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I GENERAL DESCRIPTION

This Safety Analysis Report (SAR) describes the NAC International Inc. (NAC) MAGNASTOR

System for the storage of spent fuel. It demonstrates that MAGNASTOR satisfies the

requirements of the U.S. Nuclear Regulatory Commission (NRC) for spent nuclear fuel storage
as prescribed in Title 10 of the Code of Federal Regulations, Part 72 (10 CFR 72) [1] and

NUREG-1 536 [2]. MAGNASTOR is a canister-based system that accommodates both the

storage and transport of Pressurized Water Reactor (PWR) and Boiling Water Reactor (BWR)

spent fuel.

The principal components of MAGNASTOR are:

" transportable storage canister (TSC)

" concrete cask

" transfer cask

The TSC is designed and fabricated to meet the requirements for storage in the concrete cask, for

transport in a transport cask and to be compatible with the U.S. Department of Energy planning

for permanent disposal in a Mined Geological Disposal System. The TSC incorporates a welded

closure to preclude the loss of contents and to preserve the general health and safety of the public

during long-term storage of spent fuel.

In long-term storage, the TSC is installed in a concrete cask, which provides structural protection

and radiation shielding, as well as natural convection cooling. The concrete cask also provides

protection during storage for the TSC under adverse environmental conditions.

The transfer cask is used to move the TSC between the workstations during TSC loading and

preparation activities. It is also used to transfer the TSC to or from the concrete cask and to a

transport cask.

This SAR is formatted in accordance with NRC Regulatory Guide 3.61 [4], except that

Chapter 8, Materials Evaluation, is added in accordance with the requirement of Interim Staff

Guidance (ISG)-15 [5], with the subsequent renumbering of the remaining chapters. The

terminology used in this report is presented in Section 1.1. The term TSC refers to both the
PWR and BWR TSCs where the discussion is common to both configurations. Discussion of

features unique to the PWR and BWR configurations is addressed in subsections, as appropriate,

within each chapter.

NAC International 1-1
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1.1 Terminology

This section lists and defines the terms used in this SAR.

Adapter Plate

A carbon steel plate assembly positioned on the top of the concrete cask and used to align the
transfer cask. It supports the operating mechanism for opening and closing the transfer cask
shield doors.

Assembly Average Fuel Enrichment
Value calculated by averaging the 235U wt % enrichment over the entire fuel region (UO2) of
an individual fuel assembly, including axial blankets, if present.

Assembly Defect

Any change in the physical as-built condition of the assembly, with the exception of normal
in-reactor changes such as elongation from irradiation growth or assembly bow. Example of
assembly defects include: (a) missing rods, (b) broken or missing grids or grid straps
(spacer), and (c) missing or broken grid springs, etc. An assembly with a defect is damaged
only if it cannot meet its fuel-specific and system-related functions.

Breached Spent Fuel Rod

Spent fuel with cladding defects that permit the release of gas from the interior of the fuel
rod. A fuel rod breach may be a minor defect (i.e., hairline crack or pinhole), allowing the
rod to be classified as undamaged, or be a gross breach requiring a damaged fuel
classification.

Burnup

Amount of energy generated during irradiation - measured in MWd/MTU.

Assembly Average Burnup

Value calculated by averaging the burnup over the entire fuel region (UO2 ) of an
individual fuel assembly, including axial blankets, if present.

Peak Average Rod Burnup

Value calculated by averaging the burnup in any rod over the length of the rod, then
using the highest burnup calculated as the peak average rod burnup.

Concrete Cask

A concrete cylinder that holds the TSC during storage. The concrete cask is formed around a
steel inner liner and base and is closed by a lid.

Base
A carbon steel weldment incorporating the air inlets and the pedestal that supports the
TSC inside of the concrete cask.

Lid

A thick concrete and carbon steel closure for the concrete cask. The lid precludes access
to the TSC and provides radiation shielding.

NAC International 1,1-1
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Liner

A carbon steel shell that forms the inside diameter of the concrete cask. The liner serves
as the inner form during concrete pouring and provides radiation shielding and structural
protection for the TSC.

Standoffs (Channels)

Carbon steel weldments attached to the liner that assist in centering the TSC in the
concrete cask and supporting the TSC and its contents in a nonmechanistic tip-over event.

Confinement System
The components of the TSC assembly that retain the spent fuel during storage.

Contents

Up to 37 PWR fuel assemblies or up to 87 BWR fuel assemblies. The fuel assemblies are
confined in a TSC. Non-fuel hardware may be inserted into PWR fuel assemblies and BWR
fuel assemblies may include channels.

Damaged Fuel
Spent nuclear fuel (SNF) that cannot fulfill its fuel-specific or system-related function. Spent
fuel is classified as damaged under the following conditions.

1) There is visible deformation of the rods in the SNF assembly.
Note: This is not referring to the uniform bowing that occurs in the reactor; this refers

to bowing that significantly opens up the lattice spacing.
2) Individual fuel rods are missing from the assembly and the missing rods are not replaced

by dummy rods that displace a volume equal to, or greater than, the original fuel rods.
3) The SNF assembly has missing, displaced or damaged structural components such that

either:

3.1) Radiological and/or criticality safety is adversely affected (e.g., significantly
changed rod pitch); or

*3.2) The assembly cannot be handled by normal means (i.e., crane and grapple).

Assemblies with the following structural defects meet MAGNASTOR system-related
functional requirements and are, therefore, classified as undamaged.

3.3) Assemblies with missing or damaged grids grid straps and/or grid springs resulting
in an unsupported fuel rod length not to exceed 60 inches. Assemblies containing
fuel rods with damaged or missing grids, grid straps and/or grid springs producing
an unsupported length greater than 60 inches are classified as damaged.

4) Any SNF assembly that contains fuel rods for which reactor operating records (or other
records or tests) cannot support the conclusion that they do not contain gross breaches.
Note: Breached fuel rods with minor cladding defects (i.e, pinhole leaks or hairline

cracks that will not permit significant release of particulate matter from the spent
fuel rod) meet MAGNASTOR system-related functional requirements and are,
therefore, classified as undamaged.

NAC International 1.1-2
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5) The SNF assembly is no longer in the form of an intact fuel bundle (e.g., consists of or

contains debris such as loose fuel pellets or rod segments).

Factor of Safety
An analytically determined value defined as the allowable stress or displacement of a
material divided by its calculated stress or displacement.

Fuel Basket (Basket)

The structure inside the TSC that provides structural 'support, criticality control, and heat
transfer paths for the fuel assemblies.

Developed Cell

A basket opening formed by either four fuel tubes or fuel tubes and basket weldments.
Fuel assemblies are loaded into the developed cells.

Fuel Tube

A carbon steel tube with a square cross-section. Fuel assemblies are loaded into the fuel
tubes. A fuel tube may have neutron absorber material attached on its interior faces.

Neutron Absorber

A borated aluminum metal matrix or composite with neutron absorption capability.

Grossly Breached Spent Fuel Rod

A breach in the spent fuel cladding that is larger than a pinhole or hairline crack. A gross
cladding breach may be established by visual examination with the capability to determine if
the fuel pellet can be seen through the cladding, or through a review of reactor operating
records indicating the presence of heavy metal isotopes.

Intact Fuel (Assembly or Rod)

Any fuel that can fulfill all fuel-specific and system-related functions and that is not
breached.

MAGNASTOR (Modular Advanced Generation, Nuclear, All-purpose STORage)

The high-capacity system designed for safe, long-term spent fuel storage at a power reactor
site or at an independent spent fuel storage installation.

Spent Nuclear Fuel (or Spent Fuel)

Irradiated fuel assemblies with the same configuration as when originally fabricated,
consisting generally of the end fittings, fuel rods, guide tubes, and integral hardware. For
PWR fuel, a thimble plug, an in-core instrument thimble, a burnable poison rod insert, or a
control element assembly (CEA) is considered to be a component of standard fuel. For BWR
fuel, the channel is considered to be integral hardware. Solid filler rods, burnable poison
rods, burnable poison rod assemblies, thimble plugs, control element assemblies and stainless
steel rod inserts may be inserted in PWR fuel assemblies.

NAC International 1.1-3



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

Transfer Cask

A shielded device used to lift and handle the TSC during fuel loading and closure operations,
as well as to transfer the TSC in/out of the concrete cask during storage or in/out of a
transport cask. The transfer cask includes two lifting trunnions and two shield doors that can
be opened to permit the vertical transfer of the TSC.

Trunnions
Two low-alloy steel components used to lift the transfer cask in a vertical orientation via
a lifting assembly.

TSC (Transportable Storage Canister)

The stainless steel cylindrical shell, bottom-end plate, closure lid, closure ring, and redundant
port covers that contain the fuel basket structure and the spent fuel contents.

Closure Lid

A thick, stainless steel disk installed directly above the fuel basket following fuel loading.
The closure lid provides the confinement boundary for storage and operational shielding
during TSC closure.

Drain and Vent Ports
Penetrations located in the closure lid to permit draining, drying, and helium
backfilling of the TSC.

Port Cover
The stainless steel plates covering the vent and drain ports that are welded in place
following draining, drying, and backfilling operations.

Closure Ring

A stainless steel ring welded to the closure lid and TSC shell to provide a double weld
redundant sealing closure of the TSC satisfying 10 CFR 72.236(e) requirements.

Undamaged Fuel

Spent nuclear fuel that can meet all fuel-specific and system-related functions. Undamaged
fuel is spent nuclear fuel that is not Damaged Fuel, as defined herein, and does not contain
assembly structural defects that adversely affect radiological and/or criticality safety. As
such, undamaged fuel may contain:

a) Breached spent fuel rods (i.e, rods with minor defects up to hairline cracks or pinholes),
but cannot contain grossly breached fuel rods;

b) Grid, grid strap and/or grid spring damage, provided that the unsupported length of
the fuel rod does not exceed 60 inches.

NAC International 1.1-4
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1.2 Introduction

MAGNASTOR is a spent fuel dry storage system consisting of a concrete cask and a welded

stainless steel TSC with a welded closure to safely store spent fuel. The TSC is stored in the

central cavity of the concrete cask. The concrete cask provides structural protection, radiation

shielding, and internal airflow paths that remove the decay heat from the TSC contents by natural

air circulation. MAGNASTOR is designed and analyzed for a 50-year service life.

The loaded TSC is moved to and from the concrete cask using the transfer cask. The transfer

cask provides radiation shielding during TSC closure and preparation activities. The TSC is
transferred into the concrete cask by positioning the transfer cask with the loaded TSC on top of

the concrete cask, opening the shield doors, and lowering the TSC into the concrete cask. Figure

1.3-1 depicts the major components of MAGNASTOR in such a configuration.

MAGNASTOR is designed to safely store up to 37 PWR or up to 87 BWR spent fuel assemblies

in separate fuel basket assemblies. These capacities, combined with enhanced operational

features, assure that MAGNASTOR reduces the time required and the personnel dose received

on a per-assembly basis when placing spent fuel into dry storage. The fuel specifications and

parameters that establish the design basis for the PWR and BWR fuel assemblies are presented in

Chapter 2. The spent fuel considered in the design includes fuel assemblies that have different

overall lengths. The PWR and BWR fuel assembly populations are divided into two groups

based on fuel assembly length, and are accommodated by two different lengths of TSCs. The

concrete cask and transfer cask are a fixed height and can accommodate both lengths of TSC.
The designations and corresponding lengths of the TSCs are shown on the License Drawings.

For PWR fuel, the inclusion of nonfuel assembly hardware can increase an assembly's overall

length, resulting in the need to use the longer TSC. Spacers may be used in a given TSC to allow

loading of fuel that is significantly shorter than the TSC length. The BWR fuel assembly groups

are evaluated for the effects of the zirconium alloy channel that surrounds the fuel assembly in
reactor operations. Fuel assembly channel effects are addressed in both the thermal heat transfer

and criticality analyses. BWR assembly channels are included in the assembly weight assigned

to each basket opening in the structural analysis. The mass associated with the channel is

conservatively neglected from the material homogenization in the shielding analysis.

The system design and analyses are in accordance with 10 CFR 72, ANSI/ANS 57.9 [6], the

applicable sections of the ASME Boiler and Pressure Vessel Code (ASME Code), and the

American Concrete Institute (ACI) code [7]. The analyses demonstrate that MAGNASTOR

meets the regulatory requirements of 10 CFR 72 and the guidance ofNUREG-1536 [2].

NAC International 1.2-1
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1.3 General Description of MAGNASTOR

MAGNASTOR provides for the long-term storage of PWR and BWR fuel assemblies as listed in

Chapter 2. During long-term storage, the system provides an inert environment, passive

structural shielding, cooling and criticality control, and a welded confinement boundary. The
structural integrity of the system precludes the release of contents in any of the design basis

normal conditions and off-normal or accident events, thereby assuring public health and safety

during use of the system.

1.3.1 MAGNASTOR Components

The design and operation of the principal components of MAGNASTOR and the associated

auxiliary equipment are described in this section. The design characteristics of the principal

components of the system are presented in Table 1.3-1.

This list shows the auxiliary equipment generally needed to use MAGNASTOR.

" automated, remote, and /or manual welding equipment to perform TSC field closure
welding operations

" an engine-driven or towed frame or a heavy-haul trailer to move the concrete cask to and
from the storage pad and to position the concrete cask on the storage pad

* draining, drying, helium backfill, and water cooling systems for preparing the TSC and
contents for storage

* hydrogen monitoring equipment to confirm the absence of explosive or combustible
gases during TSC closure welding

* an adapter plate and a hydraulic supply system

* a lifting yoke for lifting and handling the transfer cask and rigging equipment for lifting
and handling system components

In addition to these items, the system requires utility services (electric, helium, air, clean borated

water, etc.), standard torque wrenches, tools and fittings, and miscellaneous hardware.

1.3.1.1 Transportable Storage Canister (TSC)

Two lengths of TSCs accommodate all evaluated PWR and BWR fuel assemblies. The TSC is

designed for transport per 10 CFR 71 [3]. The load conditions in transport produce higher

stresses in the TSC than are produced during storage conditions, except for TSC lifting.

Consequently, transport load conditions establish the design basis for the TSC and, therefore, the
TSC design is conservative with respect to storage conditions.

NAC International 1.3-1
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The stainless steel TSC assembly holds the fuel basket structure and confines the contents (see

Figure 1.3-2). The TSC is defined as the confinement boundary during storage. The welded
closure lid, closure ring, and redundant port covers prevent the release of contents under normal
conditions and off-normal or accident events. The fuel basket assembly provides the structural

support and a heat transfer path for the fuel assemblies, while maintaining a subcritical
configuration for all of the evaluated normal conditions and off-normal or accident events.

The major components of the TSC assembly are the shell, base plate, closure lid, closure ring,
and redundant port covers for the vent and drain ports, which provide the confinement boundary
during storage. The TSC component dimensions and materials of fabrication are provided in
Table 1.3-1. The TSC overall dimensions and design parameters for the two lengths of TSCs are

provided in Table 1.3-2.

The TSC consists of a cylindrical stainless steel shell with a welded stainless steel bottom plate

at its closed end and a 9-in thick stainless steel closure lid at its open end. The stainless steel

shell and bottom plate are dual-certified Type 304/304L. The closure lid, closure ring and port
covers are Type 304 stainless steel. A fuel basket assembly is placed inside the TSC. The
closure lid is positioned inside the TSC on the lifting lugs above the basket assembly following
fuel loading. After the closure lid is placed on the TSC, the TSC is moved to a workstation, and
the closure lid is welded to the TSC. After nondestructive examination and pressure testing of
the closure lid weld, the closure ring is welded to the closure lid and TSC shell. The vent and
drain ports are penetrations through the lid, which provide access for auxiliary systems to drain,

dry, and backfill the TSC. The drain port has a threaded fitting for installing the drain tube. The
drain tube extends the full length of the TSC and ends in a sump in the bottom plate. The vent

port also provides access to the TSC cavity for draining, drying, and backfilling operations.
Following completionof backfilling, the inner port covers at the vent and drain ports are
installed and welded in place. The final surface of the inner port cover weld is visually and
nondestructively examined. The inner vent and drain port cover welds are then helium leak
tested to verify the absence of helium leakage past the port cover welds. The outer port covers
are then installed and welded, and the final weld surfaces are nondestructively examined.

The TSC is designed, fabricated, and inspected to the requirements of the ASME Boiler and
Pressure Vessel Code (ASME Code), Section III, Division 1, Subsection NB [8], except as noted
in the Alternatives to the ASME Code as provided in Table 2.1-2.

Refer to Table 1.3-3 for a summary of the TSC fabrication requirements.
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1.3.1.2 Fuel Baskets

Each TSC contains either a PWR or BWR fuel basket, which positions and supports the stored

fuel. As described in the following sections, the design of the basket is similar for the PWR and

BWR configurations. The fuel basket for each fuel type is designed, fabricated, and inspected to

the requirements of the ASME Code, Section III, Division 1, Subsection NG [9], except as noted

in Table 2.1-2.

The structural components of both the PWR and BWR baskets are fabricated from ASME

SA537, Class 1, carbon steel. To minimize corrosion and preclude significant generation of

combustible gases during fuel loading, the assembled basket is coated with electroless nickel

plating using an immersion process. Following coating, the neutron absorber panels and the

stainless steel retainers are installed on the basket structure as shown on the License Drawings.

The principal dimensions and materials of fabrication of the fuel basket are provided in Table

1.3-1.

Both fuel basket designs minimize horizontal surfaces that could entrain water and provide an

open path for water flow to the drain tube and sump in the bottom of the TSC. The fuel baskets

are supported from the baseplate by 3-in high spacers at the comer of the fuel tubes enabling the

TSC to fill and drain evenly.

Spacers may be used to limit the movement of the spent fuel assemblies during storage or in

subsequent transport operations.

PWR Fuel Basket

The PWR fuel basket design is an arrangement of square fuel tubes held in a right-circular

cylinder configuration using support weldments that are bolted to the outer fuel tubes. The

design parameters for the two lengths of PWR fuel baskets are provided in Table 1.3-2.

Fuel tubes support an enclosed neutron absorber sheet on up to four interior sides of the fuel

tube. The neutron absorber panels, in conjunction with minimum TSC cavity water boron levels,

provide criticality control in the basket. Each neutron absorber panel is covered by a sheet of

stainless steel to protect the material during fuel loading and to keep it in position. The neutron

absorber and stainless steel cover are secured to the fuel tube using weld posts located across the

width and along the length of the fuel tube.

Each PWR fuel basket has a capacity of 37 fuel assemblies in an aligned configuration. Square

tubes are assembled in an array where the tubes function as independent fuel positions and as

sidewalls for the adjacent fuel positions in what is called a developed cell array. Consequently,

the 37 fuel positions are developed using only 21 tubes. The array is surrounded by weldments
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that serve both as sidewalls for some perimeter fuel positions and as the structural load path from
the array to the TSC shell wall. Each PWR basket fuel tube has a nominal 8.86-in square
opening. Each developed cell fuel position has a nominal 8.76-in square opening.

BWR Fuel Basket

The BWR fuel basket design is an arrangement of square fuel tubes held in a right-circular
cylinder configuration using support weldments that are bolted to the outer fuel tubes. The
design parameters for the two lengths of BWR fuel baskets are provided in Table 1.3-2.

Each fuel tube supports an enclosed neutron absorber sheet on up to four interior sides of the fuel
tube, which provides criticality control in the basket. The neutron absorber is covered by a sheet
of stainless steel to protect the material during fuel loading and to keep it in position. The
neutron absorber and stainless steel cover are secured to the fuel tube using weld posts located

across the width and along the length of the fuel tube.

Each BWR fuel basket has a capacity of 87 fuel assemblies in an aligned configuration. Square
tubes are assembled in an array where the tubes function as independent fuel positions and as

sidewalls for the adjacent fuel positions in what is called a developed cell array. Consequently,
the 87 fuel positions are developed using only 45 tubes. The array is surrounded by weldments

that serve both as sidewalls for some perimeter fuel positions and as the structural load path from0
the array to the TSC shell wall. Each BWR basket fuel tube has a nominal 5.86-in square
opening. Each developed cell fuel position has a nominal 5.77-in square opening.

1.3.1.3 Concrete Cask

The concrete cask is the storage overpack for the TSC and it is designed to hold both lengths of
TSCs. The concrete cask provides structural support, shielding, protection from environmental
conditions, and natural convection cooling of the TSC during long-term storage. The principal
dimensions and materials of fabrication of the concrete cask are shown in Table 1.3-1.

The concrete cask is a reinforced concrete structure with a structural steel inner liner and base.
The reinforced concrete wall and steel liner provide the neutron and gamma radiation shielding
for the stored spent fuel. Inner and outer reinforcing steel (rebar) assemblies are encased within
the concrete. The reinforced concrete wall provides the structural strength to protect the TSC
and its contents in natural phenomena events such as tornado wind loading and wind-driven
missiles and during nonmechanistic tip-over events (refer to Figure 1.3-3). The concrete
surfaces remain accessible for inspection and maintenance over the life of the cask, so that any
necessary restoration actions may be taken to maintain shielding and structural conditions.
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The concrete cask provides an annular air passage to allow the natural circulation of air around
the TSC to remove the decay heat from the contents. The lower air inlets and upper air outlets
are steel-lined penetrations in the concrete cask body. Each air inlet/outlet is covered with a
screen. The weldment baffle directs the air upward and around the pedestal that supports the

TSC. Decay heat is transferred from the fuel assemblies to the TSC wall by conduction,

convection, and radiation. Heat is removed by convection and radiation from the TSC shell to
the air flowing upward through the annular air passage and to the concrete cask inner liner,

respectively. Heat radiated to the liner can be transferred to the air annulus and by conduction
through the concrete cask wall. The heated air in the annulus exhausts through the air outlets.

The passive cooling system is designed to maintain the peak fuel cladding temperature below
acceptable limits during long-term storage [10]. The concrete cask thermal design also maintains

the bulk concrete temperature and surface temperatures below the American Concrete Institute

(ACI) limits under normal operating conditions. The inner liner of the concrete cask
incorporates standoffs that provide lateral support to the TSC in side impact accident events.

A carbon steel and concrete lid is bolted to the top of the concrete cask. The lid reduces skyshine

radiation and provides a cover to protect the TSC from the environment and postulated tornado

missiles.

Fabrication of the concrete cask requires no unique or unusual forming, concrete placement, or
reinforcement operations. The concrete portion of the cask is constructed by placing concrete
between a reusable, exterior form and the steel liner. Reinforcing bars are usednear the inner

and outer concrete surfaces to provide structural integrity. The structural steel liner and base are
shop fabricated. Refer to Table 1.3-4 for the fabrication specifications for the concrete cask.

Daily visual inspection of the air inlet and outlet screens for blockage assures that airflow
through the cask meets licensed requirements. A description of the visual inspection is included
in the Technical Specifications, Chapter 13. As an alternative to daily visual inspections, the
loaded concrete cask in storage may include the capability to measure air temperature at the four

outlets. Each air outlet may be equipped with a remote temperature detector mounted in the
outlet air plenum. The air temperature-monitoring system, designed to provide verification of
heat dissipation capabilities, can be designed for remote or local read-out capabilities at the

option of the licensee. The temperature-monitoring system can be installed on all or some of the
concrete casks at the Independent Spent Fuel Storage Installation (ISFSI) facility.

1.3.1.4 Transfer Cask

The transfer cask is designed, fabricated, and tested to meet the requirements of ANSI N14.6

[11] as a special lifting device. The transfer cask provides biological shielding and structural
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protection for a loaded TSC, and is used to lift and move the TSC between workstations. The
transfer cask is also used to shield the vertical transfer of a TSC into a concrete cask or a

transport cask.

The transfer cask design incorporates three retaining blocks, pin-locked in place, to prevent a
loaded TSC from being inadvertently lifted through its top opening. The transfer cask has
retractable bottom shield doors. During TSC loading and handling operations, the shield doors
are closed and secured. After placement of the transfer cask on the concrete cask, the doors are
retracted using hydraulic cylinders and a hydraulic supply. The TSC is then lowered into a
concrete cask for storage. Refer to Figure 1.3-1 for the general arrangement of the transfer cask,
TSC, and concrete cask during loading and Table 1.3-1 for the principal dimensions and
materials of fabrication of the transfer cask.

Sixteen penetrations, eight at the top and eight at the bottom, are available to provide a water
supply to the transfer cask annulus. Penetrations not used for water supply or draining are
capped. The transfer cask annulus is isolated using inflatable seals located between the transfer
cask inner shell and the TSC near the upper and lower ends of the transfer cask.

During TSC closure, clean or demineralized spent fuel pool water may be circulated through
these penetrations into the annulus region to minimize component temperatures and improve
canister preparation time limits. The auxiliary annulus circulating water cooling system can be
utilized through completion of TSC activities. The annulus circulating water cooling system is
turned off prior to movement of the transfer cask for TSC transfer operations into the concrete

cask.

A similar process of clean or demineralized spent fuel pool water flow into the annulus is used
during in-pool fuel loading to minimize the potential for contamination of the TSC exterior

surfaces.

The transfer cask penetrations can also be used for the introduction of auxiliary forced air or gas
to cool the exterior of the TSC. Alternately, if auxiliary cooling is required, to lower fuel
cladding or TSC component temperatures, the loaded TSC may be returned to the spent fuel pool

or shelf for cooling.

1.3.2 Operational Features

In storage, MAGNASTOR does not require any active operational systems. The principal

MAGNASTOR operational activities are loading, welding, and preparing the TSC for storage
and transferring the TSC to the concrete cask. The transfer cask is designed to meet the
requirements of these operations. The transfer cask holds the TSC during fuel loading
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operations, provides biological shielding during TSC closure and preparation, and positions the

TSC for transfer into the concrete cask. The lid design of the TSC assures structural integrity,

while reducing the time and dose involved in TSC closure.

The detailed generic step-by-step operating procedures for the loading and transferring of

MAGNASTOR are presented in Chapter 9. The following is a list of the major loading

activities. This list assumes that the empty TSC is installed in the transfer cask.

* Fill the TSC with water or borated water if required.

* Lift the transfer cask over the pool and start the flow of water to the transfer cask annulus

and lower the cask to the bottom of the pool.

* Load the selected spent fuel assemblies into the TSC.

0 Install the closure lid.

0 Remove the transfer cask from the pool and place it in the cask preparation workstation.

* Decontaminate the transfer cask.

9 Lower the TSC water level and weld the closure lid to the TSC shell. Examine the weld.

* Hydrostatically test the TSC.

* Install and weld the closure ring. Examine the weld.

* Drain the remaining pool water from the TSC.

* Dry the TSC cavity. Verify cavity dryness.

• Establish a helium backfill.

* Install and weld the inner vent and drain port covers. Examine the welds.

* Helium leak test the inner vent and drain port covers.

0 Install and weld the outer vent and drain port covers. Examine the welds.

* Install the TSC lifting system.

0 Install the adapter plate on theconcrete cask.

9 Lift and place the transfer cask on the transfer adapter.

• Attach the TSC lifting system to the crane hook and raise the TSC off of the shield doors.

0 Open the shield doors.

* Lower the TSC into the concrete cask (see Figure 1.3-1).

* Remove the transfer cask, transfer adapter, and TSC lifting systems.

* Install the lid on the concrete cask.

* Move the loaded concrete cask to the storage pad.

• Move the concrete cask to its designated location on the storage pad.
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The TSC unloading and spent fuel removal from the TSC are essentially the reverse of these

steps, except that weld removal and cooldown of the contents is required. This typical sequence

of operations, and individual steps, may be modified by the approved site procedure to

accommodate specific site requirements, as long as the requirements of the Technical

Specifications and the CoC are met.
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Figure 1.3-1 Major Component Configuration for Loading the Concrete Cask
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Figure 1.3-2 TSC and Basket
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Figure 1.3-3 Concrete Cask
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Table 1.3-1 Design Characteristics

• Design Characteristic Nominal Value (in)a Material
TSC Shell 0.5 x 72 dia, Stainless Steel

Bottom 2,75 Stainless Steel
Closure Lid 9 Stainless Steel
Closure Ring 0.75 square Stainless Steel
Length

Group 1 & 3 184.8
Group2&4 191.8

Fuel Basket PWR Fuel Tube Wall 0.31 Carbon Steel
BWR Fuel Tube Wall 0.25 Carbon Steel
Neutron Absorber 0.125 (PWR), 0.1 (BWR) Metallic Composite/Matrix
Neutron Absorber Retainer 0.015 Stainless Steel
Support Plates & Gussets 0.5 to 0.75 Carbon Steel
Support Bars (PWR) 0.875 Carbon Steel
Support Plate (BWR) 0.75 Carbon Steel
Length

Group 1 & 3 172.5
Group 2 & 4 179.5

Assembly dia. 70.76
# of Fuel Tubes/Fuel
Loading Positions

PWR 21/37
_BWR 45/87

Transfer Cask Outer Shell 1.25 x 88 dia. Low Alloy Steel
Inner Shell 0.75 x 74.5 dia. Low Alloy Steel
Retaining Block 8 x 8.75 x 1.50 Stainless Steel
Trunnions 9.5 dia. Low Alloy Steel
Bottom Forging 12 x 88 dia. Low Alloy Steel
Top Forging 14 x 88 dia. Low Alloy Steel
Shield Doors 5.0 Low Alloy Steel
Door Rails 5.25 x 7.5 x 52.0 Low Alloy Steel
Gamma Shield 3.2 Lead
Neutron Shield 2.25 NS-4-FR, Solid Synthetic Polymer

Transfer Adapter Base Plate 2.0 Carbon Steel
I Guide Ring 2.5 x 79 dia. Carbon Steel

6

Concrete Cask Weldment Structures
Liner
Top Flange
Standoffs (Channels)
Pedestal Plate
Bottom Weldment
Inlet Top

Concrete Cask
Concrete Shell
Lid

Rebar

1.75 x 83 dia
1 x 91 dia.
3 x 7.5 (s-beam)
2 x 72 dia.
1 x 128 in
2 x 136 dia.

26.5 x 136 dia.

6.75 x 88 dia.

various lengths

Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel

Type II Portland Cement
Carbon Steel
Type II Portland Cement
Carbon Steel

'Thickness unless otherwise indicated.
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Table 1.3-2 Physical Design Parameters of the TSC and Fuel Baskets

CNominal
Component Characteristic Parameter Value

Shell Outside Diameter (in) 72
Canister Weldment Shell Thickness (in) 0.5

Bottom Thickness (in) 2.75
TSC Length Group 1 & 3 (in) 184.8

TS__LengthGroup 2 & 4 (in) 191.8
Capacity (# of fuel assemblies) PWR 37

BWR 87

Length (in)
Group 1 & 3 (in)
Group 2 & 4 (in)

172.5
179.5

Fuel Basket Diameter Assembly Diameter (in) 70.76
Number of Fuel Tubes/Fuel Loading
Positions

PWR
BWR

21/37
45/87
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Table 1.3-3 TSC Fabrication Specification Summary

Materials

* All materials shall be governed by the referenced drawings and meet the applicable
ASME Code sections.

Welding

* Welds shall be in accordance with the referenced drawings.

" Filler metals shall be appropriate ASME Code materials.

" Welders and welding operators shall be qualified in accordance with ASME Code
Section IX [12].

" Welding procedures shall be written and qualified in accordance with ASME Code
Section IX.

" Personnel performing weld examinations shall be qualified in accordance with the NAC
International Quality Assurance Program and SNT-TC-1A [13].

" Weld inspection and examination requirements and acceptance criteria are specified in
Chapter 10.

Fabrication

* Cutting, welding, and forming shall be in accordance with ASME Code, Section III, NB-
4000 [8] unless otherwise specified. Code stamping is not required.

" Surfaces shall be cleaned to a surface cleanness classification C, or better, as defined in
ANSI N45.2.1 [14], Section 2.

" Fabrication tolerances shall meet the requirements of the referenced drawings after
fabrication.

Packaging

0 Packaging and shipping shall be in accordance with ANSI N45.2.2 [15].

Quality Assurance

* The TSC shall be fabricated under a quality assurance program that meets 10 CFR 72,
Subpart G, and 10 CFR 71, Subpart H..
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Table 1.3-4 Concrete Cask Fabrication Specification Summary

Materials

* Concrete mix shall be in accordance with the requirements of ACI 318 and ASTM C94 [16].
" Type II Portland Cement, ASTM C150 [17].

* Fine aggregate ASTM C33 [18] or C637 [19].

* Coarse aggregate ASTM C33.

" Admixtures
* Water Reducing and Superplasticizing ASTM C494 [20].
* Pozzolanic Admixture (loss on ignition 6% or less) ASTM C618 [21].

" Compressive strength 4000 psi minimum at 28 days.
* Specified air entrainment per ACI 318.
* All steel components shall be of the material as specified in the referenced drawings.

Construction

" A minimum of two samples for each concrete cask shall be taken in accordance with ASTM
C 172 [22] and ASTM C3 1 [23] for the purpose of obtaining concrete slump, density, air
entrainment, and 28-day compressive strength values. The two samples shall not be taken from

.the same batch or truck load.

* Test specimens shall be tested in accordance with ASTM C39 [24].
• Formwork shall be in accordance with ACI 318.

* All sidewall formwork shall remain in place in accordance with the requirements of ACI 318.

* Grade, type, and details of all reinforcing steel shall be in accordance with the referenced
drawings.

* Embedded items shall conform to ACI 318 and the referenced drawings.

* The placement of concrete shall be in accordance with ACI 318..

* Surface finish shall be in accordance with ACI 318.

* Welding and inspection requirements and acceptance criteria are specified in Chapter 10.

Quality Assurance

* The concrete cask shall be constructed under a quality assurance program that meets 10 CFR 72,
Subpart G.
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1.4 MAGNASTOR Contents

MAGNASTOR is designed to store up to 37 PWR fuel assemblies or up to 87 BWR fuel
assemblies in a pressurized helium atmosphere. PWR fuel assemblies may be stored with
inserted burnable poison rod assemblies, thimble plugs or control element assemblies. Stainless
steel rod inserts for guide tube dashpots may also be inserted. BWR fuel assemblies may be
stored with or without channels. Assemblies may contain solid filler rods or burnable absorber
rods replacing fuel rods in the assembly lattice. Steel filler rods must be unirradiated. The
design content conditions are specified in the CoC for MAGNASTOR. Unenriched fuel
assemblies are not evaluated and are not included as allowable contents. Assemblies may

contain unenriched axial end blankets.
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1.5 Identification of Agents and Contractors

The prime contractor for the MAGNASTOR design is NAC. All design, analysis, licensing, and

procurement activities are performed by NAC in accordance with its approved Quality

Assurance Program, as described in Chapter 14. Fabrication of the steel components will be by

qualified vendors. A qualified concrete contractor will perform construction of the concrete

cask. All vendors and contractors will be selected and their performance monitored in

accordance with the NAC Quality Assurance Program. All MAGNASTOR fabrication and

assembly activities will be performed in accordance with quality assurance programs that meet

the requirements of 10 CFR 72, Subpart G.

NAC as a contractor, or the licensee, may perform construction of the ISFSI and MAGNASTOR

loading operations on site in accordance with the NAC or licensee quality assurance program, as

appropriate. The licensee will perform decommissioning of the.ISFSI in accordance with the

licensee quality assurance program.

NAC was founded as a private corporation in 1968, with the primary focus of tracking,

inspecting, handling, storing, and transporting spent nuclear fuel. NAC is a wholly owned

subsidiary of USEC, Inc., since completion of its acquisition in November 2004. NAC is

recognized in the industry as an expert in all aspects of the design, licensing, and operation of

spent fuel handling, inspection, storage, and transport equipment, as well as in the management

of spent fuel inventories.

Within the past 15 years, NAC has completed fabrication or has under construction the following

transportation and/or storage systems.

Part 71 Part 72
(Transport Casks) (Storage System Casks and Components)

8 NAC-LWT 7 UMS®/MPC transfer casks
16 TRUPACT-Il 2 NAC-128 SIT metal casks
6 RH-TRU 72B 1 NAC-126 S/T metal cask
2 NAC-STC > 210 UMS®/MPC TSCs

> 212 UMS®/MPC concrete casks
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1.6 Generic Concrete Cask Arrays

A typical ISFSI storage pad layout for 20 MAGNASTOR systems is provided in Figure 1.6-1.

As shown in this figure, roads parallel the sides of the pad to facilitate transfer of the concrete

cask from the transporter to the designated storage position on the pad. Alternately, a ramp or

low-profile concrete pad may be used to allow access for a motorized or towed frame for

concrete cask transfer and placement. Loaded concrete casks are placed in the vertical

orientation on the pad in a linear array. Array sizes could accommodate from 1 to morethan 200

casks. Figure 1.6-1 shows the minimum concrete cask spacing and representative site

dimensions. Actual spacing and facility dimensions are dependent on the general site layout,

access roads, site boundaries, and transfer equipment selection, but must conform to the spacing

specified in the Technical Specifications.

The reinforced concrete storage pad is capable of sustaining the transient loads from the cask

transporter and the general loads of the stored casks. If necessary, the pad can be constructed in

phases to specifically meet utility-required expansions.
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Figure 1.6-1 Typical ISFSI Storage Pad Layout
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1.8 License Drawings

This section presents the list of License Drawings for MAGNASTOR.
Drawing Revision
Number Title No.

71160-551 Fuel Tube Assembly, MAGNASTOR - 37 PWR 5
71160-560 Assembly, Standard Transfer Cask, MAGNASTOR 1
71160-561 Structure, Weldment, Concrete Cask, MAGNASTOR 3
71160-562 Reinforcing Bar and Concrete Placement, Concrete Cask, MAGNASTOR 2
71160-571 Details, Neutron Absorber, Retainer, MAGNASTOR - 37 PWR 4
71160-572 Details, Neutron Absorber, Retainer, MAGNASTOR - 87 BWR 4
71160-574 Basket Support Weldments, MAGNASTOR- 37 PWR 3
71160-575 Basket Assembly, MAGNASTOR- 37 PWR 6
71160-581 Shell Weldment, Canister, MAGNASTOR 2
71160-584 Details, Canister, MAGNASTOR 2
71160-585 TSC Assembly, MAGNASTOR 5
71160-590 Loaded Concrete Cask, MAGNASTOR 3
71160-591 Fuel Tube Assembly, MAGNASTOR -. 87 BWR 5
71160-598 Basket Support Weldments, MAGNASTOR- 87 BWR 4
71160-599 Basket Assembly, MAGNASTOR - 87 BWR 5
71160-600 Basket Assembly, MAGNASTOR - 82 BWR 3

Drawings Withheld under 10 CFR 2.390
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2 PRINCIPAL DESIGN CRITERIA

MAGNASTOR is a canister-based spent fuel dry storage cask system designed in accordance

with the requirements of 10 CFR 72 [10], Subpart L, Approval of Spent Fuel Storage Casks. It is

designed to store a variety of undamaged PWR and BWR spent fuel assemblies. This chapter

presents the principal design criteria for the MAGNASTOR components.
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2.1 MAGNASTOR System Design Criteria

The design of MAGNASTOR ensures that the stored spent fuel is maintained subcritical in an

inert environment, within allowable temperature limits, and is retrievable. The acceptance

testing and maintenance program specified in Chapter 10 ensures that the system is, and remains,

suitable for the intended purpose. The MAGNASTOR design criteria appear in Table 2.1-1.

Approved alternatives to the ASME Code for the design procurement, fabrication, inspection,

and testing of MAGNASTOR TSCs and spent fuel baskets are listed in Table 2.1-2.

Proposed alternatives to ASME Code, Section III, 2001 Edition with Addenda through 2003,

including alternatives listed in Table 2.1-2, may be used when authorized by the Director of the

Office of Nuclear Material Safety and Safeguards or designee. The request for such alternatives

should demonstrate the following.

0 The proposed alternatives would provide an acceptable level of quality and safety, or
compliance with the specified requirements of ASME Code, Section III, Subsections NB
and NG, 2001 Edition with Addenda through 2003, would result in hardship or unusual
difficulty without a compensating increase in the level of quality and safety.

0 Requests for alternatives shall be submitted in accordance with 10 CFR 72.
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Table 2.1-1 MAGNASTOR System Design Criteria

Parameter Criteria
Design Life 50 years
Design Code - Confinement
TSC ASME Code, Section Il, Subsection NB [1] for

confinement boundary
TSC Cavity Atmosphere Helium
Gas Pressure 7.0 atmospheres gauge (103 psig)

Design Code - Nonconfinement
Fuel Basket ASME Code, Section III, Subsection NG [2] and

NUREG/CR-6322 [3]
Concrete Cask ACI-349 [4], ACI-318 [5]
Transfer Cask ANSI N14.6 [6], NUREG-0612 [15]

Thermal
Maximum Fuel Cladding Temperature 7520F (4000C) for Normal and Transfer [7]

10580F (5700C) for Off-Normal and Accident [8]

Ambient Temperature
Normal (average annual ambient) 760F
Off-Normal (extreme cold; extreme hot) -40°F; 106 0F
Accident 133 0F

Concrete Temperature
Normal Conditions <150°F (bulk) [4];. < 2001F (local) [9]
Off-Normal/Accident Conditions < 350°F local/ surface [4]

Radiation Protection/Shielding

Owner-Controlled Area Boundary Dose [10]
Normal/Off-Normal Conditions 25 mrem (Annual Whole Body) [10]
Accident Whole Body Dose 5 rem (Whole Body) [10]

i
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Table 2.1-2 ASME Code Alternatives for MAGNASTOR Components

Reference
ASME Code Exception, Justification and

Component Section/Article Code Requirement Compensatory Measures
TSC and Fuel NCA-1000, Requirements for Code Code stamping is not required for the
Basket NCA-2000, stamping of NB components TSC or fuel baskets. Code Design

NCA-3000, and preparation of Code Specifications, Design Reports,
NCA-4000, Design Specifications, Overpressure Protection Report, and
NCA-5000, Design Reports, Data Reports are not required. The
NCA-8000, Overpressure Protection TSC and Fuel Basket are designed,
NB-1110, and Report (TSC only), and procured, fabricated, inspected and
NG-11110 Data Reports, and Quality tested in accordance with a QA

Assurance requirements in Program meeting 10 CFR 72, Subpart
accordance with Code G. Authorized Nuclear Inspection
requirements. Agency Services are not required.

TSC Pressure- NB-2000 Pressure-retaining material Materials will be supplied with Certified
Retaining to be provided by ASME- Material Test Reports by NAC
Materials approved Material approved suppliers.

Organization.
TSC Closure NB-4243 Full penetration welds The closure lid-to-shell weld is not a
Lid-to-Shell required for Category C full penetration weld. The design and
Weld joints, analysis of the closure lid weld utilizes

a 0.8 stress reduction factor in
accordance with ISG-15 [23].

Port Cover-to- NB-5230 Radiographic (RT) Final surface liquid penetrant
Closure Lid examination required. examination to be performed per
Weld ASME Code Section V, Article 6.

PT acceptance criteria is to be in
accordance with NB-5350.

TSC Closure
Lid-to-Shell
Weld

NB-5230 Radiographic (RT)
examination required.

In accordance with ISG-1 5, the TSC
closure lid-to-shell weld is to be
inspected by progressive surface liquid
penetrant (PT) examination of the root,
midplane and final surface layers. The
progressive PT examination of the
weld will be performed in accordance
with ASME Code, Section V, Article 6,
and acceptance criteria per NB-5350.
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Table 2.1-2 ASME Code Alternatives for MAGNASTOR Components

Reference
ASME Code Exception, Justification and

Component Section/Article Code Requirement Compensatory Measures

TSC Closure NB-5230 Radiographic (RT) Final surface liquid penetrant
Ring-to-TSC examination required. examination to be performed per
Shell ASME Code Section V, Article 6.
& PT acceptance criteria is to be in
TSC Closure accordance with NB-5350.
Ring-to-
Closure Lid
TSC NB-61 11 All completed pressure Following closure lid to TSC shell

retaining systems shall be welding, each TSC shall be
pressure tested. hydrostatically pressure tested to

125% of MNOP. No observable
pressure drop or water leakage from
the closure lid to TSC shell weld is
allowed.

TSC NB-7000 Pressure vessels shall be .No overpressure protection is
protected from the provided. The function of the TSC is
consequences of pressure to confine radioactive contents without
conditions exceeding release under normal conditions, or
design pressure. off-normal and accident events of

storage. The TSC is designed to
withstand the maximum internal
pressure considering 100% fuel rod
failure and maximum accident
condition temperatures.

TSC NB-8000 States requirements for The TSC is marked and identified to
nameplates, stamping and ensure proper identification of the
reports per NCA-8000. contents. Code stamping is not

required.
TSC Basket NG-2000 Core support structural Fuel basket structural materials with
Assembly materials are to be provided Certified Material Test Reports to be
Structural by an ASME approved supplied by NAC approved suppliers.
Materials Material Organization.
TSC Basket
Assembly
Structural
Components

NG-8000 Requirements for
nameplates, stamping and
reports per NCA-8000.

The TSC basket structural assembly is
marked and identified to ensure
component traceability in accordance
with NAC's QA Program.
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2.2 Spent Fuel To Be Stored

MAGNASTOR is designed to safely store up to 37 PWR or up to 87 BWR spent fuel assemblies,

contained within a TSC. The fuel assemblies are assigned to two groups of PWR and two

groups of BWR fuel assemblies on the basis of fuel assembly length. Refer to Chapter 1 for the

fuel assembly length groupings. For TSC spent fuel content loads less than a full basket, empty

fuel positions shall include an empty fuel cell insert.

Undamaged PWR and BWR fuel assemblies having parameters as shown in Table 2.2-1 and

Table 2.2-2, respectively, may be stored in MAGNASTOR.

The minimum initial enrichment limits are shown in Table 2.2-1 and Table 2.2-2 for PWR and

BWR fuel, respectively, and exclude the loading of fuel assemblies enriched to less than 1.3 wt%
235U, including unenriched fuel assemblies. Fuel assemblies with unenriched axial end-blankets

may be loaded into MAGNASTOR.

2.2.1 PWR Fuel Evaluation

MAGNASTOR evaluations are based on bounding PWR fuel assembly parameters that

maximize the source terms for the shielding evaluations, the reactivity for criticality evaluations,

the decay heat load for the thermal evaluations, and the fuel weight for the structural evaluations.

These bounding parameters are selected from the various spent fuel assemblies that are

candidates for storage in MAGNASTOR. The bounding fuel assembly values are established

based primarily on how the principal parameters are combined, and on the loading conditions (or

restrictions) established for a group of fuel assemblies based on its parameters. Each TSC may

contain up to 37 undamaged PWR fuel assemblies.

The limiting parameters of the PWR fuel assemblies authorized for loading in MAGNASTOR

are shown in Table 2.2-1. The maximum initial enrichments listed are based on a minimum

soluble boron concentration of 2,500 ppm in the spent fuel pool water. Lower soluble boron

concentrations are allowed in the spent fuel pool water for fuel assemblies with lower maximum

enrichments. The maximum initial enrichment authorized represents the peak fuel rod

enrichment for variably enriched PWR fuel assemblies. The PWR fuel assembly characteristics

are summarized by fuel assembly type in Table 6.4.3-1. Table 2.2-1 assembly physical

information is limited to the criticality analysis input of fuel mass, array configuration, and

number of fuel rods. These analysis values are key inputs to the shielding and criticality

evaluations in Chapters 5 and 6. Lattice parameters dictating system reactivity are detailed in

Chapter 6. Enrichment limits are set for each fuel type to produce reactivities at the upper
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subcritical limit (USL). The maximum TSC decay heat load for the storage of PWR fuel
assemblies is 35.5 kW. Uniform and preferential loading patterns are allowed in the PWR
basket. The uniform loading pattern permits assemblies with a maximum heat load of 0.96
kW/assembly. The preferential loading pattern permits peak heat loads of 1.20 kW, as indicated

in the zone description in Figure 2.2-1. The bounding thermal evaluations are based on the

Westinghouse 17x1 7 fuel assembly. The minimum cool times are determined based on the
maximum decay heat load of the contents. The fuel assemblies and source terms that produce the

maximum storage and transfer cask dose rates are summarized in Table 5.1.3-3. A bounding

weight of 1,680 pounds, as shown in Table 2.2-1, based on a B&W 15x15 fuel assembly with
control components inserted, has been structurally evaluated in each location of the PWR fuel

basket.

As noted in Table 2.2-1, the evaluation of PWR fuel assemblies includes thimble plugs (flow
mixers), burnable poison rod assemblies (BPRAs), control element assemblies (CEAs), and/or

solid filler rods. Empty fuel rod positions are filled with a solid filler rod or a solid neutron

absorber rod that displaces a volume not less than that of the original fuel rod.

2.2.2 BWR Fuel Evaluation

MAGNASTOR evaluations are based on bounding BWR fuel assembly parameters that
maximize the source terms for the shielding evaluations, the reactivity for the criticality
evaluations, the decay heat load for the thermal evaluations, and the fuel weight for the structural
evaluations. These bounding parameters are selected from the various spent fuel assemblies that
are candidates for storage in MAGNASTOR. The bounding fuel assembly values are established

based primarily on how the principal parameters are combined, and on the loading conditions or
restrictions established for a group of fuel assemblies based on its parameters. Each TSC may
contain up to 87 undamaged BWR fuel assemblies. To increase allowed assembly enrichments

over those determined for the 87-assembly basket configuration, an optional 82-assembly loading
pattern may be used. The required fuel assembly locations in the 82-assembly pattern are shown

in Figure 2.2-2.

The limiting parameters of the BWR fuel assemblies authorized for loading in MAGNASTOR

are shown in Table 2.2-2. The maximum initial enrichment represents the peak planar-average
enrichment. The BWR fuel assembly characteristics are summarized by fuel type in Table 6.4.3-2.

Table 2.2-2 assembly physical information is limited to the critical analysis input of fuel mass,
array configuration, and number of fuel rods. These analysis values are key inputs to the

shielding and criticality evaluations in Chapters 5 and 6. Lattice parameters dictating system
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reactivity are detailed in Chapter 6. Enrichment limits are set for each fuel type to produce

reactivities at the USL. The maximum decay heat load per TSC for the storage of BWR fuel

assemblies is 33.0 kW (average of 0.379 kW/assembly). Only uniform loading is permitted for

BWR fuel assemblies. The bounding thermal evaluations are based on the GE 1 Oxi 0 fuel

assembly. The minimum cooling times are determined based on the maximum decay heat load

of the contents. The fuel assemblies and source terms that produce the maximum storage and

transfer cask dose rates are summarized in Table 5.1.3-3. A bounding weight of 704 pounds, as

shown in Table 2.2-2, is based on the maximum weight of GE 7x7 and 8x8 assemblies with

channels; this weight has been structurally evaluated in each storage location of the BWR basket.

As noted in Table 2.2-2, the evaluation of BWR fuel envelops unchanneled assemblies and

assemblies with channels up to 120 mils thick. Empty fuel rod positions are filled with a solid

filler rod or a solid neutron absorber rod that displaces a volume not less than that of the original

fuel rod.
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Figure 2.2-1 PWR Fuel Preferential Loading Zones

Heat Load
(W/assy)Zone Description I Designator # Assemblies

Inner Ring A 922 9
Middle Ring B 1,200 12
Outer Ring C 800 16

NAC International 2.2-4



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 2.2-2 82-Assembly-BWR Basket Pattern
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Table 2.2-1 PWR Fuel Assembly Characteristics

Fuel ClassCharacteristic
14x14 14x14 15x15 15x15 16x16 17x17

Base Fuel Typea CE, SPC W, SPC W, SPC BW, FCF CE BW, SPC,
W, FCF

Max Initial Enrichment (wt% 235U) 5.0 5.0 5.0 5.0 5.0 5.0
Min Initial Enrichment (wt% 235U) 1.3 1.3 1.3 1.3 1.3 1.3
Number of Fuel Rods 176 179 204 208 236 264
Max Assembly Average Burnup 60,000 60,000 60,000 60,000 60,000 60,000
(MWd/MTU)
Peak Average Rod Burnup (MWd/MTU) 62,500 62,500 62,500 62,500 62,500 62,500
Min Cool Time (years) 4 4 4 4 4 4
Max Weight (Ib) per Storage Location 1,680 1,680 1,680 1,680 1,680 1,680
Max Decay Heat (Watts) per Preferential 1,200 1,200 1,200 1,200 1,200 1,200
Storage Location

" Fuel cladding is a zirconium-based alloy.
" All reported enrichment values are nominal preirradiation fabrication values.
" Weight includes the weight of nonfuel-bearing components.
* Assemblies may contain a flow mixer (thimble plug), a burnable poison rod assembly, a control element assembly, and/or solid

stainless steel or zirconium-based alloy filler rods.
" Maximum initial enrichment is based on a minimum soluble boron concentration in the spent fuel pool water. Required

soluble boron content is fuel type and enrichment specific. Minimum soluble boron content varies between 1,500 and 2,500
ppm. Maximum initial enrichment represents the peak fuel rod enrichment for variably-enriched fuel assemblies.

" Spacers may be used to axially position fuel assemblies to facilitate handling.
" Maximum uniform heat load is 959 watts per storage location.

a Indicates assembly and/or nuclear steam supply system (NSSS) vendor/type referenced for fuel input data. Fuel acceptability for loading is not
restricted to the indicated vendor provided that the fuel assembly meets the limits listed in Table 6.4.3-1. Table 6.2.1-1 contains vendor
information by fuel rod array. Abbreviations are as follows: Westinghouse (W), Combustion Engineering (CE), Siemens Power Corporation
(SPC), Babcock and Wilcox(BW), and Framatome Cogema Fuels (FCF).
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Table 2.2-2 BWR Fuel Assembly Characteristics

Characteristic Fuel Class
7x7 8x8 9x9 1OX10

Base Fuel Typea SPC, GE SPC, GE SPC, GE SPC, GE,
ABB

Max Initial Enrichment (wt% 235U) 4.5 4.5 4.5 4.5
Number of Fuel Rods 48 59 72 910

49 60 74c 920
61 76 96c,d
62 79 1Ood
63 80
64b

Max Assembly Average Burnup (MWd/MTU) 60,000 60,000 60,000 60,000
Peak Average Rod Burnup (MWd/MTU) 62,500 62,500 62,500 62,500
Min Cool Time (years) 4 4 4 4
Min Average Enrichment (wt% 235 U) 1.3 1.3 1.3 1.3
Max Weight (Ib) per Storage Location 704 704 704 704
Max Decay Heat (Watts) per Storage Location 379 379 379 379

" Each BWR fuel assembly may have a zirconium-based alloy channel up to 120 mil thick.

" Assembly weight includes the weight of the channel.

" Maximum initial enrichment is the peak planar-average enrichment.

" Water rods may occupy more than one fuel lattice location. Fuel assembly to contain
nominal number of water rods for the specific assembly design.

* All enrichment values are nominal preirradiation fabrication values.

• Spacers may be used to axially position fuel assemblies to facilitate handling.

a Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is

not restricted to the indicated vendor/type provided that the fuel assembly meets the limits
listed in Table 6.4.3-2. Table 6.2.1-2 contains vendor information by fuel rod array.
Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced
Nuclear Fuels/Siemens Power Corporation (SPC).

b May be composed of four subchannel clusters.

' Assemblies may contain partial-length fuel rods.

d Composed of four subchannel clusters.
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2.3 Design Criteria for Environmental Conditions and Natural

Phenomena

This section presents the design criteria for site environmental conditions and natural phenomena

applied in the design basis analyses of MAGNASTOR. Analyses to demonstrate that the design

basis system meets the design criteria defined in this section are presented in the appropriate

chapters.

The use of MAGNASTOR at a specific site requires that the site either meet the design criteria of
*this section or be separately evaluated against the site-specific conditions to ensure the acceptable

performance of the system.

2.3.1 Tornado Missiles and Wind Loadings

The concrete casks are typically placed outdoors on an unsheltered reinforced concrete storage

pad at an ISFSI site. This storage condition exposes the casks to tornado and wind loading.

2.3.1.1 Applicable Desiqn Parameters

The design basis tornado and wind loading is defined based on Regulatory Guide 1.76 [11],

Region 1, and NUREG-0800 [12]. The tornado and wind loading criteria are as follows.

Tornado and Wind Condition Limit

Rotational Wind Speed, mph 290
Translational Wind Speed, mph 70
Maximum Wind Speed, mph 360
Radius of Maximum Wind Speed, ft 150
Pressure Drop, psi 3.0
Rate of Pressure Drop, psi/sec 2.0

2.3.1.2 Determination of Forces on Structures

Tornado wind forces on the concrete cask are calculated by multiplying the dynamic wind

pressure by the frontal area of the cask normal to the wind direction. Wind forces are applied to

the cask in the wind direction. No streamlining is assumed. The cask is demonstrated to remain

stable under design basis tornado wind loading in conjunction with impact from a high-energy

tornado missile.
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2.3.1.3 Tornado Missiles

The design basis tornado missile impacts are defined in Paragraph 4, Subsection InI, Section

3.5.1.4 of NUREG-0800 [12]. The design basis tornado is considered to generate three types of

missiles that impact the cask at normal incidence.

Massive Missile - Weight = 4,000 lb
(deformable w/high kinetic energy) Frontal Area = 20 sq ft
Penetration Missile - Weight = 280 lb
(rigid hardened steel) Diameter = 8.0 in
Protective Barrier Missile - Weight = 0.15 lb
(solid steel sphere) Diameter = 1.0 in

Each missile is assumed to impact the concrete cask at a velocity of 126 miles per hour,

horizontal to the ground, which is 35% of the maximum wind speed of 360 miles per hour. For

missile impacts in the vertical direction, the assumed missile velocity is (0.7)(126) 88.2 miles

per hour.

The analysis of the loaded concrete cask for missile impacts applies the laws of conservation of

momentum and conservation of energy to determine the rigid body response of the concrete cask.

Each missile impact is evaluated, and all missiles are assumed to impact in a manner that

produces the maximum damage to the cask.

2.3.2 Water Level (Flood) Design

The loaded concrete cask may be exposed to a flood during storage on an unsheltered concrete

storage pad at an ISFSI site. The source and magnitude of the probable maximum flood depend

on specific site characteristics.

2.3.2.1 Flood Elevations

The concrete cask design basis is a maximum floodwater depth of 50 feet above the base of the

cask and a floodwater velocity of 15 ft per second. Under design basis flood conditions, the cask

does not move or tip on the storage pad and the confinement function is maintained.

2.3.2.2 Phenomena Considered in Design Load Calculations

The occurrence of flooding at an ISFSI site is dependent upon the specific site location and the

surrounding natural and man-made geographical features. Some possible sources of a flood at an

ISFSI site are: overflow from a river or stream due to unusually heavy rain, snow-melt runoff, or

a dam or major water supply line break caused by a seismic event (earthquake); high tides
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produced by a hurricane; and a tsunami (tidal wave) caused by an underwater earthquake or

volcanic eruption.

Flooding at an ISFSI site is highly improbable because of the extensive environmental impact

studies that are performed during the selection of a site for a nuclear facility.

2.3.2.3 Flood Force Application

The evaluation of the concrete cask for a flood condition determines a maximum permissible

floodwater current velocity and a maximum permissible floodwater depth. The criteria employed
in the determination of the maximum permissible values are that a cask tip-over will not occur,
and that the TSC material yield strength is not exceeded.

The force of the floodwater current on the concrete cask is calculated as a function of the
velocity, which is a factor comprised of the dynamic water pressure, the frontal area of the cask

that is normal to the direction of the current, and a drag coefficient dependent on the Reynold's

number. The maximum permissible force of the floodwater current is determined such that the
overturning moment on the cask will be less than that required to tip the cask over.

During a flood condition, the force of the floodwater exerts a hydrostatic pressure on the canister
shell. This pressure is based on the design basis flood: floodwater depth of 50 ft and floodwater
velocity of 15 ft per second. Therefore, the force exerted on the canister shell is 22 psi. The
analysis of the canister shell will demonstrate that there is no containment malfunction or

impairment of the ability to retrieve fuel from the canister.

2.3.2.4 Flood Protection

The inherent strength of the reinforced concrete cask provides a substantial margin of safety
against any permanent deformation of the cask for a credible flood event at an ISFSI site.
Therefore, no special flood protection measures for the cask are necessary. For the design basis

flood, the allowable stresses in-the TSC are not exceeded.

2.3.3 Seismic Design

An ISFSI site may be subject to seismic events (earthquakes) during its lifetime. The seismic
response spectra experienced by the concrete cask depends upon the geographical location of the

specific site and the distance from the epicenter .of the earthquake. The possible significant effect
of a beyond-design-basis seismic event on the concrete cask would be a tip-over; however, the
loaded concrete cask does not tip over during the design-basis seismic event. Although it is a

nonmechanistic event, the loaded concrete cask design basis includes consideration of the
consequences of a hypothetical cask tip-over event.
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The TSC is analyzed for loads induced by the application of a 0.37g seismic acceleration to the 0
concrete cask at the top surface of the ISFSI pad.

2.3.4 Snow and Ice Loadings

The criterion for determining design snow loads is based on ANSI/ASCE 7-93 [13], Section 7.0.

Flat roof snow loads apply and the design basis snow and ice load are calculated from the

following formula.

pf = 0. 7CeCtlpg

= 100.8 psf

where:

pf = flat roof snow load (psf)

C, = exposure factor = 1.0

Ct thermal factor = 1.2

I = importance factor = 1.2

pg = ground snow load, (psf) = 100

The numerical values of Ce, Ct, i, and pg are obtained from Tables 1, 18, 19, and 20 and Figure 7,

respectively, of ANSUASCE 7-93.

The exposure factor, Ce, accounts for wind effects. The exposure factor of the concrete cask is

assumed to be Category C, which is defined to be "locations 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, Ct, accounts for the importance of buildings and structures in
relation to public health and safety. The concrete cask is conservatively classified as a Category

III building or other structure. Ground snow loads for the contiguous United States are given in
Figures 5, 6, and 7 of ANSI/ ASCE 7-93. A worst-case value of 100 lb per square ft is assumed.

The design basis snow and ice load is bounded by the weight of the loaded transfer cask on the
top of the concrete cask shell and by the tornado missile loading on the concrete cask lid. The
snow load is considered in the load combinations evaluations of the concrete cask.

2.3.5 Combined Load Criteria

Each normal condition and off-normal and accident event has a combination of load cases that

defines the total combined loading for that condition/event. The individual load cases considered

include thermal, seismic, external and internal pressure, missile impacts, drops, snow and ice
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loads, and/or flood water forces. The load conditions to be evaluated for storage casks are

identified in 10 CFR 72 [10] and ANSI/ANS-57.9 [14].

2.3.5.1 Load Combinations and Design Strength - Concrete Cask

Refer to Table 2.3-1 for the load combinations for the concrete cask. 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 liner of the

concrete cask is a stay-in-place form that also provides radiation shielding. The concrete cask is

designed to the requirements of ACI 349 [4].

In calculating the design strength of concrete in the concrete cask body, nominal strength values

are multiplied by a strength reduction factor in accordance with Section 9.3 of ACI 349.

2.3.5.2 Load Combinations and Design Strength - TSC and Fuel Basket

The TSC is designed in accordance with the ASME Code, Section III, Subsection NB [1]. The

basket is designed in accordance with the ASME Code, Section III, Subsection NG [2].

Structural buckling of the basket is evaluated in accordance with NUREG/CR-6322 [3].

Refer to Table 2.3-2 for the load combinations for all normal conditions and off-normal or

accident events and the corresponding ASME service levels. Levels A and D service limits

represent normal conditions and accident events, respectively. Levels B and C service limits are

used for off-normal events. The analysis criteria of the ASME Code, Section III, Subsection NB

are employed. Stress intensities produced by pressure, temperature, and mechanical loads are

combined before comparison to the ASME Code allowable criteria. For components used in the

TSC, refer to the allowable criteria in Table 2.3-3.

The load combinations considered for the fuel basket for normal conditions and off-normal or

accident events are the same as those identified for the TSC in Table 2.3-2, except that there are

no internal pressure loads. The analysis criteria of the ASME Code, Section III, Subsection NG

are employed. For the fuel basket components, refer to the allowable criteria in Table 2.3-3.

2.3.5.3 Design Strength - Transfer Cask

The transfer cask is a special lifting device. It is designed, fabricated, and load tested to meet the

requirements of ANSI N14.6 [6] for the handling of vertical loads defined in NUREG 0612 [15].

The design criteria are as follows.

* The combined shear stress or maximum tensile stress during the lift (with 10% dynamic
load factor) shall be < Sy/6 and S,/10.

NAC International 2.3-5



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

" For off-normal (Level C) conditions, membrane stresses shall be less than 1.2 Sim and (
membrane plus bending stresses shall be the lesser of 1.8Sm and 1.5Sy.

" The ferritic steel material used for the load-bearing members of the transfer cask shall
satisfy the material toughness requirements of ANSI N 14.6, paragraph 4.2.6.

Refer to Chapter 10 for information on load testing of the transfer cask.

2.3.6 Environmental Temperatures

A temperature of 767F is defined as the design base normal operations temperature for

MAGNASTOR in storage. This temperature conservatively bounds the maximum average

annual temperature in the 48 contiguous United States, specifically, Miami, FL, at 75.67F [16]

and meets the normal condition thermal boundary defined in NUREG-1536 [25]. Use of this

design base establishes a bounding condition for existing and potential ISFSI sites in the United

States. Refer to Chapter 4 for the evaluation of this environmental condition along with the

thermal analysismodels. Refer to Chapter 3 for the thermal stress evaluation for the normal

operating conditions. Normal temperature fluctuations are bounded by the severe ambient

temperature cases that are evaluated as off-normal and accident events.

Off-normal, severe environmental events are defined as -40'F with no solar loads and 106'F with

solar loads. An extreme environmental condition of 133°F with maximum solar loads is

evaluated as an accident case to show compliance with the maximum heat load case required by

ANSIIANS-57.9. Thermal performance is also evaluated assuming both the half blockage of the

concrete cask air inlets and the complete blockage of the air inlets.

The design basis temperatures used in the concrete cask analysis follow. Solar insolation is as

specified in 10 CFR 71.71 [17] and Regulatory Guide 7.8 [18].

Condition Ambient Temperature Solar Insolation
Normal 760F yes
Off-Normal - Severe Heat 106 0F yes
Off-Normal - Severe Cold -40°F no
Accident - Extreme Heat 1330F yes
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Table 2.3-1 Load Combinations for the Concrete Cask

Load Tornado/ Drop/
Combination Condition Dead Live Wind Thermal Seismic Missile Impact Flood

I Normal 1.4D .1.7L'
2 Normal 1.05D 1.275L 1.275T,
3 Normal 1.05D 1.275L 1.275W 1.275T,
4 Off-Normal D L Ta

and
Accident

5 Accident D L T, ESS
6 Accident D L To A
7 Accident D L To F
8 Accident D L T, Wt

Load Combinations are from ANSI/ANS-57.9 [14] and ACI 349 [4]. Where:
D = Dead Load Ta = Off-Normal or Accident Temperature
L = Live Load =Es = Design Basis Earthquake
W = Wind Wt = Tornado/Tornado Missile
T,= Normal Temperature A = Drop/Impact
F = Flood

Table 2.3-2 Load Combinations for the TSC

LOAD NORMAL OFF-NORMAL ACCIDENT
ASME Service Level A B C D
Load Combinations 12 3 1 2 3 4 5 1 2 3 4 5 6

DeadWeight TSCw/fuel X X X X X X X X X X X X X X
Inside concrete cask: 760F ambient X X X X X X X X

Thermal Inside transfer cask: 760F ambient X X X X
Inside concrete cask: -407F or
106 0F ambient
Normal X X X X XX XX XX

Inernal Off-Normal X X
Accident (fire) X X

Handling Normal (1.1g) X X X
Load Off-Normal X X X

Dropllmpact 24-in drop, < 60g x
Seismic Tip-over and complete burial X

Flood 50-ft water head X
Tornado Pressure drop of 3.0 psi X
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Table 2.3-3 Structural Design Criteria for Components Used in the TSC

Component Criteria
1. Normal Operations: Service Level A Pm < Sm

TSC: ASME Section III, Subsection NB [1] PL + Pb< 1.5 Sm
Basket: ASME Section III, Subsection NG [2] PL + Pb + Q < 3Sm

Ps < 0.6 Sm
2. Off-Normal Operations: Service Level B Pm< 1.1 Sm

TSC: ASME Section III, Subsection NB PL + Pb < 1.65 Sm
Ps < 0.6 Sm

3. Off-Normal Operations: Service Level C Subsection NB Criteria:
TSC: ASME Section III, Subsection NB Pm< 1.2 Sm or Sy (whichever is greater)
Basket: ASME Section III, Subsection NG PL + Pb < 1.8 Sm or 1.5 Sy (whichever is lesser)

Ps < 0.6 Sm
Subsection NG Criteria:
Pm < 1.5Sm
PL + Pb < 2.25Sm
Ps < 0.6 Sm

4. Accident Conditions, Service Level D Pm < 2.4 Smror 0.7 Su (whichever is lesser)
TSC: ASME Section III, Subsection NB PL + Pb < 3.6 Sm or 1.0 Su (whichever is lesser)

Ps < 0.42 Su
Plastic Analysis (Basket):

Basket: ASME.Section III, Appendix F Pm < 0.7Su
Basket: ASME Section III, Subsection NG Pint - 0.9S,

__Ps < 0.42 Su
5. Basket Structural Buckling NUREG/CR-6322 [3]

0

Symbols:
Sm = material design stress intensity
Su= material ultimate strength
Sy= material yield strength

PL = primary local membrane stress
Pm = primary general membrane stress
Pb = primary bending stress
Pint = primary stress intensity
Ps = average primary shear across a section loaded
in pure shear

NAC International 2.3-8



MAGNASTOR. System June 2008

Docket No. 72-1031 Revision 2

2.4 Safety Protection Systems

MAGNASTOR relies upon passive systems to ensure the protection of public health and safety,

except in the case of fire or explosion. As previously discussed, fire and explosion events are

effectively precluded by site administrative controls that prevent the introduction of flammable

and explosive materials. The use of passive systems provides protection from mechanical or

equipment failure.

2.4.1 General

MAGNASTOR is designed for safe, long-term storage of spent fuel. The system will withstand

all of the evaluated normal conditions and off-normal and postulated accident events without

release of radioactive material or excessive radiation exposure to workers or the general public.

The major design considerations to assure safe, long-term fuel storage and retrievability for

ultimate disposal by the Department of Energy in accordance with the requirements of

10 CFR 72 and ISG-2 [24] are as follows.

* Continued radioactive material confinement in postulated accidents.

* Thick steel and concrete biological shield.

* Passive systems that ensure reliability.

* Pressurized inert helium atmosphere to provide corrosion protection for fuel cladding and
enhanced heat transfer for the stored fuel.

Retrievability is defined as: "maintaining spent fuel in substantially the same physical condition

as it was when originally loaded into the storage cask, which enables any future transportation,

unloading and ultimate disposal activities to be performed using the same general type of

equipment and procedures as were used for the initial loading."

Each major component of the system is classified with respect to its function and corresponding

potential effect on public safety. In accordance with Regulatory Guide 7.10 [19], each major

system component is assigned a safety classification (see Table 2.4-1). The safety classification

is based on review of the component's function and the assessment of the consequences of its

failure following the guidelines of NUREG/CR-6407 [20]. The safety classification categories

are defined in the following list.

Category A - Components critical to safe operations whose failure or malfunction could
directly result in conditions adverse to safe operations, integrity of spent fuel, or public
health and safety.

Category B - Components with major impact on safe operations whose failure or malfunction
could indirectly result in conditions adverse to safe operations, integrity of spent fuel, or
public health and safety.
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Category C - Components whose failure would not significantly reduce the packaging I
effectiveness and would not likely result in conditions adverse to safe operations,
integrity of spent fuel, or public health and safety.

As discussed in the following sections, the MAGNASTOR design incorporates features

addressing the design considerations described previously to assure safe operation during

loading, handling, and storage of spent nuclear fuel.

2.4.2 Confinement Barriers and Systems

The radioactive materials that MAGNASTOR must confine during storage originate from the

stored fuel assemblies and residual contamination inside the TSC. The system is designed to

safely confine this radioactive material under all storage conditions.

The stainless steel TSC is assembled and closed by welding. All of the field-installed welds are

liquid penetrant examined as detailed in Chapter 10 and on the License Drawings. The

longitudinal and girth shop welds of the TSC shell are full penetration welds that are

radiographically and liquid penetrant examined during fabrication. The TSC bottom-plate-to-

shell shop weld joint is ultrasonically and liquid penetrant examined during fabrication.

The TSC vessel provides a leaktight boundary precluding the release of solid, volatile, and

gaseous radioactive material. There are no evaluated normal conditions or off-normal or accident
events that result in damage to the TSC producing a breach in the confinement boundary.

Neither normal conditions• of operation or off-normal events preclude retrieval of the TSC for

transport and ultimate disposal. The TSC is designed to withstand accident conditions, including

a 24-inch end drop in the concrete cask and a tip-over of the concrete cask, without precluding

the subsequent removal of the fuel (i.e., the fuel tubes do not deform such that they bind the fuel

assemblies).

Operator radiation exposure during handling and closure of the TSC is minimized by the

following.

* Minimizing the number of operations required to complete the TSC loading and
sealing process.

" Placing the closure lid on the TSC while the transfer cask and TSC are under water in
the fuel pool.

" Using temporary shielding, including a weld shield plate as the mounting component
of the weld machine.

" Using retaining blocks on the transfer cask to ensure that the TSC is not raised out of
the transfer cask.
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2.4.3 Concrete Cask Cooling

The loaded concrete cask is passively cooled. Ambient air enters at the bottom of the concrete

cask through four air inlets and heated air exits through the four air outlets at the top of the cask

due to natural convection heat transfer. Radiant heat transfer also occurs from the TSC to the

concrete cask liner. Consequently, the liner also heats the convective airflow. This natural

circulation of air inside the concrete cask, in conjunction with radiation from the TSC surface,

maintains the fuel cladding and concrete cask component temperatures below their design limits.

Conduction does not play a substantial role in heat removal from the TSC surface. Refer to

Chapter 4 for details on the concrete cask thermal analyses.

2.4.4 Protection by Equipment

There is no important-to-safety equipment required for the safe storage operation of

MAGNASTOR. The important-to-safety equipment employed in the handling of

MAGNASTOR is the lifting yoke used to lift the transfer cask. The lifting yoke is designed,

fabricated, and tested in accordance with ANSI N14.6 as a special lifting device as defined in

NUREG-0612. The lifting yoke is proof load tested to 300% of its design load when fabricated.

Following the load test, the bolted connections are disassembled, and the components are

inspected for deformation. Permanent deformation of components is not acceptable.

Engagement pins are examined by dye penetrant examination. The transfer cask and lifting yoke

are inspected for visible defects prior to each use. Transfer cask annual maintenance

requirements are defined in Chapter 10.

2.4.5 Protection by Instrumentation

No instrumentation is required for the safe storage operations of MAGNASTOR.

A remote temperature-monitoring system may be used to measure the outlet air temperature of

the concrete casks in long-term storage. The outlet temperature can be monitored daily as a

check of the continuing thermal performance of the concrete cask. Alternately, a daily visual

inspection for blockage of the air inlet and air outlet screens of all concrete casks may be

performed. Following any natural phenomena event, such as an earthquake or tornado, the

concrete casks shall be inspected for damage and air inlet and air outlet blockage.

2.4.6 Nuclear Criticality Safety

MAGNASTOR design includes features to ensure that nuclear criticality safety is maintained

(i.e., the cask remains subcritical under normal conditions and off-normal and accident events).
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The design of the TSC and fuel basket is such that, under all conditions, the highest neutron

multiplication factor (keff) is less than 0.95.

2.4.6.1 Control Methods for Prevention of Criticality

The principal design criterion is that keff remain~less than 0.95 for all conditions. Criticality

control for PWR spent fuel is achieved using neutron absorber material fixed in the basket and by

maintaining a minimum boron concentration in the TSC during fuel loading. The fixed neutron

absorber attracts thermal neutrons that are moderated in the water surrounding the fuel. Fast,

high-energy neutrons escape the system. The minimum effective loading for neutron absorber

sheets is 0.036 and 0.027 g l°B/cm 2 for PWR and BVWR fuel baskets, respectively. The required

minimum boron loading in a neutron absorber sheet is determined based on the assumed boron

effectiveness used in the criticality analysis, i.e., 75% for Boral (registered trademark of AAR

Advanced Structures) and 90% for borated aluminum alloys and for borated metal matrix

composites (MMCs). Neutron absorber sheets are mechanically attached to the fuel tube

structure to ensure that the neutron absorber remains in place during the design basis normal

conditions and off-normal and accident events.

The basket designs ensure that there is sufficient absorption of moderated neutrons by the

neutron absorber (and by boron in the cavity water in some cases) to maintain criticality control

in the basket (keff < 0.95). See Chapter 6 for the detailed criticality analyses.

2.4.6.2 Error Contingency Criteria

The standards and regulations of criticality safety require that keff, including uncertainties, be less

than 0.95. The bias and 95/95 uncertainty are applied to the calculation using an upper

subcritical limit (USL) approach [22]. The keff + 2(y value must be less than the USL. Based on

MCNP critical benchmarks, the USL as a function of fission neutron lethargy (eV) is shown as:

USL = 0.9364 + 8.4409 xl0-3 x X

where:

x = energy of average neutron lethargy causing fission

2.4.6.3 Verification Analyses

The MCNP criticality analysis code is benchmarked through a series of calculations based on

critical experiments. These experiments span a range of fuel enrichments, fuel rod pitches,

poison sheet characteristics, shielding materials, and geometries that are typical of light water
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reactor fuel in a cask. To achieve accurate results, three-dimensional models, as close to the

actual experiment as possible, are used to evaluate the experiments.

2.4.7 Radiological Protection

MAGNASTOR is designed to minimize operator radiological exposure in keeping with the As
Low As Reasonably Achievable (ALARA) philosophy.

2.4.7.1 Access Control

Access to MAGNASTOR at an ISFSI site will be controlled by a fence with lockable truck and
personnel access gates to meet the requirements of 10 CFR 72, 10 CFR 73, and 10 CFR 20 [21].
Access to the storage area, and its designation as to the level of radiation protection required, will

be established by site procedures by the licensee.

2.4.7.2 Shielding

MAGNASTOR is designed to limit the dose rates in accordance with 10 CFR 72.104 and
72.106, which set whole body dose limits for an individual located beyond the controlled area at

< 25 mrem per year (whole body) during normal operations and <5 rem (5,000 mrem) from any
design basis accident. Burnup profile shape should be considered during ALARA and site
boundary planning by the system licensee, as it may affect system dose rate profiles.

2.4.7.3 Ventilation Off-Gas

MAGNASTOR is passively cooled by radiation and natural convection heat transfer at the outer
surface of the concrete cask and in the TSC-concrete cask annulus. In the TSC-concrete cask
annulus, air enters the air inlets, flows up between the TSC and concrete cask liner in the

annulus, and exits the air outlets. If the exterior surface of the TSC is excessively contaminated,

the possibility exists that contamination could be carried aloft by the airflow. Therefore, during

fuel loading, the spent fuel pool water is minimized in the transfer cask/TSC annulus by
supplying the annulus with clean or demineralized spent fuel pool water. Water is supplied into
the annulus while the transfer cask is submerged. The use of the annulus system minimizes the
potential for contamination of the exterior surfaces of the TSC.

After the transfer cask is removed from the pool, removable contamination levels on the TSC
exterior are determined. If TSC decontamination is required, clean water can be used to flush the
annulus. To facilitate decontamination, the TSC exterior surfaces are smooth.

MAGNASTOR has no radioactive releases during normal conditions or off-normal or accident

events of storage. Hence, there are no off-gas system requirements for MAGNASTOR.
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2.4.7.4 Radiological Alarm Systems e
No radiological alarms are required on MAGNASTOR. Typically, total radiation exposure due to
the ISFSI installation is monitored by the use of the licensee's boundary dose monitoring

program.

2.4.8 Fire Protection

A major ISFSI fire is not considered credible, since there is very little material near the concrete-
casks that could contribute to a fire. The concrete cask is largely impervious to incidental
thermal events. Administrative controls will be established by the licensee to ensure that the

presence of combustibles at the ISFSI is minimized. A hypothetical 1,4757F fire occurring at the
base of the cask for eight minutes is evaluated as an accident condition.

2.4.9 Explosion Protection

MAGNASTOR is analyzed to ensure its proper function under an over-pressure event. The TSC
is protected from direct over-pressure conditions by the concrete cask. For the same reasons as
for the fire condition, a severe explosion on an ISFSI site is not considered credible. The

evaluated 20 psig over-pressure condition is considered to bound any explosive over- pressure
resulting from an industrial explosion at the boundary of the owner-controlled area.

2.4.10 Auxiliary Structures

The loading, welding, drying, transfer, and transport of MAGNASTOR require the use of
auxiliary equipment as described in Chapter 9. External transfer of a TSC may require the use of
a structure, referred to as a "TSC Handling and Transfer Facility." The TSC Handling and
Transfer Facility is a specially designed and engineered structure independent of the 10 CFR 50

facilities at the site.

The design of the TSC Handling and Transfer Facility would meet the requirements for
MAGNASTOR described in the Design Features presented in Appendix A of the Technical
Specifications, in addition to those requirements established by the licensee.

The design, analysis, fabrication, operation, and maintenance of the TSC Handling and Transfer
Facility would be performed in accordance with the quality assurance program requirements of
the licensee. The components of the TSC Handling and Transfer Facility would be classified as
Important-to-Safety or Not-Important-to-Safety in accordance with the guidelines of NUREG-

6407.
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Table 2.4-1 Safety Classification of MAGNASTOR Components

Component Reference Safety Safety
Description Drawings Function Classification

TSC Assembly
Shell and Base Plate 71160-581
Closure Lid 71160-584 Structural and A
Closure Ring 71160-584 Confinement
Port Covers 71160-585

Fuel Basket Assembly 71160-551
Basket Support Weldments 71160-571
Fuel Tube Assemblies 71160-572
Neutron Absorbers 71160-574 Criticality, A

71160-575 Structural, and
71160-591 Thermal
71160-598
71160-599

Transfer Cask Assembly
Trunnions Structural,
Inner and Outer Shells 71160-560 Shielding and B
Shield Doors and Rails 7 5elding
Lead Gamma Shield Operations
Neutron Shield

Adapter Plate Assembly
Base Plate
Door Rails None Operations and NQ
Hydraulic Operating System Shielding

Side Shields
Concrete Cask Assembly

Structural Weldments and Base Plate
Lid Weldment
Lifting Lugs
Reinforcing Bars
Concrete

71160-561
71160-562
71160-590

Structural,
Shielding,

Operations, and.
Thermal

B
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2.5 Decommissioning Considerations

The principal components of MAGNASTOR are the concrete cask and the TSC. Refer to

Chapter 15 for information on decommissioning MAGNASTOR.

Decommissioning of MAGNASTOR involves removing the TSC by offsite transport and

disassembling the concrete cask. It is expected that the concrete will be broken up and the steel

components segmented to reduce volume. The concrete and carbon steel are not expected to be

surface-contaminated and no significant activation is expected.

The TSC is designed and fabricated to ensure its retrievability for use as a component of the

waste package for permanent disposal at the Mined Geological Disposal System in accordance

with the guidance of ISG-2 [24] and the requirements of 10 CFR 72. Consequently,

decommissioning may not be required. If necessary, the TSC could be decommissioned

following unloading by decontaminating the inside and segmenting the shell and closure plates.

Since the neutron flux rate from the stored fuel is low, only minimal activation of the TSC is

expected. The resulting stainless steel could be disposed of, or recycled, in accordance with the

appropriate regulatory requirements.

The storage pad, fence, and supporting utility fixtures are not expected to require

decontamination as a result of use of MAGNASTOR. Consequently, these items may be reused

or disposed of as locally generated clean waste.
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3 STRUCTURAL EVALUATION

This chapter describes the design and analysis of the principal structural components of

MAGNASTOR. It demonstrates that MAGNASTOR meets the structural requirements for

confinement of contents, criticality control, heat dissipation, radiological shielding, and contents

retrievability required by 10 CFR 72 [1] for the design basis normal conditions, and off-normal

and accident events.
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3.1 MAGNASTOR Structural Desion

3.1.1 Major Components

The three principal components of MAGNASTOR are the concrete cask, the TSC, and the

transfer cask (refer to Figure 3.1.1-1). The following table shows the principal structural

components of the three major MAGNASTOR components.

Concrete Cask TSC Transfer Cask
Reinforced concrete shell
Liner weldment
Bottom weldment
Lid assembly

Closure lid and closure ring
Shell
Bottom plate
Fuel basket assembly (PWR or BWR)

Trunnions
Inner and outer steel shells
Shield doors
Door support rails
Lead and NS-4-FR shielding
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Figure 3.1.1-1 Principal Components of MAGNASTOR

Cask

-TSC

-Concrete Cask
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3.1.2 Discussion of MAGNASTOR

MAGNASTOR has four basic configurations to accommodate all PWR and BWR fuel

assemblies. The type (PWR or BWR) and overall length of the fuel assembly determine the

basic storage configuration, or group. The allocation of a fuel design to the MAGNASTOR

grouping is shown in Table 1.3-2. The TSC is designed in two different lengths to accommodate

the four groupings of PWR (2) and BWR (2) fuel assemblies. The concrete cask and transfer

cask are one length that accommodates the two TSC lengths. The bounding weights and center

of gravity of a loaded concrete cask are presented in Table 3.2.1-1.

The evaluations presented in this chapter are based on the bounding, or limiting, configuration of

the components for the condition being evaluated. In most cases, the bounding condition

evaluates the heaviest configuration, with either a total weight or bounding weight used as

specified in the analysis. Factors of safety greater than ten are generally stated in the analyses as

"Large." Numerical values are shown for factors of safety that are less than ten.

Concrete Cask

The concrete cask is a reinforced concrete cylinder with an outside diameter of 136 inches and an

overall height of approximately 225 inches. The internal cavity of the concrete cask is lined by a

1.75-inch thick carbon steel shell with an inside diameter of 79.5 inches. There are 24 standoffs
(3 x 7/2 S-Beam) welded to the inner diameter of the liner. The overall cavity opening in the

concrete cask is 73.5 inches. The liner thickness is designed primarily on radiation shielding

requirements, but is also related to the need to establish a practical limit for the diameter of the

concrete shell. The concrete shell, constructed using Type II Portland Cement, has a nominal

density of 145 lb/ft3 and a compressive strength of 4,000 psi at ambient temperature. Vertical

hook bars and horizontal hoop bars form the inner and outer rebar assemblies.

A ventilation airflow path is formed by inlets at the bottom of the concrete cask, the annular

space between the concrete cask inner shell and the TSC, and outlets in the concrete cask lid

assembly. The passive ventilation system operates by natural convection as cool air enters the

bottom inlets, is heated by the TSC, and exits from the outlets. Both the air inlets and air outlets

are formed with carbon steel in the concrete cask body.

The lid assembly is composed of carbon steel and concrete and forms the concrete cask closure.

The lid assembly is 6.75-inches thick and 88 inches in diameter.
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TSC

The TSC consists of a cylindrical shell closed at its top end by a closure lid. The bottom of the

TSC is a 2.75-inch thick stainless steel plate that is welded to the TSC shell. The TSC forms the

confinement boundary for the PWR or BWR spent fuel that is contained in the fuel basket

assembly. The TSC is designed to accommodate both PWR and BWR classes of spent fuel

assemblies. The TSC is fabricated from dual-certified SA240 Type 304/304L stainless steel.

SA1 82 Type 304 stainless steel may be substituted for the SA240 Type 304 stainless steel used in

the closure lid assembly provided that the SA 182 material yield and ultimate strengths are equal

to, or greater than, those of the SA240 material. The TSC shell is a 0.5-inch thick plate formed

into a 72-inch outer diameter cylinder. The TSC closure lid consists of a 9-inch thick stainless

steel plate. The closure lid is welded to the TSC shell to seal the TSC with a partial penetration

groove weld. Prior to welding, the closure lid assembly is supported by four lift lugs attached to

the inside diameter of the TSC at equally spaced angular intervals. A closure ring is welded to

the closure lid and canister shell and redundant port covers are welded to the closure lid at both

the vent and the drain ports to provide the redundant sealed closure of the TSC. Handling of the

TSC is accomplished by the use of six hoist rings threaded into the closure lid, providing

redundancy for heavy lifts.

The fuel basket assembly is provided in two configurations - one for up to 37 PWR fuel

assemblies and one for up to 87 BWR fuel assemblies. The baskets are manufactured from

SA537 Class 1 Carbon Steel. For both the PWR basket and BWR basket, the basic components

are the same. The baskets are assembled from three major components - fuel tube assemblies,

comer support weldments, and side support weldments. The fuel tube assemblies are equipped

with neutron absorbers and stainless steel covers on up to'four interior surfaces of the fuel tubes.

The geometric integrity of the fuel tube array (21 fuel tubes - PWt, 45 fuel tubes - BWR)is

maintained by the comer and side support weldments, which are bolted to the fuel tube array.

The nominal inner dimension of the PWR fuel tubes is 8.86-inches square. The nominal inner

dimension of the BWR fuel tubes is 5.86-inches square.

Transfer Cask

The transfer cask, with its lifting yoke, is primarily a shielded lifting device used to handle the

TSC. It provides biological shielding for a loaded TSC. The transfer cask is used for the vertical

transfer of the TSC between workstations and the concrete cask, or transport cask. The shielding

of the cask incorporates a multiwall (steel/lead/NS-4-FR/steel) design. The transfer cask is

provided in one configuration capable of handling both the PWR and BWR configurations. The

transfer cask can handle a loaded TSC weighing up to 118,000 pounds. The transfer cask is a
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heavy lifting device that is designed, fabricated, and load-tested to the requirements of ANSI-

N14.6 [2] and NUREG-0612 [3]. The transfer cask design incorporates three retainer assemblies

attached to the top of the transfer cask to prevent a loaded TSC from being inadvertently lifted

through the top of the transfer cask. The transfer cask has retractable bottom shield doors.

During loading operations, the doors are closed and secured by bolts/pins so they cannot

inadvertently open. During unloading, the doors are retracted using hydraulic cylinders to allow

the TSC to be lowered into the concrete cask or transport cask.

Component Evaluation

The following components are evaluated in this chapter.

* TSC lifting devices

" TSC shell, bottom plate, and closure lid

" Fuel basket assembly

" Transfer cask trunnions, shells, retainer assemblies, shield doors, and support rails

* Concrete cask body

" Concrete cask steel components (reinforcement, inner shell, lid assembly, bottom
weldment, etc.)

Other MAGNASTOR components shown on the license drawings in Chapter 1 are included as

loads in these component evaluations.

The structural evaluations in this chapter demonstrate that MAGNASTOR components meet

their respective structural design criteria and are capable of safely storing the design basis PWR

or BWR spent fuel assemblies.

3.1.3 Design Criteria Summary

MAGNASTOR structural design criteria are described in Chapter 2. Load combinations for

normal, off-normal, and accident loads are evaluated in accordance with ANSI/ANS-57.9 [4] and

ACI 349 [5]. The TSC is evaluated in accordance with ASME Code, Section III, Subsection NB

for Class 1 components [6]. The basket is evaluated in accordance with ASME Code, Section III

Subsection NG [7] and ASME Code, Section III, Appendix F [8]. The buckling evaluation of the

fuel basket is performed in accordance with NUREG/CR-6322 [9]. The transfer cask and lifting

yoke are lifting devices that are designed to NUREG-0612 [3] and ANSI N14.6 [2].
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3.2 Weights and Centers of Gravity

3.2.1 Calculated Maximum Weights and Centers of Gravity

The maximum calculated weights and centers of gravity (CGs) for MAGNASTOR PWR and

BWR configurations are presented in Table 3.2.1-1. The weights and CGs presented in this

section are calculated based on nominal design dimensions.
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Table 3.2.1-1 MAGNASTOR Storage Weight and Center of Gravity Summary

Description PWR BWR
Description_ Weight (Ib) CG (in) Weight (Ib) CG (in)

Fuel (rod insert weight included for PWR fuel) 62,500 - 61,500 -

Basket 20,000 - 22,000 -

TSC w/o Lid 9,500 - .9,500 -

Closure Lid 10,500 - 10,500 -

Water in TSC 17,000 - 16,000 -

Transfer Cask (does not include lifting yoke or 108,500 - 108,500 -

transfer adapter)
Concrete Cask (does not include Lid) 214,000 - 214,000 -
Lifting Yoke (not included in transfer cask weight) 3,000 - 3,000 -

Concrete Cask Lid 5,000 - 5,000 -

Loaded TSC (TSC, lid, basket, and fuel) 101,500 96 102,500 98
Storage Cask Loaded (concrete cask, TSC, 320,000 103 321,000 104
basket, fuel, concrete cask lid)
Transfer Cask, TSC, Basket, Lifting Yoke - Empt 141,000 143,000 -

Under Hook Wet Weight (Transfer Cask, TSC,
Basket, Lifting Yoke, Closure Lid, Fuel, and 229,500 229,500
Water)
Under Hook Dry Weight (Transfer Cask, TSC,
Basket, Transfer Yoke, Closure Lid, Fuel) 212,000 213,000

Weights and CGs are maximum calculated values based on nominal component
dimensions.

" All weights rounded to the nearest 500 pounds. Component weights are rounded
individually, so total assembly weights may not equal the sum of the component weights.

" CG is measured from the bottom of each component.

* Average concrete density is considered to be 148 pcf for conservative weight calculation.

" Transfer cask lifting yoke weight for specific sites may vary from listed weight. The site-
specific yoke weight should be used for site-specific applications.

" Concrete cask weight bounds alternate segmented body.
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3.3 Materials

Refer to Chapter 8 for the information on Materials.
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3.4 General Standards for Casks

MAGNASTOR is designed for safe, long-term storage of spent fuel. The system will withstand

all of the evaluated normal conditions, and off-normal and postulated accident events without

release of radioactive material or excessive radiation exposure to workers or to the general

public.

3.4.1 Chemical and Galvanic Reactions

The materials used in the fabrication and operation of MAGNASTOR are evaluated in Section

8.10.

3.4.2 Positive Closure

A stainless steel closure lid closes the top end of the TSC. Prior to being welded to the TSC

shell, the closure lid is supported by lugs welded on the inside surface of the TSC shell at an

elevation that allows for thermal expansion of the canister and fuel basket without contact with

the closure lid. The lugs also serve as the handling points for the empty TSC shipping/receiving

and placement in the transfer cask. The closure lid includes locations for installing load-tested

hoist rings or lifting points that are used to lift and lower the loaded TSC after the closure lid is

welded to the TSC shell. The closure lid and its weld to the TSC shell can support the weight of

the TSC with a load factor of six on material yield strength and ten on material ultimate strength

(ANSI N14.6/NUREG-0612). The TSC has a single 0.5-inch J-groove weld attaching the

closure lid to the TSC shell. A closure ring, which provides the double weld redundant sealing

of the confinement boundary, is installed in the TSC-to-closure lid groove and welded to both the

closure lid and the TSC shell. Two port penetrations through the closure lid are used for water

removal/TSC drying/helium backfill. Both have single welded, redundant port covers over them

to provide the double weld confinement boundary. The port cover welds and the closure ring

welds are field welds, and the final weld surfaces are liquid penetrant (PT) examined. The TSC

closure lid weld is a field weld and the root, midplane, and final weld surfaces are liquid

penetrant (PT) examined. The critical flaw evaluation defines the progressive inspection

requirements for the closure lid weld and considers the following criteria.

* Weld is a partial penetration groove weld with an effective throat of 0.5 inch

* Weld filler material is E308L

* Weld process is Gas Tungsten Arc Welding (GTAW)

* Inner diameter of the TSC is 71.0 inches
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3.4.3 Lifting Devices (A

To provide more efficient handling of MAGNASTOR, different methods of lifting are designed

for each of the components. The transfer cask, the TSC, and the concrete cask, are handled using

trunnions, hoist rings, and lift lugs, respectively.

The design of the MAGNASTOR addresses the concerns identified in NRC Bulletin 96-02,

"Movement of Heavy Loads Over Spent Fuel, Over Fuel in the Reactor Core, or Over Safety-

Related Equipment" (April 11, 1996) listed as follows.

* The MAGNASTOR lifting and handling components satisfy the requirements of
NUREG-0612 and ANSI N14.6 for safety factors on redundant and nonredundant load
paths as described in this chapter.

• Transfer cask lifting in the spent fuel pool or cask loading pit, or transfer cask lifting and
movement above the spent fuel pool operating floor will be addressed on a plant-specific
basis.

3.4.3.1 Concrete Cask Lift

The concrete cask is lifted by means of embedded lug assemblies located in the top of the
concrete cask body or by air pads beneath the cask. It is noted that movement of the concrete
cask with air pads uses four load modules, one placed in each cask inlet, developing a minimum

lift interface area of 5,760 in2, (48 in x 30 in x 4) and bearing stress less than 60 psi
(322,000/5,760) at the lift module to cask interface. Use of air pads to move the concrete cask
produces insignificant stress in the cask body; therefore, further evaluation of the cask movement
is focused on the use of a vertical lift transporter. The concrete cask lift is analyzed in
accordance with ANSI N14.6 and ACI 349. The concrete cask lid assembly is evaluated for lift
conditions related to installation on the concrete cask body.

Lift Lug

A weight of 322,000 lb is conservatively used for the evaluation of the lift lugs, which bounds
the maximum weight of a loaded concrete cask. Assuming a 10% dynamic load factor, the

design load (P) on each lug is as follows.

=322,000xl1.1

P = = 88,550 lb4

The lugs are evaluated for adequate strength using this bounding load. The bearing stresses and
loads for lug failure involving bearing, shear-tear-out, or hoop tension are determined using an
allowable load coefficient (K). Actual lug failures may involve more than one failure mode, but
such interaction effects are accounted for in the values of K [10].
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The allowable ultimate bearing load (PbruL) for lug failure in bearing, shear-tear-out, or hoop

tension is determined to be as follows.

PbriL = 445.8 kip

where the lug materials are:

Ftu = 80.0 ksi --------------------- Ultimate strength, A537 CL2, at 100OF
Fty = 60.0 ksi --------------------- Yield strength, A537 CL2, at 100'F

The allowable yield bearing load (PbyL) is calculated as follows.

PbryL = 341.9 kip

Using the criteria of minimum factors of safety of 5 on ultimate strength and 3 on yield strength,

the factors of safety (FS) for the lugs are shown as follows.

Ultimate Bearing:

FS - = bnL _445.8503 > 5
P 88.55

Yield Bearing:

FS= -Pb~yL 341.9 _3.86>3
P - 88.55

The tensile stress (ay) in the net cross-sectional area of the lug is calculated to be as follows.

P 88.55

a = 8 .55 =12.5 ksi
A 7.08

The factors of safety (FS) are listed as follows.

Ultimate:

80.0
FS - 0.06.4 > 5

12.5

Yield:

60.0
FS =4.8>3

12.5

Lift Anchor

From the previous lug analysis, the maximum load on each embedment plate is 88.55 kip. The
ultimate strength (a) in the plate is calculated as follows.
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C P 88.550 - - 5.8 ksi
A 15.2

The factors of safety (FS) are as follows.

Ultimate Tensile:

80.0
FS - -= 13.8 > 5

5.8

Yield Tensile:

53.0
FS -= 9.1 > 3

5.8

Where the embedment plate material strengths are listed as follows.

Ftu = 80.0 ksi --------------------- Ultimate strength, A537 CL2, at 200°F
Fty= 53.0 ksi --------------------- Yield strength, A537 CL2, at 2007F

Concrete Anchor

The concrete shear area is conservatively assumed to be the perimeter of the bottom plate of the

lift anchor. The shear cone in the concrete is conservatively ignored, and the minimum strength

of concrete is used for the material temperature of 300'F. The required anchor depth, D, is

determined to be as follows.

D = W 177,100 42.7 inch [5]
D 2P~f- 0.85x2x39.6x 437,8h00

where:

W = 2x88.55 kip = 177,100 lb --------- Anchor load
= 0.85 ------------------------ Shear factor

f, = 3,800 psi -------------------- Concrete strength at 3007F
P = 39.6 inch -------------------- Perimeter of bottom plate

Excluding the bottom anchor plate, the length of the anchor is 65.5 inches; therefore, the factor of

safety (FS) is as follows.

65.5
FS - = 1.53

42.7
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Lift Pin

The lift pin allowable ultimate shear load (Pusp) for the symmetrical joint is the double shear

strength of the pin.

1.571D Fsp =678.6kip [10]

where:

Dp = 4.0 inch --------------------
Fsup = 0.6Sm = 0.6 X 45.0 ksi = 27 ksi

Sm = 45.0 ksi ---------------------

Pin diameter

17-4PH stainless steel, at
2007F

The load on the pin is twice the lift lug load (P); therefore, the factor of safety

(FS) for the pin is as follows.

FS- P=sp = 678.6 _3.83 > 3.0

2xP 2x88.55 P P
P/2 P/2

Lift Lug Bolt

The eight bolts that attach each set of the lift lugs to the embedded anchor are in tension. The
tensile load is the combination of axial loads and the prying action of the lug fitting. The load

per bolt (Pt) is as follows.

Pt - W, _ 177.1 22.1 kip
8 8

where:

W, = 2x88.55 =177.1 kip ------------ Anchor load

The tensile load (Q) on the bolt due to prying is calculated to be 2.4 kip [11].

The total load on the bolt (T) is as follows.

T = Pt+Q=22.1 +2.4=24.5 kip

The allowable bolt tensile load is as follows.

Ti D2Fy =txl.252 x144.0 176.7kip
4 4
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where:

Fy= 144.0 ksi---------------------------- Yield strength, SB637 Grade N07718 nickel
alloy steel, at 2007F

The factor of safety (FS) is as follows.

