the design and analyses of the principal structural components of the VSC
spent fuel storage cask under normal operating conditions.

3.1 STRUCTURAL DESIGN

3.1.1 DISCUSSION

The VSC system consists of three major structural components: 1) the Ventilated Concrete Cask
(VCCQC), 2) the Multi-Assembly Sealed Basket (MSB), and 3) the MSB Transfer Cask (MTC).
The principal structural member of the VCC is the concrete shell with its reinforcing bars. The
principal structural members of the MSB are the shell, top and bottom plates and welds, and the
internal basket assembly. The structural components of the MTC are its trunnions, inner and
outer steel walls and the bottom doors and their rails. All components are shown in the general
arrangement drawings in Section 1.5.

The concrete cask is a reinforced concrete cylinder with an outside diameter of 132 inches and
an overall height that varies from 196.7 to 225.1 inches. The internal cavity of the concrete cask
has an inside diameter of 70.5 inches and is formed by a 1.75-inch thick cylindrical steel liner.
The liner is a stay-in-place form and its thickness is determined by shielding requirements. The
concrete is Type I Portland Cement, 144 Ib/ft%, 4000 psi compressive strength. Inner and outer
re-bar cages are formed by vertical hook bars and horizontal ring bars. The reinforcing steel in
the VCC body is located to provide adequate strength for the design loading conditions specified
in Chapter 2. The airflow path is formed by the skid channels at the bottom (air entrance), the
air inlet ducts, the gap between the MSB and the concrete cask interior, and the air outlet ducts.
The cask cover plate is a 0.75-inch thick plate which provides additional shielding to reduce the
skyshine radiation and provides a weather cover to protect the MSB from the environment and
postulated tornado missiles. The cover is bolted in place.

The MSB located in the VCC internal cavity consists of an outer shell assembly, a shield lid, a
structural lid, and the 24 element storage sleeve assembly. The shell is from 164.2 to 192.25 inches
long and is fabricated from 1.0 inch thick SA-516 Gr 70 steel plate. The MSB shield lid and
structural lid thicknesses are 9.5 inches and 3 inches, respectively. Both lids are welded to the
MSB shell after fuel loading. They are also supported from below by the ring welded to the shell
in a fabrication shop. The fuel storage sleeve assembly consists of specially fabricated 0.2 inch
thick wall square tubes. Structural support of the storage sleeve assembly is provided by
12 support assemblies. Four support assemblies are located at each of three axial locations: at the
top, middle and bottom of the basket assembly.

Inside the VCC internal cavity, the MSB rests on 1.7-inch-square by 0.3-inch-thick ceramic tiles
that prevent contact between the metal surfaces of the MSB base and the VCC liner. As shown
on the general arrangement drawings in Section 1.5, two different tile configurations are
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permitted in the VCC. These include a patter of 29 tiles arranged in multiple concentric rings or
a pattern of 24 tiles uniformly spaced in a single ring around the perimeter of the MSB.

The following components are addressed in this section (See Section 2.2 for the design criteria):

o MSB lifting devices

» MSB shell and structural lid

» MSB internal basket (sleeves and lateral supports)

o MSB shield lid support ring

e MTC trunnions/connection to the shell

e MTC rails

* VCC concrete body

e VCC steel components (reinforcement, liner, cover lid)

All other VSC system components indicated on the general arrangement drawings in Section 1.5
are either not structural or not important to safety. They were appropriately included as loads for
the components listed above.

The structural evaluations demonstrate that all the VSC components meet their structural design
criteria and are capable of safely storing irradiated fuel.

3.1.2 DESIGN CRITERIA

The VSC structural design criteria are specified in Section 2.2. The load combinations of
normal, off-normal, and accident loadings have been evaluated in accordance with ANS-57.9 for
the VCC (see Table 2.2-2) and in accordance with the ASME Boiler and Pressure Vessel Code,
Section III, Subsection NC, 1986 Edition with the 1988 Addenda for the MSB (see Tables 2.2-3
and 2.2-4). The MSB Transfer Cask is a special lifting device and is designed to NUREG-0612
and ANSI N14.6.

3.2 WEIGHTS AND CENTERS OF GRAVITY

The component weights and centers of gravity for the VSC system are summarized in
Table 3.2-1 and Figure 3.2-1. Because the different versions of the VSC have different
calculated weights and centers of gravity, only the most limiting minimum and maximum
calculated weights and centers of gravity are shown.

3.3 MECHANICAL PROPERTIES OF MATERIALS

The mechanical properties of steels used in the structural evaluation of the VSC are presented in
Table 3.3-1.
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The properties of the concrete are summarized below.

Thermal Thermal Modulus of
Conductivity Compressive  Expansion  Elasticity (psi)
Temp. °F  Density (Ib/ft3) (BTU/hr ft°F) Strength (psi) (infin/°F) 40 years
70 144 4000 5.5x10° -
100 144 0.87 4000 5.5x10° 3.6x10°
200 1