176.7
FS -7.2

24.5

The bolts are threaded into the top plate of the lift anchor. The plate material is A537 Class 2

carbon steel. The bolt material is SB637 Grade N07718 nickel alloy steel. Bolt threads are

1-1/4-7 UNC 2A. For mating internal and external threads of materials having equal tensile

strength, the length of engagement (Le) is calculated as shown in the following.

2A,
Le ..=

3.1416(Knmax ) 1 + 0.57735(n)(Esmin - Knmax)

0.90 inch [12]

where:

At= Esmin 0.16238 0.952 inch 2 -- Tensile area of 1-1/4-7 UNC 2A
2 n " =

Since the bolt and plate materials are different, the required length of engagement (Q) is

calculated to be as follows.

Q = LeJ=0.9x 1.59= 1.43

where:

J A, XSubolt = 1.59 > 1.0

An x Su plate

Su bolt = 177.6 ksi -------------------- Ultimate strength, SB-637 Grade N07718
nickel alloy steel, at 200'F

Su plate = 80.0 ksi --------------------- Ultimate strength, A-537 Class 2 carbon
steel, at 200'F

The bolt thread length is 2.0 inches; therefore; the factor of safety (FS) is as follows.

2.0
FS= 2.0 = 1.40

1.43
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Concrete Cask Lid Assembly Lift

The lid assembly of the concrete cask is lifted using three ¾-10 UNC 2A threaded bolts with a

¾-inch thread engagement in the A36 carbon steel lid. A weight of 5,000 lb is conservatively

used for the evaluation of the cask lid assembly lift, which bounds the maximum weight of the

lid assembly. The load per bolt (P), including dynamic load factor of 10%, is as follows.

p = 5,00Oxl.1 = 1,834 lb
3

The required length of engagement is calculated to be as shown in the following.

Le = 2At 0.54 inch [12]3.1416(Ký' nmax )[I1 +0.57735(n)(Esmin- Knma.~

The factor of safety (FS) is as follows.

FS = 0.5- 1.39
0.54

Pedestal Structural Evaluation

This section presents the structural evaluation of the pedestal during a concrete cask top-end lift.

The ANSYS finite element model, presented in Section 3.10.4, is used to evaluate the concrete
-cask pedestal. The critical loading is during the concrete cask lift operations using the concrete

cask lift anchors mounted on top of the concrete cask body.

Component Stresses

From the finite element model, the maximum stresses in the pedestal stand occur in the support

rails. The critical section is the unsupported region between the pedestal stand and the inlet top.

The maximum membrane stress is 16.7 ksi. The maximum membrane plus bending stress is 25.3

ksi. The factors of safety (FS) are shown as follows.

Membrane

FS = S_ = 19.3 = 1.16

am 16.7

Membrane plus bending

FS =-1.5Sm = 28.95 = 1.14

Gm+b 25.3
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where:

Sm - 19.3 ksi ---------- ----------- Design stress intensity, A-36 carbon steel, at
300OF

Pedestal Welds

The pedestal is a welded assembly. The structural welds in the pedestal are evaluated using an
allowable stress of 0.6Sm. The weld forces (F×, Fy, and F,) are obtained from the pedestal finite
element analysis results. The total weld load (Fw) is obtained by using the square root of the sum

of the squares method of the weld forces.

Support Rail to Inlet Top Weld

The support rails are welded to the inlet top with a %-inch fillet weld. The stress in the weld (T)

is as follows.

Fw
a 9.1 ksi

A

where:

Fw = 36,077 lb -------------------- Total weld load
Fx = 3,248 lb --------------------- Weld force, X-direction
Fy = 32,351 lb -------------------- Weld force, Y-direction
F, = -15,633 lb Weld force, Z-direction
A = 3.95 inch2  - - - - - - - - - - - - - - - - - - - - Area
1, = 8.95 inches ------------------- Weld length
t, = %-inch ---------------------- Weld size

The factor of Safety (FS) is as follows.

F 0.6SmFS -- 1.27

where:

S = 19.3 ksi --------------------- Design stress intensity, A-36 carbon steel, 300'F

Inlet Top to Inlet Side Weld

The inlet top is welded to the inlet side with a 1¼-inch fillet weld plus a 14-inch groove weld. The
stress in the weld is as follows.

_3 = 4.2 ksi
A 8.03
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where:

Fw = 34,099 lb -------------------- Total weld load
F, = 10,437 lb -------------------- Weld force, X-direction
-Fy = -32,351 lb -------------------- Weld force, Y-direction
F, = -2,685 lb -------------------- Weld force, Z-direction
A = lwxtw= 8.03 inch2 - - - - - - - - - - - - - Area..
lw = 30.9 inches ------------------- Weld length
tw = ((0.125 +0.25)x.707)= 0.26 inch ---- Weld size

The factor of Safety (FS) is as follows.

FS 06 0.6x619.3 = 2.76

FS 4.2

where:

Sm = 19.3 ksi Design stress intensity, A-36 carbon steel, at
300°F

Inlet Side to Base Plate Weld

The critical section of the inlet side to base plate weld is the 8.25-inch segment at the inner end

of the inlet. The weld is a 1¼-inch groove weld. The stress in the weld is as follows.

G = Fw 9.9 ksi
A

where:

F, = VF- + Fy2±+ F,2 = 20,484 lb

Fx = 270 lb ----------------------
Fy = 20,459 lb -------------------
F, = -971 lb ---------------------
A = 1w xtw= 2.06 inch 2

1, = 8.25 inches ------------------
tw = 0.25 inch --------------------

The factor of safety (FS) is as follows.

0.6S - 0.6x19.3
FS= 9- 1.17

G9.9

Weld force, X-direction
Weld force, Y-direction
Weld force, Z-direction

Weld length
Weld size
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where: '

Sm = 19.3 ksi --------------------- Design stress intensity, A-36 carbon steel, at
300°F

Support Rail Gusset to Support Rail Weld

The rail gusset weld is a %-inch fillet weld. The stress in the weld is as follows.

G = -2.5ksi
A

where:

F, = VFx2+Fy2+Fý2=4,915lb

Fx = 2,224 lb --------------------- Weld force, X-direction
Fy = -1,636 lb -------------------- Weld force, Y-direction
F, = -4,066 lb ----------- Weld force, Z-direction

A = Iw x(tw xO.707)= 1.97 inch 2

4 = 4.45 inches ------------------- Weld length

tw = %-inch ---------------------- Weld size

The factor of safety (FS) is as follows.

0.6S.
FS - 6 4.63

where:

Sm = 19.3 ksi --------------------- Design stress intensity, A-36 carbon steel, at

300°F

Nelson Studs

During a top-end concrete cask lift, the Nelson studs transmit the weight of a loaded TSC to the

concrete cask. The liner is not directly attached to the pedestal. The ability of the Nelson studs
to transfer load to the concrete cask is based upon the compressive strength of the concrete.

Using ACI 349-85 [5], the maximum pullout strength of the concrete is defined by the equation

Pd = 4 x x Cf-.-xAd

where:

= 0.85 ------------------------ Strength reduction factor
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f, = 3,800 psi -------------------- Concrete compression strength, 300'F
Acd = Projected cone area of Nelson stud less head area

The projected area of a single Nelson stud is calculated by creating a cone that projects 450 from

the head of the Nelson stud and omits the projected area of the Nelson stud head.

For a 0.75-inch diameter, 6.0-inch long Nelson stud, the projected area is as follows.

Acd= 7t(l (%e + dh ))= 116.6 inch2

where:

le = 5.5 inches -------------------- Bolt length
dh = 1.25 inches ------------------- Head diameter

For a single Nelson stud, the allowable concrete pullout strength is as follows.

Pd = 4x0.85x~v5 ×X1l6.6 =24,438lb

The maximum load on a Nelson stud is 17,145 lb; therefore, the factor of safety (FS) is as

follows.

F - .Pd_ 24438
FS= = 1.43

F 17,145

The geometry of the four Nelson studs on the inlet top plate is such that the projected cones

intersect each other. The combined projected area (Acd) is 332 inches2. The total load on the

four Nelson studs is 18,817 pounds. The allowable concrete pullout strength (Pcd) is as follows.

Pcd 4x0.85x50-X×332.0 =69,584 lb

The factor of safety (FS) is as follows.

FS = Pcd = 69,584 =3.70
F 18,817

The maximum stress in a Nelson stud is as follows.

F
a - 39.0 ksiA,

where:

As = D2 0.44 inch2
4
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The factor of safety (FS) is as follows.

S 58.0
FS= - = 1.49

39.0

where:

Su= 58.0 ksi ------------------- -- Ultimate strength, A-36 carbon steel, at
300OF

3.4.3.2 TSC Lift

The adequacy of the TSC lifting components is demonstrated by evaluating the hoist rings, the

TSC closure lid, and the weld that joins the closure lid to the TSC shell against the criteria in

NUREG-0612 [3] and ANSI N14.6 [2]. The lifting configuration for the TSC consists of six

hoist rings threaded into the closure lid assembly at equally spaced angular intervals. The hoist

rings are analyzed as a redundant system with two three-legged lifting slings. For redundant

lifting systems, ANSI N14.6 requires that load-bearing members be capable of lifting three times

the load without exceeding the yield strength of the material and five times the load without

exceeding the ultimate strength of the material. The closure lid is evaluated for lift conditions as

a redundant system that demonstrates a factor of safety greater than three based on yield strength

and a factor of safety greater than five based on ultimate strength. The TSC lift analysis is based

on a load of 120,000 lb, which bounds the weight of the heaviest loaded TSC configuration. A

dynamic load factor of 10% is considered in the analysis.

FR
Hoist Ring and Sling Evaluation

The TSC lift configuration is shown in the F

accompanying sketch. R

qR
The vertical component force on the hoist ring, assuming

a 10% dynamic load factor, is as follows. Y

=120,000 lb x 1.1 -400lF03 lift points

As shown in the sketch, x is the distance from the TSC

centerline to the hoist ring centerline (20.5 inch); Fx is

the horizontal component of force on the hoist ring; R is

the sling length; FR is the maximum allowable force on.

the hoist ring; and the angle 0 is the angle from vertical
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to the sling.

The hoist rings are rated at 50,000 lb with a safety factor of five on ultimate strength.

Calculating the maximum angle (0) that will limit FR to 50,000 pounds is as follows,

0= cos-I cos-j =28.40
FR 50,000

The minimnum sling length, R, is as follows.

x 20.5
R - -43.1 inches

sin0 sin 28.4

A 50-inch sling places the lift hook about 44 inches above the top of the TSC (y = R cos 0 = 50

cos 28.4' = 44 inches).

Bolt Shear

From the Machinery's Handbook [12], the shear stress (r) in the hoist ring hole threads (21/2-4-

UINC) in the closure lid is calculated as follows.

Fy 44,000 lb"C = --- =3,622psi
An 12.148 in 2

where:

A,= 12.148 inch2  - - - - - - Shear area of the closure lid assembly
threads based on a length of engagement of
2.0 inches.

The TSC closure lid is constructed of SA240, Type 304 stainless steel. Using shear allowables

of 0.6 Sy and 0.5 Su at a temperature of 300'F, the shear stress factors of safety are as follows.

Yield:

0:6 x 22,400 psiFSy= = 3.7 > 3
3,622 psi

Ultimate:

FS•= 0.5x66,200psi=9.1>5
3,622 psi

The criteria of NUREG-0612 and ANSI N14.6 for redundant systems are met and the minimum

thread engagement length of 2.0 inches is adequate.
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The weight of the heaviest loaded transfer cask is less than 230,000 pounds. Three times the

bounding weightof.the loaded TSC is (3 x 120,000) 360,000 lb, which is greater than the weight

of the heaviest transfer cask plus the weight of the loaded TSC (108,500 + 102,500 lb).

Consequently, the preceding analysis bounds the inadvertent lift of the transfer cask during the

handling of the TSC.

TSC Lift Evaluation

The structural adequacy of the TSC closure lid assembly and weld is evaluated using a finite

element model described in Section 3.10.3. During a TSC lift, the acceleration due to gravity,

with a dynamic load factor of 10%, is applied to the fully loaded TSC in the vertical direction.

The maximum stress intensity experienced by the various TSC components during a three-point

lift is as follows.

~@

Component Description
TSC Shell (below Closure Lid Weld)

Closure Lid Weld zz~
Stress Intensity (psi)

1,516
1,481

The TSC shell and closure lid areconstructed of SA240, Type 304 stainless steel. The yield

strength is 18,000 psi and the ultimate strength is 63,400 psi. These are conservatively.evaluated

at a temperature of 650'F. The strength of the weld joint is taken as the same as the strength of

the base material. Thus, when compared to the yield and ultimate strengths, the maximum nodal

stress intensity of 1,516 psi produces the following factors of safety for a three-point lift.

Yield:

yield strength

maximum stress intensity

18,000 psi
= 12>31,516 psi

Ultimate:

FSU=
ultimate strength

maximum stress intensity

63,400 psi
=42>5

1,516 psi

The criteria of NUREG-0612 and ANSI N14.6 for redundant systems are met. Thus, the TSC

shell and closure lid are adequate.
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3.4.3.3 Transfer Cask Lift

The MAGNASTOR transfer cask is analyzed for loads associated with the heavy lift

requirements specified in ANSI N 14.6 [2] and NUREG-0612 [3].: All load path components of

the cask are evaluated for structural adequacy. The transfer cask is analyzed for loads associated

with the vertical lift of the transfer cask. The transfer cask is not designed for redundant lifting;

therefore, factors of safety of six on material yield strength and ten on material ultimate strength

are required for the lifting trunnions.

The analysis of the fully loaded transfer cask consists of a finite element analysis using the

ANSYS program to calculate the stress in the transfer cask forgings, shells, and the trunnion

region for the operational vertical lift condition. Details of the ANSYS finite element model are

presented in Section 3.10.5. The structural evaluations of the rail, the shield door, and the rail

welds are performed using standard engineering equations. The design weight of the transfer cask

is 230,000 pounds. A bounding weight of the transfer cask of 240,000 lb is considered in the

evaluation. A conservative load of 264,000 lb (240,000 x 1.1 dynamic load factor) is used in the

finite element analysis.

Transfer Cask Body

Table 3.4.3-1 provides the summaries of the stress intensities for the seven cross-sectional

locations of the trunnion and top ring. Table 3.4.3-2 provides the stress summaries for the inner

and outer shells and bottom ring. The maximum primary membrane stress intensity, Pm, and the

maximum primary membrane plus bending stress intensity, PM + Pb, is compared with the

allowable stress criteria.

The cross-section of the trunnion is circular. Two cross-sectional areas are examined as shown

in Figure 3.4.3-1. The maximum bending stress occurs at the cross-section (x = 43.9 inches) at

the intersection of the trunnions with the outer diameter of the top forging ring. The maximum

stress occurs at the trunnion surface. The maximum stress in the trunnion is 3.8 ksi. Comparing

the stress to the material (A350 Grade LF 2) allowable yield and ultimate strength, the factors of

safety are 8.1 (>6) for material yield strength and 18.5 (>10) for material ultimate strength.

For the top ring, the five cross-sectional areas selected for stress examination are shown in Figure

3.4.3-1. The maximum bending plus membrane stress occurs at the radial cross-section (topring-

Al) above the trunnion. The bending stress through this cross-sectional area is 4;9 ksi.

Comparing the stress to the material (A516 Gr 70) allowable yield and ultimate strength, the
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factors of safety are 6.6 (>6) and 14.2 (>10) for yield and ultimate material strengths,

respectively.

For the inner shell, the maximum stress intensity occurs at the location of "0 = 100,

z = -7.0 inches", which is outside the intersection just below the trunnion. The maximum

bending plus membrane stress through the shell is 2.3 ksi. Comparing the stress to the material

(A588) allowable yield and ultimate strengths; the factors of safety are 18.6 (>6) and 30.2 (>10),

respectively.

For the outer shell, the maximum stress intensity occurs at the location of "0 = 100,

z = -7.0 inches", which is outside the intersection just below the trunnion. The maximum

bending plus membrane stress in the shell thickness is 3.5 ksi. Comparing the stress to the

material (A588) allowable yield and ultimate strengths, the factors of safety arel2.3 (>6) and 20

(>10), respectively.

For the bottom ring the maximum stress intensity occurs at the nodal location of"0 = 900,

z = -173.5 inches", which is just below the inner and outer shells. The maximum membrane plus

bending stress in the ring thickness is 0.7 ksi. Comparing this stress to the material (A588)

allowable yield and ultimate strengths, the factors of safety are 58 (>6) and 94 (>10) for yield and

ultimate strength, respectively.

Transfer Cask Shield Door Rails and Welds

This section demonstrates the adequacy of the transfer cask shield doors, door rails, and welds in

accordance with NUREG-0612 and ANSI N 14.6, which require safety factors of six and ten on

material yield strength and ultimate strength, respectively, for nonredundant lift systems. The

transfer cask shield doors and door rails are designed to retain and support the maximum loaded

TSC weight of 118,000 lb, which includes the weight of basket, fuel, and water. The shield

doors are 5-inch thick plates that slide on the door rails. The rails are 7.50-inches wide x 52-

inches long and are welded to the bottom ring of the transfer cask. The doors and the rails are

constructed of A-588 and SA-350 Grade LF 2 low alloy steel, respectively.

A weight of 143,000 lb (> 118,000 x 1.1) is conservatively used for the evaluation of the rails.

This weight bounds the weight of the heaviest loaded TSC, the weight of the water in the TSC,

and the weight of the shield doors and rails. The 10% dynamic load factor is included to ensure

that the evaluation bounds all normal operating conditions. Allowable stress for the component

materials are taken at 400'F, which bounds the maximum temperature at the bottom of the

transfer cask under normal conditions.
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Stress Evaluation for Door Rail

Each rail is assumed to carry one-half of the load.
p=W

2 -3/4 inch Weld
.(Typical)

3.1

All Dimensions in Inches

The shear stress (r) in each door rail bottom plate (section b-d) due to the applied load is as

follows.

143.0
P- 0.65 ksi
A 110.8

where:
A = (5.25 - 3.12) x 52= 110.8 inch2 ------- Shear area

The bending stress (Ob) in each rail bottom section b-d due to the applied load, P, is as follows.

6M
Ob -- -- 3.1 ksi

Lta~c2

where:

M = P x La-b = 120.8 inch-kip
La-b = 1.69 inches ------------------- Applied load moment arm

L = 52 inches -------------------- Length of the rail
ta-c = 2.13 inches ------------------- Thickness of the rail

The maximum stress (a) intensity in the bottom section of the rail is as follows.

a = (yb) 2 +4T2 =3.4 ksi

The factor of safety (FS) based on the material yield strength is as follows.

S _ 30.8ksi
FS = L=9.1 >6

y 3.4 ksi

where:

Sy=30.8 ksi ----------------------- Yield strength for A350 Grade LF 2, at
400°F
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The factor of safety (FS) based on the material ultimate strength is as follows. e
S._ 70 ksi

FS- - - - =-20.6>10
a 3.4 ksi

where:

S. 70.0 ksi --------------------- Ultimate strength A-350 Grade LF 2, at
400°F

Stress Evaluation for the Shield Doors

The shield doors are 5-inches thick at the center and step down to 2.94-inches thick at the edges,

where they rest on the rails. The stepped edges of the two door leaves are designed to interlock

at the center. Therefore, the doors are analyzed as single simply supported plates. The

engagement length of the door with the rail is 52 inches. The shear stress (r) at the edge of the

shield door where the door contacts the rail is as follows.

P
- -= 0.94 ksiAs

where:
As = td x L =152.9 inch 2  - - - - - - - - - - - - - Total shear area

td = 5.0 - 2.06 = 2.94 inches---------- Thickness of the door at edge
L = 52 inches -------------------- Length of door and rail engagement

The maximum bending stress (ab) at the center of the doors is as follows.

Mc
0 b -M 4.0 ksi

I

where:

M = WL 1.36 x 106 inch-lb
8

W = 143,000 lb ------------------- Total weight
hc = - 2.5 inches ----------------- Distance to surface
2
bh3

I = 855 inch4 ---------------- Cross-sectional moment of inertia
12

L = 76 inches -- ------------------ Span length

The maximum stress intensity (Y) in the door is as follows.

Y = ý(a)Y + 4T2 = 4.1 ksi

The factor of safety (FS) based on the yield strength is as follows.
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FS = y 43ksi 10.5> 6

y 4. lksi

where:

Sy = 43 ksi ---------------------- Yield strength for A-588, at 4000 F

The factor of safety (FS) based on the ultimate strength is as follows.

FS - S= _ 70=ksi17.1>10
a 4.1ksi

where:

Su = 70.0 ksi --------------------- Ultimate strength for A-588, at 4000F

Door Rail Weld Evaluation

The door rails are attached to the bottom forging of the transfer cask by 0.75-inch partial

penetration bevel groove welds that extend the full length of the inside and outside of each rail.

The loaded TSC weight is conservatively assumed to act at a point on the inside edge of the rail.

Since the base metal is the limiting strength of the welded section, the ultimate strength on the

inner weld is evaluated. Summing moments about the edge of outer weld are as follows.

YM= 0 =P xL,- -Fwx Ld-, L- => Fv = 91 kip

where:
W

P = - 71.5 kip ---------------- Load on a single rail

L, = 0.75 inch -------------------- Weld length

Ld-e = 7.5 - 1.69 = 5.81 --------------- Distance from edge of inner weld to edge of

outer weld

Lc-e = 7.5 inches -------------------- Width of the rail

The maximum stress (a) in the base metal attached by the inner weld is as follows.

S-Fv -2.3ksi
Aw
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where:

Aw = 0.75 x 52 39 inch2  Area on the base metal supporting inner
weld

The factor of safety (FS) based on the yield strength is as follows.

43 ksi
FS - - 18.7 > 6

2.3 ksi

The factor of safety (FS) based on the ultimate strength is as follows.

70 ksi
FS - -30.4> 10

2.3 ksi

Trunnion Bearing Stress Evaluation
During a vertical lifting load case, the transfer cask is being lifted by the trunnions.

The load on each trunnion is 132 kips (240 x 1.1/2). The minimum trunnion bearing engagement
depth is 7.5-inches, but only 50% of this is used in the evaluation. The diameter of the trunnion

is 9 inches. The bearing stress on the trunnion (ab) is as follows.

Wbwg WvL _ 132 =3.92 ksi

Abrg 33.75

The factor of safety (FS) is as follows.

FS = y 3 0.8 7.85
a 3.92

where:

Sy = 30.8 ksi --------------------- Yield strength, SA-350 LF2, at 400'F

Inadvertent Lift of Transfer Cask by TSC

The inadvertent lift of the transfer cask by the TSC is considered an off-normal event. The

stresses associated with this condition are required to satisfy allowable stress limits for ASME

Boiler and Pressure Vessel Code, Service Level C condition. The temperature of the cask at the

top is assumed to be 300'F.

In the event the transfer cask is lifted by the TSC during handling operations, instead of by the

transfer cask trunnions, the weight of the transfer cask is supported by the three retaining blocks
mounted on top of the transfer cask top ring. In this case, the retaining blocks must have
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sufficient strength to support the weight of the transfer cask. The three retaining blocks on the

top-forging ring are spaced 1200 apart.

Retainer Rod Evaluation

During an inadvertent lift of the transfer cask, the retainer rod is subjected to a tensile load, Fp,
due to the prying action of the retaining block. The top view and the' side view of the retaining

block are shown in the following sketches.
2.00

4.25-

D1-
-ozoo =D2

Retainer block \ 3.00

t 1oo =Hi
1.53

''-t

Neck-down section 1.0

• TPO

Fc
Top ring Ed~qe of off-centered canister
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A conservative weight of 110,000 lb is used for this evaluation. This weight bounds the

maximum weight of the transfer cask. The dynamic load factor, DLF, is 1.1. The maximum

uplifting force applied by the TSC to the retainer block, F,, is 110 kip (1.1)/3 = 40.3 kip. When

the TSC is off-center, the maximum distance between the TSC outer edge and the inner edge of

the transfer cask is one inch. The prying force applied to the retainer rod (Fp) is as follows.

Fp = 40.3 x (1 + 3 + 4.25) = 78.2 kip
4.25

Effective Stress Areas of Retainer Rod

Referring to the previous sketch, the cross-sectional areas for the retainer rod evaluation are as

follows.

At D2 = 3.14 inch 2  - - - - - - - - - - - - - Tensile area (neck down area)
4

Aws = 7t D1 Hw = 7.07 inch2  - - - - - - - - - - - - Weld shear area
Ash = nt D2 H1 = 6.28 inch2  - - - - - - - - - - - - Head shear area (through head thickness)

The bearing area in the retainer rod just above the neck-down area is the hatched area as shown

in the following sketch.

UI Li=0.875 Head of retainer rod

AiRi

The total bearing area (Abrg) is as follows.

Abrg = 2(A1 + A2) = 2(0.982 + 0.342) = 2.648 inch2

Retainer Rod Load Capacity:

The load capabilities of the retainer rod are calculated in the following.
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Ftensile
Fws

Fbrg

Fsh

where:

(At)(SM)= (3.14)(26.9) = 84.4 kip -------- Load capability at D2
(Aws)(Ss) = (7.07)(13.4) = 94.7 kip -------- Shear capability of weld
(Abrg)(Sbrg) = (2.648)(33.6) = 88.9 kip -------- Bearing capability of rod head
(Ash)(Ss) = (6.28)(13.4) = 84.2 kip -------- Shear capability under rod head

1.2 Sm = 1.2 (22.4) = 26.9 ksi
0.6 Sm = 0.6 (22.4) = 13.4 ksi
Sy = 33.6 ksi
33.6 ksi --------------------- Yield strength, SA-516 Grade 70 at 300°F
22.4 ksi --------------------- Design stress intensity, SA-516 Grade 70 at

300°F

SM
Ss

Sbrg

Sy
Sm

The minimum factor of safety (FS) is as follows.

FS = FSh _ 84.2 =1.08
Fp 78.2

Retainer Block Evaluation

The retainer block and the force-loading diagram are shown in the following sketch.
2.0 dia.

1.5

Fp

FA
Far edge of retainer block

P N iFc
Edge of off-centered canister
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Point P is where the headed retainer rod is loaded under prying force Fp. The maximum bending

stress (ab) in the retainer block is as follows.

Mc.
Gb - -= 71.6 ksiI

where:

M = Fc(4) = 161.2 kip-inch
Fc = 40.3 kip

I bh3  1.688inch 4

12
C = 0.75 inch

O0

The factor of safety (FS) is as follows.

FS - 1.8S. _ 1.13
ab

where:

Sm = 45.0 ksi ----------------------------------- Yield strength, 17-4 PH at 300'F
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Figure 3.4.3-1
0 = 90'
section name = topring-A90,z

Top Ring Section Cuts

section name = topring-A45

0 = 0o, z > 0
section name

0 = 00, z < 0
section name

"Z=0

Top Ring Section without Trunnion

Trunnion (enlarged)

NAC International 3.4-25



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 3.4.3-1 Stress Intensity for Trunnions and Top Ring

Location a Position a Pmb Pb b Pm+ Pb b Syield S ultimate FSuItimate
ksi ksi Material ksi ksi ________

Trunnion-L1 x =43.9 inch 0.04 3.75 3.79 SA350 30.8 70.0 8.1 Large
Trunnion-L2 x = 45 inch 0.00 2.05 2.05 SA350 30.8 70.0 Large Large
TopRing-Al e =0, z > 0 2.37 2.57 4.93 SA516 32.5 70.0 6.6 Large
TopRing-A2 e = 00, z < 0 0.33 1.29 1.63 SA516 32.5 70.0 Large Large

TopRing-A10 6 = 100 0.07 1.02 1.09 SA516 32.5 70.0 Large Large
TopRing-A45 6=45' 0.11 0.84 0.95 SA516 32.5 70.0 Large Large
TopRing-A90 6 = 90- 0.11 0.75 0.86 SA516 32.5 70.0 Large Large

Table 3.4.3-2 Stress Intensity for Transfer Cask Shells and Bottom Ring
Location c Positionc Pm+ Pb d S yield S ultimate
Location c _________ ksi Material ksi ksi FSYield FSutimate

Inner Shell 8 = 10', z=-7 inch 2.32 A588 43.0 70.0 Large Large
Outer Shell [ = 10", z=-7 inch 3.50 A588 43.0 70.0 Large Large

Bottom
Ring

6 = 90*, z=-173.5 0.74 A588 43.0 70.0 Large Large

a

b

C

d

The locations and positions are defined in Figure 3.4.3-1.
Pm = primary membrane stress intensity; Pb = primary bending stress intensity; Pm + Pb
primary membrane + bending stress intensity.
The locations and positions correspond to the axis shown in Figure 3.10.5-1, Section 3.10.5.
Pm + Pb = primary membrane + bending stress intensity.
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3.5 Normal Operating Conditions

This section presents the analyses of the major structural components of MAGNASTOR for

normal conditions of storage. The TSC, fuel baskets, and concrete cask are evaluated using finite

element models and classical hand calculations.

3.5.1 TSC Evaluation for Normal Operating Conditions

For normal conditions of storage, the TSC is evaluated using ASME Code, Section III,

Subsection NB 'Service Level A' allowable stresses. For detailed analysis results for normal

conditions, see Table 3.10.3-1 through Table 3.10.3-6.

3.5.1.1 TSC Thermal Stress Analysis

The thermal stresses in the TSC during normal conditions of storage are evaluated using a finite

element model described in Section 3.10.3. The thermal gradient applied to the TSC model

bounds all conditions of storage; therefore, the results presented are conservative. The resulting

maximum (secondary) thermal stresses in the TSC are shown in Table 3.5.1-1. The locations of

the stress sections are shown in Figure 3.10.3-2 in Section 3.10.3.

3.5.1.2 TSC Dead Load

The TSC is analyzed for a dead load using the finite element model described in Section 3.10.3.

The normal handling plus normal pressure conditions presented in Section 3.5.1.5 bound the

resulting maximum TSC dead load stresses; therefore, results for the dead load analysis are not

presented separately.

3.5.1.3 TSC Maximum Internal Pressure

The TSC is analyzed for a maximum internal pressure load using the finite element model

described in Section 3.10.3. A maximum internal pressure of 110 psig is applied as a surface

load to the elements along the internal surface of the TSC shell, bottom plate, and closure lid.

This pressure bounds the maximum calculated pressure for PWR and BWR fuel under normal

conditions.

The resulting maximum internal pressure load stresses for the TSC are summarized in Table

3.5.1-2 and Table 3.5.1-3 for primary membrane and primary membrane plus primary bending
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stress categories, respectively. The locations for the stress sections are shown in Figure 3.10.3-2

in Section 3.10.3.

3.5.1.4 TSC Handling Loads

The TSC is analyzed for handling loads using the finite element model described in Section

3.10.3. Normal handling is simulated by constraining the model at nodes on the closure lid

simulating three lift points. A 1.1 g acceleration load, which corresponds to the dead weight with

a 10% dynamic load factor, is applied to the model in the axial direction. Pressure is applied to

the TSC bottom plate to simulate the weight of the basket and fuel with an acceleration of 1. 1g.

The resulting maximum stresses in the TSC due to handling loads are bounded by the maximum

stresses for the normal handling loads plus normal pressure condition presented in Section

3.5.1.5; therefore, the stress results for the handling condition are not presented separately.

The lift lugs are evaluated for dead weight using classical methods. The TSC lift lugs are welded

to the inner surface of the TSC shell to accommodate handling of the empty TSC and to support

the closure lid prior to completion of the weld to the shell. The total weight, W, imposed on the

lift lugs conservatively considers the weight of the closure lid and supplemental support

equipment. A 10% load factor is also applied to ensure all normal operating loads are bounded.

The stresses evaluated for the lift lugs are bearing stress and shear stress through the weld. The

bearing stress is as follows.

W 22,550 lbG3bearing 4A 21. in2 1,044 psi
- 4A -21.6 in2

where:

W = (10,500 lb + 10,000 lb) x 1.1 = 22,550 lb
A = 5.4 inch2 - - - - - - - - - - - - - - - - - - - - - Area of lifting lug

Using a conservative temperature of 650'F, the factor of safety (FS) is as follows.

1.0___ Sy 19,400 psiFS- - =-ag
•beaaing 1,044 psi

where:

Sy 19,400 psi ------------------- Yield strength of SA-240, Type 304
stainless steel
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The attachment weld for the lift lugs is a '/8-inch double-bevel weld. The shear stress (,tw) is as

follows.

W _ 22,550 lb
4Aeff 5.40 in2

where:

Aeff = Leff x teff = 1.35 inch2  - - - - - - - - - - - Area of lifting lug weld
Leff = 5.4 x 2 = 10.8 inches ------------ Length of lifting lug weld
teff = 0.125 inch ------------------- Thickness of lifting lug weld

Conservatively using the temperature of 65.00F and material allowables of the base metal, the

factor of safety (FS) is as follows.

FS - S11ow -0.6 S _ 9,720 psi =2.3
w cw 4,176 psi

where:

Sallow = 0.6 Sm ---------------------- Weld allowable
Sm = 16,200 psi ------------------- Design stress intensity of SA-240, Type 304

stainless steel

3.5.1.5 TSC Load Combinations

The TSC is structurally analyzed for combined thermal, dead, maximum internal pressure, and

handling loads using the finite element model described in Section 3.10.3.

The resulting maximum stresses in the TSC for combined loads are summarized in Table 3.5.1-2,

Table 3.5.1-3, and Table 3.5.1-4 for primary membrane, primary membrane plus primary

bending, and primary plus secondary stresses, respectively. The sectional stresses at 15 locations

are evaluated for each angular division of the model. The locations for the stress sections are

shown in Figure 3.10.3-2, Section 3.10.3.

As shown in Table 3.5.1-2 through Table 3.5.1-4, the TSC maintains factors of safety greater

than one for the combined load conditions. The minimum factor of safety of 1.23 occurs at

Section 3 for the Pm+Pb stresses.
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3.5.1.6 TSC Fatigue Evaluation

The purpose of this section is to evaluate whether an analysis for cyclic service is required for the

TSC. For the TSC, the requirements for cyclic operation are presented in ASME Code, Section

III, Subsection NB, Article NB-3222.4 [6]. The criteria for determining whether cyclic loading

analysis is required are comprised of six conditions, which, if met, preclude the requirement for

further analysis.

1. Atmospheric to Service Pressure Cycle

2. Normal Service Pressure Fluctuation

3. Temperature Difference - Startup and Shutdown

4. Temperature Difference - Normal and Off-Normal Service

5. Temperature Difference - Dissimilar Materials

6. Mechanical Loads

The evaluation of these conditions is as follows.

Condition 1 - Atmospheric to Service Pressure Cycle

This condition is not applicable. The ASME Code defines a cycle as an excursion from

atmospheric pressure to service pressure and back to atmospheric pressure. Once sealed, the

TSC remains closed throughout its operational life, and no atmospheric to service pressure cycles

occur.

Condition 2 - Normal Service Pressure Fluctuation

This condition is not applicable. The condition establishes a maximum pressure fluctuation as a

function of the number of significant pressure fluctuation cycles specified for the component, the

design pressure, and the allowable stress intensity of the component material. Operation of the

TSC is not cyclic, and no significant cyclic pressure fluctuations are anticipated.

Condition 3 - Temperature Difference - Startup and Shutdown

This condition is not applicable. MAGNASTOR is a passive, long-term storage system that does

not experience cyclic startups and shutdowns.

Condition 4- Temperature Difference - Normal and Off-Normal Service

The ASME Code specifies that temperature excursions are not significant if the change in AT

between two adjacent points does not experience a cyclic change of more than the quantity:

AT Sa = 57°F
2Ex
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where: for Type 304 stainless steel,
Sa = 28,200 psi ------------------- Value obtained from the fatigue curve for

service cycles < 106

E = 25.1 x 106 psi ----------------- Modulus of elasticity at 650 'F
cX = 9.9 X 10-6 inch/inch-F ----------- Coefficient of thermal expansion at 6507F

Because of the large thermal mass of the TSC and' the concrete cask and the relatively constant

heat load produced by the TSC's contents, cyclic changes in AT greater than 57F 'will not occur.

Condition 5 - Temperature Difference - Dissimilar Materials

The TSC and its internal components contain several materials. However, the design of all

components considers thermal expansion, thus precluding the development of unanalyzed

thermal stress concentrations.

Condition 6 - Mechanical Loads

This condition does not apply. Cyclic mechanical loads are not applied to the concrete cask and

TSC during storage conditions. Therefore, no further cyclic loading evaluation is required.

The criteria of ASME Code, Section III, Subsections NB, Articles NB-3222.4 and NG-3222.4 are

met; therefore, fatigue analysis is not required.
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Table 3.5.1-1 TSC Thermal Stress, Q

Component Stresses (ksi)b

Table 3.5.1-2

Service S
LevelSe

TSC Normal Conditions, Pm Stresses

Component Stresses (ksi)b
Load Case ;tiona Sint Sallow FS

Sx Sy Sz ý SX I SYZ1~

Pressure A 3 I-0.501-6.931 3.91 0.13 0.02 0.85 111.01 N/A N/A

Pressure + Handling A 3 -0.58 1-9.4914.83 1-0.191-0.031 1.01 114.51120.00 1r.38

Table 3.5.1-3 TSC Normal Conditions, Pm + Pb Stresses

I
Table 3.5.1-4 TSC Normal Conditions, P + Q Stresses

a See Figure 3.10.3-2 for section locations.

b The x, y, z components of stress are to be interpreted radial, circumferential, and axial
directions, respectively.
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) 3.5.2 Fuel Basket Evaluation for Normal Operating Conditions

3.5.2.1 PWR Fuel Basket

This section evaluates the MAGNASTOR PWR fuel basket for normal operating conditions.

Factors of safety for the PWR fuel basket are calculated based on the criteria for Service Level

'A' limits from ASME Code, Section III, Subsection NG [7].

Normal Handling Evaluation

The PWR fuel basket is analyzed using classical hand calculations for a 1.1 g inertia loading in

the basket axial direction to account for the dead load and the handling load. During normal

conditions, the PWR fuel assemblies do not apply loads to the basket; they rest on the TSC

bottom. Using a bounding basket weight of 22,500 lb, the maximum stress in the fuel tube is

calculated. There are 21 fuel tubes in the PWR fuel basket. Conservatively assuming the entire

basket weight is carried through the fuel tubes, the stress in the tube (atube) is as follows.

Pb 1178
Gtube be - =0.1 ksi

A 11.4

where:

Wxa
Ptube = -= 1,178 lb --------------- Load per tube

n
W = 22,500 lb Bounding basket weight

a = 1.lg ------------------------ Inertia g-load
n = 21 ------------------------- Number of fuel tubes
A = 11.4 inch2  - - - - - - - - - - - - - - - - - - - Tube cross-sectional area

The factor of safety (FS) is as follows.

FS-_&m=_21.4_Large

G tube 0.1

where:

Sm = 21.4 ksi --------------------- Design stress intensity, SA-537 Class 1, at
700°F

The weight of the fuel tubes, Pt, is supported on connector pins. Referring to Figure 3.10.1-13,

the interior tubes (Tube #4) are supported by four connector pins; the side fuel tubes (Tube #1)

are supported by two connector pins and the side and comer weldments; and the comer fuel tubes
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(Tube #3) are supported by three connector pins. The bearing area is the intersection of the

connector pin assembly and the fuel tubes. The following sketch shows the cross-sectional area

of adjacent fuel tubes that are loaded by the connector pin assembly supporting the basket. The

diameter of the connector pin assembly is 0.75 inch. The bearing stress on the fuel tube (@ybrg) is

as follows.

1.lxPpin 1.1x394 2.1 ksi
Abrg .0.21 Connector Pin Assy

where:

Abrg = 0.21 inch 2

= 1p +lP, =394 lb3 4
Pt = 675 lb FuelTube" "

The factor of safety (FS) for bearing is as follows.

FS = y =32.3_Large
ybrg 2.1

where:

SY= 32.3 ksi --------------------- Yield strength, SA-537 Class 1, at 700"F

The bearing stress (Obrg) in the connector pin at the TSC bottom plate, conservatively using Ptube,

as previously determined is as follows.

Ptube = 1178 = 2.9 ksi(•brg =29ks
Abrg 0.41

where:

Abrg = •(D'- Di) (0.7520.192) 0.41 inch2
4 4

The factor of safety (FS) for bearing is as follows.

FS- y _20.7
0 brg 2.9
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where:

Sy = 20.7 ksi Yield strength, SA-240 Type 304, at 4007F-----------------------------------

The buckling evaluation of the connector pin is performed for the governing condition of the 24-

inch concrete cask end-drop accident, as shown in Section 3.7.2.1. The accident condition

buckling is bounding due to the 60g axial inertia loading.

The weight of the side and comer weldments is carried through to the TSC bottom plate by
supports at the bottom of the basket. The bounding dimensions for the supports of the

weldments are 5.0 inches in length and 0.3125-inch thickness (comer weldment). The maximum
weight of one weldment is 800 lb (bounding side weldment). The weldment supports one-

quarter of the weight of two fuel tubes (675 lb per tube, bounding). The bearing stress (abrg) is as

follows.

Gbrg 1.1xWup 1. 1x1138 0.8ksi

Asup 1.56

where:

Wsup= 800+2x(0.25x675)=11381b

Asup= 5.0 x 0.3125 = 1.56 inch 2

The factor of safety (FS) for bearing is as follows.

FS = Sy _ 32.3 =Large
abrg 0.8

where:

Sy = 32.3 ksi Yield strength, SA-537 Class 1, 7007F

The side and comer weldments are attached to the fuel tube array with bolts. The maximum

torque on the %-inch bolt is 50.0 inch-lb (40 inch-lb +10 inch-lb). The preload on the bolt (P) is

as follows.

P T 50 = 400 lb
0.2D 0.2x0.625

[12]

where:

T = 50 inch-lb ------------------- Maximum bolt torque

NAC International 3.5-9



MAGNASTOR System
Docket No. 72-1031

June 2008
Revision 2

D = 0.625 inch ------------------- Bolt diameter

A bounding bolt load of 1,500 lb is used for the bolt evaluation. The bolt thread is a %-11 UNC

and the length of engagement is 0.50 inch. From Machinery's Handbook [12], the tensile stress

(at) in the bolt is as follows.

at P 1500 _6.5 ksi
At 0.23

where:

= 0.7-854 D 0.9743 = 0.23 inch 2

D = 0.625 inch

n = 11

The factor of safety (FS), based on ASME Code, Section III, Subsection NB, Article NB-3230, is

as follows.

FS= 2(Smbm) 2x21.2 6.5

a•t 6.5

where:

Smbm -= 21.2 ksi ----------------------------------- Design stress intensity for SA 193, Gr B6 at
700°F

The shear stress (tbolt) in the bolt thread is as follows.

P 1,500
Tbolt- -- 150 3.0 ksi

A, 0.499

where:

A = 3.1416nLeKnm.x[2-+0.57735(Esmin -Knmax)1=0.499 inch2

The factor of safety (FS) is as follows.

FS = 0.6S. = 0.6x 23.3 = 4.66
T bolt 3.0
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where:

Sm = 23.3 ksi Design stress intensity, SA-193 Grade B6 at
700°F

The shear stress in the boss thread (@boss) is as follows.

P _1,500_

%boss = - = 2.1 ksi
An 0.713

where:

A,1= 3.1416nL+DsLI+0.57735(Dsmin _Enm.ax)0.713 inch 2An =3.146n~esmm2n

The factor of safety (FS) is as follows.
FS- 0.6S. 0.6x19.2 5.4

Tbolt 2.1

where:

Sm = 19.2 ksi --------------------- Design stress intensity, SA-695 Type B, Gr
40, at 700°F

The boss is welded into the fuel tube with a 1/4-inch groove weld. The shear stress in the boss

weld (Tweld), is as follows.

P 1,500
Tweld = -- =-- 1.5 ksi

Aw 0.98

where:

P = 1,500 lb
A, = rDt weld =7t x 1.25 x 0.25 =0.98 inch

D = 1.25 inches Boss diameter

Using the lesser allowable, Sm, of SA537 Class 1 or SA695 Type B, Gr 40, the factor of safety

(FS) is as follows.

FS = wfX0"6Sm --2.7
T weld
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where:

wf = 0.35-------------------------------- Weld quality factor visual inspection
(ASME Code Section III, NG, Article
NG-3352)
Design stress intensity, SA-695 Type B, Gr
40, at 700°F

Sm = 19.2 ksi -----------------------------------

The washers under the bolts are subjected to a bending load due to the bolt preload. Using

Roark's [13], Table 24-la, the maximum stress in the washer is calculated. The maximum stress

(a) in the washer is as follows.

6Mt
t2

6x180
- - 11.1 ksi
S0.31252

where:

a = 1.50 0.75 inch --------------- Radius of the cut out in support weldments
2

0.75
b - 07 0.375 inch -------------- Inner radius of the washer

2
ro = 0.55 inch -------------------- Average radius of bolt head
t = 5/16 inch -------------------- Thickness of washer

E = 27.0 x 106 psi - Modulus of elasticity (SA-240 Type 304)
= 0.3 ------------------------- Poisson's ratio

P 1,500
w= - - 434 lb/in

7cx2r. nrx2x0.55

G = B _ 27.0X10 6  1038x 106 psi
*2(1+ u) ) 2(1+0.3)

E t 3 2 7 0 1 6 0 31 2 3 ..
D =- 1 t _27.)X102(0.3125) 75,460 inch-lb

121FI- 2 1 2ý1 - .32)
Mt 180 inch-lb ------------------------------- Calculated using formulas in Roark's [ 13]

The factor of safety (FS) is as follows.

FS - 1.5Sm 1.5x16.0_ 2. 16
a 11.1

where:

Sm = 16.0ksi ----------------------------------- Design stress intensity, SA-240 Type 304, at
700°F
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The evaluation of the neutron absorber for normal handling conditions is bounded by the

evaluation for the 24-inch concrete cask end-drop accident (60g) as shown in Section 3.7.2.1.

Therefore, no evaluation for normal handling is presented in this section.

Thermal Stress Evaluation

The thermal stresses for the PWR fuel basket are calculated using a three-dimensional quarter-

symmetry ANSYS finite element model (Section 3.10.1.2). The model represents the top or

bottom 47 inches of the basket and calculates the stresses in the basket based upon bounding

thermal gradients in basket axial and radial directions. The thermal stresses are combined with

the maximum stresses for the normal handling condition. Factors of safety are calculated based

on Service Level 'A' limits from ASME Code, Section III, Subsection NG [7]. The maximum

handling stress in the basket is 0.1 ksi. The following presents the combined normal handling

plus thermal stress (P+Q) for the PWR basket.

Component Stherm, ksi Stotal, ksi Sallow, ksi FS
Fuel Tube 48.1 48.2 62.7 1.30
Support Weldments 17.4 17.5 62.7 3.58

The total stress is the sum of the component thermal stress and the normal handling stress. The

allowable stress is 3Sm (3 x 20.9 = 62.7 ksi for SA537 Class 1 at 755°F). Note that 7557F is

conservatively used to envelope all normal, off-normal and transfer conditions.

The axial average temperature at the center of the basket is 521 7F. The axial average

temperature at the outer radius of the basket is 454°F. The relative thermal expansion of the

basket in the axial direction between the center and outer edge of the basket is as follows.

AX = AXinner - Axouter = 0.57 - 0.48 = 0.09 inch

where:
Axinner = ATxLx(a, =(521-70)(173.5)(7.33x10-) =0.57 inch
Axouter = ATxLxa 2 = (454-70)(173.5)(7.21x10)= 0.48 inch

L = 173.5 inches ------------------ Fuel tube length
a, = 7.33x 10-6 inch/inch/F ---------- Coefficient of thermal expansion, SA537

CL1, at 521°F
ox2 = 7.21 x 10.6 inchiinch°F ----------- Coefficient of thermal expansion, SA537

CL1, at 454°F

Connector pins at the top and bottom of the basket are used to maintain the geometry of the fuel

tube array during manufacturing. A pin is inserted into the connector pin to maintain geometry

between adjacent fuel tubes. Adjacent fuel tube connector pins have a 0.08-inch gap between the

connector pins; see the following sketch. There are a minimum of two connector pin assemblies
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in the radial direction of the PWR basket. Therefore, the relative thermal expansion between the

adjacent tubes is approximately 0.05 inch (0.09/2), which is less than the pin gap of 0.08 inch.

No axial thermal stresses are produced by the axial expansion of the basket.

Top of Fuel Tube

Top of Fuel Tube

The maximum shear load calculated by ANSYS in the basket attachment bosses is 3.5 kip due to

the radial thermal expansion of the basket. The shear stress in the boss (Tboss) is as follows.

Tboss
_P 3.5-3P - = 3.8 ksi

A 0.92

where:

A I 4(D2-D 2)=0.92inch2

* Do = 1.25 inches
Di= 0.63 inch

The factor of safety (FS) is as follows.
FS= -0.6Sm 0.6x19.2

FS __ _____= = 3.03
boss 3.8

where:

Sm = 19.2ksi ----------------------------------- Design stress intensity SA-695 Type B,
Gr 40 at 700OF

Based on the analysis results from the thermal stress model, the thermal expansion of the basket

does not result in additional tensile load in the attachment bolts. Therefore, no additional bolt

analysis for thermal loads is required.
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Neutron Absorber Retainer Thermal Stress Evaluation

The attachment of the retainer strip and neutron

absorber to the fuel tube using weld posts allows each

component to move independently during thermal etainer
Strip

growth. In the case of the stainless steel retainer strip,

the expansion of the neutron shield material, which is Weld
Post

composed primarily of aluminum, and the carbon steel

fuel tube tends to tighten the joint created by the weld

post. Thermal stresses may develop between the weld

posts because the carbon steel fuel tube expands at a

different rate than the retainer strip. -0.25

The equation used to calculate the difference in *-0.34--H

expansion between carbon and stainless steel, A, is as follows.

A = (,x AT x L) - (a, xATxL) (1)

The standard formula to calculate the deflection of a beam or plate is as follows.

PL _ aL
A - -- *(2)AE E

Substituting equation (1) into equation (2) and solving the retainer strip thermal stress, a, is as

follows.

BA = E ((x,, - cx c)(AT) 38.4 ksi (3)

where:

Xs = 10.0 x 10-6 inch/inch/F ---------- Coefficient of thermal expansion, SA-240
Type 304, at 755°F

o~s = 7.7 x 10-6 inchlinch 0 F ----------- Coefficient of thermal expansion, SA-537
Class 1, at 755°F

AT = 7557F -707F = 630F ------------ Difference between maximum PWR
temperature and ambient conditions

Tmax = 755 0F ----------------------- Bounding basket temperature
E = 24.4 x 106 psi ----------------- Modulus of elasticity, SA-240 Type 304, at

755 0F
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The factor of safety (FS) is as follows.

FS - 3S. 46.5 = 1.21

T 38.4

where:

Sm = 15.5 psi ----------------------------------- Design stress intensity, SA-240 Type 304, at
755 0 F

3.5.2.2 BWR Fuel Basket

This section evaluates the MAGNASTOR BWR basket for normal operating conditions. Factors

of safety for the BWR basket are calculated based on the criteria for Service Level 'A' limits

from ASME Code, Section III, Subsection NG [7].

Normal Handling Evaluation

The BWR basket is analyzed using classical hand calculations for a 1.1 g inertia loading in the
basket axial direction to account for the dead load and the handling load. During normal

conditions, the BWR fuel assemblies do not apply loads to the basket; they rest on the TSC

bottom. Using a bounding weight of 24,000 lb, the maximum stress in the fuel tube is calculated.

There are 45 fuel tubes in the BWR basket. Conservatively assuming the entire basket weight is

carried through the fuel tubes, the stress in the tube (Ctube) is as follows.

P~b 587
(tube tube - = 0.1 ksi

A 6.1

where:

Wxa
Ptube - = 587 lb --------------- Load per tube

n
W = 24,000 lb

a = 1.lg -----
n = 45------

A = 6.1 inch2

----------------------------------

----------------------------------

Bounding basket weight
Inertia g-load
Number of fuel tubes
Tube cross-sectional area

The factor of safety (FS) is as follows.

FS = Sm _ 21.44= Largea tube 0.1
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where:

Sm = 21.4 ksi --------------------- Design stress intensity, SA-537 Class 1, at
700°F

The weight of the fuel tubes, Pt, is supported on connector pins. For tube locations presented in

Figure 3.10.2-13, the interior tubes (Tube #4) are supported by four connector pins; the side fuel

tubes (Tube #1) are supported by two connector pins and the side and comer weldments; and the

comer fuel tubes (Tube #5) are supported by three connector pins. The bearing area is the

intersection of the connector pin assembly and the fuel tubes. The following sketch shows the

cross-sectional area of adjacent figure tubes that is loaded by the connector pin assembly. The

diameter of the connector pin assembly is 1.0 inch. The bearing stress on the fuel tube &Ybrg) is as

follows.

1.1xPpi. 1.1X233 o0.8ksi
Abrg 0.34

where:
Abrg = 0.34 inch 2

1 1Ppin= 1P+-Pt= 233 lb
3t 4t

Pt = 400 lb
Aft•

The factor of safety (FS) for bearing is as follows.

S 32.3
FS -S 3 =Large

Cybrg 0.8

where:

Sy= 32.3 ksi --------------------- Yield strength, SA-537 Class 1, at 7007F

The bearing stress ((Tbrg) in the connector pin at the TSC bottom plate, conservatively using Ptube

as previously determined, is as follows.

Ptube 587
Gbrg -- _ 0.8 ksi

Abrg 0.75

where:

Abrg= 4(D2 -D•> 4(.02 -0.192) = 0.75 inch 2

4 0 4
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The factor of safety (FS) for bearing is as follows.

FS - SY 24.7_Large
abrg 0.8

where:

Sy = 24.7 ksi --------------------- Yield strength, SA-240,Type 304, at 700'F

The buckling evaluation of the connector pin is performed for the governing condition of the 24-

inch concrete cask end-drop accident, as prescribed in Section 3.7.2.2. The accident event

buckling evaluation is bounding due to the 60g axial inertia loading.

The weight of the side and comer weldments is carried through to the TSC bottom plate by

supports at the bottom of the basket. The comer weldment is bounding for the top and bottom

supports. The dimensions for the comer support weldment are 8.0 inches in length and 0.375-

inch thickness. The bounding weight of the comer weldment is 1,100 pounds. The comer

weldment also supports one-quarter of the weight of four fuel tubes (400 lb per tube, bounding).

The bearing stress (abrg) is as follows.

brgP 1650 A =0.6 ksi
Asup 3.0

where:

Wsup = 1.1x(1,100+4x(0.25X400)) = 1650 lb
Asup = 8.OxO.375=3.0 inch 2

The factor of safety (FS) for bearing is as follows.

FS = Sy = 32.3_Large
Gbrg 0.6

where:

Sy = 32.3 ksi --------------------- Yield strength, SA-537 Class 1, 7000F

The side and comer weldments are attached to the fuel tube array with bolts. The maximum

torque on the %-inch bolt is 50 inch-lb (40 ±10 inch-lb). The preload on the bolt (P) is as

follows.

P T 50 -400 lb [12]
0.2D 0.2x0.625
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where:

T = 50 inch-lb -------------------- Maximum bolt torque
D = 0.625 inch ------------------- Bolt diameter

The bolt thread is a %-11 UNC and the minimum length of engagement is 0.38 inch. A bolt load

of 1,000 lb is conservatively used for the evaluation. From Machinery's Handbook [12], the

tensile strength (at) in the bolt is as follows.

at = P 1,000 4.3 ksi
At 0.23

where:

At= 0.7854(D 0.9743)= 0.23 inch2

.D = 0.625 inch
n= 11

The factor of safety (FS) is as follows.

FS- 2(SBM)_ 2x21.2 =9.8
at 4.3

where:

SmBM = 21.2 ksi --------------------- Design stress intensity for SA-193, Gr B6, at
700°F

The shear stress in the bolt thread ('tbolt) is as follows.
P _1,000

"bolt-- -- 1 --- = 2.6 ksi
As 0.379

where:

As 3.14l6lLeKnmaL 1 +0.57735(Esmin -Knmx)]=0.379 inch2

n= 11

The factor of safety (FS) is as follows.

FS = 0.6S. = 0.6x23.3_ 5.37

Tbolt 2.6
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where: If1

Sm = 23.3 ksi ---------- ----------- Design stress intensity, SA-193 Grade B6, at
700°F

The shear stress in the boss thread (rboss) is as follows.

_ P 1,000
Tboss P -- 1.8 ksi

An 0.542

where:

A = 3.1416nLeDsmin[l+0.57735(Dsmin -Enmax)]= 0.542 inch 2

Le = 0.38 inch
Enmax = 0.5732
Dsmin = 0.6113

n= 11

The factor of safety (FS) is as follows.

FS - 0.6S, _ 0.6x19.2 6.4

F= bolt 1.8

where:

Sm = 19.2 ksi --------------------- Design stress intensity, SA-695, Type B,
Gr 40, at 700°F

The boss is welded into the fuel tube with a 3/16-inch groove weld. The shear stress in the boss

weld (Tweld) is as follows.

_ P _1,000

Tweld - -- - 1.7 ksi
Aw 0.59

where:

P = 1000lb
Aw = 7tDtwed =x7xl.00x0.1875 =0.59 inch

D = 1.00 inch -------------------- Smallest boss diameter

Using the. lesser allowable, Sm, of SA-537 Class 1 or SA-695 Type B, Gr 40, the factor of safety

(FS) is as follows. Ask
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FS = 0.35x0.6Sm = 2.37

"Cweld

where:

Sm = 19.2 ksi --------------------- Design stress intensity, SA-695 Type B
Grade 40, at 7007F

The washers under the bolts are subjected to a bending load due to the torque of the bolts. The

inner and outer radius of the washer is 0.75 inch and 1.50 inches, respectively. The washer is

evaluated using the maximum bolt load (1,000 lb) and minimum: washer thickness (3/16 inch).

The maximum bending moment in the washer is calculated to be 34.2 inch-lb. The maximum

stress (a) in the washer is as follows.
6Mt 6x0.034 5.8 ksi

t2 0.18752

where:

t = 3/16 inch -------------------- Thickness of washer

Mt = 0.034 inch-kip

The factor of safety (FS) is as follows.
FS=- 1.5Sm 1.5x16.0 -4.14

aY 5.8

where:

Sm = 16.0 ksi ---------------------- Design stress intensity, SA-240 Type 304, at
700°F

The evaluation of the neutron absorber for normal handling conditions is bounded by the

evaluation for the 24-inch concrete cask end-drop accident (60g) as shown in Section 3.7.2.2.

Therefore, no evaluation for normal handling is presented in this section.

Thermal Stress Evaluation

The thermal stresses for the BWR fuel basket are calculated using a three-dimensional quarter-

symmetry ANSYS finite element model (Section 3.10.2.2). The model represents the top or

bottom 43 inches of the basket and calculates the stresses in the basket based upon bounding

thermal gradients in basket axial and radial directions. The thermal stresses are combined with
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the maximum stresses for the normal handling condition. Factors of safety are calculated based

on Service Level 'A' limits from ASME Code, Section III, Subsection NG [7]. The maximum

handling stress in the basket is 0.1 ksi. The following presents the combined normal handling

plus thermal stress (P+Q) for the BWR fuel basket.

Component Stherm, ksi Stotal, ksi Sallow, ksi FS
Fuel Tube 28.5 28.6 63.6 2.22
Support Weldments 8.5 8.6 63.6 7.40

The total stress is the sum of the component thermal stress and the normal condition stress. The

allowable stress is 3Sm (3 x 21.2 = 63.6 ksi for SA-537 Class 1 steel at 720'F). Note that 720'F

is conservatively used to bound all normal, off-normal and transfer conditions.

The average temperature at the center of the basket is 509'F. The average temperature at the

outer radius of the basket is 43 7°F. The relative thermal expansion of the basket in the axial

direction between the center and outer edge of the basket is as follows.

AX = AXinner - AXouter = 0.53 - 0.44 = 0.09 inch

where:

Axinner= ATxLxcxI =(509-70)(166.5)(7.31xi0-) 0.53 inch

Axouter= ATxLx×x 2 =(437- 70)(166.5)(7.17x10-) 0.44 inch

L = 166.5 inch ------------------- Fuel tube length
ox = 7.31 x10-6 inch/inch/F ----------- Coefficient of thermal expansion, SA537

CL1, at 509°F
(x2 = 7.17x 10-6 inchiinchiF ----------- Coefficient of thermal expansion, SA537

CL1, at 437 0F

Connector pins at the top and bottom of the basket are used to maintain the geometry of the fuel

tube array. A pin is inserted into the connector pin to maintain geometry between adjacent fuel

tubes. Adjacent fuel tube connector pins have a 0.08-inch gap between the connector pins; see

the following sketch. There are a minimum of three connector pin assemblies in the radial

direction of the BWR basket. Therefore, the relative thermal expansion between the adjacent

tubes is approximately 0.03 inch (0.09/3), which is less than the pin gap of 0.08 inch. No axial

thermal stresses are produced by the axial expansion of the basket.
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Top of Fuel Tube

-0.08

Top of Fuel Tube

The maximum shear load calculated by ANSYS in the basket attachment bosses is 4.2 kip due to

the radial thermal expansion of the basket. The shear stress in the boss (Tboss) is as follows.

Tboss
- P _4.2P - = 8.9 ksi

A 0.47

where:

A = 't(D2-D 2 0.47inch24

Do = 1.00 inch
Di = 0.63 inch

The factor of safety (FS) is as follows.

0.6S 0 .6 x19.2
FS - "m - 8.9 =1.29

boss 8.9

where:

Sm = 19.2 ksi --------------------- Design stress intensity, SA-695 Type B,
Gr 40, at 700°F

The thermal expansion of the basket does not add significant additional tensile loads to the bolts;

therefore, no additional bold analysis for thermal loads is required.

Neutron Absorber Retainer Thermal Stress Evaluation

The stainless steel retainer strips are fastened to the carbon steel fuel tube using fixed weld posts

spaced along the length of the tube. Because of the dissimilar material properties, differential

thermal expansion of the components results in thermal stresses in some of the components.

Since the stress due to differential thermal expansion is not a function of length, the evaluation
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provided in Section 3.5.2.1 for retainer for the PWR is applicable to that for the BWR. No

further analysis is required.
C.

3.5.3 Concrete Cask Evaluations for Normal Operating Conditions

The structural evaluation of the concrete cask for normal conditions considers the combination of

thermal stresses, dead and live loads, and wind loads (see Chapter 2 for load combinations). The

analysis results are presented in Section 3.5.3.3. The conservative stress due to wind loads is

obtained from Section 3.7.3.2.

3.5.3.1 Concrete Cask Thermal Stresses

Using the finite element model presented in Section 3.10.4, a structural evaluation of the

concrete cask for normal conditions thermal loads was performed. The analysis conservatively

considered a bounding temperature profile corresponding to the off-normal thermal event (106 0F

ambient).

The following summarizes the critical thermal stresses for normal conditions.

Component Stress (ksi)
Circumferential Rebar 15.6
Vertical Rebar 19.1
Concrete, Compression 1.0
Concrete, Tension 0.1

/*

3.5.3.2 Dead and Live Loads

Dead Loads

The concrete cask dead load consists primarily of the weight of the concrete. Assuming all dead

loads are reacted by the lower concrete surface only, stress levels can be determined. Under

these conditions, the only stress component is the vertical axial compression stress. The

maximum stress (aýsk) at the base of the concrete cask in the concrete is as follows.

- Wcsk _ 210,000_23.0psi
a~cask =--____=2 .0 s

A 9,119

where:

Wcask = 210,000 lb
Do = 136.0 inch

NAC International
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Di = 82.98 inch
A = 7t (D,' - Di2) / 4 = 9,119 inch 2

The concrete bearing strength (fb) is much larger than the applied load.

fb = O(O.85fA),= 0.85(0.85x3800x9119)= 25.0 x 106 lb> 210,000 lb

where:

fc= 3,800 psi ---------------------------------- Compressive strength, concrete, at 3007F

Live Loads

The live load calculation considers the loaded transfer cask positioned on top of the concrete cask

for transfer of the TSC for development of the peak live load bounding condition. Assuming live

loads are reacted by concrete sections (no credit taken for steel liner), stress levels are

conservatively determined. Under these conditions, the-only stress component is the vertical

axial compression stress (Gconcrete cask).

= WT _ 230,000
Gconcrete cask A 9,119 = 25.2 psi

A 9,119

where:

WTFR = 230,000I b
Do = 136.0 inch
Di = 82.98 inch
A = rt (Do2 - Di2) / 4 = 9,119 inch2

Loaded transfer cask

3.5.3.3 Concrete Cask Combined Stresses

The load combinations described in Chapter 2 are used to evaluate the concrete cask for normal

conditions of storage (Load Conditions 1, 2, and 3). Concrete cask stresses are summarized in

Table 3.5.3-1, Table 3.5.3-2, and Table 3.5.3-3 for the various loading conditions on the concrete

cask.

The allowable compressive stress for concrete (Soon) is as follows.

Scon = Ofc =2,660 psi

where:

= 0.7 ------------------------ Strength reduction factor [5]
= 3,800 psi -------------------- Compressive strength of concrete at 3007F
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The concrete ultimate strength allowable is 8% to 15% of the compressive stress [14]; therefore,

the allowable ultimate strength (Stc) is as follows.

St= 0.08 x Scoo = 0.08 x 2660 = 213 psi or 0.21 ksi

The maximum concrete compressive stress is 1,332 psi (see Table 3.5.3-2); therefore, the

minimum factor of safety (FS) for normal conditions is as follows.

=2,660
FS - = 2.00

1,332

From Section 3.5.3.1, the maximum concrete ultimate strength due to thermal load is 0.1 ksi.

Multiplying the stress by a 1.275 factor for normal conditions thermal stresses (see Chapter 2),

the factor of safety (FS) for concrete ultimate strengths is as follows.

___ __ _ 0.21FS = St = -0.1 = 1.62
St = 1.275 0.lxl.275

The allowable stress for rebar (Sreba,) is as follows.

Srebar = OFr = 54.0 ksi

where:

= 0.9 -------- ---------------- Strength reduction factor [5]

Fr = 60.0 ksi --------------------- Yield strength, rebar

From Section 3.5.3.1, the maximum rebar stress due to thermal load is 19.1 ksi. The stresses due

to other loadings are negligible for normal conditions. Compressive loads are carried by the

concrete. Multiplying the stress by a 1.275 factor for normal conditions thermal stresses (see

Chapter 2), the factor of safety (FS) for the rebar is as follows.

FS= - Srebar 54.0 - 2.21

St xl.275 19.1xl.275
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Table 3.5.3-1 Concrete Cask Vertical Stress Summary - Outer Surface, psi

Condition Dead Live Wind Thermal Seismic Flood Tornado Total
1 -32 -43 0 0 0 0 0 -75
2 -24 -32 0 0 0 0 0 -56
3 -24 -32 -24 0 0 0 0 -80

Table 3.5.3-2 Concrete Cask Vertical Stress Summary - Inner Surface, psi

Condition Dead Live Wind Thermal Seismic Flood Tornado Total
1 -32 -43 0 0 0 0 0 -75
2 -24 -32 0 -1261 0 0 0 -1317
3 -24 -32 -15 -1261 0 0 0 -1332

Table 3.5.3-3 Concrete Cask Circumferential Stress Summary - Inner Surface, psi

Condition Dead Live Wind Thermal Seismic Flood Tornado Total
1 0 0 0 0 0 0 0 0
2 0 0 0 -566 0 0 0 -566
3 0 0 0 -566 0 0 0 -566
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3.6 Off-Normal Operating Events

This section presents the analyses of the major structural components of MAGNASTOR for off-

normal events of storage. MAGNASTOR is evaluated using finite element models and classical

hand calculations for the fuel baskets and TSC. Off-normal environmental events are defined as

-40'F with no solar load, 106'F with solar load, and half-blockage of the concrete cask air inlets.

3.6.1 TSC Evaluations for Off-Normal Operatinq Events

3.6.1.1 Thermal Stresses for Off-Normal Events

The thermal stresses of the TSC are calculated using the ANSYS finite element model described

in Section 3.10.3. As discussed in Section 3.5.1.1, the temperature gradient applied to the TSC

bounds the temperature gradient for all conditions of storage. Therefore, the maximum thermal

stresses for the off-normal severe ambient temperature event are bounded by those presented in

Table 3.5.1-1.

3.6.1.2 Off-Normal TSC Load Analyses

Based on the load combinations specified in Table 2.3-2, the following two off-normal load

events are evaluated.

* Off-normal internal pressure + normal handling + thermal (ASME Code, Level B)

* Normal internal pressure + off-normal handling (ASME Code, Level C)

For detailed analyses results for off-normal conditions, see Table 3.10.3-7 through Table

3.10.3-11.

Off-Normal Internal Pressure with Normal Handling

The TSC is analyzed for off-normal pressurization and normal handling loads using the finite

element model described in Section 3.10.1 Applying a 1.1 g acceleration load in the axial

direction to a loaded TSC simulates normal handling. To represent the off-normal pressure, an

internal pressure of 130 psig is applied to all internal surfaces. A bounding temperature profile is

considered for the thermal stress calculation, as discussed in Section 3.10.3.

The resulting maximum stresses in the TSC for Service Level 'B' off-normal loads are

summarized in Table 3.6.1-1 for primary membrane, Table 3.6.1-2 for primary membrane plus

primary bending, and Table 3.6.1-3 for primary plus secondary stress categories. The minimum
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factor of safety of 1.18 (Pm + Pb) occurs at Section 3. The locations for the stress sections are

shown in Section 3.10.3.

Off-Normal Handling with Normal Internal Pressure

An evaluation is performed for the off-normal handling loads on the TSC during the installation

of the TSC in the concrete cask, removal of the TSC from the concrete cask, and removal from

the transfer cask. The TSC is handled vertically in both the concrete and transfer casks.

0

The TSC is analyzed for handling loads using the finite

element model described in Section 3.10.3. The off-

normal TSC handling loads are defined as 0.5g applied in

all directions (i.e., in the global x, y, and z directions) in

addition to a 1 g lifting load applied in the finite element

model. The resulting off-normal handling accelerations

are 0.707g in the lateral direction and 1.5g (0.5g + 1.0g) in

the vertical direction. To represent the normal pressure, an

internal pressure of 110 psig is applied to all internal surfaces.

Off-Normal Handling

SG, = 1.5

= 0.52 + 0.52

= 0.707

The resulting maximum- stresses in the TSC for Service Level 'C' off-normal loads are

summarized in Table 3.6.1-1 for, primary membrane, Table 3.6.1-2 for primary membrane plus

primary bending, and Table 3.6.1-3 for primary plus secondary stress categories. The minimum

factor of safety of 1.27 (Pm + Pb) Occurs at Section 3. The locations for the stress sections are

shown in Section 3.10.3.
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Table 3.6.1-1 TSC Off-Normal Events, Pm Stresses

e Service Component Stresses (ksi)bLLevel S' x Sy Sz SxY Syz Sxz

Off-Normal Pressure +Off-Normal Ha g + B 3 -0.67 -10.75 5.54 -0.21 -0.03 1.16 16.51 22.00 1.33Normal Handling

Normal Pressure +
Off-Normal Handling 1.52

Table 3.6.1-2 TSC Off-Normal Events, Pm + Pb Stresses

Load Case Service Section a Component Stresses (ksi)b Sint Sallow FSLevel SX Sy SZ Sxy Syz SXZ

Off-Normal Pressure +Hanli PB 3 -0.28 -5.53 22.31 0.00 0.00 1.47 27.94 33.00 1.18.HandlingI

Normal Pressure + Off- 3 -0.23 -6.17 21.24 -0.14 0.05 1.35 27.49 34.80 1.27
Normal Handling

Table 3.6.1-3 TSC Off-Normal Events, P + Q Stresses

Load Case Service Component Stresses (ksi) b jL Sectiva - - Sint Sallow. FS

Off-Normal Pressure +
Normal Handling +

Thermal
B 12 -44.54 -41.221-9.07 1-1.361 0.06 -1.71 36.12160.00 1.66

a

b
See Figure 3.10.3-2 for section cut locations.
The x, y, z components of stress are to be interpreted radial, circumferential and axial
directions, respectively.
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3.6.2 Fuel Basket Evaluation for Off-Normal Operating Events

3.6.2.1 PWR Fuel Basket

This section evaluates the MAGNASTOR PWR basket for off-normal events using both classical

hand calculations and finite element analysis methods. Factors of safety for the PWR basket are

calculated based on the criteria for Service Level 'C' limits from ASME Code, Section III,

Subsection NG [7].

The inertia loading for off-normal handling events is a 1.5g vertical acceleration and a 0.707g

(0.5g in each transverse direction) transverse acceleration. The basket stresses due to the

transverse loading are calculated using the three-dimensional periodic finite element models

described in Section 3.10.1. Both half-symmetry models for the 0' and 45' basket orientations

are used. Using a bounding weight of 22,500 pounds for the PWR basket, the maximum stress in

the fuel tube in the axial direction is calculated. Conservatively assuming the entire basket

weight is carried through the fuel tubes, the stress in the tube due to the axial acceleration is as

follows.

tube tube 1607 0.14 ksi
A 11.4

where:

Ptube Wxa 22500xl.5 1,607lb
n 21

W = 22,500 lb -------------------- Bounding basket weight
n = 21 ------------------------- Number of fuel tubes
a = 1.5g ---------------------------------------- Inertia g-load

A = 11.4 inch2  - - - - - - - - - - - - - - - - - - - - Tube cross-sectional area

The maximum primary membrane and primary membrane plus bending due to transverse' loading

(Strn) from the finite element analysis results are shown in the following table. See Figure

3.10.1-13 through Figure 3.10.1-20 for locations of critical sections where the stresses are

reported. The combined maximum stress intensity (Stot) is conservatively obtained by adding the

maximum stresses due to axial load (atube) to the maximum stresses due to transverse load (Strn).

The combined stresses and factors of safety are presented in the following table. The allowable

stresses for the off-normal events (Level C) are 1.5Sm for membrane stresses and 2.25Sm for

membrane plus bending stresses. A bounding temperature of 755'F is conservatively used.
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Component Stran, ksi Stot, ksi Saiiow, ksi FS
Fuel Tube, Pmn 5.8 5.9 31.4 5.32
Fuel Tube, Pm + Pb 18.9 19.0 47.0 2.47
Support Weldments, Pm 0.4 0.5 31.4 Large
Support Weldments, Pm + Pb 5.6 5.7 47.0 8.25

The weight of the fuel tubes is supported on connector pins. Referring to Figure 3.10.1-13, the

interior tubes (Tube #4, typical) are supported by four connector pins; the side fuel tubes (Tube

#1, typical) are supported by two connector pins and the side and comer weldments; and the

comer fuel tubes (Tube #3, typical) are supported by three connector pins. The bearing stress on

the fuel tube (abrg) is as follows.

brg- 1.5 X Pon 1.5x394 2.8 ksi
Abrg 0.21

where:

Abrg = 0.21 inch2  - - - - - - - - - - - - - - - - - - - - Bearing area
Ppin = Y/Pt + 1APt = 394 lb ------------- Combined loading on one support pin

Pt = 675 lb ---------------------- Tube weight

The factor of safety (FS) for bearing is as follows.

FS - . 32.3= Large
Cybrg 2.8

where:

Sy=32.3 ksi ----------------------- Yield strength, SA-537 Class 1, at 7007F

The bearing stress (Gbrg) in the connector pin at the TSC bottom plate, conservatively using Ptube

as previously determined, is as follows.

Ptube 1607
Obrg-" -- =3.9 ksi

Abrg 0.41

where:

Abrg = 4C(D2o-D2)=4(0.752 0.192) =0.41 inch2

Do = 0.75 inch
Di = 0.19 inch

The factor of safety (FS) for bearing is as follows.
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F S= 24.76
FS- Sy _24"7 6.3

abrg 3.9

where:

SY 24.7 ksi --------------------- Yield strength, SA-240 Type 304, at 700'F

The weight of the side and comer weldments is carried through to the TSC bottom plate by

supports at the bottom of the basket. The bounding dimensions for the supports of the

weldments are 5.0 inches in length and 0.3125-inch thickness (corner weldment). The maximum

weight of one weldment is 800 lb (bounding, side weldment). The weldment supports one-

quarter of the weight of two fuel tubes (675 lb per tube, bounding). The bearing stress is as

follows.

lbrg 15SX Wup 1.1 ksi

where:

Wsup = 800+2x(0.25x675)=1138lb
Asup = 5.0 x 0.3125 =1.56 inch2

The factor of safety (FS) for bearing is as follows.

FS Sy 32.3 Large
Gbrg 1.1

where:

Sy 32.3 ksi --------------------- Yield strength, SA-537 Class 1, at 700'F

The buckling evaluation of the connector pin is performed in Section 3.7.2.1. The accident

condition buckling evaluation is bounding due to the conservative 60g axial inertia loading.

The maximum tensile load in the attachment bolts for the off-normal condition is 770 pounds.

The bolts have been evaluated for the bounding load of 1,500 lb for the normal condition in

Section 3.5.2.1. The maximum shear load on a boss for the off-normal condition is 842 pounds.

The bosses were evaluated with a bounding shear load of 3,500 lb for the normal condition.

Therefore, no further analysis is required for the bolts and bosses for off-normal conditions.
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The analysis presented in Section 3.7.2.1 bounds the off-normal analysis of the neutron absorber

and retainer strip; therefore, no additional analysis is required.

3.6.2.2 BWR Fuel Basket

The analysis of the BWR basket for off-normal events uses both classical hand calculations and

finite element analysis methods. The ANSYS finite element model and boundary conditions are

presented in Section 3.10.2 for the 00 and 450 basket orientations. Factors of safety for the BWR

basket are calculated based on the criteria for Service Level 'C' limits from ASME Code, Section

III, Subsection NG [7]. The inertia loading for off-normal events is a 1.5g vertical acceleration

and a 0.707g (0.5g in each transverse direction) transverse acceleration

For off-normal events of storage, a 1.5g acceleration (a) is applied to the basket in the axial

direction. Using a bounding weight of 24,000 lb for the BWR basket, the maximum stress in the

fuel tube in the axial direction is calculated. Conservatively assuming the entire basket weight is
carried through the fuel tubes, the stress in the tube due to the axial acceleration is as follows.

tubebe 800 0.13 ksi
A 6.1

where:

Wxa 24,000xl.5
Ptube = - -= 800 lb

n 45
W = 24,000 lb -------------------- Bounding basket weight
N = 45 ------------------------- Number of fuel tubes
a = 1.5g ------------------------ Inertia g-load

A = 6.1 inch 2  - - - - - - - - - - - - - - - - - - - - Tube cross-sectional area

The maximum primary membrane and primary membrane plus bending stresses due to transverse

loading (Stran) from the finite element analysis results are as follows. See Figure 3.10.2-14

through Figure 3.10.2-20 for locations of critical sections where stresses are reported. The

combined maximum stress intensity (Stot) is conservatively obtained by adding the maximum

stresses due to axial load (Gtube) to the maximum stresses due to transverse load (Stran). The
combined stresses and factors of safety are presented in the following table. The allowable

stresses for the off-normal events (Level C) are 1.5S.m for membrane stresses and 2 .2 5 Sm for

membrane plus bending stresses.
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Component Stran, ksi Stot, ksi Saiiow, ksi FS

Fuel Tube, Pm 11.8 11.9 32.10 2.70
Fuel Tube, Pm + Pb 32.9 33.0 48.15 1.46
Support Weldments, Pm 0.5 0.6 32.10 Large
Support Weldments, Pm + Pb 5.3 5.4 48.15 8.92

The weight of the fuel tubes is supported on connector pins. Referring to Figure 3.10.2-13, the

interior tubes (Tube #4, typical) are supported by four connector pins; the side fuel tubes (Tube

#1, typical) are supported by two connector pins and the side and comer weldments; and the

comer fuel tubes (Tube #5,typical) are supported by three connector pins. The bearing stress

(Cbrg) on the fuel tube is as follows.

1.5xPpi_ 1.5x233Obrg• --____ 1.0 ksi
Abrg 0.34

where:

Abrg = 0.34 inch 2  - - - - - - - - - - - - -- - - - - - - Bearing area

Ppin = 1-Pt + 1Pt = 233 lb ------------- Combined loading on one pin

Pt = 400 lb ---------------------- Fuel tube weight

The factor of safety (FS) for bearing is as follows.

FS = Sy 32.3 = Large
abrg 1.0

where:

Sy = 32.3 ksi --------------------- Yield strength, SA-537 Class 1, at 700°F

The bearing stress (Ubrg) in the connector pin at the TSC bottom plate, conservatively using Ptube

as previously determined, is as shown.

Pub 800
abrg- tube - = 1.1 ksi

Abrg 0.75

where:

Abrg = -(D2 -D2)= 4(.02 -0.192) = 0.75 inch2

Do = 1.00 inch
Di = 0.19 inch
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The factor of safety (FS) for bearing is as follows.

S 24.7
FS= ~' = -=Large

Cbrg 1.

where:

Sy 24.7 ksi --------------------- Yield strength, SA-240 Type 304, at 7007F

The weight of the side and corner weldments is carried through to the TSC bottom plate by

supports at the bottom of the basket. The comer weldment is bounding for the top and bottom

supports. The dimensions for the corner support weldment are 8.0 inches in length and 0.375-

inch thickness. The bounding weight of the corner weldment is 1,100 pounds. The corner

weldment also supports one-quarter of the weight of four fuel tubes (conservatively 400 lb per

tube). The bearing stress is as follows.

brg WSUP L 0.8 ksi

where:

Wsup = 1.5x(l,100+4x(0.25x400))= 2,250 lb
Asup = 8.OxO.375=3.Oinch 2

The factor of safety (FS) for bearing is as follows.

FS = Sy _32-3 Large
G brg 0.8

where:

Sy= 32.3 ksi -------- ------------- Yield strength, SA-537 Class 1, at 7007F

The maximum bolt load due to off-normal load is 1,241 pounds. Combined with a bolt preload

of 400 lb, the maximum bolt load is 1,641 pounds. A bolt load of 1,700 lb is used for the
evaluation. From Machinery's Handbook [12], the tensile strength (at) in the bolt is as follows.

P _ 1,700
-- 7.4ksiAt 0.23
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where:

t= 0.7854D -0.9743 = 0.23 inch 2

D = 0.625 inch
n= 11

The factor of safety (FS) is as follows.

FS - m -2=3.15
Ot 7.4

where:

Sm = 23.3 ksi --------------------- Design stress intensity for SA-193, Gr B6, at
700OF

The shear stress in the bolt thread ('rbolt) is as follows.

P 1,700
Tbolt" - - = 4.5 ksi

A, 0.379

where:

A = 3.1416nLeKnmx-•n+0.57735(Esmin-Knmaxj=0.379inch 2

n= 11

The factor of safety (FS) is as follows.

FS - 0.6Sy _ 0.6x70.0 9.3

"Tbolt 4.5

where:

Sy = 70.0ksi ---------------------

The shear stress in the boss thread (Tboss) is as follow
_ P 1,700

Tboss P - - - 3.1 ksi
An 0.542

Yield strength, SA-193 Grade B6, at 700'F
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where:

An= 3.1416nLeDsmin[-L+0.57735(Dsmin -Enmax).= 0.542 inch2

Le = 0.38 inch
Enmax = 0.5732
Dsmin = 0.6113

n = 111

The factor of safety (FS) is as follows.
FS - 6Sy _ 0.6x28.6_ 5.54

' bolt 3.1

where:

Sy= 28.6 ksi Yield strength, SA-69.5, Type B, Gr 40, at
700OF

The boss is welded into the fuel tube with a 3/16-inch groove weld. The shear stress in the boss

weld (tweld) is as follows.

_ P _1,700

'weld P -__ - -2.9 ksi
Aw 0.59

where:

P = 1,700 lb
Aw = 7Dtweld =n txl.00x0.1875 = 0.49 59 inch

D = 1.00 inch -------------------- Smallest boss diameter

Using the lesser allowable, Sm, of SA-537 Class 1 or SA-695 Type B, Gr.40, the factor of safety

(FS) is as follows.

FS = 0.35 x 0.9Sm = 2.10
"weld

where:

Sm = 19.2 ksi --------------------- Design Stress Intensity, SA-695 Type B

Grade 40, at 700°F

The washers under the bolts are subjected to a bending load due to the torque of the bolts. Using

the maximum bolt load (1,700 lb) and the minimum washer thickness (3/16 inch), the maximum
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bending moment in the washer is calculated to be 58.1 inch-lb. The maximum stress (C) in the

washer is as follows.

6Mt 6x0.058 9.9 ksi

1 0.18752

where:

t = 3/16 inch -------------------- Thickness of washer

Mt= 0.058 inch-kip

The factor of safety (FS) is as follows.

FS 2.25Sm 3.64

where:

Sm= 16.0 ksi --------------------- Design stress intensity, SA-240 Type 304, at
700°F

The buckling evaluation of the connector pin is performed in Section 3.7.2.2. The accident

condition buckling evaluation is bounding due to the 60g axial inertia loading.

The maximum shear load on a boss for the off-normal condition is 821 pounds. The bosses were

evaluated with a bounding shear load of 4,200 lb for the normal condition in Section 3.5.2.2.

Therefore, no further analysis is required for the bosses for off-normal conditions.

The analysis presented in Section 3.7.2.2 bounds the off-normal analysis of the neutron absorber

and retainer strip; therefore, no additional analysis is required.

3.6.3 Concrete Cask Evaluation for Off-Normal Operating Events

Section 3.5.3.1 presents the thermal stress evaluation for normal conditions for the concrete cask.

The analysis used the 106'F ambient condition thermal gradient, which is the off-normal event;

therefore, the analysis is conservative. The analysis bounds both the normal and off-normal

events; therefore, no thermal stress evaluation is presented in this section. All analyses of the

concrete cask are bounded by the analyses presented in the normal and accident sections.
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3.7 Storage Accident Events

This section presents the analyses of the structural components of MAGNASTOR for storage

accident events. MAGNASTOR is evaluated using finite element models and classical hand

calculations for the TSC, fuel baskets, and concrete cask.

3.7.1 TSC Evaluations for Storage Accident Conditions

The TSC is analyzed for an accident pressurization of 250 psig, a 24-inch end drop of the

concrete cask, and the hypothetical concrete cask tip-over accident. For detailed analyses results

for accident conditions, see Table 3.10.3-12 through Table 3.10.3-17.

3.7.1.1 Accident Pressurization

Accident pressurization is a hypothetical event that assumes the failure of all of the fuel rods

contained within the TSC. No postulated storage condition is expected to lead to the rupture of

all fuel rods. The TSC is analyzed for accident pressurization and dead weight loads using the

finite element model and conditions described in Section 3.10.3. Dead weight is simulated by

applying a 1.Og acceleration load in the axial direction in conjunction with pressure being applied

to the TSC bottom plate to simulate the weight of the basket and fuel. To represent the accident

pressure,an internal pressure of 250 psig is applied to all inner surfaces of the TSC. The canister

bottom plate, which is resting on the pedestal plate, is conservatively subjected to the 250 psig

pressure and the dead weight of the fuel and basket.

The resulting TSC stresses for the accident pressurization condition are summarized in Table

3.7.1-1 and Table 3.7.1-2 for primary membrane and primary membrane plus primary bending

stress categories, respectively. The minimum factor of safety of 1.59 occurs at Section 3 for the

Pm+Pb stresses. The locations for the stress sections are shown in Section 3.10.3.

Results of analysis of this event demonstrate that the TSC is not significantly affected by the

increase in internal pressure that results from the hypothetical rupture of all PWR or BWR fuel

rods in the TSC.

3.7.1.2 Concrete Cask 24-inch End-Drop

This section addresses the TSC stresses and potential TSC shell buckling associated with the

postulated 24-inch end-drop accident of the concrete cask. The evaluation of the TSC during the

NAC International 3.7-1



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

end impact is performed using an inertial load of 60g. This inertial load conservatively bounds

the maximum calculated acceleration including dynamic load factor (DLF).

3.7.1.2.1 TSC End Impact Stress Evaluation

The TSC is analyzed for the concrete cask'24-inch drop accident condition using the finite
element model described in Section 3.10.3. The 24-inch drop is simulated by applying a 60g
acceleration load in the axial direction, with pressure applied to the TSC bottom plate to simulate
the inertial load of the basket and fuel. To represent the normal pressure, an internal pressure of

110 psig is applied to all inner surfaces of the TSC. The canister bottom plate, which is resting
on the pedestal plate, is conservatively subjected to the pressure due to the 60g inertia of the
basket and fuel, as well as the 110 psig internal pressure.

The resulting maximum stresses in the TSC for the 24-inch drop accident events are summarized
in Table 3.7.1-1 and Table 3.7.1-2 for primary membrane, and primary membrane plus primary
bending stress categories, respectively. The minimum factor of safety of 3.71 occurs at section 4
(lower TSC shell) for the Pm stresses. The locations for the stress sections are shown in Section

3.10.3.

3.7.1.2.2 TSC Buckling Evaluation

During the 24-inch bottom-end drop of the concrete cask, the 60g inertial load conservatively
applied to the closure lid assembly generates longitudinal compressive stresses in the TSC shell.
The critical buckling stress (ScR) in the TSC shell based on the TSC geometry and material

properties is as follows.

SCR= E 0.605-10-7 m2  34.5 ksi [15]
m(1 + 0.0040)

where:
E = 25.8 X 103 ksi ----------------- Modulus of elasticity of SA-240, Type 304,

at 500°F

= - = 1,330 ------------------ Inverse strain parameter
Sy

Sy = 19.4 ksi --------------------- Yield strength of SA-240, Type 304, at
500OF

m = -r = 71.5 ------------------- Mean radius to thickness ratio
t

rm = 35.75 inch ------------------- Mean radius TSC shell
t = 0.5 inch --------------------- Thickness of TSC shell
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The results from the 24-inch end-drop analysis are screened for the maximum longitudinal

compressive stress. The maximum longitudinal compressive stress, S,, of 9.3 ksi occurs at the

intersection of the TSC shell and bottom plate (see Section 3.10.3). The factor of safety (FS) is

as follows.

FS -CSCR 34.5 ksi _3.7

S, 9.3 ksi

Therefore, buckling of the TSC does not occur.

3.7.1.3 Concrete Cask Tip-Over

The TSC is analyzed for the concrete cask tip-over using the finite element model described in

Section 3.10.3. A tapered inertial load (40g at top of TSC closure lid and Ig at the base of the

concrete cask) is considered as a side impact load on the TSC. The 40g inertial load is

conservatively used in the evaluation to bound the calculated maximum g-load for the TSC

during the concrete cask tip-over event including the dynamic load factor (Section 3.7.3.7).

The resulting maximum stresses in the TSC for tip-over conditions are summarized in Table

3.7.1-1 and Table 3.7.1-2 for primary membrane and primary membrane plus primary bending

stress categories, respectively. The minimum factor of safety is 1.20 at Section 11 for the Pm

stresses and 1.08 at Section 5 for the Pm+Pb stresses. The factor of safety, Pm+Pb, for the

structural lid closure weld, Section 11, is 1.39. The locations for the stress sections are shown in

Section 3.10.3. Note that the maximum stresses occur at the section cut at the 0-degree location.

3.7.1.4 Flood

This evaluation considers design basis flood conditions of a 50-foot depth of water having a

velocity of 15 feet per second. The hydrostatic pressure (Ph) exerted on the TSC during a 50-foot

flood event is as follows.

P= ht 1624-br728 inf 1i

where:

p = 62.4 lb/ft3  -------------------- Density of water
h - 50 ft ----------------------- Immersion depth
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During normal conditions, the TSC is evaluated for an internal pressure of 110 psig. Because the

pressure differential is reduced during flood conditions (110 - 22 = 88 psig), stresses in the TSC

shell are reduced. Therefore, the hydrostatic pressure exerted by the 50-foot depth of water

actually reduces the stress in the TSC. MAGNASTOR is, therefore, not adversely affected by the

design basis flood.

3.7.1.5 Tornado and Tornado-Driven Missiles

The postulated tornado wind loading and tornado missile impacts are not capable of overturning

the concrete cask, or penetrating the boundary established by the concrete cask. Consequently,

there is no effect on the TSC. Stresses resulting from the decreased external pressure due to a

tornado are bounded by the stresses due to the accident internal pressure condition evaluated in

Section 3.7.1.1.
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Table 3.7.1-1 TSC Accident Events, Pm Stresses

Load Case Service Stib Component Stressesa (ksi) Sint Sallow FS
Level _____'I S x S Sz Sxy Sy, Sxz I

Accident Pressure D 3 -1.13 -15.79 8.74 0.29 0.06 1.93 24.90 47.15 1.89
Normal Pressure + D 4 -0.03 7.81 -4.26 0.00 0.00 0.00 12.07 44.80 3.71
24-inch Drop
Normal Pressure +
NipOrmlPessr e + D 11 -23.89 -17.09 -19.05 10.77 -1.77 -8.92 129.05134.72 1.20Tip-Over11.2

Table 3.7.1-2 TSC Accident Events, Pm + Pb Stresses

Load Case service Component Stressesa (ksi)
I Level Sectionb s- s Sz s-, Syz s.I Sint ISallow FS

Accident Pressure D 3 -0.46 -7.35 35.72 0.09 0.07 2.43 43.24 68.60 1.59

Normal Pressure+ D 12 17.98 18.23 1.64 0.67 0.76 -0.94 17.24 68.60 3.98
24-inch Drop
Normal Pressure
+ Tip-Over D 5 0.68 159.72 141.78 0.02 0.811I0.28 159.061 63.75 1.08

a The x, y, z components of stress are to be interpreted radial, circumferential and axial
directions, respectively.

b See Figure 3.10.3-2 for section cut locations.
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3.7.2 Fuel Baskets Evaluation for Storage Accident Events

3.7.2.1 PWR Basket

3.7.2.1.1 24-inch Concrete Cask End Drop

For the 24-inch concrete cask drop, a 60g acceleration (a) is conservatively applied to the PWR

basket in the axial direction. The basket is evaluated using classical hand calculations. Using a

bounding weight of 22,500 lb for the PWR basket, the maximum stress in the fuel tube is

calculated. Factors of safety for the PWR basket are calculated based on the criteria for Service

Level 'D' limits from ASME Code, Section III, Subsection NG [7] and Appendix F [8].

Conservatively assuming the entire basket weight is carried through the fuel tubes, the stress in

the tube is as follows.

Pbe 64286_ 5
Cytube = 5.--

A 11.4

where:

Ptube Wxa _ 22,500 x 60 64,286 lb

n - 21

W = 22,500 lb -------------------- Bounding basket weight
n = 21 ---- --------------------- Number of fuel tubes

A = 11.4 inch 2  - - - - - - - - - - - - - - - - - - - - Tube cross-sectional area

The factor of safety (FS) is as follows.

0.7xS 0.7x68.4 = 8.6
FS =u 8.6______

0 tube 5.6
where:

S = 68.4 ksi --------------------- Ultimate strength, SA-537 Class 1, at 700'F

The weight of the fuel tubes is supported by connector pins. Referring to Figure 3.10.1-13, the

interior tubes (Tube #4, typical) are supported by four connector pins; the side fuel tubes (Tube

#1, typical) are supported by two connector pins and the side and comer weldments; and three

connector pins support the comer fuel tubes (Tube #3, typical). The load is transferred by shear

through the connector pin welds (four welds on two connector pins, which attaches them to the

fuel tube at bottom of basket) and by axial compression through the area of the end of the fuel

tube in contact with the connector pin assembly, which rests on the bottom canister plate.
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The load capability (Pjoint) of the weld and the common area is determined by the sum of the

loads, which each load path can sustain. A conservative evaluation is performed in which the

stresses are evaluated against allowables associated with an elastic evaluation, as opposed to the

plastic evaluation permitted in•Appendix F [8].

Pjoi.. = Am(0.7Su)+-Aw(wf x0.42Su)= 25.3 kips

where:

Am = 0.21 inch2 - - -  - - - - - - - - - - - - - - - - - Common area for compression
Aw = 4(lwtw ) = 1.52 inch2  - - - - - - - - - - - - Weld area for shear

lw = 2.0 inch --------------------- Connector pin length
t, = 3/16 inch -------------------- Weld size
wf = 0.35 ------------------------ Weld quality factor visual inspection

(ASME Code Section III, Subsection NG,
Article NG-3352)

Su = 68.4ksi --------------------- Ultimate strength, SA-537 Class 1, at 700'F

The load in the tube joint (P) is as follows.

P = 60xPpi. = 60x394 = 23.6 ksi

where:

= 1Pt +lPt = 394 lb3 4

Pt = 675 lb ---------------------- Tube weight

The factor of safety (FS) is as follows.

P.. 25.3
FS = PJin' - = 1.07

P 23.6

The weight of the side and comer weldments is carried through to the TSC base plate by supports

at the bottom of the weldments. The bounding dimensions for the supports of the weldments are

5.0 inches in length and 0.3125-inch thickness (comer weldment). The maximum weight of one

weldment is 800 lb (bounding, side weldment). The weldment supports one-quarter of the

weight of two fuel tubes (675 lb per tube, bounding). The membrane stress (Cym) is as follows.

60XW X _ 60x1,138 43.8 ksi
_--_-- 4386A sup 1.56
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where: 0
Wsup = 800+2x(0.25x675)= 1138 lb
Asup = 5.0 x 0.3125 = 1.56 inch 2

The factor of safety (FS) is as follows.

FS= "S 0.7 x 68.4 1.09
(m 43.8

where:

Su = 68.4 ksi --------------------- Ultimate strength, SA-537 Class 1, at 700'F

The 32-basket connector pins support the PWR basket during a 60g bottom-end drop accident.

The bounding temperature at the bottom of the basket is 5007F. The pins are subjected to

compressive loads; therefore, a buckling evaluation of the pins is presented. The load on one

connector pin (Ppin) is as follows.

W×60 22500×60
Ppin= . 325 42.2 kipsn 32...

where:

W = 22,500 lb -------------------- Bounding basket weight
n = 32 ------------------------- Number of pins

Using the Euler buckling theory, the critical buckling load (Pcr) is as follows.

Pr 2EI 2(28106)x00 106.0 kip [9
(KL)2  (2x3.0)2  . k

where:

Apin = 0.44 inch2

D = 0.75 inch------
L = 3.0 inch-------

I t4
a r 0. 0 15 inch4
4

-----------------------
-----------------------

Pin diameter
Pin length

K = 2.0 ------------------------- Buckling constant, clamped-free
E = 25.8 x 106 psi ----------------- SA-240 Type 304, at 500'F

The factor of safety (FS) for buckling of the connector pins is as follows.

NAC International 3.7-8



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

FS P 106.0 kip_ 2.51
Ppin 42.2 kip

PWR Neutron Absorber Evaluation

During the end impact condition, the PWR neutron absorber and the weld post are subject to

shearing force in the longitudinal direction of the neutron absorber. The neutron absorber is

considered to be supported by two weld posts located at the bottom end of the neutron absorber.

The evaluation is conservatively performed for an acceleration of 60g at a bounding temperature

of 3500F. The inertia load applied to the neutron absorber (Fna) at each weld post during the end

impact is as follows.

Fna.= LxWxtxpxa/2=5251b

where:

p = 0.1 lb/in3  - - - - - - - - - - - - - - - - - - - - Bounding density of the neutron absorber

a = 60g- ------------------------ End drop acceleration

t = 0.125 in -------------------- Thickness of neutron absorber
L = 173 in ---------------------- Length of neutron absorber

W = 8.1 in ---------------------- Width of neutron absorber

The shearing capacity of the neutron absorber is as follows.

Fshearna = As x Da = 0.44 X 2260 = 994 lb

where:

A, LNAXl.4 14 x 2 x t = 0.44 in2 ------ Shear area at both sides of each weld-post

(at the 450 shear planes)

LNA = 1.25 in ---------------------M . edge distance of the neutron absorber

Da = 0.42 Su = 2.26 ksi -------------Allowable shear stress

SU= 5.38 ksi --------------------- Tensile strength of neutron absorber at

350°F

The factor of safety (FS) is as follows.

FS = Fshearna / Fna = 994 / 525 = 1.89
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The strength of the weld posts is significantly higher than that of the neutron absorber.
Therefore, no evaluation is required for the weld posts for the concrete cask 24-inch end-drop

condition.

3.7.2.1.2 Concrete Cask Tip-Over

The analysis results for the PWR basket subjected to a hypothetical concrete cask tip-over
accident are presented in this section. Factors of safety for the PWR basket are calculated based
on the criteria for Service Level 'D' limits from ASME Code, Section III, Subsection NG [7] and

Appendix F [8].

PWR Fuel Tube Evaluation

The PWR basket fuel tubes are analyzed for a tip-over accident using the three dimensional
periodic plastic finite element models described in Section 3.10.1. The fuel tube is
conservatively evaluated for 35g side impact load.

Equivalent plastic stresses are calculated for the PWR fuel tubes for the bounding basket

orientations of 0' and 450 (see Figure 3.10.1-13 and Figure 3.10.1-15 for tube IDs). The
maximum primary membrane and primary membrane plus bending stress intensity for each fuel
tube are reported in Table 3.7.2-1. Note that for plastic analysis, ANSYS reports stresses in the
elastic region as the yield strength (35.4 ksi, at 500F) for the stress-strain curve.

The ANSYS plastic finite element model follows the material stress-strain curve and allows for
nonlinear behavior above the yield strength point. The stress allowables for plastic analysis are
based on ASME Code, Section III, Appendix F [8]. The allowable primary membrane stress
intensity is 0.7S,. The allowable primary membrane plus bending stress intensity is 0.9Su. The
minimum factors of safety for the PWR fuel tubes are 1.16 for primary membrane stresses (45'
basket orientation) and 1.40 for primary membrane plus bending stresses (00 basket orientation).
The critical stress locations occur in the fuel tube comers.

The PWR fuel tubes are constructed by welding two tube halves together using a full-penetration
weld for the length of the fuel tube. A surface MT weld examination per ASME Code, Section
III, Subsection NG, Article NG-5232 is used when structural qualification of the weld joint is
performed with a 0.65 weld quality factor (wf), per Table NG-3352-1. From the plastic analysis
of the PWR basket, the maximum membrane and membrane plus bending stress intensity at a
tube weld is 8.4 ksi and 25.7 ksi, respectively. It is noted that the weld quality factor for the
PWR tube is different than the weld quality factor used in the evaluation of the BWR tube weld
to limit weld inspection to surface MT. The factors of safety (FS) for the weld are as follows. A
bounding temperature of 720'F is conservatively used. i
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Membrane:

FS = 0.7S. x wf 3.6 9

Membrane plus bending:

*FS = 0.9Suxwf =1.55

where:

Su = 68.1 ksi Ultimate strength, SA-537 Class 1, at 720'F

The pins between adjacent tubes are subjected to shear load. From the finite element models, the
maximum shear load (P) in the pin is 13,218 lb and 3,474 lb for 0' and 450 basket orientations,
respectively. The shear load is determined by summing the nodal forces at the contact region
between the pin and tube slot. Using a bounding load (P) of 15,000 lb, the shear stress in the pin
is

P
"in- - 21.0 ksiD lpin

where:
D = 0.44 inch -------------------- Pin diameter

1pin = 3.25/2 = 1.625 inch ------------- Length of pin in the model

Thefactor of safety (FS) is as follows.

FS - 0.42Su _ 1.38
Tpin

where:

S, = 68.9 ksi Ultimate strength, SA-695 Type B Gr 40, at
720°F

The bearing stress (Obrg) on the pin is evaluated using the bounding load of 15,000 lb. The
bearing area is determined based on a 300 contact arc between the pin and the fuel tube slot.

P
Gybrg- - = 83.9 ksi

LS

where:

15,000 lb Maximum load on pin
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L=1.625 inch ---------------- Length of pin in ANSYS model

S =rD 30 = 0.11 in ----------- Bearing arc length
360

D =0.44 inch ----------------- Pin diameter

Per ASME Appendix F-1336, the allowable bearing stress is 2.1S,. The factor of safety (FS) is
as follows.

2.1S.
FS=- -l = 1.72

aybrg

where:

Su= 68.9 ksi --------------- Ultimate strength, SA-695 Type B Gr 40, at 720OF

PWR Neutron Absorber and Retainer

The PWR neutron absorber and retainer are conservatively evaluated for a 60g side-impact load

and for the concrete cask tip-over event. The retainer strip consists of 304 stainless steel and is

restrained by an array of posts welded to the inside surface of the fuel tube. Two rows of posts

are separated four inches apart and a spacing of ten inches exists between the posts along the

axial direction of the fuel tube.

The pitches of the slotted holes in the neutron absorber are the same as the holes in the retainer

strip through which the weld posts are connected to the fuel tube. The slotted holes are used to

prevent interference during differential thermal expansion between the neutron absorber and the

fuel tube. The head of the weld posts supporting the retainer strip are engaged in the recessed

conical pockets of the retainer.

As shown in Figure 3.7.2-3, a quarter-symmetry finite element model is generated to represent

one-half of the ten-inch periodic section for the PWR design. The model is comprised of the

retainer strip with the conical slot, the neutron absorber, and the weld post. Inelastic properties

are employed for the stainless steel retainer strip and the neutron absorber at 700*F to adequately

represent the stiffness at the maximum temperature condition. Note that the peak fuel tube

temperature is less than 720'F and occurs in a localized region. The difference in material

properties between 700'F and 720OF is not significant and has no effect on the conclusion of the

analysis, which uses a very conservative acceleration time history for the impact loading. The

model for the neutron absorber plate is comprised of three layers of materials. The two outer

layers employ the inelastic properties of aluminum 1100 series cladding at 700'F. The center

layer represents the neutron absorber material, which is assigned a yield strength of 10 psi and an
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elastic modulus of elasticity of 1,000 psi. The low yield strength for the core material allows the
neutron absorber core to provide only a minimal contribution of stiffness to the neutron absorber

plate. The weld post was modeled as being rigid to maximize deformation of the conical-shaped
section of the retainer by the weld post. Symmetry conditions were imposed along the planes of

symmetry, which are present on all four sides of the model. The parts are modeled independently
and the automatic contact surface option in LS-DYNA was used between the parts to transfer
load between the neutron absorber, the retainer and the weld post. The evaluation of the side
impact was performed using LS-DYNA and the impact was simulated by imposing the
acceleration time history whose maximum acceleration was 60g. This conservatively envelops
the maximum tip-over acceleration of 35g.

Since the function of the retainer is to maintain the neutron absorber in its position, the criteria
for the retainer is to limit the motion of the neutron absorber during and after the impact. This is
confirmed by considering the permanent strain and the permanent displacement of the retainer.
The strain of 3.3%, which is minimal, is local to the conical-shaped hole. Since inelastic strains
are not recovered, this indicates that maximum inelastic strain during the impact is also limited to
3.3 percent. Such a minimal strain level indicates that the conical pocket retains its configuration
for the weld post to restrain the retainer. The final maximum displacement of the retainer strip at
the axial midpoint between the weld posts is computed tobe 0.06 inch, which is consistent with
the minimal plastic strain in the retainer. This also confirms that the retainer remains engaged
with the weld post during and after the impact.

The maximum stress intensity in the stainless steel retainer strip is determined to be 35.8 ksi,
which is also local to conical-shaped hole at the weld post. The allowable stress for accident
condition is 0.9Su per ASME Section III Appendix F. The ultimate strength (S") of Type 304

stainless steel at 720'F is 63.1 ksi.

The factor of safety (FS) is as follows.
0.9x63.1

FS - - 1.59
35.8

The peak force on the weld post determined from the analysis is 74 pounds. The shear area
governs the capacity of the weld. The depth of the weld (h) is 0.13 inch. The diameter of the
weld post (D) is 0.25 inch. The governing stress is the shear stress in the base material. The
allowable shear stress for the accident condition is 0.42S,. The ultimate strength (Su) of the base
material (SA240, Type 304) at 720'F is 63,100 psi. The weld capacity, Fcap, is calculated as
shown in the following.

Fcap = 0.42 x n x S, xh x BD
= 0.42 x 0.3 x 63,100 x 0.13 x (3.1416 x 0.25)

= 812 lb
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where:

n = 0.3 ------------------------- The design factor per ASME Code, Section
III, Subsection NG, Table NG-3352-1 for
the intermittent plug weld employing a
surface visual examination method per NG-
5260.

The factor of safety (FS) is as follows.

812FS - Large

74

PWR Corner Support Weldment Evaluation

The PWR basket comer support weldment is analyzed for the tip-over accident using the three-

dimensional plastic finite element model and boundary conditions described in Section 3.10.1.

The comer support weldment is comprised of two major components: the mounting plate
(vertical plate) and the side support bars, which are located on five-inch centers.

The analysis results for the comer support weldment are presented in Table 3.7.2-2 and Table

3.7.2-3. The maximum primary membrane plus bending stress intensity is conservatively

compared to the primary membrane stress allowable of
Comer Mounting

0.7 Su per ASME Code Section III Appendix F. The Plate

minimum factor of safety for the comer weldment

mounting plates is 1.34. The minimum factor of safety

for the comer weldment support bars is 2.28.

The support bar is a continuous bar that is bent at

the ridge gusset. The support bars are welded to the

comer mounting plate where cutouts in the comer

mounting plate accept the end of the bars. The bars are

welded to the wall on the backside with a minimum

5/16-inch groove weld on the sides of the bars using the Support Bar

visual inspection criteria per ASME Code, Section III,

Subsection NG, Article NG-5260. A weld quality factor

of 0.35 is applied based on visual inspection of the weld per ASME Code, Section III, Subsection

NG, Article NG-3352.

The welded joint between the support bar and comer mounting plate is capable of carrying

bending, axial, and shear loads. The maximum weld loads occur in the 0' basket orientation.

The bending moment (M), axial load (P), and shear load (V) are 1, 726 in-lb, 3,643 lb, and 122

lb, respectively. The weld stress intensity (Gweld) is as follows.

NAC International 3.7-14



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

Gweld= M A +4 V 13.9 ksi

where:

Sw = 0.875x4.3125x4.875 = 0.239 in3

A= 0.875x2x0.3125 = 0.547 in2

The factor of safety (FS) for the weld is as follows.

FS 0.35(S.) 1.72
G weld

where:

SU = 68.4 ksi ---- ------------ Ultimate strength, SA-537 Class 1, at 700'F

The ridge gusset is welded to the comer mounting plate with 1/8-inch flair bevel welds on both
sides of the plate. The weld uses the visual inspection criteria

per ASME Code, Section III, Subsection NG, Article NG-5260
and quality factor of 0.35, as defined previously. From the finite
element analysis, the governing weld loads consist of a bending

moment of 132 in-lb and a shear force of 115 pounds. The stress in M:
the weld (Gweld) is as follows.

= +4 0.115 =0.4 ksi
Gweid5 V,- ) I 1.0 )

where:
Sw = tplate xtweld Xlweld =0.5 in 3

Awg = tweld Xlweld = 0.125x8.0 =1.0 in2

tweld = 1A-inch
tplate = 0.5 inch
lweld = 8.0 inch

The factor of safety (FS) in the weld is as follows..

FS = 0.35xSu = Large
a weld

NAC International 3.7-15



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

where:

S = 68.4 ksi ---------------- Ultimate strength, SA-537 Class 1, at 700'F

PWR Side Support Weldment Evaluation

The PWR basket side support weldment is analyzed for the tip-over accident using the three-

dimensional periodic plastic finite element model and boundary conditions described in Section

3.10.1. The analysis results for the side support weldment are presented in Table 3.7.2-4.

Conservatively, the maximum primary membrane plus bending stress intensity is compared to
--the primary membrane stress allowable, 0.7Su. The minimum factor of safety for the side support

weldment is 1.35.

PWR Side and Corner Weldment Fuel Tube Attachment Evaluation

The comer and side support weldments are the primary structure that maintains the geometry of

the fuel tube array during a hypothetical tip-over accident. The support weldments are bolted to

the fuel tubes at 16 circumferential locations. The boss and bolt connection is designed so that

the bolts are only loaded in tension, including preload. Otherwise, the support weldments apply a

bearing load on the fuel tube array. From the finite element results of the 00 and 450 basket

orientations, the maximum bolt tensile load is 3,888 pounds. Combined with the bolt preload of
400 pounds, the maximum bolt load is 4,288 pounds. A bounding load of 5,000 pounds is

conservatively used for evaluation.

The tensile stress in the bolt is as follows.

P 5.0
at P - .- 21.7 ksi

At 0.23

where:

= 0.78=54D 0.9743 )2 0.23 inch2

D = 0.625 inch

n = 11

The factor of safety (FS) is as follows.

F Sy=S 70.0
FS = - = 3.23

at 21.7 Gt0
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where:

Sy = 70.0 ksi --------------------- Yield strength for SA 193, Gr B6 at 700'F

The shear stress (tbolt) in the bolt thread is as follows.

P 5.0
"Tbolt= = 10.0 ksi

A, 0.499.

where:

As= 3.1416nLeKnmaXin+0.57735(Esmin -Knm)]=0.499inch2

The factor of safety (FS) is as follows.

0"42S- 0.42x90.6 _ 3.81
FS =ýý = - = 3.81__

' bolt 10.0

where:

Su= 90.6ksi --------------------- U
7T

The shear stress in the boss thread ('[boss) is as follow s.

ltimate strength, SA-193 Grade B6 at
00°F

Tboss
S- =5.0 _ 7.0 ksi

A. 0.713

where:

An = 3.l4l6n-Lesmi1 J+0.57735(Dsmin -Enma.)---0.713 inch2
An = 3.14 1 2nes n

The factor of safety (FS) is as follows.
FS = 0.42S. 0.42x70.0_ 4.2

"boss 7.0

where:

Su = 70.0 ksi --------------------- Ultimate strength, SA-695 Type B, Gr 40, at
700°F
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The boss is welded into the fuel tube with a 1/4-inch groove weld. The weld uses the visual

inspection criteria per ASME Code, Section III, Subsection NG, Article NG-5260 and a quality

factor. of 0.35. The shear stress in the boss weld (tweld), is as follows.

P 5.0
Tweld . -= =5.1 ksi

A, 0.98

where:

P = 5.0 kips

Aw = 7rDtwold =7rx1.25x0.25= 0.98 inch

D = 1.25 inches ------------------- Boss diameter

The factor of safety (FS) is

FS = 0.35x0.42Su 0.35x0.42x68.4__ 1. 97
T weld 5.1

where:

S= 68.4 ksi ---------- ----------- Ultimate strength, SA-537 Class 1, at 700'F

The washers under the bolts are subjected to a bending load due to the bolt preload. Using

Roark's [13], Table 24-1a, the maximum stress in the washer is calculated. The maximum stress

(a) in the washer is as follows.

For the comer and side support weldment, the maximum load, including pre-load, on the washer

is 5,000 lb, 0' basket orientation.

6Mt 6 xO.59 9  36.8 ksi
t2 0.31252

where:

a 1.50 0.75 inch --------------- Radius of the cutout in support weldments
2

0.75
b = 0.375 inch -------------- Inner radius of the washer

2
r = 0.55 inch -------------------- Average radius of bolt head
t = 5/16 inch -------------------- Thickness of washer - thinnest

E = 27.0 x 106 psi ----------------- Modulus of elasticity (SA-240 Type 304)
= 0.3 ------------------------- Poisson's ratio.
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P 5,000w - -= 1,447 lb/in
7rx2r, n×x2x0.55

E _ 27.0x10 6
G = =10.38 x 106 psi

2(1+1)) 2(1+0.3)

Et 3  27.0x10 6 (0.31253)_D - _12(_.o2- 1 75,460 inch-lb

Mt= 0.599 inch-kip ----------------- Calculated using formulas in Roark's

The factor of safety (FS) is as follows.

FS Su-= =63.2 1.72
36.8

where:

Su = 63.2 ksi --------------------- Ultimate strength, SA-240 Type 304, at
700°F

The bosses transfer shear loads between the support weldments and fuel tube array. The

maximum shear load on a boss is 4.1 kip, 450 basket orientation. The outer diameter of the boss

is 1.25 inches and the inner diameter is 0.625 inch. The corresponding cross-sectional area (A) is

0.92 in2. The shear stress on the boss is as follows.

P 4.1
Tboss - P 4 4.5 ksi

A 0.92

The factor of safety (FS) is as follows.

FS = 0.42Su 0.42x70"0= 6.53
Tboss 4.5

where:
Su= 70.0 ksi ---------------- Ultimate strength, SA-695, Type B, Gr 40, at 700'F

Loads between the fuel tube array and the comer and side weldments are reacted: out in shear and

bearing in the support weldments. Bearing stresses are not considered for accident events. Due
to the geometry of the basket, the cutout in the comer support weldments has an edge distance

less than two times the diameter of the cutout. The shear stress in the comer weldment mounting

plate is as follows.

P 4.1
S= =- 4 3.6 ksi

Ashe 1.14
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where:
Ashear= 2E Led tplatel= 1.14 inch 2

Isin45 0 P

Led = 1.30 inch -------------------- Boss cutout edge distance in corner
weldment

tplate = 0.31 inch -------------------- Mounting plate thickness

The factor of safety (FS) is as follows.
FS - 0.42S0 = 0.42x68.4 = 7.98

Ir 3.6

where:
Su = 68.4 ksi ---------------- Ultimate strength, SA-537 Class 1, at 700'F

PWR Fuel Basket Buckling Evaluation

For the hypothetical concrete cask tip-over accident, a buckling evaluation of the basket tube side

wall is performed per NUREG/CR-6322 [9] is also performed. Based on the finite element

analysis results, the governing buckling load of a fuel tube side wall (Axial Compression=25.3

kips, Bending Moment=5.3 inch-kip) occurs at Tube 12 (see Figure 3.10.1-13) for the 0' basket

orientation. The factor of safety is calculated based on the interaction Equations 31 and 32 in ,

NUREG/CR-6322. These two equations adopt the "Limit Analysis Design" approach for
structural members subjected to stresses beyond the yield limit of the material. Methodology and

equations for the buckling evaluation are summarized as follows.

Symbols and Units:

P = Applied axial compressive loads, kips

M = Applied bending moment, kips-inch

Pa = Allowable axial compressive load, kips

Pcr = Critical axial compression load, kips

Pe = Euler buckling loads, kips

Py = Average yield load, equal to profile area times specified yield strength, kips

Cc = Column slenderness ratio separating elastic and inelastic buckling

Cm = Coefficient applied to bending term in interaction equation

Mm = Critical moment that can be resisted in the absence of axial load, kip-inch
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Mp= Plastic moment, kip-inch.

Fa = Axial compressive stress permitted in the absence of bending moment, ksi

Fe = Euler stress for a prismatic member divided by factor of safety, ksi

K = Ratio of effective column length to actual unsupported length

1 Unsupported length of member, inch

r = Radius of gyration, inch

Sy = Yield strength, ksi

A = Cross sectional area of member, inch 2

Zx = Plastic section modulus, inch 3

'k = Allowable reduction factor, dimensionless.

From NUREG/CR-6322, the following interaction equations (Eqn. 31 and 32) are used for the

evaluation of accident events.
P CmM

P M
-P+ •-1.0

Py 1.18Mp

where:
Pcr = 1.7xAxFa

Fa= P for PaP =y 4
A 1.11 + 0.5k + 0.1772 - 0.283

and

7r2 E

Pe = 1.92xAXFe
Py = SyxA
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Cm = 0.85 for members with joint translation (sideways)
Mp = Sy xZx

Mm MP {1.07- - <SM]
3160

From NUREG/CR-6322, the factors of safety are calculated using the following equations.

P1 =
P

P.,

P

P 2 "
tP

M

1.18 p

0
FS 1=

1
P1 +M1

1.
FS 2= P2 +M2

For the PWR basket fuel tube the following parameters are used in the buckling evaluation.

t = 0.31 inch --------- ----------- Tube thickness
b = 10.00 inch ------------------- Model length
1 =

E =

8.20 inch -------------------- Sidewall length
0.80 ------------------------ Effective length factor
27.3 x 106 psi ----------------- Modulus of elasticity, SA-537 Class 1, at

700°F
Sy = 35.4 ksi --------------------- Yield strength, SA-537 Class 1, at 700'F

For P = 25.3 kip and M = 5.3 inch-kip (Tube 12, 0' basket orientation):

P
P1  - -= 0.24

PCr
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M1-- CmM =0.65

P
P2  - -0.23

Py

M
M2 - 8M = 0.52

1.18 P

The factors of safety are listed as follows.

1 1
FS 1= - - 1.12

P +M1  0.24+0.65

1 1'
FS2= = - 1.34

P2 +M 2  0.23+0.52

PWR Basket Displacement

The nominal dimension of the fuel tube opening for the PWR basket is 8.86 in x 8.86 in for the

manufactured fuel tubes and 8.76 in x 8.76 in for the developed fuel slot formed by 4 adjacent
fuel tubes. The maximum width of a PWR fuel assembly is 8.54 inches. Based on the quasi-

static analysis results using the three-dimensional periodic plastic models for the cask tip-over

accident, the minimum clearance between the fuel assembly and the fuel tube is 0.25 inch for the

manufactured tubes and 0.13 inch for the developed tubes during the 35-g side impact loading.

As presented in Section 3.10.7, a three-dimensional half-symmetry model for a PWR fuel tube is

constructed using the LS-DYNA program to calculate the maximum displacement of a fuel tube

as function of time due the side impact load for cask tip-over accident. The LS-DYNA analysis

considers a displacement loading based on the maximum diagonal displacements of the fuel

tubes during the impact (see Figure 3.7.2-1) obtained from the finite element analysis results

using the three-dimensional periodic plastic model. The permanent displacement in the tube

diagonal direction, after the impact, is calculated to be 0.008 inch, which is less than the

fabrication tolerance of the fuel tubes and, therefore, not significant.
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3.7.2.2 BWR Fuel Basket

3.7.2.2.1 24-inch Concrete Cask End-Drop

For the 24-inch concrete cask drop, a 60g acceleration (a) is conservatively applied to the BWR

basket in the axial direction. The basket is evaluated using classical hand calculations. Factors

of safety for the BWR basket are calculated based on the criteria for Service Level 'D' limits

from ASME Code, Section III Subsection NG [7] and Appendix F [8]. Using a bounding weight

of 24,000 pounds for the BWR basket, the maximum stress in the fuel tube is calculated.

Conservatively assuming the entire basket weight is carried through the fuel tubes, the stress in

the tube is as follows.

Ptub
Otube be 5.3 ksi

A

where:

W Wx 60 24,000 x60
Ptube n- -W45 = 32,000 lbn 45

W = 24,000 lb --------------------
n = 45 -------------------------

A = 6.1 inch2- - - - - -  - - - - - - - - - - - - - -

The factor of safety (FS) is as follows.

Bounding basket weight
Number of fuel tubes
Tube cross-sectional area

FS 0.7XSu - 0.7x68.4 9.0 3
tube 5.3

where:

Su = 68.4 ksi --------------------- Ultimate strength, SA-537 Class 1, at 700'F

The weight of the fuel tubes is supported on connector pins. Referring to Figure 3.10.2-13, the

interior tubes (Tube #4, typical) are supported by four connector pins; the side fuel tubes (Tube

#1, typical) are supported by two connector pins and the side and comer weldments; and the

comer fuel tubes (Tube #5, typical) are supported by three connector pins. The stress (a) on the

fuel tube is as follows.

60xPpi 60X233 41.1 ksi

Am 0.34
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*where:

Am = 0.34 inch2 --------------------------------- Common area

-1 Pt +lPt = 233 lbPp 3 4

Pt = 400 lb Tube weight

The factor of safety (FS) is as follows.

FS - 0.7xSu 0.7x68.4_ 1.17
abrg 41.1

where:

Su = 68.4ksi ----------------------------------- Ultimate strength, SA-537 Class 1, at 700'F

The weight of the side and comer weldments is carried through to the TSC base plate by supports

at the bottom of the weldments. The comer weldment is bounding for the supports. The

dimensions for the comer support weldment are 8.0 inches in length and 0.375-inch thickness.

The bounding weight of the comer weldment is 1,100 pounds. The comer weldment also

supports one-quarter of the weight of four fuel tubes (400 lb per tube, bounding). The membrane

stress (am) is as follows.

m Wup 90,000 30.0 ksi
Asup 3.0

where:

Wsup = 60x(1,100+4x(0.25x400)) = 90,000lb
Asup = 8.OxO.375=3.Oinch 2

The factor of safety (FS) is as follows.

FS = 0"7S -0.7 x 68.4
FS____7S2__=_= 1.60

whe30.0

where:

Su = 68.4 ksi ----------------------------------- Ultimate strength, SA-537 Class 1, at 7007F

The 76 basket connector pins support the BWR basket during a 60g bottom-end drop accident.

The bounding temperature at the bottom of the basket is 5007F. The-pins are subjected to
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compressive loads; therefore, a buckling evaluation of the pins is presented as follows. The load

on one connector pin (Ppin) is as follows.

W×60 24,000×60 18k
Ppin- W x-02 ,0 0x6 18.9 kips

n 76

where:

W = 24,000 lb -------------------- Bounding basket weight
n = 76 ------------------------- Number of pins

Using the Euler buckling theory, the critical buckling load (Pcr)

PCr - n2EI 7[ 2 x(25.8x10 6)x 0.049 346.6 kip [9]
(KL)2  (2x3.0)2

where:

n - D 0.78 inch 2
4

D = 1.0 inch --------------------- Pin Diameter
L = 3.0 inches -------------------- Pin Length

7rr4
I = =0.049 inch 4

4
K = 2.0 --------- ---------------- Buckling constant, clamped-free
E = 25.8 x 106 psi ----------------- Modulus of elasticity of SA-240 Type 304,

at 500OF

The factor of safety (FS) for buckling of the hinge pins is as follows.

FS = Pc- = 346.6=Large
Ppin 18.9

BWR Neutron Absorber Evaluation

During the end impact condition, the BWR neutron absorber and the weld post are subject to
shearing force in the longitudinal direction of the neutron absorber. The neutron absorber is

considered to be supported by two weld posts located at the bottom end of the neutron absorber.

The evaluation is conservatively performed for an acceleration of 60g at a bounding temperature

of 350'F. The inertia load applied to the neutron absorber (Fna) at each weld post during the end

impact is as follows.

Fna = LxWxtxpxa/2=2721b
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where:
p = 0.1 lb/in3 Bounding density of the neutron absorber

a = 60g ---------------------------------------- End drop acceleration

t = 0.1 in ---------------------- Thickness of neutron absorber

L = 165 in ---------------------- Length of neutron absorber

W - 5.5 in ---------------------- Width of neutron absorber

The shearing capacity of the neutron absorber is as follows.

Fshear na A,- A D4a= 0.15 x2260 =339 lb

where:
As= LNAxl. 4 l4 x 2 x t =0.15 in 2 - - - - - - Shear area at both sides of each weld-post

(at the 450 shear planes)

LNA = 0.53 in --------------------- M . edge distance of the neutron absorbe

Da = 0.42 Su = 2.26 ksi ------------- Allowable shear stress

Su = 5.38 ksi --------------------- Tensile strength of neutron absorber at

350°F

The factor of safety (FS) is as follows.

FS = Fshearna/Fna= 339 / 272 = 1.25

The strength of the weld posts is significantly higher than that of the neutron absorber.

Therefore, no evaluation is required for the weld posts for the concrete cask 24-inch end-drop

evaluation.

3.7.2.2.2 Concrete Cask Tip-over

The analysis results for the BWR basket subjected to a hypothetical concrete cask tip-over

accident are presented in this section. Each basket component is evaluated in the following

sections. Factors of safety for the BWR basket are calculated based on the criteria for Service

Level 'D' limits from ASME Code, Section III, Subsection NG [7] and Appendix F [8].

BWR Fuel Tube Evaluation

The BWR basket fuel tubes are analyzed for a tip-over accident using the three-dimensional

periodic plastic finite element models described in Section 3.10.2. The fuel tube is

conservatively evaluated for a 35g side impact load.

Equivalent plastic stresses are calculated for the BWR fuel tubes for the 00 and 450 basket

orientations (see Figure 3.10.2-13 and.Figure 3.10.2-15 for tube IDs). The maximum primary

r
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membrane and primary membrane plus bending stress intensity for each fuel tube are reported in

Table 3.7.2-5. Note that for a plastic analysis, ANSYS reports stresses in the elastic region as the

yield strength (35.4 ksi at 5000F).

The ANSYS plastic finite element model employs the material stress-strain curve and accounts

for the inelastic behavior of the material. The stress allowables for plastic analysis are based on

ASME Code, Section III, Appendix F [8]. The allowable primary membrane stress is 0.7S,. The

allowable primary membrane plus bending stress intensity is 0.9S,. The minimum factors of

safety for the fuel tubes are 1.12 (450 basket orientation) for membrane stresses and 1.17 (00

basket orientation) for primary membrane plus bending stresses. The critical stress locations

occur in the fuel tube comers.

The fuel tubes are constructed by welding two tube halves together using a full penetration weld

the length of the fuel tube. A root and final MT weld examination per ASME Code, Section III,

Subsection NG-5232 is used when structural qualification of the weld joint is performed with a

0.75 weld quality factor (wf), per Table NG-3352-1. From the plastic analysis of the BWR

basket, the maximum membrane and membrane plus bending stress intensity at the tube weld is

11.5 ksi and 35.4 ksi, respectively. The factors of safety (FS) for the weld are as follows.

Membrane:

FS - 0.7Su xwf 0.7x68.4x0.75 3 1 2

C 11.5

Membrane plus bending:
FS - 0.9Su xwf 0.9x68.4x0.75_ 1.30

a 35.4

where:
Su= 68.4 ksi --------------------- Ultimate strength, SA-537 Class 1, at 700°F

The pins react shear loads between adjacent tubes. From the finite element models, the

maximum shear load (P) in the pin is 11,216 lb for the 00 basket orientation and 10,306 lb for the
450 basket orientation. The shear load is calculated by summing the nodal forces of the nodes in

the pin slot on the tube adjacent to the tube to which the pin is welded. The forces are calculated

in a localized coordinate system aligned with the comer flat on the fuel tube. Using a bounding

load (P) of 15,000 lb, the shear stress in the pin is

"coin - - 26.3 ksiD lpin
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where:

D = 0.38 inch -------------------- Pin diameter
lpin = 1.5 inch --------------------- Half length of pin

The factor of safety (FS) is as follows.

FS - 0.42S- _ 1.12
Tpin

where:
S, = 70.0 ksi Ultimate strength, SA-695 Type B Gr 40, at

700°F

The bearing stress (Ubrg) on the pin is evaluated using the bounding load of 15,000 lb. The

bearing area is determined based on a 300 contact arc between the pin and the fuel tube slot.

P
UYbrg-- -= 100.7 ksi

LS

where:

P = 15,000 lb -------------- Maximum load on pin

L = 1.5 inch --------------- Length of pin inANSYS model

S = 30 = 0.10 in -------- Bearing arc length
360

D = 0.38 inch -------------- Pin diameter

Per ASME Appendix F-1336, the allowable bearing stress is 2.1Su. The factor of safety (FS) is

as follows.

FS- 2.1 S. 1.47
abrg

where:

Su= 70.0 ksi --------------- Ultimate strength, SA-695 Type B Gr 40, at 700'F

BWR Neutron Absorber and Retainer

The BWR neutron absorber and retainer are conservatively evaluated for a 60g side-impact load

and for the concrete cask tip-over event. The retainer strip assembly consists of 304 stainless

steel and is restrained by an array of posts welded to the inside surface of the fuel tube. Two
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rows of post are separated 3.6 inches apart, and a spacing of 12 inches exists between the posts

along the axial direction of the fuel tube.

The neutron absorber is supported by the retainer strip at the inside surface of the fuel tube. The

pitches of the slotted holes in the neutron absorber are the same as the holes in the retainer strip

through which the weld posts are connected to the fuel tube. The slotted holes are used to

prevent interference during differential thermal expansion between the neutron absorber and the

fuel tube. The head of the weld posts supporting the retainer strip are engaged in the recessed

conical pockets of the retainer.

The finite element model for the BWR neutron absorber and retainer is similar to the model

shown in Figure 3.7.2-3, with the exception of the spacing of the posts in the lateral direction and

the axial direction. This resulted in minimal change to the finite element mesh used for the PWR

model. Boundary conditions applied in the PWR model shown in Figure 3.7.2-3 were also

applied to the BWR model. LS-DYNA was used to determine the dynamic response to a 60g

loading, which was also used for the PWR design.

The results of the transient evaluations show that the maximum strain in the retainer for the

BWR fuel is 2.5%, which is minimal, and is local to the conical-shaped hole. Since inelastic

strains are not recovered, this indicates that maximum inelastic strain during the impact is also

limited to 2.5 percent. Such a minimal strain level indicates that the conical pocket retains its

configuration for the weld post to restrain the retainer. The final displacement of the retainer strip

at the midpoint between the weld posts is computed to be 0.07 inch, which is consistent with the

minimal plastic strain in the retainer. This also confirms that the retainer remains engaged with

the weld post during and after the impact.

The peak force on the weld post determined from the analysis is 50 pounds. The shear area

governs the capacity of the weld. The depth of the weld (h) is 0.13 inch. The diameter of the

weld post (D) is 0.25 inch. The governing stress is the shear stress in the base material. The

allowable shear stress for the accident condition is 0.42Su. The ultimate strength (Su) of the base

material (SA240, Type 304) is 63,200 psi. The weld capacity, Fcap, is calculated as shown in the

following.

Fcap = 0.42xnxS xhxBD

= 0.42 x 0.3 x 63,200 x 0.13 x (3.1416 x 0.25)

= 813 lb
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where:
n = 0.3 ------------------------- The design factor per ASME Code, Section

III, Subsection NG, Table NG-3352-1 for
the intermittent plug weld employing a
surface visual examination method per NG-
5260.

The factor of safety (FS) is as follows.

813.. FS - =16
50

BWR Corner Support Weldment Evaluation

The BWR basket comer support weldment is analyzed for the tip-over accident using the three-

dimensional periodic plastic finite element model and boundary conditions described in Section

3.10.2. The comer support weldment is comprised of two major components: the mounting

plate, which is the vertical plate, and the side support plate, which are located on ten-inch

centers.

The analysis results for the comer support weldment mounting plate are presented in Table

3.7.2-6 and Table 3.7.2-7. The maximum primary membrane plus bending stress intensity is

compared to the primary membrane stress allowable. The minimum factor of safety for the

comer support weldment is 1.34.

The center support plates are welded to the comer mounting plates with full-penetration welds.

The welds have an inspection criteria per ASME Code, Section III, Subsection NG-5233, and a
weld quality factor of 0.65. The maximum primary membrane plus bending stress intensity in

the weld is 29.9 ksi. The factor of safety (FS) for so
Plate

the weld is as follows.

FS = 0.65(S,,) 0.65x68.4= 1.49

aweld 29.9

where:
S= 68.4 ksi,----SA-537 Class 1, at 700'F V

The support plate is welded to the comer mounting M

plate. The plate is welded to the wall cutout with

two 5/16-inch groove welds on the sides of the plate

using the visual inspection criteria per ASME
Comer MountingCode, Section Hl1, Subsection NG-5260, and a weld Plate
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quality factor of 0.35. The maximum loads in the plate weld consist of a bending moment of

9,838 in-lb, an axial force of 14,308 lb and a shear force of 1,993 lb. The weld stress intensity is

Gweld - (Sb2 +4T'= 11.3 ksi

where:

9.8 14.3
Sb - + =-11.2 ksi

1.35 3.62
2.0

,c = - = 0.6 ksi
3.62

Sw = hxtpxtw =1.35in2

A = 2xhxtw =2x5.8x0.3125=3.62 in2

h = 5.8 inch --------------------- Height of plate
tw = 5/16 inch -------------------- Weld size
tp = 0.75 inch -------------------- Plate thickness

The factor of safety (FS) for the weld is as follows.

FS - 0.35(S,,) 0.35x68.4_2.12

(Tweld 11.3

where:

S. = 68.4ksi Tensile strength, SA-537 Class 1, at 7007F

BWR Side Support Weldment Evaluation

The BWR basket side support weldment is analyzed for the tip-over accident using the three-

dimensional periodic finite element model and boundary conditions described in Section 3.10.2.

The analysis results for the side support weldment are presented in Table 3.7.2-8. The maximum

primary membrane plus bending stress intensity is conservatively compared to the primary

membrane stress allowable. The minimum factor of safety for the side support weldment is

1.34.

BWR Side and Corner Weldment I Fuel Tube Attachment Evaluation

The comer and side support weldments are the primary structure that maintains the geometry of

the fuel tube array during a hypothetical tip-over accident. The support weldments are bolted to

the fuel tubes at 12 circumferential locations. The boss and bolt connection is designed so that

the bolts are only loaded in tension, including preload. Otherwise, the support weldments apply a

bearing load on the fuel tube array.
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During a hypothetical concrete cask tip-over accident, the maximum tensile load on a bolt is

4,641 lb (00 basket model). Combining this load with the bolt preload (400 lb), the tensile load

(P) on the bolt is 5,041 pounds.

The bolt thread is a %-11 UNC and the length of engagement is a minimum of 0.38 inch. The

bolt material is SA-193 Grade B6 stainless steel. From Machinery's Handbook [12], the ultimate

stress in the bolt (ot) is as follows.

at 5--0 4  21.9 ksiAt 0.23

where:

At= 0.7854(D 0.9743 =0.23 inch [12]

D = 0.625 inch
n = 11

The factor of safety (FS) is as follows.

S
FS- Sy_3.2 0

(t

where:

Sy= 70.0 ksi --------------------- Yield strength for SA 193, Gr B6, at 7007F

The shear stress in the bolt thread (Tbolt) is as follows.

P 5.04
1:bo .t= -- =--0 13.3 ksi

As 0.370

where:

A1= 3.1416nLeKn 1+0.57735(Esm• _Knmax )]=0.379 inch2 [12]

Le = 0.38 inch
Kn max = 0.546
Esi = 0.5589

n= 11

The factor of safety (FS) is as follows.

FS - 0=42S. -2.86
T bolt
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where:

Su= 90.6 ksi --------------------- Ultimate strength for SA 193, Gr B6, at
700°F

""The shear stress in the boss thread (@boss) is as follows.

_ P 5.04
Tboss P 5 - 9.3 ksi

A. 0.541

where:

A = 3.1416nLeDsmi[2-j+ 0.57735(Dsmi Enmax)]= 0.541 inch 2 [12]

Le = 0.38 inch
Enmax = 0.5732

Dsmin = 0.6113
n 11

The factor of safety (FS) is as follows.

0.42S 31
FS - 0 -3.16

bolt

where: bo

Su= 70.0 ksi --------------------- Ultimate strength, SA-695 Type B, Gr 40, at
700°F

The boss is welded into the fuel tube with a 3/16-inch groove weld. The weld uses the visual

inspection criteria per ASME Code, Section III, Subsection NG, Article NG-5260 and a quality

factor of 0.35. The weld is evaluated using a bounding bolt load (P) of 5.04 kips. For the comer

weldment, the shear stress in the boss weld ('Tweld) is as follows.

_ P 5.04
rweld = - = 6.2 ksi

A, 0.81

where:

Aw = 7Dtweld = 7rx1.38x0.1875 =0.81 in2

D = 1.38 inch -------------------- Boss Diameter

For the side weldment, the shear stress in the boss weld (Tweld) is as follows.

P 5.04
Tweld = -= = 8.5 ksi

Aw 0.59
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where:

A = Dtweld = 7rxLOO.x0.1875 = 0.59 in2

D = 1.00 inch -------------------- Boss Diameter

Using the lesser of SA-537 Class 1 and SA-695 Type B, Gr 40 Su allowable, the minimum factor

of safety (FS) is as follows.

FS = 0.35x0.42Su - 1.18
'r weld

where:

Su = 68.4 ksi ----------------------------------- Ultimate strength, SA-537 Class 1, at 700'F

The washers under the bolts are subjected to a bending load due to the preload. Using a

bounding bolt load (5,100 lb) and a minimum washer thickness (3/16 inch), the maximum

bending moment (Mt) in the washer is calculated to be 167 in-lb.

The stress in the washer is as follows.
6Mt 6 x 0.16 7  27.8 ksi

t2 0.18752

where:

t = 3/16 inch Thickness of washer----------------------------------

The factor of safety (FS) is as follows.

S. 63.2
FS = - =2.27

a27.8

where:

Su = 63.2 ksi Ultimate Strength, SA-240 Type 304, at
700°F

The maximum shear load in the bosses for side support weldment attachment (P1) is 2.07 kip (0'

basket orientation). The maximum shear load in the comer support weldment (P2) is 5.95 kip.

For the side weldment boss, the shear stress in the boss (mboss) is as follows.

"•boss - ,-- P1  = 4.4 ksi
A 0.47
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where:

A = 4(D2 D2)=047inch2

D, = 1.00 inch
Di = 0.63 inch

The factor of safety (FS) is as follows.

0.42S.
FS- -6.68

tboss

where:

Su= 70.0 ksi --------------------- Ultimate strength, SA-695 Type B, Gr 40, at
700°F

For the comer weldment boss, the shear stress in the boss (@boss) is as follows.

P 2 •5.95
Tboss - - = 5. 09ksi

A 1.17

where:

4(Do2-Di2)=1.17inch2

D = = 1.375 inch
Di = 0.63 inch

The factor of safety (FS) is as follows.

FS- 0.42Su 5.78

tboss

where:

Su= 70.0 ksi --------------------- Ultimate strength, SA-695 Type B, Gr 40, at
700OF

Loads between the fuel tube array and the comer and side weldments are reacted out in shear, and

bearing in the support weldments. Bearing stresses are not considered for accident events. Due
to the geometry of the basket, the cutout in the comer support weldments has an edge distance

less than two times the diameter of the cutout. The shear stress in the comer weldment mounting

plate is as follows.
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P2 5.95 .2ksi

A hear 1.14

where:

Ashea = 2[ Led0 tplatel= 1.14 inch2Ash~a I Lsin45o

Led = 1.30 inch--- --- -- ---------- Boss edge distance
tplate = 0.31 inch -------------------- Mounting plate thickness

The factor of safety (FS) is as follows.

FS - 0.42S - 5.52

where:

Su = 68.4 ksi --------------------- Ultimate strength, SA-537 Class 1, at 700'F

BWR Basket Buckling Evaluation

The buckling evaluation of the BWR basket is an evaluation of a side of the fuel tube per

NUREG/CR-6322 [9]. Using the plastic finite element model, the critical buckling of a fuel tube

occurs in the 0' basket orientation (Tube 24, Figure 3.10.2-13). The applied loads on a side of
the fuel tube are 15.9 kip axial compression and 4.2 inch-kip bending moment.

The factor of safety is calculated based on the interaction Equations 31 and 32 in

NUREG/CR-6322. These two equations adopt the "Limit Analysis Design" approach for

structural members subjected to stresses beyond the yield limit of the material. Methodology and

equations for the buckling evaluation are the same as those presented in Section 3.7.2.1.2 for the

PWR basket.

For the BWR basket fuel tube, the following parameters are used in the buckling evaluation.

t = 0.25 inch -------------------- Tube thickness
b = 10.00 inches ------------------ Unit thickness
1= 5.34 inches ------------------- Sidewall length

K 0.80 ------------------------ Effective length factor
E = 27.3 x 106 psi ----------------- SA-537 Class 1, at 700'F
Sy 35.4 ksi --------------------- Yield strength, SA-537 Class 1, at 700'F

For P = 15.9 kip and M = 4.2 inch-kip (Tube 24, 0' basket orientation)

PPI - -0.17
P.r
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CrM =0.73

P

P2 - -- 0.18
Py

M
M 2  -M P 0.64

1.18

The factors of safety are as follows.

1FSI 1 -1.11

P1 +M1

FS 2= - 1.22
P2 +M 2

BWR Basket Displacement

The nominal dimensions of the fuel tube opening for the BWR basket is 5.86 in x 5.86 in forithe

manufactured fuel tubes and 5.77 in x 5.77 in for the developed fuel slot formed by four adjacent

fuel tubes. The maximum width of a BWR fuel assembly is 5.52 inches. Based on the quasi-

static analysis results using the three-dimensional periodic plastic models for the cask tip-over

accident, the minimum clearance between the fuel assembly and the fuel tube is 0.28 inch for the

manufactured tubes and 0.16 inch for the developed tubes during the 35-g side impact loading.

As presented in Section 3.10.7, a three-dimensional half-symmetry model for a BWR fuel tube is

constructed using the LS-DYNA program to calculate the maximum displacement of the fuel

tube as function of time due to the side impact loading for the cask tip-over accident. The LS-
DYNA analysis consider a displacement loading based on the maximum diagonal displacement

of the fuel tubes during the impact (see Figure 3.7.2-2) from the LS-DYNA analysis presented in

Section 3.10.6. The permanent displacement in the tube diagonal direction, after the impact, is

calculated to be 0.11 inch, which is less than the minimum clearance between the fuel assembly

and the tube.
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( Figure 3.7.2-1 PWR Basket Fuel Tube Displacement for Tip-Over Accident

Maximum Diagonal Displacement During Impact

Maximum Diagonal Displacement After Impact
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Figure 3.7.2-2 BWR Basket Fuel Tube Displacement for Tip-Over Accident 4

Maximum Diagonal Displacement During Impact

4i.

I

Maximum Diagonal Displacement After Impact
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Figure 3.7.2-3 PWR Neutron Absorber and Retainer Finite Element Model

Axial direction of the
neutron abs orber plate

Series aluminum
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Table 3.7.2-1 PWR Fuel Tube Stress Intensity - Concrete Cask Tip-over Accident

Basket Pm (ksi) _____ Basket Pm + Pb (ksi)
Tubea (deg) S Salow FS Tubea (deg) S Sallow FS

3 45 41.2 47.67 1.16 11 0 43.8 61.29 1.40
7 45 41.1 47.67 1.16 10 0 43.5 61.29 1.41
10 45 41.1 47.67 1.16 6 0 43.0 61.29 1.43
6 45 41.1 47.67 1.16 7 0 42.8 61.29 1.43
9 45 41.0 47.67 1.16 8 0 41.9 61.29 1.46
11 0 41.0 47.67 1.16 12 45 38.7 61.29 1.58
8 0 40.9 .47.67 1.17 9 0 38.2 61.29 1.60
4 45 40.9 47.67 1.17 12 0 38.0 61.29 1.61
12 0 40.9 47.67 1.17 6 45 37.3 61.29 1.64
11 45 40.9 47.67 1.17 10 45 37.9 61.29 1.62

0

a See Figure 3.10.1-13 and Figure 3.10.1-15 for tube locations for 0' and 450 basket

orientations, respectively.
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Table 3.7.2-2 PWR Corner Weldment Mounting Plate Stress Intensity - Concrete Cask
Tip-over Accident

Basket
00

450

Table 3.7.2-3 P

Basket
00

450

-6-
S (ksi)
35.4a

35.8b *i.
Sallow (ksi)

47.88
47.88

-4-
FS
1.35
1.34

WR Corner Support Bar Stress Intensity - Concrete Cask
Tip-over Accident

~~~~1~~~
I.

S (ksi)
21.0c
1 7.2d

~1~ Saliow (ksi)
47.88
47.88

~1~~.~
1~

FS
2.28
2.78

Table 3.7.2-4 PWR Side Weldment Stress Intensity - Concrete Cask
Tip-over Accident

Basket S (ksi) Salow (ksi) FS
00 35.4e 47.88 1.35

450 35.4f 47.88 1.35

a

b

C

d

e

f

Maximum stress occurs at location 18 of Figure 3.10.1-17.
Maximum stress occurs at location 25 of Figure 3.10.1-18.
Maximum stress occurs at location 24 of Figure 3.10.1-17.
Maximum stress occurs at location 20 of Figure 3.10.1-18.
Maximum stress occurs at location 12 of Figure 3.10.1-19.
Maximum stress occurs at location 14 of Figure 3.10.1-20.
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Table 3.7.2-5 BWR Fuel Tube Stress Intensity - Concrete Cask
Tip-over Accident

Tubea Basket Pm (ksi) Tube Basket Pm + Pb (ksi)
_u___ (deg) S Sallow FS (deg) S Sallow FS

8 45 42.8 47.88 1.12 21 0 52.5 61.56 1.17
18 45 42.0 47.88 1.14 25 0 47.7 61.56 1.29
13 45 41.7 47.88 1.15 8 45 47.1 61.56 1.31
23 45 41.2 47.88 1.16 23 0 42.2 61.56 1.46
12 45 41.2 47.88 1.16 20 0 42.2 61.56 1.46
5 45 41.2 47.88 1.16 18 45 41.9 61.56 1.47

21 0 41.1 47.88 1.16 23 45 41.6 61.56 1.48
24 45 41.1 47.88 1.16 15 0 41.6 61.56 1.48
23 0 41.0 47.88 1.17 24 0 41.6 61.56 1.48
25 0 41.0 47.88 1.17 19 0 41.2 61.56 1.49

Table 3.7.2-6 BWR Corner Weldment Mounting Plate Stress Intensity - Concrete Cask
Tip-over Accident

Basket I S (ksi) I Sallow (ksi) I FS
00 35.6b 47.88 1.34

450 35.7c 47.88 1.34

Table 3.7.2-7 BWR Corner Support Plate Stress Intensity - Concrete Cask Tip-over
Accident

Basket S (ksi) Sallow (ksi) FS
00. 35.7d 47.88 1.34

450 I 35.5e 47.88 1.35

a See Figure 3.10.2-13 and Figure 3.10.2-15 for tube locations for 0 °and 450 basket orientations,
respectively.

b Maximum stress occurs at location 36 of Figure 3.10.2-17
c Maximum stress occurs at location 36 of Figure 3.10.2-18.
d Maximum stress occurs at the plate cut-out near location 36 of Figure 3.10.2-17.
e Maximum stress occurs at the plate cut-out near location 28 of Figure 3.10.2-18.
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Table 3.7.2-8 BWR Side Weldment Stress Intensity - Concrete Cask Tip-over Accident

Basket I S (ksi) I Sallow (kSi) I FS

00
450

35.5a

35.8b
47.88
47.88

1.35
1.34

a Maximum stress occurs at location 8 of Figure 3.10.2-19.
b Maximum stress occurs at location 6 of Figure 3.10.2-20.
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3.7.3 Concrete Cask Evaluation for Storage Accident Events

Structural evaluation of the concrete is performed for accident events, including the extreme
temperature events (13 3°F ambient), tornado and tornado-driven missiles, flood, earthquake,
concrete cask 24-inch drop and thetip-over accident.

3.7.3.1 Concrete Cask Thermal Stresses

Using the finite element model presented in Section 3.10.4, a structural evaluation of the
concrete cask for accident thermal loads was performed. The analysis considered a temperature
profile corresponding to the accident thermal condition (133°F ambient). The following
summarizes the critical thermal stresses for accident events.

Component Stress (ksi)

Circumferential Rebar 16.6
Vertical Rebar 20.2
Concrete, Compression 1.0
Concrete, Tension 0.1

3.7.3.2 Tornado and Tornado-Driven Missiles

This section evaluates the strength and stability of the concrete cask for a maximum tornado
wind loading and for the impacts of tornado-driven missiles. It also demonstrates that the
concrete cask remains stable in tornado wind loading in conjunction with an impact from a high-
energy tornado missile.

Concrete cask stability analysis for the maximum tornado wind loading is based on NUREG-
0800, Section 3.3.1, "Wind Loadings," and Section 3.3.2, "Tornado Loadings," [16]. Loads due
to tornado-driven missiles are based on NUREG-0800, Section 3.5.1.4, "Missiles Generated by

Natural Phenomena."

The concrete cask stability in a maximum tornado wind is evaluated based on the design wind
pressure calculated in accordance with ANSI/ASCE 7-93, [17] and using classical free body

stability analysis methods.

Local damage to the concrete shell is assessed using a formula developed in NSS 5-940.1 [18].
This formula predicts the depth of missile penetration and minimum concrete thickness
requirements to prevent scabbing of the concrete.

The local shear strength of the concrete shell is evaluated on the basis of ACI 349-85, Section
11.11.2.1 [5], without considering the reinforcing steel and the steel liner. The concrete shell
shear capacity is also evaluated for missile loading using ACI 349-85, Section 11.7.
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Tornado Wind Loading

The tornado wind velocity is transformed into an effective pressure applied to the concrete cask

using procedures in ANSI/ASCE 7-93, "Building Code Requirements for Minimum Design

Loads in Buildings and Other Structures" [17]. The maximum pressure (q) is determined from

the maximum tornado wind velocity as follows:

q = (0.00256)(KxIxV)2 lb/ft2 = (0.00256)(360)2x180 = 331.8 psf

where:

V = 360 mph --------------------- Maximum tornado wind speed
K = 1.0 ------------------------- Terrain effect
I = 1.0 ------------------------- Importance factor

Considering that the concrete cask is small with respect to the tornado radius, the velocity

pressure is assumed uniform over the projected area of the concrete cask. Because the concrete

cask is vented, the tornado-induced pressure drop is equalized from inside to outside and has no

effect on the concrete cask structure. The total wind loading (F,) on the projected area of the

concrete cask is computed as follows.

F, = q x G x Cfx Ap = 36,003 lb _36,100 lb

where:
q = 331.8 lb/ft2  - - - - - - - - - - - - - - - - - - - Maximum pressure

Cf = 0.51 ------------------------ Force coefficient (ASCE 7-93)
A = H x Do = 30,637 inch2 = 212.7 ft2 ---- Projected area
H = 225.27 inch ------------------ Concrete cask height

Do = 136.0 inch ------------------- Concrete cask outer diameter
G = 1.0 ------------------------- Gust factor

The wind overturning moment (Mw) is as follows.
H

Mw = Fw x-- = 4,066,123 inch-lb = 3.38 x 105 ft-lb2

The stability moment (Ms) of the concrete cask (with the TSC, basket and no fuel load) about the
edge of the base is as follows.

M,= Wc x-D= 14.72 x 106 inch-lb = 1.23 x 106 ft-lb
2

where:

Do = 128.0 inch ------------------- Concrete cask base plate diameter
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W,,= 230,000 lb ------------------- Minimum concrete cask loaded weight.
Conservatively defined as the concrete cask
empty weight for evaluation of extermal
loads.

ASCE 7-93 requires that the overturning moment due to wind load shall not exceed two-thirds of

the dead load stabilizing moment unless the structure is anchored. Therefore, the factor of safety

(FS) against overturning is as follows.

FS - 0.67M, = 2.44Mw

The stresses in the concrete due to the tornado wind load are conservatively calculated. The

concrete cask is considered to be fixed at its base. The stresses in the concrete are as follows.

-e Mmaxcouter - 19.1 psi (tension or compression)
I

Ginnennr 11.7 psi (tension or compression)

where:

Do = 136.0 inches
Di = 82.98 inches
H = 225.27 inches

A = t(D02-Di2)= 9,119inch2

4
I= - L°(D0 4 -Di4) 14.47Xl06 inch4

64

Mmax - Fw xH 4.07X10 6 lb-inch
2

Couter = 136.0/2 = 68.0 inches
Cinner = 82.98/2 = 41.49 inches

Tornado Missiles

The concrete cask is designed to withstand the effects of impacts associated with postulated

tornado-driven missiles identified in NUREG-0800 [16], Section 3.5.1.4.111.4, Spectrum I

missiles. These missiles are listed as follows.

" A massive high kinetic-energy missile (4,000 lb automobile, with a frontal area of 20
square feet that deforms on impact).

* A 280 lb, 8.0-inch-diameter armor piercing artillery shell. 0
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. A 1.0-inch-diameter solid steel sphere.

All of these missiles are assumed to impact in a manner that produces the maximum damage at a

velocity of 126 mph (35% of the maximum tornado wind speed of 360 mph). The concrete cask

is evaluated for impact effects associated with each of the previously listed missiles.

The concrete cask has no openings except for the four air outlets at the top and four air inlets at

the bottom. The outlets are configured such that a one-inch diameter solid steel missile cannot

directly enter the concrete cask interior. Additionally, the basket is protected by the TSC closure

lid. The TSC is protected from small missiles entering the inlets by the pedestal plate; therefore,

a detailed analysis of the impact of a one-inch diameter steel missile is not required.

Concrete Shell Local Damage (Penetration Missile)

Local damage to the concrete cask body is assessed by using the methodology presented by NSS

5-940.1 [18]. This method predicts the depth of penetration and minimum concrete thickness

requirements to prevent scabbing. Penetration depths calculated by using this formula have been

shown to provide reasonable correlation with test results. The penetration depth is as follows.

x tl-08 5.82 inch

where:

d = 8.0 inch --------------------- Missile diameter
K = 180/(fc')" = 2.92 -------------- Coeff. depending on concrete strength
N = 1.14 ------------------------ Shape factor for sharp nosed missiles
W = 280 lb ---------------------- Missile weight
V = 126 mph = 185 ft/sec ------------ Missile velocity
fc' = 3,800 psi Concrete compressive strength at

conservative 300'F

The minimum concrete shell thickness to prevent scabbing is three times the penetration depth

(17.46 inch). The thickness of the concrete shell is 26.51 inches. The factor of safety (FS) is as

follows.

26.51
FS 2 = 1.52

17.46

Note that the steel liner and rebar of the concrete cask is conservatively ignored in the previously

listed evaluation.
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Closure Plate Local Damage (Penetration Missile)

The concrete cask is closed with a 6.75-inch deep lid assembly. The top plate is 3¾-inch carbon

steel with a carbon steel clad disk of concrete 5.75-inches deep. In this evaluation, only the steel

plate is considered to withstand the impact of the 280-lb armor-piercing missile, impacting at 126

mph. The perforation thickness (T)of the closure steel plate is calculated by using the

methodology presented in BC-TOP-9A [19].

2ImmVi
T = = 0.52 inch

672D

where:

mm = 280 lb/32.174 ft/sec2  - - - - - - - - - - - - 8.70 slugs (lb-sec2/ft) missile mass
V, = 185 ft/sec ------ -------------- Missile velocity
D = 8 inch ---------------------- Missile diameter

The report recommends that the plate thickness be 25% greater than the calculated perforation

thickness (T) to prevent perforation. The recommended plate thickness is as follows.
T = 1.25x0.52 = 0.65 inch

The factor of safety (FS) is as follows.

0.75
FS - = 1.15

0.65

High-Energy Missile Impact Damage Prediction

The concrete cask is a freestanding structure. Therefore, the principal consideration in overall

damage response is the potential for overturning the concrete cask as a result of the high-energy

missile impact. From the principle of conservation of momentum, the impulse of the force from

the missile impact on the concrete cask must equal the change in angular momentum of the

concrete cask. Also, the impulse force due to the impact of the missile must equal the change in

linear momentum of the missile. These relationships may be expressed as follows:

Change in momentum of the missile, during the deformation phase

j t2(F)(dt) mm(v2 -V1)

where:

F ------------------------------ Impact impulse force on missile
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mm = 4,000 lb/g = 124 slugs/12 = 10.4 (lb sec2 /inch)
---------------------------Missile mass

t -------------------------- Time at missile impact
t2 Time at conclusion of deformation phase
v, = 126 mph = 185 ft/sec ------------ Missile velocity at impact
V2 --------------------------------------- Velocity of missile at time t2

The change in angular momentum of the concrete cask, about the bottom outside edge/rim,

opposite the side of impact is as follows.

M. (dt) f 2 (H)(F)(dt) = 1m (co, - co,

Substituting,

f (F)(dt) = M. (V2 - Vl) = U(1 2c'

H

where:

Mc -------------------------- Moment of the impact force on the concrete
cask

I -------------------------- Concrete cask mass moment of inertia, about
point of rotation on the bottom rim

0)1 ---- Angular velocity at time tj
(02 --------------------------------------- Angular velocity at time t2

mc = 230,000/32.174 = 7,149 slugs/12 = 596 lb sec2 /inch
--------------------------- Mass of concrete cask

Imx 1/12(mc)(3r2 + H2) = 3.21x106 lb-sec2 -inch
Im = Imx + (mc)(dcG )2 = 13.9 x10 6 lb-sec 2-inch

r = 68.0 inches ------------------- Concrete cask radius
H = 225.27 inches ----------------- Concrete cask height

dcG = 118.02 +64.02 = 134.2 inches ------- Distance from CG to rotation point

Based on conservation of momentum, the impulse of the impact force on the missile is equated to

the impulse of the force on the concrete cask.

mm(V2 - V1) = Im (0)1 - o2)/H

at time tl, v, = 185 ft/sec and co, = 0 rad/sec
at time t2, v2 = 0 ft/sec

During the restitution phase, the final velocity of the missile depends upon the coefficient of

restitution of the missile, the geometry of the missile and target, the angle of incidence, and on

the amount of energy dissipated in deforming the missile and target. On the basis.of tests

conducted by EPRI, the final velocity (vf) of the missile following the impact is assumed to be

zero. This conservatively assumes that all of the missile energy is transferred to the concrete
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cask. Equating the impact force on the missile to the impulse force on the concrete cask yields

the following.

(10.4)(v 2 - 185(12)) = 13.9xl 06 (0 - co2)/225.27

Setting V2 =0 and solving for o2

w= 0.374 rad/sec

The distance (Z) from the point of missile impact to the point of concrete cask rotation is as

follows.

Z = 132.0 2 +225.27 2 =261.1 inch

And the impulse velocity is as follows.

V2 = Z x o)2 = (261.1)(0.374) = 97.7 inch/sec

The line of missile impact is conservatively assumed normal to the concrete cask. Equating the

force on the missile during restitution to the impulse of the force on the concrete cask yields the

following.

-[mm(Vf- V2] = Im (Of -2)/Z

"[10.4(0 - 97.7)] -013.9x (6f -0.374)/261.1

o= 0.393 rad/sec

where:

Vf = 0
v2 97.7 inch/sec
(02 = 0.374 rad/sec

Thus, the final energy (Ek) of the concrete cask following the impact is as follows.

Ek = (Im)(O))2 /(2) = 10.73x105 inch-lb

The change in potential energy (Ep) of the concrete cask due to rotating it until its center of

gravity is above the point of rotation is calculated. The height of the center of gravity has

increased by the distance, hpE = dcg - hcg.

Ep = (WCC)(hpE)

Ep = 230,000 lbxl6.2 inch

EP = 3.73x10 6 inch-lb
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The massive high kinetic-energy tornado-driven missile imparts less kinetic energy to the

concrete cask than the change in potential energy of the concrete cask to reach the tip-over point.

Therefore, concrete cask overturning from missile impact will not occur. The factor of safety

(FS) against overturning is as follows.

3.73>106
FS = = 3.48

10.73x10 5

Combined Tornado Wind and Missile Loading (High-Energy Missile)

The concrete cask rotation due to the heavy missile impact is as follows.

- Ek _ 10.73x10 5
h E - - 4.67 inch

Wcc 230,000

The rotation after impact is as follows.

0 = a- P=28.4-23.9=4.5'

where:

cos[3 P hcg+hK 118.0+4.67 0.9141
dcg 134.2

P3 = 23.90

cos cx hcg - 118.0= 0.8793
dcg 134.2

x= 28.4'
e =dcg sin P = 134.2 x sin(23.9°) = 54.4 inch

The available gravity restoration moment after missile impact is as follows.

Mrst = W0.e = 230,000 x 54.4 = 12.5 x 106 inch-lb = 1.04 x 106 ft-lb

The tornado wind moment is 3.38 x 105 ft-lb; therefore, the factor of safety (FS) is as follows.

0.67.(1.04 X106)0FS = -"7"4x16 = 2.06

3.38 x105

Therefore, the concrete cask will not overturn due to the combined effect of tornado wind

loading and high-energy missile impact.
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Local Shear Strength Capacity of Concrete Shell (High-Energy Missile)

This section evaluates the punching shear strength of the concrete shell when impacted by a high-

energy missile. The high-energy missile is equivalent to a 20-ft2 cross-sectional area object

moving at 185 ft/sec, weighing 4,000 lb, having proportions of 2 horizontal to 1 vertical. The

missile is assumed to impact flush with the top of the concrete shell. The concrete area required

to resist the high-energy missile impact is as follows.

A = 2bxb = 2(9.64)2 = 185.9 inch 2 = 1.3 ft2 < 20 ft2

where:

Setting the factored shear force, Vu, equal to the force of the high kinetic-energy missile, Fu, the

leg dimension, b, of the equivalent impacting area is as follows.

Vu= Fu =* Vc=Fu =* 4b0fcb0d =Fu = 04J f(4b+53)d b=9.64 inch

and

VC= 2 +P f. (bod) = 4 -(bod) ------- Concrete punching shear strength capacity

[5, Eq. 11-36]

P= 2/1 = 2 ---------------------- Ratio of long side to short side
d = 26.51 inch ------------------- Concrete thickness

fo' = 3,800 psi -------------------- Concrete strength, 3007F
bo= (2b + 26.51) + 2(b + 13.26) = 4b + 53 Perimeter of punching shear area at

approximately d/2 from the missile contact
area

= 0.85 ------------------------ Strength reduction factor [5]
Fu = LF x F = 508.8 kip ------------- Force of high kinetic energy missile with

load factor [19]
F = 0.625(v)(Wm) = 462.5 kip -------- Force of high-energy missile [ 19]
v = 185 ft/sec Velocity of the missile

Wm = 4,000 lb --------------------- Weight of high-energy missile
LF = 1.1 ------------------------- 10% load factor

Therefore, the concrete shell alone has sufficient capacity to resist the high-energy missile impact

force.
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3.7.3.3 Flood

This section will verify the stability of the concrete cask against overturning during a design basis

flood accident, and ensure that the design is adequate to withstand stresses induced by the flood.

Overturning of the concrete cask due to the drag force of the flood water flow is resisted by the

weight of the loaded cask. Assuming a full submersion and steady-state flow conditions, the

drag force (FD) on the concrete cask is calculated using classical fluid mechanics for turbulent
flow conditions. The resultant drag force acts horizontally through the CG of the cask. The

effective weight of the concrete cask acts vertically downward through the CG. The tendency of

the concrete cask to overturn is determined by comparing the moment of the drag force about a
point on the bottom edge of the concrete cask to the moment of effective concrete cask weight

about the same point.

The effective weight of the fully submerged concrete cask is the actual weight minus the

buoyancy force due to the displaced water. The bounding condition for buoyancy occurs for the

concrete cask configuration with the greatest volume to weight ratio. Thus, for conservatism, the

concrete cask is assumed to be empty.

The capacity of the concrete cask to react to the stresses induced by the flood water flow drag

forces is evaluated using the methodology described in ACI 349-85 [5]. For conservatism, only

the concrete shell is considered.

Assuming a hollow cylinder, the volume of the concrete cask (Vcc) is as follows.

Vccý -'(D o-Di ')l=(136.02 79.482 )225.27 =2,154,777 inch3

where:

D, = 136.0 inches ------------------ Concrete cask outer diameter
Di = 79.48 inches ------------------ Concrete cask inner diameter
h = 225.27 inches ----------------- Concrete cask height

The buoyancy force .(Fb) is equal to the weight of water (62.4 lb/ft3) displaced by the fully

submerged concrete cask.

Fb=Vc W 2,154,777 62.4 z 77,800 lb
12' 123

Assuming complete submersion and steady-state flow for a rigid cylinder, the drag force (FD15) of

the water on the concrete cask is as follows.
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CDpV2=A)= 0.77 X1.94x15.02 2l12.7 >32,500 lb [20]2 2

where:

CD = 0.7 ----------------------------------------- Drag coefficient [20]
p = 1.94 slugs/ft3  - - - - - - - - - - - - - - - - - - Density of water

V = 15 ft/sec --------------------- Flow velocity
A = H x Do = 30,637 inch2 = 212.7 ft2 ---- Projected area
H = 225.27 inches ----------------- Concrete cask height

Do = 136.0 inches ------------------ Concrete cask outer diameter

The force (FD) required to overturn the concrete cask is determined by summing the moments of

the drag force and the submerged concrete cask about a point on the bottom of the concrete cask.

Assuming an empty concrete cask, the minimum required overturning force is as follows.

FD = (wcc - Fb )D, - (200,000- 77,800)128 _ 69,435 lb

h 225.27

where:

Wcc = 200,000 lb ----------------- Conservatively defined minimum empty
concrete cask weight

Dr = 128.0 inches ---------------- Concrete cask base diameter
h = 225.27 inches --------------- Concrete cask height

The water velocity (V) required to overturn the concrete cask is as follows.

S2FV - 2x69,435 = 21.9 ft/sec
CDPA 0.7x1.94x212.7

Therefore, the factor of safety (FS) is as follows.

21.9
FS= = 1.46

15.0

The stresses in the concrete due to the drag force (FD) are conservatively calculated by

considering the concrete cask to be fixed.

(Tv outer = M / Souter = 17.2 psi (tension or compression)

av inner = M / Sinner = 10.5 psi (tension or compression)

where:

Do = 136.0 inches
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Di = 82.98 inches
h = 225.27 inchs
A = 7c (Do2 - D 2) / 4 =9,119 inch 2

I = i; (Do4 - Di4) / 64 = 14.47 x 106 inch 4

Souter = 21/D, = 212,794 inch 3

Sinner = 2I/(Di) = 348,759 inch 3

w = FD15/h = 144.3 lb/inch
M = w (h)2/ 2 = 3.66 x 106 inch-lb

3.7.3.4 Earthquake

The maximum horizontal acceleration at the surface of the concrete storage pad due to an

earthquake is evaluated. Per 10 CFR 72.102 [1], the required minimum earthquake ground

acceleration is 0.25g. This evaluation will show that MAGNASTOR is stable during a 0.37g

earthquake horizontal acceleration (including a 1.1 factor of safety). The vertical acceleration is

defined as two-thirds of the horizontal acceleration in accordance with ASCE 4-86 [21].

This calculation determines the effects of ground accelerations (components ax, ay and a,) on the

concrete cask for tip-over. The peak ground acceleration is associated with a safe shutdown

earthquake. For this evaluation, the maximum overturning moment is compared to the restoring
moment required to keep the concrete cask in a stable upright position (i.e., a concrete cask will

not tip over due to the earthquake). The maximum ground accelerations and overturning/

restoring forces and moment are calculated for both empty and fully loaded concrete cask

configurations.

In the event of earthquake, there exists a base shear force or overturning force due to the

horizontal ground acceleration, and a restoring force due to the net force of vertical ground

acceleration and gravity. This ground motion tends to rotate the concrete cask about its bottom

comer at the point of rotation (at the chamfer). The horizontal moment arm is from the center of

gravity (CG) toward the outer radius of the concrete cask. The vertical moment arm is from the

CG to the bottom of the concrete cask. If the overturning moment is greater than the restoring

moment, the concrete cask may tip over. Using the geometry of the concrete cask design, the
maximum horizontal and vertical ground accelerations that the concrete cask can safely

withstand without becoming unstable are identified.

The two orthogonal horizontal acceleration components (a, and a,) are combined for maximum
horizontal acceleration magnitude. The result is applied simultaneously with the vertical

component to statically evaluate the overturning force and moment. Upward ground acceleration

reduces the vertical force that restores the cask to its undisturbed vertical position. Based upon

the requirements presented in NUREG-0800 [16], the static analysis method is considered
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applicable if the natural frequency of the structure is greater than 33 cps. The natural frequency

of the MAGNASTOR concrete cask is 138.3 Hz. During the design basis earthquake event, a

factor of safety of 1.1 against tip-over of the concrete cask must be maintained.

Tip-Over Evaluation

To maintain the concrete cask in equilibrium, the restoring moment, MR, must be greater than, or

equal to, the overturning moment, M,. The combination of horizontal and vertical acceleration

components is based on the 100-40-40 approach of ASCE 4-86 [21], which considers that when

the maximum response from one component occurs, the responses from the other two

components are 40% of the maximum. The vertical component of acceleration can be obtained

by scaling the corresponding ordinates of the horizontal components by two-thirds. The vertical

component is conservatively considered to be the same as the horizontal component.

Let:

ax= az = a --------------------- Horizontal acceleration components
ay = a ------------------------ Vertical acceleration component
Gh ----------------------------- Vector sum of two horizontal acceleration

components
Gv -------------------------- Vertical acceleration component

Two cases are analyzed:

Case 1) The vertical acceleration, ay, is at its peak:

(ay 1.0a, ax = 0.4a, and az = 0.4a)

Gh a,=0.4a Gh

a2 2
a+az a (0.4a)2 +(0.4a) 2 =0.566a

~ax=0.4a
G = 1.0ay =1.0a

Case 2) One horizontal acceleration, ax, is at its peak:

(ay=0.4 x a, ax = a, and az = 0.4a) a.0.4aaz="4 Gh
Gh=

2 2 (1.Oa)2 +(0.4a) 2  1.077a • .O

Gv= 0.4ay = 0.4a

For the cask to resist overturning, the restoring moment (MR) about the point of rotation must be

greater than the overturning moment (M,).
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MR > Mo, or Frb >_ Fod=* (Wxl-WxGv) x b > (W x Gh) x d

d-------------------------------Vertical distance measured from the base of
the concrete cask to the center of gravity

b ------------------------------ Horizontal distance measured from the point
of rotation to the C.G.

W ------------------------------ Weight of the concrete cask
Fo - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - Overturning force
Fr ------------------------------ Restoring force

Substituting for Gy and Gx gives:

Case 1 Case 2

(1- a)-b > 0.566a
d

b
a• d

0.566+ Yd

(1- 0.4a)b > 1.077a
d

Yd

Empty concrete cask:

Case 1 Case 2

64.0
a < 116.0 =0.49

0.566 + 64-Y, 16.0

64.0
a < 116.0 -0.43

1.077 + 0.4 6 4 .0116.0

where:

b = 64.0 inch
d = 116.0inch

Loaded concrete cask:

Case 1 Case 2

63.77
a < 18.0 -0.488

0.566 + 63.77
11 8.0

63.77
a• 18.0 -0.41

1.077 + 0.4 63.77
11 8.0

where:

d = 118.0inch
b = 64.0 - x = 64.0 - 0.23 =63.77 inches
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73.44-72.0
e 0.72 inch --------- TSC CG shift

2
Wae - 103,000 x 0.72 0.23 inch-- Loaded concrete cask CG shift
Wcc 322,000

The minimum acceleration is 0.41g. A factor of safety of 1.1 is required for an earthquake

evaluation; therefore, the maximum allowable horizontal acceleration (ama) at the top of the

concrete pad that will preclude a cask tip-over is as follows.

0.41
amax - 0.37g1.1

Concrete Cask Stress

To demonstrate the ability of the concrete cask to withstand earthquake loading conditions, the

fully loaded cask is conservatively evaluated for seismic loads of 0.5g in the horizontal and 0.5g

in the vertical direction. These accelerations reflect a more rigorous seismic loading and,

therefore, bound the design basis earthquake. No credit is taken for the concrete cask steel liner.

The maximum compressive stresses at the concrete shell outer and inner surfaces are

conservatively calculated by considering the cask as a cantilever beam with its bottom end fixed.

The maximum compressive stresses are as follows.

M M ( + ay)Wcc
yv outer - + 138" psi

Souter A

Ovinner = M +-(- a ")WCC 105 psi
Sinner A

where

ax = 0.50g ----------------------- Horizontal direction
ay = 0.50g ----------------------- Vertical direction

Wcc = 322,000 lb ------------------- Bounding weight of concrete cask
Do = 136.0 inches
Di = •82.98 inches
A = 7r (Do2 - Di2) / 4 = 9,119 inch2

I = 7c (Do4 
- Di4) / 64 = 14.47 x 106 inch4

Souter = 2FDo = 212,794 inch3

Sinner = 21/(Di) = 348,759 inch3

w = (a, x Wc,)/ 225.27 = 715 lb-inch
M = (wx225.272)/2 = 1.81x10 7 lb-inch
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3.7.3.5 Concrete Cask Combined Stresses

The load combinations described in Table 2.3-1 are used to evaluate the concrete cask for

accident events of storage. Concrete stresses are summarized in Table 3.7.3-1 and Table 3.7.3-2

for the loading combination Nos. 4, 5, 7, and 8. Loading combination No. 6 corresponds to drop

accidents, 24-inch end drop and tip-over, which are evaluated, in Section 3.7.3.6 and Section

3.7.3.7, respectively.

As shown in Table 3.7.3-1, the maximum concrete compressive stress is 1,201 psi; therefore, the

minimum compressive factor of safety (FS) for accident events is as follows.

FS = S = 2,660 = 2.21Sr 1,201

where:
Scon,=Fc 0.7x3,800 = 2,660 psi --------- Concrete compressive allowable

From Section 3.7.3.1, the maximum concrete ultimate strength due to thermal load is 0.1 ksi.

The factor of safety (FS) for concrete ultimate strengths is as follows.

FS - 0.21 = 2.10
St 0.1

where:

Stc=0.08 x Scon = 0.08 x 2660 = 213 psi or 0.21 ksi .................... Concrete ultimate strength

From Section 3.7.3.1, the maximum rebar stress (Srb) is due to thermal load is 20.2 ksi. The

factor of safety (FS) for the rebar is as follows.

S rebar 54.0FS - _r_ - =- 2.67
Srb 20.2

where:

Srebar~PFr = 0.9x60.0 = 54.0 ksi ----------- Rebar stress allowable

3.7.3.6 Concrete Cask 24-inch Drop

Evaluation of the Concrete Cask

During the 24-inch bottom-end drop of the concrete cask, the cylindrical portion of the concrete

is in contact with the steel bottom plate that is a part of the base weldment. The plate is assumed
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to be part of an infinitely rigid storage pad. No credit is taken for the crush properties of the

storage pad or the underlying soil layer. Therefore, energy absorbed by the crushing of the
cylindrical concrete region of the concrete cask equals the product of the compressive strength of

the concrete, the crush depth of the concrete, and the projected area of the concrete cylinder.

Crushing of the concrete continues until the energy absorbed equals the potential energy of the

cask at the initial dropheight. The TSC is not rigidly attached to the concrete cask, so it is not

considered to contribute to the concrete crushing. The energy balance equation is as follows.

w(h + 8) =PoA5

where:

h = 24.0 inches -------- ----------- Drop height
5 -------------------------- The crush depth of the concrete cask

Po = 3,800 psi -------------------- Compressive strength of the concrete, 300°F
A = 7c(R22 - R1

2) = 9,119 inch2 - - - - - - - - Area of the concrete shield wall
R, = 41.49 inches ------------------ Inside radius of the concrete
R2 = 68 inches -------------------- Outside radius of the concrete
w = 185,000 lb ---- --------------- Bounding weight of concrete, rebar, and lid

assembly

It is assumed that the maximum force that can be exerted on the concrete cask is the compressive
strength of the concrete multiplied by the area of the concrete being crushed. The concrete cask's
steel shell will not experience any significant damage during a 24-inch drop. Therefore, its

functionality will not be impaired due to the drop.

The crush distance computed from the energy balance equation is as follows.

= hw - (24)(185,000) -0.13 inch
PoA-w (3800)(9,119)- (185,OO0)

Pedestal Crush Evaluation

Upon a bottom-end impact of the concrete cask, the TSC produces a force on the pedestal (base
weldment) located near the bottom of the cask. The ring above the air inlets is expected to yield.
To determine the resulting acceleration of the TSC and deformation of the pedestal, a LS-DYNA
analysis is used. As described in Section 3.10.4.3, a quarter-symmetry finite element model of
the pedestal is used for this evaluation. To ensure that maximum deformations and accelerations
are determined, two analyses are performed. One analysis, which uses the upper-bound weight
of 105 kips, envelops the maximum deformation of the pedestal. The second analysis employs
the lower-bound weight of 60 kips to account for maximum acceleration.

The maximum accelerations of the TSC during the 24-inch bottom-end impact are calculated to
be 14.5g and 25.2g for the upper-bound weight TSC and lower-bound weight TSC, respectively.
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The resulting acceleration time histories of the TSC, which correspond to a filter frequency of

200 Hz, are shown in Figure 3.7.3-1 for the analysis using the upper-bound weight model and

Figure 3.7.3-2 for the lower-bound weight model. The dynamic load factor (DLF) for the TSC is

calculated to be 1.35 for the upper-bound weight TSC and 0.95 (consider 1.0) for the lower-

bound weight TSC, based on the response of one-degree systems subjected to a triangular load
pulse [22]. Therefore, the accelerations for the upper-bound weight and lower-bound weight

TSC are 19.6g and 25.2g, respectively.

The maximum strain in the pedestal is 15.4%. Since the ultimate strain of A36 steel is greater

than 25%, the pedestal is not subject to failure. The maximum vertical displacement of the air

inlet is calculated to be 1.46 inches for the upper-bound and lower-bound weight TSC. The

original opening is 4.4 inches. Since the maximum displacement is 1.46 inches, the minimum air

inlet opening is 2.9 inches (4.4 - 1.16), which is approximately 66% of the original air inlet

opening. This condition is bounded by the consequences of the loss of one-half of the air inlets

off-normal event.

3.7.3.7 Concrete Cask Tip-Over

Tip-over of the concrete cask is a nonmechanistic, hypothetical accident condition that presents a

bounding case for evaluation. Existing postulated design basis accidents do not result in the tip-
over of the concrete cask. Functionally, the concrete cask does not suffer significant adverse
consequences due to this event. The concrete cask, TSC, and basket maintain design basis

shielding, geometry control of contents, and contents confinement performance requirements.

For a tip-over event to occur, the center of gravity of the concrete cask and loaded TSC must be

displaced beyond its outer radius, i.e., the point of rotation. When the center of gravity passes

beyond the point of rotation, the potential energy of the cask and TSC is converted to kinetic
energy as the cask and TSC rotate toward a horizontal orientation on the ISFSI pad. The

subsequent motion of the cask is governed by the structural characteristics of the cask, the ISFSI
pad and the underlying soil.

The MAGNASTOR concrete cask tip-over analyses are performed using LS-DYNA. LS-DYNA
is an explicit finite element program for the nonlinear dynamic analysis of structures in three

dimensions. Details of the finite element model are presented in Section 3.10.4.

Two geometries are considered in this evaluation. The pad width of 30 ft in the models
corresponds to the typical width of a concrete storage pad. One model considers a pad length of

30 ft, while the second model referred to as the "oversized pad," employs a length of 60 feet. The
second model allows the effect of the pad length used in the analysis to be assessed.
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The acceleration time histories for the TSC and basket for the standard and oversized pad cases

are shown in Figure 3.7.3-3 and Figure 3.7.3-4. A cut-off frequency of 200 Hz is applied to filter
the analysis results and measure the peak accelerations. The following is a summary of the peak

accelerations.

Position from
Base of

Concrete Cask Acceleration Acceleration
Location (in) Standard Pad (g) Oversized Pad (g)

Top of basket 177.7 26.4 26.6
Top of TSC closure lid 197.6 29.5 29.6

Using two-dimensional models of the PWR and BWR basket (similar to the models described in

Sections 3.10.1 and 3.10.2, meshing density modified for modal analysis), the modal frequencies

for the basket are calculated. Table 3.7.3-3 summarized the frequencies for the first mode shape

for the PWR and BWR baskets in the 0' and 450 basket orientations. The dynamic load factors
are determined using the response of one-degree systems subjected to a triangular load pulse

[22]. The dynamic load factors and the maximum accelerations at the top of the TSC and top of
the basket are summarized in Table 3.7.3-4. As the table and figures show, maximum

accelerations are less than the specified design value of 40g. The acceleration results indicate

that even with a 1.00%. increase in the pad length, the resulting change in the maximum

accelerations is less than 1 percent. This demonstrates that the effect of the pad size employed in

the analysis has an insignificant effect on the maximum accelerations.
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Figure 3.7.3-1
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Figure 3.7.3-2 Acceleration Time History of the Lower-Bound Weight TSC -
24-Inch Concrete Cask Drop
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Figure 3.7.3-3
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Figure 3.7.3-4 Acceleration Time History of Oversized Pad

~4D

.2

Time (sec. am

NAC International 3.7-68



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 3.7.3-1 Concrete Cask Vertical Stress Summary - Inner Surface, psi

Condition Dead Live Wind Thermal Seismic Flood Tornado Total
4 -23 -25 0 -1048 0 0 0 -1096
5 -23 -25 0 -989 -105 0 0 -1201
7 -23 -25 0 -989 0 -11 0 -1107
8 -23 -25 0 -989 0 0 -12 -1108

Table 3.7.3-2 Concrete Cask Circumferential Stress Summary - Inner Surface, psi
Condition Dead Live Wind Thermal Seismic Flood Tornado Total

4 0 0 0 -217 0 0 0 -217
5 0 0 0 -211 0 0 0 -211

7 0 0 0 -211 0 0 0 -211
8 0 0 0 -211 0 0 0 -211
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Table 3.7.3-3 Basket Modal Frequency for Concrete Cask Tip-over

Fuel Type and
Basket Angle

Frequency (F), Hz

• PWR-00  269
PWR-45 0  33
BWR-0° 140

BWR-45° 39

Table 3.7.3-4 DLF and Amplified Accelerations for Concrete Cask Tip-over

ToD of TSC Lid Top of Fuel Basket
Fuel Type

and Basket
Angle

4- -~

Base
Acceleration,

g
DLF

• Amplified
Acceleration,

g

Base
Acceleration,

g
DLF

Amplified
Acceleration,

g
PWR-0 0  29.6 1.0 29.6 26.6 1.01 26.9

PWR-450  29.6 1.0 29.6 26.6 1.21 32.2
BWR-0 0 29.6 1.0 29.6 26.6 1.02 27.1
BWR-45 0 29.6 1 .0 29.6 26.6 1.07 28.5
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3.8 Fuel Rods

This section presents an evaluation of the PWR and BWR fuel rods for the storage conditions of

the MAGNASTOR system.

3.8.1 PWR Fuel Rod Buckling Evaluation

This section presents the buckling evaluation for MAGNASTOR high burnup PWR fuel (burnup

greater than 45,000 MWd/MTU) having cladding oxide layers that are 80 and 120 microns thick.

A reduced cladding thickness is assumed due to the cladding oxide layer. These analyses show

that the maximum stresses in the high burnup PWR fuel remain below the yield strength in the

design basis accident events and confirm that the fuel rods will return to their original

configuration. A 24-inch end drop orientation of the concrete cask subjects the fuel rods to axial

loading. The 24-inch drop evaluation employs two acceleration time histories. The 24-inch

concrete cask end drop described in Section 3.10.4.3 resulted in the acceleration time history

shown in Figure 3.7.3-2. The maximum acceleration for the time history shown in Figure 3.7.3-2
is 25.3g's (the strong segment of the pulse lasts for 0.015 second). A bounding triangular-shaped

time history with a maximum acceleration of 45g's for a duration of 0.02 second is also used.

In the end drop orientation, the fuel rods are laterally restrained by the grids and come into

contact with the fuel assembly base. The only vertical constraint for the fuel rod is the base of

the assembly. As opposed to employing a straight fuel assembly in the evaluation with all the

grids present, the fuel assembly is considered to be bowed, and a fuel assembly grid may be

missing and still meet the acceptable configuration for undamaged fuel. The evaluation of the

PWR fuel rods is based on the following representative samples.

Gap Between Fuel
Cladding Cladding Fuel Rod Assembly and Fuel
Diameter Thickness Pitch Tube Wall

Fuel Assembly (in) (in) (in) (in)

We 17x17 0.360 0.021 0.496 0.564
We 15x15 0.417 0.024 0.563 0.561
We 14x14 0.400 0.022 0.556 1.232
CE16x16 0.382 0.025 0.506 0.888
CE14x14 0.440 0.031 0.580 0.880
BW17x17 0.377 0.022 0.502 0.451
BW15x15 0.414 0.022 0.568 0.494
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Review of the design basis fuel inventory indicates that the largest gap between the enveloping of

the fuel rods of a straight fuel assembly and the basket fuel tube inner wall could be 1.23 inches,

corresponding to a 14x 14 rod array having a minimum rod pitch of 0.556 inch and a minimum

rod diameter of 0.40 inch inside a maximum basket fuel cell with an inside dimension of 8.86

inches. In this evaluation, an assembly with an initial bow of 0.55 inch is permitted to displace

an additional 0.68 inch to the full gap displacement of 1.23 inches. A PWR 17x 17 fuel assembly

with a bow of 0.55 inch (less than the gap of 0.564 inch, as shown in the preceding table) can
still fit into a MAGNASTOR basket fuel tube. To implement a bow of 0.55 inch into the fuel

assembly, the half-symmetry ANSYS model corresponding to a row of fuel rods (Figure 3.8.1-1)

is used. The clad is modeled with shell elements (Figure 3.8.1-2). Each grid is modeled using

brick elements to maintain the spacing between the fuel rods at the grid (Figure 3.8.1-2). The

fuel tube is modeled using brick elements to restrict the lateral motion of the fuel assembly.

Each of the fuel rods in the ANSYS model is simply supported at each end. A static force is

applied to the ANSYS model at the grid nearest the axial center to develop a 0.55-inch lateral

displacement. The purpose of the ANSYS model and solution is to provide the coordinates of

the fuel clad for the LS-DYNA model. This is accomplished by obtaining a static solution with

the ANSYS model, and then using the option to update the coordinates of the nodes based on the

displacements from the solution.

Five LS-DYNA models are considered for the 24-inch cask end drop conditions. All models

incorporate a bow of 0.55 inch. These cases envelop the range of the cross-sectional moments

for the PWR fuel rods and the grid spacing at the bottom of the fuel assembly as summarized in

the following table. Case 5 is used to confirm that the acceleration associated with the 24-inch

end drop of the MAGNASTOR System provides bounding stresses.

Fuel Lowest Grid
Case Assembly Spacing (inch) Acceleration Definition

1 14x14 60* 45g
2 14x14 33 45g
3 17x17 60* 45g
4 17x17 33 45g
5 17x17 60* .25.3g

The 60-inch spacing corresponds to the fuel rod configuration with two missing grids at

the bottom of the fuel assembly.
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coordinates or boundary conditions (geometry of Case 5 is the same as for Case 3). The

LS-DYNA model employs the same nodes and elements as the ANSYS model (with the

incorporation of the 0.55-inch bow). Elastic properties are used in the ANSYS model and the

bilinear properties are employed in the LS-DYNA model. An initial downward velocity of 136

in/see (corresponding to a 24-inch end drop for the storage condition) is assigned to all nodes in
the model. The deceleration time history is applied to the nodes of the brick elements

representing the fuel tube. The side walls of the fuel tube are restrained in the lateral direction to

maximize the effect of the fuel rods impacting the fuel tube side wall.

The LS-DYNA analyses for Cases 1 through 4 were performed for the duration of 0.08 second to

capture the response of the fuel after the 0.02 second loading duration. Post-processing each

analysis result identifies the maximum shear stress occurring at the shell surface. The maximum

shear stress result from LS-DYNA is factored by two to determine the maximum stress intensity.

The following table contains the maximum stress intensity for the five cases.

Maximum Stress Intensity for the Five LS-DYNA Analyses

Factor of Safety Against
Case Maximum Stress Intensity (ksi) I Yield Strength

1 25.4 3.08
2 21.8 3.59
3 41.9 1.86
4 34.7 2.25
5 22.0 3.54

The case using the 60-inch spacing in conjunction with the minimal cross-section (Case 3) is

identified as the bounding case. All stresses were shown to be less than the yield strength.

The results confirm that high burnup PWR fuel with a maximum distance of 60 inches from the

bottom to the first grid will remain structurally adequate for the storage design basis cask end

drop load conditions.
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Figure 3.8.1-1

Overall Plot of PWR Model

Overall Model Plot for a Typical PWR Fuel Assembly
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Figure 3.8.1-2 Detailed View of the PWR 14414 Fuel Assembly

Detailed view of the axial section
of the fuel assembly.

The gap between the assembly and
the side is reduced by 0.55 inch to

,Aimulate the bow in the fuel
assembly.

All shell elements were
---- ,modeled at the midplane

thickness of the clad. The
LS-DYNA interface takes
into account the thickness
of the shell element when
determining the contact.

Brick elements for the
grid.

A small gap (0.001
inch) was modeled

S between the fuel rod and
bottom brick elements.

Brick elements
representing the
sides of the fuel

The deceleration time
history was applied to
nodes of these brick
elements. \The nodes in the

bricks for the sides
and the bottom are
restrained in the
lateral direction.
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BWR Fuel Rod Buckling Evaluation3.8.2

The evaluation of the BWR fuel rod is based on the following representative samples of BWR

fuel rods.

Cladding
Diameter

(in)

.Cladding
Thickness(in)

Fuel Assembly
GE 7x7 0.563 0.032
GE 7x7 0.563 0.032

GE 8x8-2 0.483 0.032
GE 8x8-2 0.483 0.032
GE 8x8-4 0.484 0.032
GE 8x8-4 0.484 0.032
GE 9x9-2 0.441 0.028

GE 10x1O-2 0.378 0.024

The location of the lateral constraints in the BWR fuel are: 0.00 in, 22.88 in, 43.03 in, 63.18 in,
83.33 in, 103.48 in, 122.3 in, 143.78 in, and 163.42 inches.

For the PWR fuel rod (with all grids and with the 120-micron thickness reduction), the largest

ratio of unsupported length (L) to radius of gyration of the cladding cross-section (r) is:

L/r =
33

0.5 x V((0.360 - 2x 0.0047)/2)2 + (0.318/2)2
= 279

The ratio (L/r) for a BWR fuel rod (with the 125-micron thickness reduction for the high bumup

fuel) is:

L/r =
22.88

0.5 x V((0.378 - 2x 0.0049)/2)2 +(0.330/ 2)2
=185

The analysis presented in Section 3.8.1 is bounding for both PWR and BWR fuel rods because
the "L/r" for the PWR fuel rod is larger than the "L/r" for the BWR fuel rod. Therefore, no

further evaluation of the BWR fuel rod is required.
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3.8.3 Thermal Evaluation of Fuel Rods

MAGNASTOR limits normal storage condition fuel cladding temperatures to be <400'C (752°F)

in accordance with ISG- 11, Rev 3. Zirconium alloy or stainless steel cladding degradation is not

expected to occur below this temperature in an inert gas environment.

The fuel cladding temperature limit for short-term off-normal and accident events is 5700C
(1,058°F). Refer to Chapter 4, which demonstrates that the maximum fuel cladding temperatures

are well below the temperature limits for all design conditions of storage.

NAC International 3.8-7



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

3.8.4 Side Drop Evaluation

The basket side drop configuration is evaluated using a uniformly applied 60g's along the length

of the basket. This significantly bounds the accelerations developed in the concrete cask tip-over

accident in which the accelerations vary from near-zero value at the point of rotation to a

maximum acceleration reported in Section 3.7.3.7 of 26.6g's at the top of the basket. The

analyzed bounding fuel rod length of 60.0 inches envelops all fuel types and includes the

condition with a missing support grid in the fuel assembly. During a side drop, the maximum

deflection of a fuel rod is based on the fuel rod spacing of the fuel assembly. Assuming a 17x17

array (fuel assembly with the maximum number of rods), the maximum fuel rod deflection,

including the 120-micron oxide layer, is:

(17-1) x (0.496-0.36+2x120x10 6x39.37) = 2.33 in.

The side drop loading is evaluated for three fuel rods, which corresponds to the limits of the

stress modulus Z (ratio of the cross-sectional moment of inertia to the maximum radius to relate

the maximum fiber stress (S) to the bending moment (M), S=NMZ) and the maximum span, as

shown in the following table.

Clad
Rod Diameter Thickness Z (in) Span

Case (inches) (inches) (10-3) (inches)
CE14x14 0.440 0.031 3.18 16.8
WE15x15 0.417 0.024 2.20 26.2
WE17x17 0.360. 0.0205 1.33 20.6

ANSYS is used to perform a static analysis with a lateral loading of 60g. The model is shown in

Figure 3.8.4-1. The fuel rod is modeled with beam elements, and the properties for the fuel clad
take into account the reduction of the outer radius by 0.0047 inch (120 microns). The density of

the beam element material was based on the zircaloy clad (0.237 lb/in3) and the pellet density
(0.396 lb/in 3). The lateral constraints show the location of the grids used in the model, and the
distance from the end of the fuel rod to the first support is 60 inches. The analyses confirm that

the rod lateral displacement is 2.33 inches, which results in the fuel rod being supported with the
60-inch distance between adjacent grids. Therefore, the location of the unsupported span along
the fuel rod is not significant. The spacing for the adjacent grids is shown in the preceding table.

To represent the maximum gap of 2.33 inches, which the fuel rod can displace in the side drop,

CONTAC52s were modeled at each-node. The gap for each CONTAC52 was set to 2.33 inches
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to limit the lateral displacement of the fuel rod to 2.33 inches. The gap stiffness for each

CONTAC52 was defined to be 106 lb/in, which simulates the resistance of the basket to the

lateral motion of the fuel rod. The lateral flexural stiffness of the fuel rod is considered to be

insignificant compared to the stiffness of the basket. The effect of this stiffness, whether larger

or smaller, would not influence the maximum stress. The maximum stress in the fuel rods is

shown in the following table, and the allowable stress is the material yield strength at 752°F

(69.6 ksi).

Margin of Safety
Against Yield

StrenqthCase Maximum Stress (ksi)
CE14x14 37.1 +0.88
WE15x15 48.1 +0.45
WE17x17 46.3 +0.50

This confirms that the PWR fuel rod subject to high burnup will remain intact for a 60g side drop

condition, which bounds the tip-over accident condition.
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Figure 3.8.4-1 ANSYS Model for the PWR Fuel Rod High Burnup Condition

Typical lateral restraint
representing the grid that
was altered for each fuel
rod analyzed. Smaller gri
spacing would require more
grids.

A single beam element
connected each adjacent
gap element.

Typical CONTAC52

:i iection of lateral
loading for the side
drop.

60-inch
spacing

'I
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3.10 Structural Evaluation Detail

This section contains evaluation detail not found in the preceding sections.
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3.10.1 PWR Fuel Basket Finite Element Models

3.10.1.1 Load Path Description

This section describes the load paths and interactions between basket components during storage

conditions. The MAGNASTOR PWR fuel basket is designed to accommodate 37 PWR fuel

assemblies. For the normal conditions of storage, the weight of the fuel assemblies is directly
supported by the bottom plate of the TSC. The basket is subjected to its self-weight only. For

the off-normal and accident events associated with loadings in the transverse direction of the

basket (e.g., off-normal handling load, concrete cask tip-over accident), the weight of the fuel

assemblies is supported by the 21 fuel tubes, side support weldments, and comer support

weldments. Referring to Figure 3.10.1-1, load transfer between the fuel tubes, '1', is through

contact at the tube comers. This contact consists of two types: the connector pins and the region

between pins where the tube sections are in contact. The connector pin slot connections at 20-

inch center-to-center distance prevent the fuel tubes from sliding past each other. The shear load

transmitted across the pins is reacted out in bearing in the fuel tube pin slots. The tube region

between pins transmits bearing directly between fuel tubes. Shear loads between the tube comers

can be transmitted by friction; however, friction is not considered in the finite element analyses

of the basket. The detailed interaction between fuel tube comers, as well as a free-body diagram

of a tube section, is shown in Figure 3.10.1-3. As the figure shows, the pin welded to one tube

fits into the slots cut into the adjoining tube.

Connector pin assemblies are installed as redundant supports at the top and bottom of the fuel

basket. The connector pin assemblies join adjacent fuel tubes to ensure each tube is properly

aligned during the assembly process. The connector pin assembly provides an end weldment

effect that allows for handling of the assembled basket outside of the TSC without special

fixtures. The bottom connector pins also provide a standoff between the TSC bottom plate and

basket tubes, and transmit bearing loads from the basket to the TSC bottom plate.

The comer and side support weldments provide rigidity to the basket. The weldments are

attached to the fuel tube array by means of bolted boss connections. Bosses welded to the fuel

tubes are slotted into the weldments. Connection is made with the use of a washer and bolt

combination. Figure 3.10.1-1 and Figure 3.10.1-2 show the boss connection details, '2'. To

ensure the connection is in tension, the bosses are designed not to penetrate completely through

the weldment wall. Therefore, once installed and preloaded, the bolts are always in tension.

Shear loads are reacted out by the interaction of the bosses, boss welds, and the support
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weldments, '3'. When the support weldments are in compression, bearing loads are transferred

through the support weldment to the fuel tube array, '4' (Figure 3.10.1-2). Figure 3.10.1-4 shows

a free-body diagram of the fuel tube interaction with the support structure.

3.10.1.2 Finite Element Model Descriptions

This section describes the finite element models used in the PWR basket structural evaluation.

The following describes the finite element models and the applicable ASME Code section.

Loading ASME Code
Finite Element Model Analysis Usage Condition Section

3D Periodic Model Off-normal TSC handling conditions (loads in Level C III-NG
3DPeriodicModelbasket in transverse direction) Level C _111-NG

3D Thermal Stress Thermal stress evaluation Level A 111-NG
Model

3D Miode Plastic Concrete cask tip-over accident evaluation Level D lIl-NG, App. F
Model

3.10.1.2.1 PWR Basket Three-Dimensional Periodic Models

Two three-dimensional periodic half-symmetry models of the PWR basket are used to calculate
the stresses in the basket due to the transverse loading during the off-normal TSC handling

conditions. These models correspond to the critical basket orientations, 0' and 450, as shown in

Figure 3,10.1-5 and Figure 3.10.1-6. The fuel tube support pins and slot joints are spaced on,
20.0-inch centers. Therefore, the periodic model extends from the axial center of a fuel tube:

support pin to the midpoint of the fuel tube between the pins (10.0-inch segment). The end effect

of the basket on pinned connections is ignored.

The finite element models are constructed using ANSYS SOLID45, SHELL63, and BEAM4
elements. Fuel tube assemblies, pins, and side support weldments are modeled using SOLID45
elements. Comer weldment plates are modeled using SHELL63 elements. BEAM4 elements are
used to model the support bars on:the comer support weldments. The interaction between fuel

tubes, comer support assemblies, and side support assemblies are modeled with CONTAC52 gap
elements. These gap elements allow the transfer of loads between the basket structural
components. The fuel tube/pin interaction is also modeled with the CONTAC52 elements at:!the
gap between the pin and the tube slot. BEAM4 elements with minimal properties (Area = 0.001

in') are defined at pin-to-slot weld locations between the fuel tubes and pins to assist in obtaining
convergence of the ANSYS solution. CONTAC52 gap elements are used to simulate the total
gap between the PWR basket and the transfer cask. The effect of the TSC shell is conservatively

not included in the model.

NAC International .3.10.1-2



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

The comer support and side support weldment assemblies are bolted to the fuel tube array at
eight locations in the half-symmetry basket models. The bolt/boss joints are modeled using
LINK1 0 (tension only) elements for the bolts and COMBIN40 elements for the boss. The
COMBIN40 elements represent the shear restraint generated by the bosses welded to the fuel

tubes.

Loads and boundary conditions are discussed in Section 3.10.1.3. The weight of the neutron
absorbers and the retainers, which are not included in the finite element model, are considered by

adjusting the density of the carbon steel for the fuel tube sides.

3.10.1.2.2 PWR Basket Three-Dimensional Thermal Stress Model

The structural evaluation for thermal stresses is performed using a three-dimensional quarter-

symmetry finite element model, as shown in Figure 3.10.1-7. The model represents the top or

bottom 47 inches of the PWR basket to evaluate the bounding axial and radial thermal gradients

considering the end restraint of the basket due to the connector pin assemblies. This model
includes the connector pin assemblies at the end of the fuel tubes and two intermediate pin and
bolt locations. The connector pin assemblies at the end of the basket are modeled with nodal

constraints in the basket transverse directions at the interface of two adjacent connector pins.
The modeling methodology of the model is the same as that of the three-dimensional periodic

model as discussed in Section 0.

3.10.1.2.3 PWR Basket Three-Dimensional Periodic Plastic Model

The evaluation of the PWR basket of the cask tip-over event is performed using two three-

dimensional plastic periodic models, as shown in Figure 3.10.1-8 and Figure 3.10.1-9 for 0' and
450 basket orientations, respectively. The models are, similar to the three-dimensional periodic

models used'for the off-normal handling evaluations presented in Section 0. In this model, the
SHELL43 elements are used for the comer weldment mounting plates instead of SHELL63

elements. SHELL43 elements are also used for the comer weldment support bars instead of

BEAM4 elements. The CONTAC52 elements are used to model the interface between basket

components except that CONTA173 and TARGE 170 elements are used to model the interaction
of the pins and fuel tube slots, as shown in Figure 3.10.1-10. CONTAC52 elements are also used

to simulate the gap between the PWR basket and the canister shell in the vertical concrete cask.
The bolt/boss joints are modeled the same as in the three-dimensional period model using

LINK10 and COMBIN40 elements. Bilinear elastic-plastic material properties are used for all

basket components in the model.
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Loads and boundary conditions are discussed in Section 3.10.1.3. The weight of the neutron f
absorbers and the retainers, which are not included in the finite element model, are considered by

adjusting the density of the carbon steel for the fuel tube sides.

3.10.1.3 Finite Element Model Boundary Conditions

3.10..1.3.1 Off-Normal Handling Boundary Conditions

For off-normal handling events, the three-dimensional periodic models described in Section 0 are

used to calculate the stresses due to loading in the transverse direction of the basket. The gap
between the basket and the transfer cask is 0.62 inch (0.12-inch basket-TSC and 0.50-inch TSC-

cask). To represent the loads from the fuel assemblies, a bounding pressure load of 1.2 psi is

applied to the fuel tubes.

The boundary conditions for 00 and 450 basket orientations are shown in Figure 3.10.1-11 and
Figure 3.10.1-12, respectively. For off-normal events, an inertia load of 0.707g (resultant of 0.5g

loading in the two transverse directions) is applied in the transverse direction of the basket.

Applied pressure loads for fuel assemblies are also multiplied by 0.707g.

The 0' and 45' basket orientations are critical for the PWR basket for loading in the transverse

direction. The 00 basket orientation maximizes the stresses in the fuel tube sidewalls and the 450
basket orientation maximizes the bending stresses in the tube comers. Intermediate basket

orientations are bounded by the 0' and 450 orientations. Therefore, the basket evaluation is

performed using two half-symmetry models for the 00 and 450 basket orientations, respectively.

Symmetry boundary conditions are applied at the plane of symmetry. Symmetry boundary

conditions are also applied to both ends of the finite element model to represent a periodic
section of the basket. CONTAC52 elements are used at the periphery of the basket to represent

the interface of the basket and the canister shell inside the transfer cask. Outer nodes of the

CONTAC52 elements are fixed. For off-normal events, material properties at 1 00°F are

conservatively used (using the modulus of elasticity for carbon steel at lower temperature results

in slightly higher stress results.)

3.10.1.3.2 Thermal Stress Analysis Boundary Conditions

The three-dimensional quarter-symmetry model described in Section 0 is used to calculate the

thermal stress due to the thermal expansion. As shown in the following table, a total of five

cases of temperature boundary conditions are defined that envelop the maximum temperature

gradients (AT) in the axial and radial directions of the basket for all conditions of storage and

transfer. Prior to performing the thermal stress analysis, the steady-state temperature distribution
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in the model is determined by a thermal conduction analysis. The SOLID45, SHELL43 and

BEAM4 structural elements were convertedto SOLID70, SHELL57 and LINK33 thermal

elements, respectively, for the thermal conduction solution.

Thermal Boundary Temperatures - PWR Basket (OF)
C Axial end ofbasket , D Case J A B C D

Center 47" Outer

Line Radiu:

A 1( B

1 600 440 360 300
.2 680 500 580 440

3 640 520 700 590

4 430 380 210 260

5 700 500 550 400

Symmetry boundary conditions are applied at the planes of symmetry. In the basket axial

direction, the model is restrained at-one end.

3.10.1.3.3 Concrete Cask Tip-Over Accident Boundary Conditions

The concrete cask tip-over is evaluated as a side impact for the basket. During the concrete cask

tip-over event, acceleration varies from 1 g at the bottom of the concrete cask to a maximum

acceleration at the top of the TSC. The three-dimensional plastic model is used for the

evaluation of the basket (Section 3.10.1.2.3). A bounding acceleration of 35g is applied to the

basket models in the transverse direction. The 35g acceleration bounds the maximum

acceleration in the basket, including the dynamic load factor for the concrete cask tip-over

accident.

Pressure loads are applied to the PWR basket models to represent the fuel assembly weight with

a 35g acceleration.

For the tip-over accident (loading in the transverse direction), the 00 and 450 basket orientations

are critical for the PWR basket as discussed in Section 3.10.1.2.3. Therefore, the basket is

evaluated using models corresponding to the 00 and 450 basket orientations. Symmetry boundary

conditions are applied at the plane of symmetry. Symmetry boundary conditions are also applied

to both ends of the three-dimensional periodic finite element model. CONTAC52 elements are

used to represent the interface of the basket and the canister shell inside the concrete cask. The

location of the outer nodes of the gap elements at the basket periphery incorporates the canister

shell displacements during the concrete cask tip-over accident. The canister shell displacement

at approximately mid-height (100 inches from canister bottom) of the canister shell is used. This

is conservative since the g-load at this location is significantly lower than the bounding g-load
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used in the basket analysis (35g). The boundary conditions for these models are shown in Figure

3.10.1-11 and Figure 3.10.1-12. For accident conditions, material properties at 100°F are

conservatively used.

3.10.1.4 Post-Processing Finite Element Analysis Results

3.10.1.4.1 Maximum Stresses for Off-Normal Handling Condition

The post-processing of the finite element analysis results from the periodic model for the off-

normal event is performed by taking section cuts at various locations in the model.

The fuel tube section cuts are divided into two regions. Region 1 is the region between the pin
supports. For the periodic model, this region is defined from the base of the model (mid-distance

between pins) to the base of the pin. Region 2 is the pin region. This region starts at the base of

the pin and extends to the top of the finite element model (mid-plane of pin). For both regions,

the region just above and below the pin cutout (±0.25 inch) is omitted from the section cuts to

eliminate stress concentrations in the model. The membrane stresses are caiculated by taking a

section cut at the center of the tube thickness. The membrane plus bending stress is calculated by

taking the maximum of the stresses calculated at the inner or outer surface of the fuel tube. Refer

to Figure 3.10.1-13 through Figure 3.10.1-16 for the tube identification and the locations of the

section cuts.

The maximum stresses for the comer support weldments are calculated by taking section cuts

along the length of the weldment (ten inches for the periodic model). Since the comer weldment

is modeled using SHELL63 elements, the membrane stresses are calculated at the mid plane of

the element and the membrane plus bending stresses are calculated using the maximum stresses
of either the inner or outer surface of the element. Refer to Figure 3.10.1-17 and Figure

3.10.1-18 for the locations of the section cuts.

The maximum stresses for the side weldments are calculated taking section cuts along the length

of the weldment (ten inches for the periodic model). The membrane stresses are calculated by

taking a section cut at the mid-thickness of the weldment. The membrane plus bending stress is
calculated by taking the maximum of the stresses calculated at the inner or outer surface of the

weldment. Refer to Figure 3.10.1-19 and Figure 3.10.1-20 for the locations of the section cuts.

The bolt tensile loads are obtained from the LINK 10 element results. The boss shear loads are

extracted from the COMBIN40 element results.
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3.10.1.4.2 Maximum Thermal Stresses

The post-processing of the finite element analysis results for the thermal stress evaluation is

performed by extracting the maximum nodal stress intensities from the model. The maximum

nodal stress is obtained for two separate regions: (1) fuel tubes and (2) comer and side support

weldments. The bolt tensile loads are extracted from the LINK10 elements, and the boss shear

loads are extracted from the COMBIN40 elements.

3.10.1.4.3 Maximum Stresses for Concrete Cask Tip-Over Accident

The post-processing of finite element analysis results for the basket tip-over accident using the

three-dimensional plastic model is performed by extracting stresses in the basket for the 0' and
450 basket orientations.

For the fuel tube stresses, the primary membrane stresses are calculated by extracting the

maximum nodal stress at the mid-thickness of the tube wall. Based on the differences in stress

criterion summarized from the plastic finite element results [i.e., (a + 3 r)'/] and the ASME

Code, Section III stress criterion [i.e., (Y + 4 T)"], calculated membrane stress results are

conservatively increased by a factor of (4/3) '. The primary membrane plus bending stresses are

evaluated by extracting the maximum stress intensity results of each fuel tube.

The stresses for the comer and side support weldments are calculated using the three-dimensional

plastic models. The maximum primary membrane plus bending stress intensity for the comer

and side weldments are extracted from the model. The maximum primary membrane plus

bending stress intensity is compared to the membrane allowable to obtain a conservative

bounding factor of safety.
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rA0Figure 3.10.1-1 Expanded View of PWR Basket
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Figure 3.10.1-2 Bolted Attachment Details
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Figure 3.10.1-3 Free-Body Diagram of PWR Basket Fuel Tube Detail
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Figure 3.10.1-4 Free-Body Diagram of Basket Support Structure
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Figure 3.10.1-5 PWR Basket Periodic Model - 00 Basket Orientation
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Figure 3.10.1-6 PWR Basket Periodic Model - 450 Basket Orientation
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Figure 3.10.1-7 Thermal Stress Evaluation Model
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Figure 3.10.1-8 PWR Basket Plastic Model - 00 Basket Orientation
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IWFigure 3.10.1-9 PWR Basket Plastic Model - 450 Basket Orientation
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Figure 3.10.1-10 Typical PWR Fuel Tube Pin Finite Element Model Details
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Figure 3.10.1-11 PWR Basket Model Boundary Conditions for a Transverse Loading -
0' Basket Orientation
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Figure 3.10.1-12 PWR Basket Model Boundary Conditions for a Transverse Loading -
450 Basket Orientation
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Figure 3.10.1-13 PWR Fuel Tube Array - 00 BasketOrientation
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Figure 3.10.1-14 PWR Fuel Tube Section Cuts - 00 Basket Orientation
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C.Figure 3.10.1-15 PWR Fuel Tube Array - 450 Basket Orientation
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Figure 3.10.1-16 PWR Fuel Tube Section Cuts - 450 Basket Orientation
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Figure 3.10.1-17 PWR Corner Support Weldment Section Cuts - 0° Basket Orientation
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Figure 3.10.1-18 PWR Corner Support Weldment Section Cuts - 450 Basket Orientation
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Figure 3.10.1-19 PWR Side Support Weldment Section Cuts - 00 Basket Orientation
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Figure 3.10.1-20 PWR Side Support Weldment Section Cuts - 450 Basket Orientation
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3.10.2 BWR Fuel Basket Finite Element Models

3.10.2.1 Load Path Description

This section explains the load paths in the basket that ensure the structural integrity of the BWR

MAGNASTOR during all conditions of storage. The MAGNASTOR BWR fuel basket is

designed to accommodate 87 BWR fuel assemblies. For normal conditions of storage, the

weight of the fuel assemblies is directly supported by the bottom plate of the TSC. The basket is

subjected to its self-weight only. For the off-normal and accident conditions associated with

loadings in the transverse direction of the basket (e.g. off-normal handling load, concrete cask

tip-over accident), the weight of the fuel assemblies is supported by the 45 fuel tubes, side

support weldments, and the comer support weldments. Referring to Figure 3.10.2-1, load

transfer between the fuel tubes, '1', is through bearing contact at the comers. The bearing

contact consists of two load paths: the connector pins transmit load directly between each fuel

tube; and where the tubes are in contact, bearing loads are transmitted. The shear load

transmitted across the pins is reacted out in bearing in the pin slots. The detailed interaction

between fuel tube comers is shown in Figure 3.10.2-2 and Figure 3.10.2-3. As the figures show,

the pins welded to one tube mate to the slots cut into the adjoining tube. Figure 3.10.2-3 shows a

free-body diagram of the fuel tube pin joint. Frictional forces are not considered in the finite

element analysis of the basket.

At the top and bottom of the fuel basket, connector pin assemblies are used to add additional

support to the basket. The end basket configurations do not affect the periodic model analysis of

the basket because the connector pin assemblies do not transmit loads in the lateral direction.

The connector pin assemblies are installed as a redundant support for the basket system to

maintain the structural configuration of the basket. The bottom connector pin assemblies also

provide a standoff between the TSC bottom plate and basket tubes, and transmit bearing loads

from the basket to the TSC bottom plate.

The comer and side support weldments provide rigidity to the basket. The weldments are

attached to the fuel tube array by means of bolted boss connections. Bosses welded to the fuel

tubes are slotted in to the weldments. Connection is made with the use of a washer and bolt

combination. Referring to Figure 3.10.2-1 and Figure 3.10.2-2, the bolted joints, '2', are

designed to transmit tensile loads. Therefore, once installed and preloaded the bolts are always

in tension. Shear loads are reacted out by interaction of the bosses, boss welds, and the support

weldments, '3'. If the support weldments are bearing on the fuel tube array, the load is
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transferred through the bearing contact, '4', of the support weldments and fuel tube array (Figure

3.10.2-2). Figure 3.10.2-4 shows a free-body diagram of the fuel tube interaction with the basket

support structure.

3.10.2.2 Finite Element Model Descriptions

This section describes the finite element models used in the BWR basket structural evaluation.

The following table describes the finite element models and the applicable ASME Code section.

Loading ASME Code
Finite Element Model Analysis Usage Condition Section

3D Periodic Model Off-normal TSC handling conditions (loads in Level C 111-NGbasket in transverse direction)
3D Thermal Stress Thermal stress evaluation Level A III-NG

Model_____________________ ______________

3D Periodic Plastic 3 Concrete cask tip-over accident evaluation Level D I II-NG, App. F
Model

3.10.2.2.1 BWR Basket Three-Dimensional Periodic Model

Two three-dimensional periodic half-symmetry models of the BWR basket are used to calculate

the stresses in the basket due to transverse loading during the off-normal TSC handling
conditions. These models correspond to the critical basket orientations, 0' and 450, as shown in
Figure 3.10.2-5 and Figure 3.10.2-6. The fuel tube support pins are spaced on 20.0-inch centers;

therefore, the periodic model extends from the axial center of a tube pin to the mid-point of the
spacing between the pins, a 10.0-inch segment.

The finite element models are constructed using SOLID45, SHELL63, and BEAM4 elements.
The fuel tube assemblies, pins, and side support weldments are modeled using SOLID45
elements. The weight of the poison plates is included in the finite element model by adjusting

the density of the carbon steel for the fuel tube sides. The comer support weldment is modeled
using SHELL63 elements for the vertical wall and support plates. Similar to the three-

dimensional periodic model for PWR basket, the interaction between fuel tubes, comer support
assemblies, and side support assemblies are modeled with CONTAC52 gap elements. These gap
elements allow the transfer of loads between the basket structural components. The fuel tube/pin
interaction is also modeled with the CONTAC52 elements at the gap between the pin and the
tube slot. For the basket structural evaluation, the TSC is not modeled. CONTAC52 gap
elements are used to model the total gap between the BWR basket and the transfer cask.

The comer support and side support assemblies are bolted to the fuel tube array at eight locations
in the half-symmetry basket model. The bolt/boss joints are modeled using LINK10 tension only
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elements for the bolts and COMBIN40 elements for the boss. The COMBIN40 elements

represent the shear restraint generated by the bosses welded to the fuel tubes.

Loads and boundary conditions are discussed in Section 3.10.2.3. The weight of the neutron

absorbers and the retainers, which are not included in the finite element model, are considered by

adjusting the density of the carbon steel for the fuel tube-sides.

3.10.2.2.2 BWR Basket Three-Dimensional Thermal Stress Model

The structural evaluation for thermal stresses is performed using a three-dimensional quarter-

symmetry finite element modeled, as shown in Figure 3.10.2-7. The three-dimensional model

represents the top or bottom 43 inches of the BWR basket to evaluate the bounding axial and

radial thermal gradients considering the end restraint of the basket due to the connector pin

assemblies. This model includes the connector pin assemblies at the end of the fuel tubes and

two intermediate pin and bolt locations. The connector pin assemblies at the end of the basket

are modeled with nodal constraints in the basket transverse directions at the interface of two

adjacent connector pins. The modeling methodology of the model is the same as that of the

three-dimensional periodic model as discussed in Section 0.

3.10.2.2.3 BWR Basket Three-Dimensional Periodic Plastic Model

The evaluation of the BWR basket for the cask tip-over event is performed using two three-

dimensional plastic periodic models, as shown in Figure 3.10.2-8 and Figure 3.10.2-9. The

models are similar to the periodic model presented in Section 0. SHELL43 elements are used for

the comer support weldment. Other modeling details are identical to those described in Section

3.10.1.2.3 for the three-dimensional periodic plastic model for the PWR basket. A typical model

detail for the pin-slot connections is shown in Figure 3.10.2-10.

Loads and boundary conditions are discussed in Section 3.10.2.3. The weight of the neutron

absorbers and the retainers, which are not included in the finite element model, are considered by

adjusting the density of the carbon steel for the fuel tube sides.

3.10.2.3 Finite Element Model Boundary Conditions

3.10.2.3.1 Off-Normal Handlinq Boundary Conditions

The three-dimensional periodic models as described in Section 0 are used to calculate the stresses

due to loading in the transverse direction of the basket for off-normal handling conditions. The

gap between the basket and the transfer cask is 0.62 inch (0.12-inch basket-TSC and 0.50-inch

TSC-cask). To represent the loads from the fuel assemblies, a bounding pressure load is applied

to the fuel tubes.
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The boundary conditions are the models for 00 and 450 basket orientations, as shown in Figure

3.10.2-11 and Figure 3.10.2-12, respectively. For off-normal events, an inertia load of 0.707g

(resultant of 0.5g acceleration applied in the two transverse directions) is applied in the

transverse direction of the basket. Applied pressure loads for fuel assemblies are also multiplied

by 0.707g.

The 00 and 450 basket orientations are governing for the BWR basket for loading in the

transverse direction. The 0' basket orientation maximizes the stresses in the fuel tube sidewalls

and the 450 basket orientation maximizes the bending stresses in the tube comers. Intermediate

basket orientations are bounded by the 00 and 450 orientations. Therefore, the basket evaluation

is performed using two half-symmetry models for the 00 and 450 basket orientations,

respectively. Symmetry boundary conditions are applied at the plane of symmetry. Symmetry

boundary conditions are also applied to both ends of the finite element model to represent a

periodic section of the basket. CONTAC52 elements are used to represent the interface of the

basket and the canister shell inside the transfer cask. Outer nodes of gap elements are fixed. For

off-normal events, material properties at 100 0F are conservatively used (using the modulus of

elasticity for carbon steel at lower temperature results in slightly higher stress results.)

3.10.2.3.2 Thermal Stress Boundary Conditions

The three-dimensional model described in Section 3.10.2.2.2 is used to calculate the thermal

stress due to the thermal expansion. As shown in the following table, a total of five cases of

temperature boundary conditions are defined that envelop the maximum temperature gradients

(AT) in the axial and radial directions of the basket for all conditions of storage and transfer. It is

noted that these temperature have the same values that have been used for the PWR basket

thermal expansion stress analyses. These BWR basket temperatures are conservative for

calculation of thermal expansion stresses in the BWR basket, as the PWR heat load is 2.5 kW

greater than the BWR heat load. The thermal stress analysis is performed based on the

temperature distribution in the model determined by thermal conduction analyses using these

boundary temperatures.
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Thermal Boundary Temperatures - BWR Basket (OF)

C Axial end of basket D I Case I A B C D

Center 4 Outer
Line Radiu
A B

1 600 440 360 300

2 680 500 580 440

3 640 520 700 590

4 430 380 210 260

5 700 500 550 400

Symmetry boundary conditions are applied at the planes of symmetry. In the basket axial

direction, the model is restrained at one end.

3.10.2.3.3 Concrete Cask Tip-Over Accident Boundary Conditions

The concrete cask tip-over is evaluated as a side impact for the basket. During the concrete cask

tip-over event, the acceleration varies from 1 g at the bottom of the concrete cask to a maximum

acceleration at the top of the TSC. The three-dimensional plastic model is used for the

evaluation of the BWR basket (see Section 3.10.2.2.3). A bounding acceleration of 35g is

applied to the BWR models. The 35g acceleration bounds the maximum acceleration in the

basket, including dynamic load factor, for the concrete cask tip-over accident.

Pressure loads are applied to the BWR basket models to represent the fuel assembly weight with

a 35g acceleration.

For the tip-over accident (loading in the transverse direction), the 00 and 45' basket orientations

are governing for the BWR basket as discussed in Section 3.10.2.3.1. Therefore, the basket is

evaluated using models corresponding to the 0' and 450 basket orientations. Symmetry boundary

conditions are applied at the plane of symmetry. Symmetry boundary conditions are also applied

to both ends of the three-dimensional periodic finite element model. CONTAC52 elements are

used to represent the interface of the basket and the canister shell inside the concrete cask. The

location of the outer nodes of the gap elements at the basket periphery incorporates the canister

shell displacements during the concrete cask tip-over accident. The boundary conditions are

shown in Figure 3.10.2-11 and Figure 3.10.2-12 for the tip-over basket evaluation. For accident

conditions, material properties at 100'F are conservatively used.
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3.10.2.4 Post-Processing Finite Element Analysis Results

3.10.2.4.1 Maximum Stresses for Off-Normal Handling Condition

The post-processing of the finite element analysis results from the periodic model for the off-

normal handling event is performed by taking section cuts at various locations in the model.

The fuel tube section cuts are divided into two regions. Region 1 is the region between the pin

supports. For the periodic model, this region is defined from the base of the model (mid-distance

between pins) to the base of the pin. Region 2 is the pin region. This region starts at the base of

the pin and extends to the top of the finite element model (mid-plane of pin). For both regions,

the region just above and below the pin cutout (+0.25 inch) is omitted from the section cuts to

eliminate local stress concentrations in the model. The membrane stresses are. calculated by

taking a section cut at the center of the tube thickness. The membrane plus bending stress is

calculated by taking the maximum of the stresses calculated at the inner or outer surface of the

fuel tube. Refer to Figure 3.10.2-13 through Figure 3.10.2-16 for tube identification and the

locations of the section cuts.

The maximum stresses for the comer support weldments are calculated by taking section cuts

along the length of the weldment (ten inches for the periodic model). Since the comer weldment
is modeled using SHELL63 elements; the membrane stresses are calculated at the mid-plane of

the element, and the membrane plus bending stresses are calculated'using the maximum stresses

of either the inner or outer surface of the element. Refer to Figure 3.10.2-17 and Figure
3.10.2-18 for the locations of the section cuts.

The maximum stresses for the side weldments are calculated taking section cuts along the length

of the weldment (ten inches for the periodic model). The membrane stresses are calculated by
taking a section cut at the mid-thickness of the weldment. The membrane plus bending stress is

calculated by taking the maximum of the stresses calculated at the inner or outer surface of the

weldment. Refer to Figure 3.10.2-19 and Figure 3.10.2-20 for the locations of the section cuts.
The bolt tensile loads are obtained from the LINKI 0 element results. The boss shear loads are

extracted from the COMBIN40 element results.

3.10.2.4.2 Maximum Thermal Stresses

The post-processing of the finite element analysis results for thermal stress evaluation is
performed by extracting the maximum nodal stress intensities from the model. The maximum

stress is obtained for two separate regions: (1) fuel tubes and (2) comer and side support
weldments. The bolt tensile loads are extracted from the LINKlO elements, and the boss shear

loads are extracted from the COMBIN40 elements.
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3.10.2.4.3 Maximum Stresses for Concrete Cask Tip-over Accident

The post-processing of finite element analysis results for the basket tip-over accident using the

three-dimensional plastic model is performed by extracting stresses in the basket for the 0' and
450 basket orientations.

For the fuel tube stresses, the primary membrane stresses are calculated by extracting the

maximum nodal stress at the mid-thickness of the tube wall. Based on the differences in stress

criterion summarized from the plastic finite element results [i.e., (Y + 3 T)Y 2] and the ASME

Code, Section III stress criterion [i.e., (a + 4 T)'2], calculated membrane stress results are

conservatively increased by a factor of (4/3)I. The primary membrane plus bending stresses are

evaluated by extracting the maximum stress intensity results of each fuel tube.

The stresses for the comer and side support weldments are calculated using the three-dimensional

plastic models. The maximum primary membrane plus bending stress intensity for the comer

and side weldments are extracted from the model. The maximum primary membrane plus

bending stress intensity is compared to the membrane allowable to obtain a conservative

bounding factor of safety.
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Figure 3.10.2-1 Expanded View of BWR Basket

.Attachment Bolt

.Planes of Symmetry

NAC International 3.10.2-8



MAGNASTOR System

Docket No. 72-1031

June 2008
Revision 2

Figure 3.10.2-2 Bolted Attachment Details
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0Figure 3.10.2-3 Free-Body Diagram of BWR Basket Fuel Tube Detail
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Figure 3.10.2-4 Free-Body Diagram of Basket Support Structure
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Figure 3.10.2-5 BWR Basket Periodic Model - 0' Basket Orientation
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Figure 3.10.2-6 BWR Basket Periodic Model - 450 Basket Orientation
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Figure 3.10.2-7 Thermal Stress Evaluation Model
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Figure 3.10.2-8 BWR Basket Plastic Model - 06 Basket Orientation
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Figure 3.10.2-9 BWR Basket Plastic Model - 450 Basket Orientation
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Figure 3.10.2-10 Typical BWR Fuel Tube Pin Finite Element Model Details
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Figure 3.10.2-11 BWR Basket Model Boundary Conditions for a Transverse Loading -
00 Basket Orientation
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Figure 3.10.2-12 BWR Basket Model Boundary Conditions for a Transverse Loading - 450
Basket Orientation
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Figure 3.10.2-13 BWR Fuel Tube Array - 0* Basket Orientation
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Figure 3.10.2-14 BWR Fuel Tube Section Cuts - 0' Basket Orientation
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Figure 3.10.2-15 BWR Fuel Tube Array - 450 Basket Orientation
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Figure 3.10.2-16 BWR Fuel Tube Section Cuts - 450 Basket Orientation
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Figure 3.10.2-17 BWR Corner Support Weldment Section Cuts - 0' Basket Orientation
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Figure 3.10.2-18 BAIR Corner Support Weldment Section Cuts-. 450 Basket Orientation

-' '6 '78

11

12,

13"

14

16

Y

19

23

26

27

28
34 33 32

NAC International 3.10.2-25



MAGNASTOR System
Docket No. 72-1031

June 2008
Revision 2

Figure 3.10.2-19 BWR Side Support Weldment Section Cuts - 00 Basket Orientation
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Figure 3.10.2-20 BWR Side Support Weldment Section Cuts - 450 Basket Orientation
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3.10.3 TSC Finite Element Model

This section presents details on the TSC finite element model used in the structural evaluation of

the TSC for lift, normal conditions and off-normal or accident events of storage.

TSC Finite Element Model Description

The three-dimensional finite element model of the TSC is constructed using ANSYS SOLID45

elements. By taking advantage of the symmetry of the TSC, the model represents one-half (180'

section) of the TSC, including the TSC shell, bottom plate, and closure lid. The finite element

model of the TSC is shown in Figure 3.10.3-1. ANSYS CONTAC52 elements are used to model

the interaction between the closure lid and the TSC shell. Gap elements are also used to simulate

the interaction with the concrete cask inner liner standoffs or transfer cask inner shell during a

side impact and pedestal during an end impact. The size of the CONTAC52 gaps is determined

from nominal dimensions of contacting components. Due to the relatively large gaps resulting

from the nominal geometry, these gaps remain open during all loadings considered. All gap

elements are assigned a stiffness of 1 x 108 lb/in.

This model represents a "bounding" combination of geometry and loading that envelops the

MAGNASTOR PWR and BWR TSCs. Specifically, the longest TSC is modeled in conjunction

with a conservative fuel and basket combination. By using the longest TSC with the

conservative content weight, bending stresses are maximized at the junction of the shell and lid.

Thus, the analysis yields conservative results relative to the expected performance of the actual

TSC configurations.

Boundary Conditions for TSC Lift

The lifting configuration for the TSC consists of six hoist rings bolted to the closure lid at

equally spaced angular intervals. To simulate the lifting of the TSC, nodes representing the hoist

rings on the closure lid are constrained in the Y-direction. For heavy lift evaluation, only three of

the hoist rings are considered. Due to the symmetry of the model, only the nodes at 60' and 1800

are constrained. Symmetry boundary conditions are applied at the plane of symmetry of the

model. Pressure representing the weight of the fuel and basket is applied to the TSC bottom. A

1.1 g inertia load is applied in the axial direction.

NAC International 3.10.3-1
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Boundary Conditions for Normal Conditions and Off-normal or Accident Events

Model Constraints

The model is constrained in the global Z-direction for all nodes in the plane of symmetry. Other

constraints for different loading conditions are summarized below. The directions of the

coordinate system are shown in Figure 3.10.3-1.

Model Constraint Summary
Condition Constraint

Dead Weight Y-direction at TSC bottom
Normal Handling Y-direction - lift points in TSC lid

Off-normal Handling - axial Y-direction - lift points in TSC lid
Off-normal Handling - lateral Gap elements at TSC shell in radial direction

24-inch drop Y-direction at TSC bottom
Tip-over Gap elements at TSC shell in radial direction

Inertial Load

Inertial loads resulting from the weight of the TSC and contents are considered by applying an

appropriate deceleration factor (g-load). Inertial loads are summarized below.

Inertial Load Summary
Condition Inertial Load

Dead Weight 1g - axial
Normal Handling 1.1g - axial

Off-normal Handling 1.5g - axial, 0.707g - lateral
24-inch drop 60g - axial

Tip-over Tapered 40g - lateral (40g at top of TSC closure lid, 1g
at base of concrete cask)

Pressure Load - Internal Pressure

A uniform pressure is applied to all internal surfaces of the TSC. The TSC pressures used'for the

normal condition (110 psig), off-normal (130 psig) and accident events (250 psig) bound all

pressure conditions.

Pressure Load - Dead Load, Handling, and 24-inch Drop

For the dead load, handling, and 24-inch drop analyses, the inertial load produced by the contents

weight is considered to be uniformly distributed on the inner surface of TSC bottom plate. Based

on the contents weight of 90,000 lb and the TSC inside radius of 35.5 inches, the pressure

corresponding to the contents weight is as follows. 0

NAC International 3.10.3-2
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= 90,000
p-- n(35.52)=22.7 psi

The pressure load is multiplied by appropriate inertia loading (1 g, 1.1 g and 60g for dead load,

handling, and 24-inch drop, respectively).

Pressure Load-Off-Normal Handlinq

For the off-normal handling analysis, the inertial load produced by the contents weight is

considered to be uniformly distributed on the inner surface of TSC bottom plate multiplied by

1 .5g for the axial component of off-normal handling. For the lateral component of the off-

normal handling, the content weight is represented as an equivalent static pressure, with 0.707g,

applied on the interior surface of the TSC shell. The pressure is uniformly applied to the canister

shell along the TSC cavity length, and is applied in the circumferential direction as a cosine

distribution over a 21 0 arc from the impact centerline in the half-symmetry model.

Pressure Load-Tip-Over

The inertial load produced by the 90,000 lb (45,000 lb for the half-symmetry model) content

weight is represented as an equivalent static pressure applied on the interior surface of the TSC

shell. The pressure is uniformly tapered along the cavity length based on a tapered inertia load of

40g at the top of the canister closure lid and 1g at the base of the concrete cask, and is applied in

the circumferential direction as a cosine distribution over a 210 arc from the impact centerline.

Temperatures for Thermal Stress Analysis

The finite element.thermal stress analysis is performed with TSC temperatures that envelop the

TSC temperature gradients for normal (76 0 F ambient temperature) and off-normal storage (106'F

and -40'F ambient temperatures), and transfer conditions for all TSC configurations. Prior to

performing the thermal stress analysis, the steady-state temperature distribution is determined

using bounding temperature data from the storage and transfer thermal analyses. This is

accomplished by converting the SOLID45 structural elements of the TSC model to SOLID70

thermal elements to perform a thermal conduction analysis. Nodal temperatures are applied at

key locations for the thermal analysis: top-center of the closure lid, top-outer diameter of the

closure lid, bottom-center of the closure lid assembly, bottom-center of the bottom plate, bottom-

outer diameter of the bottom plate, and the TSC shell where the maximum temperature occurs.

The temperature distribution used in the structural analyses envelops the temperature gradients

experienced by all PWR and BWR TSC configurations under storage and transfer conditions.

NAC International 3.10.3-3
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The temperatures at the key locations are listed below. Temperatures locations (A through F) are

defined in Figure 3.10.3-2. The temperatures for all nodes in the TSC model are obtained by the

solution of the steady-state thermal conduction analysis.

Top-center of the closure lid (C) = 51 0°F

Top-outer diameter of the closure lid (F) = 430°F

Bottom-center of the closure lid (B) = 570OF

Bottom-center of the bottom plate (A) = 350°F

Bottom-outer diameter of the bottom plate (D) = 240°F

Canister shell at 166 inches from TSC bottom (E) = 510°F

Post-Processing

The stress evaluation for the TSC is performed in accordance with the ASME Code, Section III,

Subsection NB, by comparing the linearized sectional stresses against allowable stresses. The

sectional stresses at 15 locations of the TSC model are obtained for each 3' angular division of

the model. The locations for the stress sections are shown in Figure 3.10.3-2. The allowable

stresses for normal conditions and off-normal or accident events are taken from Subsection NB.

Bounding temperatures that envelop the maximum temperatures experienced by TSC

components during storage and transfer conditions are used to determine allowable stress values.

Temperatures used at each stress section are given in Figure 3.10.3-2. Allowable stress values at

temperatures are determined based on mechanical properties for SA-240 Type 304 stainless steel.

All stress components are reported in the global cylindrical coordinate system (X = Radial, Y =

Circumferential, Z = Axial). Additionally, in accordance with ISG 15, Revision 0, an 0.8 weld

reduction factor is applied to the allowable stresses for the closure lid weld (Section 11 of Figure

3.10.3-2).

TSC Analysis Result Details

Table 3.10.3-1 through Table 3.10.3-17 present detailed analyses results for the TSC for normal

conditions and off-normal and accident events of storage. Refer to Figure 3.10.3-2 for section

cut locations.
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Figure 3.10.3-1 MAGNASTOR TSC Finite Element Model
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Figure 3.10.3-2 Identification of Sections for Evaluating Linearized Stresses in TSC
Weld Detail

#.• , ... ..

/

/

I

10"

/
-9 /

/

/

Weld Detail

./

S n Temperature Section Coordinates
Secton Allowable Node I Node 2

Cut (F) x z x z
1 225 35.50 0.00 35.50 2.75
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3 250 35.50 5.75 36.00 5.75
4 400 35.50 41,42 36.00 41.42
5 425 35.50 69.58 36.00 69.58
6 470 35.50 94.92 36.00 94.92
7 500 35.50 112.75 36.00 112.75
8 500 35.50 148.42 36.00 140.42
9 450 35.50 182.75 36.00 182.75
t0 450 35.50 190.50 36.00 190.50
11 450 35.50 190.25 35.50 190.75
12 250 0,00 0,00 0.00 2.75
13 450 0.00 182.75 0.00 191.75
14 450 34.5 191.50 34.5 191.75
15 450 35.5 191.5 35.5 191.75
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Table 3.10.3-1 TSC Normal Pressure plus Handling, Pm, ksi

Sectiona Component Stresses Sint Sallow FS
Sectio_ Sx Sy Sz Sxy Syz SXZ __taw FS

1 -0.12 1.60 4.36 -0.04 0.05 -0.18 4.50 20.00 4.44

2 0.92 -9.06 -1.29 -0.22 0.01 -0.66 10.17 20.00 1.97
3 -0.58 -9.49 4.83 -0.19 -0.03 1.01 14.51 20.00 1.38
4 -0.02 7.81 4.78 -0.21 0.00 0.00 7.84 18.70 2.39
5 -0.04 7.81 4.78 -0.20 0.00 0.00 7.86 18.40 2.34

6 -0.04 7.81 4.77 -0.21 0.00 0.00 7.86 17.86 2.27

7 -0.05 7.81 4.76 -0.21 0.00 0.00 7.86 17.50 2.23
8 -0.05 7.80 4.74 -0.21 0.00 0.00 7.86 17.50 2.23
9 -0.07 7.70 4.72 -0.20 0.00 0.03 7.78 18.10 2.33
10 -0.35 1.26 1.08 0.00 0.00 0.07 1.62 18.10 large

11 -0.09 1.15 0.38 -0.01 0.00 -0.85 1.89 14.48b 7.66
12 0.25 0.29 -0.65 0.00 1.26 -1.41 3.90 20.00 5.13
13 0.03 0.03 -0.06 0.00 -0.05 0.05 0.17 18.10 large
14 0.49 1.59 -0.04 0.02 -0.05 -0.13 1.67 18.10 large
15 0.18 1.51 0.08 0.00 0.00 -0.10 1.50 18.10 large

See Figure 3.10.3-2 for section locations.
b Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-2 TSC Normal Pressure plus Handling, Pm + Pb, ksi

Sectiona Component Stresses• FS
________ Sx Sy SZ SXy SYZ SXZ Sint Sallow F

1 -0.96 -5.82 11.51 -0.09 -0.02 -0.25 17.33 30.00 1.73
2 2.84 -14.16 -1.29b 0.00 0.00 -1.19 17.32 30.00 1.73
3 -0.25 -4.94 19.45 -0.08 -0.04 1.27 24.48 30.00 1.23
4 -0.05 7.92 4.82 -0.21 0.00 0.01 7.98 28.05 3.52
5 -0.06 7.94 4.81 -0.21 0.00 -0.02 8.02 27.60 3.44
6 -0.07 7.95 4.81 -0.21 0.00 0.00 8.03 26.79 3.34
7 -0.07 7.96 4.80 -0.21 0.00 0.00 8.04 26.25 3.26
8 -0.08 7.94 4.78 -0.21 0.00 0.00 8.03 26.25 3.27
9 -0.05 8.12 6.32 -0.21 0.00 0.01 8.18 27.15 3.32
10 -0.78 1.13 1.11 0.00 0.00 0.89 2.60 27.15 large
11 -0.14 1.54 2.05 0.00 0.00 -1.18 3.23 21.72c 6.72
12 24.66 23.52 2.96 0.75 1.07 -1.42 22.26 30.00 1.35
13 2.87 2.85 0.04 0.00 -0.06 0.04 2.82 27.15 9.63
14 0.61 1.66 -0.07 0.04 -0.09 -0.12 1.77 27.15 large

'0

15 -0.59 1.25 -0.15 0.00 0.05 0.06 1.85 27.15 large

a See Figure 3.10.3-2 for section locations.
b Localized bending stresses are secondary and are excluded from evaluation.
C Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-3 TSC Normal Pressure plus Handling, P + Q, ksi

Sectiona Component Stresses
Sx Sy Sz Sxy S z Sxz Sint Sallow FS

1 0.68 12.71 -2.73 -0.02 -0.01 -0.05 15.44 60.00 3.89
2 2.82 -11.18 -19.61 0.00 0.00 -1.19 22.56 60.00 2.66

3 -0.29 -3.60 '19.95 0.00 0.04 1.22 23.63 60.00 2.54
4 -0.06 8.18 4.84 -0.21 0.01 0.01 8.25 56.10 6.80

5 -0.07 8.29 4.84 -0.21 0.00 -0.02 8.37 55.20 6.59
6 -0.08 8.33 4.82 -0.21 0.00 0.00 8.42 53.58 6.36

7 -0.08 8.37 4.84 -0.22 0.00 0.00 8.46 52.50 6.21
8 -0.08 8.30 4.84 -0.21 0.00 0.00 8.39 52.50 6.26
9 -0.07 7.92 6.29 0.00 0.00 0.00 7.99 54.30 6.80

10 -0.89 2.51 0.39 0.00 -0.01 1.13 4.06 54.30 large

11 -0.24 2.34 -1.52 0.04 0.01 -0.55 4.06 43,44b large
12 -41.04 -37.90 -8.45 -1.25 -0.15 -1.51 33.17 60.00 1.81

13 -13.65 -12.13 -3.78 -0.26 0.64 0.28 9.99 54.30 5.44
14 0.06 3.03 -0.40 0.00 0.00 -0.10 3.45 54.30 large

15 -1.13 3.57 -0.13 0.09 -0.01 -0.02 4.70 54.30 large

a See Figure 3.10.3-2 for section locations.
b Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-4 : TSC Normal Pressure, Pm, ksi

Section- Component Stresses
Sint

Sx Sy Sz Sxy Syz Sxz
1 -0.10 1.33 3.61 -0.03 0.04 -0.17 3.73
2 0.79 -7.22 -1.16 0.18. -0.01 -0.55 8.17
3 -0.50 -6.93 3.91 0.13 0.02 0.85 11.01

4 -0.03 7.81 3.86 -0.21 0.00 0.00 7.84
5 -0.04 7.81 3.85 -0.21 0.00 0.00 7.86
6 -0.04 7.81 3.85 -0.21 0.00 0.00 7.86

7 -0.05 7.80 3.85 -0.21 0.00 0.00 7.86
8 -0.05 7.80 3.85 -0.21 0.00 0.00 7.86

•9 -0.06 7.73 3.85 -0.20 0.00 0.04 7.81
10 -0.40 0.77 0.59 -0.03 0.01 0.27 1.24

11 -0.11 0.95 0.83 -0.03 -0.01 -0.60 1.53
12 0.19 0.23 -0.63 0.00 0.98 -1.13 3.11
13 0.04 0.04 -0.06 0.00 -0.04 0.04 0.15
14 0.31 1.06 -0.09 -0.02 0.00 -0.07 1.16
15 0.09 1.04 0.16 -0.02 -0.01 -0.04 0.97

a See Figure 3.10.3-2 for section locations.
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Table 3.10.3-5 TSC Normal.Pressure, Pm + Pb, ksi

Component Stresses
Sectiona Sint

Sx I Sv Sz Sxv Svz Sxz
1 -0.75 -4.52 9.51 0.07 0.02 -0.22 14.03

2 2.37 -11.47 -16.71 0.00 0.00 -0.99 19.19
3 -0.20 -3.23 15.78 0.04 0.03 1.07 19.08
4 -0.06 7.90 3.89 -0.21 0.00 0.01 7.96
5 -0.07 7.90 3.87 -0.21 0.00 -0.02 7.98
6 -0.07 7.90 3.87 -0.21 0.00 0.00 7.98
7 -0.07 7.90 3.87 -0.21 0.00 0.00 7.98

8 -0.08 7.89 3.87 -0.21 0.00 0.00 7.98
9 -0.05 8.19 5.53 0.00 0.00 0.01 8.24

10 -0.75 0.37 -0.33 -0.03 0.02 1.02 2.08
11 0.07 1.40 2.30 -0.04 -0.01 -0.90 2.87
12 19.64 18.71 2.15 0.59 0.79 -1.14 17.91

13 2.24 2.22 0.03 0.00 -0.04 0.04 2.21
14 0.43 1.14 -0.08 -0.02 0.02 -0.05 1.22

15 -0.46 0.84 -0.06 1 -0.03 -0.01 0.02 1.30

a See Figure 3.10.3-2 for section locations.
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Table 3.10.3-6 TSC Thermal Stresses, Q, ksi

Component Stresses
Sectiona Sint

% Sx Sv Sz Sxv SVz Sxz
1 -0.05 3.72 0.05 0.00 0.00 0.04 3.79
2 -0.20 2.82 -0.25 -0.08 0.00 -0.01 3.08
3 0.09 1.06 -0.51 0.00 -0.01 -0.03 1.57
4 0.00 -0.27 -0.15 0.01 0.00 0.00 0.27
5 0.00 -0.36 -0.20. 0.02 0.00 0.00 0.36
6 0.00 -0.42 -0.21 0.02 0.00 0.00 0.42
7 0.00 -0.43 -0.23 0.02 0.00 0.00 0.43
8 -0.01 -0.44 -0.20 0.02 0.00 0.00 0.43
9 -0.02 -0.57 -0.20 0.03 0.00 -0.01 0.55-

10 -0.12 1.37 -0.74 0.00 -0.01 0.24 2.20
11 -0.33 1.63 0.01 0.01 0.00 0.07 1.98
12 -16.87 -14.95 -4.20 -0.50 -1.60 -0.10 13.05
13 -10.85 -9.35 -3.62 -0.26 0.69 0.22 7.38
14 -0.25 1.60 -0.07 0.00: 0.00 0.01 1.86
15 -0.49 2.39 1 0.17 -0.05 1 0.01 0.02 2.88

a See Figure 3.10.3-2 for section locations.
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Table 3.10.3-7 TSC Off-Normal Pressure plus Handling, Pm, ksi
• : Component Stresses

Sectiona Componen Sts Sint Sallow FS
Sx Sy z Sxy Sy sxz ________

1 -0.14 1.84 5.02 -0.05 0.06 -0.21 5.18 22.00 4.25
2 A.1.07 -10.37 -1.51 -0.26 0.01 -0.76 11.66 22.00 1.89
3 -0.67 -10.75 5.54 -0.21 -0.03 1.16 16.51 22.00 1.33
4 -0.03 9.23 5.48 -0.24 0.00 0.00 9.27 20.57 2.22
5 -0.04 9.23 5.48 -0.24 0.00 0.00 9.28 20.24 2.18
6 -0.05 9.23 5.47 -0.24 0.00 0.00 9.29 19.65 2.11
7 -0.05 9.23 5.46 -0.24 0.00 0.00 9.29 19.25 2.07
8 -0.06 9.22 5.44 -0.24 0.00 0.00 9.29 19.25 2.07
9 -0.08 9.11 5.42 -0.24 0.00 0.04 9.20 19.91 2.16

10 -0.42 1.41 1.20 0.00 0.00 0.11 1.84 19.91 large
11 -0.11 1.32 0.53 -0.01 0.00 -0.96 2.13 15.93b 7.48
12 0.28 0.33 -0.76 0.00 1.44 -1.62 4.47 22.00 4.92
13 0.04 0.04 -0.07 0.00 -0.06 0.06 0.20 19.91 large
14 0.54 1.79 -0.06 0.02 -0.05 -0.14 1.88 19.91 large
15 0.20 1.70 0.11 0.00 0.00 -0.11 1.67 19.91 1 large

a See Figure 3.10.3-2 for section locations.
b Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-8 TSC Off-Normal Pressure plus Handling, Pm + Pb, ksi

Sectiona Component Stresses Sallow FS
Sx SY SZ Sxy Syz SXz _______

1 -1.10 -6.64 13.23 -0.10 -0.03 -0.28 19.88 33.00 1.66
2 3.27 -16.24 -23.02 0.00 0.00 -1.37 26.44 60.00b 2.27
2 3.27 -16.24 -1.51 c 0.00 0.00 -1.37 19.87 33.00 1.66
3 -0.28 -5.53 22.31 0.00 0.00 1.47 27.94 33.00 1.18
4 -0.06 9.36 5.52 -0.25 0.00 0.01 9.43 30.86 3.27
5 -0.07 9.38 5.51 -0.25 0.00 -0.03 9.47 30.36 3.21
6 -0.08 9.39 5.51 -0.25 0.00 0.00 9.49 29.47 3,11
7 -0.09 9.39 5.50 -0.25 0.00 0.00 9.49 28.88 3.04
8 -0.09 9.38 5.48 -0.25 0.00 0.00 9.48 28.88 3,05
9 -0.06 9.62 7.34 0.00 0.01 0.01 9.68 29.87 3.09
10 -0.92 1.19 1.05 0.00 0.00 1.08 2.92 29.87 large
11 -0.13 1.79 2.47 0.00 0.00 -1.35 3.75 23,89d 6.37
12 28.23 26.93 3.35 0.86 1.22 -1.62 25.52 33.00 1.29
13 3.27 3.25 0.05 0.00 -0.06 0.05 3.23 29.87 9.25
14 0.68 1.87 -0.09 0.04 -0.09 -0.13 1.99 29.87 large
15 -0.67 1.41 -0.16 0.00 0.05 0.07 2.09 29.87 large

a See Figure 3.10.3-2 for section locations.
b Bending stresses are considered secondary, P+Q stress allowable used.
C Localized bending stresses are secondary and are excluded from evaluation.
d Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-9 TSC Off-Normal Pressure plus Handling, P + Q, ksi

Sectiona Component Stresses Smnt Sallow FS
Sectin_ _Sx _ SY Sz Sxy S Sxz __tal_ r_

1 0.78 14.01 -3.15 -0.02 -0.01 -0.07 17.16 60.00 3.50
2 3.26 -13.26 -22.64 0.00 0.00 -1.37 26.04 60.00 2.30
3 -0.32 -4.19 22.81 0.00 0.04 1.41 27.09 60.00 2.21
4 -0.07 9.61 5.55 -0.25 0.01 0.01 9.69 55.20 5.62
5 -0.08 9.72 5.55 -0.25 0.00 -0.02 9.82 53.58 5.43
6 -0.09 9.77 5.53 -0.25 0.00 0.00 9-87 53.58 5.43
7 -0.09 9.80 5.54 -0.25 0.00 0.00 9.91 52.50 5.30
8 -0.09 9.74 5.55 -0.25 0.00 0.00 9.85 52.50 5.33
9 -0.08 9.41 7.30 0.00 -0.01 0.00 9.49 54.30 5.72
10 -1.03 2.58 0.32 0.00 -0.01 1.31 4.41 54.30 large
11 -0.29 2.43 -1.64 0.04 0.01 -0.61 4.30 43,44b large
12 -44.54 -41.22 -9.07 -1.36 0.06 -1.71 36.12 60.00 1.66
13 -14.05 -12.53 -3.80 -0.26 0.63 0.29 10.36 54.30 5.24
14 0.43 3.48 -0.16 0.04 -0.09 -0.13 3.66 54.30 large
15 -1.21 3.72 -0.14 0.10 -0.01 1 -0.01 1 4.94 1 54.30 1 large

a See Figure 3.10.3-2 for section locations.
b Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-10 TSC Normal Pressure plus Off-Normal Handling, Pm, ksi

Sectiona Component Stresses Sint Salow, FS
Sx SY Sz Sxy SL/z Sxz __nt _alw_-

1 -1.64 1.20 4.54 0.20 0.04 -0.35 6.23 24.75 3.97
2 1.20 -10.15 -1.07 0;26 -0.14 -0.70 11.57 24.75 2.14
3 -0.60 -10.57 5.42 0.01 -0.10 1.06 16.17 24.50 1.52
4 -0.12 7.94 5.63 0.08 0.00 0.00 8.06 22.50 2.79
5 -0.12 7.89 5.63 0.07 0.00 0.00 8.00 22.12 2.77
6 -0.12 7.88 5.59 0.06 0.00 0.00 8.00 21.45 2.68
7 -0.13 7.88 5.57 0.07 0.00 0.00 8.01 21.00 2.62

8 -0.15 7.95 5.45 0.09 0.01 0.00 8.09 21.00 2.60
9 -0.08 7.91 4.90 0.03 -0.08 0.03 7.98 21.75 2.73
10 -6.14 -0.11 0.89 0.66 -0.18 -0.64 7.27 21.75 2.99
11 -4.94 0.30 -0.34 0.75 -0.22 -1.44 6.10 17.40b 2.85
12 0.24 0.32 -0.65 0.00 1.37 -1.51 4.18 24.50 5.86
13 0.02 0.04 -0.06 0.00 -0.06 0.05 0.17 21.75 large
14 -1.58 1.35 -0.21 0.47 0.03 0.07 3.08 21.75 7.06
15 -3.66 0.93 -0.20 0.67 1 -0.28 -0.27 4.87 21.75 j 4.47

0

0
a See Figure 3.10.3-2 for section locations.
b Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-11 TSC Normal Pressure plus Off-Normal Handling, Pm + Pb, ksi

Sectiona Component Stresses Sit allow F

_______ Sx T S Sz Sxy SP _________

1, -1.04 -6.70 12;44 0.35 0.10 -0.29 19.17 35.40 1.85

2 3.13• -15.72 -1.07b -0.05 -0.19 -1.29 19.23 35.40 1.84
3 -0.23 -6.17 21.24 -0.14 0.05 1.35 27.49 34.80 1.27
4 -0.14 12.81 7.14 -0.35 0.02 0.01 12.96 31.10 2.40
5 -0.13 12.91 7.18 -0.36 0.00 -0.02 13.06 30.60 2.34
6 -0.13 12.87 7.14 -0.36 0.00 0.00 13.02 29.70 2.28
7 -0.14 12.92 7.13 -0.36 0.00 0.00 13.07 29.10 2.23
8 -0.17 12.75 6.94 -0.35 -0.01 0.00 12.94 29.10 2.25
9 -0.29 9.76 4.16 -0.24 -0.16 0.06 10.06 30.10 2.99
10 -7.43 -1.04 1.17 0.59 -0.18 0.21 8.68 30.10 3.47
11 -5.58 0.24 0.80 0.66 -0.18 -1.51 7.22 24.08c 3.34
12 26.41 25.35 3.25 0.80 1.18 -1.51 23.79 34.80 1.46
13 2.95 3.19 0.05 0.00 -0.06 0.03 3.14 30.10 9.59
14 -1.38 1.63 -0.14 0.52 0.02 0.13 3.20 30.10 9.41
15 -3.47 1.19 -0.12 0.73 -0.20 -0.35 4.95 30.10 `6.08

a See Figure 3.10.3-2 for section locations.
b Localized bending stresses are secondary and are excluded from evaluation.
C Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-12 TSC Normal Pressure plus 24-inch Drop, Pm, ksi

Sectiona Component Stresses Sint Sallow FS
Sx S Sz Sxy Syz Sxz _int o_,,ow IFS

1 -0.11 0.79 0.27 -0.02 0.07 0.37 1.14 47.58 large
2 1.34 -9.26 -8.42 0.24 -0.02 -0.99 10.71 47.58 4.44
3 -0.52 -8.65 -4.81 -0.17 -0.03 0.93 8.33 47.15 5.66
4 -0.03 7.81 -4.26 0.00 0.00 0.00 12.07 44.80 3.71
5 -0.04 7.80 -3.77 -0.20 0.00 0.00 11.58 44.10 3.81
6 -0.04 7.81 -3.33 0.21 0.00 0.00 11.14 42.84 3.85
7 -0.05 7.80 -3.02 0.21 0.00 0.00 10.83 42.00 3.88
8 -0.05 7.80 -2.40 0.21 0.00 0.00 10.21 42.00 4.11
9 -0.05 7.92 -1.81 0.21 0.00 0.05 9.74 43.40 4.46
10 -0.68 -1.09 -2.03 0.00 0.00 1.31 2.95 43.40 large
11 -0.22 0.63 3.05 0.00 0.00 0.63 3.51 34.72b 9.89

12 0.46 0.38 -1.22 -0.01 0.98 -0.95 3.19 47.15 large
18 0.04 0.04 -0.05 - 0.00 0.02 -0.02 0.10 43.40 large
14 -0.61 -0.65 :-0.26 0.00 0.00 0.12 0.44 43.40 large
15 -0.67 -0.56 1 0.15 0.01 -0.02 0.14 0.87 1 43.40 1 large

a See Figure 3.10.3-2 for section locations.
b Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-13 TSC Normal Pressure plus 24-inch Drop, P. + Pb, ksi

Sectiona Component Stresses Sint Sallow FS
Sectin_ Sx Sy Sz Sxy SY Sxz __nt Ialw__

1 1.99 7.87 -4.91 0.00 0.00 1.28 13.01 69.80 5.37
2 3.02 -14.27 -8.42b 0.00 0.00 -1.49 17.49 69.80 3.99
3 -0.84 -12.49 -17.20 0.00 -0.01 0.71 16.42 68.60 4.18
4 -0.06 7.90 -4.22 0.21 0.00 0.01 12.13 64.00 5.28
5 -0.06 7.91 -3.75 0.21 0.00 -0.02 11.67 63.75 5.46
6 -0.07 7.91 -3.30 0.21 0.00 0.00 11.22 63.30 5.64
7 -0.07 7.91 -2.99 0.21 0.00 0.00 10.91 63.00 5.77
8 -0.08 7.90 -2.37 -0.21 0.00 0.00 10.28 63.00 6.13
9 -0.08 7.36 -3.87 0.19 0.00 0.06 11.24 63.50 5.65
10 -0.62 -2.86 -7.82 0.00 0.00 1.68 7.95 63.50 7.99
11 -1.59 -0.02 2.52 0.00 0.00 0.86 4,46 50.80c large
12 17.98 18.23 1.64 0.67 0.76 -0.94 17.24 68.60 3.98
13 0.92 0.92 -0.09 0.00 0.02 -0.02 1.01 63.50 large
14 -0.83 -0.80 -0.46 0.00 0.00 0.17 0.51 63.50 large
15 -1.65 -0.97 -0.29 0.01 -0.02 0.33 1.52 63.50 large

a See Figure 3.10.3-2 for section locations.
b Localized bending stresses are secondary and are excluded from evaluation.
C Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-14 TSC Accident Pressure plus Dead Weight, Pm, ksi

Sectiona Component Stresses Sint Sallow FS
Section__ Sx Sy, Sz Sxy Syz Sxz __t ___w_ r

1 -0.23 3.01 8.15 -0.08 0.09 -0.37 8.42 47.58 5.65
2 1.81 -16.45 -2.76 0.40 -0.01 -1.26 18.61 47.58 2.56
3 -1.13 -15.79 8.74 0.29 0.06 1.93 24.90 47.15 1.89
4 -0.06 17.74 8.63 -0.47 0.00 0.00 17.83 44.80 2.51
5 -0.09 17.74 8.63 -0.47 0.00 0.00 17.85 44.10 2.47
6 -0.10 17.74 8.63 -0.47 0.00 0.00 17.86 42.84 2.40
7 -0.11 17.74 8.64 -0.47 0.00 0.00 17.87 42.00 2.35
8 -0.11 17.73 8.64 -0.47 0.00 0.00 17.87 42.00 2.35
9 -0.15 17.58 8.66 -0.46 0.00 0.08 17.75 43.40 2.45
10 -0.91 1.73 1.29 -0.07 0.02 0.63 2.81 43.40 large
11 -0.26 2.16 1.92 -0.07 -0.02 -1.35 3.47 34.72b large
12 0.43 0.52 -1.44 -0.01 2.23 -2.57 7.07 47.15 6.67
13 0.08 0.08 -0.13 0.00 -0.10 0.10 0.35 43.40 large
14 0.69 2.39 -0.20 -0.05 0.01 -0.17 2.62 43.40 large
15 0.19 2.35 0.36 -0.06 -0.02 -0.09 ' 2.19 43.40 large

0

a See Figure 3.10.3-2 for section locations.
b Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-15 TSC Accident Pressure plus Dead Weight, Pm + Pb, ksi

Component Stresses
Sectina Sx S Sz Sxy S• Sxz Sint Sallow FS

1 -1.74 -10.29 21.53 0.15 0.04 -0.50 31.84 69.80 2.19

2 5.41 -26.12 -2.76b- 0.00 0.00 -2.26 32.12 69.80 2.17
3 -0.46 -7.35 35.72 0.09 0.07 2.43 43.24 68.60 1.59
4 -0.13 17.95 8.70 -0.47 0.00 0.02 18.10 64.00 3.54
5 -0.15 17.96 8.68 -0.47 0.00 -0.04 18.13 63.75 3.52

6 -0.16 17.95 8.68 -0.47 0.00 0.00 18.14 63.30 3.49
7 -0.17 17.95 8.68 -0.47 0.00 0.00 18.15 63.00 3.47
8 -0.18 17.94 8.69 -0,47 0.00 0.00 18.14 63.00 3.47
9 -0.10 18.62 12.48 0.00 0.00 0.03 18.73 63.50 .3.39

11 0.17 3.19 5.25 -0.08 -0.03 -2.02 6.49 50.80c 7.83
10 -1.70 0.77 -0.93 0.00 0.00 2.33 4.73 63.50 large

12 44.60 42,52. 4.88 1.35 1.80 -2.58 40.70 68.60 1.69
13 5.04 5.00 0.07 0.01 -0.10 0.10 4.98 63.50 large

14 0.95 2.55 -0.19 -0.05 0.03 -0.12 2.75 63.50 large
15 -1.03 1.90 -0.12 -0.07 -0.02 0.05 2.93 63.50 large

a See Figure 3.10.3-2 for section locations.
b Localized bending stresses are secondary and are excluded from evaluation.
c Allowable stress includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-16 TSC Tip-Over plus Normal Pressure, P., ksi

Sectiona Angle Component Stresses Sint S FS
." Iy Sz Sxy S Sxz t I ,

1 69 -0.16 1.58 3.91 0.13 0.29 -0.35 4.17 47.58 large
2 69 1.12 -8.58 -2.50 0.16 0.79 -0.72 9.95 47.58 4.78
3 69 -0.55 -8.76 3.00 -0.04 1.22 0.94 12.23 47.15 3.86
4 27 -0.03 8.93 0.26 0.01 3.26 0.00 10.84 44.80 4.13
5 0 -4.82 -12.05 -10.93 12.58 0.33 1.15 26.27 44.10 2.57
6 0 -0.39 8.60 -5.39 -0.10 -0.24 0.06 14.01 42.84 3.06
7 0 -0.32 10.05 -1.64 -0.02 -0.15 0.00 11.69 42.00 3.59
8 0 -0.52 8.21 1.81 0.27 -0.06 0.00 8.75 42.00 4.80
9 33 -1.29 16.48 2.21 1.33 -1.22 0.16 18.09 43.40 2.40

Job 6 -5,49 6.78 -0.91 -2.40 -2.01 -1.82 14.33 43.40 3.03
11c 0-6 -23.89 -17.09 -19.05 10.77 -1.77 -8.92 29.05 34,720 1.20
12 0 0.18 0.23 -0.56 0.00 0.87 -1.04 2.82 47,15 large
13 0 -1.36 -0.23 -0.57 0.12 -0.01 -3.40 6.86 43.40 6.33
14b 6 1.90 -8.88 0.00 5.20 4.00 -2.09 16.65 43.40 2.61
15b 6 0.13 -6.01 -2.29 -0.42 -0.78 0.09 6.36 43.40 6.83

a See Figure 3.10.3-2 for section locations.
b Bearing stress evaluation is not required for accident conditions.
C Stresses are determined by averaging the stresses over the impact region. Allowable stress

includes a reduction factor of 0.8 for the closure lid weld.
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Table 3.10.3-17 TSC Tip-Over plus Normal Pressure, Pm+Pb, ksi

Sectiona Angle Component Stresses Sint Sallow FS
OI•;UU _ _1 _ _Sx Sy Sz SXy SY SXZ Int lw F

1 69 -0.54 -5.28 10.47 0.15 0.51 -0.44 15.81 69.80 4.41

2 66 2.77 -13.66 -2.50b 0.07 0.78 -1.17 16.74 69.80 4.17
3 66 -0.17 -4.90 16.94 -0.06 1.33 1.18 22.09 68.60 3.11
4 27 -0.07 19.54 3.84 0.01 4.15 0.01 20.64 64.00 3.10
5 60 0.68 59.72 41.78 0.02 0.81 0.28 59.06 63.75 1.08
6 60 -0.08 20.79 11.91 -0.01 -0.75 -0.02 20.94 63.30 3.02
7 0 -0.55 18.40 0.89 -0.23 -0.11 0.00 18.96 63.00 3.32
8 0 -0.87 18.35 4.84 0.01 -0.02 0.00 19.22 63.00 3.28
9 30 5.14 55.19 39.08 0.00 -1.26 -1.52 50.22 63.50 1.26

10c 6 -13.17 17.49 7.56 -2.41 2.07 -2.76 31.85 63.50 1.99
1ld 0-6 -23.93 -16.43 -16.49 11.98 1.54 -13.41 36.44 50.80d 1.39
12 0 18.01 16.62 1.95 0.55 0.71 -1.04 16.40 68.60 4.18
13 0 -4.19 -2.86 -1.41 0.12 0.55 -3.61 7.82 63.50 8.12

14c 6 2.57 -10.04 0.16 5.22 5.18 -2.61 18.87 63.50 3.36
15c 6 8.66 1-1.44 1 0.34 -1.10 0.55 -1.76 10.79 63.50 5.88

a See Figure 3.10.3-2 for section locations.
b Localized bending stresses are secondary and are excluded from evaluation.
' Bearing stress evaluation is not required for accident conditions.
d Stresses are determined by averaging the stresses over the impact region. Allowable stress

includes a reduction factor of 0.8 for the closure lid weld.
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3.10.4 Concrete Cask Finite Element Models

3.10.4.1 Pedestal Finite Element Model for Lift Evalution

An ANSYS finite element model of the concrete cask pedestal (Figure 3.10.4-1) is used to

perform the structural evaluation for the lift condition. The model is constructed using

SHELL63, LINK8, and CONTAC52 elements. LINK8 elements are used to model the Nelson

studs. The model is a quarter-symmetry model. Symmetry boundary conditions are used on the

XZ and YZ planes. The pedestal is a welded structure. CONTAC52 gap elements are used to

model regions where components are not welded together (stand to pedestal plate, and support

rails to stand). The gap elements do not close during the analysis, which maximizes the bending

stresses in the support rails and inlet tops; therefore, the analysis is bounding. During a concrete

cask top-end lift, the TSC loads the pedestal plate. A pressure load (Pcan) is used to apply the

TSC weight to the pedestal plate.

Pcan = 1.1xWca. _ 1.1 x120,000= 32.4 psi
Aped 4,'071

The load in the pedestal is reacted out by the Nelson studs, which carry the load into the concrete.

The tops of the Nelson studs are restrained in all degrees of freedom. An inertia load of 1.1 g (Z-

direction) is applied to the finite element model for dynamic load factor (DLF). The 1.1 g DLF is

applied per ANSI/ASME N45.2.15 [29].

3.10.4.2 Concrete Cask Finite Element Model for Thermal Stress Evaluation

A thermal stress evaluation of the concrete cask was performed for normal conditions and off-

normal or accident events. A three-dimensional finite element model was created using the

ANSYS program. The concrete cask contains 56 periodic radial sections with the 56 vertical

rebars. Therefore, the model represents 6.40 (1/ 56th) of the concrete cask. The model contains
only the portion of the concrete cask shell and liner between the top of the lower vents and the lid

assembly because the circumferential and vertical rebar are located in this region.

The thermal conduction model is- constructed using ANSYS SOLID70 elements for the concrete

shell and steel liner. The nodes at the liner/shell interface are coincident and are connected using

temperature couples. The model is divided into four sections vertically with 0.1-inch gaps.

LINK33 elements are used to connect the four sections to allow for thermal conduction across

the gaps. The temperatures vary in the vertical and radial directions. Conservatively, the
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temperature profile corresponding to the 1067F (off-normal) ambient condition is used for the

normal conditions. The temperature profile for the 133 'F ambient condition is used for the

accident event. Temperatures are applied to .nodes on the inner and outer surfaces of the concrete

cask.

The thermal conduction model is modified for the structural evaluation. The SOLID70 elements

are replaced with SOLID45 elements. COMBIN14 elements are used between the four vertical

sections of the model for the steel liner. CONTAC52 gap elements are used between the liner

and concrete shell to permit only compressive loads to be transmitted across the gap. Rebar was
modeled into the model using LINK8 elements. LINK8 elements where also modeled across the

vertical gaps to represent the vertical rebar; therefore, tensile loads are taken by the rebar. There

are 24 vertical rebar on the inner radius and 56 on the outer radius. The properties of the inner

vertical rebar are determined by a ratio to represent the 1/5 6 th model (24/56 ratio). The finite

element model is shown in Figure 3.10.4-2 and Figure 3.10.4-3. Boundary conditions are shown

in Figure 3.10.4-4.

3.10.4.3 Pedestal Finite Element Model for 24-inch Drop Evaluation

Subjecting the concrete cask to a bottom end impact, the TSC produces a force on the base

weldment located at the bottom of the cask. The ring above the air inlets is expected to yield. To

determine the resulting acceleration of the TSC and deformation of the pedestal, a LS-DYNA

analysis is used.

A quarter-symmetry model of the base weldment is shown in Figure 3.10.4-5. The model is

constructed using 4-node shell elements. Symmetry boundary conditions are applied along the

planes of symmetry (X-Z and Y-Z plane). Rigid mass 8-node solid elements located in the TSC

bottom plate represent the loaded TSC. Rigid mass 8-node solid elements located above the air

inlet duct top represent the weight of the inner liner shell. The impact plane is represented as a

rigid plane. To determine the maximum acceleration and deformations, impact analyses are

solved using LS-DYNA program.

The weldment support rails, weldment pedestal plate, air inlet ducts, and the cylindrical stand

materials are modeled using the piece-wise linear plasticity model in LS-DYNA. The stress-

strain curve used for this analysis was obtained from the Atlas of Stress-Strain Curves and is

presented in Figure 3.10.4-6. To ensure that maximum deformations and accelerations are

determined, two analyses are performed. One analysis, which uses the upper bound weight of

105 kips, envelops the maximum deformation of the pedestal. The second analysis employs the
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lower-bound weight of 60 kips to account for maximum acceleration. The details of the model

are described as follows.

* All structural components are modeled using shell elements. A layer of solid elements
represents the TSC weight.

0 The ground base plate of the pedestal is not modeled since the plate is in contact with the
impact plane during impact and has no effect on the deformation of the pedestal.

" The gravitational force is aligned with the Z-axis and is acting in the negative Z direction.

* All components of the pedestal are made of ASTM A36 carbon steel.

• The cylindrical shell under the pedestal plate is separated (not welded) from the support
rail to allow buckling to occur at a relative lower g-level.

* The loaded TSC is modeled as a rigid body. The density of the TSC is calculated so that.
the total weight of the TSC model is equal to 105 kips or 60 kips, bounding values for the
maximum and minimum TSC loaded weights.

* The concrete cask liner is modeled as a rigid body. The density of the liner is calculated
so that the total weight is equal to 16,900 lb, which envelops the weight of the liner shell
and the S-shape steel beams attached to the concrete cask liner.

* The column weight of the concrete portion of the concrete cask projected onto the top of
an air inlet plate is represented by a uniformly distributed normal pressure acting on the
top of the air inlet plate. The weight is only statically applied to the top of the air inlet.
Upon impact, since the air inlet is more flexible than the base plate, all of the impact
force of the concrete is transmitted to the base plate; The static pressure is always present
during the impact.

* The rigid wall is an infinitive rigid plane. The rigid wall featured in LS-DYNA is used to
simulate the rigid ground surface on which the concrete cask is supported or dropped.

" The filter frequency used in the LS-DYNA evaluation is determined by performing
natural frequency calculations of the various components in the load path of the base
weldment. The component with the lowest natural frequency is the cylindrical stand.
This calculation results in a natural frequency of 182 Hz. Therefore, a filter frequency of
200 Hz is selected.

Material Property

The pedestal material is A-36 carbon steel. The LS-DYNA material type 24

:(Piecewise LinearPlasticity) is used. The true stress-strain curve of A-36 is shown in Figure

3.10.4-6.

Initial Condition

The body force applied to the TSC and the pedestal assembly is the 1 g acceleration representing

the ever-present gravitational force. Body force is a vectored input, depending on the angle of
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drop. The 1 g body force is applied in the -Z direction. Since the 24-inch drop represents the

dynamic force input, the initial velocity, V. is computed as shown below.

Vo = 2gH= 2_(386.4)(24) = 136.1 inch/sec

where:

g = 386.4 inch/sec 2

H = 24.0 inches ------------------- Drop height

Post-Processing

To obtain output, a node on the TSC tracks the movements of the TSC as it impacts on the top

base plate of the pedestal. Since the TSC is modeled as a rigid body, any node on the TSC is

sufficient to track the global movements and deceleration of the TSC. The output database

contains a time-series of nodal displacement, velocity, and acceleration. The nodal output file is

a text file that the post-processor of LS-DYNA can convert into time-history plots and apply to

the plotted graphs signal-conditioning operations such as filtering and rescaling. The

acceleration of the TSC is obtained directly from the output file and then filtered to eliminate the

ripples. The filtered acceleration (in-inch/sec 2) is rescaled to units of g (386.4 inch-inch/sec2)

value.

3.10.4.4 Concrete Cask Finite Element Model for Tip-Over Evaluation

The concrete cask is designed to hold a TSC during long-term storage conditions and is

constructed of a steel liner surrounded by reinforced concrete. The critical locations for

measuring accelerations are at the top of the fuel basket and top of the TSC closure lid.

Two half-symmetry finite element models of the concrete cask, concrete pad, and soil subgrade

are constructed of solid brick elements using the LS-DYNA program for the cask tip-over

evaluation. One model uses a standard sized pad, and the other model uses an oversized pad.

The difference between the two models reflects the segments in the concrete pad. The finite

element models are shown in Figure 3.10.4-7.

Material Properties

The mechanical properties used in the analyses are described in the following sections. The

densities of each part are calculated to account for the total weight of nonstructural components

that are not modeled as part of the finite element model.
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Concrete:

The concrete is represented as a homogeneous isotropic material. The effect of the reinforcing

steel is ignored. The concrete for the cask and the pad are modeled as LS-DYNA material 16

(MatPseudoTensor), which represents a concrete constitutive model in LS-DYNA. This

material model requires an equation-of-state represented in LS-DYNA as

EOS_TabulatedCompaction. The LS-DYNA input for the cask concrete is shown below.

f, = 4,000 psi -------------------- Compressive Strength

Pc = 148 pcf 0.0002217 lb-sec2/in4 ------- Density
vc = 0.22 ------------------------ Poisson's Ratio

E, = 33plj5/- =3.758 x 106 psi ------- Modulus of Elasticity

Gc - Ec - 1.540 x 106 psi ------- Shear Modulus
2(1 + vc)

KC - Ec = 2.237 x 106 psi ------ Bulk Modulus
3(1- 2v )

EV - - =0.001788 --------------- Volumetric StrainKc

Using the same formulae presented above, the required input data for the pad concrete is shown

below.

fI (psi) Pc (lb/ft3) Er (psi) Gc (psi) Kc (psi)
5,000 160 4.723 x 106  1.936 x 106  2.811 x 106  0.001779

Soil:

An elastic model with the following properties is used to represent the subgrade soil material of

the site.

p = 100 pcf --------------------- Density
vs = 0.45 ------------------------ Poisson's Ratio
E = 30,000 psi ------------------- Modulus of Elasticity

Steel Inner Liner:

The steel liner is represented by a rigid material model with the following properties.

v = 0.31 ------------------------ Poisson's Ratio
E = 29 x 106 psi ------------------ Modulus of Elasticity

Boundary Conditions

AutomaticSurfaceToSurface contact conditions are employed between the concrete cask and

the pad, between the pad and soil, and between the cask steel liner and concrete. Symmetry
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boundary conditions are applied to all parts at the plane of symmetry (see Figure 3.10.4-7). The

vertical displacements at the bottom of the soil subgrade and horizontal displacements for the

three vertical boundaries of the soil are restrained.

Tip-over is simulated by applying an initial angular velocity, co, to the entire concrete cask. The

angular velocity value is determined by the conservation of energy about the center of gravity, as

the concrete cask rotates from end to comer to side orientations as shown in the figure below.

CG

CG R

To ensure accuracy, the LS-DYNA output kinetic energies are compared to actual calculated

potential energy. Equating the potential to the kinetic energy during tip-over is as follows.

IC
2

mgh =.- 2

where:

co = 1.527 rad/Sec ----------------- Angular velocity for concrete cask
m = 785.6 lbm -------------------- Total mass of the concrete cask
g = 386.4 inch/sec2  - - - - - - - - - - - - - - - - Acceleration due to gravity

h = R+ L2G - R --------------- Height change of the concrete cask mass

center
I ------------------------------ Total mass moment of inertia (lb-inch 2) of

the concrete cask about the pivot point
(automatically calculated by LS-DYNA)

R = 68 inches -------------------- Outside radius of concrete cask

The potential energy due to the height change of-the concrete cask's mass center during tip-over

is bounded by the kinetic energy of 2.0 x 107 inch-lb.
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Load Cases

Bounding load cases are used to evaluate the loaded concrete cask during tip-over conditions.

Two concrete pad and subsoil combinations are considered to bound all possible storage

configurations: the standard pad configuration and oversized pad configuration. The standard

pad represents typical storage pad properties and boundary conditions. The oversized pad is used

as a sensitivity study to determine the effect of increased foundation size on accelerations. The

dimensions of the standard concrete pad are 30 ft (length) x 3 0 ft (width) with subsoil measuring

3 5 ft (length) x 3 5 ft (width). The dimensions of the oversized concrete pad are 60 ft (length) x

30 ft (width) with subsoil measuring 70 ft (length) x 35 ft (width).

With the exception of pad size, the standard and oversized pads use identical parameters and

boundary conditions. The mesh density and element aspect ratio of the oversized pad is

maintained from the standard model.
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Figure 3.10.4-3 Concrete Cask Model - Elements for Rebar 0
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Figure 3.10.4-4 Concrete Cask Model Boundary Conditions
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Figure 3.10.4-5 Concrete Cask Pedestal Finite Element Model for 24-inch Drop 0
Evaluation
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Figure 3.10.4-6 Stress-Strain Curve for A36 Carbon Steel
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Figure 3.10.4-7 Finite Element Models for Tip-Over Evaluation
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3.10.5 Transfer Cask Finite Element Model

The top section of the transfer cask is a solid ring made of carbon steel. A pair of trunnions, 9

inches in diameter, are mounted 1800 apart on this ring. The middle section of the transfer cask

is comprised of a steel inner shell, a lead layer, a neutron shield layer, and a steel outer shell. The

bottom section is a solid ring made of carbon steel. A pair of rails is welded to the bottom of the

solid forging. A pair of steel doors is inserted in the rails. The overall height of the transfer cask

is 198.0 inches. The overall diameter of the c ask is 88.0 inches. The maximum loaded weight of

the transfer cask is 230,000 pounds.

A three-dimensional finite element model is used to evaluate the lifting of a fully loaded

MAGNASTOR transfer cask. Because of symmetry, only one-quarter of the transfer cask is

modeled, as shown in Figure 3.10.5-1. The model includes the trunnions, the top ring at the

trunnion region, the inner and outer shells, the bottom, and the lead and the neutron shield

between the inner and outer shells. ANSYS SOLID45 elements (8- node brick element) are used

to model the transfer cask. The trunnions are partial penetration welded to the top ring.

CONTAC52 elements are used to model the interface between the trunnion and the top ring. The

groove welds attaching the trunnion to the top ring are represented by coupled nodes between the

two components.

The total weight of the he aviest loaded transfer cask is less than 115 tons. A conservative load of

120 tons, plus a 10% dynamic load factor, is used in the model. The load used in the quarter-

symmetry model is (240,000 x 1.1)/4 = 66,000 pounds. The load is applied upward at the

trunnion as a "surface pressure load" whose location is determined by the lifting yoke

dimensions. The magnitude of the surface pressure load is calculated so that the total upward

force is equal to the load of 66,000 pounds. The model is restrained along two planes of

symmetry with symmetry boundary conditions. Vertical restraints are applied to the bottom of

the model to resist the force applied to the trunnion.
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Figure 3.10.5-1 Finite Element Model for the Transfer Cask
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3.10.6 Basket Stability Evaluation for Concrete Cask Tip-Over Accident
Condition

This section describes the LS-DYNA models and the analyses confirming the stability of the

MAGNASTOR PWR and BWR fuel baskets for the hypothetical concrete cask tip-over accident.

Confirmation that the basket does not buckle during the tip-over accident is addressed in Sections

3.7.2.1.2 and 3.7.2.2.2. Sections 3.5 through 3.7 also demonstrate that there are no other loads or

stress-based failures that can contribute to instability in the MAGNASTOR basket design.

As described in Section 3.10.1.1 (PWR) and Section 3.10.2.1 (BWR), the basket geometric

configuration is maintained by three features of basket component design: (1) the side and

comer support weldments bolted to the fuel tubes at the basket periphery, (2) the pin-slot

connections between adjacent fuel tubes, and (3) the connector pin assemblies at both ends of the

basket.

The geometric stability of the basket, addressed in this section, ensures that the fuel tubes retain

their initial geometric configuration and all the pin-slot connections remain engaged after the tip-

over accident. Eight pin-slot shear connections (20-inch center-to-center axially) are placed

between adjacent fuel tubes for both PWR and BWR configurations, as shown in Figure

3.10.6-1. To observe the dynamic responses of the fuel tube assemblies and the pin-slot

*interface, a transient analysis is performed using a LS-DYNA model corresponding to a 10-inch

periodic section (see Figure 3.10.6-1). The periodic model conservatively ignores the effect of

tube and support weldment stiffness, multiple pins at the tube interface surface along the length

of the tubes, and the connector pin assembly at both ends of the tubes. Basket geometric stability

is validated using the conservative periodic model and canister shell boundary conditions

representative of two axial locations along the canister shell One location represents the

maximum canister shell displacement resulting from the interaction of the basket near the middle

section of the canister shell. The other axial location, corresponding to an increased acceleration

and decreased canister shell displacements (since it is closer to the canister lid), is used for a

sensitivity study to demonstrate that the boundary condition of the canister displacements has the

governing effect on the dynamic response of the basket for stability evaluation. With the

conservative periodic model, the analysis shows that all pin-slot connections (i.e., all fuel tubes)

remain engaged after the tip-over event.

The safety factor for stability is based on the loading associated with the tip-over event. During

the tip-over accident, lateral loading is applied to the fuel basket. The accelerations experienced
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by the fuel basket are computed in Section 3.7.3.7, and the accelerations at the top of the basket
are shown in Figure 3.7.3-3. Since the cask is rotating about its base, the acceleration of the

basket monotonically decreases towards the base of the cask. The safety factor is defined as the
factor applied to the acceleration for the basket loading in which the basket tubes maintain their

geometric stability in the designed and fabricated configuration. In this evaluation, a factor of

1.5 is applied to the acceleration time history, based on the acceleration shown in Figure 3.7.3-3,
for the transient evaluation of the basket using LS-DYNA. Using a factor of 1.5 confirms that

the minimum safety factor for basket stability is greater than 1.5.

Since the lateral loading can be applied in an arbitrary angular direction of the basket, six basket

orientations (00, 180, 22.50, 270, 340 and 430) are considered in the evaluation for the PWR basket

and three basket orientations (0', 22.5' and 450) are considered for the BWR basket. Three-
dimensional periodic finite element models are used for the evaluation, as shown in Figure

3.10.6-2 through Figure 3.10.6-7 for the PWR basket and Figure 3.10.6-8 though Figure

3.10.6-10 for the BWR basket. Half-symmetry (1800) models are used for basket orientations of

00 and 450, and full (360') models are used for basket orientations of 18', 22.5', 270, 340 and

430.

The most significant condition affecting the stability of the fuel basket is gaps between adjacent

fuel tubes. Specifically, those fuel tubes that are not physically attached to the side weldment or

comer weldment are identified as most susceptible to instability issues. The gaps between the

fuel tubes may be developed due to a lack of straightness of the tubes and/or dimensional
tolerance due to fabrication. Based on the basket assembly process and tolerance, the maximum

gap between adjacent tubes occurs when a single 'Least Material Condition' (LMC) tube is

surrounded by eight 'Maximum Material Condition' (MMC) tubes, as shown in the following
sketch. To represent this arrangement, a bounding gap of 0.025 inch (incorporated by reduction

of tube width, while maintaining the tube wall thickness) is considered for three tubes for the

PWR 0' model (see tube locations 3, 6 and 11 in Figure 3.10.1-13) and six tubes for the BWR 00

model (see tube locations 2, 7, 12, 14, 19 and 23 in Figure 3.10.2-13). Note tube width reduction

is also considered for the corresponding tube locations in the models analyzing other basket
orientations. Use of the gap size of 0.025 inch is conservative since the maximum gap size

permitted during the basket assembly is limited to 0.016 inch.
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Use of this approach results in the initial position of the fuel tube, in the transient evaluation,
being suspended without contact between the individual tubes. While this is analytically
possible, the occurrence of such gaps during fabrication is not physically possible. The assembly
process, horizontal stacking, will result in minimal gaps that would generally occur along the
length of the fuel tubes between points of contact. Additionally, the fuel basket design provides
connector pin assemblies at the top and bottom ends of the basket that develop an assembly
verification of tube-to-tube interface and act as restraints against any arbitrary motion of the
interior tubes. Analyses performed neglecting the connector pin effect further maximize the

condition of instability.

Model Description

The models shown in Figure 3.10.6-2 through Figure 3.10.6-10 are mainly comprised of brick
elements representing the fuel tubes, the fuel assembly, the pins, the support weldments, the
bolts/bosses, the canister shell and the concrete cask liner.

The length of the model in the axial direction is 10 inches, which corresponds to one-half the
distance between adjacent pins along the length of the basket. The comer support weldment is
represented by shell elements and the shell elements are modeled along the centerline of the
weldment. Since LS-DYNA takes into account the thickness of the shell element during the
transient evaluation, the model must have a gap incorporated between the shell and the solid
elements corresponding to a minimum value of the half-thickness of the shell element. Gaps
between brick elements do not require this consideration. The bolted boss connections for
attaching the support weldment to the fuel tube arrays are also modeled using brick elements.
The modeling details of the bosses for the comer support weldment and side support weldment
are shown in Figure 3.10.6-11 for the PWR and Figure 3.10.6-12 and Figure 3.10.6-13 for the
BWR. The model allows a relative planar displacement of 1/16 inch between the support
weldment and the fuel tubes by incorporating a gap of 1/16 inch on both sides of the bosses.
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The pins are welded to one side of the adjacent fuel tube slots prior to the assembly of the fuel

tubes to form the basket. These welds are represented by weak spring elements in the model to

prevent independent arbitrary motion of the pins.

The finite element model also contains the concrete cask steel liner, which is represented by

elastic brick elements with a thickness of 3.75 inches. The purpose of these elements is to impose

the accelerations on the canister and basket based on the analysis results for the concrete cask tip-

over accident (Section 3.7.3.7).

Material Properties

The mechanical properties used in the analyses are described as follows.

Carbon Steel Fuel Tubes and Weldments:
The fuel tubes and the comer and side weldments are represented by a piecewise linear plasticity

model with the following elastic properties. Note that the maximum tube temperature is less

than 700°F for the BWR basket and less than 720 OF for the PWR basket. The difference in

material properties (yield and ultimate strength of SA537 carbon steel) at 700'F and 720'F is less

than 1% and has an insignificant effect on the analysis results.

Fuel tubes at 700'F (SA537, Class 1, carbon steel)

Yield strength = 32.3 ksi

Ultimate strength = 68.4 ksi

Ultimate strain = 21%

v = 0.31 ------------------------ Poisson's Ratio
E = 25.5 x 10' psi ----------------- Modulus of Elasticity

The density corresponding to the fuel tubes was adjusted to account for the neutron absorber

material.

Side and comer weldments at 500'F (SA537, Class 1, carbon steel)

Yield strength = 35.4 ksi

Ultimate strength =68.4 ksi

Ultimate strain = 21%

v = 0.31 ------------------------ Poisson's Ratio
E = 27.3 x 106 psi ----------------- Modulus of Elasticity
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Canister Shell (SA240, Type 304/304L stainless steel)
The canister shell is represented by inelastic material with the following properties at 500'F.

Yield strength = 19.4 ksi

Ultimate strength = 63.4 ksi

v = 0.31 ------------------------ Poisson's Ratio

E = 25.8 x 106 psi Modulus of Elasticity
Steel Inner Liner (A36 carbon steel)
The steel liner is represented by elastic material with the following properties at 500°F.

Yield strength = 29.3 ksi

Ultimate strength = 58.0 ksi

v = 0.31 ------------------------ Poisson's Ratio

E = 27.3 x 106 psi ----------------- Modulus of Elasticity
Fuel Assembly
The element representing the fuel assembly were modeled with the following inelastic properties

Yield strength =1 ksi

v = 0.49 ---------------------------------------- Poisson's Ratio

E = 1 x 10' psi ------------------- Modulus of Elasticity
The density for the fuel assembly corresponds to the design weight of the fuel assembly.

Boundary Conditions

Automatic surface-to-surface contact conditions are employed between the pins and the fuel

tubes, between the support weldments and the fuel tubes, between the basket and the canister,
and between the canister and the concrete cask. Symmetry boundary conditions are applied to all

parts at the plane of symmetry (see Figure 3.10.6-2, typical). The axial displacements are

restrained on both axial faces of the model.

The canister portion of the periodic model does not account for the end effects of the canister.

With the rigid plates at each end of the canister, the canister shell physically restricts the motion
of the tubes. To permit the canister shell elements in the periodic model to restrict the motion of

the tube elements in the periodic model, the inner surface of the cask liner in the periodic model

is defined based on a canister shell displacement profile corresponding to the maximum canister
shell displacement during the cask tip-over accident. The nodal position of the inner surface of

the liner is altered so that the displacements of the cansister shell nodes in the periodic model are

restricted to the same physical displacements as if the ends of the canister shell were present in

the model.
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The canister shell displacements are determined by the quasi-static ANSYS analysis for the
canister and the basket for the cask tip-over condition. See Section 3.10.9 for a detailed
description of the canister-basket models. A DLF of 1.36, in conjunction with a load factor of

1.5, is conservatively used in the canister-basket models.

To represent the accelerations applied to the periodic basket model during the tip-over, an
acceleration time history is applied to the nodes of the concrete cask liner elements in the model.
The acceleration data corresponds to the acceleration time history at the axial location where the
maximum canister displacement occurs, with a factor of 1.5. As presented in Section 3.10.9, the
maximum canister shell displacements occur at approximately 90 inches from the canister
bottom. Figure 3.10.6-14(a) shows the acceleration time history corresponding to the location 86
inches from the canister bottom (with a factor of 1.5), based on the filtered acceleration time
history at the top of the basket as shown in Figure 3.7.3-3. Note that the acceleration time history
shown in Figure 3.10.6-14(b) corresponds to the canister shell location at 135 inches from the
bottom and is used for a sensitivity study.

A velocity is applied to all the nodes of the model as an initial condition. The velocity is
determined based on the location of the maximum canister shell displacements and 1.5 times the
angular velocity due to the cask tip-over event (Section 3.10.4.4).

A uniform body force of 1 g was applied to simulate gravity.

Load Cases

The PWR and BWR basket stability evaluations are performed using the models and load
conditions described in this section. As shown in Table 3.10.6-1, six base cases (P1 throughP6)
are considered for the PWR basket orientations of 00, 180, 22.50, 270, 340 and 43'. Additionally,
Case P7 is evaluated as a sensitivity study using the canister shell displacement from the ANSYS
canister-basket model in Section 3.10.9 at a section 135 inches from the bottom of the canister.
The acceleration time history used in Case P7 also corresponds to the axial section 135 inches
from the bottom of the canister. Case P7 uses the basket orientation of 22.5' to allow its results
to be compared with Case P3 (22.50 base case).

Three base cases (B1 through B3) are evaluated for the BWR for basket orientations of 00, 22.50
and 45', as shown in Table 3.10.6-2. Similar to Case P7 for PWR, Case B4 is evaluated for the
BWR basket as a sensitivity study for the boundary condition corresponding to a section 135
inches from the canister bottom.

Model Conservatism in the Periodic LS-DYNA Models

* The models neglect any restraint developed from the connector pin assemblies at basket
top and bottom ends.
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* The models neglect any restraint developed by neighboring pin-slot connections (axially)
in the tubes.

" The models incorporate beyond design basis maximum-minimum material conditions for
the pins. A conservative tube size reduction of 0.025 inch is used for the base cases for
the PWR and BWR basket models. The actual maximum fabricated assembly gap is
0.0 16 inch, and the prototype fabrication has shown the as-built gap is significantly less
than 0.016 inch.

* The models consider boundary conditions corresponding to the maximum canister shell
displacement, which occurs at a small section near the middle of the canister shell (see
Figure 3.10.9-6 and Figure 3.10.9-7). Most parts of the basket are actually supported by
the canister shell with less displacement (the periodic models neglect the stiffness of the
basket support weldments and the fuel tube).

* The models consider the maximum displaced canister shell to be constant over the impact
time history. This is also conservative because the canister shell displacement will be
reduced significantly (providing more constraint to limit basket deflection) after the peak
of the impact.

* The boundary condition of the canister shell displacement is determined based on
conservative loading (a DLF of 1.36) as discussed in Section 3.10.9.

Post-Processing

The primary output of these analyses is the resulting responses of the basket components during
and after the impact. Typical responses of the basket fuel tubes are shown in Figure 3.10.6-15
and Figure 3.10.6-16 for the PWR basket and the BWR basket, respectively. These plots
correspond to Case P 1 and Case B1 in Table 3.10.6-1 and Table 3.10.6-2, respectively..

To further observe the response of the pin-slot connections, the change of the gap (x) at the fuel
tube corners is measured, as shown in Figure 3.10.6-17. The time history of the maximum
change in x-length is obtained from the LS-DYNA analysis results for the base cases (Cases P1
though P7 and Cases B 1 through B4) for the PWR basket and the BWR basket, respectively.

Figure 3.10.6-18 through Figure 3.10.6-22 show the time history of the change in x-length for the
location where maximum gap occurs (Point A in Figure 3.10.6-2 through Figure 3.10.6-10). The
top three gap changes for each case are listed in Table 3.10.6-3 and Table 3.10.6-4 for PWR and

BWR configurations, respectively. The locations of these maximum gap changes are shown in
Figure 3.10.6-2 through Figure 3.10.6-10. Note that the maximum gap change for Case P7
(sensitivity study for boundary condition for PWR) is 0.112 inch (Point B of Figure 3.10.6-4),
which is significantly less than the maximum gap change of the base case for 22.5 degrees (Case

P3), 0.233 inch. The maximum gap change for Case B4 (sensitivity study for BWR), 0.173 inch
(Point C of Figure 3.10.6-9), is also significantly less than the maximum gap change of the base
case for 22.5 degrees (Case B2), 0.305 inch. This comparison shows that the canister shell
profile, as opposed to the impact load, is the governing boundary condition for the basket

stability evaluation. Each stability analysis orientation is performed using the maximum canister
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shell displacement with the corresponding acceleration time history for the axial location of the
maximum displacement from the point of rotation. All the pin-slot connections remain engaged
for all the cases for both the BWR basket and PWR basket.

In order to be responsive to the requirements of 10 CFR 72.236 to provide assurance that the

MAGNASTOR basket maintains stability when subject to transport accident load configurations,
a specific dynamic analysis is performed. The basket and the orientation producing the worst

case pin-slot displacement identified for the tip-over accident are evaluated for transport loading,

with the transport cask inner shell as the boundary condition. The results summary presented in

Table 3.10.6-3 and Table 3.10.6-4 identify that the BWR basket with a 22.5-degree orientation

has the largest relative pin-slot displacement. Results from the governing analysis of a 30-foot

side drop for the BWR basket with a 22.5-degree orientation validate basket stability for

transport conditions.

A sensitivity study is performed to evaluate the effect of the gap size between the flats at tube
comers. A gap of 0.016 inch (fabrication tolerance) is used as compared to the 0.025 inch for the

base cases, as previously discussed. The analysis is performed for the BWR configuration with a

22.50 basket orientation, and the results are compared with the results of Case B2 (base case) in
Table 3.10.6-4. The maximum gap change for this sensitivity study case is 0.227 inch, which is

approximately 30% less than the maximum gap change for Case B2 (0.305 inch). This indicates

that the models used in the base cases for both the PWR and BWR configurations are

conservative.

A typical time history of the gap at the bosses connecting the fuel tubes and the support
weldment is shown in Figure 3.10.6-23. The gap time history curves correspond to the BWR

basket with a 450 orientation and the locations of the bosses are shown in Figure 3.10.6-10
(Points GI and G2). The initial gap size is 0.0625 inch in the model. At Point G1, the gap starts

to close at approximately 0.01 second. Note that the distance in the time history plot in Figure
3.10.6-23 is measured by two nodes with 0.02-inch difference in the axial direction of the basket,

which is perpendicular to the gap (i.e., the distance=0.02 inch when the gap is closed). At Point

G 2, the boss oscillated back and forth. At approximately 0.02 second, the "stop" moved to the

opposite direction for 0.0625 inch (the gap at the opposite side is closed) and, therefore, the gap
shown on Figure 3.10.6-23 is approximately 0.125 inch [(0.0625+0.0625)2+0.022] 1/2.
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Summary

The evaluations provided in this section confirm that the PWR and BWR baskets maintain their

configuration during a cask tip-over accident event. As previously discussed, a 1.5 factor is

applied to the loading used for the periodic LS-DYNA for stability evaluation. The same factor

was also used (in addition to a DLF of 1.36) for loading of the three-dimensional canister-basket

model to determine the canister shell displacements as the boundary condition of the periodic

LS-DYNA models. Considering all the conservatism in the periodic models, as previously

described, it is concluded that the factor of safety for the PWR and BWR basket stability for the

cask tip-over accident is considerably greater than 1.5 (and greater than acceptance criteria of 1.1,

as defined in the following discussion).

The acceptance criteria for basket stability evaluation is established based on the acceptance

criteria of the Collapse Load Analysis as discussed in ASME Code Subsection III, Appendix F.

Section F-1341.3 states that the load should not exceed 90% of the analysis collapse load. The

criterion for the minimum safety factor for the basket stability evaluation is considered to be 1.1

(1/0.9).
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Figure 3.10.6-1 Basket Pin-Tube Slot Connections at Fuel Tube Corners

Pin-Tube Slot Connection Location (typ.)
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Figure 3.10.6-2 PWR Basket Finite Element Model for Concrete Cask Tip-Over
Accident - 00 Basket Orientation

Concrete Cask Liner

Canister
Shell -

Point A

Direction of Impact I,
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Figure 3.10.6-3 PWR Basket Finite Element Model for Concrete Cask Tip-Over
Accident - 180 Basket Orientation
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Point C

IDirection of Impact
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Figure 3.10.6-4 PWR Basket Finite Element Model for Concrete Cask Tip-Over
Accident - 22.50 Basket Orientation
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Point C ........

IDirection of Impact
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Figure 3.10.6-5 PWR Basket Finite Element Model for Concrete Cask Tip-Over
Accident - 270 Basket Orientation
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Point B1

1Direction of Impact
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Figure 3.10.6-6 PWR Basket Finite Element Model for Concrete Cask Tip-Over
Accident - 34' Basket Orientation

Point A

Point C

Point B

IDirection of Impact
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Figure 3.10.6-7 PWR Basket Finite Element Model for Concrete Cask Tip-Over
Accident - 430 Basket Orientation
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Figure 3.10.6-8 BWR Basket Finite Element Model for Concrete Cask
Tip-Over Accident - 00 Basket Orientation
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Figure 3.10.6-9
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Figure 3.10.6-10 BWR Basket Finite Element Model for Concrete Cask Tip-Over
Accident - 450 Basket Orientation
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Figure 3.10.6-11 PWR Basket Finite Element Model - Boss Connection for Corner and
Side Support Weldment

Fuel Tube

0
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Figure 3.10.6-12 BWR Basket Finite Element Model - Boss Connection for Corner
Support Weldment

The 'clamping action' of the bolted
boss connection is modeled using solid
elements, attached to the tube elements.
A small gap exists between these
elements and the comer weldment.

'Stop' elements
attached to comer
weldment

Comer Weldment

Fuel Tube

'Stop' elements attached to the
fuel tube. Their lateral
displacement with respect to
the 'Stop' elements attached to
the comer weldment is limited
by a gap of 0.0625 inch.
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Figure 3.10.6-13 BWR Basket Finite Element Model - Boss Connection for Side
Support Weldment

The 'clamping action' of the bolted
boss connectionis modeled using solid

Side Support elements, attached to the tube elements.
Weldment A o ,•n ..... , ....

elements and the side weldment.

'Stop' elements attached to the fuel
tube. Their lateral displacement with
respect to the 'Stop' elements
attached to the side weldment is
limited by a gap of 0.0625 inch.

The 'stop' is modeled on one side. The
built-up edge of the side weldment acts as
a 'stop' for the other side.

NAC International 3.10.6-22



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 3.10.6-14 Acceleration Time History for Basket Stability Evaluation

(a) 1.5 x acceleration at 86 inches from TSC bottom
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Figure 3.10.6-15 Typical Response of PWR Basket Fuel Tubes Pin-Slot Connections

Time:0.0 sec.

Time:0.025 sec.

Time:0.050 sec.

Note: See Figure 3.10.6-2 for Pin-Slot Location (Point A).

NAC International 3.10.6-24



MAGNASTOR System
Docket No. 72-1031

June 2008

Revision 2

Figure 3.10.6-16 Typical Response of BWR Basket Fuel Tubes Pin-Slot Connections

Tieme:O.O sec.• •MEID. o•

Time:0.0 sec.

Tim e0.03 ........

Time:0.06 sec. [ -...

Note: See Figure 3.10.6-9 for Pin-Slot Location (Point A).
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0Figure 3.10.6-17 Typical Gap Measurement at Fuel Tube Corners

0-Degree 45-Degree

22.5-Degree 34-Degree

Note:

"x" is the measured gap size at the fuel tube comers. The plots of time history of the maximum
gap size changes ('change in x-length') for the PWR and the BWR basket are shown Figure
3.10.6-18 through Figure 3.10.6-22.

0
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Figure 3.10.6-18 Time History of Maximum Gap Change at Fuel Tube Corner -
PWR Basket 00 and 180 Orientation
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Note: See Figure 3.10.6-2 and Figure 3.10.6-3 for locations of fuel tube corners (Point A).
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Figure 3.10.6-19 Time History of Maximum Gap Change at Fuel Tube Corner -
PWR Basket 22.50 and 27" Orientation
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Figure 3.10.6-20 Time History of Maximum Gap Change at Fuel Tube Corner -
PWR Basket 340 and 430 Orientation
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Figure 3.10.6-21 Time History of Maximum Gap Change at Fuel Tube Corner -
BWR Basket 00 and 22.50 Orientation
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Figure 3.10.6-22 Time History of Maximum Gap Change at Fuel Tube Corner - BWR
Basket 450 Orientation
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Note: See Figure 3.10.6-10 for location of fuel tube comer (Point A).
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Figure 3.10.6-23 Typical Time History of Gap at Boss for BWR Support Weldments

Time

The locations of the measured gap for "GI" and "G2" are shown in Figure 3.10.6-10.

Shell elements for the
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Element attached to Element attached to the
the shell element of tube acting as a stop
the weldment \ I
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the element attached to the tube and the
edge of the element attached to the shell
element of the weldment.
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Table 3.10.6-1 Load Cases Evaluated for PWR Fuel Basket Stability

Basket Model Cross-
Case Orientation Section Remarks

P1 0 1800 Base Case
P2 18 3600 Base Case
P3 22.5 3600 Base Case
P4 27 3600 Base Case
P5 34 3600 Base Case
P6 43 3600 Base Case
P7 22.5 3600 Sensitivity Study a

a Sensitivity study for boundary conditions using canister shell displacement at 135 inches from
canister bottom and the associated acceleration time history.
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Table 3.10.6-2 Load Cases Evaluated for BWR Fuel Basket Stability

Basket
Orientation

Model Cross-
SectionCase Remarks

Bi 0 1800 Base Case
B2 22.5 3600 Base Case
B3 45 1800 Base Case
B4 22.5 3600 Sensitivity Studya

a Sensitivity study for boundary conditions using canister shell displacement at 135 inches from
canister bottom and the associated acceleration time history.
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Table 3.10.6-3 Summary of Maximum Gap Changes at Pin-Slot Connections
for PWR Basket

Max Gap Change at Pin-Slot Connection
(inch)Basket

OrientationCase Location Aa Location Ba Location Ca
P1 0 0.139 0.136 0.126
P2 18 0.219 0.165 0.144
P3 22.5 0.233 0.194 0.127
P4 27 0.207 0.139 0.120
P5 34 0.119 0.104 0.103
P6 43 0.155 0.148 0.111
P7 22.5 0.086 0.112 0.080

a Note: See Figure 3.10.6-2 through Figure 3.10.6-7 for locations for Cases P1 though P6,
respectively. See Figure 3.10.6-4 for locations for Case P7.
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Table 3.10.6-4 Summary of Maximum Gap Changes at Pin-Slot Connections for
BWR Basket

Max Gap Change at Pin-Slot Connection
(inch)Basket

OrientationCase Location Aa Location Ba Location Ca

B1 0 0.244 0.164 0.160
B2 22.5 0.305 0.279 0.265
B3 45 0.197 + 0.129 0.122
B4 22.5 0.170 0.088 0.173

a Note: See Figure 3.10.6-8 through Figure 3.10.6-10. for locations for Cases BI through
B3,. respectively. See Figure 3.10.6-9 for locations for Case B4.

0
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3.10.7 Fuel Tube Plastic Analysis for Concrete Cask Tip-Over Accident

Condition

This section describes the LS-DYNA models for the fuel tubes in the PWR and BWR fuel

baskets and the analyses to evaluate any possible permanent deformation of the fuel tubes for the

hypothetical concrete cask tip-over accident.

Model Description

As shown in Figure 3.10.7-1, a three-dimensional half-symmetry model is constructed to

represent a half cross-section of a PWR fuel tube using the LS-DYNA program. The model for

the BWR fuel tube is similar to that for the PWR fuel tube. The model contains a cross section

of the fuel tube and a rigid block through which the displacement is applied to the top of the fuel

tube.

Material Properties

Piecewise linear plastic properties corresponding to 700'F are used for the carbon steel fuel

tubes.

Boundary Conditions

Automatic surface-to-surface contact conditions are employed between the block imposing the

displacement and the top of the fuel tube. The motion at the bottom of the fuel tube is limited by

the definition of a rigid plane. Symmetry boundary conditions are applied to the plane of

symmetry (see Figure 3.10.7-1, typical). The vertical displacement of the block is specified as a

triangular shaped time history with the maximum displacement of 0.294 inch for the PWR fuel

tube and 0.34 inch for the BWR fuel tube. The displacement for the PWR tube corresponds to the

maximum diagonal displacements of the fuel tubes for the tip over condition as evaluated in

Section 3.7.2.1.2. For the BWR configuration, the displacement corresponds to the BWR

evaluation using LS-DYNA in Section 3.10.6. The duration of the motion is 0.045 seconds which

reflects the duration of the impact in the tip-over accident. The analysis is continued until a time

of 0.060 seconds to obtain the final deformed shape of the fuel tube.

Post-processing

The permanent deformation of the fuel tubes is determined by computing the difference in the

vertical displacements of Point A and Point B (Figure 3.10.7-1) in the final deformed shape. The

maximum permanent diagonal displacement of the fuel tubes is computed to be 0.008 inch and

0.11 inch for the PWR and BWR fuel tubes, respectively.
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Figure 3.10.7-1 Typical Finite Element Model for the Basket Fuel Tube Displacement
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3.10.8 Basket Pin-Slot Connection Evaluation for Concrete Cask Tip-Over

Accident Condition

As part of the stability evaluation for the BWR and PWR fuel baskets for the hypothetical

concrete cask tip-over accident, this section describes the structural evaluation for the basket pin-

slot connections subjected to maximum shearing conditions using the finite element models

presented in Section 3.10.6.

The three-dimensional half-symmetry finite element models for the 00 basket orientation, as

shown in Figure 3.10.8-1 (BWR) and Figure 3.10.8-3 (PWR), are used for the evaluation. These

models are associated with the maximum shear forces at the pin-slot connections, based on the

quasistatic analyses for BWR and PWR baskets for the tip-over accident as documented in

Section 3.7.2. The models are constructed using the same modeling methodology as used for the

models presented in Section 3.10.6. To more accurately solve for the stress/strain at the pin-slot

connections, the pin-slot connection associated with the largest shear load is modeled with a finer

mesh, as shown in Figure 3.10.8-2 (BWR) and Figure 3.10.8-4 (PWR). The LS-DYNA program

is used to perform transient (time history) analyses to simulate the side impact condition of the

cask tip-over accident. The unfiltered acceleration time history at the top of the basket (Figure

3.7.3-3) is conservatively used in the BWR evaluation. The maximum filtered acceleration is

26.4g and the unfiltered acceleration at the same time is 32.3g, which results in a load factor of

1.22 (32.3/26.4). The unfiltered acceleration with a factor of 1.1 is used for the PWR analysis for

additional conservatism (the resulting load factor for PWR is 1.1 x 1.22, or 1.34). The calculated

maximum plastic strains at this pin-slot connection are shown in the following table. See Figure

3.10.8-5 and Figure 3.10.8-6 for locations of the maximum strains in the pin and the tube slots,

as well as the time history of the maximum plastic strain, for the BWR and the PWR basket,

respectively.

Maximum Plastic Strain
Basket Type Tube Slot Pin

BWR 15.4% 8.4%
PWR 16.5% 15.4%

As shown in the table, the calculated maximum plastic strains at the pin-slot connection for all of

the analyzed cases are well below the material ultimate true strain of the SA 537 carbon steel

(21%). Also note that the analysis results show that the plastic strain in the tube slot or pin

occurs in localized regions and the majority of the material remains elastic. The pins remain

completely enclosed in the tube slots and allow transfer of shear and bearing loads between

adjacent fuel tubes during the cask tip-over accident. Therefore, the pin-slot connections of the
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BWR and PWR fuel baskets are structurally adequate for the concrete cask tip-over accident

condition.

In addition, sensitivity studies are performed for the BWR basket to evaluate the effect of

increased acceleration on the response of the basket in terms of stability. Three cases are

considered as shown in the following table. The factor is applied to the unfiltered acceleration

time history used for the base case of the BWR evaluation.

Factor for the
Acceleration Applied to

Case No. the Model
1 2.0
2 3.0
3 4.0

The failure mode is defined as the pin moved out of the fuel tube slot. For Case 1 and Case 2,

the analysis results indicate that all pins remain enclosed in the tube slots. At the end of the

solution, the pin moved into the inner surface of the fuel tube slot for approximately 0.03 inch

and 0.05 inch for Case 1 and Case 2, respectively. This displacement is insignificant compared

to the size of the pin and tube slot and does not result in shear failure of the material or the

disengagement of the pin and fuel tube slot. However, for Case 3, when the G-load is increased

by 4 times, the pin penetrates though the tube wall at the region with minimal thickness. It is

observed that bulking in the fuel tube wall is initiated with Case 3 loads. Therefore, it can be

concluded that the factor of safety is greater than 3 (factor used for Case 2) for the BWR basket

in terms of shear failure in the pin-slot connections. A similar factor of safety is expected for the

PWR basket because the shear forces at the pin-slot connections are similar for the BWR and

PWR baskets based on the quasi-static analyses presented in Section 3.7.2.
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Figure 3.10.8-1 BWR Basket Finite Element Model - Location of Pin-Slot Connection
with Refined Mesh

See Figure 3.10.8-2 for details for region with refined mesh.

Region with
Refined Mesh

(Fuel elements not shown for Clarity)
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Figure 3.10.8-2 BWR Basket Finite Element Model -Pin-Slot Connection with
Refined Mesh
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Figure 3.10.8-3 PWR Basket Finite Element Model - Location of Pin-Slot Connection
with Refined Mesh

See Figure 3.10.8-4 for details for region with refined mesh.

Region with
Refined Mesh.

(Fuel elements not shown for Clarity)
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Figure 3.10.8-4 PWR Basket Finite Element Model - Pin-Slot Connection with
Refined Mesh

NAC International 3.10.8-6



MAGNASTOR System
Docket No. 72-1031

June 2008

Revision 2

Figure 3.10.8-5 BWR Basket Pin-Slot Connection Plastic Strain - Cask Tip-over
Condition
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Figure 3.10.8-6 PWR Basket Pin-Slot Connection Plastic Strain
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3.10.9 TSC-Basket Finite Element Models

This section describes the TSC-Basket finite element models used to calculate the TSC shell

displacements used as the boundary conditions in the LS-DYNA basket stability evaluation

(Section 3.10.6). The finite element model includes the details of the basket and canister to

account for the interaction between the basket and the canister shell, as well as the effect of the

different basket orientations during the side impact of the cask tip-over condition.

To be consistent with the basket stability evaluationpresented in Section 3.10.6, the canister

shell displacements due to the cask tip-over condition are determined in this Section for six
basket orientations, 00, 180, 22.50, 270, 340 and 450, for the PWR configuration and three basket

orientations, 00, 22.50 and 450, for the BWR configuration. Four finite element models are used
to determine the canister shell displacements for basket orientations of 00, 22.50, 340 and 450 for

PWR and three models are used for basket orientations of 0', 22.50 and 450 for BWR. The shell

displacements for the PWR 180 and 270 cases are determined by linear interpolation of the finite

element analysis results (e.g., the shell displacements for 180 are determined based on the shell

displacements of the 00 and 22.50 cases). Half-symmetry models are used for 00 and 450 cases

and full 3600 three-dimensional models are used for 22.50 and 340 models. Symmetry boundary

conditions are applied at the plane of symmetry for the 00 and 450 models.

The PWR 450 model is shown in Figure 3.10.9-1 and Figure 3.10.9-2. The PWR 22.50 model

(canister not shown for clarity) is presented in Figure 3.10.9-3. The BWR 450 and 22.50 models

are shown in Figure 3.10.9-4 and Figure 3.10.9-5, respectively. The canister shell, canister lid
and bottom plate, basket fuel tubes, and basket side and comer support weldments are modeled

explicitly using ANSYS SOLID45 and/or SHELL63 elements. Note that the support weldments
are modeled with four pieces axially with a gap of 0.25 inch between the adjacent pieces. This is

slightly conservative since it reduces the stiffness of the support weldments in the model and

results in slightly larger displacements of the basket and, consequently, slightly larger

displacements of the canister shell. The interface between the canister shell and the standoffs at

the concrete cask liner is simulated by the CONTAC52 elements, as shown in Figure 3.10.9-1

and Figure 3.10.9-4. A stiffness of 3.0 x 106 psi is used for the gap elements representing the

stiffness of the standoffs (carbon steel S-beam). A sensitivity study has been performed to assess
the effect of the gap stiffness on the canister shell displacements. The sensitivity analysis uses

one-half of the gap stiffness for the standoff, and the results indicate an insignificant (0.2%)

change of the maximum canister shell displacement. A buckling evaluation was performed, per

NUREG/CR-6322 [9], for the standoff at the concrete cask steel liner for the impact load from
the canister during the cask tip-over accident. The evaluation results show that the standoff will

not buckle with a minimum safety factor of 1.8.
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The interface between the canister shell and the basket is modeled using CONTA175 and
TARGE170 elements. The CONTA175 elements are 3-D node-to-surface contact elements and

are modeled at the basket (support weldment) nodes adjacent to the inner surface of the canister

shell. The TARGE170 elements are modeled at the canister shell inner surface, representing the

target surface for the CONTA175 elements. CONTAC52 elements are used for the interface

between basket components (e.g., surfaces between fuel tubes, between fuel tube and support

weldments). The connector pin assemblies at both ends of basket are modeled using COMBIN40

elements, with a gap of 0.03 inch (to allow a maximum relative movement of 0.03 inch in all
transverse directions of the basket). The intermediate pin-tube slot connections are located every

20 inches axially. The pins are not modeled explicitly. COMBIN40 elements are also used to

represent the pin-tube slot interface, where a relative movement of 0.016 inch is modeled, based
on the fabrication tolerance on the gap between fuel tubes. The bolts connecting the support

weldments and the fuel tubes are modeled with LINKI 0 elements. The associated bosses are

modeled using COMBIN40 elements with a gap of 0.0625 inch.

Symmetry boundary conditions are applied at the plane of symmetry for the 00 and 450 models.
The material properties for the canister and the basket components are identical to those used in

the PWR and BWR basket models and the canister model presented in Section 3.10.1 through

Section 3.10.3 for the evaluation of the concrete cask tip-over accident. 0
The model considers a tapered inertia load of 60g at the top of the canister and lg at the base of

the concrete cask. As shown in Figure 3.7.3-3, the peak g-load at top of the canister is 29.5g
based on the cask tip-over analysis. Therefore, the applied inertia load to the model includes a

load factor of 1.5 and a conservative DLF of 1.36 (60 = 29.5x 1.5x1.36).

Maximum radial displacements of the canister shell occur at approximately 90 inches from the
TSC bottom. The shell displacements at the cross-section with the maximum displacement are

shown in Table 3.10.9-1 and Table 3.10.9-2 for PWR and BWR configurations, respectively.
The canister shell displacements at 135 inches from the canister bottom are also presented (for
sensitivity studies). Figure 3.10.9-6 and Figure 3.10.9-7 show the representative contour plots of
the lateral (UZ) displacement of the canister shell for the PWR and BWR configurations,

respectively. These displacement contours correspond to the cases with a 45' basket orientation,

where the maximum lateral displacement occurs. The canister shell displacements shown in

Table 3.10.9-1 and Table 3.10.9-2 are used as the boundary condition for the basket stability

evaluation in Section 3.10.6.
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Figure 3.10.9-1 PWR Canister-Basket Finite Element Model for Concrete Cask
Tip-Over Accident - 450 Basket Orientation
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Figure 3.10.9-2 PWR Canister-Basket Finite Element Model for Concrete Cask
Tip-Over Accident - Basket Elements - 450 Basket Orientation
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Figure 3.10.9-3 PWR Canister-Basket Finite Element Model for Concrete Cask
Tip-Over Accident - Basket Elements - 22.50 Basket
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Figure 3.10.9-4 BWR Canister-Basket Finite Element Model for Concrete Cask
Tip-Over Accident - 450 Basket Orientation
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Figure 3.10.9-5 BWR Canister-Basket Finite Element Model for Concrete Cask
Tip-Over Accident - Basket Elements - 22.50 Basket
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Figure 3.10.9-6 PWR Canister Shell Lateral Displacement Contour -
450 Basket Orientation
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Figure 3.10.9-7 BWR Canister Shell Lateral Displacement Contour -

450 Basket Orientation
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Table 3.10.9-1 Canister Shell Displacements Used as Boundary Conditions for the
LS-DYNA Models for PWR Basket Stability Evaluation

Canister Shell Radial Displacement (inch)
Basket
Orientation 00 180 22.50 270 340 450 22.50

Angle 
(135 in)

0° 0.000 0.000 0.000 0.000 0,000 0.000 0.000
150 0.029 0.011 0.007 0.019 0,038 0.024 0.003
300 0.096 0.035 0.020 0.062 0.127 0.100 0.020
450 0.206 0.186 0.180 0.196 0.219 0.211 0.194
600 0.368 0,318 0.300 0.328 0.371 0.362 0.258
750 0.292 0.372 0.394 0.423 0,480 0,507 0.275

900 0.091 0.239 0.274 0.269 0.258 0.286 0.217
1050 -0.105 -0.019 0.000 -0.009 -0.027 0.021 -0.016
1200 -0.216 -0.217 -0.218 -0.209 -0.198 -0.236 -0.186
1350 -0.242 -0.283 -0.295 -0.311 -0.339 -0.414 -0.232
1800 -0.174 -0.144 -0.137 -0.186 -0.262 -0.280 -0.1'56
2250 -0.242 -0.233 -0.230 -0.255 -0.293 -0.414 -0,128
2400 -0.216 -0.205 -0.200 -0.219 -0.247 -0.236 -0.130
2550 -0.105 -0.087 -0.080 -0.073 -0.058 0.021 -0.073
2700 0.091 0.114 0.121 0.148 0.193 0.286 0.034
2850 0.292 0.293 0.295 0.318 0.356 0.507 0.140
3000 0.368 0.304 0.284 0.322 0.381 0.362 0.211
3150 0.206 0.245 0.255 0.232 0.197 0.211 0.249
3300 0.096 0.099 0.100 0.084 0.058 0.100 0.084
3450 0.029 0.010 0.006 0.005 0.004 0.024 0.013

Note: Radial displacements are reported at the canister shell section where the
maximum displacement occurs, except-the last column, which corresponds to
shell displacements at 13 5 inches from the canister bottom for a sensitivity study.

Radial

Displacement
(dR)

Angle 0
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Table 3.10.9-2 Canister Shell Displacements Used as Boundary Conditions for the
LS-DYNA Models for BWR Basket Stability Evaluation

Canister Shell Radial Displacement (inch)

Basket ~22.50
rientation 00 22.50 450 (135-in)

An le
00 0.000 0.000 0.000 0.000
150 0.025 0.066 0.024 0.078
300 0.093 0.095 0.098 .0.087
450 0.202 0.205 0.213 0.171
600 0.342 0.366 0.361 0.349
750 0.372 0.444 0.440 0.352
900 0.126 0.279 0,261 0.174
1050 -0.084 0.052 -0.029 -0.032
1200 -0.217 -0.298 -0.245 -0.251
1350 -0.260 -0.372 -0.356 -0.256
1800 -0.195 -0.224 -0.276 -0.154
2250 -0.260 -0.320 -0.356 -0.201
2400 -0.217 -0.285 -0.245 -0.190
2550 -0.084 -0.130 -0.029 -0.118
2700 0.126 0.142 0.261 0.027
2850 0.372 0.396 0.440 0.228
300° 0.342 0.418 0.361 0.357
3150 0.202 0.217 0.213 0.215
3300 0.093 0.152 0.098 0.159
3450 0.029 0.076 0.024 0.084

Note: Radial displacements are reported at the canister shell section where the maximum
displacement occurs, except the last column, which corresponds to shell displacements
at 135-in from canister bottom for a sensitivity study.

~Radial

Displacement
(dR)

Angle
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Chapter 4
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.4 THERMAL EVALUATION

This section presents the thermal design and analyses of MAGNASTOR for normal conditions
and off-normal and accident events of storage. Results of the analyses demonstrate that with the

design basis contents, MAGNASTOR meets the thermal performance requirements of

10 CFR 72 [1], NUREG-1567 [20], and NUREG-1536 [22].
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4.1 Discussion

MAGNASTOR consists of a TSC, concrete cask, and a transfer cask. In long-term storage, the

fuel is loaded in a basket structure positioned within the TSC. The TSC is placed in the concrete
cask, which provides passive radiation shielding, structural protection and natural convection
cooling. The transfer cask is used to handle the TSC. The thermal performance of the concrete
cask containing a loaded TSC with design basis fuel, and the performance of the transfer cask

containing a loaded TSC with design basis fuel are evaluated in this chapter.

The thermal evaluation considers normal conditions and off-normal and accident events of
storage. Each of these conditions can be described in terms of the environmental temperature,
use of solar insolation, and the condition of the air inlets as shown in Table 4.1-1. The
evaluation of the different phases of the transfer operation is accomplished by altering the
properties of the medium in the canister to correspond to water or helium.

In order for the heat from the stored spent fuel assemblies to be rejected to the ambient via the
concrete cask or the transfer cask, the decay heat from the spent fuel assemblies is transferred to
the TSC surface. The MAGNASTOR baskets for the PWR and the BWR fuel assemblies use all
three heat transfer modes-radiation, conduction and convection-to transfer the heat to the TSC
surface. The basket design enhances convection heat transfer. Helium is used as the backfill gas

in the TSC because its thermal conductivity is better than other allowable backfill gases. The
basket is comprised of full-length carbon steel tubes that provide a significant path for
conduction heat transfer. Radiation is a significant mode of heat transfer in the fuel region and

between the outer surface of the basket and the TSC shell.

The significant thermal design feature of the concrete cask is the passive convective airflow
around the outside of the TSC. Cool (ambient) air enters at the bottom of the concrete cask
through four air inlets. Heated air exits through the four air outlets in the upper concrete cask

body. Radiant heat transfer occurs from the TSC shell to the concrete cask liner, which then
transmits heat to the annular airflow. Conduction through the concrete cask, although not

significant, is included in the analytical model. Natural circulation of air through the concrete
cask annulus, in conjunction with radiation from the TSC surface, maintains the fuel cladding

temperature and all component temperatures below their design limits.

The MAGNASTOR design basis heat load is 35.5 kW for 37 PWR fuel assemblies. The PWR
fuel basket can accommodate a uniform heat load of 959 W per assembly, or a preferential
loading pattern as shown in Figure 4.1-1. The preferential loading pattern identified in Figure
4.1-1 defines three values of heat generation that place the fuel assemblies with the maximum
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heat generation rate in an intermediate region of fuel storage locations. Analyses are performed

using the two-dimensional axisymmetric model with the same fluid resistances and material

properties for-both the preferential and uniform loading patterns. Calculated maximum fuel

temperature is the same for both loading configurations. The maximum temperatures at the

radial location of the center of a preferential loaded fuel assembly with the 1.2 kW heat load is

determined to be 6897F. At this same radial location, the calculated temperature for the uniform

heat load is 684°F. This small increase is a localized bounding temperature response due to the

localized increased heat generation for the preferential loading configuration.

The identical maximum fuel cladding temperature calculated for both loading configurations,

resulting from identical total heat and small differences in inner region heat (4%), demonstrates

efficiencies in the alternate PWR preferential loading configuration. Placement of the highest

heat load for the preferential loading configuration in an intermediate radial• location balances

system performance. The thermal loading basis for the PWR analyses in this chapter uses the

preferential loading since it represents the system loading with maximum heat concentration.

The BWR fuel basket can accommodate 87 fuel assemblies with a uniform design basis total

heat load of 33 kW, or 379 watts, per assembly.

The thermal evaluation applied different component temperature limits and allowable stress K
limits for long-term conditions versus short-term conditions. Normal storage operation is

considered to be a long-term condition. Off-normal and accident events are considered to be

short-term conditions. Thermal evaluations are performed for the design basis PWR and BWR

fuels for all design conditions. The maximum allowable material temperatures for long-term and

short-term conditions are provided in Table 4.1-2.

During normal conditions of storage and off-normal and accident events, the concrete cask must

reject the decay heat from the TSC to the environment without exceeding the system components

temperature limits. In addition, to ensure fuel rod integrity for normal conditions of storage, the

spent fuel must be maintained at a sufficiently low temperature in an inert atmosphere to

preclude thermally induced fuel rod cladding deterioration. To preclude fuel degradation, the

maximum cladding temperature under normal conditions of storage and canister transfer

operations is limited to 752 0 F (400'C) per ISG-l 1 [2]. The maximum cladding temperature for

off-normal and accident events is limited to 1,058'F (570'C). For the structural components of
the storage system, the thermally induced stresses, in combination with pressure and mechanical

load stresses, are limited to the material allowable stress levels.

Thermal evaluations for normal conditions of storage and canister transfer operations are

presented in Section 4.4. The finite element method is used to compute the effective properties 1.0
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for the basket, neutron absorber and fuel region. The thermal solutions for the concrete cask and

transfer cask are obtained using finite element and finite volume methodologies. Thermal

models used in the evaluation of normal and transfer conditions are described in Section 4.4.1.

A summary of the thermal evaluation results for normal conditions of storage is provided in

Table 4.4-3 for the PWR and the BWR cases. Table 4.4-5 through Table 4.4-14 contain the

maximum fuel cladding temperatures for the different phases of the transfer operations for the

PWR and BWR cases. Thermal evaluation results for off-normal and accident events are

presented in Sections 4.5 and 4.6, respectively. The results demonstrate that the calculated

temperatures are less than the allowable fuel cladding and component temperatures for all

normal (long-term) storage conditions and for short-term events. As shown in Chapter 3, the

thermally induced stresses, combined with pressure and mechanical load stresses, are also within

allowable limits.
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Figure 4.1-1 Definition of the Preferential Loading Pattern for PWR Fuel

Zone Identification
Maximum Heat Load per Assembly (kW)
Total Number of Fuel Assemblies

A
0.922

9

B
1.20
12

C
0.80
16
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Table 4.1-1 Summary of Thermal Design Conditions for Storage for the
MAGNASTOR

Condition of
Environmental Solar Concrete Cask

Condition Temperature (OF) Insolation a Inlets
Normal 76b Yes All inlets open
Off-Normal 76 Yes Half inlets blocked
- Half Air Inlets Blocked
Off-Normal 106 Yes All inlets open
- Severe Heat

Off-Normal -40 No All inlets open
--Severe Cold

Accident 133 Yes All inlets open
- Extreme Heat

Accident 76 Yes All inlets blocked
- All Air Inlets Blocked

Accident
- Fire

During Fire
Before and After Fire

1475 Yes All inlets open
-± t F

76 Yes All inlets open

a Solar Insolation per 10 CFR 71 [3]:
Curved Surface: 400 g cal/cm2 (1475 Btu/ft2) for a 12-hour period.
Flat Horizontal Surface: 800 g cal/cm 2 (2950 Btu/ft2) for a 12-hour period.

b Maximum average annual temperature in the 48 contiguous United States is 75.6°F. [25]
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Table 4.1-2 Maximum Allowable Material Temperatures
Temperature Limits (*F)

Material Long Term Short Term Reference
Concrete 200(B)/300(L)a 350 ACI-349 [4]

NUREG-1567 [20_
Fuel Clad

PWR Fuel 752 752/1,058b ISG-1 1 [2] and
BWR Fuel 752 752/1,058b PNL-4835 [5]

NS-4-FR 300 300 JAPC [6]
Chemical Copper Lead 600 600 Baumeister [7]
ASME SA693 17-4PH Type 630 Stainless 650 800 ASME Code [8]
Steel ARMCO [9]
ASME SA240 Type 304 Stainless Steel 800 800 ASME Code [8]
ASME SA537 Class 1 Carbon Steel 800 700/1,000c ASME Code [8]

ASME Code Case
N-707 [26]

ASTM A588 Carbon Steel 700 700 ASME Code Case
N-71-17 [10]

ASTM Standard [19]

ASTM A350 LF2 Carbon Steel 700 700 ASTM Standard [19]
ASTM A36 Carbon Steel 700 700 ASME Code Case

N-71-17 [10]
ASTM Standard [19]

ASME SA695 Type B Grade 40 and
SA696 Type C Carbon Steel

800 800 ASME Code [8]

a

b

C

B and L refer to bulk temperatures and local temperatures, respectively.
752°F TSC transfer operations; 1,058°F off-normal and accident events.
700'F TSC transfer operations; 1,000°F off-normal and accident events. A.
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4.2 Thermal Properties of Materials

Material properties used in the analytical model are separated into two categories. One category

represents materials specified in the design that are explicitly represented in the model and are

tabulated in Chapter 8. The second category represents effective properties of the basket,

neutron absorber and fuel region, which are calculated using the thermal models presented in

Section 4.4.1.
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4.3 Technical Specifications for Components

The three major components of MAGNASTOR must be maintained within their safe operating

temperature ranges: the concrete cask, the transfer cask, and the TSC with fuel basket. The safe

operating ranges for these components are from a minimum temperature of -407F to the

maximum temperatures defined in Table 4.1-2.

The criterion for the safe operating range of the lead in the transfer cask is maintaining the lead

temperature below its melting point of 620'F [7]. The maximum operating temperature limit of

the NS-4-FR neutron shield material in the transfer cask has been determined by the

manufacturer and ensures the stability of the material. The temperature limits for the steel

components of the fuel basket and the TSC are defined by ASME Code Section II, Part D [8] and

ASME Code Case N-707 [26]. The temperature limits for the steel components of the transfer'

cask and the concrete cask are defined by ASTM Standards [19]. The temperature limits for

concrete are defined by ACI-349 [4] and NUREG-1567 [20].
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4.4 Normal Storage Conditions

The finite element and finite volume methods are used to evaluate the thermal performance of

MAGNASTOR for normal conditions of storage. The general-purpose finite element analysis

program ANSYS [11] is used to perform analyses requiring radiation and conduction. The

Computational Fluid Dynamic (CFD) program FLUENT [12], which is based on finite volume

methods, is used to perform analysis that includes conduction, radiation and convection. In

FLUENT, convection of heat is simulated through motion of fluid, as well as by the specification

of a film coefficient for a surface boundary condition.

4.4.1 Thermal Analysis Models

Analysis models used for the thermal evaluation of both the PWR and BWR design

configurations are described in the following sections. The methodology inherent in the models

conservatively reflects the heat transfer performance provided by the MAGNASTOR design.

The designs for both the PWR and the BWR fuel systems utilize -the same method of passive

heat rejection to transfer the decay heat from the fuel assemblies to the ambient environment.

The TSC is a closed system, whereas the concrete cask and the transfer cask are open to the

environment. Internal to the TSC, the decay heat is transferred from the fuel assemblies in each

of the fuel tubes to the TSC shell by three modes of heat transfer: convection, conduction and

radiation. The fuel baskets designed for PWR and BWR fuel assemblies permit the helium

backfill gas to flow up the fuel tubes containing the fuel assemblies and carry the heat away from

the fuel assemblies. The region in the TSC just above the fuel basket allows the helium flow

upward from the fuel tubes to combine and flow through the downcomer regions formed

between the TSC shell and the basket side weldments. The gas exiting the downcomer regions at

the bottom of the fuel basket enters a region below the basket tubes. The flow of the helium

upward in the fuel basket and downward in the downcomer regions is driven by the buoyancy

forces created by the effect of the heated helium rising up through the fuel tubes. To increase the

* buoyancy force, the density of the helium is increased by raising the helium backfill pressure.

Since the fuel tubes are full-length carbon steel tubes, they provide a path for conduction of heat.

While the tubes are not welded together, the effect of the gap between the tubes is mitigated by

the use of the helium backfill. The side and corner weldments of the fuel basket, which support

the fuel basket during a side impact, also provide a path of heat conduction. While a gap is

considered between the side and corner weldments and the TSC shell for analysis purposes, the

heat transfer across the gap is provided by the radiation from the weldments and conduction

through the helium gap to the TSC shell. Radiation is also a mode of heat transfer, which allows

heat from the interior of the fuel assembly to be transferred to the outer pins of the fuel assembly.
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Additionally, since the fuel assemblies are assumed to be in the center of each fuel tube,

radiation also con-tibutes to the heat transfer from each fuel assembly to the fuel tube wall.W

Radiation isalso taken into account for all gaps, such as those between the tubes. Additionally,

radiation contributes to the heat being transferred from the outer basket surface to the TSC shell.

As the heat is being transferred to the TSC shell, the airflow up the annulus region between the

TSC andthe concrete cask carbon steel liner is removing heat from the TSC outer surface and

rejecting it to the ambient environment. This annulus airflow is also driven by the buoyancy of

the heated air. The air entering the air inlets at the base of the concrete cask provides a supply of

cooler air into the annulus region. The heated air rises and exits the air outlets. Since the TSC

shell faces the concrete cask liner, it radiates heat to the liner, which allows heat from the liner to

be transferred to the annulus airflow. The liner also serves to distribute the heat along the length

of the liner. Heat not rejected into the airflow is conducted through the concrete cask wall to the

outer surface. At the surface, both convection and radiation modes of heat transfer reject the heat

to the ambient.

Due to the convection of the fuel decay heat into the downcomer, the temperature distribution

along the length of the TSC shell inner surface is not uniform, but increases monotonically from

the base of the TSC to an elevation near to the top of the basket. This indicates that the heat flux

due to the heated helium along the TSC wall is not uniform, and that this heat flux actually can

be considered to be a boundary condition to the airflow in the annulus region of the concrete

cask. For this reason, it is more efficient to consider a model in which both the TSC fuel basket

and fuel region are considered in conjunction with the airflow in the annulus region of the

concrete cask. The model used to represent the TSC and the concrete cask is a two-dimensional

axisymmetric model, which is described in Section 4.4.1.1.

The fuel basket and fuel regions inside the TSC are modeled as homogeneous regions

incorporating all modes of heat transfer. Effective thermal conductivities are used to represent

the conduction and radiation in the fuel region and fuel basket, which require a two-step

modeling process. A series of two-dimensional planar models is generated to determine the

effective conductivities for the fuel assembly (Section 4.4.1.3) and the neutron absorber (Section
4.4.1.4). Using the effective conductivity for the fuel region and the neutron absorber, the,

effective conductivity for the fuel basket is determined using the two-dimensional fuel basket

model as presented in Section 4.4.1.2.

The flow of helium in the fuel region is affected by the wetted perimeter associated with the fuel

pins. To represent the flow of helium in the fuel region, which is represented as a homogenized

entity, porous media is used in the modeling. The porous media model allows the effect of the

reduced flow area of the fuel rods and the fuel assembly grids to be considered in representing
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the momentum of the helium flow by including a pressure drop based on the geometry of the fuel

assembly, i.e., the pitch of the fuel rods, the fuel rod diameter, and the fuel assembly grid

geometry. Additional fluid flow analyses are required to determine the constants inherit in the

porous media use for flow between cylindrical-shaped fuel rods and for fuel assembly grids. The

determination of porous media constants is presented in Section 4.8.2. The flow of helium in the

downcomer regions in the TSC does not require special consideration of effective flow

conditions. To confirm that the use of a two-dimensional model for the TSC is an acceptable and

conservative methodology, a benchmark is provided in Section 4.8.1.

The thermal evaluation for the transfer conditions is performed using the two-dimensional

axisymmetric models of the transfer cask and TSC, as presented in Section 4.4.1.5. Similar to
the model of the concrete cask and TSC, the fuel basket and fuel assemblies inside the TSC in

the transfer cask are modeled as homogeneous regions using effective thermal properties.

4.41.1 Two-Dimensional Axisymmetric Concrete Cask and TSC Models

This section describes the finite volume models used to evaluate the thermal performance of the
concrete cask and TSC for the PWR and BWR fuel configurations. As shown in Figure 4.4-1,

the two-dimensional axisymmetric concrete cask and TSC model includes the following:

. Concrete cask, including lid, liner, pedestal and stand

* Air in the air inlets, the annulus and the air outlet
TSC shell, lid and bottom plate

- Basket with fuel and neutron absorber

* Helium internal to the TSC

The fuel basket, fuel and neutron absorber are modeled as homogeneous regions with effective

properties. The effective thermal conductivities for the TSC internals in the radial and axial

directions are determined using the two-dimensional models as detailed in Section 4.4.1.2.

The two-dimensional axisymmetric concrete cask and TSC model is used to perform

computational fluid dynamic analyses to determine the component temperature, the mass flow

rate, velocity and temperature of the airflow in the annulus region, as well as for the helium flow

internal to the TSC. Since the concrete cask and its components are contained in the model, the

temperature distributions in the concrete and the concrete cask steel liner are also determined.

Two models are generated for the evaluations-the PWR system and the BWR system,
respectively. These models are identical, except for differences in dimensions of the downcomer

regions and the effective properties of the TSC internals. Figure 4.4-2 shows an overall view of

the cells employed in the model representing both the concrete cask and the TSC containing a

design basis fuel heat load.
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Modeling of the Concrete Cask

The concrete cask body has four air inlets at the bottom and four air outlets at the top. Since the

configuration is symmetrical, it-can be simplified into a two-dimensional axisymmetric model by

using equivalent dimensions for the air inlets and outlets, which are assumed to extend around
the concrete cask periphery. The vertical air gap is an annulus, with a radial width of 3.5 inches.

This radial dimension of the air annulus between the TSC shell and the concrete cask liner is

modified to a smaller effective value to account for the reduction of the airflow cross-sectional

area due to the standoffs welded to the liner. The bottom ends of the standoffs are more than 63

inches from the bottom of the TSC, which means that for over 30% of the length of the annulus,

the standoffs do not exist. The model conservatively represents them as being the full length of

the TSC. The additional axial conductance from the standoffs is conservatively neglected.

Thermal radiation across the annulus gap is considered in the model, and the emissivities of the

TSC surface and the concrete cask liner are reported in Chapter 8. Heat being radiated to the

concrete cask liner is transferred into the annulus by convection, as well as being conducted

through the concrete cask wall.

The most significant mechanism for rejecting heat into the environment is through the movement

of air up through the annulus. The airflow in the vertical annulus is modeled as transitional

turbulent flow using the k-co turbulence model in FLUENT [12]. This determination was made

through the use of a thermal test of PWR canistered fuel contained in a vertical concrete cask,

which is described in EPRI Report TR-100305 [21] and provides a description of the test

canister, the concrete cask, the fuel assemblies, and the boundary conditions employed in a series

of tests. The total heat load of the fuel used in the tests was 14.9 kW. Extensive temperature

measurements were made for the basket, fuel, canister and concrete cask for each test conducted.

The thermal test of interest employed the vacuum condition for the canister. This test was

selected since it removed the influence of convection inside the canister and simplified the

thermal model inside the canister. FLUENT was used to perform a two-dimensional steady-state

axisymmetric analysis of the system described in [21] using two turbulent flow models: a low

Reynold's number turbulence model (low Re k-s) and a transitional turbulence model (k-o)).

Technical details for these turbulence models are contained in the documentation for FLUENT.

The thermal models and boundary conditions used in the analyses are detailed in Section 4.8.3.
Results for the temperature profiles for the canister surface and the concrete liner surfaces for

both turbulence models are shown in Figure 4.8-11 and Figure 4.8-12. The results indicate that

both turbulence models yield conservative predictions for the temperature profiles and that both

the low Reynold's number k-s and the k-co models are appropriate for use in the analysis of air

flow up through the annulus between the canister and the concrete cask. Since the use of the

k-co model provides conservative results for the canister shell and concrete cask for a test
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corresponding to 14.9 kW, the use of the k-co model is also considered to be appropriate for

analyses having larger heat loads. As the heat load is increased, the turbulence in the annulus air

flow is also expected to increase. The results of the analysis for the thermal tests are considered

as validation for the use of the k-co turbulence model for the annulus region of MAGNASTOR.

The mesh corresponding to the annulus for the analysis is shown in Figure 4.4-2. Increased cell

density is used in the annulus region adjacent to the wall to allow the y+ at the wall to be on the

order of unity, ensuring proper turbulence modeling.

The TSC model is included with the concrete cask model as shown in Figure 4.4-1. Boundary

conditions at the edges of the model to the ambient are applied to the concrete cask surfaces.

The heat flux being transferred from the helium internal to the TSC through the TSC shell and

into the air annulus region is not considered to be a boundary condition for the concrete cask

since all of these components are included in the same model. The boundary conditions applied

to the outer surface of the concrete cask include the following.

* Solar insolation to the outer surfaces of the concrete cask.

* Natural convection heat transfer at the outer surfaces of the concrete cask.

• Radiation heat transfer at the concrete cask outer surfaces.

Solar Insolation

The solar insolation on the concrete cask outer surfaces is considered in the model. The incident

solar energy is applied based on 24-hour averages as shown:

Side surface: =475Btu/ft- 61.46Btu/hr • ft2
24hrs

2950BtU/ft 2 fTop surface: . 122.92Btu/hr ft2

24hrs

Natural Convection

Natural convection heat transfer at the outer surfaces of the concrete cask is evaluated by using
the heat transfer correlation for vertical and horizontal plates. This method assumes a surface

temperature and then estimates Grashof (Gr) or Rayleigh (Ra) numbers to determine whether a

heat transfer correlation for a laminar flow model or for a turbulent flow model should be used.

Since Grashof or Rayleigh numbers are much higher than the values defining the transition from

laminar to turbulent flow, correlation for the turbulent flow model is used as shown in the

following.
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Side surface (Kreith) [131: (
Nu =0.13(Gr.Pr)"3  forGr> 10'

hc= Nu •kf/Hvcc

Top surface (Incropera) [141:

Nu = 0.15Rais
for Ra > 10

h = Nu •kf/L

where:

Gr ------------------------------ Grashof number
h -------------------------- Average natural convection heat transfer

coefficient
Hc -------------------------- Height of the concrete cask
kf ------------------------------ Conductivity
L --------------------------------------------- surface characteristic length,

L= area / perimeter
Nu -------------- I -------------------------- Average Nusselt number
Pr --------------- -------------- Prandtl number

Ra --------------------------------------------- Rayleigh number

All material properties required in these equations are evaluated based on the film temperature

defined as the average value of the surface temperature and the ambient temperature.

Radiation Heat Transfer

The radiation heat transfer between the outer surfaces of the concrete cask and the ambient

environment is evaluated in the model by calculating an equivalent radiation heat transfer

coefficient.

-a(T1
2 +2 )(Tj+ 2hl(T• +T2 +T2) [14]

Y61 +Y2 F12

where:

hrad ------------------------------------ Equivalent radiation heat transfer coefficient
F 12  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - View factor

T1 & T2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Surface (TI) and ambient (T2) temperatures
P1 & -2 --------------------------------------------- Surface (61) and ambient (e2=1) emissivities

-------------------------- Stefan-Boltzmann Constant

*At the concrete cask side, an emissivity for a concrete surface of E, = 0.9 is used and a calculated

view factor (F 12) = 0.182 [14] is applied. The view factor is determined by conservatively a
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assuming that the cask is surrounded by eight casks. At the cask top, an emissivity, 61, of 0.8 is

conservatively used (emissivity for concrete is 0.9), and a view factor, F12, of 1 is applied.

Modeling of the TSC

The TSC is a closed system designed so that pressurized helium can circulate inside the TSC and

transfer heat from the fuel in the basket to the TSC shell. Circulating helium is modeled as

laminar flow inside the TSC. Additionally, the basket permits heat to be conducted from the

interior regions of the basket to the periphery of the basket, then radiated and convected to the

TSC shell surface. The stiffeners at the periphery of the basket do provide a path of conduction

to the TSC shell, even though a small gap exists between the stiffeners and the TSC shell. The

heat conduction through these stiffeners is neglected in the evaluation, which is considered to be

conservative. Radiation is modeled in the fuel assemblies, as well as in gaps in the basket. Heat

transfer to the TSC lid and bottom plate is considered in the analysis, but it -is not a major

contributor to the heat-rejection process. Two separate models are generated--one for the PWR

fuel configuration and one for the BWR fuel configuration. The differences between the two

models are in the dimensions of the basket region and the effective properties derived for each

basket and fuel region.

The TSC region consists of the following: the TSC shell, the TSC bottom plate, the TSC lid, the

fuel basket region, and the helium-filled volume outside the fuel basket region. The fuel basket

region is subdivided into three sections to reflect the location of the active fuel region with the

associated heat generation and the fuel regions above and below the active fuel regions. These

three separate regions are shown in Figure 4.1-1.

The cross-section of the flow path for the helium in the fuel basket and TSC significantly

changes between the flow up through the basket region and the flow down in the downcomer

region next to the TSC shell. For the flow up through the basket, the outline of the

cross-sectional area is comprised of the area between the square basket tubes and circular fuel
pins. Additionally, as the helium flows up through the basket tube, the fuel assembly grids will

provide resistance to the flow. In the downcomer region, the exterior boundary is circular, while

the interior boundary is the edge of the square fuel tubes. This is also an irregular-shaped area.

In a two-dimensional representation of these areas, the concept of the hydraulic diameter is

employed, which is commonly used to determine an equivalent cross-sectional area for a cross-

section with complex shapes.

To account for the resistance to flow in the fuel region in the basket due to the wetted perimeter

of the fuel region in the basket, the porous media option for fluids is used. The resistance to flow

due to the fuel pins and the fuel assembly grids is represented in terms of a pressure drop

NAC International 4A4-7



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

included in the momentum equations for each cell in the model associated with porous media.

The expression for the pressure drop used in FLUENT is given by:

A- 4' V±+C(-1pV 2 )•L ox:E2

where:

AP/L ------------------------------ pressure drop per unit length (Pa/m)
V ------------------------------ superficial fluid velocity (m/s)

-------------------------- fluid viscosity (kg/m-s)
p ------------------------------ fluid density (kg/m3)

1/ V------------------------------viscous flow resistance (m 2)

--------------------------------------- porosity factor, which is the ratio of the
cross-sectional area of the flow, to the cross-
sectional area of the porous media region in
the FLUENT model

C ------------------------------ inertial resistance factor (m')

In this expression, the viscosity is input as a temperature-dependent material property for the

helium, and the density is computed during the solution based on the ideal gas law. The

permeability is based on the geometry of the fuel rods and the fuel assembly grid. Since the

velocities are on the order of 0.03 mis or less, the second term comprised of V2 is considered to 00

be insignificant as compared to the first term. Therefore, the calculation for the inertial

resistance factors is neglected. Details of the calculation of the viscous flow resistance factors

are contained in Section 4.8.2. The values used for the evaluation are based on the bounding fuel

parameters.

The downcomer region of the TSC does not use a porous media model. The areas of the

downcomer regions are calculated to be 600 inches 2 and 550 inches2 for the PWR and the BWR

fuel baskets, respectively. These areas are used to calculate the effective outer diameter of the

fuel basket region, which serves as the radial boundary for the porous media region for the fuel.

Due to the large cross-section for the flow up through the fuel basket, the helium velocity is

expected to be sufficiently low to correspond to laminar flow. In the downcomer region, the gas

velocities would result in the flow being in a transitional regime. Conservatively, all helium

flow in the TSC is taken to be laminar.

The porous media representation of the fuel basket region incorporates orthotropic effective

thermal conductivities. The axial conductance in the fuel basket region is due to the significant

cross-sectional area of the fuel tubes and the fuel assemblies. The in-plane conductance is

associated with the conductance of the fuel tubes, as well as the effective conductivities of the
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fuel assembly and neutron absorber. The effective conductivity of the fuel basketregion is

determined in two steps. Separate effective thermal conductivities for the two-dimensional fuel

assembly and the neutron absorber are computed for the axial and the in-plane directions using

two finite element models. Details for these models are described in Section 4.4.1.3 for the fuel

assemblies and Section 4.4.1.4 for the neutron absorber. In these sections, both the PWR and the
BWR effective properties calculations are performed.

The resulting conductivities for the fuel assemblies and neutron absorber are then used in a

single two-dimensional planar model of the cross-section of the basket, which is used to

determine the axial and in-plane conductivities for the fuel basket region associated with the

porous media. This model is described in Section 4.4.1.2. The effective conductivity for the

porous media model uses two conductivities (kf and ks), as identified in the following equation.

Keff Exkf + (1-e)xks

where:

E---------------------------porosity factor
kf --------------------- thermal conductivity of the helium
k --------------------------- thermal conductivity associated with the

solid portion of the porous media model

Heat Generation

The heat generation for the fuel is applied to the active fuel region of the TSC model (see Figure

4.4-1) for the PWR and the BWR fuel assemblies. The maximum design basis heat loads to be

considered for the PWR and the BWR fuel basket configurations are 35.5 kW and 33 kW,

respectively.

For the PWR fuel basket, two patterns of heat.generation are considered. A uniform loading of

35.5 kW or 959 W in each fuel location is considered. The axial power distribution for PWR

fuel, as shown in Figure 4.4-3, is included in applying the heat generation. An optional heat

generation pattern, as shown in Figure 4.1-1 is also considered and has the same total heat load

of 35.5 kW. The application of the heat generation for this condition incorporates an axial

distribution and a radial distribution. The area over which each fuel assembly heat load is

distributed in Figure 4.1-1 is determined on the basis of the cross-section of the fuel tubes

containing the specific heat loads identified as A, B and C in Figure 4.1-1. The heat generation

values specified in Figure 4.1-1 are considered to be the maximum permissible heat generation in

each fuel location. It is noted that maximum fuel assembly heat load in Figure 4.1-1 is 25%
greater than the heat load for the uniform condition. The fuel heat load in the center of the

basket in Figure 4.1-1, Zone A, at 0.922 kW is only 4% less than the uniform heat loading at
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0.96 kW per assembly. The use of hotter assemblies in the Zone B ring results in slightly more

flow in the Zone B region with the higher heat load, but simultaneously presents a bounding

condition over the uniform loading of the entire basket since the edge of Zone A temperatures

are increased by the influence from the higher heat in Zone B. An analysis using a 40 kW

preferential loading with a more aggressive annular turbulence model (K-6) and a reduced flow

resistance showed that the preferential heat distribution increased the maximum fuel

temperatures by 6°F. With the reduction of the maximum heat load to 35.5 kW, the 6'F
difference in maximum fuel cladding temperature will decrease, but will still produce

temperatures equal to or greater than the uniform heat load configuration.

For the BWR fuel basket, only a uniform thermal loading pattern is considered. The design basis

heat load for BWR fuel is 33 kW, which corresponds to a maximum heat load of 379 watts for
each of the 87 fuel assemblies. The axial power distribution for the BWR fuel is shown in

Figure 4.4-4. For some BWR fuel assembly enrichments, the five fuel locations in the center of

the BWR basket will not be loaded. In this configuration, the fuel assembly decay heat is limited

to 379 watts. Fuel storage locations not containing a fuel assembly will have an effective fuel

cell insert installed to prevent the helium flow from bypassing the fuel locations containing fuel

assemblies. The configuration with a partially loaded fuel basket containing BWR fuel

assemblies with a maximum heat load of 379 watts per assembly is considered to be bounded by

the fully loaded BWR fuel basket configuration. Temperatures obtained from analyses

performed using the maximum heat load in conjunction with a fully loaded BWR basket are

considered to bound the results for a partially loaded basket.

Pressure of the Helium Backfill

To drive the convection internal to the TSC, it is necessary to increase the density of the helium.

Since the free volume in the TSC remains constant, the density of the backfill gas can be.

increased by backfilling the TSC to a range of pressures and temperatures that would result in an

increase in the density. In the MAGNASTOR design, the TSC is pressurized to 7 atm (gauge)
for the helium backfill for normal conditions. Since the gas in the model is characterized as an

ideal gas, the increased density in the analysis can be indirectly obtained by specifying a pressure

in the TSC region. For the PWR normal condition, the density of helium in the TSC associated

with a pressure of 7 atm (g) is (0.76g/liter). It is important to assess the effect of the helium

density on the performance of the system. The evaluation of the sensitivity of the peak fuel

temperature to the pressure is performed using the PWR model described in this section. The

condition requiring a change is the pressure that is applied to the TSC region of the model. The

results of the model solutions for pressures of 1 atm (g), 3 atm (g), 5 atm (g) and 7 atm (g) are

shown as a graph in Figure 4.4-5. As shown in Figure 4.4-5, the variation of the peak cladding

NAC International 4.4-10



MAGNASTOR System June 2008

Docket No. 72-1031 ..Revision 2

temperature with the pressure specified inside the TSC is a nonlinear function. The peak

cladding temperature decreases sharply when the pressure increases from 1 atm to 3 atm.

Subsequent increases in the pressure to 5 atm and 7 atm do not result in the same rate of decrease

of the clad temperature as for the 1 atm and 3 atm cases. The model of the TSC in the concrete
cask has two regions of convection separated by a TSC shell. Heat can only be transferred

through the shell from the TSC internal region to the annulus region outside the TSC. The flow

characteristics in the annulus region are primarily affected by the total heat generation being

transferred through the TSC shell, as well as the geometry of the annulus. As the pressure (and
the associated mass) of the gas in the TSC is increased, the buoyancy force inside the TSC is

increased. This increases the mass flow rate of the TSC gas so that the ability to reject heat from

the fuel is also increased. This would tend to reduce the maximum clad temperature. However,

the flow in the annulus is not expected to be significantly affected by the velocity of the gas

internal to the TSC. Therefore, regardless of the buoyancy force inside the TSC, the maximum
clad temperature is limited by the shell temperature, which is controlled by the annulus flow. At

some pressure level, an increase in the TSC pressure (and mass) of the gas would not

significantly decrease the fuel clad temperature, which would imply a reduced derivative of the
clad temperature with respect to the pressure. This is the characteristic of the curve in Figure

4.4-5, which implies that further increase in the pressure does not result in a significant reduction

of the clad temperature. There is an advantage in operating in this regime of the curve in that the

sensitivity of the clad temperature due to a reduction in the helium density is reduced. This
evaluation demonstrates that even with a 10% loss of density, the peak clad fuel temperatures for

the design basis heat load remain under 7527F (400'C). The calculated maximum temperatures

from this evaluation show that there is an acceptable 10 psig tolerance for the minimum helium

backfill pressure.

Mesh Sensitivity Evaluation

With respect to the sensitivity of the calculated fuel cladding, concrete cask and TSC

temperatures to the number of divisions of the finite volume cells, this need only be addressed

for the regions containing fluid flow. For the solid regions, such as the concrete or the steel

components, the sensitivity evaluation of cell refinement is not required.

There are two fluid regions in the model: the airflow annulus region outside the TSC, and the

helium region inside the TSC. Each of these fluid regions uses a different fluid flow model The
TSC internal flow is modeled utilizing a laminar flow model; the airflow in the annulus region is

modeled using a turbulent flow model.

In the concrete cask annulus region, the modeling accuracy of the turbulent flow depends not on

the usual refined mesh near the wall, as for a laminar flow condition, but on the value of y+, as
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previously discussed. The cell divisions in the annulus region have been set to permit the y+ to

be less than unity, which is acceptable according to FLUENT documentation. Therefore, further W

refinement of the annulus region would not provide a more accurate temperature result.

For the helium flow in the TSC (laminar flow), the largest velocities are in the downcomer

regions and, essentially, the entire heat load must be transferred to the TSC shell. The focus of

the sensitivity evaluation is the number of cell divisions in the downcomer region. The largest

velocity gradients in the downcomer regions occur in the radial direction, not in theaxial

direction. To determine the sensitivity of the radial divisions in the downcomer region, the

number of radial divisions modeled was increased by a factor of two. The axial divisions in the

downcomer region remain the same. The mesh refinement in the air annulus and in the concrete

cask remains unchanged. The condition used in the evaluation corresponded to the normal

condition using a uniform heat loading of 40 kW, which bounds the design basis condition for

the 35.5 kW. The results of this evaluation showed that the maximum fuel temperature changed

by less than I° for the increased refinement mesh. The temperature of the TSC shell showed a

decrease of27F for the mesh with the increased refinement. This indicates that the maximum,

fuel temperature is relatively insensitive to the mesh refinement in the downcomer region.

Heat Transfer by Radiation

Thermal radiation in all fluid (air and helium) regions has been considered in the model,

specifically the following.

* Thermal radiation across the air annulus between the TSC shell and the concrete cask
liner.

" Thermal radiation across the air gap above the TSC lid and in the isolated air region
below the pedestal of the concrete cask.

* Thermal radiation across the helium downcomer region between the fuel basket and the
TSC shell.

The discrete ordinates (DO) radiation model in FLUENT is used to solve the radiative heat

transfer equation with emissivity values applied on the solid material surfaces.

Radiation in the porous media fuel region is modeled by using equivalent thermal conductivities

that include the effects of heat transfer by radiation. The model of the porous media region in

FLUENT is enclosed by a vertical wall that separates the porous region from the downcomer.

The wall is comprised of two sides; one side facing the inner surface of the canister and the other

facing the interior region of the porous media. An emissivity corresponding to electroless nickel

is applied to the side facing the canister surface. On the side of the wall facing the interior region

of the porous media, an emissivity of zero is applied to avoid incorporating the radiation already
taken into account using the effective properties for the basket. B
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4.4.1.2 Two-Dimensional Fuel Basket Models

The purpose of the two-dimensional fuel basket model is to determine the effective thermal

conductivity of the basket region in the axial and radial directions. The -effective conductivities

are used in the two-dimensional axisymmetric concrete cask and TSC models, and the two-

dimensional axisymmetric transfer cask and TSC models. Two types of media are considered in

the TSC: helium and water. The fuel assemblies and neutron absorbers in the fuel basket model

are shown as homogeneous regions with effective thermal properties, which are determined by

the two-dimensional fuel assembly models and the two-dimensional fuel tube models described

in Sections 4.4.1.3 and 4.4.1.4, respectively. The analyses performed in Section 4.4.1.3 identify

that the PWR fuel assembly with the minimum conductivity is the 14x 14. The properties of the

PWR 14 x 14 fuel assembly are used in the evaluation of the effective properties for the PWR

basket in this section. For the BWR assembly, the bounding fuel assembly type is the 10x 10,

which is used to determine the effective properties for the BWR basket.

Since the effective properties for the fuel basket correspond to the basket region, which is

comprised of full-length fuel tubes, it is only necessary to consider a cross-section of the basket

with a two-dimensional planar model. Due to symmetry of the basket designs, only a 1/8-section

model is required for the PWR and the BWR fuel baskets. ANSYS is used to perform the

conduction analysis using the models shown in Figure 4.4-6 for the PWR fuel basket and Figure

4.4-7 for the BWR fuel basket. The models include only radiation and conduction heat transfer.

Radiation heat transfer is incorporated into the effective properties for the fuel assemblies and

the neutron absorbers. Each fuel basket model takes into account the size of the cells in the

basket - i.e., those cells formed directly by the fuel tube, and those cells formed by adjacent fuel

tubes. The neutron poison is contained only on the inner surface of the basket tubes. The

exterior tubes, which form the boundary of the downcomer region, may not have neutron

absorbers on the adjacent surface of the interfacing fuel tubes. In the condition where the

neutron absorber sheet is not required for criticality control, aluminum plates may be installed as

an alternative to maintain thermal properties. The PWR and BWR fuel basket models evaluated

in this section use the conductivity of the neutron poison defined in Chapter 8.

Additionally, it is conservatively assumed for both the PWR and BWR fuel baskets that a gap

between the fuel tubes exists for the full length of the tube without any contact, as shown in
Figure 4.4-6 and Figure 4.4-7. The gap between the fuel tubes is modeled as being 0.01 inch,

and the conduction through the gap is based on the presence of either helium or water, depending

on the condition.

The effective thermal conductivity (Keff) of the fuel basket region in the radial direction is
determined by considering the basket region as a solid cylinder with heat generation.
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Considering the temperature at the center of the TSC to be Tm.x, the effective thermal

conductivity (Keff) is shown:

KeQ Q 15
__-_- [15]

Kef=4 7H(TT) 47IHAT

where:

Q --------------------- total heat generated by the fuel (Btu/hr)
H ----------------------------- length of the active fuel region (in)
To -------------------------- boundary temperature of the basket
AT --------------------------------------------- Tmax - To (OF)

The value of AT is obtained from thermal analysis using the two-dimensional models shown in

Figure 4.4-6 and Figure 4.4-7, with the boundary temperature constrained to be To. The effective

conductivity (Keff) is then determined by using the stated expression. The analysis is repeated by

applying different boundary temperatures so that temperature-dependent conductivities can be

determined.

4.4.1.3 Two-Dimensional Fuel Assembly Models

The two-dimensional fuel assembly models include the fuel pellets, cladding, and the media

occupying the space between fuel rods. The media is considered to be helium for. storage

conditions, and water or helium for transfer conditions. The two-dimensional finite element

models of the fuel assemblies are used to determinethe effective conductivities for the PWR and

BWR fuel assemblies. The effective conductivities are used in the two-dimensional fuel basket

models described in Section 4.4.1.2. For the PWR fuel assemblies, four separate types are

considered: 14x14, 15x15, 16x16 and 17x17. For the BWR fuel assemblies, four separate types

are considered: 7x7, 8x8, 9x9 and 1Oxl0. For the BWR fuel assembly, a fuel channel is

considered since it may be present and it will result in bounding fuel cladding temperatures.

Therefore, it is only necessary to address a single fuel configuration for each of the fuel assembly

types.

The two-dimensional fuel assembly models include the fuel pellets, cladding, media between

fuel rods, media between the fuel rods and the inner surface of the fuel tube (PWR), or between

the fuel rods and the inner surface of the fuel channel (BWR), and a gap between the fuel pellets

and cladding. The media are considered to be helium for storage, and water or helium for
transfer conditions. Modes of heat transfer modeled include conduction and radiation between

individual fuel rods for the steady-state condition. ANSYS PLANE55 conduction elements and

MATRIX50 radiation elements are used to model conduction and radiation. (Radiation is not

considered for the water condition.) Radiation elements are defined between fuel rods and

NAC International 4.4-14



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

between the fuel rods and the fuel tube (PWR) or the fuel channel (BWR). A typical PWR fuel

assembly finite element model is shown in Figure 4.4-8, which corresponds to the 14x14 fuel

assembly. The BWR fuel assembly model only considers the region up to the inner surface of

the channel, and a typical BWR fuel assembly is shown in Figure 4.4-9, which corresponds to

the 10xl0 fuel assembly.

The effective conductivity for the fuel is determined by using an equation defined in a Sandia

National Laboratory Report [15]. The equation is used to determine the maximum temperature
of a square cross-section of an isotropic homogeneous fuel with a uniform volumetric heat

generation. At the boundary of the square cross-section,. the temperature is constrained to be

uniform. The expression for the temperature at the center of the fuel is given by:

T, = Te + 0.29468 (Qa2 / Keff)

where:

TC --------------------------- the temperature at the center of the fuel (7F)
Te ---------------------------- the temperature applied to the exterior of the

fuel ('F)
Q -- -------------------- volumetric heat generation rate (Btu/hr-in3)
a ----------------------------- half length of the square. cross-section of the

fuel (inch)
Keff --------------------- effective thermal conductivity for the

isotropic homogeneous fuel (Btu/hr-in-°F)

Volumetric heat generation (Btu/hr-in3) based on the design heat load is applied to the pellets.
The effective conductivity is determined based on the heat generated and the temperature

difference from the center of the model to the edge of the model. Temperature-dependent

effective properties are established by performing multiple analyses using different boundary

temperatures. The effective conductivity in the axial direction and the effective density of the

fuel assembly. are calculated on the basis of the material area ratio. The effective specific heat is
.computed on the basis of a weighted mass average.

For the PWR fuel assemblies, the 14x14 fuel assembly is shown to have the effective properties

that correspond to the minimum values, as shown in Table 4.4-1 for both fuel tube

configurations.

For the BWR fuel assemblies, the 10x 10 fuel assembly is shown to have the effective properties

that correspond to the minimum values, as shown in Table 4.4-2.
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4.4.1.4 Two-Dimensional Neutron Absorber Models Li*

The two-dimensional neutron absorber model is used to calculate-the effective conductivities of

the neutron absorber, the neutron absorber retainer, and the fuel channel (for BWR only). These

effective conductivities are used in the two-dimensional fuel basket models (Section 4.4.1.2). A

total of three neutron absorber models is required: one PWR model (for the PWR 14x 14) and

two BWR models-one with the neutron absorber plate and channel, and one with-the channel

but without the neutron absorber plate, corresponding to the enveloping configurations of the

lOx 10 BWR fuel assembly.

The configurations shown in the neutron absorber models in Figure 4.4-10 and Figure 4.4-11 for

PWR and BWR fuel, respectively, incorporate the neutron absorber (and the channel for the

BWR). The configuration shown in Figure 4.4-12 isfor the BWR fuel tube with the channel, but

without the neutron absorber.

As shown in Figure 4.4-10, the PWR fuel tube model includes the neutron absorber, the stainless

steel retainer, and the gaps between the neutron absorber and the stainless steel retainer and the

surface of the fuel tube. Two conditions of media are considered in the gaps: helium and water.

ANSYS PLANE55 conduction elements and LINK31 radiation elements are used to construct

the model. The model consists of four layers of conduction elements and two sets of radiation

elements (radiation elements are not used. for the water condition) that are defined at the gaps

(two for each gap). The thickness of the model (x-direction) is the distance measured from the

outside surface of the stainless steel retainer to the inside surface of the fuel tube (assuming the

neutron absorber is centered between the retainer and the fuel tube, and there is no contact for the

length of the basket). The gap size between the neutron absorber and the adjacent surfaces is

0.002 inch.

The BWR fuel assemblies may include a fuel channel, as compared to the PWR assemblies,

which have no fuel channel. Therefore, two effective conductivity models are necessary for the

BWR: one model with the neutron absorber plate (a total of six layers of materials) and a fuel

channel; and the other'model with a fuel channel, but with a gap replacing the neutron absorber

plate (a total of two layers of materials).

As shown in Figure 4.4-11, the first BWR neutron absorber model includes the fuel channel, the

retainer, the neutron absorber and associated gaps. As shown in Figure 4.4-12, the second BWR
neutron absorber model includes the fuel channel and the gap between the fuel channel and the

fuel tube surface.

Heat flux is applied at the left side of the model (retainer for PWR model and fuel channel for

BWR model), and the temperature at the right boundary of the model is specified. The heat flux
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is determined based on the design heat load. The maximum temperature of the model (at the left

boundary) and the temperature difference (AT) across the model are calculated by the ANSYS

model. The effective conductivity (Kx.) is determined using the following formula.

q = K,, (A/L) AT

or

K, =q L /(A AT)

where:

Kx -------------------------- effective conductivity (Btu/hr-in-°F) in X
direction in Figure 4.4-10 through Figure
4.4-12

q ----------------------------- heat rate (Btu/hr)
A ----------------------------- area (in 2)
L ----------------------------- length (thickness) of model (in)
AT - --------------------------- temperature difference across the model (7F)

The temperature-dependent conductivity is determined by varying the temperature constraints at

one boundary of the model and solving for the temperature difference. The effective

conductivity for the parallel path (the Y direction in Figure 4.4-10) is calculated by the

following.

SKi ti

L

where:

Ki -------------------------- thermal conductivity of each layer
(Btuihr-in-°F)

ti -------------------------- thickness of each layer (in)
L ---------------------------- total length (thickness) of the model (in)

4.4.1.5 Two-Dimensional Transfer Cask and TSC Model for Operations
Involving 24-Hour Cooling

During the transfer condition, the TSC in the transfer cask is subjected to four separate
conditions.

" The water phase when the lid is being welded to the TSC.

• The drying phase during which helium is present while vacuum drying to remove
moisture from the TSC.

* The helium backfilled phase when the TSC closure is completed and the transfer cask
cooling water system is operating (24 hours of cooling).
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The operation of transferring the helium-backfilled TSC into the concrete cask with the
transfer cask annulus circulating water cooling system drained. W

In this section, analyses are performed to support the use of 24-hour cooling after the drying

phase and prior to loading of the canister into the concrete cask. The use of the 24-hour cooling

permits the maximum time for the drying phase and the maximum time to transfer the canister

into the concrete cask. Section 4.4.1.6 describes the evaluation of an alternate system drying

operational cycle permitting the cool time to be minimized and the loading of the canister into

the concrete cask to be limited to eight hours.

The first step is considered to be steady-state conditions for all heat loads. For vacuum drying

operations, there is no time limit for the PWR basket with heat loads less than or equal to 25 kW,

and no time limit for the BWR basket with heat loads less than or equal to 29 kW. The time in

vacuum drying is administratively controlled for the PWR basket with heat loads greater than

25 kW, and for the BWR basket with heat loads greater than 29 kW, to ensure the maximum fuel

cladding temperature is less than the allowable temperature. For high heat loads greater than

25 kW for the PWR basket and greater than 29 kW for the BWR basket, the 24-hour helium-

backfilled phase is needed for both systems. The maximum time allowed for loading the helium-

backfilled TSC into the concrete cask without operating the transfer cask annulus circulating

water cooling system is determined by transient analyses. During the operational sequence of

TSC loading, an annulus circulating water cooling system may be used to flow water through the

annulus to cool and maintain a specified temperature for the TSC external shell. Other than

using the pool to cool the system, alternative cooling methods, including TSC preparations on a

pool shelf partially submerged or placement in an equivalent immersion method, may also be

used. The annulus cooling methods, when used, are designed to accommodate design basis heat

loads without additional heat rejection from the transfer cask to the environment.

Evaluation of the Water Phase

The model that includes water in the TSC treats the entire cavity as though it is filled with water.

Since it is necessary to remove some water from the TSC during the closure lid welding

operationi,:the water level in the TSC may be below the top of the fuel basket. The fuel tubes are

designed with holes in the sides to permit the water to flow from the center of the TSC to the

downcomer region of the TSC. The two-dimensional axisymmetric transfer cask and TSC

models are used to evaluate the transfer operation for PWR fuels and BWR fuels. The

components comprising the transfer cask and TSC model are shown in Figure 4.4-13 for the

PWR configuration. The BWR model is identical to the PWR model except for a slight

difference in the dimensions. The TSC portion of the model is identical to the model employed

in Section 4.4.1.1, with the exception that one of the conditions in the transfer operations uses ah
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water in the TSC instead of helium. The model for the TSC, described in Section 4.4.1.1, uses

effective properties for the fuel basket region. For the water condition, the methodology

described in Sections 4.4.1.2, 4.4.1.3, and 4.4.1.4 is used to determine the effective properties for
the fuel basket region. For the condition of water in the TSC, no contribution due to radiation

was considered; only conduction was taken into account for the effective properties. The porous

media constants for the fuel basket region need not be recomputed since they are dependent on

the fuel assembly and fuel basket geometry only. However, during the analytical evaluation of

the water phase, the pressure drop in the fuel basket region due to the water requires the use of

the viscosity, which is input as a material property. Since the maximum water temperature in the

TSC is significantly below 212'F, the water is expected to remain in the liquid state, and the use

of properties for the liquid state is acceptable. The transfer cask and the water annulus between

the transfer cask and the TSC are also included in the model. The transfer cask is represented by

effective properties. The transfer cask wall is comprised of four different materials: 1) a carbon

steel inner shell; 2) a lead gamma shield layer; 3) an NS-4-FR neutron absorber layer; and 4) a
carbon steel outer shell. Effective thermal conductivity for the transfer cask in the radial

direction treats, the four different cask wall materials as being in series. The effective thermal

conductivity for the transfer cask wall in the axial direction treats the four different cask wall

materials as being in parallel. The model also contains the shield doors of the transfer cask.
While the inlets to the transfer cask are tubes in the side walls of the transfer cask, they are

included in the model as straight sections parallel to the annulus. The following conditions are

applied to the model for the steady-state evaluation of the water condition.

* The outer surfaces of the transfer cask are considered to be adiabatic and without the
application of solar insolance.

* The inlet water temperature for the annulus between the TSC and the transfer cask is
specified to be 1007F.

" The driving force for the water flow in the annulus between the TSC and the-transfer cask
is natural convection.

" The heat generation internal to the TSC is modeled as 15, 20, 25, 30 and 35.5kW for
PWR fuels. The heat loads in Regions A, B and C, as defined in Figure 4.1-1, are
factored based on the heat load for heat loads other than 35.5 kW. For the heat load of
35.5kW, the heat loads in Region A, B and C are 0.922 kW, 1.20 kW and 0.80 kW,
respectively. The heat generation internal to the TSC is modeled as 15, 20, 25, 30 and 33
kW for BWR fuels with a uniform heat distribution.

• The flow in the TSC and in the annulus region is treated as being laminar for both the
water and helium conditions of the TSC.

* Radiation heat transfer is removed from the solution.
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Evaluation of the Drying Phase-Vacuum Drying System

A Vacuum Drying System (VDS) is used to evacuate and dry the TSC cavity by vaporization
and removal of the water vapor and other gases from the cavity through the vent and drain port

openings. During the vacuum drying phase, convection is not considered in the TSC cavity

region. Conduction helium properties are utilized during the low-pressure drying process [27].

The transfer cask model used for the thermal transient analysis is comprised of a three-

dimensional ANSYS model, as shown in Figure 4.4-16 and Figure 4.4-17 for PWR fuel and

Figure 4.4-18 and Figure 4.4-19 for BWR fuel. Both PWR and BWR models do not contain the

canister lid and bottom and, conservatively, neglect any heat being rejected in the axial direction.

During the vacuum drying phase, the annulus circulating water cooling system is a normal

operating system that allows the heat from the canister to be rejected in the same manner as for

the water phase. The transfer annulus circulating water cooling system is an operational

convenience and not a safety-related system, since the transfer cask can be placed back into the

spent fuel pool at any point in time during the transfer. operation without resulting in thermal

shock to the transfer cask .system. Maximum temperature on the canister outer diameter from the

water phase analysis is applied to the canister surface for each heat load.

Effective properties for the PWR and BWR fuel region and the neutron absorber for the helium

inside the canister are employed, and they are described in Sections 4.4.1.3 and 4.4.1.4, (
respectively. These two models are used to determine the allowable time in vacuum, depending

on the heat load, to ensure that the fuel cladding temperature limit of 752°F (400'C) is not

exceeded. For a heat load less than or equal to 25 kW for PWR fuel and less than or equal to 29

kW for BWR fuel, there is no time limit for the vacuum drying process. The steady-state fuel
cladding temperature remains below 752°F (400'C). For heat loads greater than the unlimited

vacuum time loadings, vacuum time limits are defined to meet system dry criteria. If system dry

criteria are not met, operations are required to return to system cooling. For heat loads greater

than 25 kW for PWR fuel and greater than 29 kW for BWR fuel, drying operations can continue

following 24 hours of cooling the TSC, either with the annulus cooling system or returning the

transfer cask and TSC to the spent fuel pool. TSC cooling is facilitated by backfilling the TSC

cavity with helium to a pressure of 7 atmospheres (gauge). The backfilled helium will establish

a convective heat transfer flow regime, thereby reducing the fuel cladding and system component

temperatures.

Transient analyses are performed to determine the maximum system temperature following the

backfill helium condition for heat loads greater than 25 kW for PWR fuel and greater than 29

kW for BWR fuel. Analyses are performed for the 35.5 kW PWR and the 33 kW BWR design

basis heat loads using the same two-dimensional FLUENT model used for analysis of the water

NAC International 4.4-20



MAGNASTOR System June 2008

DocketNo. 72-1031 Revision 2

phase condition with modified material properties and boundary conditions. The initial

temperature field of the transient evaluation to simulate the helium backfill condition is obtained

from the analysis results at the end of the vacuum drying process (ANSYS results) for the

respective heat load.

The FLUENT model used to analyze the cooldown transient defines the locations at which initial

temperatures are required from the ANSYS results. For each node in the FLUENT model, there

are eight node points in the circumferential direction in the ANSYS 45-degree symmetry model
to compute the average temperature for the respective locations. The ANSYS model employs

linear temperature shape functions across each element, so that interpolation between nodes and
within an element provides temperatures that are consistent with the nodal temperature in the

ANSYS results. The peak temperatures, which occur at the center line of the model, are

transferred to the respective FLUENT node locations as initial temperatures in order to provide

an upper bounding initial condition, conserving system heat provided to the FLUENT model.

The design basis heat load provides bounding temperatures and minimum times for vacuum and

the longest time for helium cooling when needed. With the identification of the temperature

after the backfill condition, the time in vacuum for the potential cooling cycles can be

determined, since the temperature time history will follow the same time dependency as for the

initial vacuum condition..

The following diagram presents the system thermal transient history representative of vacuum

drying followed by a postulated system cooling cycle of 24 hours, followed by a second system

vacuum drying that is again followed by a second 24-hour cooling period preceding the TSC

transfer to the concrete cask. It is noted that the 24-hour cooling period returns the system to a

steady-state condition for the design basis heat load, providing a bounding operating cycle for all

heat loads less than the design basis. Similarly, cooling the system for a period of 24 hours

provides maximum canister transfer time from the transfer cask to the concrete cask when the

water is drained from the annulus cooling system. Additional analyses defining system response

to these conditions are addressed in the following discussions.
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4
Mesh Sensitivity Evaluation

The vacuum drying operation uses a three-dimensional ANSYS model to determine the thermal
response of the fuel, shown in Figure 4.4-16 and Figure 4.4-18 for PWR and BWR fuel,

respectively. Sensitivity of the mesh density. is performed for the PWR design basis heat load of
35.5 kW. The finite element model uses an ANSYS element with a linear shape function for

calculating the temperature within each element and uses a minimum of six elements in the fuel

assembly cross-section plane. Temperature variation in the fuel region is expected to be

parabolic since the heat generation is constant within any specified axial cross-section. Using a

minimum of six elements permits development of an analytical parabolic distribution. To

confirm the adequacy of the mesh density for the axial divisions, the number of elements in the

model shown in Figure 4.4-16 was doubled, and the transient condition using design basis heat

was rerun. The maximum fuel clad temperature was determined to be 6337F, as compared to

6347F for the solution with one-half the element density (shown in Table4.4-9). The results

from this mesh sensitivity evaluation validate that the maximum fuel temperature is relatively

insensitive to mesh refinement in the fuel region.

F.
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Evaluation of the Helium Phase

Following the completion of drying and final cavity evacuation, the TSC is backfilled and

pressurizedwith helium to establish the cavity atmosphere for the normal condition of storage.

The transfer cask and TSC remain in this helium phase condition until the TSC is placed into the

concrete cask. During the helium phase, the transfer cask annulus cooling system will be used
until the TSC preparations for transfer to the concrete cask are completed. Steady-state analyses

for heat loads of 15, 20, 25, 30 and 35.5 kW for PWR fuel, and with heat loads of 15, 20, 25, 30

and 33 kW for BWR fuel, are performed using the model for the helium phase. The evaluation

of this condition is performed to determine -the initial condition for the operation in which the

TSC. is placed into the concrete cask with the transfer cask annulus cooling system drained.

Evaluation of Moving the TSC into the Concrete Cask

The transfer cask is used to load the TSC into the concrete cask. During this phase, there is no

active auxiliary cooling of the transfer cask. The annulus is filled with ambient air and this

operation is time-limited to control the fuel cladding temperature to less than 752 0F (400°C).
The thermal performance of the transfer cask in this operation is evaluated for four conditions.

Two transient conditions are for the PWR fuels with heat loads of 25 kW and 35.5kW, and two

cases are for the BWR fuels with heat loads of 25 kW and 33 kW. The initial conditions for the

four analyses are obtained from the steady-state analyses with water: in the transfer cask annulus

described in the preceding section (Evaluation of the Helium Phase) for the corresponding heat

load.

4.4.1.6 Two-Dimensional Transfer Cask and TSC Model for Operations
Involving Minimum Cooling Time and a Loading Time of Eight Hours

Operational experience can lead to enhancement in the draining, vacuum drying and welding

operations to minimize the need for maximum times for drying and loading operations or the

potential need for cycles in the vacuum drying phase. Operational experience will reduce

loading times and reduce staff radiation exposure. The following discussion presents the
operational controls to be implemented.

Even with the absence of additional cycles for vacuum or the use of the 24-hour cool time, the
TSC in the transfer cask is still subjected to four separate operational boundary conditions.

, The water phase when the lid is being welded to the TSC.

" The drying phase during which helium is present while vacuum drying to remove
moisture from the TSC.
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, The helium-backfilled phase is minimized to seven hours or less. It is during this time
when the TSC port covers are completed and the transfer cask annulus circulating water W
cooling system is operating.

* The eight hours for the operation of transferring the helium-backfilled TSC into the
concrete, cask with the transfer cask annulus circulating water cooling system drained.

Regardless of the time in the vacuum drying or loading operation, the response of the canister

and transfer. .cask in the water phase (inside the canister) is not affected. With cooling water in

the annulus, the time to remain in this condition is not altered from the system analyses or results

reported in Section 4.4.1.5 for the water phase.

Without the additional cool time (of 24 hours), the initial temperatures of the canister and fuel

are significantly increased upon entering the loading phase (where the water in the annulus is

drained and replaced by air). Reducing the time in the vacuum phase, as compared to the times

shown in Table 4.4-9 (PWR) and Table 4.4-10 (BWR), the temperatures at the start of the

condition leading to the transfer of the canister to the concrete cask can be reduced to a level that

allows eight hours for the transfer loading time.

To determine the vacuum and cool time limits, the models and their results described in Section

4.4.1.5 are used. The temperature time histories computed for the heat loads identified in Table

4.4-9 (PWR) and Table 4.4-10 (BWR) are used to identify the maximum clad temperatures at the

end of the reduced vacuum times for the individual heat loads. The transient analyses for the

condition of the helium backfill, in conjunction with water in the annulus as described in Section

4.4.1.5 identify the temperature increase expected for the range of heat loads for the fuel clad
upon backfilling the canister with helium. Analyses in Section 4.4.1 .5 identify that the maximum
increase in the temperature of the fuel for the bounding PWR and BWR heat loads is 447F and

34°F, respectively. The 447F PWR increase and the 347F BWR increase corresponding to the

design basis heat bound the temperature for all other possible heat loads of the PWR or BWR

fuel assemblies. The maximum temperature increase is conservatively added to the maximum
fuel clad temperature occurring at the end of the reduced time in vacuum. This temperature is

used to confirm that an additional eight hours for the canister in the transfer cask with air in the

annulus is equal to, or less than, the maximum fuel clad temperatures determined in Section

4.4.1.5.

4.4.2 Test Model

MAGNASTOR is conservatively designed by analysis. Therefore, no physical model is

employed for thermal analysis. The benchmark provided in Section 4.8.1 provides confirmation

that the analysis methodology employed for the MAGNASTOR design is conservative.
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4.4.3 Maximum Temperatures for PWR and BWR Fuel Configurations

Normal Conditions of Storage

The temperature distribution and maximum component temperatures for MAGNASTOR for

normal conditions of storage are provided in this section. System components containing PWR

and BWR fuels are addressed separately. The temperature distributions for the BWR design

basis fuel are similar to those of the PWR design basis fuel and are, therefore, not presented.

The temperature distribution for the concrete cask and the TSC containing the PWR design basis

fuel for normal conditions of storage, with a uniform heat load, is shown in Figure 4.4-14. The

air velocity distribution in the annulus between-the TSC and the concrete cask liner for the

normal conditions of storage for PWR fuel is shown in Figure 4.4-15. The maximum component

temperatures for the normal conditions of storage. for the PWR and BWR design basis fuel are

shown in Table 4.4-3. It is noted that these system thermal performance results are based on an

average annual ambient temperature of 76°F at sea level pressure and standard air density

properties. Site-specific conditions are to be evaluated to assure thermal margins are maintained

for steady-state storage conditions at the intended MAGNASTOR ISFSI site.

As shown in Figure 4.4-14, the peak fuel temperature for the normal storage condition occurs

near the top of the fuel basket and, based on the uniform spacing of the isotherms at the

centerline of the TSC, the temperature varies monotonically from the TSC bottom to the peak

near the top of the fuel basket. This is indicative that the dominant mode of heat rejection from

the fuel is by convection due to the helium flow circulating within the TSC.

The calculated temperatures at the TSC surface for the normal storage condition are higher than

the concrete liner or surface, indicating that radiation heat transfer occurs across the concrete

cask to TSC annulus. As shown in Table 4.4-3, the maximum local temperature in the concrete

can reach 271 'F for PWR design basis fuel, which is less than the 3007F allowable temperature.

It is noted that the temperature difference between the average outlet temperature and the design

basis normal ambient of 76'F for the PWR design basis heat load of 35.5 kW is calculated to be

85°F. Similar analysis for the BWR design basis heat load of 33 kW is calculated to be 79°F.

Transfer Condition for 24-Hour Cooling and'Multiple Vacuum Drying Cycles

The maximum component temperatures for MAGNASTOR during the transfer operation are

reported in this section for operational procedures using 24 hours of cooling. The transfer

operation is comprised of four separate phases: the water phase, the drying phase, the helium
phase, and the TSC transfer phase. The water phase and the helium phase are not time limited

due to the normal use of the transfer cask annulus cooling water system, partially submerged
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loading conditions, or an equivalent immersion system. The transfer cask annulus cooling

system is an operational convenience and not a safety-related system, since the transfer cask can

be placed back into the spent fuel pool at any point in time during the transfer operation without

resulting in thermal shock to the transfer cask system. The annulus cooling water system

maintains the canister shell at a temperature significantly lower than the temperature

corresponding to the normal conditions of storage. The maximum temperatures for the water

phase are listed in Table 4.4-5 and Table 4.4-6 for PWR fuel and BWR fuel, respectively. The

maximum temperatures for the helium phase are listed in Table 4.4-7 and Table 4.4-8 for PWR

fuel and BWR fuel, respectively. Table 4.4-9 and Table 4.4-10 present times for the vacuum

drying for heat loads greater than 25 kW for PWR fuel and greater than 29 kW for BWR fuel

that are administratively controlled to maintain the fuel cladding temperature below the 752'F

limit. If additional vacuum drying is required for heat loads requiring administrative controls to

meet the specified cavity dryness criteria, additional drying cycles can be performed following

24 hours of cooling the TSC, either with the annulus cooling water system or by returning the

transfer cask and TSC to the spent fuel pool. Table 4.4-11 and Table 4.4-12 show the second

vacuum time and maximum fuel temperatures at the end of the duration for PWR fuel and BWR

fuel, respectively. Note that the PWR fuel cladding temperatures shown in Table 4.4-5 through

Table 4.4-10 are bounded by the PWR fuel cladding temperatures for the normal storage steady-
state conditions in Table 4.4-3. Therefore, the normal condition design bases PWR heat load 'ý

fuel cladding and component temperatures, such as for the fuel basket and the TSC, bound the

maximum temperatures for any phase of the transfer condition for the fuel basket and TSC

components.

The time for TSC transfer to the concrete cask is administratively limited to ensure that the
maximum fuel cladding temperature is bounded by the design bases heat load normal condition
storage temperature.

Table 4.4-13 and Table 4.4-14 show the duration and the maximum fuel temperature at the end
of the TSC placement in the concrete cask for both PWR fuel and BWR fuel, respectively. The

time duration for the transfer operation is determined by modeling the water material properties

in the annulus as air, as described in Section 4.4.1.5.

The off-normal condition for use of the annulus cooling system corresponds to loss of cooling by

the annulus cooling system. This can occur during the water phase or the drying phase of

transfer operations. If loss of cooling occurs during the water phase, a conservative energy

balance treating the canister surface as being adiabatic shows that the canister temperature can be

maintained for 13 hours without exceeding 212'F. If the water phase exceeds this time limit, the

cask is to be returned to the spent fuel pool or the cooling water system is restarted. In the event

of loss of cooling occurring during the vacuum drying phase, the canister is first bacifilled with
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7 atm (gauge) helium, and then is returned to the pool. The time limit for this backfilling and

returning to the spent fuel, pool or starting the cooling water system is four hours.

The loading procedures in Chapter 9 provide operational sequence alternatives and time

limitations if the annulus cooling system is not operating. In all cases, the final corrective action

is to backfill the TSC with helium to 7 atm gauge pressure and return the system to the spent fuel

pool or restart the cooling water system. These operational sequences, time limits and corrective

actions will ensure that the fuel cladding and system component temperatures do not exceed

design allowable values.

Transfer Condition for Minimum Cooling Time and Eight Hours of Canister'

Transfer

The maximum component temperatures for MAGNASTOR during the transfer operation are

reported in this section for operational procedures using the minimum cooling time and eight

hours of canister transfer (as determined by the evaluation in Section 4.4.1.6). The transfer

operation is comprised of four separate phases: the water phase, the drying phase (reduced time

as compared to the evaluations in Section 4.4.1.5), the helium phase (minimized cooling.time),

and the TSC transfer phase (limited to eight hours). The water phase and the helium phase

permit indefinite time due to the normal use of the transfer cask annulus cooling water system,

partially submerged loading conditions, or an equivalent immersion system. The annulus

cooling water system maintains the canister shell at a temperature, significantly lower than the

temperature corresponding to the normal conditions of storage. The maximum temperatures for

the water phase are listed in Table 4.4-5 and Table 4.4-6 for PWR fuel and BWR fuel,

respectively.

Heat load-dependent vacuum drying times reported in Table 4.4-9 and Table 4.4-10 confirm that

for the same heat loads, the PWR fuel clad temperatures bound the BWR fuel clad temperatures.

The temperatures reported in Table 4.4-15 and are for the maximum PWR and BWR clad

temperatures, respectively, at the end of the reduced vacuum time, the reduced cool time, and the

eight hours of loading. These results confirm that the maximum clad temperatures have

significant margin relative to the 7527F fuel clad temperature limit.

For system operations that are outside the sequence presented in Table 4.4-15 or Table 4.4-16, as

a result of equipment failure or some other event that extends drying and transfer operations, 24

hours of cool time will be implemented for cycles of vacuum drying and prior to transferring the

canister into the concrete cask.
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4.4.4 Maximum Internal Pressures for PWR and BWR TSCs

The maximum TSC internal operating pressures for normal conditions of storage are calculated

in the following sections for the TSCs containing PWR and BWR design basis fuel assemblies.

Maximum Internal Pressure for the TSC Containing PWR Fuel

The internal pressure of a TSC containing PWR fuel assemblies is a function of fuel type,

burnup, initial enrichment, cool time, fuel condition (failure fraction), presence or absence of

nonfuel hardware, TSC length, and the backfill gases in the TSC. Gases included in the pressure

evaluation of a TSC containing PWR fuel include fuel rod fission, decay and backfill gases, gas

generated by the nonfuel hardware components (assembly control components contain boron as

the absorber material), and TSC backfill gases. Each of the PWR fuel types is separately

evaluated to determine a bounding pressure for a TSC containing PWR fuel assemblies.

Fission gases include all fuel material generated gases, including helium generated by long-term

actinide decay. Based on detailed SAS2H calculations, the quantity of fission and decay gases

rises as burnup and cool time are increased and enrichment is decreased. The maximum gas

available for release is conservatively calculated based on 70,000 MWdiMTU burnup cases at an

enrichment of 1.9 wt % 235U and a cool time of 40 years for maximum fissile material assemblies

in each major PWR fuel class. For other PWR fuel assemblytypes, fission and decay gases are

determined by ratioing the fissile material mass to the maximum fissile material mass W

assemblies.

Fuel rod backfill pressure varies significantly among the PWR fuel types. Based on a literature

review, a 500 psig backfill is assigned to Westinghouse and CE core fuel types. A maximum

backfill pressure of 435 psig is assigned to B&W core assemblies. Backfill gas quantities are

based on the fresh fuel free volume between the fuel pellet stack and the fuel rod cladding,

including the plenum volume, and a backfill temperature of 68°F.

Burnable poison rod assemblies (BPRAs) placed within the TSC may contribute additional gas

quantities due to n-alpha reaction of 10B during in-core operation. A portion of the neutron

poison population is formed by 10B. Other.neutron poisons, such as gadolinium and erbium, do
not produce a significant amount of helium nuclides (alpha particles). The principal BPRAs in

use include the Westinghouse Pyrex (borosilicate glass) and WABA (wet annular burnable

absorber) configurations, as well as B&W BPRAs and shim rods used in CE cores. The CE shim

rods replace standard fuel rods to form a complete assembly array. The quantity of helium

available for release from the BPRAs is directly related to the initial boron content of the fuel

rods and the release fraction of gas from the matrix material. The gas released from either of the

low-temperature, solid matrix BPRA materials is likely to be limited, but no release fractions
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were available in open literature.- Consequently, a 100% release fraction is applied. Initial boron

content in the Westinghouse and B&W BPRAs is based on a uniform absorber concentration of

0.0063 g/cm 10B. The maximum number of poison rods is 16 for Westinghouse 14x14 fuel

assemblies, 20 for Westinghouse and B&W 15 x 15 fuel assemblies, and 24 for Westinghouse and

B&W 17 x 17 fuel assemblies. The length of the absorber rods is conservatively taken as the

active fuel length. CE core shim rods are modeled at 0.0126 g/cm l°B for 16, 12, and 12.rods

applied to CE-manufactured 14 x 14, 15 x 15, and 16 x 16 fuel assemblies, respectively.

Under normal operating conditions, the helium backfill for a TSC containing PWR fuel

assemblies is at a maximum average gas temperature of 4657F and a pressure of 103 psig.

Nominal helium densities for both PWR and BWR fuel types are shown in Table 4.4-4.

Maximum system backfill pressure at operating conditions is set by the use of the operating

procedures documented in Chapter 9. This approach ensures that an acceptable helium density is

established in the canister prior to sealing. Free volumes inside the two classes of TSCs

containing PWR fuel are 10,000 and 10,400 liters. The free volumes do not include PWR fuel

assembly and nonfuel hardware components, since these vary for each assembly type. The free

volume of the TSC is obtained by subtracting the assembly volume (with BPRA, TP or CEA

insert). For the Westinghouse BPRAs, the Pyrex volume is employed since it displaces more

volume than the WABA rods.

The TSC internal pressure is determined by summing the partial pressures of the TSC helium

backfill gas and the released gases from the fuel -and the poison rods. The partial pressure due to

the fuel and neutron poison rod gases is determined by the ideal gas correlation (PV--nRT) and

the applicable rod release fractions and failure rates. For normal conditions, a 1% rod failure

fraction is applied. For failed fuel rods, the releasable molar quantity of the fission and actinide

decay gas is 30%, with 100% of the rod backfill gas being released. The normal condition

average temperature of the gases released from the fuel rods and neutron poison inserts is

conservatively set to 485°F (525 K) in the partial pressure calculation.

The TSC is evaluated for normal condition pressure for each of the PWR fuel types, with insert.

The maximum normal condition pressure for a TSC containing PWR fuel assemblies is 104 psig.

At a 1% rod failure fraction, the quantity of gas released from the fuel and neutron poison rods is

minimal, resulting in no significant effect on system pressure.

The calculated maximum pressure of 104 psig allows for a 6 psig tolerance on the TSC helium

backfill prior to reaching the 110 psig system pressure used in the Chapter 3 normal condition

structural evaluations. Significantly higher pressure margins exist in the off-normal and accident

pressures. Off-normal and accident pressures were calculated at 114 psig (10% fuel failure and

off-normal thermal conditions) and 201 psig (100% fuel failure, see Section 4.6.4), and these

NAC International 4.4-29



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

calculated values are significantly lower than the established pressure limits of 130 psig for off-

normal and 250 psig for accident condition pressures that are used in the structural calculations.

Maximum Internal Pressure for the TSC Containing BWR Fuel

Maximum internal pressures are determined for the BWR fuel in the same manner as those

documented for the TSC containing PWR fuel. Primary differences for the BWR evaluations,

versus those for the PWR, include a rod backfill gas pressure of 132 psig, a maximum burnup of
60,000 MWd/MTU used to generate fission gases, and the absence of neutron poison gases (no

nonfuel hardware in the BWR system). The 132 psig rod backfill pressure used in this analysis
is significantly higher than the 6 atmosphere (g) maximum pressure reported in open literature.

Free volumes, without fuel assemblies, in the TSC containing BWR fuel types are 9,900 and
10,300 liters.

A bounding normal condition average temperature of 525 K is used for the partial pressure

analysis of the fuel rod gases. The maximum normal condition pressure for a TSC containing

BWR fuel is 104 psig.

The calculated maximum pressure of 104 psig allows for a 6 psig tolerance on the TSC helium

backfill prior to reaching the 110 psig system pressure employed in the Chapter 3 normal
condition structural evaluations. Significantly higher pressure margins exist in the off-normal (
and accident pressures. Off-normal and accident pressures were calculated at 110 psig (10% fuel W

failure and off-normal thermal conditions) and 158 psig (100% fuel failure, see Section 4.6.4)

and are conservatively bounded by the 130 psig off-normal and 250 psig accident condition

pressures that were employed in the structural calculations.

TSC Backfill Helium Tolerances

Due to measurement and instrument uncertainties in the canister backfill operation, a range of
allowed helium backfill density (g/liter) is determined in this section.

Any increase in backfill density is limited by the associated rise in pressure, which in turn is
limited to the structural analysis inputs (110 psig for the limiting normal condition). As

documented in the pressure evaluations, a 6 psi tolerance is acceptable prior to reaching system

pressures employed in the structural analysis. Assuming a constant temperature, which is

conservative as increased backfill density would enhance heat transfer and increase system i
pressure, and applying the ideal gas law make backfill density directly proportional to pressure.

Relying on a 6 psi tolerance on a nominal pressure of 103 psig (118 psia) allows for a 5%

increase in backfill density.
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A decrease in backfill density is limited by thermal constraints. Lower helium density reduces
convective heat capability of the system and, thereby, raises fuel clad temperature. Thermal
analysis in Section 4.4.1.1 states that a 10% decrease in backfill density is acceptable while
remaining below the maximum allowed clad temperature limit of 752°F.

Table 4.4-4 lists the pressure and temperature limited upper and lower bound helium backfill
densities.
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Figure 4.4-1 Two-Dimensional Model of Concrete Cask Loaded with PWR TSC 0
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Figure 4.4-2 Computational Mesh for the Two-Dimensional Axisymmetric CFD Model
of the Concrete Cask
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Figure 4.4-3 Axial Power Distribution for the PWR Fuel Assembly
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Figure 4.4-4 Axial Power Distribution for the BWR Fuel Assembly
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Figure 4.4-5 PWR Peak Fuel Cladding Temperature versus TSC Internal Pressure
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Figure 4.4-6 Two-Dimensional Finite Element Model of the PWR Fuel Basket
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Figure 4.4-7 Two-Dimensional Finite Element Model of the BWR Fuel Basket
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Figure 4.4-8 1414 PWR Fuel Assembly Two-Dimensional Model

Y

Temperature boundary condition applied along the edge of the model.

Note: X and Y correspond to the in-plane directions of the fuel assembly, while Z is out

of the plane and corresponds to the axial direction of the fuel assembly.
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Figure 4.4-9

U02

1OxlO BWR Fuel Assembly Two-Dimensional Model
Helium gap between U0 and fuel cladding

•__LL. "ci U' U2 . •

9 log 19

9*09 *9*9*

-Me, 7di a 7

4

Fixed Temperature Boundary Condition

NAC International 4.4-40



MAGNASTOR System
Docket No. 72-1031

June 2008
Revision 2

Figure 4.4-10 Neutron Absorber Model for PWR Fuel Tube

Heat Flux

Temperature Boundary
Conditions

Element Number Description
1 Stainless Steel Retainer Strip
2 Media - Helium or water
3 Neutron Absorber
4 Media - Helium

5,7 Radiation Links (between stainless steel and neutron absorber)
6,8 Radiation Links (between aluminum and nickel plated carbon steel)
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Figure 4.4-11

Heat Flux

BWR Fuel Tube Configuration with Channel and Neutron Absorber

x

Element Number Description
1 Zirconium-based alloy (BWR fuel channel)

2, 4, 6 Media - Helium or water
3 Stainless Steel Retainer Strip
5 Neutron Absorber

7,10 Radiation Links (between zirconium-based alloy and stainless steel)
8,11 Radiation Links (between stainless steel and aluminum)
9, 12 Radiation Links (between aluminum and nickel-plated carbon steel)

(I*
NAC International 4.4-42



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 4.4-12

Heat Flux

BWR Fuel Tube Configuration with Channel, but without the Neutron
Absorber

4

Tempera re
2 B.C.

x

Element Number Description
1 Zirconium-based alloy (BWR fuel channel)

- 2 Media ---- Helium or water
3, 4 Radiation Links (between zirconium-based alloy and nickel-plated carbon

steel)
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Figure 4.4-13 Two-Dimensional Model of Transfer Cask Loaded with a PWR TSC

TSC Lid -- Water Annulus Outlet

Transfer Cask

TSC Shell

Water Annulus

Downcomer Region

Homogenized
Basket Region

TSC Bottom
Plate -

Water Annulus Inlet
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Figure 4.4-14 Temperature (°F) Distribution for the Concrete Cask and TSC
Containing a Design Basis PWR Heat Load
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Figum, 4.4-15
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Figure 4.4-16 Three-Dimensional ANSYS Model of the PWR Canister for Vacuum
Drying Condition

166 in.

NAC International 4.4-47



MAGNASTOR System

Docket No. 72-1031

June 2008
Revision 2

Figure 4.4-17 Detailed View of the Three-Dimensional ANSYS Model of the PWR
Canister for Vacuum Drying Condition

:Baskettubes Canister
6*
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Figure 4.4-18 Three-Dimensional ANSYS Model of the BWR Canister for TFR
Vacuum Drying Analyses

144 in.
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Figure 4.4-19 Detailed View of the Three-Dimensional ANSYS Model of the BWR
Canister for TFR Vacuum Drying Analyses 1°O
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Table 4.4-1 Effective Thermal Conductivities for 14x14 PWR Fuel Assemblies for
Helium Backfill

For fuel assemblies in fuel tubes with the neutron absorber:
Conductivity a Temperature (OF)
(Btu/hr.in-°F) 228 421 619 819

Kxx 0.019 0.025 0.035 0.045
Ky 0.019 0.025 0.035 0.045
K= 0.172 0.155 0.146 0.143

For fuel assemblies in positions without the neutron absorber:
Conductivity a Temperature (OF)
(Btu/hr-in-°F) 227 419 615 815

0.020
0.020
0.169

0.027
0.027
0.152

0.037
0.037
0.143

0.049
0.049
0.140

Table 4.4-2 Effective Thermal Conductivities for 10xl0 BWR Fuel Assemblies for
Helium Backfill

Conductivity a

(Btulhr-in-.F)
Temperature (IF)

192 1 394 1 597 1 801
0.021
0.021
0.176

0.028
0.028
0.161

0.039
0.039
0.152

0.053
0.053
0.151

a Kxx and Ky correspond to the in-plane directions and Kzz corresponds to the axial

direction in the basket.
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4Table 4.4-3

Component

Maximum Component Temperatures for Normal Condition
Storage of Design Basis PWR and BWR Heat Loads

Allowable
PWR BWR Temperature (7F)

Fuel Cladding 714 682 752

Fuel Basket a 714 682 800
TSC Shell 457 431 800

271 (local) 243 (local) 300 (local)Concrete
160 (bulk) 153 (bulk) 200 (bulk)

Table 4.4-4 Helium Mass Per Unit Volume for MAGNASTOR TSCs

Helium Density
(g/liter)

Fuel Type Nominal Lower Bound Upper Bound
PWR 0.763 0.694 0.802
BWR 0.774 0.704 0.814

C.

a The maximum fuel cladding temperature is conservatively used.
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Table 4.4-5

Heat Load (kW)

Maximum Fuel Temperature for Water Phase - PWR

• Tmax of Fuel (OF) T mx of Canister OD (°F)
35.5 130 113
30 126 111
25 121 110
20 118 108
15 114 106

Table 4.4-6 Maximum Fuel Temperature for Water Phase - BWR

Heat Load (kW) Tm. of Fuel (OF) T max of Canister OD (OF)
33 126 113
30 124 112
25 120 110
20 117 108
15 113 106
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Table 4.4-7

Heat Load (kW)

Maximum Fuel Temperature for Helium Phase - PWR

rTmax of Fuel (OF) T max of Canister OD (OF)
35.5 432 120

30 400 118
25 363 115
20 319 112
15

Table 4.4-8

Heat Load (kW)

282 109

Maximum Fuel Temperature for Helium Phase - BWR

Tmax of Fuel (OF) T max of Canister OD
(OF)

33 410 117
30 387 116
25 351 114
20 314 111
15 275 109

Xe
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Table-4.4-.9

Heat Load
(kW)

Durations and the Temperature at the End of the Duration for the First
Vacuum Stage (PWR)

Vacuum Duration
(hours) -

Tmax at Steady State or at the End of the
Duration (OF)

Fuel Basket
15 No limit 509 483
20 No limit 627 599
25 No limit 739 709
30 32 636 608

35.5 24 634 606

Table 4.4-10 Durations and the Temperature at the End of the Duration for the First
Vacuum Stage (BWR)

Heat Load
(kW)

Vacuum Duration
(hours)

Tmax at Steady State or at the End of the
Duration (OF)

Fuel Basket
15 No limit 441 428
20 No limit 543 528
25 No limit 641 625
29 No limit 717 700
30 44 641 624
.33 33 630 613
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Table 4.4-11 Durations and the Temperature at the End of the Duration for the
Second Vacuum Stage* (PWR)

Heat
Load
(kW)

Helium
Backfill

Duration
(hours)

Tmax of Fuel/Basket
at the End of the

Helium Backfill (OF)

Second
Vacuum
Duration
(hours)

Tmax of Fuel/Basket
at the Endof the

Second Vacuum (OF)

35.5 24 454 11. 635
For the cases with heat load higher than 25 kW, the duration and temperatures at the end

of the duration shown in this table can be conservatively used.

Table 4.4-12 Durations and the Temperature at the End of the Duration for the
Second Vacuum Stage* (MWR)

Heat
Load
(kW)

Helium
Backfill
Duration
(hours)

Tmax of
Fuel/Basket at the
End of the Helium

Backfill (OF)

Second
Vacuum
Duration
(hours)

Tmax of FuellBasket
at the End of the

Second Vacuum (OF)
33 1 24 432 16 1 630

* For the cases with heat load larger than 29 kW, the duration and temperatures at the end

of the duration shown in this table can be conservatively used.
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Table 4.4-13 TFR to Concrete Cask (PWR) Transfer Times and Temperatures

Heat Load
(kW)

Allowed
Duration
(hours)

Tmax of Fuel/Basket at the End of the
Transfer from TFR to Concrete Cask

(OF)
25 48 703

35.5 22 701

Table 4.4-14 TFR to Concrete Cask (BWR) Transfer Times and Temperatures

Heat Load
(kW)

Allowed
Duration
(hours)

Tmax of Fuel/Basket at the End of the
Transfer from TFR to Concrete Cask

(OF)
25 65 700
33 32 703
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Table 4.4-15 Durations Allowed and the Maximum PWR Fuel Clad Temperatures for
the Operation Using Reduced Vacuum Times, Reduced Cooling Time

and Eight Hours of Handling

[2]

Heat
Load
(kW)

Vacuum
Time(0)
(Hour)

Tmax of Fuel at
the End of the
Vacuum (*F)

[3]
Minimum
Helium

Cooling Time
(Hour)

[4]
Tmax of Fuel
During the

Helium
Cooling (*F)

Transfer
Time

Allowed
(Hour)

(5]
Tmax of Fuel
at the End of
the Duration

(OF) 
11

355(2) 15 543 7 587 8 701

30(2) 19 <543 7 <587 8 <701
25(3) 50 661 0 661 8 703
20(3) No limit 582 0 <661 8 <703
15(3) No limit 475 0 <661 8 <703

(1) Maximum fuel temperature started at 212 0 F.

(2) For heat loads of 30 kW and 35.5 kW, the response of the fuel temperature due to the

helium backfill (performed at the end of the vacuum) is determined by the transient

analysis (of helium in the canister) using a heat load of 35.5 kW. This evaluation

shows that the clad temperature will increase by 440 F and then returns to the

maximum vacuum temperature (column [2]) of 5430F in seven hours. By restricting
the maximum vacuum temperature to 543°F, the peak temperature during the cooling

phase is limited to 587°F. By limiting the clad temperature to 5430F (column [2]), the

eight hours of transfer time will result in temperatures in column [5] of 701°F or less.

I.

(3) For heat loads less than 25 kW, the response of the fuel temperature due to the helium

backfill (performed at the end of the vacuum) is determined by the transient analysis

(of helium in the canister) using a heat load of 25 kW. This evaluation shows that the
clad temperature will not increase over the value shown in column [2]. By restricting

the maximum vacuum temperature to 661'F (or less), the eight hours of transfer time
will result in temperatures in column [5] of 703°F or less, which is based on the

transient evaluation of air in the annulus using a heat load of 25 kW. The difference

between the column [2] and the column [4] temperatures indicates that additional

margin exists for the maximum temperature at the end of the transfer operation.

U.
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Table 4.4-16 Durations Allowed and the Maximum BWR Fuel Clad Temperatures for
the Operation Using Reduced Vacuum Times, Reduced Cooling Time

and Eight Hours of Handling

[11 [2] [3] [41 [5]
Minimum Tm. of Fuel Transfer Tmax of Fuel

Heat Vacuum Tm,. of Fuel at -Helium During the Time at the End of
Load Time(1) the End of the Cooling Time Helium Allowed the Duration
(kW) (Hour) Vacuum (OF) (Hour) Cooling (*F) (Hour) (OF)
33(2) 26 601 6 635 8 703

30(2) 31 <601 6 <635 8 <703
29(2) 34 <601 6 <635 8 <703
25(3) No limit 641 0 <678 8 700
20(3) No limit 543 0 <678 8 <700
15(P) No limit 441 0 <678 8 <700

(1) Maximum fuel temperature started at 2121F.

(2) For heat loads, 29 kW, 30 kW and 33 kW, the response of the fuel temperature due to

the helium backfill (performed at the end of the vacuum) is determined by the

transient analysis (of helium in the canister) using a heat load of 33 kW. This

evaluation shows that the clad temperature will increase by 34°F and then returns to

the maximum vacuum temperature (column [2]) of 601'F in six hours. By restricting

the maximum vacuum temperature to 601'F, the peak temperature during the cooling

phase is limited to 6357F. By limiting the clad temperature to 601'F (column [2]),

the eight hours of transfer time will result in temperatures in column [5] of 7037F or

less.

(3) For heat loads of 25 kW or less, the response of the fuel temperature due to the

helium backfill (performed at the end of the vacuum) is determined by the transient

analysis (of helium in the canister) using a heat load of 25 kW. This evaluation

shows that the clad temperature will not increase over the value shown in column [2].

By restricting the maximum vacuum temperature to 678°F (or less), the eight hours of

transfer time will result in temperatures in column [5] of 7007F or less, which is

based on the transient evaluation of air in the annulus using a heat load of 25 kW.

The difference between the column [2] and the column [4] temperatures indicates that

additional margin exists for the maximum temperature at the end of the transfer

operation.

NAC International 4.4-59



MAGNASTOR System

Docket No. 72-1031

June 2008
Revision 2

4.5 Off-Normal Storaae Events

This section evaluates postulated off-normal storage events that might occur once during any

calendar year of operation. The actual occurrence of any of these events is, therefore, infrequent.

The concrete cask and TSC model described in Section 4.4.1.1 is used for the evaluation of the

concrete cask and TSC for the off-normal events: severe ambient temperature conditions (106 0F

and -40'F) and the half-blocked air inlets condition. The evaluation of the off-normal events for

variations in the ambient temperature only requires a change to the boundary condition

temperature. For the half-blocked air inlets condition, the air inlet condition is modified to

permit only half of the air flow into the inlet. The design basis heat loads of 35.5 kW and 33 kW

are used in the evaluations of the concrete cask and TSC containing PWR and BWR fuels,

respectively.

The principal component temperatures for each of the off-normal events, discussed previously,

are summarized in the following tables, along with the allowable temperatures. Note that the

maximum fuel cladding temperatures are conservatively used as the maximum fuel basket

temperatures. As the tables show, the component temperatures for the concrete cask and TSC

containing PWR and BWR fuels are within the allowable values for the off-normal storage

events.

Principal Component Temperatures - Off-Normal Storage of PWR Fuel
760F

106 0F Ambient, -40OF Ambient, Ambient/Half
Maximum Maximum Blocked Air Inlets

Temperatures Temperatures Temperatures T•
,nt (OF) (OF) (OF)

Allowable
emperature

(OF)Compone
Fuel Cladding 752 603 717 1,058
Fuel Basket 752 603 717 1,000
TSC Shell 485 336 459 800
Concrete 311 118 274 350

Principal Component Temperatures - Off-Normal Storage of BWR Fuel
106°F Ambient, -40°F Ambient, 760F

Maximum Maximum Ambient/Half Allowable
Temperatures Temperatures Blocked Air Inlets Temperature

Component (OF) (OF) Temperatures (OF) (OF)
Fuel Cladding 719 569 684 1,058
Fuel Basket 719 569 684 1,000
TSC Shell 459 312 433 800
Concrete 282 93 246 350
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There are no adverse consequences due to these off-normal events. The maximum component
temperatures are less than the allowable temperature limits.

Off- Normal Event TSC Internal Pressures

Off-normal event TSC internal pressures are evaluated using the method and inputs documented
in the normal condition pressure evaluations (Section 4.4.4). The off-normal event TSC internal

pressure analysis considers a 10% rod failure fraction and a TSC backfill temperature at 4957F
and a pressure of 106 psig. The higher backfill temperature, and associated pressure, is the result
of the "severe heat" off-normal thermal evaluation. The maximum TSC internal pressures
calculated for off-normal events are 114 psig for the PWR system and 110 psig for the BWR

system.
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4.6 Accident Events

This section presents the evaluations of the thermal accident design events, which address very
low probability events that might occur once during the lifetime of the ISFSI or hypothetical

events that are postulated because their consequences may result in the maximum potential
impact on the surrounding environment. Three thermal accident events are evaluated in this

section: maximum anticipated heat load, fire accident and full blockage of the air inlets. The
maximum TSC internal pressure for the bounding accident conditions is evaluated in Section

4.6.4.

The concrete cask and TSC model described in Section 4.4.1.1 is used for the evaluation of the

concrete cask and TSC for these thermal accident events.

4.6.1 Analysis of Maximum Anticipated Ambient Heat Load

This section evaluates the concrete cask and the TSC for the postulated accident event of an

ambient temperature of 133°F. A steady state condition is considered in the thermal evaluation

of the system for this accident event.

Using the same methods and thermal models described in Section 4.4.1.1 for the normal

conditions of storage, thermal evaluations are performed for the concrete cask and the TSC with

its contents for this accident condition. All boundary conditions in the model are the same as

those used for the normal condition evaluation, except that an ambient temperature of 133°F is
used. The maximum calculated temperatures of the principal PWR and BWR cask component,
with the corresponding allowable temperatures, are as follows.

PWR BWR
Maximum Maximum Allowable

Component Temp (OF) Temp (OF) Temp. (OF)
Fuel Cladding 786 753 1,058
Fuel Basket 786 753 1,000
TSC Shell 510 483 800
Concrete 347 317 350

Note that the maximum fuel cladding temperatures are conservatively considered to be the

maximum basket temperatures. This evaluation shows that the component temperatures are
within the allowable temperatures for the extreme ambient temperature conditions.

4.6.2 Fire Accident

A fire may be caused by flammable material or by a transport vehicle. While it is possible that a
transport vehicle could cause a fire while transferring a loaded storage cask at the ISFSI, this fire
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will be confined to the vehicle and will be rapidly extinguished by the persons performing the

transfer operations or by the site fire crew. Fuel in the fuel tanks of the concrete cask transport

vehicle and/or prime mover (maximum 50 gallons) is the only flammable liquid that could be

near a concrete cask, and potentially at, or above, the elevation of the surface on which the cask

is supported. The fuel carried by other onsite vehicles or by other equipment used for ISFSI

operations and maintenance, such as air compressors or electrical generators, is considered not to

be within the proximity of a loaded cask on the ISFSI pad. Site-specific analysis of fire hazards

will evaluate the specific equipment used at the ISFSI and determine any additional controls

required.

The analyzed area is a 1 5x1 5-foot square, less the 136 in-diameter footprint of the concrete cask,

corresponding to the center-to-center distance of the concrete casks on the ISFSI pad. The

potential depth (D) of the 50-gallon pool of flammable liquid is calculated as follows.

50x231D = =0x310.6 in.
15x15x144 -3.14x128 2 /4

With a burning rate of 5 in/hr, the fire would continue for 7.2 minutes. The fire accident

evaluation in this section conservatively considers an 8-minute fire. The temperature of the fire

is taken to be 1,475°F, which is specified for the fire accident event in 10 CFR 71.73c [3].

The fire condition is an accident event and is initiated with the concrete cask in a normal

operating steady-state condition. To determine the maximum temperatures of the concrete cask

components, the two-dimensional axisymmetric model of the concrete cask and TSC for the

PWR configuration described in Section 4.4.1.1 is used to perform a transient analysis. The PWR

configuration is considered to bound the BWR configuration due to the higher initial

temperatures of the normal condition.

The initial condition of the fire accident transient analysis is based on the steady-state analysis

results for the normal condition of storage, which corresponds to an ambient temperature of

1007F in conjunction with solar insolation (as specified in Section 4.4.1.1). The fire condition is

implemented by applying a boundary temperature condition of 1,475°F at the air inlet and the

lower surface of the steel plate forming the top of the air inlet for eight minutes. This boundary

condition temperature is applied as a stepped boundary condition. During the eight-minute fire,

solar insolation is also applied to the outer surface of the concrete cask. At the end of the eight

minutes, the temperature at the inlet is reset to the ambient temperature of 1007F. The cooldown

phase is continued for an additional 10.7 hours to observe the maximum TSC shell temperatu~e

and the average temperature of the TSC contents.
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The maximum fuel temperature increased by less than 37F, thus remaining well below the

accident event temperature limit of 1,058°F. The maximum temperature of the TSC shell

increases to 512°F due to the fire condition. The limited duration of the fire, the large thermal

capacitance of the concrete cask, and the minimal thermal conductivity limit the local region

where the concrete temperatures exceed 3007F to less than 10 inches above the top surface of the

air inlets. These results confirm that the operation of the concrete cask is not adversely affected

during and after the fire accident condition.

4.6.3 Full Blockage of Concrete Cask Air Inlets

This section evaluates the concrete cask for the transient condition of full blockage of the air

inlets at the normal storage condition temperature (1 00°F).

The accident temperature conditions are evaluated using the concrete cask and TSC thermal

models described in Section 4.4.1.1. The transient analysis assumes initial normal storage

conditions, with the sudden loss of convective cooling of the TSC. This is simulated by

removing the inlet and outlet conditions from the model. Heat is then rejected from the TSC to
the concrete cask liner only by radiation and convection. The loss of convective cooling to the

ambient environment results in a sustained heat-up of the TSC and its contents and the concrete

cask. The maximum fuel cladding temperature, maximum basket temperature, and the

maximum concrete bulk temperature remain less than the allowable accident temperatures for

approximately 72 hours after the initiation of the event. However, the internal pressure in the

TSC cavity will reach the analyzed maximum pressure condition of 250 psig in approximately 58

hours after the initiation of a complete blockage event.

The evaluation demonstrates that there are no adverse consequences due to this accident,

provided that debris is cleared from at least two air inlets within 58 hours based on the steady-

state evaluation of the half-blocked air inlet condition in Section 4.5.

4.6.4 Maximum TSC Internal Pressure for Accident Events

Accident event pressures are evaluated with the method and inputs documented in the normal

condition pressure evaluation (Section 4.4.4). System conditions incorporated in the accident

analysis are an increased rod failure fraction and an increase in the average gas temperature of
the TSC. A 100% rod failure fraction is applied in the system pressure calculation in

conjunction with normal system temperatures. The second accident pressure evaluation applies

the bounding thermal accident TSC average gas temperature to a TSC with a 1% (normal

condition) fuel failure fraction. The bounding thermal accident, and associated pressure

increase, is the result of the air inlets full blocked thermal evaluation. The average TSC gas
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temperature applied in the thermal accident pressure evaluation is a conservative 684TF

compared to 677°F calculated for this condition. Maximum calculated TSC internal pressures

for the PWR and BWR systems are documented as follows.

100% Inlets
System Fuel Failure Blocked

PWR 201 psig 129 psig
BWR 158 psig 129 psig

{.
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4.8 Thermal Evaluation Detail

This section contains thermal evaluation detail not found in the preceding sections.
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4.8.1 Benchmark of the Two-Dimensional Axisymmetric Methodology for
TSC Thermal Analyses For MAGNASTOR

In this section, a benchmark evaluation is performed. A thermal evaluation using two-

dimensional modeling methodology is performed for a system for which a thermal test has been

conducted. Convection, conduction and radiation within the confinement boundary are

considered in this evaluation. The thermal test is described in EPRI NP-5128 [16]. The results

of the thermal evaluation using the two-dimensional methodology performed in this section show

that the two-dimensional methodology is conservative and, therefore, acceptable for use in the

thermal evaluation of MAGNASTOR.

4.8.1.1 Introduction

The thermal design of MAGNASTOR involves all three modes of heat transfer to reject heat

from the fuel into the ambient. The most dominant mode of heat transfer is by convection,

which involves helium removing heat from the fuel assembly as it flows up through the fuel

tubes and transferring the heat to the TSC shell as it flows down through the basket weldment

(downcomer) region. The heat transferred to the TSC shell is then rejected into the concrete cask

annulus airflow and transported to the ambient environment. The design of the concrete cask

annulus to permit airflow between the TSC and the concrete cask to transfer heat to the ambient

is in numerous licensed spent fuel storage system designs. The most significant difference with

the MAGNASTOR design is the inclusion of convection in the TSC as a means of removing heat

from the fuel assemblies.

The geometry of the MAGNASTOR fuel basket is an array of square tubes in a cylindrical outer

boundary, the TSC shell. This implies that the flow of the helium upward in the basket is

through a complex cross-section of squares, less the circular cross-sections of the fuel rods. The

downward flow of the helium on the outside of the fuel basket next to the TSC shell is also

through an area with a complex cross-section, since the outer boundary is circular and the inner

boundary of the downcomer is the outer perimeter of the square array of fuel tubes. While this

has the characteristics of a three-dimensional system, it is evaluated as a two-dimensional

axisymmetric system. Even as a three-dimensional system, the complex flow area for the fuel
region is impractical to be incorporated into a fluid flow analysis with detailed modeling for each

fuel rod. Additionally, due to the design of the fuel basket and the range of fuel temperatures

expected, conduction and radiation heat transfer throughout the fuel basket cannot be neglected.

The methodology adopted for this analysis includes the determination of effective properties for

thermal conduction and radiation, as well as for fluid flow resistances, which are to be
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implemented in a two-dimensional axisymmetric model. The end result of the two-dimensional

evaluation is to determine the maximum temperatures for the fuel rod cladding.

For this reason, a benchmark is performed to demonstrate that two-dimensional methodology is

acceptable to determine the maximum fuel cladding temperatures for MAGNASTOR.

4.8.1.2 Purpose

The purpose of this section is to provide a benchmark, which demonstrates that the two-

dimensional methodology employed in the MAGNASTOR thermal evaluation is conservative.

4.8.1.3 Description of the Thermal Test

In EPRI NP-5128 [16], thermal testing was performed for a vertical metal cask containing 24

PWR (15 x 15) assemblies with a total heat load of 20.6 kW. The variation of the heat loads

between the assemblies was less than 6%, which can be approximated as a uniform heat load.'

The basket contained in the cask during testing was comprised of an array of 24 square slots in

which the basket walls were constructed of aluminum. While there were a series of tests

performed, the test of interest for this evaluation was the test corresponding to vertical

orientation of the cask in which the cask was backfilled with nitrogen to one atmosphere. Axial

profiles of the temperature data were obtained in the tests for the inner surface of the cask, as

well as for various radial locations in the basket. Temperature data was not obtained for the

center of any fuel assembly, but rather on the basket.

4.8.1.4 FLUENT Model Description

The two-dimensional axisymmetric model for this evaluation only needs to consider the cavity of

the metal cask. Modeling of the cask wall and surface is not considered necessary since the

temperatures at the cask inner surface from the test are being applied as the boundary conditions

for the model. The various regions of the model are shown in Figure 4.8-1. Regions 2 through 5

comprise the full length of the basket of the cask. Regions 2 through 4 represent the fuel in the

basket, and Region 3 corresponds to the 144-inch active fuel region. Region 5 is considered to

be within the length of the basket, but outside the length of the fuel assembly. Regions 1, 6 and

7 correspond to the backfill gas, nitrogen. For Regions 1, 6 and 7, it is only necessary to input

the material properties for nitrogen to simulate the flow of nitrogen in the cask cavity. The gas is

modeled as an ideal gas in FLUENT and all regions in the model utilized laminar flow

conditions.
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4.8.1.4.1 Effective Properties for the Basket and Fuel Regions

For the regions corresponding to the basket, effective properties are employed in the analysis.

To account for the flow resistance of the wetted perimeter of the fuel and the fuel assembly grids,

the porous media option in FLUENT is used. The determination of the porous media constants

depends on the radius assigned to the basket region, which also must be associated with the

effective cross-section area of the downcomer region. The cross-section for the downcomer

region is used to compute the outer radius of the basket region in the two-dimensional

axisymmetric model (Regions 2 through 5). Calculation of these constants for the porous media

is described in Section 4.8.2. The methodology applied for this benchmark follows the same

methodology described for the MAGNASTOR TSC model in Section 4.4.1.1.

The effective thermal properties for the basket region are computed using an ANSYS model

shown .in Figure 4.8-2. This model contains the aluminum basket and the fuel regions, which are

modeled with homogeneous orthotropic thermal conductivities. To determine the temperature-

dependent effective thermal conductivity of the basket region, a series of temperatures is applied

to the boundary of the model. Solutions for each boundary condition determine the maximum

temperature of the basket and the associated change in temperature from the boundary to the

maximum temperature location. The effective thermal conductivities are determined using the

same expression employed for MAGNASTOR in Section 4.4.1.2.

4.8.1.4.2 Boundary Conditions

The outer edges of the model correspond to the inner surface of the cask cavity. The following

boundary conditions were applied to the model.

Temperature Specification

To remove any uncertainties in the model due to the cask wall conductance, the convection

condition at the cask surface, or the variations in the ambient conditions, the temperatures from

the test corresponding to the inner surface of the cavity were applied to the outer surface of the

model. The temperature profile is shown in Figure 4.8-3.

Heat Generation

The total heat load applied to Region 3 of the model in Figure 4.8-1 was 20.6 kW. The heat
generation was assumed to be uniformly distributed over the radial direction from the basket

centerline to the outer radius of the porous media region (Region 3). In the axial direction, the

power distribution as shown in Figure 4.8-4 was applied, which shows a peaking factor of 1.2.
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Buoyancy 4
Since the backfill gas was specified as an ideal gas, the only condition required to enact

buoyancy as a driving force for the nitrogen is to set the gravity acceleration as -9.8 m/sec2 .

Cavity Pressure

To be consistent with the boundary conditions used in the analyses for MAGNASTOR, a

pressure was applied to the cavity region. For the benchmark, the pressure in the cavity was set

to zero (gauge).

4.8.1.5 Analysis Results

The temperature contour corresponding to the applied conditions is shown in Figure 4.8-5. The

distribution of the contours along the centerline shows the maximum temperature is close to the

top of the basket, which is characteristic of baskets in which the dominant heat transfer is by

convection. The maximum basket temperature reported in the thermal test was 232°C, as

compared to a maximum basket temperature of 233°C obtained from the analysis. This indicates

that the analysis temperature is 1 'C conservative with respect to the test data.

4.8.1.6 Application of the .Benchmark to the MAGNASTOR Evaluation

The benchmark thermal test cask contained PWR assemblies and was backfilled with nitrogen.

The force driving the movement of the backfill gas is buoyancy. A common metric employed to

compare buoyancy driven systems is the Rayleigh Number (Ra), which can be computed for

both systems. The Ra is expressed as follows.

Ra = (p213gATL 3/ft2)xPr [14]

where:

p ---------------------------- density (kg/m 3)
S -------------------------- coefficient of expansion (I/K)

g ---------------------------- gravitational constant = 9.8 m/sec2

AT ---------------------------- temperature difference = max. centerline
temperature-basket bottom temperature (K)

L ---------------------------- height of basket (m)
S---------------------------------------viscosity (N-sec/m 2)

Pr --------------------------- Prandtl number

Using the data from the benchmark thermal test and the analysis of the normal condition for
MAGNASTOR, the Ra of the backfill gas can be computed for each analysis.
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Gas Tave p AT L
Design (K) (kg/m 3) 3(1IK) (K) (N-sec/m 2) Pr L (m) Ra

MAGNASTOR 520 0.7501 1/520 222 2.63x10-5 0.668 4.420 1.97x1011
Benchmark 426 1.213 1/426 142 2.30x10-5 0.703 4.076 4.33x1011

Note: Tae is the average gas temperature (helium for MAGNASTOR and nitrogen for the benchmark) used to
evaluate the properties in this table.

As indicated by the preceding table, the Ra for MAGNASTOR is the same order of magnitude as
that for the benchmark. This indicates that the buoyancy forces driving the flow in the

benchmark are essentially identical to the buoyancy force in the MAGNASTOR design.

Additionally, both models employ a laminar flow model inside the cavity. While the benchmark

cask thermal test design stores 24 PWR fuel assemblies and the MAGNASTOR PWR design can

store 37 PWR fuel assemblies, the arrays of both designs are comprised of square slots of nearly

the same dimensions. The geometry of the flow area in the basket region is similar for both,

since PWR fuel assemblies occupy a square slot in a square design. This is indicated in the

following table, which contains the slot dimensions. These values indicate that the porous media

parameters would also be similar, and in both analyses, the porous media parameters are

computed using the same methodology.

Fuel Assembly
Design Width (inch) Slot Size (inch)

MAGNASTOR 8.426 8.86/8.76
Benchmark 8.304 8.99

This indicates the high degree of similarity of both configurations. Additionally, in both designs,

the downcomer region is comprised of a circular outer boundary and an inner boundary

consisting of a series of edges of squares.

In both designs, the basket is formed of plates (or tubes for MAGNASTOR), which also serve as

conductors to the periphery of the basket. In the benchmark evaluation and in the

MAGNASTOR evaluation, the porous media material is modeled to represent the conduction in

the basket as well, since the basket plates were not modeled explicitly. The conductivity for the

porous media region represents the radial conductance, as well as the axial conductance of the

baskets. The method used to compute the effective thermal conductivities for both baskets was

identical.

The reported results of the thermal test indicate that the two-dimensional modeling using

FLUENT is conservative, since the FLUENT simulation of the benchmark predicted a higher

temperature than the reported test data. It is important to note that the thermal boundary

conditions for the FLUENT analysis of the benchmark thermal test employed the temperatures
from the benchmark test directly, which eliminates any uncertainties in the analysis due to the

conduction through the benchmark cask body, convection from the cask surface, or variations in
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the ambient conditions over the cask. The analysis associated with the thermal test focused only

on the convection internal to the cask cavity. This confirms that the axisymmetric modeling, in

conjunction with the use of porous media material characterization, is an acceptable

methodology forlthe computation of maximum fuel cladding temperatures.

4.8.1.7 Conclusions

In this section, a thermal evaluation has been performed for the thermal test described in

EPRI N-5128 [16]. The analysis results indicate that the two-dimensional axisymmetric

modeling methodology incorporating effective thermal properties and the flow resistance in the
fuel region is acceptable to determine a bounding maximum fuel temperature. The benchmark

also confirms the use of the hydraulic diameter for the representation of the nonaxisymmetric.

downcomer region, as well as the use of orthotropic properties for the basket conductance.
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Figure 4.8-1 Two-Dimensional Model of the 24 PWR Assembly Thermal Test
Configuration

Region Number
(typical)

Region
Number

Description Dimension (mm)

1 Bottom nitrogen region 45

2 Region below active fuel region in the basket 152

3 Active fuel region 3658

4 Region above active fuel region in the basket 248
5 Basket region without fuel 18

6 Top nitrogen region 29

7 Equivalent radial gap (downcomer region) 64
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Figure 4.8-2 ANSYS Model for Determination of the Benchmark Basket Thermal
Properties

C.
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Figure 4.8-3 Temperature Profile from the Benchmark Cask Cavity Inner Surface
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Figure 4.8-4 Axial Power Distribution Curve for the 15x15 PWR Fuel Assembly
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Figure 4.8-5• Temperature Cask Thermal Test (.0
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4.8.2 Methodology to Compute the Porous Media Constants

This section presents the methodology used tovdetermine the porous media constants, which will

simulate the flow resistance due to the fuel assembly and fuel assembly grids to be taken into
account for the basket tube/fuel region of the two-dimensional axisymmetric TSC model.

To simulate the flow resistance in the'porous media models, the following FLUENT porous
media pressure drop [12] is employed.

_A= _ t V+ c(lPV2)

L ux 2
where:

AP/L -------------------------- pressure drop per unit length (Pa/m)
V ----------------------------- superficial fluid velocity (m/s)
S- ----------------------------- the fluid viscosity (kg/m-s)

p ----------------------------- fluid density (kg/m3)
(x -------------------------------------- permeability parameter (mi2)
C ----------------------------- inertial resistance factor (m-1)

In this representation, the pressure drop for the porous media consists of two terms: one being
proportional to the velocity and the other proportional to the velocity squared. Since the

velocities are on the order of 0.03 mis in the porous media region, the contribution due to the V2

term is neglected. The pressure drops for the fuel rods and the fuel assembly grids are taken into
account in the first term. For the first term, the viscosity (g) is obtained from the material
properties defined for the gas, while the factor (a), referred to as the permeability, is computed

on the basis of laminar flow. The purpose of this section is to determine an a for the BWR and
the PWR fuel assemblies, which represents not only the resistance for the axial flow along the

fuel rods, but also the additional resistance through the fuel assembly grids. The porous cells in

the FLUENT program are 100% open in the porous media model [12]. Therefore, the factor for

V must include the porosity factor with the values specified for 1/Ax. The input of 1/a into

FLUENT is adjusted based on the porosity of the porous media [12]. The permeability for the

BWR and the PWR fuel assemblies is determined separately. Separate models are considered

for the spacing, size of the fuel rods, and the number of fuel rods in the PWR and the BWR fuel

assemblies.

Permeability (a) for the PWR Fuel Assembly

For the PWR fuel assembly, the configuration that is considered to provide a bounding value for

a is the 17xl 7 fuel assembly. The calculation for the 1/a for the entire PWR fuel assembly

requires three FLUENT models. A quarter-symmetry model of the cross-section of the 17 xl 7
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fuel assembly is generated using FLUENT and the cross-section of the model is shown in Figure

4.8-6. The length of this fuel assembly model is 0.20 m in-the axial direction, and-consists of

approximately 1.3 million cells. The purpose of this model is to determine the pressure drop per

unit length (AP/L)RoD along the fuel rod. For this reason, only the momentum equation is

required to be solved. A velocity (U) for the gas entering the model is specified to be 0.03 m/s,

which represents the velocity observed in the canister evaluation. Since the flow is considered to

be laminar, the actual value used in the evaluation is not significant. Using the AP/L determined

from the three-dimensional model, the 1/a for the fuel rods is computed by

1/cLROD = (AP/L)RoD / (p U)

A second three-dimensional model is generated to determine the pressure drop of the gas through

a 60 mm-long fuel assembly grid. A periodic model of a single cell is considered, which is

shown in Figure 4.8-7, and consists of approximately 199,000 cells. The length of the model is

60 mm, which represents the full length of the 60 mm grid. The boundary conditions on the

axial faces used in the fuel rod model are applied to each end of the periodic model of the fuel

assembly grid. The model result is the determination of the average pressure at the outlet end of

the grid, which is determined by computing the area averaged pressure acting on the outlet. This

is used to compute the pressure drop per unit length (AP/L)GRID, which is used to compute the

1/aGRID for the fuel assembly grid by

1/kGRID = (AP/L)GRID / (p U)

Since the grid model is periodic, it simulates the condition in which the fuel assembly grid

extends for the entire width of the basket slot region. This is not the geometry of the PWR fuel

assembly grid in the basket, but rather there is a minimum of a 0.17-inch gap between the largest

PWR fuel assembly and the smallest basket slot in the PWR basket. As the helium gas flows

vertically up through the fuel rods, gas will not only flow through the fuel assembly grid, but

also around the grid. To determine the distribution of the flow, a third three-dimensional

quarter-symmetry FLUENT model consisting of approximately 332,500 cells is developed, as

shown in Figure 4.8-8. A porous region with a length of 9.37 inches represents a section of fuel

rods of 9.37 inches prior to the fuel assembly grid, and a section corresponding to a length of

9.37 inches is modeled after the fuel assembly grid. Both of these regions use the porous media

constants determined for the bounding PWR fuel rod configuration. The bounding configuration

was identified in two DOE reports ([23] and [24]) for the configuration with the largest

combined grid length for all PWR assemblies. As shown in Figure 4.8-8, a nonporous gas region

with a thickness of 0.17 inch is modeled in parallel with the region representing the fuel

assembly grid. The porous media data for this model uses the results of the calculation of the

porous media just for the fuel assembly grid. From the solution of the momentum equation, the Ah
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effective 1/ 'EFF corresponding to the pressure drop (AP/L)EFF over the axial region containing the

fuel assembly grid is computed using

1/(XEFF = (AP/L)EFF / (pL U)

The pressure drop is the difference between the averaged pressure on the outlet surface (area

averaged) and the inlet, which is set to zero. To combine the permeabilities into a single

quantity, the pressure drops over all the grids [(AP/L)EFF]] are added to the pressure drop

[(AP/L)ROD] over the remaining length of the fuel assembly (total fuel assembly length less the
length of the fuel assembly grids) to calculate the total pressure drop due to fuel assembly grids

and the fuel rods. Using an expression similar to the ones above, the 1/a for the PWR fuel

assembly is computed to be

1/OxpwR = (APtot/Ltot) / (p U) = 462,087 1/m2

Permeability (a) for the BWR Fuel Assembly

For the BWR fuel assembly, the configuration that is considered to provide a bounding value for

a is the 1 Oxi 0 fuel assembly. The calculation for the 1/a for the entire BWR fuel assembly
requires two FLUENT models. A quarter-symmetry model of the fuel rods of the 10xlO0 fuel
assembly was generated using FLUENT, and the cross section of the model is shown in Figure

4.8-. The length of this fuel assembly model is 0.20 m in the axial direction, and consists of
approximately 0.6 million cells. The walls of this model correspond to the BWR channel. This
assumes that no helium gas flow is occurring between the BWR channel and the wall of the fuel
tube. The model in Figure 4.8- does not contain any water tubes that are present in the BWR

fuel assembly design. This is considered to be conservative since the cross-sectional area for
flow is reduced by not considering gas flow through the water tubes.

This model is used to determine the pressure drop per unit length (AP/L)ROD along the fuel rod,
as was performed for the PWR fuel. A velocity (U) for the gas entering the model was specified

to be 0.03 m/s, which represents the velocity observed in the canister evaluation. Since the flow
is considered to be laminar, the actual value employed in the evaluation is not significant. Using
the AP/L determined from the three dimensional model the 1/a for the fuel rods is computed by

1/AXROD = (AP/L)ROD / (p. U)

For the fuel assembly grid for the BWR, the pressure drop determined for the PWR fuel
assembly grid was used. The evaluation of the effect of the grid for the PWR corresponds to a
17 x 17 fuel assembly which would inherently have more obstructions for flow as compared to a
worst case 10x 10 BWR fuel assembly. The pressure drop across the PWR fuel assembly grid is
therefore considered to bound the pressure drop associated with the fuel assembly grid for the

BWR design.
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To combine the permeabilities into a single quantity, the pressure drop over multiple grids is
computed. The bounding configuration was identified in references [23] and [24] for the
configuration with the largest combined grid length for all BWR assemblies. The combined

pressure drop was calculated by adding ((AP/L)GRID) to the pressure drop ((AP/L)ROD) over the
remaining length of the fuel assembly (total fuel assembly length less the total length of the fuel
assembly grids). The 1/a for the entire BWR fuel assembly is computed to be

1/OtBwR = (APtot/Ltot) / (p. U) = 566,550 1/m2
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Figure 4.8-6 Cross-Sectional View of the Three-Dimensional Fluent Model.of a 17x17
PWR Fuel Assembly
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Figure 4.8-7 Three-Dimensional FLUENT Model of a Fuel Assembly Grid
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Figure 4.8-8 Three-Dimensional FLUENT Quarter-Symmetry Model for the Flow
Around the Grid
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Figure 4.8-9 Cross-Sectional View of the Three-Dimensional FLUENT Model of a
10x40 BWR Fuel Assembly
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4.8.3 Benchmark Evaluation of the Two-Dimensional Axisymmetric
Methodology for Annular Cooling in the Concrete Cask for
MAGNASTOR

In this section, a benchmark evaluation is performed to evaluate the adequacy of the k-o and the
low Reynold's (low Re) k-c turbulent flow models that can be used in the evaluation of the flow
in the annulus between the canister and the concrete cask. A thermal evaluation using two-
dimensional modeling methodology is performed for a system for which a thermal test has been
conducted. The thermal test is described in EPRI TR-100305 [21], The results of the thermal
evaluation using the two-dimensional methodology performed in this section show that both
turbulent flow models provide conservative temperatures for the canister surface and the
concrete cask liner. This thermal benchmark evaluation confirms that the use of the k-co
turbulence model, in conjunction with the two-dimensional methodology, is conservative and,

therefore, acceptable for use in the thermal evaluation of MAGNASTOR.

4.8.3.1 Introduction

The thermal design of MAGNASTOR rejects heat from the canister surface to the ambient
environment via convection and radiation. Ambient air enters the base of the concrete cask,

removes heat via convection from the canister surface, as well as from the surface of the concrete
liner, and exits the top of the concrete cask through radial outlets. Radiation of heat from the
canister surface to the concrete liner also occurs, which allows the heat to then be convected into
the annulus region or conducted through the thickness of the concrete cask. The annulus region
is axisymmetric, with the exception of the air inlet and the air outlet, thus lending itself to
representation by a two-dimensional axisymmetric model. While the air inlet and air outlet are
rectangular in shape, the cross-sectional area of the air inlet and air outlet in an axisymmetric

model can vary radially to account for the constant cross-sectional area in the actual test article.
A single height for the inlets and outlets can be used, provided the modeled height does not
represent more cross-sectional area than the actual inlet and outlet. An important consideration
for the analysis of the annulus air flow is the identification of the turbulent flow models. Two
models are available: k-co and low Re k-c turbulent flow models, which are described in the
FLUENT documentation [12]. Selection of the turbulent flow model for MAGNASTOR is
based on the thermal test data provided in EPRI TR- 100305 [2 1].

4.8.3.2 Purpose

The purpose of this section is to provide a thermal benchmark, which will demonstrate that the
k-c turbulent flow model used in the MAGNASTOR thermal evaluation is conservative.
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4.8.3.3 Description of the Thermal Test

In EPRI TR-100305 [21 ], thermal testing was performed for a vertical concrete cask loaded with
a canister containing 17 PWR fuel assemblies with a total heat load of 14.9 kW. The basket

contained in the cask during testing was comprised of 17 square slots in which the basket walls

were constructed of carbon steel. A series of thermal tests were performed that corresponded to

different canister conditions, as well as different air inlet and air outlet conditions. To minimize

the uncertaintyintroduced by other thermal behavior, either inside the canister or outside the

canister, the test using the vacuum condition with fully opened vents was employed. This test

was conducted inside a large structure, which removed the uncertainty of solar insolance

affecting the surface temperatures. Additionally, the method and location in which the inlet

temperatures were measured were also documented. Axial profiles of the temperatures for the
canister surface, as well as the concrete liner surface, were provided in the results published for

the thermal test. The temperature profile provides the basis for the comparison of the

performance of the different turbulent flow models.

4.8.3.4 Fluent Model Description

The FLUENT two-dimensional axisymmetric model of the VSC-17 is comprised of the canister
and the concrete cask. The definition of the regions and the cells comprising the model is shown

in Figure 4.8-9. Since the vacuum condition is being modeled in the canister, the only region to

support fluid flow is the air annulus region between the canister and the concrete liner. The edge
of the model corresponds to the outer surface of the concrete cask.. The model contains the same

changes in direction in the air inlet and the air outlet as exist in the concrete cask used in the

thermal test. The heights of the air inlet and air outlet for each segment are selected to allow the

physical cross-sectional area to bound the area contained in the FLUENT model.

There are two parameters of interest that influence the heat rejection into the annulus region.

Since the heat is being radiated from the canister to the inner liner of the concrete cask, the
emissivity of the two facing surfaces (the outer surface of the canister and the inner surface of
the liner of the concrete cask) can directly influence the heat transfer. In this evaluation, an

emissivity value of 0.7 was used for the carbon steel surfaces. More important is the selection of
one of the turbulent flow models for the air flow up through the annulus region: a transitional

turbulent flow model (k-co model) or a low Re turbulent flow model (low Re k-a model). In

FLUENT, either turbulent flow model can be selected. Unlike the specification of emissivity as

a property of the surface, the use of a particular turbulence model defines certain requirements

for the cells adjacent to the wall. The radial size of the cell divisions near the wall is typically

compared to a dimensionless quantity defined as y+ [12]. Guidelines contained in Reference 12.

NAC International 4.8.3-2



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

recommend using a y+ of near unity for the transitional model (k-co) and for the low Re k-e

model. This implies that the near wall cell divisions for the models are significantly refined near

the wall.

4.8.3.5 Effective Properties for the Basket and Fuel Region

For the regions corresponding to the basket, effective properties are employed in the analysis.

The effective thermal properties for the basket region are computed using an ANSYS model

shown in Figure 4.8-10. In Reference 21, the description of the basket indicates that a

cylindrical shell (connected to the outer basket tubes) forms part of the surface facing the inner

surface of the canister. Outside of the axial locations that do not have the cylindrical shell, the

outer surface of the outer basket slots faces the inner surface of the canister shell directly. The
.model shown in Figure 4.8-10 models the cylindrical shell for the full length of the basket. The

cylinder shell, where it does exist in the canister used in the thermal test, provides an additional

radiation shield that reduces the effectiveness of the radiation heat transfer from the outer basket

tubes to the canister shell. This would result in higher basket temperatures in the analyses. In

the FLUENT model in Figure 4.8-9, there is a gap between the outer radius of the cylindrical

shell and the inner surface of the canister. Between these two surfaces, radiation is simulated

using conduction properties that have a cubic temperature dependency.

The basket cross-section model contains the carbon steel basket and the fuel regions, which are

modeled with homogeneous orthotropic thermal conductivities. To determine the temperature-

dependent effective thermal conductivity of the basket region, a series of temperatures is applied

to the boundary of the model (as shown in Figure 4.8-10). Solutions for each boundary condition

determine the maximum temperature of the basket and the associated change in temperature

from the boundary to the maximum temperature location. The effective thermal conductivities

are determined using the same expression employed for MAGNASTOR in Section 4.4.1.2.

4.8.3.6 Boundary Conditions

The outer edges of the model correspond to the outer surface of the concrete cask. Two cases are

presented in this section to assess the performance of each turbulent flow model. The boundary

conditions employed for each model were identical, with the exception of the selection of the

turbulent flow model.

Temperature Specification

The edge of the model includes not only the air inlet and the air outlet, but also the remainder of

the concrete cask surface. For the air inlets, the average temperature of the test recorded

ambients for the vacuum test for the fully opened inlets (Run No. 6 in [21 ]) was applied as the

NAC International 4.8.3-3



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

temperature for the air inlet in the model. For the remainder of the concrete cask surface, a

temperature of 260C was used for computation of the heat transfer by natural convection from the

side and top of the concrete cask. A film coefficient was also specified for the bottom surface of

the model to maximize the heat transfer to the base, thereby reducing the heat flux to the canister

surface.

Heat Generation

The total heat load applied to the active fuel region of the model was 14.9 kW, and a user

specified function reflected the power profile curve for the fuel in EPRI TR-100305 [21 ]. The

power distribution has a peaking factor of 1.2. The heat generation was assumed to be uniformly

distributed over the radial direction from the basket centerline to the outer radius of the porous

media region.

Buoyancy

Since the annulus gas was specified as an ideal gas, the only condition required to enact

buoyancy as a driving force for the air is to set the gravity acceleration as -9.8 m/sec 2.

An additional parameter that must be specified is the "operating" density at the air inlet. Since

the annulus gas is being treated as an ideal gas, the "operating" density was specified to be the

density of the gas at the inlet temperature for a site elevation of 1,400 m.

4.8.3.7 Analysis Results

The temperature profiles for the two turbulent flow models for the canister surface and for the

concrete cask liner surface are shown in Figure 4.8-11 and Figure 4.8-12, respectively. The
results confirm that both turbulent flow models conservatively predict the temperatures on both

the canister surface and the concrete liner surface. The temperature profiles for the low Re k-6

model provided a slight improvement over the k-o turbulent flow model.

4.8.3.8 Application of the Benchmark to the MAGNASTOR Evaluation

The primary purpose of the preparation of this benchmark is to confirm the selection of the

turbulent flow model, and for this reason, the vacuum test in EPRI TR-1 00305 [21] was selected,

which minimized the uncertainties of the thermal behavior internal to the canister. The air flow
in the annulus is primarily controlled by the height, the radial thickness of the annulus and the

heat load. Since the test in EPRI TR-100305 [21] employed actual fuel assemblies, the height of
the annulus in the thermal test and in the MAGNASTOR design are sufficiently similar. The

thicknesses of the annulus region for the thermal test and for the MAGNASTOR are 3 inches and
3.75 inches, respectively. A metric for buoyancy-driven flows for vertical parallel surfaces is a
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modified Rayleigh's number in which the standard Rayleigh number is factored by the ratio

(D/L) of the gap thickness (D) and the length (L). Since D/L is actually larger for the

MAGNASTOR design, this would indicate that the modified Rayleigh number is larger for

MAGNASTOR, resulting in increased convection. Likewise, the design basis heat load for

MAGNASTOR is 35.5 kW, as compared to the thermal test using 14.9 kW. Increased heat load

would only increase the level of turbulence in the annulus region.

4.8.3.9 Conclusions

In this section, a thermal evaluation has been performed for the thermal test described in EPRI

TR- 100305 [21]. The analysis results indicate that the two-dimensional axisymmetric modeling

methodology using the k-co turbulent flow model is acceptable to determine a bounding

maximum fuel temperature and bounding concrete temperatures. The benchmark also confirms

the use of the operating density associated with the ambient temperature for the concrete cask.
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Figure 4.8-9
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Figure 4.8-10 ANSYS Model for Effective Properties Calculation
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Figure 4.8-11 Temperature Profiles for the Canister Surface
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Figure 4.8-12 Temperature Profiles for the Concrete Liner Surface
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5 SHIELDING EVALUATION

Specific dose rate limits for individual casks in a storage array are not established by

10 CFR 72 [1]. Annual dose limit criteria for the ISFSI-controlled area boundary are established

by 10 CFR 72.104 and 10 CFR 72.106 for normal operating conditions and for design basis

accident conditions, respectively. These regulations require that, for an array of casks in an

ISFSI, the annual dose to an individual outside the controlled area boundary must not exceed 25

mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any other organ during normal

operations. For a design basis accident, the dose to an individual outside the controlled area

boundary must not exceed 5 rem to the whole body. In addition, the occupational dose limits and

radiation dose limits established in 10 CFR Part 20 (Subparts C and D) [2] for individual

members of the public must be met.

This chapter describes the shielding design and the analysis used to establish bounding

radiological dose rates for the storage of Pressurized Water Reactor (PWR) and Boiling Water

Reactor (BWR) fuel assemblies. PWR fuel assemblies may contain control components

including control element assemblies (CEAs), burnable poison rod assemblies (BPRAs), or

thimble plugs (also referred to as flow mixers). The analysis shows that for the design basis fuel,

the system meets the requirements of 10 CFR 72.104 and 10 CFR 72.106 and complies with the

requirements of 10 CFR 20 with regard to annual and occupational doses at the owner-controlled

area boundary.

The system is designed with a single-length transfer cask and a single-length concrete cask, each

of which will hold a TSC of variable length. Minimum cool times prior to fuel transfer and

storage are specified as a function of minimum assembly average fuel enrichment and maximum

assembly average bumup (MWd/MTU). To minimize the number of loading tables, PWR and

BWR fuel assemblies are grouped by bounding fuel and hardware mass. Key characteristics of

each assembly grouping are shown in Section 5.2. Refer to Sections 5.8.3 and 5.8.7 for detailed

loading tables meeting the system heat load limits for the PWR system and Section 5.8.4 for the

BWR system.

Source terms for the various vendor-supplied fuel types are generated using the SCALE 4.4

sequence as discussed in Section 5.2. Three-dimensional MCNP [3] shielding evaluations

provide dose rates for transfer and concrete casks at distances up to four meters. NAC-CASC, a

modified version of the SKYSHINE-III code [4], calculates site boundary dose rates for either a

single cask or cask array. See Section 5.6 for more detail on the shielding codes.
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5.1 Cask Shielding Discussion and Dose Results

The TSC is loaded and sealed inside a transfer cask and then moved into a concrete cask for

placement on the ISFSI pad. Dose evaluations are performed for the various TSC contents when

the TSC is inside the transfer cask or the concrete cask.

With the exception of the offsite dose discussion, the dose results are presented based on

bounding heat loads and corresponding source terms based on a 37 kW PWR cask heat load and

a 35 kW BWR cask heat load. Offsite dose results are produced by similar bounding values of a

40 kW PWR cask heat load and a 38 kW BWR cask heat load. Thermal evaluations restrict

PWR payloads to 35.5 kW and BWR payloads to 33 kW. Cool time tables for the thermally

restricting payloads are listed in Section 5.8.9. Based on the code validation discussion in

Section 5.2, a 5% uncertainty is applied to the heat loads for fuel burnups above 45 GWd/MTU.

This results in an extension in minimum allowed cool time for high burnup fuel assemblies. All

dose rates calculated at higher cask heat loads are bounding for the reduced heat load produced

by the Section 5.8.9 and Section 5.8.11 cool time tables. For any fuel type, burnup, initial

enrichment, and cool time combination allowed, additional cool time and, therefore, reduced

sources are associated with the lower cask heat load. This conclusion applies also to the PWR

preferential loading pattern where outer and intermediate zone heat loads and, therefore, sources

were decreased with the inner zone remaining constant at 800 watts.

5.1.1 Transfer Cask Shielding Discussion and Dose Results

The transfer cask radial shield is comprised of steel inner and outer shells connected by solid

steel top and bottom forgings. The shell encloses a lead gamma shield and a solid borated

polymer (NS-4-FR) neutron shield. The TSC shell and the basket internal structure provide

additional radial shielding. The transfer operation bottom shielding is provided by the TSC

bottom plate and solid steel transfer cask doors. The TSC closure lid provides radiation

shielding at the top of the TSC.

The three-dimensional transfer cask shielding analysis provides a complete, nonhomogenized

representation of the transfer cask and TSC structure. The model assumes the following

TSC/transfer cask configuration for all dose rate evaluations.

Dry canister cavity

The majority of the TSC operations, in particular closure lid welding, are performed with

the TSC cavity filled with water. Evaluating a dry canister cavity is conservative. Note

that the water filling the TSC/transfer cask annulus between the inflatable seals is
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modeled. Transfer cask dose rates from a wet canister, while containing an increased

neutron source due to a higher subcritical multiplication resulting from a higher kff, are

lower than those of the dry system due to the additional radiation shielding provided by

the water within and surrounding the source region. PWR and BWR confirmatory

calculations comparing dry, wet and partially flooded canister configurations are included

in Section 5.8.12.

* 6-in auxiliary weld shield

Closure lid weld operations are typically performed with an automated weld system that

is mounted on a weld platform. The presence of this platform provides significant

auxiliary shielding during the TSC closure operation.

Homogenization of the fuel assembly into five source regions

While TSC and concrete cask features are discretely modeled, the fuel assembly is

homogenized into upper. and lower end-fitting (nozzle) regions, upper and lower plenum

regions (lower plenum regions are modeled only for B&W fuel assemblies), and an active

fuel region. For shielded applications, such as in the heavily shielded spent fuel transfer

and concrete casks, homogenizing the fuel region does not introduce a significant bias in

the dose results presented.

The transfer cask maximum calculated dose rates are shown in Table 5.1.3-1. Payload types

producing maximum surface dose rates are listed in Table 5.1.3-3. TSC surface contamination

release dose rates are shown in Section 5.6.5. Dose rates are based on a three-dimensional Monte

Carlo analysis using surface detectors. Uncertainty in Monte Carlo results is indicated in

parentheses. Further detail on the detector geometry is included in Section 5.5. There is no

design basis off-normal or accident event that will affect the shielding performance of the

transfer cask.

Maximum transfer cask top-, side-, and bottom-surface average dose rates are 250 (2%) mrem/hr,

895 (<1%) mrem/hr, and 3,158 (<1%) mrem/hr, respectively. Access to the bottom of the cask is

limited to pool-to-workstation transfer operations and the workstation-to-vertical concrete cask

transfer operations. Site ALARA plans should specify limited access to areas below and around

the loaded transfer cask during lifting and transfer operations.

5.1.2 Concrete Cask Shielding Discussion and Dose Results

The concrete cask is composed of body and lid components. The body contains the air inlets, air

outlets, and the cavity for TSC placement. The lid provides environmental closure for the TSC.

NAC International 5.1-2



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

The radial shield design is comprised of a carbon steel inner liner surrounded by concrete. The

concrete contains radial and axial rebar for structural support. As in the transfer cask, the TSC

shell provides additional radial shielding. The concrete cask top shielding design is comprised of

the TSC lid and concrete cask lid. The concrete cask lid incorporates both concrete and steel

plate to provide additional gamma shielding. The bottom shielding is comprised of the stainless

steel TSC bottom plate, the pedestal/air inlet structure, and a carbon steel base plate. Radiation

streaming paths consist of air inlets located at the bottom and air outlets located above the top of

the TSC, and above the annulus between the concrete cask body and the TSC. Air inlets and

outlets are radial openings to the concrete cask. The inlets and outlets are axially offset from the

source regions to minimize dose and meet ALARA principles.

No auxiliary shielding is considered in the concrete cask shielding evaluation. All components

relevant to safety performance are explicitly included in the concrete cask model. Homogenization

of materials used in the models is limited to the fuel assembly as described in Section 5.1.1.

Refer to Table 5.1.3-2 for a summary of the concrete cask normal condition and accident event

maximum calculated dose rates. Listed maximum dose rates include fuel and nonfuel hardware

contributions. Payload types producing maximum surface dose rates are listed in Table 5.1.3-3.

Refer to Section 5.6.5 for TSC surface contamination release dose rates. Dose rates are based on

three-dimensional Monte Carlo analysis using surface detectors. Further detail on the detector

geometry is included in Section 5.5.

The maximum concrete cask side (cylindrical) average surface dose rate is 60 (<1%) mrem/hour.

On the concrete cask top (disk), the average surface dose rate is 104 (2%) mrem/hour. The

maximum inlet and outlet dose rates are 448 and 59 mrem/hr, respectively. No design basis

normal condition or accident event exposes the bottom of the concrete cask.

5.1.3 Offsite Dose Discussion and Results

Contributions from concrete casks to site radiation dose exposure are limited to either radiation

emitted from the concrete cask surface or a hypothetical release of surface contamination from

the TSC. As documented in Section 5.6.5, there is no significant site dose effect from the

expected surface contamination of the system. The TSCs are comprised of a welded shell, bottom

plate and lid structure. The vent and drain ports in the lid are covered by redundant welded

plates. There is, therefore, no credible leakage from the system, and no significant effluent

source can be released from the TSC contents. Details on the TSC confinement boundary are

provided in Chapter 7, with leakage test information provided in Section 10.1.3.
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Controlled area boundary exposure from the concrete cask surface radiation is evaluated using

the NAC-CASC code. (As previously stated, NAC-CASC is a modified version of SKYSHINE-

III.) NAC-CASC calculates the direct dose rate as well as the air scattered contribution of the

total dose rate. As the detectors are below the top surface of the cask, only the cylindrical shell

(radial) cask surface current contributes a direct component to the total dose rate. NAC-CASC

primary enhancements to SKYSHINE-I1 allow the input of an angular surface current, the input

of cylindrical shell (side) and disk (top) geometries, and the accounting of concrete cask self-

shielding (i.e., radiation emitted from one cask intersecting another cask in the array-in

particular, front/back row interaction in the array). The cylindrical shell and top surfaces are

Monte Carlo sampled to generate the surface current input into the code. Each of the sampled

locations represents a point source to which the SKYSHINE-III line beam response functions are

applicable.

The NAC-CASC (SKYSHINE-III) method assumes that radiation emitted from the source does

not interact with the cask/source structure after emission (beyond the additional routines added

by NAC to account for self-shielding). This assumption does not represent a significant effect on

site dose rates as the calculated surface current is near normal to the surface and any backscatter

to the cask from the air surrounding the array would then require a second backscatter from the

cask surface to reach a detector location. As detector locations for site exposure are at significant

distances from the array (typically 100+ meters), there would not be a significant contribution

from radiation having undergone such repeated large angle scatter.

Both a single cask and a 2x10 array of casks are evaluated for site exposure evaluations. Each

cask in the array is assigned the maximum dose (surface current) source allowed by the cask

loading tables. A combination of the maximum cask side and top dose cases provides for a

conservative estimate on the controlled area boundary exposure, since the different fuel types

produce the highest cask surface dose components.

The full-year exposure for site boundary (controlled area boundary) results is based on 8,760

hours of exposure.
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Table 5.1.3-1 Summary of Transfer Cask Maximum Dose Rates

Transfer Cask Surface
(mrem/hr with relative uncertainty)

1 Meter from Surface
(mrem/hr with relative uncertainty)

Source Side Top Bottoma Side Top Bottom
Neutron 1,266 (2.0%) 13(3.3%) 1,234 (4.3%) 396(1.6%) 4(3.7%) 295(6.1%)
Gamma 238 (1.4%) 663 (1.5%) 5,051 (3.6%) 105 (0.8%) 172 (2.7%) 2,518 (2.3%)
Total 1,504 (1.7%) 676 (1.5%) 1 6,285 (2.9%) 501 (1.3%) 176 (2.7%) 2,813 (2.1%)

Table 5.1.3-2 Summary of Concrete Cask Maximum Dose Rates

Cask Surface
(mrem/hr with relative uncertainty)

1 Meter from Surface
(mrem/hr with relative uncertainty)

Condition Source Sideb Top Sideb Top
Neutron 1(8.2%) 5 (11.6%) 1(5.4%) 1(8.8%)

Normal Gamma 81(1.8%) 425(3.2%) 42 (1.3%) 109 (3.3%)
Total 82(1.6%) 430(3.1%) 43(1.1%) 110(3.3%)

Design Basis
Accident d

Neutron
Gamma

9 (2.5%)
546 (6.7%)

N/Ac
N/Ac

4(2.1%)
282 (5.1%)

N/Ac
N/Ac

Total 555 (6.5%) N/Ac 286 (5.0%) N/Ac

a Includes fuel, thimble plug, and BPRA contribution. A full loading of 9 CEAs will increase bottom dose by 3,150 mrem/hr on contact.
b Not including air inlet and outlet streaming paths. Maximum air inlet and outlet dose rates including fuel, BPRA, and thimble plug contributions are 448 (1.3%)

and 59 (1.2%) mrem/hr, respectively. At a distance of I m from the cask surface the air inlet and outlet maximum dose rates are 75 (2.6%) and 6.3 (2.4%)
mrem/hr, respectively. CEAs may add an additional 32.3 mrem/hr to the inlet dose. There is no CEA contribution to the outlet dose.

C Dose effect is enveloped by the concrete cask side dose. Conservatively calculated for a 40 kW PWR and 38 kW BWR payload.
d At the missile impact area.
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Table 5.1.3-3 Bounding Payload Type for Each Cask Surface

Max
MTU

Cool
Time
(yrs)

Assembly
Average Burnup

(GWd/MTU)c

Initial
Enrichment
(Wt% 2 3 5 U)Cask Surface Insert Core TvDea IDb

Transfer Radial N/A BWR/2-3 9x9 0.1723 09a 9.6 59 3.1
Transfer Top N/A BWR/4-6 8x8 0.1996 08b 4.3 32.5 2.1
Transfer Bottom BPRA WE 14x14 0.4144 14b 5.7 44 2.5
Concrete Radial BPRA WE 14x14 0.4144 14b 4.0 32.5 2.1
Concrete Top N/A BWR/4-6 8x8 0.1996 08b 4.3 32.5 2.1
Concrete Air Inlet BPRA WE 14x14 0.4144 14b 4.6 37.5 2.3
Concrete Air Outlet N/A BWR/4-6 8x8 0.1996 08b 4.3 32.5 2.1

' Refers to general core configuration on which assembly hybrid was based (e.g., Westinghouse 14x14, CE 16x 16).
b Indicates identifier for fuel characteristics documented in Section 5.2 of the SAR.
' Maximum fuel assembly average burnup limited to 60 GWd/MTU with a peak rod average burnup limited to 62.5 GWd/MTU.
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5.2 Source Specification

To generate radiation and thermal source terms, the PWR and BWR fuel assembly types are

surveyed and grouped by primary characteristics critical to shielding and source term evaluations.

Critical criteria are the basic reactor type in which the fuel assembly operated, fuel mass (MTU),

and hardware mass. For each assembly group, a hybrid assembly is generated. The hybrid

assembly contains the maximum fuel mass and hardware masses of any assembly within the

group. This combination leads to a conservative source term in each TSC. The critical

characteristics are listed in Table 5.2.3-1 for PWR assemblies and Table 5.2.3-2 for BWR

assemblies. Fuel assembly hardware quantities for nonzirconium-based hardware are included in

Section 5.8.1. This hardware may contribute significantly to cask surface dose rates as a result of
59Co activation. Refer to Section 5.8.1 for the geometry aspects and hardware quantities of the

evaluated PWR and BWR fuel assembly hybrids.

The SAS2H code sequence [5] of the SCALE 4.4 package [6] with the 44-group ENDF/B-V

cross-section libraries [7] is used to generate source terms for the shielding analysis. SAS2H

includes an XSDRNPM [8] neutronics model of the fuel assembly and the ORIGEN-S code [9]

for fuel depletion and source term calculations. Source terms are generated for both U0 2 fuel

and fuel assembly hardware.

The 44-group library (44GROUPNDF5) is composed primarily of ENDF/B-V cross-sections

with ENDF/B-VI data for adimited number of isotopes (e.g., 154Eu and 155Eu). The cross-section

set is collapsed using an LWR spectrum. References 31 through 35 contain extensive SAS2H

validation for PWR burnups up to 47 GWd/MTU and BWR burnups up to 57 GWd/MTU. As

indicated in the reference documentation, the combination of the SCALE 4.4 SAS2H sequence

and the 44 GROUPNDF5 cross-section library is applicable to LWR fuel assembly source term

generation for high burnup fuel.

Open literature validations of the SCALE SAS2H/44 group library versus experimental data do

not extend to the system allowable assembly average burnup of 60 GWd/MTU peak average rod.

Studies performed in NUREG/CR-6701 (Appendix A and Appendix B) [36] indicate no analysis

trends in system sensitivity for LWR SAS2H/44GROUPNDF5 evaluations up to a bumup of 75

GWd/MTU. As such, the SAS2H/44GROUPNDF5 sequence is applicable to the high burnup

fuel evaluated.

Source terms are generated on an assembly average bumup basis using SAS2H and are adjusted

to reflect the burnup profile as discussed in Section 5.3 and Section 5.4. Peak average rod

burnup limitations are the result of limited available data on the material properties of high
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burnup fuel cladding and its behavior during storage conditions. The peak average rod burnup is W
only listed in this section to demonstrate that available validation data on SAS2H of burnups up

to 57 GWd/MTU, and trending in NUREG/CR-6701 up to 75 GWd/MTU, are applicable to the

assemblies evaluated.

Due to the limited experimental PWR and BWR data available for the SAS2H sequence as

applied to high burnup (> 45 GWd/MTU) fuel assemblies, a 5% decrement in heat load is

applied at the high burnup fuel levels. The heat load decrement implies an extension in

minimum cool time required for high burnup fuel and provides additional margin to account for

any uncertainties in the source generation method. Note that this reduction will also reduce

neutron and gamma source terms below those previously discussed in Section 5.1. As cask

shielding evaluations are based on 37 kW (PWR) and 35 kW (BWR), with site boundary

evaluations based on 40 kW (PWR) and 38 kW (BWR), the high burnup fuel allowed levels

equivalent to 33.72 kW (PWR) and 31.35 kW (BWR) provide significant margin to the

calculated dose rates and site boundary exposures.

The hardware activation is calculated by light element transmutation using the in-core neutron

flux spectrum produced by the SAS2H neutronics model. The effects of axial flux spectrum and

magnitude variation on hardware activation are estimated by flux ratios determined from

empirical data [11 ]. Refer to Section 5.8.1 for the in-core reactor primary system properties

required for burnup calculations for the PWR and BWR systems. Refer to Section 5.8.8.1 for

sample PWR and BWR SAS2H input files.

Rather than determining a single cool time, assembly average bumup, and initial enrichment

combination acceptable for all payloads, source terms are produced in the following range.

" Assembly average burnup from 10,000 MWd/MTU to 60,000 MWd/MTU
" Assembly average initial enrichment 1.3 wt% 215U to 4.9 wt% 235U
* Cool time from 4 years to 90 years (nonfuel hardware is evaluated at cool times down to two

years)

5.2.1 Gamma Source

The gamma source term of the spent nuclear fuel assembly is composed of a fuel gamma source,

fission product and actinide sources, and a light element activation source primarily associated

with fuel hardware. Spectra are initially produced in the default 18-group energy spectrum of

ORIGEN-S at reactor shutdown. The source is then decayed and rebinned into the 22-energy

group gamma structure shown in Table 5.2.3-3. The 22-group structure shown is the default

MCBEND [12] structure and provides improved binning at the 6°Co energy lines. Source 's
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generation and rebin are accomplished in the same computer run using the SCALE 4.4 stacked

input file structure.

The light element gamma spectra contain contributions primarily from 60Co due to the activation

of stainless steel or inconel hardware components. Hardware activation is based on an assembly

average nonzirconium alloy structural material 59Co level of 0.8 g/kg. Minor dose contributions

result from the hardware 59Ni and 58Fe activation and activation of the zirconium alloy clad

impurities. The nonzirconium alloy hardware gamma spectral distribution is determined by the

irradiation of 1 kg of material (modeled as stainless steel) in the in-core flux spectrum produced

by the SAS2H neutronics calculation. Activated fuel assembly hardware source term magnitudes

are determined by multiplying the source strength from the 1 kg SAS2H run by the total mass of

nonzirconium in the active fuel, plenum, and end-fitting regions and then multiplying this result

by a regional flux activation ratio. This regional flux ratio accounts for the effects of both

magnitude and spectrum variation on hardware activation. The following list provides the flux

ratios for the various source regions.

Region Generic CE16x16 B&W Generic
PWR PWR PWR BWR

Upper-End Fitting 0.10 0.05 0.10 0.10
Upper Plenum 0.20 0.20 0.20 0.20
Fuel 1.00 1.00 1.00 1.00
Lower Plenum N/A N/A 0.20 N/A
Lower-End Fitting 0.20 0.20 0.10 0.15

Additional gamma source is produced by nonfuel hardware included in the PWR system

evaluation. Included nonfuel hardware components are control element assemblies (CEAs),

reactor control component assemblies (RCCAs), burnable poison rod assemblies (BPRAs), and

thimble plugs (also referred to as guide tube plugs or flow mixers). Table 5.2.3-4 contains the

activated nonfuel hardware mass by core type for BPRAs and thimble plugs. Combustion

Engineering (CE) cores employ integral absorber rods that replace some fuel rods. Assuming all

lattice locations are filled with fuel rods bounds the in-lattice absorber rods. Refer to Sections

5.8.5 and 5.8.6 for more information on the nonfuel components.

Source term calculations are based on a maximum three-cycle exposure for BPRAs and a

multicycle exposure equivalent to 180 GWd/MTU bumup for thimble plugs and CEAs.

Activation of the nonfuel hardware is treated identical to that of the fuel assembly hardware,

including the use of flux factors to account for the location of the activated material in relation to

the full (100%) in-core flux employed in the SAS2H depletion calculations.
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5.2.2 Neutron Source

Light water reactor spent fuel neutron sources result from actinide spontaneous fission and from

(oa,n) reactions. The isotopes 24 2Cm and 24 4Cm characteristically produce all but a few percent of

the spontaneous fission neutrons and (c(n) source. The next largest contribution is from ((in)

reactions in 238Pu. The neutron spectra for each emission type are included in the ORIGEN-S

nuclear data libraries of the SCALE 4.4 code package. Similar to the gamma spectrum, the

neutron energy spectrum is decayed and rebinned into the MCBEND [ 12] default neutron

structure using ORIGEN-S. The MCBEND neutron spectrum is listed in Table 5.2.3-5.

The MCBEND neutron energy spectrum is employed for consistency with the MCBEND gamma

spectrum chosen for its enhanced grouping around the 60Co energy lines. All shielding

evaluations are performed with MCNP.

Neutron shielding evaluations for fissile material must account for subcritical multiplication

(neutron production) inside the system being evaluated. This subcritical multiplication is taken

into account by a scale factor applied to the dose results. While MCNP contains the option to

directly account for the subcritical neutron multiplication, the homogenization of the fuel

assembly and application of the weight window acceleration method could result in inefficient

and possibly erroneous results. Code biasing is set to optimize the speed at which cask surface

dose rates are obtained. Thermal energy neutrons within the fuel region are not likely to escape

the shielded storage system and tend to be biased out of the evaluation. However, the thermal

neutrons account for a significant portion of the subcritical multiplication. Removing the thermal

neutrons from the system by biasing for cask surface dose, therefore, has the potential to bias the

subcritical neutron multiplication. To account for subcritical multiplication, the neutron source

rates are scaled by a subcritical multiplication factor based on the system multiplication factor,
kerr:

1
Scale Factor -l-k~ff

For dry cask conditions, the system keff is taken as 0.4, with a resulting scale factor of 1.67.

While the fresh fuel dry cask system reactivity is calculated slightly over 0.4 in Chapter 6, 0.4

bounds TSCs loaded with spent fuel.

5.2.3 Bounding Gamma and Neutron Spectrum

The shielding evaluations are performed using a response function approach (see Sections 5.6

and 5.8.2). Allowable cool time, initial enrichment, and maximum assembly average burnup are
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provided for a range of fuel assembly designs. Fuel assembly source spectra for the cases (fuel

type, initial enrichment, burnup and cool time) producing the maximum radial transfer and

storage cask dose rates are shown in Table 5.2.3-6 for the gamma source and in Table 5.2.3-7 for

the neutron source. Maximum radial storage cask dose rates were obtained from PWR fuel,

while maximum transfer cask dose rates were calculated for BWR fuel. Therefore, in Table

5.2.3-6 and Table 5.2.3-7 PWR data is presented for the storage cask, while BWR data is shown

for the transfer cask. Fuel gamma sources in the tables are expressed on a per-assembly basis,

while the hardware (nonzirconium alloy) source is expressed on a per-kilogram basis.
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Table 5.2.3-1 Key PWR Fuel Assembly Characteristics

Fuel Type CE WE WE B&W. CE WE B&W
Label 14a 14b 15a 15b 16a 17a 17b
Array 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Nominal Number of Fuel Rods 176 179 -204 208 236 264 264
Fuel Mass [MTU] 0.4115 0.4144 0.4671 0.4807 0.4463 0.4671 0.4681

Table 5.2.3-2 Key BWR Fuel Assembly Characteristics

Fuel Type BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWRJ2.3 BWR/4-6 BWR/4-6
Label 07a 07b 08a 08b 09a 09b 10a

Array 7x7 7x7 8x8 8x8 9x9 9x9 tOx10
Number of Fuel Rods 49 49 63 64 79 79 92
Fuel Mass (MTU) 0.1985 0.2037 0.1855 0.1996 0.1723 0.1979 0.1946

0
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Table 5.2.3-3 22-Group Gamma Energy Spectrum

E Lower
[MeV]

E Upper
[MeV]

E Average
[MeV]Group

1 1.200E+01 1.400E+01 1.300E+01
2 1.O00E+01 1.200E+01 1.100E+01
3 8.OOOE+O0 1.OOOE+01 9.OOOE+00
4 6.500E+00 8.OOOE+00 7.250E+00
5 5.OOOE+00 6.500E+00 5.750E+00
6 4.OOE+00 5.OOOE+00 4.500E+00
7 3.OOOE+00 4.OOOE+00 3.500E+00
8 2.500E+00 3.OOOE+00 2.750E+00
9 2.OOOE+00 2.500E+00 2.250E+00
10 1.660E+00 2.OOOE+00 1.830E+00
11 1.440E+00 1.660E+00 1.550E+00
12 1.220E+00 1.440E+00 1.330E+00
13 1.000E+00 1.220E+00 1.11OE+00
14 8.OOOE-01 1.OOOE+00 9.OOOE-01
15 6.OOOE-01 8.OOE-01 7.OOOE-01
16 4.OOOE-01 6.OOOE-01 5.OOOE-01
17 3.OOOE-01 4.OOOE-01 3.500E-01
18 2.OOOE-01 3.OOOE-01 2.500E-01
19 1.OOOE-01 2.OOOE-01 1.500E-01
20 5.OOOE-02 1.000E-01 7.500E-02
21 2.OOOE-02 5.O0OE-02 3.500E-02
22 1.0OOE-02 2.OOOE-02 1.500E-02
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Table 5.2.3-4 Bounding Regional Nonfuel Hardware Masses

Reqional Masses [kq]
Assembly Component

Upper Nozzle Upper Plenum Active Fuel
Westinghouse 14x14 Thimble Plug 2.12 2.18 0

BPRA 2.41 2.07 9.22
Westinghouse 15x15 Thimble Plug 2.19' 2.72 0

BPRA 2.47 2.18 11.39
Westinghouse 17x17 Thimble Plug 2.73 3.16 0

BPRA 3.04 2.85 10.995
B&W 15x15 Thimble Plug 3.641 3.41 0

BPRA 3.602 0 0
B&W 17x17 Thimble Plug 3.641 3.41 0

BPRA 3.602 0 0

K.
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Table 5.2.3-5 28-Group Neutron Energy Spectrum

E Lower
[MeV]

E Upper
[MeV]

E Average
[MeV]Group

1 1.360E+01 1.460E+01 1.410E+01
2 1.250E+01 1.360E+01 1.305E+01
3 1.125E+01 1.250E+01 1.188E+01
4 1.000E+01 1.125E+01 1.063E+01
5 8.250E+00 1.000E+01 9.125E+00
6 7.OOOE+00 8.250E+00 7.625E+00
7 6.070E+00 7.OOOE+00 6.535E+00
8 4.720E+00 6.070E+00 5.395E+00
9 3.680E+00 4.720E+00 4.200E+00
10 2.870E+00 3.680E+00 3.275E+00
11 1.740E+00 2.870E+00 2.305E+00
12 6.400E-01 1.740E+00 1.190E+00
13 3.900E-01 6.400E-01 5.150E-01
14 1.100E-01 3.900E-01 2.500E-01
15 6.740E-02 1.100E-01 8.870E-02
16 2.480E-02 6.740E-02 4.610E-02
17 9.120E-03 2.480E-02 1.696E-02
18 2.950E-03 9.120E-03 6.035E-03
19 9.61 OE-04 2.950E-03 1.956E-03
20 3.540E-04 9.610E-04 6.575E-04
21 1.660E-04 3.540E-04 2.600E-04
22 4.81 OE-05 1.660E-04 1.071 E-04
23 1.600E-05 4.810E-05 3.205E-05
24 4.OOOE-06 1.600E-05 1.OOOE-05
25 1.500E-06 4.000E-06 2.750E-06
26 5.500E-07 1.500E-06 1.025E-06
27 7.090E-08 5.500E-07 3.105E-07
28 1.OOOE-1 1 7.090E-08 3.546E-08
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Table 5.2.3-6 Gamma Source Spectrum - Maximum Radial Dose Rate Configuration

Cask Storage Transfer
Fuel Type PWR BWR
Burnupa 32,500 MWd/MTU 59,000 MWd/MTU

Cool Time 4.0 yrs 9.6 yrs
Initial Enrichment 2.1 wt% 3.1 wt%

Group [y/sec/assy] [y/sec/kg] [y/sec/assy] [y/sec/kg]
1 0.0000E+00 0.000E+00 0.O000E+00 O.O000E+00
2 7.5100E+03 O.O000E+00 1.1750E+04 O.O000E+00
3 1.4525E+05 O.OOOOE+00 2.2725E+05 O.OOOOE+00
4 6.8411 E+05 O.O000E+00 1.0703E+06 O.O000E+00
5 3.4873E+06 O.OOOOE+00 5.4555E+06 O.OOOOE+00
6 8.6894E+06 O.O000E+00 1.3593E+07 O.OOOOE+00
7 1.8108E+10 1.7304E-15 2.0472E+08 5.2053E-15
8 1.4538E+1 1 6.9594E+04 1.4196E+09 4.6465E+04
9 4.4862E+12 4.4882E+07 1.8591E+10 2.9966E+07
10 1.8338E+12 1.4052E+04 5.1315E+10 2.0805E-05
11 5.9690E+12 1.1935E+01 8.2650E+11 7.9652E+00
12 4.7780E+1 3 4.2518E+12 1.2763E+1 3 2.8387E+12
13 4.7357E+13 4.4817E+12 7.0545E+12 2.9922E+12
14 3.0487E+14 1.0383E+11 4.1222E+13 1.0028E+09
15 1.9330E+15 7.9136E+06 8.3149E+1 4 5.2829E+06
16 7.8141E+14 2.3698E+07 8.0768E+13 1.5212E+07
17 7.3506E+13 3.6051E+08 1.4734E+13 2.4069E+08
18 9.9874E+13 2.7477E+08 2.2731E+13 1.8345E+08
19 3.5417E+14 5.5336E+09 7.7551E+13 3.6945E+09
20 4.2020E+1 4 2.2936E+10 1.0662E+14 1.5314E+1 0
21 9.0611E+14 6.5594E+10 2.6099E+14 4.3935E+10
22 6.5264E+14 7.7852E+10 1.9082E+14 5.2571E+10

Total 5.6333E+1 5 9.0099E+1 2 1.6476E+1 5 5.9479E+12

1.
a Assembly average
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Table 5.2.3-7 Neutron Source Spectrum - Maximum Radial Dose Rate Configuration

Cask Storaqe Transfer
Fuel Type PWR BWR
Burnupa 32,500 MWdlMTU 59,000 MWd/MTU

Cool Time 4.0 yrs 9.6 yrs
Initial Enrichment 2.1 wt% 3.1 wt%

Group [n/seclassy] [n/sec/assy]
1 0.OOOE+00 0.OOOE+00
2 1.665E+04 2.615E+04
3 6.937E+04 1.090E+05
4 2.304E+05 3.620E+05
5 7.229E+05 1.135E+06
6 1.941 E+06 3.049E+06
7 3.350E+06 5.262E+06
8 1.121E+07 1.761E+07
9 1.903E+07 2.982E+07
10 2.566E+07 3.998E+07
11 6.098E+07 9.508E+07
12 9.534E+07 1.495E+08
13 2.484E+07 3.901E+07
14 8.618E+06 1.353E+07
15 2.045E+02 2.452E+02
16 O.OOOE+00 O.OOOE+00
17 O.OOOE+00 O.OOOE+00
18 O.OOOE+00 O.OOOE+00
19 O.OOOE+00 0.O00E+00
20 O.OOOE+00 O.OOE+00
21 O.OOOE+00 O.OOOE+00
22 O.OOOE+00 O.OOOE+00
23 O.OOOE+O0 O.OOOE+00
24 O.OOOE+00 O.OOOE+00
25 O.OOOE+00 O.OOOE+00
26 O.OOOE+00 O.OOOE+00
27 O.OOOE+00 O.OOOE+00
28 O.OOOE+00 O.OOOE+00

Total 2.520E+08 3.945E+08

a Assembly average
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5.3 Axial Burnup Profile

The axial burnup profile changes as fuel burnup progresses from initial in-core loading (0

GWd/MTU) to the maximum burnup requested (60 GWd/MTU). For PWR fuel assemblies,

maximum bumup peaking occurs in the range of 10 to 15 GWd/MTU with a peak of

approximately 1.25. The burnup profile peak then decreases as burnup increases to the 30

GWd/MTU range, after which the peak remains relatively constant. For BWR fuel assemblies,

similar peaking occurs early during depletion with a bottom peak near 1.35 in the range of 10-20

GWd/MTU. The BWR peak burnup ratio then decreases to the 1.22 peak specified in a

following paragraph. Dose, calculations on both transfer and storage systems summarized in

Section 5.1 demonstrate that, at a fixed burnup profile, fuel assemblies burned in excess of 30

GWd/MTU produce maximum dose rates. For a fixed burnup profile, Figure 5.3.1-3 (storage

cask) and Figure 5.3.1-4 (transfer cask) illustrate the dose rate increase as a function of bumup

that offsets any potential increase in bumup peak at lower burnup levels.

Figure 5.3.1-5 contains YAEC compiled PWR burnup profiles at 5 GWd/MTU increments

showing low burnup fuel having a higher peak. Peaking is less than 10% higher for the low

burnup material, which is a smaller increase than the dose decreases plotted in Figure 5.3.1-3 and

Figure 5.3.1-4 for the lower burnup fuels. The following discussion, therefore, describes the

burnup profile for fuel burned in excess of 30 GWd/MTU. The 30 GWd/MTU derived profile is

applied in the shielding evaluations summarized in Sections 5.1 and 5.6 and detailed in Section

5.8.

Fuel burned in excess of 30 GWd/MTU produces the maximum dose rates as shown in

Section 5.6. For PWR fuel, an enveloping axial burnup profile with a 1.08 uniform peaking

factor is justified on the basis of calculated PWR data from Seabrook Station and Maine Yankee

and from measured Turkey Point gamma data [13,14,15,16,17]. This normalized enveloping

shape is shown in Figure 5.3.1-1. A uniform bumup peaking factor of 1.08 is applied between

15% and 85% of core height. Above and below these elevations, the relative burnup/decay heat

decreases linearly to 0.547 at the top and bottom of the active fuel region.

For BWR fuel, an enveloping burnup profile with a 1.22 maximum peaking factor can be

justified on the basis of calculated BWR burnup profile data from eight cycles of Washington

Public Power (WPP) BWR/4-6 data [18]. This normalized enveloping shape is shown-in Figure

5.3.1-2. Uniform peaking factors of 1.22 and 1.18 are applied from 15% to 55% and from 55%

to 80% of core height, respectively. Above and below these elevations, the bumup profile

decreases linearly to 0.043 at the top and bottom of the active fuel region. This profile bounds
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the bumup peaks listed in Vermont Yankee and Takoi-2 BWR nuclear power station burnup

curves, demonstrating that the detailed information from WPP represents typical BWR

operational data and may be used as the generic licensing basis.

PWR and BWR fuel assemblies may contain axial unenriched end regions (blankets). In

particular, BWR/4-6 type reactor assemblies are typically designed with 6-inch unenriched axial

blankets at the top and bottom of the fuel region. The BWR dataset employed in the calculation

of the bounding burnup profile includes axial end-blankets and is, therefore, directly applicable

to the MAGNASTOR contents. PWR information that constructed the PWR curve did not

contain blanketed fuel. To demonstrate acceptability of the PWR profile to blanketed fuel, NAC

compared the profile in Figure 5.3.1-1 to the YAEC-1937 [13] profile for assemblies in the range

of 30 to 35 GWd/MTU. The YAEC profile includes both blanketed and non-blanketed fuel

assemblies. As seen in Figure 5.3.1-5, the profiles match well, demonstrating acceptability of the

chosen profile across the range of PWR fuel assembly types.

The use of axial blankets in the fuel assembly has the potential for affecting overall source

magnitudes, as sources vary as a function of enrichment at a fixed burnup (thus leading to higher

sources at lower enrichment). Axial blankets may also shift the burnup profile and indirectly

modify source magnitudes. End blanket effects on source magnitudes, in particular unenriched

blankets, are discussed in Section 5.8.10 and demonstrated to be not significant to system

performance.

The PWR and BWR profiles applied in the shielding evaluations are designed to produce

bounding dose rates when used in conjunction with the evaluation methods and inputs described

in this chapter. Individual sites may utilize unique axial enrichment loadings, or have

nonstandard operating conditions (e.g., a PWR running with substantial control rod insertion for

a significant portion of the assembly operating history) that could produce significant variations

in burnup profile. Burnup profile shape should be considered during ALARA and site boundary

planning by the system licensee, as it may affect system dose rate profiles.
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Figure 5.3.1-1 Enveloping Axial Burnup Profile for PWR Fuel

1.2

1.1

0.•: 0.9

.• 0.8

O 0.7
Z

0.6

0.5

0.4

0 10 20 30 40 50 60 70 80

Distance From Bottom of Active Fuel (% Active Core Height)

90 100

Figure 5.3.1-2 Enveloping Axial Burnup Profile for BWR Fuel
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Figure 5.3.1-3 Average and Midplane Storage Cask Dose Rates as a Function of Burnup
(Fixed Heat Load - 4-Year Minimum Cool Time)
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Figure 5.3.1-4 Average and Midplane Transfer Cask Dose Rates as a Function of Burnup
(Fixed Heat Load - 4-Year Minimum Cool Time)
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Figure 5.3.1-5 Normalized Burnup Profiles from YAEC-1937
(Grouped in 5 GWd/MTU Bins)

C.
E

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Height (% Active Fuel)

NAC International 5.3-6



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

5.4 Axial Source Profile

Neutron and gamma source rates are related to burnup by S-aBb, where "S" is the source rate for

a particular radiation type, "B" is the burnup at a given axial elevation, and the "b" factor is set

by curve fitting of SAS2H produced source magnitudes. Based on the SAS2H results, the "b"

factor is 1.0 for gamma (photons) and 4.22 for neutrons. The variable "a", while included in the

source magnitude to burnup correlation, is not required in the analysis as the variable drops out
of the equation when establishing source ratios and determining the variable "b".

S = aBb

Given two burnups, B, and B2 and a Source Strength S1, solve for S2
b h

S= aB1 and S2 = aB2

yields

a:= S2 substituting - solving for S2 -- S2 = B X I
B 2h B1b B2b Bi

As the "b" factor is unity (1.0) for gamma and greater than 1 for neutron, the axially integrated

source of an assembly is, therefore, equal to that of the assembly at average burnup for gamma

but not for neutrons. The fuel neutron and fuel gamma source rate profiles for the PWR and
BWR fuel are shown in Figure 5.4.1-1 and Figure 5.4.1-2, respectively.

Two scaling quantities are of interest. First, since SAS2H analyses are conducted at the average

assembly burnup, a scale factor is required to relate the assembly average source rate to the

source rate at the average burnup:

a -- B bdZ

S(B) aBgb (Note: variable "a" drops out of the equation)

where H is the height of the fuel region. With the burnup profile normalized to one, this

becomes

r =- BdzH

The integral is evaluated numerically using the trapezoid rule, and the resulting scale factors are

shown in Table 5.4.1-1 for PWR fuel and Table 5.4.1-2 for BWR fuel. The second scaling

parameter is the ratio of the peak to average source rate.

S(Bma)
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This parameter is. also shown in Table 5.4.1-1 (PWR) as 1.127 and Table 5.4.1-2 (BWR) as 0
1.585.

The dose response function method multiplies the SAS2H-generated assembly source at average

burnup by the corresponding dose response (mremlhr/particle). The MCNP dose response runs,

therefore, must include a tally multiplier (TM) to adjust for the complete basket source. The tally

multiplier is based on the number of fuel assemblies in the basket and, for neutron cases, the

subcritical neutron multiplication adjustment and the correction for source at average burnup to

integrated source (e.g., PWR neutron source TM=69.5-37*1.127*1.667).

'0
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Figure 5.4.1-1 PWR Photon and Neutron Axial Source Profiles
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Table 5.4.1-1 PWR Source Profile Integration

% Core
Height

Burnup

Profile

Photon
Source

Neutron
Source

Photon

Interval

Neutron

Interval

Photon
Weight

Neutron

Weight
4 -~ 4 -4- +

0.00%

2.50%

5.00%

7.50%

10.00%

12.50%

15.00%

85.00%

87.50%

90.00%

92.50%

95.00%

97.50%

100.00%

0.5470

0.6358

0.7247

0.8135

0.9023

0.9912

1.0800

1.0800

0.9912

0.9023

0.8135

0.7247

0.6358

0.5470

0.5470

0.6358

0.7247

0.8135

0.9023

0.9912

1.0800

1.0800

0,9912

0.9023

0.8135

0.7247

0.6358

0.5470

7.84E-02

1.48E-01

2.57E-01

4.19E-01

6.48E-01

9.63E-01

1.38E+00

1.38E+00

9.63E-01

6.48E-01

4.19E-01

2.57E-01

1.48E-01

7.84E-02

5.91 E-01

6.80E-01

7.69E-01

8.58E-01

9.47E-01

1.04E+00

1.08E+00

1.04E+00

9.47E-01

8.58E-01

7.69E-01

6.80E-01

5.91 E-01

1.13E-01

2.02E-01

3.38E-01

5.33E-01

8.06E-01

1.17E+00

1.38E+00

1.17E+00

-8.06E-01

5.33E-01

3.38E-01

2.02E-01

1.13E-01

1.48E-02

1.70E-02

1.92E-02

2.14E-02

2.37E-02

2.59E-02

7.56E-01

2.59E-02

2.37E-02

2,14E-02

1.92E-02

1.70E-02

1.48E-02

2.83E-03

5.06E-03

8.44E-03

1.33E-02

2.01 E-02

2.93E-02

9.69E-01

2.93E-02

2.01 E-02

1.33E-02

8.44E-03

5.06E-03

2.83E-03
_________ ________ £ + +

Average 1.000 1.127
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Table 5.4.1-2 BWR Source Profile Integration

% Core Burnup Photon Neutron Photon Neutron *Burnup Neutron
Height Profile Source Source Interval Interval Weight Weight.

0.00% 4.30E-02 4.30E-02 1.71E-06

2.50% 2.39E-01 2.39E-01 2.39E-03 1.41 E-01 1.20E-03 3.53E-03 2.99E-05

5.00% 4.35E-01 4.35E-01 2.99E-02 3.37E-01 1.61E-02 8,43E-03 4.04E-04

7.50% 6.32E-01 6.32E-01 1.44E-01 5.33E-01 8.68E-02 1.33E-02 2.17E-03

10.00% 8.28E-01 8.28E-01 4.50E-01 7.30E-01 2.97E-01 1.82E-02 7.42E-03

12.50% 1.02E+00 1.02E+00 1.10E+00 9.26E-01 7.77E-01 2.31E-02 1.94E-02

15.00% 1.22E+00 1.22E+00 2.31 E+00 1.12E+00 1.71E+00 2.80E-02 4.27E-02

55.00% 1 ;22E+00 1 .22E+00 2.31 E+00 1.22E+00 2.31 E+00 4.88E-01 9.26E-01

55.00% 1.18E+00 1.18E+00 2.02E+00 1.20E+00 2.17E+00 O.OOE+00 O.OOE+00

80.00% 1.18E+00 1.18E+00 2.02E+00 1.18E+00 2.02E+00 2.95E-01 5.04E-01

82.50% 1.04E+00 1.04E+00 1.17E+00 1.11E+00 1.59E+00 2.77E-02 3.98E-02
85.00% 8.96E-01 8.96E-01 6.28E-01 9.67E-01 8,99E-01 2.42E-02 2.25E-02

87.50% 7.54E-01 7.54E-01 3.03E-01 8.25E-01 4.66E-01 2.06E-02 1,16E-02

90.00% 6.11E-01 6.11E-01 1.25E-01 6.83E-01 2.14E-01 1.71E-02 5.36E-03

92.50% 4.69E-01 4,69E-01 4.11E-02 5.40E-01 8.33E-02 1.35E-02 2.08E-03

95.00% 3.27E-01 3.27E-01 8.97E-03 3.98E-01 2.50E-02 9.96E-03 6.26E-04

97.50% 1.85E-01 1.85E-01 8.1OE-04 2.56E-01 4.89E-03 6,40E-03 1.22E-04

100.00% 4.30E-02 4.30E-02 1.71E-06 1.14E-01 4.06E-04 2.85E-03 1.02E-05

Average 1.000 1.585
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5.5 Model Specification

The transfer and concrete casks are evaluated using the MCNP three-dimensional Monte Carlo

code. In the MCNP fuel assembly model, the fuel and hardware source regions are homogenized

within a volume defined by the fuel assembly width and height. This volume is subdivided

axially into active fuel, upper and lower plenum, and upper and lower end fitting source regions.

Within these axial volumes, the material masses of the fuel assembly are homogenized. In all

models, the cask and TSC shield thicknesses and axial 'extents are explicitly represented,

including streaming paths. Surface detectors are used to estimate the dose profiles at the cask

surface and at distances of lft, lm, 2m, and 4m from the cask surface. The MCNP code employs

an automated biasing technique for the Monte Carlo calculation based on weight window

adjustments in mesh cells. Radial biasing is performed to estimate dose rates at the transfer cask

radial surface and concrete cask radial surface, including air inlets and outlets. Axial biasing is

used for cask top and bottom surface rates. Angular biasing components are used to capture

azimuthal variations in bulk shielding properties. Primary examples of azimuthal variations

within bulk shields are the concrete cask air inlets and outlets and the vent/drain port location in

the TSC closure lid.

The geometric description of an MCNP model is based on the combinatorial geometry system

embedded in the code. In this system, surfaces and bodies, such as cylinders and rectangular

parallelepipeds, and their logical intersections and unions, are used to describe the extent of

material zones.

NAC-CASC, a modified version of SKYSHINE-III, uses the MCNP generated cask surface

current to estimate site boundary exposures. NAC-CASC allows for self-shielding of casks and

permits input of an angular surface current emission spectrum. In the NAC-CASC evaluations,

the concrete casks are modeled as "black body" cylinders. Given the concrete cask thickness,
radiation emitted from one cask and impacting an adjacent cask will not significantly impact site
boundary dose rates. To verify the acceptability of this assumption, a radial neutron and gamma
source MCNP analysis was performed on a 2 x 10 cask array with the front row assigned either an
importance of 1 (same as back row casks) or assigned an importance of 0 (terminating the

particle tracking). Results of this analysis are shown in Figure 5.5.5-7 -for the short array axis
(facing the x direction 2 cask side of the array in Figure 5.5.5-6) and Figure 5.5.5-8 for the long

array axis (facingthe y direction 10 cask side of the array in Figure 5.5.5-6). While significantly

affecting the radial dose contribution from the "shielded" back row of casks along the y-axis, the

"black body" assumption does not significantly affect total dose rates in this direction, as the

majority of dose is contributed by the front row of casks (i.e., casks facing the detector).
Including the axial contribution in the comparison, which is not affected by the "black body"

assumption, would further decrease the relative effect of the "black body" assumption. The
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energy and angular spectrum of radiation emitted from the cask surface are retained when
transitioning from the MCNP to the NAC-CASC model.

5.5.1 Description of Radial and Axial Shielding Configurations

The three-dimensional shielding analysis allows detailed modeling of the source and shield
regions, including streaming paths. Cask and TSC details include the axial extent of the
radiation shields. This section includes system sketches, discussion of the general TSC shell
(including closure lid and bottom plate) and features, and detailed information on the transfer

cask and concrete cask shield configurations. Content dependent TSC, basket and fuel specific
model details are included in Sections 5.8.3 and 5.8.4.

5.5.1.1 MCNP Canister Model

Key TSC shielding features are listed in Table 5.5.5-1. The TSC closure lid, shell, and bottom
plate are explicitly modeled. Port covers are modeled as open in transfer cask evaluations and

closed in concrete cask evaluations. The TSC elevations with respect to the cask shields are
illustrated in the cask shield configuration descriptions.

5.5.1.2 MCNP Concrete Cask Model

The three-dimensional model of the concrete cask contains the following features:,

" heat transfer annulus with standoffs

" bottom weldment, including pedestal, bottom plate, and air inlet structure

" radial concrete cask body with rebar

" concrete lid

" concrete pad below base plate

Detailed model parameters used in creating the three-dimensional model are taken directly from
the relevant drawings. Key shielding features are listed in Table 5.5.5-2. Elevations associated
with the concrete cask three-dimensional model are established with respect to the bottom plate
of the TSC for the global model. Sketches of the three-dimensional concrete cask model are
shown in Figure 5.5.5-1 and Figure 5.5.5-2.

The concrete cask design is specified as 1) a standard assembly with optional embedded lift
anchors, and 2) an alternate, segmented assembly with two covered lift anchor cavities. The
modeled geometry reflects a conservative combination of both models, with two uncovered lift
anchor cavities added to the standard assembly geometry as shown in Figure 5.5.5-3. O*
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5.5.1.3 MCNP Transfer Cask Model

The transfer cask is evaluated in detail for the welding, draining, and drying operations. As with

the concrete cask models, all basket areas, with the exception of the fuel assembly, are discretely

modeled. Six inches of auxiliary shielding are included in the transfer cask evaluation, as is the

water in the TSC/transfer cask annulus between the upper and lower inflatable seals. A foreign

material exclusion bar is modeled over the TSC to transfer cask annulus. Key transfer cask

shield features are listed in Table 5.5.5-3. Figure 5.5.5-4 provides a model sketch of the transfer

cask with TSC.

5.5.2 MCNP Detector Mesh Definition

MCNP surface detectors are used to calculate dose rates at various distances from the casks. The

surface tallies are subdivided using the FS tally segmentation card. A graphical illustration of the

detector overlay on a cask is shown in Figure 5.5.5-5. Depicted are ift, lm, 2m, and 4m detector

surfaces on the concrete cask. For clarity, the cask surface detector and azimuthal (angular)

divisions are not shown. Typical detector grids for the transfer and concrete cask analysis are

shown in Table 5.5.5-4 to Table 5.5.5-6. The dose maps produced by this method completely

enclose the accessible cask surfaces and capture all locations necessary for the evaluation of

occupational exposures.

5.5.3 NAC-CASC Model

The site boundary evaluation relies on single cask and 2x1 0 cask array models. An illustration

of the 2x10 cask array is shown in Figure 5.5.5-6. The nominal cask pitch for the array is 15

feet. A conservative 16-ft pitch is evaluated to minimize cask self-shielding.

In each of the models, the concrete cask is represented as a cylindrical body onto which detailed

surface radiation currents are applied. Cask surface currents are extracted from the 3-D MCNP

shielding evaluation of each payload/configuration. The MCNP evaluation also provides the

angular distribution of the cask surface current for sampling in the NAC-CASC skyshine code.

The cask surface currents are based on the fuel type, assembly average burnup, initial

enrichment, and cool time combination that produce the maximum cask radial and axial surface

dose rates. In the PWR system, the source also accounts for the addition of nonfuel hardware.

Separating the TSC contents evaluation of the cask body from the site air transport exposure

evaluation minimizes analysis complexity. All cask gamma source components, including the

n-y production in the cask, are combined into a single gamma source for the skyshine analysis.
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The model includes a representation of the cask pad, soil surrounding the pad, and an air

envelope (air density applied is 0.001225 g/cm3 , which is the density of dry air at 20'C). The air

envelope provides both an n-y source as well as radiation scatter. Air density of 0.001225 g/cm 3

applied in the analysis formed the basis for the development of the line beam response functions

used in the NAC-CASC (SKYSHINE-III) code. Variations in the air density are permitted

within the code input deck but were not utilized in the dose rate evaluations. Variations in site

conditions, including expected atmospheric conditions, should be addressed per Appendix A

(Chapter 13) Section 5.5 "Radiation Protection Program" evaluations. Detectors are spaced

along the rectangular outline of the ISFSI to a maximum extent of 2,000 ft (610 m) from the

center of the array or single cask. NAC-CASC detectors are located at an elevation of 3 ft
relative to the bottom of the cask. To obtain a sufficiently detailed dose rate map, dose rate

results were evaluated at intervals of 5 ft from 85 ft to 100 ft and at 25-ft intervals from 100 ft to
2000 ft. A detector grid spacing of less than 10 meters is sufficient to provide the generic

information necessary to determine system array or single cask effects on site boundary dose.
The dose rate data plotted in Section 5.8 for PWR and BWR systems demonstrates a smooth

drop off of dose rate (or yearly dose) that could be fit with a larger detector spacing than that

employed in this evaluation.

An 1SFSI containing a significant number of casks may be surrounded by a berm or wall
structure to reduce offsite doses. The model generated here, conservatively, does not consider

any other shielding components with the exception of the other casks on the pad.

5.5.4 Offsite Particulate and Gas Release

The TSC is welded closed using controlled welding processes to ensure that the TSC is in a

configuration where no credible leakage of the TSC's radionuclide contents can occur. Since the
TSC was submerged in the spent fuel pool for loading, a limited amount of surface

contamination may be released from the TSC.

A calculation is made to determine dose rate as a function of distance based on residual

contamination limits of fP-y and ox activity, released from the TSC surface, using the plume

dispersion method of Regulatory Guides 1.109 [19] and 1.145 [20].

The X/Q factor is determined according to the formula from Reg. Guide 1.145.

x 1 1
Q U 1 0•f. n. -
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__ 8.29 E-03 [sec/m3] at 100 meters
Q

The releasable activity is determined using:

Q[Ci] (C)(A)(N)
(2.22E + 12) (100)

where:

2.22E+12 = the conversion from curies (Ci) to disintegrations per minute [dpm]
C = the contamination limits
Q = the activity released [Ci]
A = the surface area of the TSC
N = the number of TSCs from which contamination is released

Reg. Guide 1.109 defines the annual dose due to submersion and inhalation. These equations are

solved for the amount of activity released in a year, Q [Ci].

Submersion: D submersion = Q" -K* DCFs
Q

Inhalation: Dinhalation = Q. X BR DCF
Q

where:

D = dose [rem]
DCFs = submersion dose conversion factor [rem-m 3/Ci-yr]
DCFI = inhalation dose conversion factor [rem/Ci]

BR = amount of air breathed annually [8000 n3]

Refer to Section 5.6.5 for the results of this evaluation.

5.5.5 Shield Regional Densities

Material densities for the fuel, basket, TSC, and cask components modeled are listed in this

section. Basket, TSC, and cask components are explicitly modeled. Density and material

compositions for structural components are primarily obtained from the standard composition
library included with SCALE 4.4 [10]. Exceptions to this rule are the density and composition of

the neutron shielding material (NS-4-FR), the composition of the neutron absorber sheets in the

basket, and the density of concrete for the concrete cask. The NS-4-FR composition is based on

the material specification after curing. The neutron absorber sheet composition is based on an
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aluminum-boron carbide mixture containing 1°B at a fixed areal density. The required 10B areal

density is dependent on the system evaluated. Cask systems:are evaluated under dry TSC cavity

conditions. Therefore, the absorber sheets do not affect system dose rates significantly. Concrete

density is set to the minimum permitted. Basket, TSC, and cask material densities and

compositions are shown in Table 5.5.5-7. Fuel region densities are calculated quantities

dependent on the hardware and fuel masses in the assembly. A sample homogenized fuel

assembly material description is shown in Table 5.5.5-8.
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V
Figure 5.5.5-1 Concrete Cask Model - Primary Shield Dimensions

Figure Withheld under 10 CFR 2.390
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0
Figure 5.5.5-2 Concrete Cask Model - Bottom Weldment

Figure Withheld under 10 CFR 2.390
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Figure 5.5.5-3 Concrete Cask Model - Top Section

Figure Withheld under 10 CFR 2.390
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Figure 5.5.5-4 ý Transfer Cask/TSC Model

Figure Withheld under 10 CFR 2.390
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Figure 5.5.5-5 MCNP Detector Grid Locations for Concrete Cask
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Figure 5.5.5-6 NAC-CASC Model Cask Array

Note: A cask pitch of 16 ft is conservative when considering cask array self-shielding.
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Figure 5.5.5-7 NAC-CASC "Black Body" Assumption Test Along Short (X-Axis)
Side of Array
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Distance from Array Centerline (ft)

Figure 5.5.5-8 NAC-CASC "Black Body" Assumption Test Along Long (Y-Axis)
Side of Array
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Table 5.5.5-1 Key TSC Shielding Features

Feature Material Dimension
TSC Shell Stainless Steel 0.5-in. thick, 72-in. OD
TSC Bottom Plate Stainless Steel 2.75-in. thick
TSC Closure Lid Stainless Steel 9-in. thick
TSC Vent and Drain Port -- 2.12-in. diameter

Table 5.5.5-2 Key Concrete Cask Shielding Features

Feature Material Dimension
Inner Shell Carbon Steel 1.75-in. thick, 81.48-in. OD
Cask Body Radial Concrete Shell Concrete 27.26-in. thick (calculated),136-in. OD
Lid Concrete Concrete 5.75-in. thick
Lid Steel Carbon Steel 1.0-in. total thickness
Pedestal Plate Carbon Steel 2-in. thick, 72-in. OD
Cask Bottom Plate Carbon Steel 1-in. thick
Air Inlet 4.45-in. height
Air Outlet 3.45-in. height

Table 5.5.5-3

ure

Key Transfer Cask Shielding Features

Feati Material Dimension
Inner Shell Carbon Steel 0.75-in. thick, 74.5-in. OD
Outer Shell Carbon Steel 1.25-in. thick, 88-in. OD
Top Weldment Carbon Steel 14-in. height
Bottom Weldment Carbon Steel 12-in, height
Gamma Shield Lead 3.2-in. thick
Neutron Shield NS-4-FR 2.2-in, thick (calculated)
Door Carbon Steel 5-in. thick
FME Bar Carbon Steel 0.75-in. thick

NAC International 5.5-14



MAGNASTOR System
Docket No. 72-1031

June 2008

Revision 2

Table 5.5.5-4 Typical Radial Surface Detector Division

Transfer Cask Concrete Cask
Axial Azimuthal Axial Azimuthal

Location Div Div Location Div Div
Surface 15 1 Surface 12 1

ift 15 1 ift 12 1
lm 20 1 1m 15 1
2m 20 1 2m 20 1
4m 20 1 4m 20 1

Table 5.5.5-5 Typical Top Surface Detector Division

Location
Radial

Div
Azimuthal

Div
Radial

Div
Azimuthal

DivLocation
Surface 12 1 Surface 10 1

ift 12 1 ift 10 1
1m 12 1 1m 10 1
2m 12 1 2m 10 1
4m 12 1 4m 10 .1

Port Surfacea 1 64 Air Outletb 1 20

Table 5.5.5-6 Typical Air Inlet and Outlet Detector Division

Axial
Divc

Azimuthal
DivLocation

Surface 1 20
lft 1 20

1m 1. 20

a Radial restricted to radial location of vent and drain ports.
b Radial restricted to area above air outlets.
C Elevation restricted to air inlet and outlet height.

NAC International 5.5-15



MAGNASTOR System
Docket No. 72-1031

June 2008

Revision 2

Table 5.5.5-7 Fuel Basket, TSC, and Transfer and Concrete Cask Material Description

Material Density
[g/cm 3] Nuclide I Element Density

[atom/barn-cm]
Carbon and 7.8212 CARBON 3.9250E-03

Low-Alloy Steel IRON 8.3494E-02
Stainless Steel 7.94 CHROMIUM 1.7472E-02

MANGANESE 1.7407E-03
IRON 5.9505E-02

NICKEL 7.7392E-03
Lead 11.344 LEAD 3.2967E-02

NS-4-FR 1.6316 HYDROGEN 5.8508E-02
BORON-10 9.1385E-05
BORON-11 3.3665E-04
CARBON 2.2600E-02

NITROGEN 1.3904E-03
OXYGEN 2.6107E-02

ALUMINUM 7.8003E-03
Concrete 2.3234 HYDROGEN 1.6803E-01

OXYGEN 5.6324E-01
SODIUM 2.1361E-02

ALUMINUM 2.1339E-02
SILICON 2.0320E-01

CALCIUM 1.8591 E-02
IRON 4.2452E-03

Neutron Absorber 2.6336 ALUMINUM 3.8828E-02
(PWR) BORON-10 7.5719E-03

BORON-11 3.1393E-02
CARBON 9.7414E-03

Water 0.9982 HYDROGEN
OXYGEN

6.6667E-01
3.3333E-01
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Table 5.5.5-8 Sample Fuel Region Homogenized Material Description
(17a PWR Assembly)

Material Density
[q/cm 31 Nuclide / Element

Density
jatom/barn-cml

Lower End-Fitting 1.8782 CHROMIUM 4.1330E-03
MANGANESE 4.1176E-04

IRON 1.4076E-02
NICKEL 1.8307E-03

Lower Plenum 2.6798 CHROMIUM 3.1037E-05
TIN 2.0391 E-04

IRON 3.6121E-05
NITROGEN 5.7622E-05

ZIRCONIUM 1.7376E-02
Active Fuel 3.8195 URANIUM-235 9.3088E-04

URANIUM-238 1.7687E-02
ZIRCONIUM 4.3089E-03
CHROMIUM 4.3870E-06

TIN 6.5803E-05
NITROGEN 2.1934E-06

OXYGEN 2.5028E-03
IRON 5.4835E-06

Upper Plenum 0.7412 CHROMIUM 1.1716E-03
TIN 1.5971 E-05

MANGANESE 1.1647E-04
IRON 3.9846E-03

NITROGEN 4.5132E-06
NICKEL 5.1787E-04

ZIRCONIUM 1.3610E-03
Upper End-Fitting 1.8385 CHROMIUM

MANGANESE
IRON

NICKEL

4.0457E-03
4.0305E-04
1.3778E-02
1.7920E-03
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5.6 Shielding Evaluation

This section evaluates the shielding design of theconcrete and transfer casks. The calculation

methods, computer codes used, and bounding results are described. Dose rate profiles are

reported as a function of distance from the sides and top of the concrete cask and from the sides,

top, and bottom of the transfer cask.

5.6.1 Calculation Methods

5.6.1.1 MCNP Calculation Method

The shielding evaluations of the transfer and concrete cask are performed with MCNP5 [3].

Source terms include fuel neutron, fuel gamma, and gamma contributions from activated

hardware. As described in Section 5.2, these evaluations include the effect of fuel burnup

peaking on fuel neutron and gamma source terms.

The MCNP shielding models described in Section 5.5 are used with the source terms described

in Section 5.2 to estimate the dose rate profiles at the cask surface and at distances of lft, lm,

2m, and 4m. The method of solution is continuous energy Monte Carlo, with a Monte Carlo

based weight window generator to accelerate code convergence. Radial or axial biasing is

performed, depending on the desired dose location. Azimuthal components are included in the

weight window mesh to account for the angular variations in the bulk shielding properties of the

concrete cask at the inlets and outlets and at the TSC lid ports (transfer evaluation only).

Significant validation literature is available for MCNP, as it is an industry standard tool for spent

fuel cask evaluations. Available literature covers a range of shielding penetration problems

ranging from slab geometry to spent fuel cask geometries [21,22,23,24,25]. Confirmatory

calculations against other validated shielding codes (SCALE [6] and MCBEND [12]) on NAC

casks have further validated the use of MCNP for shielding evaluations.

MCNP calculations are performed using a response function approach for each source type

present in each source region. There are eight source types: encompassing fuel neutron, fuel

gamma, fuel n-gamma (secondary gammas arising from neutron interaction in the shield), fuel

region hardware, upper and lower plenum, and upper and lower end-fitting gamma sources.

In the response function method, each of the assemblies, and source regions within an assembly,

is analyzed with a unit source in each relevant energy group. These sources are analyzed in a

finite number of energy groups with a unit source in each group. The scalar product of source

term and response function allows for the creation of large arrays of dose rate results, whether
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they are for a single detector, or the maximum or average over a detector surface. Further detail 0
on the response function approach to generating dose rates is included in Section 5.8.2.

5.6.1.2 Site Boundary Dose (NAC-CASC) Calculation Method

Exposure at the controlled area boundary of the ISFSI is limited to 25 mrem/year in accordance
with 10 CFR 72.104(a). The NAC version of the SKYSHINE-III code, referred to as NAC-

CASC, is used to evaluate the placement of the controlled area boundary for a single cask and a

2 xl 0 array of casks. Given the source geometry, spectra and desired detector locations, NAC-
CASC calculates dose rates using a combination of precalculated transmission and reflection data
and the Monte Carlo technique to integrate over the source direction and energy variables.

NAC staff modified the FORTRAN source coding of the SKYSHINE-IJI code to add explicit
cask body source and cask array input features, allow the reading and sampling of angular surface
current files for cask radial and top surfaces, and correct for self-shielding of casks in the array.
Minor output changes were made to collect results in a more compact format than the
SKYSHINE default. Code benchmarks were repeated after each modification.

Subroutines were modified to allow the entering and sampling of a cylindrical surface for the
cask side wall, and disk source for the cask lid. Sampling on the surfaces is based on user

defined source dimensions (i.e., in the MAGNASTOR analysis, the surfaces over which the
current was tallied by MCNP). This code modification provides a significant increase in input
flexibility versus the typical SKYSHINE input of point sources.

Code modifications also allow for the input of current files from Monte Carlo cask evaluations
(such as MCNP and MCBEND tally files) containing the angular distribution of the source.

Options exist in the revised coding to use a default angular distribution for the cask surface
source, but for the MAGNASTOR evaluation an explicit concrete cask surface profile was used.

NAC-CASC explicitly calculates cask self-shielding based on the cask geometry and
arrangement of the cask array. A ray tracing technique is utilized. Given the source position on
the cask surface and the direction cosines for the source emission, geometric tests are made to see
if any adjacent casks are in the path of the emission. If so, the emission history does not
contribute to the air scatter dose. Also, given the source position on the cask surface and the
direction cosines for the source to detector location, geometric tests are made to see if any
adjacent casks are in the source path. If so, the emission position does not contribute to the

uncollided dose at the detector location.

The performance of the NAC-CASC code is validated by modeling a set of Kansas State
University 60Co skyshine experiments and by modeling two Kansas State University neutron
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computational benchmarks. The code compared well with these benchmarks for both neutron

and gamma doses versus distance.

5.6.2 Flux-to-Dose Rate Conversion Factors

The ANSI/ANS 6.1.1-1977 [26] flux-to-dose rate conversion factors are used in all cask

shielding evaluations. Neutron and gamma dose conversion factors are listed in Table 5.6.5-1

and Table 5.6.5-2, respectively.

5.6.3 Cask Dose Rate and Exposure Results

This section provides bounding dose profiles for the concrete and transfer cask based on the

source terms presented in Section 5.2. Fuel source terms include contributions from fuel

neutron, fuel gamma, and activated hardware gamma. The fuel assembly activated hardware

gamma source terms include: steel and inconel in the upper and lower fuel assembly end fittings,

upper and lower fuel rod plenum hardware, and activated nonfuel material in the active fuel

region. The three-dimensional model dose rates include the effects of axial profiles.

5.6.3.1 Concrete Cask Dose Rates

Maximum concrete cask radial and top axial normal condition dose rates at the cask surface and

distances of Ift, 1 m and 2 m are shown in Figure 5.6.5-1 and Figure 5.6.5-2. In the axial profile

plots, each datum represents the circumferentially averaged dose rate at the corresponding

elevation. Figure 5.6.5-3 and Figure 5.6.5-4 contain an azimuthal breakdown of the bounding air

outlet and inlet dose rate cases. Refer to Sections 5.8.3.4 and 5.8.4.4 for further detail, such as

content specific dose rates, and a breakdown in dose by source region.

Concrete cask top dose rates peak at 430 mrem/hr, with the gamma dose accounting for 99% of
the total. Gamma radiation exiting the concrete cask top surface has a minimal impact on site-

boundary exposure.

The missile impact scenario represents the only accident condition significantly impacting the

system shielding performance. The conservative removal of 6 inches of concrete from the entire

cask body radial surface results in a maximum 1-m dose of 286 mrem/hr. This is extremely

conservative, as the missile impact is limited to an 8-in diameter projectile and the 1 -m dose

would not be significantly affected by a localized reduction in the concrete cask shield. Missile

impact dose rates are conservatively calculated based on PWR and BWR heat loads of 40 and 38

kW, respectively.
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5.6.3.2 Transfer Cask Dose Rates

Bounding transfer cask dose rates as a function of distance from the cask are shown in Figure

5.6.5-5, Figure 5.6.5-6 and Figure 5.6.5-7. Dose peaks occur on the radial cask surface near the

top and bottom weldment locations where activated end-fitting contributions control dose rate.

Over the fuel region, the dose shape follows the burnup shape. On the top axial cask surface,
dose rates rise in the cask to the TSC annulus area where significant radiation streaming occurs.

5.6.4 NAC-CASC Dose Evaluation

Bounding site boundary dose rates from direct radiation for the limiting contents, as a function of
distance from the single concrete cask and the 2x 10 concrete cask array, are plotted in Figure
5.6.5-8. Distances are taken along the axis perpendicular to the 10-cask side of the array. The

limiting contents are the PWR TrsC, as documented in Section 5.8.3.5. Further result details on
the PWR and BWR evaluations are presented in Sections 5.8.3.5 and 5.8.4.5, respectively.

5.6.5 Surface Contamination Release

Offsite release exposures from particulate contamination are evaluated at a conservative distance
of 100 meters and a residual contamination limit of 20,000 dpm/100 cm 2 P3-y and 200 dpm/100

cm2 a.

The selected dose conversion factors are based on using the highest conversion factor for each

radiologically significant group of nuclides expected on the TSC surface. 60Co conversion

factors are applied to P3-7 activity and 241 Am factors are applied to the a activity. Dose
conversion factors are taken from EPA Federal Guidance Report No. 11 [27], Table 2.1 and
Federal Guidance Report No. 12 [28], Table 111. 1. Both Class Y (oxide) and W compound dose

conversion factors were extracted. Class Y (oxide) conversion factors are bounding for the P-,y
.cobalt release. Only class W conversion factors are available for the 24 1Am release. The dose
conversion factors employed are:

Dose Type Unit (60Co) (241Am)
Submersion - Skin [rem-m 3/Ci-yr] 1.69E+07 --

Inhalation - Lung [rem/Ci] 1.28E+06 6.81 E+07
Inhalation -Whole Body rem/Ci] 2.19E+05 4.44E+08
Inhalation - Bone [rem/Cil -- 8.03E+09

The inventory available for release is calculated assuming that 100% of the surface area of each

TSC is covered with the contamination levels listed, and applies a conservative release fraction

of 1% using the methodology presented in Section 1.2.1 of NUREG-1400 [29]. The resulting
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inventory available for release is conservative, as the release fractions presented in 10 CFR 30.72

are a factor of 10 lower for 241Am (0.001) and 6"Co (0.001).

Employing the submersion and inhalation equations from Reg. Guide 1.109, doses are calculated

over a range of distances from 100 to 1,000 meters. A dose summary for a distance of 100 m is

shown in Table 5.6.5-3. Surface contamination at 20,000 dpm/100 cm 2 P•-aiid 200 dpm/100

cm2 ca does not represent a significant exposure contribution at the site boundary.
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Figure 5.6.5-1 Bounding Concrete Cask Axial Dose Rate Profile
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Figure 5.6.5-2 Bounding Concrete Cask Top Radial Dose Rate Profile
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Figure 5.6.5-3 Bounding Concrete Cask Air Outlet Elevation Surface Dose Rate Profile
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Figure 5.6.5-4 Bounding Concrete Cask Bottom Air Inlet Elevation Dose Rate Profile
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Figure 5.6.5-5 Bounding Transfer Cask Axial Dose Rate Profile
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Figure 5.6.5-6 Bounding Transfer Cask Top Dose Rate Profile
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Figure 5.6.5-7 Bounding Transfer Cask Bottom Dose Rate Profile

7,000

6,000

5,000

E 4,000

• 3,000
0
a

L - . . . .- -

. . .I.... . ... .

. . ........ ... .: ...............: _ _ _!

. . . . . ... . -t . = - _ . : = . : = : : : - . . . .... ...........1-..--.

-Surface

--- 1 foot
...... 1 meter

- - - - 2 meters

2,000 -

1,000

0 20 40 60

Radial Position [cm]

80 100 120

NAC International 5.6-9



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 5.6.5-8 Bounding Site Boundary Dose Rates vs. Distance
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Table 5.6.5-1 ANSI Standard Neutron Flux-To-Dose Rate Factors

Energy (MeV) (rem/hr)/(n/cm2/sec)
2.5E-08 3.67E-06
1.OE-07 3.67E-06
1.OE-06 4.46E-06
1.OE-05 4.54E-06
1.0E-04 4.18E-06
1.OE-03 3.76E-06
1.0E-02 3.56E-06
1.OE-01 2.17E-05
5.0E-01 9.26E-05

1.0 1.32E-04
2.5 1.25E-04
5.0 1.56E-04
7.0 1.47E-04
10.0 1.47E-04
14.0 2.08E-04
20.0 2.27E-04
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Table 5.6.5-2 ANSI Standard Gamma Flux-To-Dose Rate Factors

Energy (MeV) (rem/hr)/('ycm 2/sec) Energy (MeV) (reml/hr)I(ylcM 2lsec)
0.01 3.96E-06 1.4' 2.51E-06
0.03 5.82E-07 1.8 2.99E-06
0.05 2.90E-07 2.2 3.42E-06
0.07 2.58E-07 2.6 3.82E-06
0.1 2.83E-07 2.8 4.01 E-06
0.15 3.79E-07 3.25 4.41E-06
0.2 5.01 E-07 3.75 4.83E-06
0.25 6.31 E-07 4.25 5.23E-06
0.3 7.59E-07 4.75 5.60E-06
0.35 8.78E-07 5 5.80E-06
0.4 9.85E-07 5.25 6.01 E-06

0.45 1.08E-06 5.75 6.37E-06
0.5 1.17E-06 6.25 6.74E-06

0.55 1.27E-06 6.75 7.11 E-06
0.6 1.36E-06 7.5 7.66E-06

0.65 1.44E-06 9 8.77E-06
0.7 1.52E-06 11 1.03E-05
0.8 1.68E-06 13 1.18E-05
1 1.98E-06 15 1.33E-05
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Table 5.6.5-3 Dose Summary at 100 meters from TSC Surface Contamination Release

Exposure
(mrem)Source Orman / Whole Body

P3-y Skin Dose (P3-y) 1.33E-06
Lung Dose (P3-y) 8.03E-04
Whole Body Dose (P3-y) 1.38E-04

a Bone Surface Dose (a) 5.05E-02
Lung Dose (a) 7.52E-03
Whole Body Dose (a) 2.79E-03

Total Skin Dose (P3-y)
Bone Surface Dose (a)
Whole Body Dose (a + r3-y)
Lung Dose (a + 13-y)

1.33E-06
5.05E-02
2.93E-03
8.32E-03
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5.8 Shielding Evaluation Detail

This section contains evaluation detail not found in the preceding sections.

NAC International 5.8-1



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

5.8.1 Contents Description

Three-dimensional models of the loaded TSC within the transfer or concrete cask require the

relative elevations of the various source regions, hardware masses, and in-core condition to

describe source and shielding models. The elevation of each of the assembly regions also defines

the volume into which the fuel assembly is homogenized.

5.8.1.1 PWR Fuel Assembly Definitions

As described in Section 5.2, PWR fuel assemblies were surveyed to construct hybrids containing

maximum fuel and hardware masses. Source regions in the model are defined as the fuel neutron

and gamma source originating in the active fuel region, the active fuel region hardware source

(typically from activated steel or inconel grids or springs), upper and lower plenum spring

sources (with lower springs being limited to B&W core fuel assemblies), and upper and lower
end fittings. Grouping assemblies by these characteristics results in similar elevations for the end

fitting and plenum regions for assemblies in each group. Elevations selected for the shielding
analysis are those of the maximum fuel mass assembly in each group. Merging maximum
hardware masses for any assembly in the group into the basic structure of the maximum fuel

mass assembly produces a bounding assembly hybrid. Geometry data for the fuel assembly

hybrids are listed in Table 5.8.1-1 and nonzirconium alloy-based fuel assembly hardware masses

are listed in Table 5.8.1-2.

In addition to the assembly configuration, source term generation requires in-core conditions as
input into SAS2H. Inputs provided are temperatures and densities of the moderator, assembly

power level, and number of days at power. The number of days at power is calculated based on
the desired assembly average burnup and assembly power level. In-core characteristics are core

type-dependent and vary for each of the assembly hybrids evaluated. A set of sample PWR in-
core parameters, in this case for the 17a assembly type, is presented in Table 5.8.1-3. The

corresponding sample SAS2H input is shown in Section 5.8.8, Figure 5.8.8-1.

5.8.1.2 BWR Fuel Assembly Definitions

BWR assemblies are grouped similarly to the PWR assemblies, with groupings driven by BWR

reactor type and lattice configuration. BWR fuel assembly hybrid geometry data are listed in
Table 5.8.1-4 and nonzirconium alloy-based fuel assembly hardware masses are listed in Table

5.8.1-5.
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Sample in-core assembly characteristics required for source term generation are listed in Table

5.8.1-6. The 09b assembly hybrid is chosen for the sample analysis. The corresponding SAS2H

input file is shown in Section 5.8.8, Figure 5.8.8-2.
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Table 5.8.1-1 PWR Hybrid Fuel Assembly Geometry Data

Core CE WE WE B&W CE WE B&W
Label 14a 14b 15a 15b 16a 17a 17b
Array 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Nominal Number of Fuel Rods 176 179 204 208 236 264 264
Fuel Loading [MTU] 0.4115 0.4144 0.4671 0.4807 0.4463 0.4671 0.4681
Fuel Assembly Height [in] 157.238 161.100 160.100 165.625 178.300 159.800 165.719
Fuel Assembly Width [in] 8.030 7.763 8.449 8.536 8.250 8.426 8.536
Fuel Rod Height [in]
Top End-Cap Height [in]
Bottom End-Cap Height [in]
Max Active Length [in]
Lower Plenum Region Height [in]
Upper Plenum Region Height [in]
Lower End-Fitting Height [in]
Upper End-Fitting Height [in]
Gap Fuel Rod to Top Nozzle [in]
Rod Diameter [in]

146.488
0.685
0.685
136.7
0.000
8.418
3.312
5.763
1.475
0.440

152.360
0.685
0.685
145.2
0.000
5.790
3.188
3.500
2.052
0.422

152.756
0.685
0.685
144.0
0.000
7.386
2.738
3.480
1.126
0.422

153.125
0.685
0.685
144.0
4.563
3.193
2.000
8.875
1.625
0.430

161.318
0.500
0.891
150.0
0.000
9.927
3.812
11.047
2.123
0.382

151.630
0.685
0.685
144.0
0.000
6.260
2.700
3.670
1.800
0.374

152.688
0.685
0.685
143.0
4.844
3.474
2.000
9.406
1.625
0.379

Table 5.8.1-2 PWR Hybrid Fuel Assembly Nonzirconium

Core CE WE WE B

Alloy-Based Hardware Mass

I1W CE WE B&W
Label 14a 14b 15a 15b 16a 17a 17b
Lower Nozzle Hardware (kg)
Lower Plenum Hardware (kg)
Fuel Hardware (kg)
Upper Plenum Hardware (kg)
Upper Nozzle Hardware (kg)

6.080
0.000
7.417
8.750
11.550

7.893
0.000
5.370
6.634
9.888

5.680
0.000
9.300
5.698

11.840

9.610
1.980
4.900
3.020
10.760

7.300
0.000
1.360

10.700
16.800

5.900
0.000
5.440
5.406
7.850

6.870
1.560
4.270
2.860
18.130

Table 5.8.1-3 PWR Sample In-Core Characteristics

Variable Value
Fuel Temperature 900 K
Clad Temperature 620 K
Coolant Temperature 580 K
Coolant Density 0.725 g/cm 3

Coolant Average Boron Content 550 ppm
Assembly Power 17.670 MW
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Table 5.8.1-4 BWR Hybrid Fuel Assembly Geometry Data

Core BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Label 07a 07b 08a 08b 09a 09b 10a
Array 7x7 7x7 8x8 8x8 9x9 9x9 10x10
Nominal Number of Fuel Rods 49 49 63 64 79 79 92
Fuel Mass (MTU) 0.1985 0.2037 0.1855 0.1996 0.1723 0.1979 0.1946
Fuel Assembly Height [in] 171.125 176.200 171.125 176.200 171.290 176.161 176.200
Fuel Assembly Width [in] 5.518 5.518 5.518 5.518 5.251 5.518 5.518
Lower Nozzle Height [in] 6.760 6.760 6.760 6.760 6.940 6.760 6.760
Upper Nozzle Height [in] 7.500 7.500 7.500 7.500 7.500 7.500 7.500
Fuel Rod Height [in] 156.025 161.060 156.025 160.551 155.520 160.551 160.551
Top End-Cap Height [in] 0.160 0.435 0.440 0.346 0.345 0.346 0.346
Bottom End-Cap Height [in] 0.625 0.625 0.625 0.625 0.355 0.625 0.625
Active Length [in] 144.0 146.0 144.0 150.0 145.24 150.0 150.0
Upper Plenum Region Height [in] 11.240 14.000 10.960 9.580 9.580 9.580 9.580
Gap Fuel Rod to Top Nozzle [in] 0.840 0.880 0.840 1.389 1.330 1.350 1.389
Rod Diameter [in] 0.570 0.563 0.493 0.484 0.424 0.441 0.404

Table 5.8.1-5 BWR Hybrid Fuel Assembly Nonzirconium Alloy-Based Hardware
Quantities

Core BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Label 07a 07b 08a 08b 09a 09b 10a
Lower Nozzle Hardware (kg) 4.700 4.700 4.700 4.700 4.530 4.740 4.740
Fuel Hardware (kg) 2.030 0.320 0.330 0.330 0.245 0.246 0.120
Upper Plenum Hardware (kg) 2.830 1.848 2.858 2.812 1.684 1.706 2.132
Upper Nozzle Hardware (kg) 3.520 2.080 2.080 2.080 2.000 2.080 2.080

Table 5.8.1-6 BWR Sample In-Core Characteristics

Variable Value
Fuel Temperature 840 K
Clad Temperature 620 K
Coolant Density in Lattice 0.446 g/cm 3

Coolant Temperature in Lattice 562 K
Coolant Density Outside Channel 0.743 g/cm 3

Coolant Temperature Outside Channel 553 K
Assembly Power 4.5 MW
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5.8.2 Response Function Method

In general, the response method for dose rates is based on the decomposition of the respective

quantity into a weighted sum over energy. A dose rate response function, R,, ( F), gives the

response at a point T to source particles arising from energy group g from a fuel assembly

placed in basket position p. In practice, the spatial parameter, F, is represented as discrete

subsurface detectors on the cask surface. In addition, responses for detector average and

maximum values may also be represented using this notation. In the case of a dose rate response,

the response R~P (F) is a scalar quantity.

For a given TSC loading, the total response to radiation of type t with source spectrum 'f,, is

given by:

C, (F)= RjPP (T)fJIw,,;
P g

where:

C, (F) is the dose rate response to radiation of type t at location F.

R,P,. (F) is the response to radiation of type t with energy g' emanating from basket position p

-at location F.
is the source strength for radiation of type t in group g' emanating from basket position p.

W, is a weight factor applied to radiation of type t in basket position p and is used to scale

hardware source spectra that are provided on a per unit mass basis by the effective mass of
activated material present in the source region.

The source type t refers to fuel gamma (Fg), fuel neutron (Fn), fuel n-gamma (Ng), fuel

hardware (Hw), upper plenum (Up), upper fitting (Uf), lower plenum (Lp), or lower fitting (Lf)

source regions.

Response functions for the transfer and storage cask (generated using MCNP) solve the particle

transport equations at each relevant spectrum line using Monte Carlo techniques. The results of
the individual spectrum lines are then statistically summed. As thebasket is loaded uniformly

(or in a three-region pattern for the PWR preferential loading pattern), the dose rate response can

be calculated for a source located in multiple fuel assembly locations using Monte Carlo

sampling within MCNP. For the uniform loading, the basket position variable is, therefore, not

required within the summation. Note that the term is still accounted for directly within the
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MCNP run. For the three-region preferential loading scenario, the summation is limited to the

dose rate response contribution of the three zones.

Source terms are generated in a 28-group neutron and 22-group gamma structure. Dose rate

responses are adequately modeled by evaluating only a subset of the source spectrum energy

groups. In the fuel neutron case, no fuel neutron source spectra have nonzero values outside

energy groups 2 through 15; and groups 2, 3 and 15 do not contribute significantly to the result.

The fuel gamma response is accurately calculated by considering energy groups 7 through 15.

Energy lines relevant to the analysis of activated zirconium, steel, and inconel hardware are

limited to groups 12 and 13. The remaining energy lines either contain no significant source

gnitudes toolowin energy to are thlcnaspenetrate the cask shields.

A comparison of the results of the direct calculation (i.e., a calculation based on use of the

complete gamma, neutron or hardware gamma source spectrum in an MCNP run) and dose

response method (summation of dose calculation at each energy group) is documented to:validate-

the response method, including the reduction in energy lines evaluated. Graphical comparisons

of the two solution methods are generated for PWR and BWR storage systems at three

burnup/enrichment combinations. The combinations evaluated are low bumup/low enrichment

of 30 GWd/MTU and 2.5 wt % 235U medium burnup/medium enrichment of 45 GWd/MTU and

4.0 wt % 235U, and a high bumup/high enrichment of 60 GWd/MTU and 5 wt % 235U. All cases

are at system bounding minimum cool times (based on 37 kW PWR cases and 35 kW BWR

cases). Also included as graphical comparisons are a sample storage cask top and transfer cask

top and radial cases. Only single runs are included for these surfaces as the method description,

sample response tables, and the extensive radial concrete cask cases provide sufficient

documentation on the accuracy of the method. The comparison plots are included in Figure

5.8.2-1 through Figure 5.8.2-9.

Direct calculation and dose response method results are also compared for the radial surface of

the concrete cask using the 17a hybrid at 40 GWd/MTU assembly average burnup, 3.7 wt % 235U

initial enrichment, and 5-year cool time. The cumulative results are plotted in Figure 5.8.2-12.

A tabular comparison is presented in Table 5.8.2-1, along with a "% Diff" column that shows the

percentage difference between the results of the direct solution of the problem and those of the

dose response method solution. Sample response functions used in the generation of Figure

5.8.2-12 are included in Table 5.8.2-2 through Table 5.8.2-4. The tables demonstrate the

implementation of the dose summation function, while simultaneously justifying the reduction in

the number of energy lines by example. Energy lines used in the dose assessment are shown. in
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italics and represent 99+% of the total dose. Energy lines with no (0) source magnitude are not

included in the tables.

The response function method allows the MCNP weight window (acceleration) map to be

optimized for a particular source energy, producing an increased number of particles scoring per

source particle. The response function also allows for a significant reduction in the number of

MCNP shielding runs, thereby increasing the number of particles per MCNP run (based on fixed

computer resources). For example, a single PWR fuel type has approximately 20,000 source

runs associated with it, requiring the same number of MCNP runs to determine a complete dose

rate set. The same dose rate set for fuel gamma and neutron cases may be generated using

approximately 20 MCNP runs (one per relevant neutron and gamma energy line) using the

response function.

* The applicability of the response function method to determine dose rates at the range of burnups

requested (up to 60 GWd/MTU assembly average) is based on the ability to apply fresh fuel

material composition based dose rate responses to spent fuel. A single dose response may be

generated for all burnups of a particular assembly type, as dose rates have historically been

calculated using a fresh fuel material composition (see Table 5.5.5-8). To confirm the accuracy

of this assumption, radial dose rates are calculated for a sample high burnup (60 GWd/MTU) fuel

assembly in the transfer and storage cask and compared to the fresh fuel results. Radial dose

profiles for fresh and spent fuel isotopics are shown in Figure 5.8.2-10 and Figure 5.8.2-11 and

demonstrate the acceptability of the fresh fuel assumption (i.e., there is no significant dose

change associated with the fresh fuel model).
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0(Figure 5.8.2-1 Comparison of Response Method to Direct Solution: Concrete Cask
Radial Surface - PWR Low Burnup/Low Enrichment

80

E
--- D irect

-Response

0
-100 0 100 200 300 400 500 600

Axial Position [cm]

0Figure 5.8.2-2

60

50 ---- -- - ---

Comparison of Response Method to Direct Solution: Concrete Cask
Radial Surface - PWR Medium Burnup/Medium Enrichment

- Direct
- Response

40---

E
P,

0

30 --------

20 - -------

10-

0 -
-100 0 100 200 300 400 500 600

Axial Position [cm]

NAC International 5.8.2-4



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 5.8.2-3 Comparison of Response Method to Direct Solution: Concrete Cask
Radial Surface - PWR High Burnup/High Enrichment
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Figure 5.8.2-5 Comparison of Response Method to Direct Solution: Concrete Cask
Radial Surface - BWR Medium Burnup/Medium Enrichment
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Figure 5.8.2-7
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Figure 5.8.2-9 Comparison of Response Method to Direct Solution: Transfer Cask Top
Surface - PWR - 44 GWd/MTU, 2.5 wt % 235U
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Figure 5.8.2-11 Transfer Cask Radial Dose Rates- Fresh Fuel versus Spent Fuel
Isotopics - PWR - 60 GWd/MTU, 4.9 wt % 23 5U
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0
Table 5.8.2-1 Response Method to Direct Calculation Comparison - Concrete Cask

Total - Direct Total - DRM
r + r

Subdet. Avg. Axial
[cm]

Dose
[mrem/hrl

FSD
[%]

Dose
[mremlhrl

FSD
[%]

% Diff

1
2
3
4
5
6
7
8
9
10
11

-8.92
38.77
86.47
134.16
181.85
229.54
277.24
324.93
372.62
420.31
468.01

58.9
45.1
52.4
54.8
54.1
55.4
53.5
50.5
37.8
19.4
4.2

9.8%
3.3%
3.1%
3.0%
3.2%
3.1%
3.0%
3.2%
3.0%
2.0%
2.6%

56.8
43.5
53.7
56.0
54.8
53.5
49.8
48.0
39.5
20.0
4.4

4.8%
2.1%
2.1%
2.0%
2.0%
2.0%
2.0%
2.1%
2.2%
3.0%
5.7%

-3.6%
-3.6%
2.5%
2.1%
1.3%

-3.5%
-6.9%
-5.0%
4.6%
3.0%
6.5%

0
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Table 5.8.2-2 Sample Gamma Response Calculation for Concrete Cask Radial Surface -
Fuel Centerline (3.7 wt %, 40 GWd/MTU, 5-Year Cooled 17a Hybrid)

Energy
Group

E-Lower
(MeV)

E-Upper
(MeV)

Response
(mrem/hr/g/s)

Source
(g/s)

Dose Rate
(mrem/hr)

2 1.000E+01 1.200E+01 2.1861E-10 6.9797E+03 1.5259E-06

3 8.000E+00 1.000E+01 1.7643E-10 1.3500E+05 2.3818E-05

4 6.500E+00 8.000E+00 1.3116E-10 6.3583E+05 8.3398E-05

5 5.OOOE+00 6.500E+00 9.0815E-1 1 3.2414E+06 2.9437E-04

6 4.000E+00 5.000E+00 5.0103E-11 8.0770E+06 4.0468E-04

7 3.O0E+00 4.00E+00 2.4050E-11 1.0271E+10 2.4702E-01

8 2.50E+00 3.00E+00 1.0113E-1 1 8.2537E+1 0 8.3468E-01

9 2.00E+00 2.50E+00 4.4855E-12 2.6372E+12 1.1829E+01

10 1.66E+00 2.00E+00 1.6408E-12 1.1071E+12 1.8165E+00

11 1.44E+00 1.66E+00 6.6408E-13 4.7865E+12 3.1786E+00

12 1.22E+00 1.44E+00 2.6290E-13 5.3865E+13 1.4161E+01

13 1.00E+00 1.22E+00 7.7024E-14 4.2944E+13 3.3077E+00

14 8.OOE-01 1.00E+00 1.9021E-14 3.0365E+14 5.7756E+00

15 6.OOE-01 8.00E-01 3.1727E-15 2.3209E+15 7.3634E+00

16 4.000E-01 6.000E-01 1.8009E-1 6 7.1107E+1 4 1.2806E-01

17 3.000E-01 4.000E-01 7.4976E-18 6.6212E+13 4.9643E-04

18 2.OOOE-01 3.000E-01 8.0028E-19 9.4005E+13 7.5231E-05

19 1.000E-01 2.000E-01 O.OOOOE+00 3.3053E+14 O.O000E+00

20 5.OOOE-02 1.000E-01 O.O000E+00 4.1028E+14 O.O000E+00

21 2.OOOE-02 5.000E-02 0.O000E+00 9.2930E+14 O.OOOOE+00

22 1.000E-02 2.000E-02 O.O000E+00 6.6321E+14 O.O000E+00

Total (Evaluated Energy Lines) 48.6
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Table 5.8.2-3 Sample Neutron Response Calculation for Concrete Cask Radial Surface -
Fuel Centerline (3.7 wt %, 40 GWd/MTU, 5-Year Cooled 17a Hybrid)

Energy
Group

E-Lower
(MeV)

E-Upper
(MeV)

Response
(mrem/hr/n/s)

Source
(nis)

Dose
(mrem/hr)

2 1.250E+01 1.360E+01 2.0909E-08 1.5460E+04 3.2325E-04

3 1.125E+01 1.250E+01 1.6306E-08 6.4440E+04 1.0508E-03

4 1.OOOE+01 1.125E+01 1.6569E-08 2.1410E+05 3.5475E-03

5 8.250E+00 1.OOOE+01 1.2611 E-08, 6.7150E+05 8.4685E-03

6 7.000E+00 8.250E+00 1.3746E-08 1.8030E+06 2.4783E-02

7 6.070E+00 7.000E+00 1.5436E-08 3.1120E+06 4.8037E-02

8 4.720E+00 6.070E+00 8.5121E-09 1.041 OE+07 8.8611E-02

9 3.680E+00 4.720E+00 3.9797E-09 1.7700E+07 7.0441 E-02

10 2.870E+00 3.680E+00 4.7130E-09 2.4000E+07 1.1311E-01

11 1.740E+00 2.870E+00 2.9334E-09 5.7070E+07 1.6741 E-01

12 6.400E-01 1.740E+00 7.9695E-10 8.8720E+07 7.0706E-02

13 3.900E-01 6.400E-01 7.0970E-10 2.3080E+07 1.6380E-02

14 1.100E-01 3.900E-01 4.7269E-10 8.0080E+06 3.7853E-03

15 6.740E-02 1.100E-01 3.4417E-10 2.4200E+02 8.3288E-08

Total (Evaluated Energy Lines) 0.62
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Table 5.8.2-4 Sample Hardware Gamma (Upper End-Fitting) Response Calculation for
Concrete Cask Radial Surface - Upper End-Fitting Elevation (3.7 wt%,

40 GWd/MTU, 5-Year Cooled 17a Hybrid)

Energy
Group

E-Lower
(MeV)

E-Upper
(MeV)

Response
(mrem/hr/gls)

Source
(g/s)

Dose
(mrem/hr)

7 3.OOOE+00 4.OOOE+00 2.3514E-10 8.6062E-16 2.0236E-25

8 2.500E+00 3.OOOE+00 9.9304E-1 1 2.8344E+04 2,8146E-06

9 2.OOOE+00 2.500E+00 4.3075E-1 1 1.8279E+07 7.8737E-04

10 1.660E+00 2.OOOE+O0 1.6115E-11 2.2544E+02 3.6329E-09

11 1.440E+00 1.660E+00 6.7177E-1 2 4.8588E+00 3.2640E-1 1

12 1.22E+00 1.44E+00 2.6518E-12 1.73161E+12 4.5919E+00

13 1.OOE+00 1.22E+00 9.3485E-1 3 1.82523E+12 1.7063E+00
.14 8.OOOE-01 1.OOOE+00 2.5075E-13 2.5646E+10 6.4306E-03

15 6.OOOE-01 8.OOOE-01 4.5800E-14 3.2226E+06 1.4759E-07

16 4.OOOE-01 6.OOOE-01 5.2593E-15 9.2939E+06 4.8879E-08

17 3.OOOE-01 4.OOOE-01 1.4491E-16 1.4682E+08 2.1276E-08

18 2.OOOE-01 3.OO0E-01 O.OOOOE+00 1.1190E+08 O.OOOOE+00

19 1.OOOE-01 2.OOOE-01 0.OOOOE+00 2.2536E+09 O.O0OOE+00

20 5.OOOE-02 1.OOOE-01 O.OOOOE+00 9.3415E+09 O.OOOOE+O0

21 2.OOOE-02 5.OOOE-02 O.OOOOE+00 2.6718E+10 O.OOOOE+00

22 1.OOOE-02 2.OOOE-02 O.OOOOE+0O 3.1721E+10 O.OOOOE+00

Total (Evaluated Energy Lines) 6.3
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5.8.3 37-Assembly PWR System

This section presents the detailed evaluations of the concrete and transfer casks loaded with PWR

fuel assemblies.

5.8.3.1 PWR Fuel and Basket Models

The three-dimensional shielding evaluation includes a homogenized fuel assembly model and a

detailed three-dimensional basket model.

5.8.3.1.1 Fuel Assembly Model

Based on the fuel assembly physical parameters provided in Table 5.8.1-1 and the hardware

masses in Table 5.8.1-2, homogenized treatments of fuel assembly source regions are developed.

The homogenized fuel assembly is represented in the model as a stack of boxes with width equal

to the fuel assembly width. The height of each box corresponds to the modeled height of the

corresponding assembly region.

Sample fuel and nonfuel hardware homogenizations for the source regions for the 17a assembly

are shown in Table 5.8.3-1 and Table 5.8.3-2. Similar composition sets are generated for the

remaining fuel assembly hybrids.

5.8.3.1.2 Basket Model

The basket is composed of coated carbon steel tubes, pinned together at the comers, and held

together by side and comer weldments. Twenty-one fuel tubes, in combination with the

weldments, form 37 fuel openings. The comer weldments provide structural support, but do not

serve as a physical restraint to the fuel assemblies. Pin spacers maintain the tube axial spacing

within the TSC cavity. Each fuel tube nominally contains four metallic composite neutron

absorber sheets. In dry storage and transfer, the presence of the neutron absorber sheets provides

minimal shielding and could, therefore, be removed without a significant increase in exposure.

Key basket characteristics are shown in Table 5.8.3-3. Radial and axial sketches of the basket

within the TSC are shown in Figure 5.8.3-1 and Figure 5.8.3-2, respectively.
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5.8.3.2 Minimum Cool-time Specification

SAS2H generates heat loads for all PWR fuel types listed in Section 5.8.1.1. Based on a 37 kW

per cask (1 kW per assembly) heat load, minimum allowed cool times for each fuel type are

calculated. Calculated heat loads account for fuel material (actinide and fission product) and

hardware (light element) generated sources. Minimum cool times are conservatively rounded up

to the nearest one-tenth of a year. A sample minimum cool time calculation for the 17a assembly

is shown in Table 5.8.3-4. The resulting minimum cool times are listed in assembly specific

loading tables (see Table 5.8.3-5). Note that cool times for maximum assembly average burnups

less than or equal to 25,000 MWd/MTU are not tabulated since they are equal to four years for

all seven PWR fuel types. However, the following minimum enrichments for these assembly

average burnups must be invoked.

Max. Assembly Avg. Min. Assembly Avg.
Burnup Initial Enrichment

(MWd/MTU) (wt% 235U)

10,000 1.3
15,000 1.5
20,000 1.7
25,000 1.9

The loading table removes combinations of high assembly average burnup and low enrichment

(e.g., 60 GWd/MTU and 1.9 wt% 235U) from the contents definition. Source term data covering

these combinations produces unrealistic source terms due to the complete consumption of fissile

uranium early in the bumup cycle and the SAS2H input of a fixed power density. To maintain

power density, ORIGEN-S (SAS2tH) will substantially increase flux levels, which would not

occur during core operation of the assembly, to produce fissile material and to produce power by

nonthermal fission. The increased flux level "breeds" higher actinides, which in turn increase

source significantly. Since a high bumup and low enrichment combination would require

repeated reinsertion of a burned assembly, the combination is excluded.

Minimum cool time. tables for the thermal analysis limited heat load are included in Section

5.8.9.
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5.8.3.3 Undamaged Fuel Transfer Cask Dose Rates

Using the dose response method, transfer cask dose rates are tabulated for all allowed cool time,

assembly average burnup, and initial enrichment combinations for each of the assembly types.
Maximum dose rates as a function of distance from the transfer cask surface are shown in Figure

5.8.3-3 for the cask radial surface, Figure 5.8.3-5 for the cask top, and Figure 5.8.3-7 for the cask

bottom. Breakdowns of the cask surface radial and top dose rates into the source components are
shown in Figure 5.8.3-4 and Figure 5.8.3-6. The bounding payloads with cask surface maximum

and average dose rate for each cask surface are:

Cool Assembly Initial Maximum Average
Fuel Time Average Burnup Enrichment Dose Rate Dose Rate

Surface Type (yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 14a 5.6 44 2.5 1,069 693
Top 14b 5.7 44 2.5 439 j 163
Bottom 14b 5.7 44 2.5 6,193 3,108

5.8.3.4 Concrete Cask Dose Rates

Using the dose response method, concrete cask dose rates are tabulated for all allowed cool time,

assembly average burnup, and initial enrichment combinations for each of the assembly types.
Maximum dose rates as a function of distance from the concrete cask surface are shown in Figure

5.8.3-8 for the cask radial surface, Figure 5.8.3-10 for the cask top, and Figure 5.8.3-12 and
Figure 5.8.3-13 for the cask air outlet and inlets, respectively. Breakdowns of the cask surface

radial and top dose rates into the source components are shown in Figure 5.8.3-9 and Figure
5.8.3-11. Refer to Table 5.8.3-6 for the maximum concrete cask surface dose rates and the

contents that develop the dose rates.

5.8.3.5 NAC-CASC Site Boundary Evaluation

Detailed direct and skyshine dose rates as a function of distance are calculated for a single

concrete cask and a 2 x 10 array of concrete casks based on the model description and method.
outlined in Section 5.5.3. All allowable payload combinations (i.e., fuel type, initial enrichment,

assembly average burnup, and cool time) that meet per assembly heat load limits were reviewed

to determine the payloads producing maximum top (axial) and side (radial) dose rates. These
payload cases were then run through MCNP using a "direct" solution approach (full source
spectrum), rather than the response function method, to generate cask top and side surface

NAC International 5.8.3-3



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

radiation currents. The surfaces were treated independently to generate a conservative hybrid

source model for a design basis analysis cask.

The maximum TSC heat load applied in the site boundary evaluation is 40 kW versus the 37 kW

applied in the cask surface dose evaluations. The site boundary results obtained from the 40 kW

pattern conservatively bound those of the maximum 37 kW pattern.

Table 5.8.3-7 lists the surface current description of the bounding PWR source for the cask radial

and axial surfaces. The resulting boundary required to meet a 25-imrem/yr limit for an 8,760-hr

exposure is listed in Table 5.8.3-8. Figure 5.8.3-16 contains a contour plot of the 25 mrem/yr

boundary. Yearly exposure as a function of distance is plotted in Figure 5.8.3-14 for a single

cask and in Figure 5.8.3-15 for the cask array. A breakdown of the neutron, gamma, and neutron

induced gamma radiation components as a function of distance is provided below each plot.

Radial gamma results are scaled upward consistent with the combination of fuel, BPRA, and

thimble plug dose rates discussed in Section 5.8.5.2.3. Restricted loading of CEAs into the TSC

center slots results in no site boundary impacts of these components. The scaling of fuel

assembly source derived surface currents to account for nonfuel hardware is performed within the

NAC-CASC input files.

A sample PWR NAC-CASC input file is provided in Section 5.8.8. The detector location grid is

truncated in the listed input file.
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Figure 5.8.3-1 PWR Basket, Top View

Figure Withheld under 10 CFR 2.390
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Figure 5.8.3-2 PWR Basket and TSC, Side View

Figure Withheld under 10 CFR 2.390

0
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Figure 5.8.3-3
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Figure 5.8.3-5 Transfer Cask Top Dose Rate Profile at Various Distances - PWR

450 -

400 -

350 +

300 -

E
Z! 250 -

u 200-
0
a

I- ---- ---------.----------------------.---------- 1---- - I--------

-- - ------ ---------------- I-------------- - - - - - - -

----------- ---------- ---------
-= = _-_ -_ -= -. . . . . . . . . . . . . . .-_ - - - - - - - - -

-- Surface
- 1foot

- - - 1 meter

-- 2 meters

150+

100

50-

0
0 20 40 60

Radial Position [cm]

80 100 120

Figure 5.8.3-6

500

Transfer Cask Top Surface Dose Rate Profile by Source - PWR

----------- I--7-- --
- - - Fuel Neutron

---- Fuel Gamma

.. .All Hardware
I------- - Total I

E

2!

0
a

20 40 60 80 100

Radial Position [cm]

120

0
NAC International 5.8.3-8



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 5.8.3-7
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Figure 5.8.3-10 Concrete Cask Top Dose Rate Profile at Various Distances - PWR
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Figure 5.8.3-12 Concrete Cask Air Outlet Elevation Surface Dose Rate Profile - PWR
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Figure 5.8.3-14 Exposures from a Single Concrete Cask Containing a PWR TSC
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10 2.44E+04 2.85E+02 2.29E+02 7.87E+O0 8.50E+01 2.50E+04
25 4.66E+03 5.92E+01 1.12E+02 4.41 E+00 2.07E-01 4.84E+03
50 1.11E+03 1.65E+01 5.22E+01 2.25E+00 6.14E-03 1.18E+03
100 2.34E+02 4.16E+00 1.79E+01 8.26E-01 2.01E-03 2.56E+02
125 1.36E+02 2.56E+00 1.14E+01 5.39E-01 1.79E-03 1.50E+02
150 8.48E+01 1 .68E+00 7.49E+00 3.63 E-01 1 .63E-03 9.43 E+01
175 5.57E+01 1.14E+00 5.03E+00 2.50E-01 1.55E-03 6.22E+01
200 3.80E+01 8.04E-01 3.44E+00 1,.76E-01 1 .48E-03 4.25E+01
225 2.67 E+01 5.80E-01 2.38E+00 1 .26E-01 1 .39E-03 2.98E+01
250 1.91E+01 4.27E-01 1.66E+00 9.16E-02 1.32E-03 2.13E+01
275 1.40E+01 3.19E-01 1.17E+00 6.74E-02 1.23E-03 1.55E+01

00

300 1.04E+01 2.42E-01 8.30E-01 5.02E-02 1.15E-03 1.15E+01
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Figure 5.8.3-15 Exposures from 2X10 Concrete Cask Array Containing PWR TSCs
(X-Axis)
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0

600 6.53E+00 1.93E-01 3.99E-01 5.33E-02 4.79E-03 7.18E+00

NAC International 5.8.3-14



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 5.8.3-16 Contour of the Controlled Area Boundary for the
PWR 2X10 Cask Array
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Table 5.8.3-1 PWR Fuel Region Homogenization Sample Calculation

Component Area Area Volume Fraction of Co ponents
[cm 2] Fraction U02 Void Clad

Fuel 1.3913E+02 3.0375E-01 3.0375E-01
Gap 5.6649E+00 1.2367E-02 1.2367E-02
Clad 4.2318E+01 9.2389E-02 9.2389E-02
Guide Tube 3.4075E+00 7.4392E-03 7.4392E-03
Instrument Tube 1.4198E-01 3.0997E-04 3.0997E-04
Inside Tubes 2.5881 E+01 5.6502E-02 5.6502E-02
Interstitiala 2.4150E+02 5.2725E-01 5.2725E-01
Total 458.0473162 1.OOOOE+00 3.0375E-01 5.9612E-01 1.001 4E-01

Table 5.8.3-2 PWR Nonfuel Hardware Homogenization Sample Calculation

Assy SS Modeled Dimensions
Region Mass SS Volume Height Volume Volume

[kg/assy] [cm /assy] [cm] [cm3/assy] Fraction
Lower Nozzle 5.90 7.4495E+02 6.8580 3.1413E+03 2.3715E-01
Lower Plenumb 0.00 0.0000E+00 1.7399 7.9696E+02 0.OOOOE+00
Fuel Hardware 5.44 6.8687E+02 365.7600 1.6754E+05 4.0998E-03
Upper Plenum 5.41 6.8258E+02 22.2123 1.0174E+04 6.7088E-02
Upper Nozzle 7.85 9.9116E+02 9.3218 4.2698E+03 2.3213E-01

Table 5.8.3-3 Key PWR Basket Geometry Features

Feature Material Dimension
Tube Carbon Steel 9.76 in outer width, 5/16 in thick
Side Weldment Carbon Steel 0.75 in thick
Corner Weldment Carbon Steel 5/16 in thick
Top Spacer Pin -- 3.0 in long
Bottom Spacer Pin - 3.0 in long
Location of DrainNent Port 29.98 in radius

a Space in fuel assembly width envelope outside fuel rods, guide tubes, and instrument tube.
b Represents the fuel rod end-cap.
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Table 5.8.3-4 17a Minimum Cool-time Solution, 45 GWd/MTU at 3.9 wt% 235U

Cool Time Heat Load (Watts)
6 yr 1036
7 yr 933

Minimum Cool Timea (yr) 6.35
Rounded Limit (yr) 6.4
Heat Load at Limit 995

a Conservatively based on a linear interpolation of the exponential decay curve
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

25 < Assembly Average Burnup < 30 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9< E < 3.1
3.1 <E <3.3
3.3 E< E3.5
3.5 < E < 3'7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3 5 E < 4.5
4:5 < E < 4.7
4.7<E<4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 30 < Assembly Average Burnup< 32.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) ______

Enrichment CE 1WE F WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 I 15x15 I 16x16 17x17 17x17
2.1 < E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7< E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3 E < 3.5
3.5•5 E < 3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 _<E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.1
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

32.5 < Assembly Average Burnup < 35 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 < E<2.3
2.3<E<2.5
2.5•< E < 2.7
2.7<E <2.9
2.9 < E < 3.1
3.1 < E <3.3
3.3 < E < 3.5
3.5< E <3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5•< E < 4.7
4.7< E<4.9

E>4.9

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.2
4.1
4.1
4.1

4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4

Minimum Initial 35 < Assembly Average Burnup< 37.5 GWd/MTU
Assembly Avg. -- Minimum Cooling Time (years)

Enrichment CE WE I WE [ B&W [CE WE B&W
wt % 235U (E) 14x14 14x14 15x>15 15x15 16x16 17x17 17x17
2.1 E<E<2.3
2.3 E < 2.5
2.5 E < 2.7
2.7< E<2.9
2.9•< E < 3.1
3.1 <E<3.3
3.3<E <3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E< 4.3
4.3<E<4.5
4.5•< E <4.7
4.7< E <4.9

E >_ 4.9

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
460

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6
4.6
4.6

5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7
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Table 5.8.3-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

37.5 < Assembly Average Burnup_< 40 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x1 6

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5•< E < 2.7
2.7<E<2.9
2.9•5 E < 3.1
3.1 < E<3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5<• E <4.7
4.7 < E < 4.9

E>4.9

4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0

5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7

5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1

5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1 0

Minimum Initial 40 < Assembly Average Burnup <41 GWdlMTU
Assembly Avg. Minimum Cooling Time (years,)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15, 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3< E<2.5
2.5 < E < 2.7
2.7<E<2.9
2.9_<E<3.1
3.1 <E< 3.3
3.3!< E < 3.5
3.5•< E < 3.7
3.7:5 E < 3.9
3.9< E < 4.1
4.1 <E< 4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E<4.9

E_>4.9

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.0
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.3
5.3

5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.3
5.3
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

41 < Assembly Average Burnup•< 42 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15X15

B&W
15X15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3•_< E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9 < E < 3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7_<E<4.9

E _4.9

5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5

5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.4
5.4
5.4

6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0

6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5

Minimum Initial 42 < Assembly Average Burnup < 43 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1 CE WE B&W
Wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5<E <4.7
4.7<E<4.9

E>_4.9

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7

5.5
5.4
5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8

6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.6
5.6
5.6

6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.8
5.7
5.7
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial 43 < Assembly Average Burnup <44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3 - - -

2.3 _<E<2.5 - - - - - -

2.5 < E < 2.7 5.6 5.7 6.7 7.0 6.2 6.8 6.8
2.7 < E < 2.9 5.5 5.6 6.6 6.8 6.1 6.7 6.7
2.9 < E < 3.1 5.4 5.6 6.5 6.7 6.0 6.6 6.6
3.1 _< E < 3.3 5.3 5.5 6.4 6.6 5.9 6.5 6.5
3.3 < E < 3.5 5.3 5.4 6.3 6.5 5.8 6.4 6.4
3.5 _ E < 3.7 5.2 5.3 6.2 6.4 5.8 6.3 6.3
3.7•< E < 3.9 5.1 5.3 6.1 6.3 5.7 6.2 6.2
3.9 5 E < 4.1 5.0 5.2 6.0 6.3 5.7 6.1 6.1
4.1 < E < 4.3 5.0 5.1 5.9 6.2 5.6 6.0 6.0
4.3 < E < 4.5 4.9 5.1 5.9 6.1 5.6 6.0 6.0
4.5 < E < 4.7 4.9 5.0 5.8 6.0 5.5 5.9 5.9
4.7 < E < 4.9 4.8 5.0 5.8 6.0 5.5 5.9 5.9

E > 4.9 4.8 4.9 5.8 5.9 5.4 5.9 5.9
Minimum Initial 44 < Assembly Average Burnup_< 45 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 J 15x15, 15x15 j 16x16 17x17 17×17
2.1 <E<2.3
2.3:< E < 2.5
2.5 < E < 2.7 - - - -

2.7 < E < 2.9 5.7 5.9 6.9 7.2 6.4 7.0 6.9
2.9 < E < 3.1 5.6 5.8 6.8 7.0 6.2 6.8 6.8
3.1 < E < 3.3 5.5 5.7 6.7 6.9 6.1 6.7 6.7
3.3 < E < 3.5 5.5 5.6 6.5 6.8 6.0 6.7 6.6
3.5 < E < 3.7 5.4 5.5 6.5 6.7 6.0 6.6 6.6
3.7 < E < 3.9 5.3 5.5 6.4 6.6 5.9 6.5 6.5
3.9 < E < 4.1 5.2 5.4 6.3 6.6 5.9 6.4 6.4
4.1 < E < 4.3 5.2 5.3 6.2 6.5 5.8 6.3 6.3
4.3 < E < 4.5 5.1 5.3 6.1 6.4 5.7 6.3 6.2
4.5 < E < 4.7 5.0 5.2 6.0 6.3 5.7 6.2 6.2
4.7:5 E < 4.9 5.0 5.2 6.0 6.3 5.6 6.1 6.1

E _> 4.9 5.0 5.1 5.9 6.2 5.6 6.0 6.0
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Table 5.8.3-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

45 < Assembly Average Burnup < 46 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15X15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

-h F F 4 I 4 I

2.1 < E <2.3
2.3:5; E < 2.5
2.5•< E < 2.7
2.7<_ E <2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1

,4.1 < E < 4.3
4.3 _< E < 4.5
4.5<E <4.7
4.7:_< E < 4.9

E>4.9

5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3

7.2
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5

6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8

7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

7.3
7.1
7.0
6.9

6.8
6.7
6.7
6.6.
6.5
6.4
6.4
6.3

Minimum Initial 46 < Assembly Average Burnup < 47 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WWE WE B&W [CE [WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E < 2.3
2.3<E <2.5
2.5<E <2.7
2.7 < E < 2.9
2.9 < E < 3.1
3.1 <E<3.3
3.3 E < 3.5
3.5•<_ E < 3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3_<E <4.5
4.5 < E < 4.7
4.7•< E < 4.9

E_>4.9

6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3

6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.8

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0

7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.7
6.6

7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.9

6.8
6.7
6.7
6.6
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Table 5.8.3-5

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

47 < Assembly Average Burnup <48 GWdlMTU
Minimum Cooling Time (years)

7 7 7 7 -'7

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 • E<2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7< E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5< E<4.7
4.7•< E < 4.9

E_>4.9

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5

6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.7

8.5
8.2
8.0
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2

8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9

8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0
6.9

-6.9

Minimum Initial 48 < Assembly Average Burnup _ 49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) .

Enrichment CE WE WE B&W CE WE B&W
Wt%235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 E< 2.3
2.3:< E < 2.5
2.5:5 E < 2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 E<E<3.3
3.3:5 E < 3.5
3.5 5 E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 < E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7 5 E < 4.9

E>4.9

6.7
6.6
6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.9
6.8
6.7
6.6
6.5
6.4
6.2
6.2
6.1
6.0
5.9
5.9

8.5.
8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0

8.9
8.7
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.6
6.6
6.5

8.6
8.4
8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.3
7.2

8.5
8.3
8.1
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.2
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

49 < Assembly Average Burnup < 50 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •E< 2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 •E< 4.3
4.3!<_ E < 4.5
4.5 < E < 4.7
4.7<E<4.9

E >_ 4.9

6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8

7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7

8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5

8.8
8.6
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5

Minimum Initial 50 < Assembly Average Burnup•< 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,) -

Enrichment CE WE WE B&W { CE WE B&W
wt% 235U(E) 14x14 14x14 15x15' 15x15 16x16 j 17x17 I 17x17
2.1 <E<2.3
2.3<E<2.5
2.5•5 E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 _<E < 3.3
3.3•< E < 3.5
3.5._ E < 3.7
3.7 _< E < 3.9
3.9_< E <4.1
4.1 _< E < 4.3
4.3<E <4.5
4.5•_< E < 4.7
4.7_< E <4.9

E>4.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3

9.3
9.0
8.8
8.6
8.5
8.3
8.2
8.0
7.9
7.8
7.7

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2

8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.0
8.0
7.9
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Table 5.8.3-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

51 < Assembly Average Burnup < 52 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 E < 2.5
2.5 _< E < 2.7
2.7<E<2.9
2.9:5 E < 3.1
3.1 < E < 3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E< 4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

7.7
7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6

9.8
9.6
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1

10.3
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5

8.8
8.5
8.3
8.2
8.0
7.9
7.8
:7.6
7.5
7.4
7.3

10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.5
8.4
8.3

9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.3 (0

Minimum Initial 52 < Assembly Average Burnup< 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3 E < 2.5
2.5 E < 2.7
2.7_<E <2.9
2.9< E <3.1
3.1 <E <3.3
3.3<E<3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9 < E < 4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

7.8
7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5

8.1
7.9
7.8
7.6
7.6
7.3
7.2
7.1
7.0
6.9
6.8

10.2
10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4

11.1
10.8
10.5
10.2
9.9
9.8
9.6
9.4
9.2
9.1
9.0

9.2
9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7

10.7
10.4
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7

10.6
10.3
10.0
9.8
9.6
9.5
9.3
9.1
9.0
8.8
8.7

NAC International 5.8.3-26



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

53 < Assembly Average Burnup < 54 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x1 6

WE
17x1 7

B&W
17x17

2.1 <E <2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.15 E< 3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7 5 E < 3.9
3.9<E<4.1
4.1 _E< 4.3
4.3 < E < 4.5
4.5 5 E < 4.7
4.7<E<4.9

E>4.9

4 +

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.9
6.8

8.6
8.4
8.1
8.0
7.8
7.7
7.6
7.4
7.3
7.2
7.3

11.0
10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.8

11.8

11.5
11.2
10.9
10.7
10.4
10.2
10.0
9.8
9.7
9.5

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.2
8.0

11.4
11.1
10.8
10.5
10.3
10.0
9.8
9.7
9.5
9.4

.9.2

11.4
11.1
10.8
10.5
10.2
10.0
9.8
9.7
9.5
9.3
9.2

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3•< E < 2.5
2.5<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 •E<3.3
3.3<E<3.5
3.5!_< E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

8.4
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.0

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5

11.3
11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.5
9.3

12.2
11.9
11.6
11.4
11.1
10.9
10.6
10.4
10.2
10.1

10.1
9.9
9.7
9.4
9.2
9.0
8.9
8.8
8.6
8.5

11.8
11.5
11.2
11.0
10.7
10.5
10.3
10.1
9.9
9.8

11.8
11.5
11.2
11.0
10.7
10.5
10.2
10.0
9.9
9.7
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

55 < Assembly Average Burnup_< 56 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

+ 4 + 4 4

2.1 E< 2.3
2.3 < E < 2.5
2.5<E<2.7
2.7:< E < 2.9
2.9:5 E < 3.1
3.1 _<E<3.3
3.3<E<3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9< E<4.1
4.1 <E< 4.3
4.3 < E < 4.5
4.5:5 E < 4.7
4.7<E<4.9

E>4.9

8.8
8.6
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8

12.0
11.7
11.4
11.1
10.9
10.7
10.4
10.2
10.0
9.9

13.1
12.7
12.4
12.0
11.8
11.6
11.4
11.2
11.0
10.8

10.6
10.2
10.0
9.7
9.5
9.3
9.1
9.0
8.9
8.7

12.6
12.2
11.9
11.6
11.4
11.2
11.0
10.8
10.6
10.4

12.6
12.2
11.9
11.6
11.4
11.2
10.9
10.8
10.5
10.3

Minimum Initial 56 < Assembly Average Burnup < 57 GWdlMTU
Assembly Avg. ,___Minimum Cooling Time (years) -- _____

Enrichment CE WE WE B&W f CE WE B&W
Wt% 2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3<E<4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

9.3
9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.8
7.7

9.9
9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.3
8.2

12.8
12.4
12.1
11.8
11.6
11.3
11.1
10.9
10.7
10.5

13.9
13.5
13.2
12.9
12.6
12.3
12.0
11.8
11.7
11.5

11.2
10.9
10.6
10.3
10.0
9.9
9.7
9.5
9.3
9.2

13.4
13.1
12.7
12.4
12.1
11.8
11.7
11.4
11.2
11.1

13.4
13.1
12.7
12.4
12.0
11.8
11.6
11.4
11.2
11.0
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Table 5.8.3-5

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

57 < Assembly Average Burnup < 58 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

• f -4 t

2.1 < E <2.3
2.3<E<2.5
2.5_< E<2.7
2.7!< E < 2.9
2.9_<E<3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5:_< E < 3.7
3.7•< E < 3.9
3.9 < E <4.1
4.1 <E< 4.3
4.3•_< E < 4.5
4.5<E<4.7
4.7•< E < 4.9

E>4.9

9.8
9.6
9.3
9.1
8.9
8.7
8.5
8.4
8.2
8.1

10.6
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.6

13.7
13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4
11.2

14.9
14.4
14.0
13.7
13.4
13.1
12.8
12.6
12.4
12.1

11.9
11.6
11.3
11.0
10.7
10.5
10.2
10.0
9.8
9.7

14.3
13.9
13.6
13.2
12.9
12.6
12.4
12.1
11.9
11.7

14.2
13.8
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7

Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E <2.3
2.3_<E<2.5
2.5<E<2.7
2.7 _E <2.9
2.9_<E<3.1
3.1 •E<3.3
3.3_<E <3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E < 4.1
4.1 < E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E_>4.9

10.4
10.1
9.8
9.6
9.3
9.1
9.0
8.8
8.6
8.5

11.2
10.9
10.6
10.3
10.0
9.8
9.6
9.4
9.2
9.1

14.5
14.1
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11.8

15.8
15.4
15.0
14.6
14.3
14.0
13.7
13.4
13.2
13.0

12.7
12.3
11.9
11.6
11.4
11.1.
10.9
10.7
10.5
10.3

15.2
14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4

15.1
14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4
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Table 5.8.3-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

59 < Assembly Average Burnup < 60 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.35 E < 2.5
2.5:5 E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7<E<4.9

E_>4.9

10.8
10.4
10.1
9.9
9.7
9.4
9.2
9.1
8.9

11.5
11.2
10.9
10.7
10.4
10.1
9.9
9.8
9.6

15.0
14.6
14.2
13.9
13.6
13.3
13.0
12.8
12.6

16.3
15.9
15.5
15.2
14.9
14.5
14.2
14.0
13.7

13.1
12.7
12.3
12.0
11.8
11.5
11.3
11.1
10.9

15.3
14.9
14.5
14.2
13.9
13.6
13.3
13.1
12.9

15.2
14.9
14.5
14.1
13.8
13.6
13.3
13.1
12.8
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Table 5.8.3-6 Maximum Concrete Cask Surface Dose Rates

Surface Fuel Cool Assembly Initial Maximum Average
Type Time Average Burnup Enrichment Dose Rate Dose Rate

(yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 14a 4 32.5 2.1 77 54
Top 16a 4.9 37.5 2.3 379 80

Air Inlet 14b 4.6 37.5 2.3 448 --

Air Outlet 16a 4.9 37.5 2.3 41 --

Table 5.8.3-7 PWR Bounding Surface Current Input Dataa

Surface Fuel Cool Assembly Initial Cask Surface Cask Surface
Type Time Average Burnup Enrichment Neutron Source Gamma Source

(yrs) (GWd/MTU) (wt% 235U) (n/sec) (y/sec)
Radial 14a 4.1 37.5 2.5 2.768E+07 2.602E+10
Top 16a 4.6 37.5 2.3 2.331E+07 1.350E+10

Table 5.8.3-8 Rectangular Controlled Area Boundary for the 2x10 PWR Cask Array

Distance From the Center of
the Array [ft]

Distance from the Center of
the Array [m]Direction Basis

x direction
(Perpendicular to Long Side 1521 463

of the Array)
y direction

(Perpendicular to the Short
Side of the Array)

1319 402

' Based on cask heat load of 40 kW
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5.8.4 87-Assembly BWR System

This section presents the detailed evaluation of the concrete and transfer casks loaded with BWR

fuel assemblies.

5.8.4.1 BWR Fuel and Basket Models

The three-dimensional shielding evaluation includes a homogenized fuel assembly model and a
detailed three-dimensional basket model.

5.8.4.1.1 Fuel Assembly Model

Based on the fuel assembly physical parameters provided in Table 5.8.1-4 and the hardware
masses in Table 5.8.1-5, homogenized treatments of fuel assembly source regions are developed.
The homogenized fuel assembly is represented in the model as a stack of boxes with width equal
to the fuel assembly width. The height of each box corresponds to the modeled height of the
corresponding assembly region.

Sample fuel and nonfuel hardware homogenizations for the source regions for the 08b assembly
are shown in Table 5.8.4-1 and Table 5.8.4-2, respectively. The resulting fuel compositions on

an atom/barn-cm basis are shown in Table 5.8.4-3. Similar compositions sets are generated for
the remaining fuel assembly hybrids. Note that the Zirc-2 fuel assembly channel is not included

in the model.

5.8.4.1.2 Basket Model

The basket is composed of coated carbon steel tubes, pinned together at the comers, and held
together by side and comer weldments. Forty-five fuel tubes, in combination with the
weldments, form 89 fuel openings. Two openings are located below the vent port covers. To
minimize exposure and meet ALARA constraints, basket capacity is reduced to 87 assemblies.
Pin spacers maintain the tube axial spacing within the TSC cavity. Each tube contains four
metallic composite neutron absorber sheets. In dry storage and transfer, the presence of the
neutron absorber sheets provides minimal shielding and could, therefore, be removed without a
significant increase in exposure. Key basket characteristics are shown in Table 5.8.4-4. Radial
and axial sketches of basket within the TSC are shown in Figure 5.8.4-1 and Figure 5.8.4-2.

5.8.4.2 Minimum Cool-time Specification

SAS2H generates heat loads for all BWR fuel types listed in Section 5.8.1.2. Based on a 35 kW
per cask (0.402 kW per assembly) heat load, minimum allowed cool times for each fuel type are

calculated. Calculated heat loads account for fuel material (actinide and fission product) and

NAC International 5.8.4-1
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hardware (light element) generated sources. Minimum cool times are conservatively rounded up
to the nearest one-tenth of a year. Asample minimum cool time calculation for the 09b hybrid

BWR assembly is shown in Table 5.8.4-5. The resulting minimum cool times are listed in an
assembly specific loading table (see Table 5.8.4-6). Note that cool times for maximum assembly

average burnups less than or equal to 30,000 MWd!MTU are not tabulated since they are equal to

four years for all seven BWR fuel types. However, the following minimum enrichments for these

assembly average burnups must be invoked.

Max. Assembly Avg. Burnup Min. Assembly Avg. Initial Enrichment
(MWd/MTU) (wt % 235U)

10,000 1.3
15,000 1.5
20,000 1.7
25,000 1.9
30,000 2.1

Note that the loading table removes combinations of high burnup and low enrichment (e.g.,

60 GWd/MTU and 1.9 wt% 235U) from the payload definition. Source term data covering these

combinations is generated, but produces unrealistic source terms due to the complete

consumption of fissile uranium early in the burnup cycle and the SAS2H input of a fixed power

density. To maintain power density, ORIGEN-S (SAS2H) will substantially increase flux levels,

which would not occur during core operation of the assembly, to produce fissile material and to

produce power by nonthermal fission. The increased flux level "breeds" higher actinides, which

in turn increase source significantly. Since a high bumup and low enrichment combination

would require repeated reinsertion of a burned assembly, the combination is excluded.

Minimum cool time tables for the thermal analysis limited heat load are included in Section

5.8.9.

5.8.4.3 Transfer Cask Dose Rates

Using the dose response method, cask dose rates are tabulated for all allowed cool time,

assembly average burnup, and initial enrichment combinations for each of the assembly types.

Maximum dose rates as a function of distance from the cask surface are shown in Figure 5.8.4-3

for the cask radial surface, Figure 5.8.4-5 for the cask top, and Figure 5.8.4-7 for the cask bottom.

Breakdowns of the cask surface radial and top dose rates into the source components are shown

in Figure 5.8.4-4 and Figure 5.8.4-6. Refer to Table 5.8.4-7 for the maximum transfer cask

radial, top, and bottom surface rates, and the contents that develop those dose rates.
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5.8.4.4 Concrete Cask Dose Rates

Using the dose response method, concrete cask dose rates are tabulated for all allowed cool time,

assembly average burnup, and initial enrichment combinations for each of the assembly types.

Maximum dose rates as a function of distance from the concrete cask surface are shown in Figure

5.8.4-8 for the cask radial surface, Figure 5.8.4-10 for the cask top, and Figure 5.8.4-12 and
Figure 5.8.4-13 for the cask air outlet and inlets, respectively. Breakdowns of the cask surface

radial and top dose rates into the source components are shown in Figure 5.8.4-9 and Figure

5.8.4-11. Refer to Table 5.8.4-8 for the maximum concrete dose surface rates and the contents

that develop those dose rates.

5.8.4.5 NAC-CASC / Site Boundary Evaluation

Detailed direct and skyshine dose rates as a function of distance are calculated for a single

concrete cask and a 2 x 10 array of concrete casks based on the model description and method

outlined in Section 5.5.3. All allowable payload combinations (i.e., fuel type, initial enrichment,

assembly average burnup, and cool time) that meet per assembly heat load limits were reviewed

to determine the payloads producing maximum top (axial) and side (radial) dose rates. These

payload cases were then run through MCNP using a "direct" solution approach (full source

spectrum), rather than the response function method, to generate cask top and side surface
radiation currents. The surfaces were treated independently to generate a conservative hybrid

source model for a design basis analysis cask.

The maximum TSC heat load applied in the site boundary evaluation is 38 kW versus the 35 kW
applied in the cask surface dose evaluations. The site boundary results obtained from the 38 kW

pattern conservatively bound those of the maximum 35 kW pattern.

Table 5.8.4-9 lists the surface current description of the bounding BWR source for the cask radial

and axial surfaces. The resulting boundary required to meet a 25 mrem/yr limit for an 8,760-hr

exposure is listed in Table 5.8.4-10. Figure 5.8.4-16 contains a contour plot of the 25 mrem/yr

boundary. Yearly exposure as a function of distance is plotted in Figure 5.8.4-14 for a single
cask and in Figure 5.8.4-15 for the cask array. A breakdown of the neutron, gamma, and neutron

induced gamma radiation components as a function of distance is provided below each plot.

A sample BWR NAC-CASC input file is provided in Section 5.8.8. The detector location grid is

truncated in the listed input file.
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Figure 5.8.4-1 BWR Basket Top View

Figure Withheld under 10 CFR 2.390
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Figure 5.8.4-2 BWR Basket and TSC Side View

Figure Withheld under 10 CFR 2.390

NAC International 5.8.4-5



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

aa
C

0=

Figu
1,600

1,400-

1,200

1,000

800

600

400

200-

re 5.8.4-3

------------ ----- --------------------------------

---------------- ----------------- --------------------------

-------------------------------------------------------------
--------- -- ---- r ------------ --------------------------

--- - -- -- -- --- - -- -- -- -- -- -- --- - -- -- -- -- -- - -- -

..............

-- - -- -- -- -- -- -- -- -- -- -- - -- -- -- -- -- - -- -

- -- -- -- -- -- - L----------------- 

---- -----------------

Transfer Cask Side Dose Rate Profile at Various Distances - BWR

-Surface

- - - I foot
........ 1 meter

---. 2 meters

00-100 400 500 60 100 200 300

Axial Position [cm]

Figure 5.8.4-4 Transfer Cask Side Surface Dose Rate Profile by Source - BWR

0
0

1,400-

1,200-

1,000

8002

600

400 -

200 -

---- ----------- ----- -------------------- ------------

- • I - -_.---- ---- ---- ) I-

•. - - -4 - -- - - -- -. .

- - - Fuel Neutron

.... Fuel Gamma

- . . . . .A l l H a r d w a r e
- Total

-100 0 100 200 300

Axial Position [cm]

400 500 600

NAC International 5.8.4-6



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Figure 5.8.4-5 Transfer Cask Top Dose Rate Profile at Various Distances - BWR
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Figure 5.8.4-6 Transfer Cask Top Surface Dose Rate Profile by Source - BWR
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Figure 5.8.4-7 Transfer Cask Bottom Dose Rate Profile at Various Distances - BWR
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Figure 5.8.4-8 Concrete Cask Side Dose Rate Profile at Various Distances - BWR
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Figure 5.8.4-9 Concrete Cask Side Surface Dose Rate Profile by Source -BWR
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Figure 5.8.4-10 Concrete Cask Top Dose Rate Profile at Various Distances - BWR

450

400+

350 + *--I
300 +--

E
250-

W 200
(o
CO
0
0

150 4
--- -- --- -------- ------ ------------------------------- i

I I
.- L............. - _ __ -- -- -

- -• -- -- -L - :-- ------. . ...-
. . .-- . . . . . . . . .-- ---------- - -L -• -I -- i

.. . . . •. • .q.- .:' ~L - . . . . . . .

-- Surface
- -1 foot

-.1 meter
2 meters

100

50

0
140 160 180 2000 20 40 60 80 100 120

Radial Position [cm]

NAC International 5.8.4-9



MAGNASTOR System
Docket No. 72-1031

June 2008

Revision 2

Figure 5.8.4-11
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Figure 5.8.4-12 Concrete Cask Air Outlet Elevation Surface Dose Rate Profile - BWR
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Figure 5.8.4-13 Concrete Cask Air Inlet Elevation Surface Dose Rate Profile - BWR
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Figure 5.8.4-14 Exposures from a Single Concrete Cask - BWR
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Figure 5.8.4-15 Exposures from a 2x10 Concrete Cask -.BWR
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Figure 5.8.4-16 Contour of the Controlled Area Boundary for the
BWR 2x10 Cask Array

1600

1400

1200

1000

800

600

400

200

0

-200

-400

-600

-800

-1000

-1200

-1400

-1600

- -- - 0 -0 ....... &040i-"- ........

, 0 Interpolated 25 mrem/y Footprint 0

o ISFSI Pad [•
V ...... Rectangular Control Area Boundary

. . . 6

.0 0*

• \ /"
i -. . .. .. . .; ... .

o 0 0 0 0 0 0 0 0 0 0 0) 0 0 0 0 0o 0 0 0 0 0 0 0) 0 0 0 0 0 0 0 0

oP C? 7 CN (N -ý CO co 0ý? (ý 11 ()

x (i

0
NAC International 5.8.4-14



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 5.8.4-1 BWR Fuel Region Homogenization Sample Calculation

Component Area Area Volume Fraction of Components
[cm2] Fraction U02  Void Clad

Fuel 5.6593E+01 2.8809E-01 2.8809E-01
Gap 2.8033E+00 1.4271E-02 1.4271E-02
Clad 1.8455E+01 9.3945E-02 9.3945E-02
Water Rods 4.6792E-01 2.3820E-03 2.3820E-03
Inside Water Rods 1.5024E+00 7.6484E-03 7.6484E-03
Interstitiala 1.1 662E+02 5.9366E-01 5.9366E-01
Total 1.9644E+02 1.0000E+00 2.8809E-01 6.1558E-01 9.6327E-02

Table 5.8.4-2 BWR NonFuel Hardware Homogenization Sample Calculation

Assy SS Modeled Dimensions
Region Mass SS Volume Height Volume Volume

[kglassy] [cm 3/assy] [cm] [cm 3/assy] Fraction
Lower Nozzle 4.74 5.9698E+02 17.1704 3.3730E+03 1.7699E-01
Lower Plenum b 0.00 O.OOOOE+00 1.5875 3.1185E+02 O.OOOOE+00
Fuel Hardware 0.25 3.1033E+01 381.0000 7.4844E+04 4.1463E-04
Upper Plenum 1.71 2.1480E+02 28.6421 5.6265E+03 3.8177E-02
Upper Nozzle 2.08 2.6196E+02 19.0500 3.7422E+03 7.0003E-02

a Space in fuel assembly width envelope outside fuel rods and water rods(s).
b Represents fuel rod end-cap.
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Table 5.8.4-3 Sample Fuel Region Homogenized Material Description (09b)

Density Density
Material [glcm 3] Nuclide I Element [atomslb-cm]

Lower End-Fitting 1.3934 CHROMIUM 3.0662E-03
MANGANESE 3.0548E-04

IRON 1.0443E-02
NICKEL 1.3582E-03

Lower Plenum 2.5369. CHROMIUM 2.9382E-05
TIN 1.9304E-04

IRON 3.4195E-05
NITROGEN 5.4550E-05

ZIRCONIUM 1.6450E-02
Active Fuel 3.5640 URANIUM-235 3.4157E-04

URANIUM-238 6.4080E-03
ZIRCONIUM 3.4959E-03
CHROMIUM 6.2444E-06

TIN 4.1026E-05
NITROGEN 1.1593E-05

OXYGEN 1.3496E-02
IRON 7.2673E-06

Upper Plenuma 0.5758 CHROMIUM 1.0971 E-03
TIN 5.91 OOE-06

MANGANESE 1.0920E-04
IRON 3.7342E-03

NITROGEN 1.6701 E-06
NICKEL 4.8554E-04

ZIRCONIUM 5.0361E-04
Upper End-Fitting 0.5558 CHROMIUM 1.2230E-03

MANGANESE 1.2185E-04
IRON 4.1653E-03

NICKEL 5.4175E-04

a Contains a Zirconium alloy component due to the addition of the fuel rod end-plug material in the homogenization.
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Table 5.8.4-4

Feature

Key BWR Basket Geometry Features

Material Dimension
Tube Carbon Steel 6.59 in outer width, 0.25 in thick

159.06/166.06 in long
Side Weldment Carbon Steel 5/8 in thick

172.5/179.5 in long
Corner Weldment Carbon Steel 5/16 in thick

172.5/179.5 in long
Bottom Spacer Pin -- 3.0 in long
Location of DrainNent Port 29.98 in radius

Table 5.8.4-5 09b Minimum Cool-time Solution, 45 GWd/MTU at 3.9 wt% 23.U

Cool Time Heat Load (Watts)
5 yr 454.9
6 yr 401.1

Minimum Cool Timea (yr) 5.98
Rounded Limit (yr) 6.0
Heat Load at Limit 401.1

a Conservatively based on a linear interpolation of the exponential decay curve.
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0
Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment BWR/2-3
Wt % 235U (E) 7x7

Loading Table for BWR Fuel - 402 W/Assembly

30 < Assembly Average Burnup_ 32.5 GWd/MTU
Minimum Cooling Time (years)

3 BWRI4-6
7x7

BWRI2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWRI4-6
lOX1O

2.1 <E<2.3
2.3•< E < 2.5
2.5<E <2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5<E<3.7
3.7 <E<3.9
3.9<E <4.1
4.1 <E<4.3
4.3<E <4.5
4.5:5 E < 4.7
4.7 < E < 4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup _ 35 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x10

2.1 <E<2.3
2.3<E<2.5
2.5<E <2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5<E< 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<• E <4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

4.4
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
-4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.5
4.4

14.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
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Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment B
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/Assembly (continued)

35 < Assembly Average Burnup_< 37.5 GWd/MTU .,
Minimum Cooling Time (years)

WR12-3
7x7

BWR/4-6
7x7

BWRI2-3
8X8

BWR/4-6
8x8

BWRI2-3
9X9

BWRI4-6
9x9

BWR/4-6
1Ox10

2.1 <E<2.3
2.3 < E < 2.5
2.5<• E <2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 <E<3.5
3.5 < E < 3.7
3.7!_ E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3<E <4.5
4.5:5 E < 4.7
4.7<E <4.9

E >_4.9

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1

5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5

4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.34.0

Minimum Initial 37.5 < Assembly Average Burnup •40 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 T BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 Wx8 8x8 9x9 9x9 1Ox10
2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E <2.9
2.9<E< 3.1
3.1 <E <3.3
3.3<E <3.5
3.5<E<3.7
3.75 <E < 3.9
3.9<E <4.1
4.1 •E<4.3
4.3<E <4.5
4.5•5 E < 4.7
4.7<E<4.9

E>4.9

5.3
5.2
5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.6
4.5

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9

4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2

5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8

4.4
4.3
4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.5
5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

40 < Assembly Average Burnup •41 GWd/MTU
Minimum Coolinq Time (vears)

BWRI2-3
7X7

BWR/4-6
7x7

BWR/2-3
8x8

BWRI4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 _<E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7 <E< 2.9
2.9<E<3.1
3.1 <E<3.3
3.3_<E <3.5
3.5•< E < 3.7
3.7•5 E < 3.9
3.9_<E <4.1
4.1 <E <4.3
4.3<E<4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

p 4 4 4 p 4

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

5.0
4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0

4.5
4.5
4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.5
5.5
5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8

Minimum Initial 41 < Assembly Average Burnup 5 42 GWd/MTU
Assembly Avg.' Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 [BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O

2.1 <E< 2.3
2.3<E <2.5
2.5 E < 2.7
2.7<E<2.9
2.9•< E < 3.1
3.1 <E< 3.3
3.3: <E < 3.5
3.5<E <3.7
3.7:5 E < 3.9
3.9_<E <4.1
4.1 <E <4.3
4.3<• E <4.5
4.55 E < 4.7
4.7<E<4.9

E>4.9

5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4

5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1

5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1

5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/Assembly (continued)

Minimum Initial 42 < Assembly Average Burnup•< 43 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9X9 1Ox10
2.1 _<E<2.3
2.3•_< E < 2.5 - - - - - -

2.5 < E < 2.7 6.0 6.5 5.4 6.2 4.9 6.2 6.0
2.7 _< E < 2.9 5.9 6.4 5.3 6.1 4.8 6.0 5.9
2.9 < E < 3.1 5.8 6.3 5.2 6.0 4.7 5.9 5.8
3.1 < E < 3.3 5.7 6.1 5.1 5.9 4.7 5.9 5.7
3.3 < E < 3.5 5.6 6.0 5.0 5.9 4.6 5.8 5.6
3.5 < E < 3.7 5.5 6.0 5.0 5.8 4.5 5.7 5.6
3.7 < E < 3.9 5.5 5.9 4.9 5.7 4.5 5.7 5.5
3.9 < E < 4.1 5.4 5.9 4.8 5.7 4.4 5.6 5.4
4.1 • E < 4.3 5.3 5.8 4.8 5.6 4.4 5.5 - 5.4
4.3 < E < 4.5 5.2 5.7 4.7 5.5 4.3 5.5 5.3
4.5 < E < 4.7 5.2 5.7 4.7 5.5 4.3 5.4 5.3
4.7 _< E < 4.9 5.1 5.6 4.6 5.4 4.2 5.4 5.2

E > 4.9 5.1 5.6 4.6 5.4 4.2 5.3 5.2

Minimum Initial 43 <Assembly Average Burnup <44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 BxB 9x9 9x9 l 1xO10

2.1•E<2.3 - - - - -

2.3•E<2.5 < 2 - - - - -

2.5 • E <2.7 6.3 6.8 5.7 6.6 5.0 6.5 6.3
2.7 : E < 2.9 6.2 6.7 5.6 6.4 5.0 6.3 6.1
2.9 • E < 3.1 6.0 6.6 5.5 6.3 4.9 6.2 6.0
3.1 • E < 3.3 6.0 6.5 5.4 6.2 4.8 6.1 5.9
3.3 • E < 3.5 5.9 6.4 5.3 6.1 4.7 6.0 5.9
3.5!• E < 3.7 5.8 6.3 -5.2 6.0 4.7 5.9 5.8
3.7 < E < 3.9 5.7 6.2 5.1 5.9 4.6 5.9 5.7
3.9 • E <4.1 5.6 6.1 5.0 5.9 4.6 5.8 5.7
4.1 : E <4.3 5.6 6.0 5.0 5.8 4.5 5.7 5.6
4.3:5 E <4.5 5.5 5.9 4.9 5.8 4.5 5.7 5.5
4.5:5 E <4.7 5.4 5.9 4.9 5.7 4.4 5.6 5.5
4.7 ! E <4.9 5.4 5.9 4.8 5.7 4.4 5.6 5.4

E ý 4.9 5.3 5.8 4.8 5.6 4.3 5.5 5.4
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Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment B'
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/Assembly (continued)

44 < Assembly Average Burnup_ 45 GWd/MTU
Minimum Cooling Time (years)

UVR/2-3
7x7

BWRI4-6
7x7

BWRI2-3
8X8

BWRI4-6
8X8

B.WRJ2-3
9X9

BWRI4-6
9X9

BWRI4-6
1OX1O

2.1 <E<2.3
2.3 _< E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 •E<3.3
3.3:5 E < 3.5
3.5 <E<3.7
3.7 < E < 3.9
3.9<E<4.1
4.15 E < 4.3
4.3•5 E < 4.5
4.5 < E < 4.7
4.7 5 E< 4.9

E_>4.9

6.5
6.4
6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5

6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8

6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.6
5.6

Minimum. Initial 45 < Assembly Average Burnup < 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6

wt % 235U (E) 7x7 7x7 8x8 Wx8 9X9 9x9 10x10

2.1 •E<2.3
2.3<E<2.5
2.5 < E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 <E<3.7
3.7 < E < 3.9
3.9_5E<4.1
4.1 <E<4.3
4.3:5 E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E_>4.9

6.9
6.7
6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

5.4
5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
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Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment B'
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/Assembly (continued)

46 < Assembly Average Burnup < 47 GWd/MTU
Minimum Cooling Time (years)

WRJ2-3
7x7

BWRI4-6
7x7

BWRI2-3
B88

BWRI4-6
8X8

BWRI2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 <E<2.3
2.3<E<2.5
2.5 < E < 2.7
2.7<• E <2.9
2.9_<E< 3.1
3.1 E <3.3
3.3 < E < 3.5
3.5<E<3.7
3.7!< E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3 <E<4.5
4.5< E<4.7
4.7 <E<4.9

E>4.9

7.2
7.0
6.9
6.8
6.7
6.5
6.5
6.4
6.2
6.2
6.1
6.0

7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3

5.6
5.5
5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.8
4.8

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

Minimum Initial 47 < Assembly Average Burnup • 48 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10

2.1 <E <2.3
2.3 <E<2.5
2.5 < E < 2.7
2.7<E<2.9
2.9:5 E < 3.1
3.1 •E<3.3
3.3:5 E < 3.5
3.5< E < 3.7
3.7•< E < 3.9
3.9•5 E < 4.1
4.1 <E<4.3
4.3<5 E <4.5
4.5:5 E < 4.7
4.7:5 E < 4.9

E>4.9

7.7
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9

6.7
6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9

7.8
7.6
7.4
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
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Table 5.8.4-6

Minimum Initial
Assembly Avg.-

Enrichment B~
Wt % 235UJ (E)

Loading Table for BWR Fuel - 402 W/Assembly (continued)

48 < Assembly Average Burnup <49 GWd/MTU
Minimum Cooling Time (years)

IVRI2-3
7X7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRJ2-3
9X9

BWRI4-6
9X9

BWR/4-6
10x10

+ -4- 4 -4- 4 -4

2.1 •E<2.3
2.3•_< E < 2.5
2.5 < E < 2.7
2.7!< E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 <E<3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

8.1
7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.7

8.9
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3

7.0
6.8
6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8

8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9

6.0
6.0
5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1

8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.8

7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.7
6.6

Minimum Initial 49 < Assembly Average Burnup:< 50 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3. BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 BxB 9x9 9x9 1Ox10
2.1 <E<2.3
2.3•< E < 2.5
2.5 E <2.7
2.7 < E < 2.9
2.9•5 E < 3.1
3.1 <E<3.3
3.3_< E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.35 E < 4.5
4.5 E<4.7
4.7 < E < 4.9

E>_4.9

8.4
8.2
8.0
7.8
7.7

7.5
7.4
7.3
7.2
7.1
7.0

9.2
9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7

7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

8.6
-8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3

6.2
6.1
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3

8.5
8.3
8.1
7.9
7.8
7.7
7.6
7.4
7.3
7.2
7.1

'8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
7.0
6.9
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Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment B1
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/Assembly (continued)

50 < Assembly Average Burnup•< 51 GWd/MTU
Minimum Cooling Time (years)

WRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
B8x

BWRI4-6
Wx

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 < E < 2.3
2.35 E < 2.5
2.5:5 E < 2.7
2.7<E<2.9
2.9•< E < 3.1
3.1 _<E<3.3
3.3•5 E < 3.5
3.5:5 E < 3.7
3.7:< E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5 E<4.7
4.7<E <4.9

E>4.9

8.9
8.7
8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.2
8.1

7.6
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

9.2
8.9
8.7
8.5
8.4
8.2
8.0
8.0
7.8
7.7
7.6

6.5
6.4
6.3
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6

9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

8.6
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2

Minimum Initial 51 < Assembly Average Burnup <52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/46 TBWR/4-6
Wt % 235U (E) .7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 _< E < 2.3
2.3•< E < 2.5
2.5•_< E < 2.7
2.7!_< E < 2.9
2.9 < E < 3.1
3.1 <E<3.3
3.3 <E<3.5
3.5•_< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1.< E <4.3
4.3_< E <4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>4.9

9.5
9.3
9.0
8.8
8.6
8.4

8.3
8.1
8.0
7.9
7.8

10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.6

8.0
7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6

9.8
9.5
9.3
9.1
8.9
8.7
8.5
8.4
8.3
8.1
8.0

6.8
6.7
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8

9.6
9.3
9.0
8.9
8.7
8.6
8.4
8.2
8.1
8.0
7.9

9.1
8.9
8.6
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
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Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment B•
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/Assembly (continued)

52 < Assembly Average Burnup< 53 GWdlMTU
Minimum Cooling Time (years)

NRI2-3
7x7

BWRI4-6
7x7

BWRI2-3
8X8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1OxI

+ 4 +

2.1 <E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E <3.1
3.1 <E<3.3
3.3<E<3.5
3.5<• E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 5 E < 4.5
4.5<E<4.7
4.7 <E<4.9

E_>4.9

10.1
9.9
9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.4
8.2

11.2
10.9
10.6
10.4
10.1
9.9
9.7
9.6
9.3
9.2
9.1

8.5
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
6.9

10.4
10.1
9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5

7.1
7.0
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0

10.2
9.9
9.7
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4

9.7
9.4
9.2
9.0
8.8
8.6
8.4
8.3
8.2
8.0
8.0

Minimum Initial 53 < Assembly Average Burnup - 54 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 f BWR/4-6
Wt % 235U (E) 7x7 7x7 Wx8 8x8 9x9 9x9 1Ox10
2.1 E < 2.3
2.3_E <2.5
2.5 <E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 -<E < 3.3
3.3 < E < 3.5
3.5:5 E < 3.7
3.7< E<3.9
3.9<E<4.1
4.1 <E< 4.3
4.3 < E < 4.5
4.5 <E<4.7
4.7<E<4.9

E>4.9

10.9
10.6
10.3
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7

12.0
11.7
11.3
11.1
10.8
10.5
10.3
10.1
9.9
9.8
9.6

9.0
8.7
8.5
8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3

11.2
10.9
10.5
10.2
10.0
9.8
9.6
9.4
9.3
9.1
9.0

7.5
7.3
7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2

11.0
10.6
10.3
10.0
9.9
9.6
9.4
9.2
9.1
8.9
8.8

10.3
10.0
9.8
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4

0
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Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment B
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/Assembly• (continued)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Cooling Time (years)

WRI2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWRI4-6
Wx

BWR/2-3
9x9

BWRI4-6
9X9

BWR/4-6
1Ox1O

T T 41 _

2.1 <E <2.3
2.3<E<2.5
2.5•_< E < 2.7
2.7<E<2.9
2.9_<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 E < 3.7
3.7 E < 3.9
3.9 < E < 4.1
4.1 <E <4.3
4.3 <E< 4.5
4.5 < E < 4.7
4.7 < E < 4.9

E>4.9

11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.5
9.4
9.2

12.4
12.1
11.8
11.5
11.3
11.1
10.8
10.6
10.4
10.2

9.2
9.0
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7

11.5
11.3
10.9
10.7
10.5
10.2
10.0
9.9
9.6
9.5

7.7
7.5
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5

11.3
11.1
10.7
10.5
10.2
10.0
9.9
9.7
9.5
9.3

10.7
10.4
10.1
9.8
9.7
9.4
9.3
9.1
8.9
8.9

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 r BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 <E <2.3
2.3< E<2.5
2.5< E<2.7
2.7_<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5•_< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 •E<4.3
4.3__E<4.5
4.5 < E < 4.7
4.7_<E<4.9

E>4.9

12.0
11.6
11.3
11.0
10.8
10.5
10.3
10.0
9.9
9.8

13.3
12.9
12.6
12.2
11.9
11.7
11.5
11.3
11.1
10.9

9.8
9.6
9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0

12.3
11.9
11.6
11.4
11.2
10.9
10.7
10.5
10.3
10.0

8.1
7.9
7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.8

12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.2
10.0
9.9

11.4
11.1
10.8
10.5
10.2
10.0
9.9
9.7
9.5
9.4
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0
Table 5.8.4-6

Minimum Initial
Assembly Avg.

Enrichment B\
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/Assembly (continued)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

IVRI2-3
7x7

BWRI4-6
7X7

BWR/2-3
8x8

BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
1OxlO8x8 9x9 9x9

2.1 <E<2.3
2.3•< E < 2.5
2.5 < E <2.7
2.7_<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3 E < 3.5
3.5 <E<3.7
3.7:< E < 3.9
3.9 < E <4.1
4.1 <E<4.3
4.3<E<4.5
4.55 <E< 4.7
4.7<E<4.9

E >4.9

12.7
12.4
12.0
11.7
11.5
11.2
11.0
10.8
10.5
10.4

14.1
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11.8
11.6

10.5
10.1
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5

13.1
12.8
12.4
12.1
11.8
11.5
11.4
11.1
11.0
10.8

8.6
8.3
8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.1

12.8
12.5
12.1
11.9
11.6
11.3
11.1
10.9
10.8
10.6

12.0
11.8
11.5
11.2
10.9
10.7
10.5
10.2
10.0
9.9

Minimum Initial 57 < Assembly Average Burnup 5 58 GWd!MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 j BWR/4-6 BWR/2-3 1 BWR/4-6 f BWR/2-3 BWR/4-6 f BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 <E <2.3
2.3•< E < 2.5
2.5• E <2.7
2.7 <E<2.9
2.9 5 E < 3.1
3.1 <E < 3.3
3.3 < E < 3.5
3.5 5 E < 3.7
3.7 5 E < 3.9
3.9<E<4.1
4.1 E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

13.6
13.2
12.8
12.5
12.2
11.9
11.7
11.5
11.2
11.0

15.0
14.7
14.2
13.9
13.6
13.3
13.0
12.8
12.6
12.3

11.2
10.9
10.6
10.2
9.9
9.7
9.5
9.3
9.2
9.0

13.9
13.6
13.2
12.9
12.6
12.3
12.0
11.8
11.6
11.4

9.1
8.8
8.6
8.3
8.1
8.0
7.8
7.7
7.6
7.4

13.7
13.3
13.0
12.6
12.4
12.0
11.8
11.6
11.4
11.2

12.9
12.5
12.2
11.8
11.6
11.4
11.2
10.9
10.7
10.5
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

58 < Assembly Average Burnup•< 59 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWR/4-6
7x7

BWRI2-3
Wx

BWRI4-6
8X8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox10

4 4. .4 4. 4.

2.1 _<. E < 2.3
2.3:5 E <2.5
2.5<E <2.7
2.7 _< E < 2.9
2.9 _< E < 3.1
3.1 <E < 3.3
3.3:5 E < 3.5
3.55 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.55 E < 4.7
4.7 _ E < 4.9

E >4.9

14.4
14.0
13.6
13.3
13.0
12.7
12.4
12.1
11.9
11.7

15.9
15.6
15.1
14.7
14.4
14.2
13.8
13.6
13.4
13.2

11.9
11.6
11.2
11.0
10.6
10.3
10.1
9.9
9.7
9.5

14.8
14.4
14.0
13.7
13.3
13.1
12.8
12.5
12.3
12.1

9.6
9.3
9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8

14.6
14.1
13.7
13.4
13.1
12.9
12.6
12.3
12.1
11.9

13.7
13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2

Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. _____Minimum Cooling Tim e (years) ____ ____

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 1 9x9 1OxIO
2.1 E < 2.3
2.3<E <2.5
2.55 E < 2.7
2.7_<E <2.9
2.9<E<3.1
3.1 _<E < 3.3
3.3_<E < 3.5
3.5:__ E < 3.7
3.7:< E < 3.9
3.9<E<4.1
4.1 E<E<4.3
4.35 <E < 4.5
4.5:5 E < 4.7
4.7<E<4.9

E>4.9

14.9
14.5
14.1
13.8
13.4
13.2
12.9
12.6
12.4

16.4
16.0
15.6
15.4
15.0
14.7
14.4
14.1
13.9

12.1
11.8
11.5
11.2
10.9
10.7
10.4
10.2
10.0

15.3
14.9
14.5
14.2
13.8
13.6
13.3
13.1
12.9

9.8
9.6
9.3
9.0
8.9
8.7
8.5
8.3
8.2

15.0
14.7
14.2
13.9
13.6
13.3
13.1
12.8
12.6

14.1
13.8
13.5
13.1
12.8
12.5
12.2
12.0
11.8

NAC International 5.8.4-29



MAGNASTOR System
Docket No. 72-1 031

June 2008
Revision 2

Table 5.8.4-7 Maximum Transfer Cask Radial, Top, and Bottom Surface Dose Rates

Cool Assembly Initial Maximum Average Dose
Fuel Time Average Burnup Enrichment Dose Rate Rate

Surface Type (yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 09a 9.6 59 3.1 1,504 895
Top 08b 4.3 32.5 2.1 676 250

Bottom 09a 5.0 44 2.5 4,836 2,643

Table 5.8.4-8 Maximum Concrete Cask Dose Rates

Cool Assembly Initial Maximum Average
Fuel Time Average Burnup Enrichment Dose Rate Dose Rate

Surface Type (yrs) (GWdlMTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 09a 4.0 37.5 2.5 77 53
Top 08b 4.3 32.5 2.1 430 104

Air Inlet 09a 5.0 44 2.5 364 --

Air Outlet 08b 4.3 32.5 2.1 59 --

Table 5.8.4-9 BWR Bounding Surface Current Input Dataa

Cool Assembly Initial Cask Surface Cask Surface
Fuel Time Average Burnup Enrichment Neutron Source Gamma Source

Surface Type (yrs) (GWdlMTU) (wt% 235U) (nlsec) (ylsec)
Radial 09a 4.0 40 2.5 3.885E+07 2.434E+10

-r A •'% I''- ,-- fl' 1"% .1 -t-/, r "r -,"- A Ar- , A-,

lop U0D 4.0 031.0 1-6 I .I3Ur+Ut 1.1 lr-+IU

Table 5.8.4-10 Rectangular Controlled Area Boundary for the 2X10 BWR Cask Array

Distance From the Center of
the Array [ft]

Distance from the Center of
the Array [m]Direction Basis

x direction
(Perpendicular to Long Side of 1504 458

the Array)
y direction

(Perpendicular to the Short
Side of the Array)

1315 401

'Based on 38 kW heat load
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5.8.5 PWR Nonfuel Hardware Components - BPRA and Thimble Plug

The PWR fuel assembly basket is designed to store nonfuel components inside the fuel assembly.

Nonfuel components that may be stored include the following:

9 BPRAs (Burnable Poison Rod Assemblies)

Burnable poison rods are employed in the majority of PWR cores as either replacement

rods for fuel rods, typical of CE cores, or as BPRAs in Westinghouse and B&W cores.

BPRAs are composed of a set of rods made from an absorber material suspended from a

spider structure located on the top-end fitting of the assembly. BPRAs are designed to

reduce reactivity in fresh fuel, but may remain in a fuel assembly for more than one cycle.

Potential BPRA source regions are the top-end fitting, top plenum, and active fuel

regions. The amount of activated material depends on the number of absorber (poison)

rods attached. to the BPRA and the material of the BPRA. Guide tube locations not

occupied by absorber rods are typically occupied by short plug rods extending into the

upper plenum region of the assembly. BPRA rods may be composed of activated

material such as steel or a relatively inert material such as zirconium alloy. Table 5.8.5-1

provides a summary of Westinghouse 15x1 5 core BPRA types and the maximum regional

masses chosen for the analysis. BPRAs for the remaining Westinghouse and B&W cores

are treated similarly. A summary of BPRA characteristics for fuel placed into the transfer

and storage systems is listed in Table 5.8.5-2. Poison rods replacing fuel rods are

enveloped in the shielding analysis since they are typically constructed with a zirconium

alloy clad and do not contain a significant amount of activated material, in particular

compared to the fuel rod that they replace.

Thimble Plugs

Thimble plugs are similar to BPRAs in that they are attached to a spider resting on the

end-fitting tie plate. Thimble plugs extend into the upper plenum region of the fuel

assembly and block flow through the guide tubes during in-core operations. Thimble

plug components do not extend into the active fuel region. They may be reused in

multiple cycles and can experience significantly higher burnup than BPRAs. Thimble

plug masses evaluated for each core are shown in Table 5.8.5-2.
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5.8.5.1 Modelinq Detail

Dose rates for BPRA and thimble plug components are estimated using fuel assembly response

functions for the hardware source regions of interest. Credit is taken for the increased region

masses and the associated increase in self-shielding. The BPRA and thimble plug activated

hardware is primarily composed of stainless steel. A 0.8 g/kg 59Co impurity is applied against

this material.

5.8.5.2 Dose Rate and Heat Load Impact

To minimize impact of onsite boundary and occupational dose evaluations, the maximum dose

rate contribution of the nonfuel assembly hardware on the radial surface of the concrete cask is

limited to 7.5 mrem/hr. This limit is reduced for the B&W BPRAs that do not contain activated

hardware in the active fuel region. BPRAs are evaluated to a maximum burnup of 70

GWd/MTU, with thimble plug bumup being limited to an equivalent 180 GWd!MTU. The

BPRAs and thimble plugs for each core configuration are independently evaluated.

5.8.5.2.1 BPRA
(

Table 5.8.5-3 lists the allowed BPRA loading configurations expressed in bumup and cool-time

limits or curie limits. The radiation source for the BPRAs is dominated by Co gammas.

Therefore, the spectrum of the activated BPRAs is not decay time sensitive. As a result of the

dominant 60Co contribution, the burnup/cool-time loading table reflects the cool-time increase

required to decay to a limiting 60Co curie content for each assembly type at each burnup level.

System users may choose to directly implement the burnup/cool-time tables on a generic fuel

type basis or to determine site-specific minimum BPRA cool times based on the 60Co curie limit

in Table 5.8.5-3.

Maximum and average dose rate contributions from BPRAs on the concrete and transfer cask

surfaces are listed in Table 5.8.5-4. The concrete cask radial profile for the BPRA is shown in

Figure 5.8.5-1. The addition of the BPRA increases the maximum reported dose rates, as

demonstrated in Figure 5.8.5-2 for a Westinghouse 14x14 assembly.

The maximum decay heat produced by a full cask load of BPRAs (37) is 0.44 kW. For any of

the fuel assemblies evaluated, an increase in cool time of 0.5 year provides the necessary heat

load margin to accommodate the BPRAs. An increase in cool time will also decrease the fuel

source term. Therefore, the strict application of increased fuel assembly minimum cool time

without considering the corresponding reduction in fuel dose rates is conservative.
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5.8.5.2.2 Thimble Plugs

Table 5.8.5-5 lists the allowed thimble plug loading configurations expressed in burnup and cool-

time limits or curie limits. The radiation source for the thimble plugs is dominated by 60Co

gammas. Therefore, the spectrum of the activated thimble plugs is not decay time sensitive. As

a result of the dominant 60Co contribution, the burnup/cool-time loading table reflects the cool

time increase required to decay to a limiting 6°Co curie content for each assembly type at each
burnup level. System users may choose to directly implement the bumup/cool-time tables on a

generic fuel type basis or to determine site-specific minimum thimble plug cool times based on

the 60Co curie limit in Table 5.8.5-6.

Maximum and average dose rate contributions from thimble plugs on the concrete and transfer

cask surfaces are listed Table 5.8.5-4. The concrete cask axial profile for the thimble plugs is

shown in Figure 5.8.5-3. The addition of the thimble plugs does not increase the maximum

reported dose rates, as demonstrated in Figure 5.8.5-3 for a Westinghouse 14x 14 assembly.

The maximum decay heat produced by a full cask load of thimble plugs (37) is 0.04 kW. For any

of the fuel assemblies evaluated, an increase in cool time of 0.1 year provides the necessary heat
load margin to accommodate the thimble plugs. An increase in cool time will also decrease the

fuel source term. Therefore, the strict application of increased fuel assembly minimum cool time
without considering the corresponding reduction in fuel dose rates is conservative.
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K.
5.8.5.2.3 Combination of Fuel, BPRA, and Thimble Plug Dose Rates

Maximum PWR system dose rates are reported for the conservative combination of fuel, BPRA,

and thimble plug dose rates. At each cask/detector surface combination, with the exception of the

concrete and transfer cask sides, this combination is straightforward based on the hardware

sources being the dominant contributor to the total. On the sides of the casks, the fuel sources

comprise most of the total, and the elevation of the maximum dose rate due to fuel, BPRA, and

thimble plug may not coincide. As shown in the previous sections, BPRA loading affects the

maximum dose rate while thimble plugs do not.

The combined maxima are listed as follows.

Fuel Combined
Cask / Dose Location Assembly Max. Dose Rate

(mrem/hr)
Assembly Max. Dose Rate

(mrem/hr)
Concrete Cask Top CE 16x16 430 CE 16x16 430
Concrete Cask Radial CE 14x14 77 WE 14x14 82
Concrete Cask Inlet WE 14x14 438 WE 14x14 448
Concrete Cask Outlet CE 16x16 41 CE 16x16 41
Transfer Cask Top WE 14x14 439 WE 14x14 667
Transfer Cask Radial CE 14x14 1,069 WE 14x14 1,115
Transfer Cask Bottom WE 14x14 6,193 WE 14x14 6,285
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Figure 5.8.5-1 BPRA Concrete Cask Axial Dose Profile
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Figure 5.8.5-3 Thimble Plug Concrete Cask Axial Dose Profile
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Table 5.8.5-1 Sample Core Type BPRA Hardware Summary - Westinghouse 15x15
Core

Absorber Type Regional Stainless Steel/Inconel Mass (kg)
Upper End-Fitting Upper Plenum Active Fuel

Pyrex (4 rods) 2.14 1.78 2.28
Pyrex (5 rods) 2.16 1.68 2.85
Pyrex (6 rods) 2.18 1.58 3.42

Pyrex (13 rods) 2.33 0.88 7.48
Pyrex (16 rods) 2.39 0.58 9.11
Pyrex (20 rods) 2.47 0.18 11.39
WABA (4 rods) 2.23 2.18 0.00
WABA (6 rods) 2.24 1.91 0.00
WABA (8 rods) 2.26 1.63 0.00

WABA (12 rods) 2.30 1.09 0.00
WABA (16 rods) 2.33 0.54 0.00

Maximum 2.47 2.18 11.39

Table 5.8.5-2 Bounding Regional Nonfuel Hardware Masses

Assembly Component Regional Mass (kg)
Upper Nozzle Upper Plenum Active Fuel

Thimble Plug 2.12 2.18 0
BPRA 2.41 2.07 9.22

Thimble Plug 2.19 2.72 0
BPRA 2.47 2.18 11.39

Thimble Plug 2.73 3.16 0
BPRA 3.04 2.85 10.995

Thimble Plug 3.641 3.41 0
BPRA 3.602 0 0

B&W 17x17
Thimble Plug

BPRA
3.641
3.602

3.41
0

0
0
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Table 5.8.5-3 Allowed BPRA Burnup and Cool-time Combinations

Burnup
(GWd/MTU)

Cool Time (yrs)
WE 14x14 WE 15x15 B&W 15x15 WE 17xI7 B&W 17x17

10 0.5 0.5 0.5 0.5 0.5
15 0.5 0.5 0.5 0.5 0.5
20 0.5 1.0 2.0 2.0 0.5
25 1.0 2.5 3.5 3.5 1.0
30 2.5 4.0 5.0 5.0 2.5

32.5 3.0 4.5 6.0 6.0 3.0
35 3.5 5.0 6.0 6.0 3.5

37.5 4.0 6.0 7.0 7.0 4.0
40 4.5 6.0 7.0 7.0 4.5
45 5.0 7.0 8.0 8.0 6.0
50 6.0 8.0 9.0 9.0 7.0
55 7.0 8.0 10.0 9.0 7.0
60 7.0 9.0 10.0 10.0 8.0
65 8.0 10.0 12.0 12.0 8.0
70 8.0 10.0 12.0 12.0 9.0

60Co Activity (Ci) 718 733 19 637 26

Table 5.8.5-4 BPRA Dose Rate Contributions - Westinghouse 17x17

Maximum Dose
(mremlhr)

Average Dose
(mrem/hr)Cask I Dose Location

Concrete Cask Top 58.7 14.1
Concrete Cask Radial 7.5 4.5
Concrete Cask Inlet 9.8
Concrete Cask Outlet 3.1
Transfer Cask Top 95.2 25.0
Transfer Cask Radial 119.5 56.2
Transfer Cask Bottom 104.0 56.8
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Table 5.8.5-5

Burnup
(GWd/MTU)

Allowed Thimble Plug Burnup and Cool-time Combinations

Cool Time (yrs)
B&W 15x15 WE 17x17WE 14X14 WE 15x15 B&W 17x17

45 2.0 3.5 7.0 5.0 6.0
90 6.0 7.0 10.0 9.0 10.0

135 7.0 9.0 12.0 10.0 12.0
180 8.0 9.0 14.0 12.0 12.0

60Co Activity (Ci)

Table 5.8.5-6

63.5 64.1 56.9 64.0 63.6

Thimble Plug Dose Rate Contributions - Westinghouse 17X17

Maximum Dose
(mrem/hr)

Average Dose
(mrem/hr)Cask / Dose Location

Concrete Cask Top 66.4 16.6
Concrete Cask Radial 7.5 1.5
Concrete Cask Outlet 3.8 --
Transfer Cask Top 118.9 17.9
Transfer Cask Radial 158.1 31.5
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5.8.6 Nonfuel Hardware Component - Control Element Assemblies (CEA)

CEA material quantities and the core region in which the material was exposed to the neutron

activation flux were obtained from the DOE characteristics database [30]. Bounding mass

quantities activated in the assembly top and gas plenum regions are listed in Table 5.8.6-1 for the

seven analyzed assembly configurations. Similar to the fuel assembly hardware evaluation, the

plenum material is activated at a 0.2 flux factor, with top material activation at a 0.1 flux factor

(0.05 for the CE 16x16 fuel). Material above the top is not considered to be activated to a

significant extent and is, therefore, not modeled. In the shielding evaluation, the source material

activated in the plenum region of the fuel assembly is located at the bottom of the active fuel

region. This is the result of the full insertion of the CEA into the assembly under storage

conditions. The CEA material classified as that in the top assembly region is modeled directly

above the active fuel region. To minimize the increased dose due to loading of CEAs, only the

center nine basket locations are allowed to contain the added source.

CEA response functions are evaluated in groups 11 through 15 based on the significant energy

lines of the Ag-In-Cd, inconel, and stainless steel light element spectra. The minimum cool time

for CEAs is set uniformly at 10 years with a maximum exposure of 180 GWd/MTU.

Maximum CEA dose rates are calculated for the Westinghouse 17x17 bounding CEA description

due to the significant amount of Ag-In-Cd and steel/inconel activated in the assembly upper

plenum region. Results are shown in Table 5.8.6-2. On the sides of the concrete and transfer

casks, the additive dose rate does not affect the maximum dose rates. At the concrete cask inlets

and transfer cask bottom, loading of CEAs significantly increases the maximum dose rates.

The maximum decay heat produced by a loading of nine CEAs is 0.62 kW. For any of the fuel

assemblies evaluated, an increase in cool time of 0.7 years provides the necessary margin to

accommodate the CEAs. As an increase in cool time will also decrease the fuel source term, the

strict application of increased cool time without a recalculation of fuel dose rates is conservative.
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Table 5.8.6-1 Bounding CEA Descriptions

CE WE WE B&W CE WE B&W
Material Neutron Zone 14x14 14x14 15x15 15x15 16x16 17x17 17x17

Steel/Inconel
Ag-In-Cd
Steel/Inconel
Ag-In-Cd

Top
Top

Gas Plenum
Gas Plenum

2.495
0

2.495
2.767

10.39
0

12.4
45.4

0.88
0

16.30
58.70

0.488
1.581
0.488
1.581

2.857
1.089
2.857
2.812

14.87
0

23.60
51.80

0.488
1.581
0.488
1.581

Table 5.8.6-2 CEA Dose Rate Contributions - Westinghouse 17x17

Maximum Dose
(mrem/hr)

Average Dose
(mrem/hr)Cask / Dose Location

Concrete Cask Radial 4.4 0.4
Concrete Cask Inlet 32.3 --

Transfer Cask Radial 1.0 0.1
Transfer Cask Bottom 3,150 947
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5.8.7 Preferential Loading of PWR Fuel

In order to envelop fuel assemblies with heat loads higher than 1 kW, a three-zone preferential

loading pattern is proposed as follows.

Heat Load
Zone Description Designator [Wlassy] #Assemblies

Inner Ring A 960 9
Middle Ring B 1,300 12
Outer Ring C 800 16

Preferential and uniform loading patterns limit total cask heat load to 37 kW. As will be seen in

the results section, the maximum dose rate for the preferential loading pattern is less than that

calculated for a uniform pattern.

A sketch of the PWR basket and loading pattern is shown in Figure 5.8.7-1.

Minimum cool time tables for the thermal analysis limited preferential heat load pattern are

included in Section 5.8.9. The method and models for the preferential loading pattern shielding

evaluations are identical to those of the uniform loading pattern with the exception of requiring

three sets of response functions, one for each zone. Source spectrum varies as a result of changes

in burnup, initial enrichment and minimum cool time and, therefore, requires cask dose responses

(dose per unit source in each spectrum energy group) for each of the zones. The dose responses

from each ring, accounting for the differences inthe number of assemblies per zone, are added to

arrive at the dose rate for a fully loaded cask.

5.8.7.1 Input File Setup

Based on a three-zone pattern, the source and tally descriptions are modified in the MCNP

models to consider the sources in the appropriate basket locations with the proper scaling on the

tally cards. For each cask/detector combination, three sets of runs (A, B and C) are needed to

characterize the dose rate response.

5.8.7.2 Results

Maximum and average surface dose rates for the preferential pattern are shown in Table 5.8.7-1,

with the corresponding limiting results for the uniform pattern. The maximum dose rate for the

analyzed preferential loading pattern is less than that calculated for a uniform pattern at each

detector surface for both casks.

NAC International 5.8.7-1



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

The concrete cask radial and top axial average dose rates are less in the preferential pattern,

indicating the conservatism inherent in using the uniform pattern to characterize the restricted

area and controlled area boundaries. Although the transfer cask average dose rates are slightly

higher for the preferential pattern, the maximum dose rates on the top of the cask, which are

higher for the uniform pattern, are the dominant contributor to occupational exposures. As such,

the occupational exposure evaluations for TSC transfer are also conservative.

5.8.7.3 Cool-time Tables

Cool times for the three preferential loading pattern heat loads are shown in Table 5.8.7-2

through Table 5.8.7-4. Results are not shown if all cool times for a given assembly average

burnup are 4.0 years. The minimum enrichments (as a function of burnup) from Section 5.8.3.2

must be invoked.
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Figure 5.8.7-1 Schematic of PWR Fuel Preferential Loading Pattern
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Table 5.8.7-1 Preferential Pattern Dose Rate Results

Uniform Preferential
Cask I Dose Location Avg. Dose Rate Max. Dose Rate Avg. Dose Rate Max. Dose Rate

(mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr)
Concrete Cask Radial 54 77 47 70
Concrete Cask Top 80 379 69 308
Concrete Cask Inlet - 438 -- 422
Concrete Cask Outlet -- 41 -- 40
Transfer Cask Radial 693 1,069 728 1,028
Transfer Cask Top 163 439 172 421

,0

Transfer Cask Bottom 3,108 6,193 3,112 6,117
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/Assembly

35 < Assembly Average Burnup < 37.5 GWdlMTU
Minimum Cooling Time (years)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

2.1 _< E <2.3
2.3•_< E < 2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9_<E <3.1
3.1 _<E < 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7 _< E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3 _< E < 4.5
4.5:_< E < 4.7
4.7 < E < 4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 5x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3 _< E < 2.5
2.5•< E < 2.7
2.7•_< E < 2.9
2.9 E < 3.1
3.1 _E <3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7 E < 3.9
3.9<E <4.1
4.1 _E <4.3
4.3_ E <4.5
4.5 E < 4.7
4.7•_< E < 4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
-4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

40 < Assembly Average Burnup•< 41 GWd/MTUMinimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

+ +

2.1 < E <2.3
2.3•< E < 2.5
2.5_<E <2.7
2.7:5:E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3:5 E < 3.5
3.5<_ E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3< E<4.5
4.5•< E < 4.7
4.7 < E < 4.9

E >4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.04.0

Minimum, Initial 41 < Assembly Average Burnup < 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE f B&W CE WE B&W
wt % 2 35U (E) 14x14 j 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9 < E < 3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9
E Ž4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1

4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

42 < Assembly Average Burnup•< 43 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3_< E <2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9_< E< 3.1
3.1 <E < 3.3
3.3!< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 < E < 4.3
4.3< E <4.5
4.5•< E < 4.7
4.7•_< E < 4.9

E_>4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

Minimum Initial 43 < Assembly Average Burnup _ 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W 1CE WE B&W
wt % 235U (E) 14x14 14x14 j 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3
2.3_< E <2.5
2.5•_< E < 2.7
2.7_< E <2.9
2.9_<E < 3.1
3.1 _<E < 3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9_<E <4.1
4.1 < E <4.3
4.3•_< E < 4.5
4.5•5 E < 4.7
4.7< E <4.9

E>4.9

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.4

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.3
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

44 < Assembly Average Burnup•< 45 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3< E<2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9•_< E < 3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 E E<4.3
4.3 E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.9
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.4
4.4
4.4

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5

5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4

Minimum Initial 45 < Assembly Average Burnup•< 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (yearsM

Enrichment CE 1WE 1WE B&W T CE WE B&W
wt % 235U (E) 14x14 ]14x14 j15x15 15x15 16x16 ] 17x17 17x17
2.1 E < 2.3
2.3<E <2.5
2.5<E<2.7
2.7•_ E < 2.9
2.9_<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5_ E<3.7
3.7•< E < 3.9
3.9< E<4.1
4.1 <E< 4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7<E<4.9

E_>4.9

4.4
4.3
4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0

5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5

5.2
5.1
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6

4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.7
4.6
4.6

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

46 < Assembly Average Burnup• 47 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x1 6

WE
17x1 7

B&W
17x1 7

2.1 •E< 2.3
2.3•< E < 2.5
2.5•_< E < 2.7
2.7:< E < 2.9
2.9_<E<3.1
3.1 _<E<3.3
3.3 <_ E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 < E<4.3
4.3 < E < 4.5
4.5•< E < 4.7
4.7<E<4.9

E_>4.9

4.5
4.4
4.4
4.3
4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.0

5.3
5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.0
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.8
4.8
4.8
4.7

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.7
4.7

Minimum Initial 47 < Assembly Average Burnup • 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 { 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3<E <2.5
2.5•_ E < 2.7
2.7•< E < 2.9
2.9< E<3.1
3.1 _<E< 3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9< E<4.1
4.1 __ E < 4.3
4.3•_< E < 4.5
4.5 < E < 4.7
4.7< E <4.9

E_>4.9

4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5

5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8

5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

48 < Assembly Average Burnup< 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3•< E < 2.5
2.5_<E <2.7
2.7•_< E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3<E<4.5
4.5•_< E < 4.7
4.7_<E <4.9

E>4.9

4.8
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3

5.7
5.6
5.5
5.4
5.3
5.3
5.1
5.1
5.0
5.0
4.9
4.9

5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.7
4.6

5.8
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.0
5.0

5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

(

2.1 < E <2.3
2.3_< E <2.5
2.5 _< E < 2.7
2.7< E <2.9
2.9•_< E < 3.1
3.1 <E < 3.3
3.3 < E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 E < 4.5
4.5•< E < 4.7
4.7<E <4.9

E_>4.9

4.9
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.5
4.4

5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.8

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1

5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

50 < Assembly Average Burnup•< 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x>15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17xl 7

2.1 _<E < 2.3
2.3•_< E < 2.5
2.5!_< E < 2.7
2.7 < E < 2.9
2.9_< E <3.1
3.1 •E< 3.3
3.3•_ E < 3.5
3.5•_< E < 3.7
3.7_<E<3.9
3.9_< E <4.1
4.1 _<E<4.3
4.3< E<4.5
4.5•_< E < 4.7
4.7 < E < 4.9

E>4.9

4.9
4.9
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3

5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.5

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2

6.2
6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3

Minimum Initial 51 < Assembly Average Burnup _ 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE [WE WE 1 B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 _< E<2.3
2.3 < E < 2.5
2.5 <E<2.7
2.7 < E < 2.9
2.9 <E<3.1
3.1 < E <3.3
3.3 _< E < 3.5
3.5 5 E < 3.7
3.7 5 E < 3.9
3.9<E<4.1
4.1 5 E <4.3
4.3 5 E < 4.5
4.5 < E < 4.7
4.7 < E < 4.9

E>4.9

5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.5

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6

6.2
6.1
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4

6.4
6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.1
5.0

6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5

6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
wt % 235 U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

52 < Assembly Average Burnup_< 53 GWd/MTU
Minimum Cooling Time (years)

1 7 1 7 1' r

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

-4 4 4 4 4. 4.

2.1 _< E<2.3
2.3_< E <2.5
2.5<E<2.7
2.7< E <2.9
2.9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•_< E < 3.9
3.9•_< E < 4.1
4.1 < E < 4.3
4.3<E <4.5
4.5 < E < 4.7
4.7 < E < 4.9

E > 4.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6

5.5
5.4
5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7

6.4
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5

6.7
6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2

6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7

6.6
6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE [B&W
wt % 235U (E) 14x14 14x-14 15x15 15x15 16x16 17x17 17x17

(

2.1 < E <2.3
2.3_< E <2.5
2.5:5 E < 2.7
2.7•5 E < 2.9
2.9!5 E <3.1
3.1 < E <3.3
3.3•_< E < 3.5
3.5:5 E < 3.7
3.7< E<3.9
3.9<5 E <4.1
4.1 _<E<4.3
4.3•5 E < 4.5
4.5•_< E < 4.7
4.7 < E < 4.9

E_>4.9

5.5
5.4
5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9

6.6
6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.9
6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

6.2
6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9

6.8
6.7
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.9
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3_<E <2.5
2.5_< E <2.7
2.7<E<2.9
2.9 _<E <3.1 - - - - -

3.1 • E < 3.3 5.6 5.7 6.8 7.0 6.3 7.0 7.0
3.3 _< E < 3.5 5.5 5.6 6.6 6.9 6.2 6.8 6.8
3.5 < E < 3.7 5.4 5.5 6.5 6.8 6.1 6.7 6.7
3.7 •< E < 3.9 5.3 5.5 6.4 6.7 6.0 6.6 6.6
3.9 < E < 4.1 5.2 5.4 6.3 6.6 5.9 6.5 6.5
4.1 < E < 4.3 5.1 5.3 6.2 6.5 5.8 6.4 6.4
4.3 < E < 4.5 5.0 5.2 6.0 6.4 5.8 6.3 6.3
4.5 _< E < 4.7 5.0 5.1 6.0 6.2 5.7 6.2 6.2
4.7 _< E < 4.9 4.9 5.1 5.9 6.1 5.6 6.1 6.1

E > 4.9 4.8 5.0 5.9 6.0 5.6 6.0 6.0
Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3 - -

2.3 _< E <2.5 -

2.5< E<2.7 -

2.7 _<E<2.9 -- -

2.9 _<E <3.1 - - -

3.1 _< E < 3.3 5.8 5.9 7.0 7.4 6.5 7.3 7.3
3.3 _< E < 3.5 5.7 5.8 6.9 7.2 6.4 7.1 7.1
3.5 _< E < 3.7 5.6 5.7 6.8 7.1 6.2 7.0 7.0
3.7 _ E < 3.9 5.5 5.7 6.6 6.9 6.1 6.9 6.9
3.9 _< E < 4.1 5.4 5.6 6.5 6.8 6.0 6.8 6.8
4.1 _< E < 4.3 5.3 5.5 6.4 6.7 5.9 6.7 6.7
4.3 _< E < 4.5 5.2 5.4 6.3 6.6 5.9 6.6 6.6
4.5 < E < 4.7 5.1 5.3 6.2 6.5 5.8 6.5 6.5
4.7 _< E < 4.9 5.0 5.2 6.1 6.4 5.7 6.4 6.4

E _> 4.9 5.0 5.2 6.0 6.3 5.7 6.3 6.3
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

* 4 4 4

2.1 <E <2.3
2.3_<E<2.5
2.5:_< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 < E<3.3
3.3 < E < 3.5
3.5<E <3.7
3.7<E <3.9
3.9<E<4.1
4.1:5 E <4.3
4.3<E <4.5
4.5:_< E < 4.7
4.7< E<4.9

E>4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.1

6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6

6.8
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8

7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.6

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W iCE WE B&W
wt % 235 U (E) 14x14 j14x14 j15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3< E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9•_< E < 3.1
3.1 <E <3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 < E < 4.3
4.3<E<4.5
4.5 _< E <4.7
4.7<E<4.9

E_>4.9

6.1
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3

6.4
6.3
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.5

7.7
7.5
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9

7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

8.0
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8

8.0
7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/Assembly (continued)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16xl 6

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3_< E <2.5
2.5_< E <2.7
2.7<E<2.9
2.9_<E< 3.1
3.1 <E<3.3
3.3•_< E < 3.5
3.5._< E < 3.7
3.7•_< E < 3.9
3.9<E <4.1
4.1 _< E <4.3
4.3_< E <4.5
4.5:5 E < 4.7
4.7•_< E < 4.9

E>4.9

6.4
6.3
6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5

6.7
6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.7

8.0
7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

8.6
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1

7.3
7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2

8.4
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0

8.4
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0

Minimum Initial 59 < Assembly Average Burnup•< 60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 j 15x15 15x15 16x!6 17x17 17x17
2.1 _< E <2.3
2.3<E<2.5
2.5•_ E < 2.7
2.7<E <2.9
2.9•< E < 3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5:< E < 3.7
3.7:_< E < 3.9
3.9_< E <4.1
4.1 < E <4.3
4.3 _< E < 4.5
4.5 _< E < 4.7
4.7_<E <4.9

E_>4.9

6.5
6.4
6.2
6.1
6.0
5.9
5.8
5.7
5.7

6.8
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9

8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.1
7.0

8.8
8.6
8.4
8.1
8.0
7.8
7.7
7.6
7.5

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5

8.4
8.2
8.0
7.8
7.7
7.6
7.4
7.3
7.2

8.4
8.2
8,0
7.8
7.7
7.6
7.4
7.3
7.2
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly

25 < Assembly Average Burnup < 30 GWd/MTUMinimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ +

2.1 _<E <2.3
2.3•_< E < 2.5
2.5_<E <2.7
2.7<E <2.9
2.9.• E < 3.1
3.1 _< E <3.3
3.3•< E < 3.5
3.5!< E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 _<E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7:< E < 4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 30 < Assembly Average Burnup < 32.5 GWdlMTU
Assembly Avg. Minimum Cooling Time (years) _ ____

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 f 17x17 17x17
2.1:5 E < 2.3
2.3<E <2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 E <3.3
3.3<E<3.5
3.5•5 E < 3.7
3.7_<E <3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7•5 E < 4.9

E>4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4

4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.7
4.6
4.6
4.5
4.5
4.4
4"4
4.4
4.3
4.3
4.3
4.3
4.2
4.2
4.2
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Table 5.8.7-3

Minimum Initial
Assembly Avg.

Enrichment

wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

32.5 < Assembly Average Burnup _< 35 GWdIMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 _< E <2.3
2.3_< E <2.5
2.5 < E < 2.7
2.7 _< E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5•_< E < 3.7
3.7•_< E < 3.9
3.9< E <4.1
4.1 <E<4.3
4.3< E <4.5
4.5 __ E < 4.7
4.7•< E < 4.9

E_>4.9

4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5

4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1 CE WE B&W
wt % 235U (E) 14x14 14x14 ]15x15 15x15 16x16 17x17 17x17

2.1 •E <2.3
2.3•< E < 2.5
2.5:5 E < 2.7
2.7<E<2.9
2.9_<E <3.1
3.1 _<E<3.3
3.3:5 E < 3.5
3.5•< E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 E <4.3
4.3:5 E < 4.5
4.5•_< E < 4.7
4.7<E <4.9

E_>4.9

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8

5.6
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0
5.0
5.0
4.9
4.9
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

37.5 < Assembly Average Burnup _< 40 GWdlMTU
Minimum Coolinq Time (years)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17xt7

B&W
17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5<E<2.7
2.7•< E < 2.9
2.9< E<3.1
3.1 E <3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3•5 E < 4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>_4.9

I

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.5

5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4

Minimum Initial 40 < Assembly Average Burnup • 41 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E< 3.3
3.3•5 E < 3.5
3.5 < E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 _< E < 4.5
4.5 < E < 4.7
4.7:5 E < 4.9

E_>4.9

5.2
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9

4.8
4.8
4.7
4.7

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6
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Table 5.8.7-3

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

41 < Assembly Average Burnup _< 42 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5 E <2.7
2.7<E <2.9
2.9•< E < 3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 < E < 4.3
4.3•< E < 4.5
4.5 <E <4.7
4.7 < E < 4.9

E>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9
5.8

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

Minimum Initial 42 < Assembly Average Burnup < 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1 CE WE B&W
wt % 2 35U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1_<E <2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9_<E< 3.1
3.1 _<E < 3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7 E < 3.9
3.9<E <4.1
4.1 E<E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7_< E <4.9
E >4.9

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.0

6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
6.0

6.9
6.7
6.7
6.5
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
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Table 5.8.7-3

Minimum Initial
Assembly Avg.

Enrichment
wt % 23sU (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

43 < Assembly Average Burnup <44 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15X15

CE
16x16

WE
17x17

B&W
17x17

+ 4 4 F

2.1 <E <2.3
2.3<E <2.5
2.5___ E < 2.7
2.7_<E <2.9
2.9_<E<3.1
3.1 <__ E < 3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7!5 E < 3.9
3.9•_ E < 4.1
4.1 E < 4.3
4.3•< E < 4.5
4.5•_< E < 4.7
4.7_< E <4.9

E>4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

7.1
7.0
6.8
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

Minimum Initial 44 < Assembly Average Burnup < 45 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)Enrichment CE 1 WE WE B&W CE WE B&W

wt % 2 35U (E) , 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5_<E <2.7
2.7<E <2.9
2.9<E<3.1
3.1:5 E < 3.3
3.3_<E < 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 •E< 4.3
4.3•_ E < 4.5
4.5:5 E < 4.7
4.7_<E <4.9

E>4.9

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4

7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.7
6.7
6.6

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9

7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.6
6.6
6.5
6.5

7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.6
6.6
6.5
6.5
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Table 5.8.7-3

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

45 < Assembly Average Burnup < 46 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3.
2.3_< E <2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9<E <3.1
3.1 _<E < 3.3
3.3•_< E < 3.5
3.5 _< E < 3.7
3.7•_< E < 3.9
3.9_<E <4.1
4.1 E < 4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7<:•E < 4.9

E_>4.9

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

7.7
7.6
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.7
6.7
6.6

8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
7.0
6.9

7.0
6.9
6.8
6;7
6.6
6.5
6.4
6.4
6.3
6.2
6.1
6.1

7.8
7.7
7.5
7.4
7.3
7.2
7.0
7.0
6.9
6.9
6.8
6.7

7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

Minimum Initial 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7:5 E < 2.9
2.9<E <3.1
3.1 _<E < 3.3
3.3< E<3.5
3.5:5 E < 3.7
3.7 _< E < 3.9
3.9_<E<4.1
4.1 < E < 4.3
4.3•_< E < 4.5
4.5 < E < 4.7
4.7 _< E < 4.9

E>4.9

6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9

8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

8.2
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.2
7.1
7.0

8.2
8.0
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.1
7.0
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Table 5.8.7-3

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

47 < Assembly Average Burnup •48 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9•< E <3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5 <E< 3.7
3.7•< E < 3.9
3.9•<E < 4.1
4.1 • E <4.3
4.3•< E < 4.5
4.5 <E<4.7
4.7•< E < 4.9

E>4.9

6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.2
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6

7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6

8.7
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4

8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4

Minimum Initial 48 < Assembly Average Burnup • 49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1 CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3< E <2.5
2.5 <E <2.7
2.7 E <2.9
2.9:< E <3.1
3.1 <E <3.3
3.3:5 E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 _E <4.3
4.3_E <4.5
4.5 E <4.7
4.7 E < 4.9

E_>4.9

7.1
7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

9.1
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6

9.8
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0

8.2
8.0
7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9

9.3
9.0
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7

9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
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Table 5.8.7-3

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 35U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

49 < Assembly Average Burnup < 50 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E <2.5
2.5 E<2.7
2.7•_< E < 2.9
2.9 < E < 3.1
3.1 < E < 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7<E <3.9
3.9<E<4.1
4.1 E < 4.3
4.3 E < 4.5
4.5<• E <4.7
4.7<E<4.9

E>4.9

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

9.5
9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9

10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.6
8.5

8.5
8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1

9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4
8.3
8.2
8.1

Minimum Initial 50 < Assembly Average Burnup < 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)Enrichment CE I WE 1 WE 5 B&W CE WE B&W

wt % 2 35 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7_<E<2.9
2.9_<E<3.1
3.1 •<E<3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9_<E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5 _< E < 4.7
4.7<E <4.9

E_>4.9

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7

10.1
9.9
916
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4

10.9
10.6
10.3
10.1
9.9
9.7
9.5
9.4
9.2
9.0
8.9

8.9
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.6

10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.5

10.2
10.0
9.8
9.5
9.4
9.2
9.0
8.9
8.8
8.7
8.6
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Table 5.8.7-3

Minimum Initial
zAssembly Avg. __

Enrichment
wt % 2 35 U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

51 < Assembly Average Burnup •52 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 __< E < 2.3
2.3•< E < 2.5
2.5<E<2.7
2.75 E < 2.9
2.9<E<3.1
3.1 E <3.3
3.3<E<3.5
3.55 E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 < E < 4.3
4'3:< E < 4.5
4.5•5 E < 4.7
4.75 E < 4.9

E __ 4.9

7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
9.0
8.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.7
9.6
9.4
9.3

9.5
9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9

11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3
9.1
9.0

11.0

10.7
10.4
10.1
9.9
9.8
9.6
9.4
9.3
9.1
9.0

Minimum Initial 52 < Assembly Average Burnup < 53 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE [ B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E<3.3
3.3<E <3.5
3.5•< E < 3.7
3.7<E< 3.9
3.9 <E<4.1
4.1 <E< 4.3
4.3<E<4.5
4.5 <E< 4.7
4.7<E<4.9

E>4.9

8.4
8.1
8.0
7.8
7.6
7.5
7.4
7.2
7.1
7.0
7.0

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.6
7.5
7.4
7.3

11.3
11.0
10.7
10.4
10.1
9.9
9.8
9.6

9.4
9.3
9.2

12.2
11.8
11.5
11.3
11.0
10.8
10.6
10.4
10.2
10.0
9.9

10.1
9.8
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3

11.7
11.4
11.2
10.9
10.7
10.4
10.2
10.0
9.8
9.7
9.6

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6
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Minimum Initial
Assembly Avg.

Enrichment
Wt %-235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

53 < Assembly Average Burnup < 54 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x>15

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•_ E < 2.5
2.5 _< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E < 3.3
3.3<E <3.5
3.5•5 E < 3.7
3.75 E < 3.9
3.9_<E<4.1
4.1 E <4.3
4.3•_ E < 4.5
4.5< E < 4.7
4.7_<E <4.9

E>4.9

8.8
8.6
8.4
8.2
8.0
7.8
7.7
7.6
7.5
7.4
7.3

9.3
9.1
8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.9

12.0
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7

13.1
12.7
12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6

10.8
10.5
10.2
9.9
9.7
9.5
9.3
9.2
9.0
8.9
8.8

12.5
12.1
11.9
11.6
11.4
11.1
10.9
10.7
10.5
10.3
10.2

12.5
12.1
11.8
11.6
11.3
11.1

10.9
10.7
10.5
10.3
10.1

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly-Avg. Minimum Cooling Time (years)

Enrichment CE - WE WE {B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 I7x17 17x17
2.1 < E <2.3
2.3<E <2.5
2.5< E<2.7
2.7•_ E < 2.9
2.9_<E <3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9_<E <4.1
4.1 <E<4.3
4.3_<E<4.5
4.5•_< E < 4.7
4.7•_< E < 4.9

E>4.9

9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.8
7.7
7.6

9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.3
8.2
8.0

12.5
12.1
11.8
11.5
11.3
11.1
10.9
10.7
10.5
10.3

13.6
13.2
12.9
12.5
12.2
12.0
11.8
11.6
11.4
11.3

11.2
10.9
10.6
10.4
10.1
9.9
9.7
9.6
9.4
9.3

13.0
12.7
12.3
12.1
11.8
11.6
11.4
11.2
11.0
10.8

13.0
12.7
12.3
12.0
11.8
11.6
11.4
11.2
11.0
10.8
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Table 5.8.7-3

.Minimum Initial
Assembly.Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

.55 <Assembly Average Burnup < 56 GWdiMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

-t 4 -~ -~

2.1 _<E<2.3
2.3<E<2.5
2.5<E <2.7
2.7!5 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3_<E <3.5
3.5:5 E < 3.7
3.75 E < 3.9
3.9_<E <4.1
4.1 E < 4.3
4.3<E <4.5
4.5 <E< 4.7
4.7<E <4.9

E>4.9

9.6
9.3
9.1
8.9
8.7
8.5
8.4
8.2
8.1
8.0

10.3
10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5

13.3
12.9
12.6
12.2
12.0
11.8
11.5
11.3
11.1
11.0

14.5
14.1
13.8
13.4
13.1
12.8
12.6
12.4
12.1
11.9

11.6
11.3
11.0
10.7
10.5
10.2
10.0
9.9
9.7
9.6

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5

13.9
13.5
13.2
12.9
12.6
12.3
12.0
11.8
11.7
11.5

Minimum Initial 56 < Assembly Average Burnup < 57 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 I4x14 15x15 15x15 16x16 17x17 J 17x17
2.1 <E < 2.3
2.3•< E < 2.5
2.5_<E <2.7
2.7 < E < 2.9
2.9_<E<3.1
3.1 <E < 3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7_<E < 3.9
3.9•5 E < 4.1
4.1 _<E <4.3
4.3_<E <4.5
4.5:5 E < 4.7
4.7 < E < 4.9

E>4.9

10.2
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

10.9
10.7
10.3
10.0
9.8
9.6
9.4
9.2
9.1
8.9

14.2
13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6

15.4
15.0
14.7
14.3
14.0
13.7
13.4
13.2
13.0
12.8

12.3
12.0
11.7
11.4
11.1
10.9
10.7
10.5
10.3
10.1

14.8
14.4
14.1
13.7
13.5
13.2
12.9
12.7
12.4
12.2

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4
12.2
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Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

57 < Assembly Average Burnup < 58 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 E <2.5
2.5 E <2.7
2.7 < E < 2.9
2.9•< E < 3.1
3.1 <E <3.3
3,3 < E <3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E <4.9

E>4.9

10.8
10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8

11.6
11.3
11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.4

15.1
14.7
14.3
14.0
13.6
13.4
13.1
12.8
12.6
12.4

16.4
16.0
15.6
15.2
14.9
14.6
14.3
14.0
13.8
13.6

13.1
12.8
12.4
12.1
11.8
11.6
11.4
11.1
10.9
10.8

15.8
15.4
15.0
14.7
14.3
14.0
13.8
13.5
13.3
13.0

15.7
15.3
15.0
14.6
14.3
13.9
13.7
13.5
13.3
13.0

Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE 1 WE 1 WE [ B&W ICE] WE [B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3•< E < 2.5
2.5_5E <2.7
2.7_<E <2.9
2.9<E <3.1
3.1 < E < 3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7_< E < 3.9
3.9!5 E <4.1
4.1 _E < 4.3
4.3< E<4.5
4.5 < E < 4.7
4.7 _< E < 4.9

E_>4.9

11.5
11.2
10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.3

12.3
11.9
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0

16.0
15.6
15.2
14.8
14.5
14.1
13.9
13.7
13.4
13.2

17.4
17.0
16.6
16.2
15.8
15.5
15.2
14.9
14.7
14.4

13.9
13.6
13.2
12.9
12.5
12.3
12.0
11.8
11.6
11.4

16.7
16.3
15.9
15.6
15.3
14.9
14.6
14.3
14.1
13.8

16.7
16.3
15.9
15.6
15.2
14.9
14.6
14.3
14.0
13.8
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Table 5.8.7-3

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

59 < Assembly Average Burnup < 60 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9:5 E < 3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 <E< 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E <4.3
4.3:_ E < 4.5
4.5 <E <4.7
4.7 < E < 4.9

E_>4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.1
9.9
9.8

12.7
12.4
12.0
11.8
11.5
11.3
11.0
10.8
10.6

16.5
16.1
15.7
15.4
15.1
14.8
14.5
14.2
13.9

17.9
17.5
17.1
16.8
16.5
16.1
15.9
15.6
15.3

14.4
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0

16.8
16.4
16.0
15.7
15.4
15.1
14.8
14.5
14.3

16.8
16.4
16.0
15.7
15.3
15.1
14.8
14.5
14.2
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

20 < Assembly Average Burnup•< 25 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

1.9<E <2.1
2.1 _E< 2.3
2.3 _< E < 2.5
2.5 _< E < 2.7
2.7_< E <2.9
2.9•< E < 3.1
3.1 < E <3.3
3.3•< E < 3.5
3.5•_< E < 3.7
3.7•_< E < 3.9
3.9<E <4.1
4.1 _<E <4.3
4.3:_< E < 4.5
4.5 < E < 4.7
4.7 < E < 4.9

E_>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
•4.3

4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 25 < Assembly Average Burnup _ 30 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3
2.3 < E < 2.5
2.5 _< E < 2.7
2.7•_< E < 2.9
2.9_E<3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.1
4.0

5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7
4.7

4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

30 < Assembly Average Burnup•< 32.5 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3 < E < 2.5
2.5<E<2.7
2.7 < E < 2.9
2.9 < E < 3.1
3.1 _<E<3.3
3.3•< E < 3.5
3.5:< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5•< E < 4.7
4.7•< E < 4.9

E_>4.9

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.3

5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
5.0
4.9
4.9

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0

5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1
5.0
5.0
5.0

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0
5.0
5.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWdlMTU
Assembly Avg. Minimum Cooling Ti me (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E<2.5
2.5•< E < 2.7
2.7_<E<2.9
2.9 < E < 3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5 _< E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>_4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.5
5.4

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.7
5.6

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

35 < Assembly Average Burnup•< 37.5 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _< E<2.3
2.3 _< E < 2.5
2.5•_< E < 2.7
2.7_<E <2.9
2.9<E <3.1
3.1 < E<3.3
3.3 _< E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9_<E<4.1
4.1 _<E <4.3
4.3< E<4.5
4.5•< E < 4.7
4.7_< E <4.9

E>4.9

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0
6O0
6.0

7.1
7.0
6.9
6.8

6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6

6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.2
6.1
6.1

6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.3
6.2
6.2
6.1
6.1

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3_<E <2.5
2.5 _< E < 2.7
2.7•_ E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3•_ E < 3.5
3.5 _< E < 3.7
3.7•_< E < 3.9
3.9<E <4.1
4.1 _< E <4.3
4.3< E <4.5
4.5•_< E < 4.7
4.7•< E < 4.9

E_>4.9

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.7
7.6
7.5
7.4
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8
6.7

8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.1
7.1
7.0

7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

7.8
7.7
7.6
7.4
7.3
7.3
7.2
7.1
7.0
7.0
6.9
6.9
6.8

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.1
7.0
7.0
6.9
6.9
6.8
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

40 < Assembly Average Burnup•< 41 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16X16

WE
17x17

B&W
17x17

2.1:5 E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9:5 E < 3.1
3.1 <E< 3.3
3.3<E<3.5
3.5•5 E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 E <4.3
4.3<E<4.5
4.5 _< E < 4.7
4.7:5 E <4.9

E>4.9

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9

8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1
7.0

8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.7
6.6
6.6
6.5

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.2

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3
7.2
7.2

Minimum Initial 41 < Assembly Average Burnup < 42 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W { CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3•< E < 2.5
2.5:5 E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9_<E <4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7:5 E < 4.9

E>4.9

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.1

8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9
7.8

7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.8
7.7
7.6
7.6

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7
7.7
7.6
7.6
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

42 < Assembly Average Burnup•< 43 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 4 -~ -4 4 4

2.1 _E< 2.3
2.3_ E<2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9:_< E < 3.1
3.1 •< E < 3.3
3.3•< E < 3.5
3.5<E <3.7
3.7•5 E < 3.9
3.9_<E<4.1
4.1 _E< 4.3
4.3<E <4.5
4.5 _ E < 4.7
4.7_<E <4.9

E_>4.9

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5
6.4

9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1
8.0
8.0
7.9
7.8

9.9
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2
7.1

9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

9.4
9.2
9.0
8.8
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

Minimum Initial 43 < Assembly Average Burnup <44 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 •E<2.3
2.3<E<2.5
2.5 _< E < 2.7
2.7<E <2.9
2.9< E <3.1
3.1 :_< E < 3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7 < E < 4.9

E_>4.9

7.7
7.5
7.4
7.2
7.1
7.1
6.9
6.8
6.7
6.7
6.6
6.6
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

10.0
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.5
8.5
8.4
8.3

10.8
10.5
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.9

8.8
8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5

10.0
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.5

10.1
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.4
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.3<E<2.5
2.5:5 E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 •E<4.3
4.3 < E < 4.5
4.5:< E < 4.7
4.7•< E < 4.9

E_4.9

7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9
6.8
6.8

8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9
8.8

11.4
11.1
10.8
10.6
10.4
10.2
10.0
9.9
9.8
9.7
9.6
9.5

9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.4
9.2
9.1
9.0
9.0

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.3
9.2

9.1
9.0
8.9 (60

Minimum Initial 45 < Assembly Average Burnup < 46 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

.Enrichment CE WE WE B&W j CE 1 WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 ]17x17 17x17
2.1 <E<2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9_<E < 3.1
3.1 •E<3.3
3.3 < E < 3.5
3.5 _< E < 3.7
3.7 _< E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3 5 E < 4.5
4.5:5 E < 4.7
4.7•< E < 4.9

E_>4.9

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1

8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

11.3
11.0
10.8
10.6
10.3
10.1
10.0
9.8
9.7
9.6
9.5
9.4

12.1
11.9
11.6
11.4
11.2
11.0
10.8
10.7
10.5
10.4
10.2
10.1

9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

11.4
11.2
10.9
10.7
10.5
10.3
10.1
10.0
9.9
9.8
9.7
9.6

11.4
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.9
9.7
9.6
9.5
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)
46 < Assembly Average Burnup < 47 GWdlMTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 •E<2.3
2.3•_< E < 2.5
2.5:< E < 2.7
2.7<E <2.9
2.9_<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9•< E < 4.1
4.1 <E <4.3
4.3_<E <4.5
4.5:_< E < 4.7
4.7_<E <4.9

E>4.9

8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

12.1
11.8
11.6
11.3
11.1
10.9
10.8
10.6
10.4
10.2
10.1
10.0

13.2
12.8
12.6
12.2
12.0
11.8
11.6
11.5
11.3
11.2
11.0
10.9

10.6
10.3
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.8

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.8
10.6
10.5
10.3
10.2

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6
10.4
10.3
10.2

Minimum Initial 47 < Assembly Average Burnup •48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE [ B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3•_< E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9_<E < 3.1
3.1 < E <3.3
3.3•< E < 3.5
3.5<E<3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7 < E < 4.9

E>4.9

9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.3
8.2

13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.3
11.2
11.0
10.9
10.7

14.2
13.8
13.5
13.2
13.0
12.7
12.5
12.3
12.1
11.9
11.8
11.7

11.4
11.1
10.8
10.6
10.4
10.1
10.0
9.8
9.7
9.6
9.5
9.4

13.3
12.9
12.6
12.4
12.0
11.9
11.7
11.5
11.4
11.3
11.1
11.0

13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5
11.4
11.2
11.1
11.0
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

48 < Assembly Average Burnup < 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E<2.3
2.3<E <2.5
2.5:5 E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E< 3.3
3.3 _< E < 3.5
3.5:5 E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7_<E<4.9

E>4.9

-* 4 I. I

10.1
9.8
9.6
9.4
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.2

10.8
10.5
10.2
9.9
9.7
9.6
9.4
9.2
9.1
8.9
8.8
8.7

14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.1
11.9
11.8
11.6
11.5

15.3
14.9
14.6
14.2
13.9
13.7
13.5
13.2
13.0
12.9
12.7
12.5

12.1
11.9
11.6
11.4
11.2
10.9
10.7
10.5
10.4
10.2
10.0
9.9

14.2
13.9
13.6
13.3
13.1
12.8
12.6
12.3
12.1
12.0
11.8
11.7

14.2
13.9
13.5
13.3
13.0
12.8
12.5
12.3
12.1
12.0
11.8
11.7

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 _< E <3.3
3.3 _< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3< E <4.5
4.5 E < 4.7
4.7 E < 4.9

E_>4.9

10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
8.9
8.8
8.7

11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1

14.7
14.4
14.0
13.7
13.5
13.2
13.0
12.8
12.6
12.4
12.3

16.0
15.6
15.3
15.0
14.7
14.4
14.2
14.0
13.8
13.7
13.5

12.8
12.4
12.1
11.9
11.6
11.5
11.3
11.1
11.0
10.8
10.7

14.9
14.6
14.3
14.0
13.7
13.5
13.3
13.1
12.9
12.7
12.6

14.9
14.6
14.2
14.0
13.7
13.5
13.2
13.1
12.9
12.7
12.5
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel --800 W/Assembly (continued)

50 < Assembly Average Burnup_< 51 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

.WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

2.1 •E< 2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7•_ E < 2.9
2.9•< E < 3.1
3.1 <E< 3.3
3.3•_< E < 3.5
3.5 _< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5< E <4.7
4.7< E<4.9

E_>4.9

11.0
10.7
10.4
10.1
9.9
9.7
9.6
9.4
9.3
9.1
9.0

11.8
11.5
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.8
9.7

15.8
15.4
15.1
14.8

14.4
14.2
13.9
13.7
13.5
13.4
13.2

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.9
14.6
14.4

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.7
11.5
11.4

16.0
15.7
15.3
15.0
14.8
14.5
14.2
.14.0
13.8
13.6
13.4

16.0
15.6
15.3
15.0
14.7
14.4
14.2
13.9
13.8
13.6
13.5

Minimum Initial 51 < Assembly Average Burnup •52 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE [WE WE 1 B&W 1CE WE B&W
wt % 235U (E) 14x14 14x14 j 15x15 15x15 16x16 17x17 j 17x17
2.1 <E <2.3
2.3•_< E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E< 3.3
3.3 < E < 3.5
3.5 _< E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 < E<4.3
4.3_<E <4.5
4.5•_ E < 4.7
4.7_< E<4.9

E_>4.9

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6

12.6
12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.5
10.3

16.9
16.5
16.1
15.8
15.5
15.2
15.0
14.7
14.5
14.3
14.0

17.9
17.5
17.1
16.8
16.5
16.2
15.9
15.7
15.5
15.3
15.1

14.7
14.3
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.3
12.1

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.8
14.6
14.4

17.1
16.7
16.4
16.1
15.8
15.5
15.2
15.0
14.8
14.6
14.4

NAC International 5.8.7-37



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

.52 < Assembly Average Burnup_< 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 •E< 2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7< E <2.9
2.9<E<3.1
3.1 < E <3.3
3.3 < E < 3.5
3.5•_ E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 •E<4.3
4.3<E<4.5
4.5_<E <4.7
4.7_<E<4.9

E>4.9

12.5
12.1
11.9
11.6
11.3
11.1
10.9
10.7
10.5
10.3
10.2

13.5
13.1
12.8
12.5
12.4
12.0
11.7
11.5
11.3
11.2
11.0

17.6
17.2
16.8
16.4
16.1
15.8
15.6
15.3
15.1
14.9
14.7

19.0
18.6
18.2
17.9
17.6
17.3
17.0
16.8
16.5
16.3
16.1

15.7
15.3
15.0
14.6
14.4
14.0
13.8
13.6
13.4
13.2
13.0

18.3
17.9
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.6
15.4

18.2
17.8
17.5
17.2
16.8
16.6
16.3
16.0
15.8
15.6
15.4

(

Minimum Initial 53 < Assembly Average Burnup < 54 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE 1 WE WE 1 B&W CE WE B&W
wt % 235U (E) 14x14 t4x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3_<E<2.5
2.5•_< E < 2.7
2.7•< E < 2.9
2.9<E< 3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•_< E < 3.7
3.7<E<3.9
3.9•< E < 4.1
4.1 <E <4.3
4.3<E <4.5
4.5 < E < 4.7
4.7<E<4.9

E>_4.9

13.4
13.0
12.6
12.3
12.0
11.8
11.6
11.3
11.2
11.0
10.8

14.5
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11.9
12.1

18.6
18.2
17.8
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.7

20.1
19.7
19.4
19.1
18.7
18.4
18.1
17.9
17.6
17.4
17.2

16.8
16.4
16.0
15.7
15.3
15.1
14.8
14.5
14.3
14.0
13.9

19.4
19.0
18.7
18.3
18.0
17.7
17.4
17.2
16.9
16.7
16.4

19.3
19.0
18.6
18.3
17.9
17.7
17.4
17.1
16.9
16.6
16.4

NAC International 5.8.7-38



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

54 < Assembly Average Burnup_< 55 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5 _< E < 2.7
2.7 < E < 2.9
2.9 <_ E < 3.1
3.1 <E<3.3
3.3 5 E < 3.5
3.5 5 E < 3.7
3.7•< E < 3.9
3.9< E<4.1
4.1 < E <4.3
4.3 < E < 4.5
4.5•< E < 4.7
4.7 < E < 4.9

E_>4.9

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5

15.1
14.7
14.3
14.0
13.7
13.4
13.2
13.0
12.8
12.5

19.3
18.9
18.6
18.2
17.9
17.6
17.3
17.1
16.9
16.7

20.9
20.5
20.1
19.8
19.5
19.2
19.0
18.7
18.5
18.3

17.4
17.1
16.7
16.4
16.0
15.7
15.5
15.2
15.0
14.8

20.1
19.8
19.4
19.2
18.8
18.5
18.3
18.0
17.8
17.6

20.1
19.7
19.4
19.1
18.7
18.5
18.2
18.0
17.7
17.5

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
. Enrichment CE WE WE B&W CE WE B&W
wt % 2 35U (E) 14x14 14x14 15x15 I 15x15 16x16 17x17 17x17
2.1 •E< 2.3
2.3•_< E < 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E < 3.3
3.3•< E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9< E<4.1
4.1 <E <4.3
4.3 _< E < 4.5
4.5 _< E < 4.7
4.7•< E < 4.9

E>4.9

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.2

16.0
15.6
15.3
14.9
14.7
14.3
14.1
13.8
13.6
13.4

20.4
20.0
19.6
19.3
19.0
18.7
18.4
18.1
17.9
17.7

22.1
21.7
21.4
21.0
20.7
20.4
20.1
19.9
19.6
19.4

18.0
17.6
17.2
16.9
16.6
16.3
16.0
15.7
15.5
15.4

21.3
20.9
20.5
20.3
19.9
19.6
19.4
19.1
18.9
18.7

21.2
20.9
20.5
20.2
19.8
19.6
19.4
19.1
18.8
18.6
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

56 < Assembly Average Burnup_< 57 GWdlMTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE WE
16x16 17x17

B&W
17x17

2.1 < E <2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7_<E<2.9
2.9<E<3.1
3.1 _<E <3.3
3.3:< E < 3.5
3.5•_< E < 3.7
3.7_<E<3.9
3.9<E <4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5_< E<4.7
4.7 < E < 4.9

E_>4.9

15.7
15.3
15.0
14.6
14.2
14.0
13.7
13.5
13.3
13.1

17.0
16.6
16.3
15.9
15.6
15.3
15.0
14.7
14.5
14.2

21.5
21.1
20.7
20.4
20.1
19.7
19.5
19.2
19.0
18.7

23.2
22.8
22.4
22.1
21.8
21.5
21.2
21.0
20.7
20.5

19.1
18.7
18.3
17.9
17.6
17.3
17.0
16.7
16.5
16.3

22.4
22.0
21.7
21.4
21.0
20.7
20.4
20.2
20.0
19.8

22.3
21.9
21.7
21.3
21.0
20.7
20.4
20.2
19.9
19.7 (

Minimum Initial 57 < Assembly Average Burnup < 58 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE 1 WE f B&W [ CE WE B&W
wt % 235U (E) I 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E<2.3
2.3_<E <2.5
2.5__< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1:5 E <3.3
3.3•5 E < 3.5
3.5 : E < 3.7
3.7 _< E < 3.9
3.9_<E <4.1
4.1 < E <4.3
4.3•_ E < 4.5
4.5•5 E < 4.7
4.7<E <4.9

E>4.9

16.7
16.3
15.9
15.5
15.2

14.9
14.6
14.3
14.0
13.8

18.1
17.6
17.3
16.9
16.5
16.2
15.9
15.6
15.4
15.2

22.6
22.2
21.8
21.5
21.2
20.9
20.5
20.3
20.1
19.8

24.2
23.9
23.6
23.2
22.9
22.6
22.3
22.0
21.8
21.6

20.1
19.7
19.4
19.0
18.6
18.3
18.0
17.7
17.5
17.3

23.5
23.1
22.8
22.5
22.1
21.8
21.6
21.3
21.1
20.8

23.4
23.1
22.7

22.4
22.1
21.8
21.6
21.3
21.0
20.7
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Table 5.8.7-4

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

58 < Assembly Average Burnup•< 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

± ±

2.1 <E <2.3
2.3_<E <2.5
2.5•_< E < 2.7
2.7<E <2.9
2.9•< E <3.1
3.1 _<E <3.3
3.3•< E < 3.5
3.5:< E < 3.7
3.7•< E < 3.9
3.9_<E <4.1
4.1 <E<4.3
4.3< E <4.5
4.5 < E < 4.7
4.7<E <4.9

E_>4.9

17.7
17.3
16.8
16.4
16.1
15.8
15.5
15.2
15.0
14.7

19.1
18.7
18.3
17.9
17.6
17.3
17.0
16.7
16.4
16.1

23.6
23.3
22.9
22.6
22.2
21.9
21.6
21.4
21.2
20.9

25.3
25.0
24.6
24.3
24.0
23.7
23.4
23.2
22.9
22.7

21.1
20.7
20.4
20.0
19.7
19.3
19.0
18.8
18.5
18.3

24.5
24.2
23.9
23.6
23.3
23.0
22.7
22.4
22.2
21.9

24.5
24.2
23.9
23.5
23.2
22.9
22.6
22.4
22.1
21.9

Minimum Initial 59 < Assembly Average Burnup 5 60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9_<E <3.1
3.1 <E <3.3
3.3 E < 3.5
3.5:< E < 3.7
3.7 _< E < 3.9
3.9<E <4.1
4.1 _<E <4.3
4.3 _< E < 4.5
4.5•_< E < 4.7
4.7 _< E < 4.9

E>4.9

18.2
17.8
17.4
17.1
16.7
16.4
16.1
15.9
15.6

19.7
19.3
18.9
18.6
18.2
17.9
17.6
17.4
17.1

24.3
23.9
23.6
23.3
23.0
22.8
22.4
22.1
21.9

26.0
25.7
25.4
25.1
24.8
24.5
24.2
24.0
23.7

21.8
21.4
21.1
20.7
20.4
20.1
19.8
19.5
19.3

24.8
24.4
24.1
23.8
23.5
23.2
22.9
22.7
22.5

24.7
24.3
24.0
23.7
23.4
23.1
22.9
22.6
22.4
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5.8.8 Sample Input Files

This section contains sample input files for the source term and shielding evaluations.

5.8.8.1 Sample Source Term Input Files

Figure 5.8.8-1 contains a sample PWR SAS2H input file. Figure 5.8.8-2 contains a sample input

for the BWR model. The ORIGEN-S decay calculation section of the input file is removed from

the BWR input file. The input data is identical to the PWR file.

5.8.8.2 Transfer Cask Sample Shielding Input Files

PWR and BWR sample MCNP5 input files for the transfer cask are shown in Figure 5.8.8-3 and

Figure 5.8.8-4, respectively. As indicated previously in this chapter, shielding evaluations are

performed using the response function method. Only one energy line is therefore defined in the

source description.

5.8.8.3 Concrete Cask Sample Shielding Input Files

PWR and BWR sample MCNP5 input files are shown in Figure 5.8.8-5 and Figure 5.8.8-6,

respectively.

5.8.8.4 Sample NAC-CASC Input Files

Figure 5.8.8-7 contains a sample PWR NAC-CASC model input file. Figure 5.8.8-8 contains a

sample input file for the BWR NAC-CASC model. Detector locations are truncated in the

sample files.
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Figure 5.8.8-1 PWR Fuel Assembly Source Term Sample Input File
=SAS2H PARN=H.ALT03,SKIPSHIPDATA)
17a - 3.7 w/o U235, 45000 NWD/MTU, 5 - 16 years cool time
44GROUPNDF5 LATTICECELL
U02 1 0.950 900 92235 3.7 92238 96.3 END
ZR 2 1.0 620. END
H20 3 DEN=0.725 1.0 580 END
ARBM-BORMOD 0.725 1 1 0 0 5000 100 3 550.OE-6 580 END
ZR 4 1.0 580 END
H20 5 DEN=0.725 0.9751 580 END
ZR 5 0.0249 580 END
END COMP
SQUAREPITCH 1.2598 0.8192 1 3 0.9500 2 0.8357 0 END
NPIN=264 FUEL=365.760 NCYC=3 NLIB=I PRIN=6 LIGH=5
INPL=I NUMH=24 NUMI=l MXTUBE=4 ORTU=0.6121 SRTU=0.5740 END
' Path B not used
POWER=l8.5535 BURN=377.6050 DOWN=60 END
POWER=l8.5535 BURN=377.6050 DOWN=60 END
POWER=18.5535 BURN=377.6050 DOWN=1461 END
* Cycle not used

Cycle not used
FE 0.6738 CR 0.1900 NI 0.1150 MN 0.0200 CO 0.0012,
END
=ORIGENS
0$$ A4 21 A8 26 AI0 51 71 E
1$$ 1 IT
COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN
3$$ 21 0 1 28 A33 22 E
54$$ A8 1 E T

35$$ 0 T(

56$$ 0 9A13 -2 53 E57** 4.0 E T
COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN
SINGLE REACTOR ASSEMBLY
60** 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0
65$$ A4 1 A7 1 A10 1 A25 1 A28 1 A31 1 A46 1 A49 1 A52 1 E
61** F.00000001
81$$ 2 51 26 1 E
825$ F6
83** 1.40e+7 1.20e+7 1.00e+7 8.00e+6 6.50e+6 5.00e+6

4.00e+6 3.00e+6 2.50e+6 2.00e+6 1.66e+6 1.44e+6
1.22e+6 1.00e+6 0.80e+6 0.60e+6 0.40e+6 0.30e+6
0.20e+6 0.10e+6 0.05e+6 0.02e+6 0.01e+6

84** 1.46e+7 1.36e+7 1.25e+7 1.125e+7 1.00e+7
8.25e+6 7.00e+6 6.07e+6 4.72e+6 3.68e+6
2.87e+6 1.74e+6 0.64e+6 0.39e+6 0.11e+6
6.74e+4 2.48e+4 9.12e+3 2.95e+3 9.61e+2
3.54e+2 1.66e+2 4.81e+l 1.60e+l 4.00e+O
1.50e+0 5.50e-1 7.09e-2 1.00e-5 T

FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
565$ FO T
END
=ORIGENS
0$$ A4 21 A8 26 AIO 51 71 E
1$$ 1 IT
COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN
355 21 0 1 28 A33 22 E
545$ A8 1 E T
3555 0 T
56$$ 0 9 A13 -2 5 3 E
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Figure 5.8.8-1. PWR Fuel Assembly Source Term Sample Input File
57** 4.0 E T

COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN
SINGLE REACTOR ASSEMBLY
60** 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0
65$$ A4 1 A7 1 A10 1 A25 1 A28 1 A31 1 A46 1 A49 1 A52 1 E
61** F.00000001
818$ 2 51 26 1 E
82$$ F5
83** 1.40e+7 1.20e+7 1.00e+7 8.00e+6 6.50e+6 5.00e+6

4. 00e+6
1.22e+6
0.20e+6

84** 1.46e+7
8.25e+6
2. 87e+6
6 . 74e+4
3.54e+2
1.50e+0

ACTINIDE GAMMA
ACTINIDE GAMMA
ACTINIDE GAMMA
ACTINIDE GAMMA
ACTINIDE GAMMA
ACTINIDE GAMMA
ACTINIDE GAMMA
ACTINIDE GAMMA
ACTINIDE GAMMA
565$ FO T
END
=ORIGENS

3 00e+6
1 00e+6

0 .10e+6
1. 36e+7
7 00e+6
1 .74e+6
2 .48e+4
1. 66e+2
5. 50e-1
SPECTRA
SPECTRA
SPECTRA
SPECTRA
SPECTRA
SPECTRA
SPECTRA
SPECTRA
SPECTRA

2.50e+6
0. 80e+6
0. 05e+6
1. 25e+7
6. 07e+6
0. 64e+6
9. 12e+3
4. 81e+1
7.09e-2

2. 00e+6
0. 60e+6
0. 02e+6
1.125e+7
4.72e+6
0 .39e+6
2. 95e+3
1.60e+1
1.00e-5

1. 66e+6
0.40e+6
0. 01e+6
1. 00e+7
3. 68e+6
0. 11e+6
9. 61e+2
4. 00e+0
T

1.44e+6
0.30e+6

IN AEA GROUPS
IN AEA GROUPS
IN AEA GROUPS
IN AEA GROUPS
IN AEA GROUPS
IN AEA GROUPS
IN AEA GROUPS
IN AEA GROUPS
IN AEA GROUPS

0$$ A4 21 A8 26 A10 51 71 E
1$$ 1 IT
COOLING 5 - 16 YEARS AND LIGHT ELEMENT GAMMA REBIN
355 21 0 1 28 A33 22 E
545$ A8 1 E T
355$ 0 T
56$$ 0 9 A13 -2 5 3 E
57** 4.0 E T
COOLING 5 - 16 YEARS AND LIGHT ELEMENT GAMMA REBIN
SINGLE REACTOR ASSEMBLY
60** 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0
65$$ A4 1 A7 1 A10 1 A25 1 A28 1 A31 1 A46 1 A49 1 A52 I E
61**
81$$
82$$

F.00000001
2 51 26 1 E
F4

83** 1.40e+7
4. 00e+6
1.22e+6
0.20e+6

84** 1.46e+7
8. 25e+6
2. 87e+6
6. 74e+4
3. 54e+2
1. 50e+0

1.20e+7
3 . 00e+6
1. 00e+6
0. 10e+6
1. 36e+7
7. 00e+6
1. 74e+6
2. 48e+4
1. 66e+2
5. 50e-1

1. 00e+7
2.50e+6
0. 80e+6
0. 05e+6
1.25e+7
6. 07e+6
0. 64e+6
9. 12e+3
4. 81e+1
7. 09e-2
STRUCTURI
STRUCTURI
STRUCTURI
STRUCTURI
STRUCTURI
STRUCTURI
STRUCTURI
STRUCTURI
STRUCTURI

8. 00e+6
2. 00e+6
0.60e+6
0. 02e+6
1.125e+7
4. 72e+6
0.39e+6
2. 95e+3
1.60e+1
1. OOe-5

6. 50e+6
1. 66e+6
0. 40e+6
0. 01e+6
1. 00e+7
3. 68e+6
0. 11e+6
9. 61e+2
4. 00e+0
T

5. 00e+6
1.44e+6
0.30e+6

LIGHT ELEMENT
LIGHT ELEMENT
LIGHT ELEMENT
LIGHT ELEMENT
LIGHT ELEMENT
LIGHT ELEMENT
LIGHT ELEMENT
LIGHT ELEMENT
LIGHT ELEMENT
56$$ F0 T

.END

AEA
AEA
AEA
AEA
AEA
AEA
AEA
AEA
AEA

GROUP
GROUP
GROUP
GROUP
GROUP
GROUP
GROUP
GROUP
GROUP
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Figure 5.8.8-2 BWR Fuel Assembly Source Term Sample Input File
=SAS2H PARM= (HALT06, SKIPSHIPDATA)
ng09b - 3.7 w/o U235, 45000 MWD/MTU, 5 - 16 years cool time
44GROUPNDF5 LATTICECELL
U02 1 0.950 840 92235 3.7 92238 96.3 END
ZR 2 1.0 620. END
H20 3 DEN=0.446 1.0 562 END
H20 4 DEN=0.743 1.0 553 END
ZR 5 1.0 553 END
H20 6 DEN=0.446 1.0 562 END
END COMP
SQUAREPITCH 1.4376 0.9550 1 3 1.1201 2 0.9784 0 END
NPIN=79 FUEL=381.000 NCYC=3 NLIB=2 PRIN=6 LIGH=5
INPL=2 NUMZ=7 END
4 0.6916 5 0.7920 6 1.1471 500 7.2999 6 7.5636 5 7.7929 4 8.5982
POWER=4.7250 BURN=628.2464 DOWN=60 END
POWER=4.7250 BURN=628.2464 DOWN=60 END
POWER=4.7250 BURN=628.2464 DOWN=1461 END

Cycle not used
Cycle not used

FE 0.6738 CR 0.1900 NI 0.1150 MN 0.0200 CO 0.0012
END
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Figure 5.8.8-3 Transfer Cask Sample Input File - PWR TSC
MAGNASTOR Transfer Cask - trfShwDryRadFg-17a-llg
C Radial Biasing - Fuel Gamma Source
C Fuel Assembly Cells - 17a - vl.0
1 1 -1.8782 -1 u=6 $ Lower Nozzle
2 2 -2.6798 -2 +1 u=6 $ Lower Plenum
3 3 -3.8195 -3 +2 u=6 $ Fuel
4 4 -0.7412 -4 +3 u=6 $ Upper Plenum
5 5 -1.8385 -5 +4 u=6 $ Upper Nozzle
6
C
7
8
9

0 +5
Cells - Fuel
8 -7.8212 -7
9 -2.6336 -8
0 #7

u=6 $ Outside
Tube w/Poison vl.2
+6 u=5 $ Tube
: -9 : -10 -11 u=5
#8 u=5 $ Void

$ Poison

C Cells - PWR Basket vl.2
10 0 -12 -13 fill=5 trcl = ( -23.5331 70.5993 0.0000 u=4 $ Assy loc 1
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5

trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc
trc

#25
#22
#11
#30
+20
+19
#15
#12
#23
#33

1 = 23.5331 70.5993 0.0000
1 = -47.0662 47.0662 0.0000
1 = 0.0000 47.0662 0.0000 )
1 = 47.0662 47.0662 0.0000
1 = -70.5993 23.5331 0.0000
1 = -23.5331 23.5331 0.0000
1 = 23.5331 23.5331 0.0000
1 = 70.5993 23.5331 0.0000
1 = -47.0662 0.0000 0.0000
1 = 0.0000 0.0000 0.0000
1 = 47.0662 0.0000 0.0000
1 = -70.5993 -23.5331 0.0000
1 = -23.5331 -23.5331 0.0000
1 = 23.5331 -23.5331 0.0000
1 = 70.5993 -23.5331 0.0000
1 = -47.0662 -47.0662 0.0000
1 = 0.0000 -47.0662 0.0000
1 = 47.0662 -47.0662 0.0000
1 = -23.5331 -70.5993 0.0000
1 = 23.5331 -70.5993 0.0000

u=4 $ Side support +x
u=4 $ Side support -x
u=4 $ Side support +y
u=4 $ Side support -y
u=4 $ Corner

+14.2 +15.1 +16.4 +17.3
#18 #22 #25 #29 #30 u=4 $
#13 #14 #15 #16 #17 #18 #19 #20
#24 #25 #26 #27 #28 #29 #30
#34 #35 #36 u=4 $ Basket

u=4 $ Assy loc 3
u=4 $ Assy loc 4

u=4 $ Assy loc 6
u=4 S Assy loc 8
u=4 $ Assy loc 9
u=4 $ Assy loC 11

u=4 $ Assy loc 13
u=4 $ Assy loc 15
u=4 $ Assy loc 17

u=4 SAssy loc 19
u=4 $ Assy loc 21

u=4 $ Assy loc 23
u=4 $ Assy loc 25

u=4 $ Assy loc 27
u=4 S Assy loc 29

u=4 $ Assy loc 30
u=4 $ Assy loc 32

u=4 $ Assy loc 34
u=4 $Assy loc 35

u=4 $ Assy loc 37
8
8
8
8
8
8

0

-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212

-14
-15
-16
-17
-18
-20
#10
#10
#21
#31

#18
#15
#10
#29
+19
+21
#11
#11
#22
#32

C Cells - PWR Canister Cavity vl.2
38 0 -22 fill=6 trc!
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trel =

( -23.5331 70.5993 0.0000
0.0000 70.5993 0.0000
23.5331 70.5993 0.0000
-47.0662 47.0662 0.0000
-23.5331 47.0662 0.0000
0.0000 47.0662 0.0000
23.5331 47.0662 0.0000
47.0662 47.0662 0.0000
-70.5993 23.5331 0.0000
-47.0662 23.5331 0.0000
-23.5331 23.5331 0.0000
0.0000 23.5331 0.0000
23.5331 23.5331 0.0000
47.0662 23.5331 0.0000
70.5993 23.5331 0.0000
-70.5993 0.0000 0.0000
-47.0662 0.0000 0.0000
-23.5331 0.0000 0.0000
0.0000 0.0000 0.0000
23.5331 0.0000 0.0000
47.0662 0.0000 0.0000
70.5993 0.0000 0.0000

Corner diagonal

u=3 $ Assy loc 1
u=3 $ Assy loc 2

u=3 $ Assy loc 3
u=3 $ Assy loc 4
u=3 $ Assy loc 5

u=3 $ Assy loc 6
u=3 $ Assy loc 7
u=3 $ Assy loc 8

u=3 $ Assy loc 9
u=3 $ Assy loc 10
u=3 $ Assy loc 11

u=3 $ Assy loc 12
u=3 $ Assy loc 13
u=3 $ Assy loc 14
u=3 $ Assy loc 15
u=3 $ Assy loc 16
u=3 $ Assy loc 17
u=3 $ Assy loc 18

u=3 $ Assy loc 19
u=3 $ Assy loc 20
u=3 $ Assy loc 21
u=3 $ Assy loc 22
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Figure 5.8.8-3 Transfer Cask Sample Input File - PWR TSC
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

but
but
but
but
but
but
but
but
but
but
but
but
but
but
hit

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

fill=6
fiJ 1=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

-70.5993 -23.5331 0.0000
: (-47.0662 -23.5331 0.0000

-23.5331 -23.5331 0.0000
= 0.0000 -23.5331 0.0000
= 23.5331 -23.5331 0.0000
= 47.0662 -23.5331 0.0000
= 70.5993 -23.5331 0.0000
= -47.0662 -47.0662 0.0000

-23.5331 -47.0662 0.0000
= 0.0000 -47.0662 0.0000
= 23.5331 -47.0662 0.0000
= ( 47.0662 -47.0662 0.0000
= C -23.5331 -70.5993 0.0000
= ( 0.0000 -70.5993 0.0000
= ( 23.5331 -70.5993 0.0000
1 #42 #43 #44 #45 #46 #47 #48
4 #55 #56 #57 #58 #59 #60 #61
7 #68 #69 #70 #71 #72 #73 #74

u=3 $ Assy loc 23
u=3 $ Assy loc 24
u=3 $ Assy loc 25

u=3 $ Assy loc 26
u=3 $ Assy loc 27
u=3 $ Assy loc 28
u=3 $ Assy loc 29

u=3 $ Assy loc 30
u=3 $ Assy loc 31

u=3 $ Assy loc 32
u=3 $ ASSy loc 33
u=3 $ Assy loc 34

u=3 $ Assy loc 35
u=3 $ Assy loc 36

u=3 $ Assy loc 37
#49 #50
#62 #63

fill=4 u=3 $ Cavity

75 0 #38 #39 #40 #4
#51 #52 #53 #5
#64 #65 #66 #6

C Cells - Canister w/Weld Shield vl.2
76 0 -23 #87 #88 fill=3 u=2 $ Cavity
77 7 -7.9400 -29 +23.3 u=2 $ Canister Bottom
78 0 -24 +23.2 -27 trcl = ( 62.7565 43.1314 0.0000 ) u=2 $ Bottom Drain Port
79 14 -3.9700 -25 +27 -28 trcl = C62.7565 43.1314 0.0000 ) u=2 $ Middle Drain Port
80 0 -26 +28 -29.2 trcl = ( 62.7565 43.1314 0.0000 C u=2 $ Top Drain Port
81 like 78 but trcl = ( -62.7565 -43.1314 0.0000 ) u=2 $ Bottom Vent Port
82 like 79 but trcl = C -62.7565 -43.1314 0.0000 C u=2 $ Middle Vent Port
83 like 80 but trcl = -62.7565 -43.1314 0.0000 ) u=2 $ Top Vent Port
84 7 -7.9400 -29 -23.3 +23.1 u=2 $ Canister Shell
85 7 -7.9400 -29 -23.1 +23.2 #78 #79 #80 #81 #82 #83 u=2 $ Lid
86 7 -7.9400 (-30 +33 +34) : (-31 +33 +34) : (-32 +33 +34) u=2 $ Weld Shield
87 7 -7.9400 -37 +36 +35 -23.2 trcl = C 62.7565 43.1314 0.0000 ) u=2 $ Drain port shield
88 7 -7.9400 -37 +36÷+35 -23.2 trcl = C -62.7565 -43.1314 0.0000 ) u=2 $ Vent port
shield
89 6 -0.9982 +29 #86 -38 u=2 $ Outside water
90 0 +29 #86 +38 u=2 $ Outside void
C Transfer Cask Cells - vl.l.l
91 6 -0.9982 -39 -40 #101 fill=2 ( 0.0000 0.0000 6.9850 u=l $ Cavity
92 8 -7.8212 -39 +40 -45 u=l $ Bottom forging
93 8 -7.8212 -41 +40 +45 -46 u=l $ Inner shell
94 0 -42 +41 +45 -46 u=l $ Gap
95 11 -11.344 -43 +42 +45 -46 u=l $ Lead shell
96 12 -1.6316 -44 +43 +45 -46 u=l $ NS4FR shell
97 8 -7.8212 -39 +44 +45 -46 u=l $ Outer shell
98 8 -7.8212 -39 +40 +46 u=l $ Top forging
99 8 -7.8212 (-47 +48 -53) : (-47 -49 -53) u=l $ Door rail
100 8 -7.8212 -52 -50 +51 -53 u=l $ Door steel
101 8 -7.8212 -55 +54 u=l $ Weld bar
102 0 +39 #99 #100 u=l $ Void
C Detector Cells - Radial Biasing
400 0 -400 fill=l $ Surface
500 0 -500. +400 $ ift
600 0 -600 +400 +500 $ lm
700 0 -700 +400 +500 +600 $ 2m
800 0 -800 +400 +500 +600 +700 $ 4m
900 0 +400 +500 +600 +700 +800 $ Exterior

C Fuel Assembly Surfaces - 17a - vl.0
1
2
3
4
5
C
6
7

RPP -10.7010 10.7010
RPP -10.7010 10.7010
RPP -10.7010 10.7010
RPP -10.7010 10.7010
RPP -10.7010 10.7010
Surfaces - Fuel Tube
RPP -11.6015 11.6015
RPP -12.3952 12.3952

-10.7010
-10.7010
-10.7010
-10.7010
-10.7010
w/Poison
-11.6015
-12.3952

10.7010 0.0000 6.8580 $
10.7010 0.0000 8.5979 $
10.7010 0.0000 374.3579
10.7010 0.0000 396.5702
10.7010 0.0000 405.8920
vl.2
11.6015 7.6200 430.5300
12.3952 7.6200 430.5300

Lower Nozzle
Lower Plenum
$ Fuel
$ Upper Plenum
$ Upper Nozzle

$ Tube void
$ Tube

8 RPP -11.6015 -11.2840 -10.2362 10.2362 9.2075 428.9425 $ Poison left
9 RPP 11.2840 11.6015 -10.2362 10.2362 9.2075 428.9425 $ Poison right
10 RPP -10.2362 10.2362 11.2840 11.6015 9.2075 428.9425 $ Poison top
11 RPP -10.2362 10.2362 -11.6015 -11.2840 9.2075 428.9425 $ Poison bottom
C Surfaces - PWR Basket vl.2

NAC International 5.8.8-6



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

Figure 5.8.8-3 Transfer Cask Sample Input File - PWR TSC
12 RPP -12.3952 12.3952 -12.3952 12.3952 7.6199 430.5301 $ Tube opening
13 8 RPP -16.6370 16.6370 -16.6370 16.6370 7.6199 430.5301 $ Tube radius
14 RPP 81.8833 83.7883 -33.9471 33.9471 7.6200 430.5300 $ Side support +x
15 RPP -83.7883 -81.8833 -33.9471 33.9471 7.6200 430.5300 $ Side support -x
16 RPP -33.9471 33.9471 81.8833 83.7883 7.6200 430.5300 $ Side support +y
17 RPP -33.9471 33.9471 -83.7883 -81.8833 7.6200 430.5300 $ Side support -y
18 RPP -60.2552 60.2552 -60.2552 60.2552 7.6200 430.5300 $ Corner outer
19 RPP -59.4614 59.4614 -59.4614 59.4614 7.6200 430.5300 $ Corner inner
20 8 RPP -78.6013 78.6013 -78.6013 78.6013 7.6200 430.5300 $ Corner dia. outer
21 8 RPP -77.8075 77.8075 -77.8075 77.8075 7.6200 430.5300 $ Corner dia. inner
C Surfaces - PWR Canister Cavity vl.2
22 RPP -10.7015 10.7015 -10.7015 10.7015 0.0000 405.8921 $ Assy opening
C Surfaces - Canister w/Weld Shield vl.2
23 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 439.4200 90.1700 $ Cavity
24 CZ 2.6924 $ Bot Cylinder Radius
25 CZ 6.7691 $ Mid Cyclinder Radius
26 CZ 7.4041 $ Top Cylinder Radius
27 PZ 450.7738 $ Port plane bot/mid
28 PZ 459.4352 $ Port plane mid/top
29 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
30 RCC 0.0000 0.0000 462.2800 0.0000 0.0000 5.0800 78.1050 $ Weld shield bot
31 RCC 0.0000 0.0000 467.3600 0.0000 0.0000 5.0800 71.7550 $ Weld shield mid
32 RCCO0.0000 0.0000 472.4400 0.0000 0.0000 5.0800 66.6750 $ Weld shield top
33 RCC 62.7565 43.131.4 462.2800 0.0000 0.0000 15.2400 8.8900 $ Weld shield cutout +x+y
34 RCC -62.7565 -43.1314 462.2800 0.0000 0.0000 15.2400 8.8900 $ Weld shield cutout -x-y
35 PZ 433.0700 $ Port shield elevation
36 CZ 2.7051 $ Port shield ID
37 CZ 5.0800 $ Port shield OD
38 RCC 0.0000 0.0000 2.2338 0.0000 0.0000 454.1012 99.0000 $ Water jacket
C Transfer Cask Surfaces - vl.l.l
39 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 488.9500 111.6330 $ Cask
40 CZ 92.7100 $ Cavity
41 CZ 94.6150 $ Inner shell
42 CZ 94.7420 $ Gap
43 CZ 102.8700 $ Lead shell
44 CZ 108.4580 $ NS4FR shell
45 PZ 30.4800 $ Bottom forging
46 PZ 453.3900 $ Top forging
47 RPP -104.3178 104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Door container
48 PY 97.0026 $ Inside rail +y
49 PY -97.0026 $ Inside rail -y
50 PY 96.5200 $ Door +y
51 PY -96.5200 $ Door -y
52 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000 $ Door prism

108.4699 0.0000 0.0000 89.7374 -73.7172 0.0000
-89.7374 -73.7172 0.0000

53 RCC 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000 111.6330 $ Door container
54 RCC 0.0000 0.0000 469.2650 0.0000 0.0000 1.9050 90.8049 $ Weld bar inner
55 RCC 0.0000 0.0000 469.2650 0.0000 0.0000 1.9050 92.7100 $ Weld bar outer
C Radial Detector DRA (Surface)
400 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 501.8500 111.8600
401 Pz 20.6567
402 PZ 54.1133
403 PZ 87.5700
404 PZ 121.0267
405 PZ 154.4833
406 PZ 187.9400
407 PZ 221.3967
408 PZ 254.8533
409 PZ 288.3100
410 Pz 321.7667
411 PZ 355.2233
412 PZ 388.6800
413 PZ 422.1367
414 PZ 455.5933
C Radial Detector DRB (lft)
500 RCC 0.0000 0.0000 -43.2800 0.0000 0.0000 562.8100 142.3400
501 PZ -5.7593
502 PZ 31.7613
503 PZ 69.2820
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Figure 5.8.8-3 Transfer Cask Sample Input File - PWR TSC
504. PZ 106.8027
505 PZ 144.3233
506 Pz 181.8440
507 Pz 219.3647
508 Pz 256.8853
509 Pz 294.4060
510 Pz 331.9267
511 Pz 369.4473
512 PZ 406.9680
513 Pz 444.4887
514 PZ 482.0093
C Radial Detector DRC (im)
600 RCC 0.0000 0.0000 -112.8000 0.0000 0.0000 701.8500 211.8600
601 PZ -77.7075
602 PZ -42.6150
603 PZ -7.5225
604 PZ 27.5700
605 PZ 62.6625
606 PZ 97.7550
607 PZ 132.8475
608 PZ 167.9400
609 PZ 203.0325
610 PZ 238.1250
611 PZ 273.2175
612 PZ 308.3100
613 PZ 343.4025
614 PZ 378.4950
615 PZ 413.5875
616 PZ 448.6800
617 PZ 483.7725
618 PZ 518.8650
619 PZ 553.9575
C Radial Detector DRD (2m)
700 RCC 0.0000 0.0000 -212.8000 0.0000 0.0000 901.8500 311.8600
701 PZ -167.7075
702 PZ -122.6150
703 PZ -77.5225
704 PZ -32.4300
705 PZ 12.6625
706 PZ 57.7550
707 PZ 102.8475
708 PZ 147.9400
709 PZ 193.0325
710 PZ 238.1250
711 Pz 283.2175
712 PZ 328.3100
713 PZ 373.4025
714 PZ 418.4950
715 PZ 463.5875
716 PZ 508.6800
717 PZ 553.7725
718 PZ 598.8650
719 PZ 643.9575
C Radial Detector DRE (41n)
800 RCC 0.0000 0.0000 -412.8000 0.0000 0.0000 1301.8500 511.8600
801 PZ -347.7075
802 PZ -282.6150
803 PZ -217.5225
804 PZ -152.4300
805 PZ -87.3375
806 PZ -22.2450
807 PZ 42.8475
808 PZ 107.9400
809 PZ 173.0325
810 PZ 238.1250
811 PZ 303.2175
812 PZ 368.3100
813 PZ 433.4025
814 PZ 498.4950
815 PZ 563.5875
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816 PZ 628.6800
817 Pz 693.7725
818 PZ 758.8650
819 Pz 823.9575

c
C Materials List - Common Materials - vl.4
C
C Homogenized Lower Nozzle
ml 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Homogenized Lower Plenum
m2 24000 -l.OOOOE-03 50000 -1.5000E-02

26000 -1.2500E-03 7014 -5.OOOOE-04
40000 -9.8225E-01

C Homogenized U02 Fuel
m3 92235 -3.6495E-02 40000 -1.6893E-01 24000 -1.7199E-04

92238 -6.9340E-01 50000 -2.5798E-03 7014 -8.5993E-05
8016 -9.8121E-02 26000 -2.1498E-04

C Homogenized Upper Plenum
m4 24000 -1.3648E-01 50000 -4.2477E-03 25055 -1.4336E-02

26000 -4.9854E-01 7014 -1.4159E-04 28000 -6.8098E-02
40000 -2.7816E-01

C Homogenized Upper Nozzle
m5 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Water
m6 1001 2 8016 1
C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Carbon Steel
m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6605 5010 -0.0478 5011 -0.2179

6012 -0.0737
C Aluminum
mlO 13027 -1.0
C Lead
mll 82000 -1.0
C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 14000 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa
m15 6012 6 1001 10 8016 5
nonu $ No subcritical multiplication
C
C Cell Importances
C
imp:p 1 106r 0
C
C PWR Source Definition - Fuel Gamma Response to Group 11
C
sdef x=dl y=d2 z=d3 erg=d4 cell=400:91:76:d5:3
sil -10.70102 10.70102
spl 0 1
si2 -10.70102 10.70102
sp2 0 1
si3 a 8.5979 17.7419 26.8859 36.0299 45.1739 54.3179 63.4619

319.4939 328.6379 337.7819 346.9259 356.0699 365.2139 374.3579
sp3 d 0.5470 0.6358 0.7247 0.8135 0.9023 0.9912 1.0800

1.0800 0.9912 0.9023 0.8135 0.7247 0.6358 0.5470
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sb3 d 1.00E+00 1.00E+00 1.00E+00 1.OOE+00 1.OOE+00 1.OOE+00 1.00E+00

1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00B+00 1.OOE+00 1.00E+00
si4 1.440E÷00 1.660E+00
sp4 0 1
C Source Information
si5 1 3839 40

41 42 43 44 45
46 47 48 49 50 51 52
53 54 55 56 57 58 59
60 61 62 63 64 65 66

67 68 69 70 71
72 73 74

C Source Probability
sp5 1.0 1.0 1.0

1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0
1.0 1.0 1.0

1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0

mode p
nps 10000000
C
C ANSI/ANS-6.1.1-1977 - Gamma Flux-to-Dose Conversion Factors
C (mrem/hr)/(photons/cm2-sec)
C
de0 0.01 0.03 0.05 0.07 0.1 0.15 0.2

0.25 0.3 0.35 0.4 0.45 0.5 0.55
0.6 0.65 0.7 0.8 1 1.4 1.8
2.2 2.6 2.8 3.25 3.75 4.25 4.75
5 5.25 5.75 6.25 6.75 7.5 9
11 13 15

df0 3.96E-03 5.82E-04 2.90E-04 2.58E-04 2.83E-04
6.31E-04 7.59E-04 8.78E-04 9.85E-04 1.08B-03
1.36E-03 1.44E-03 1.52E-03 1.68E-03 1.98E-03
3.42E-03 3.82E-03 4.01E-03 4.41E-03 4.83E-03
5.80E-03 6.01E-03 6.37E-03 6.74E-03 7.11E-03
1.03E-02 1.18E-02 1.33E-02

C

3.79E-04 5.01E-04
1.17E-03 1.27E-03
2.51E-03 2.99E-03
5.23E-03 5.60E-03
7.66E-03 8.77E-03

~e
C Weight Window Generation - Radial
C
wwg 2 0 0 0 0
wwp:p 5 3 5 0 -1 0
mesh geom=cyl ref=89 0 198 origin=0.1 0.1 -513

imesh 90.2 91.4 92.7 94.6 102.7 108.5 111.6 611.6
iints 5 1 1 1 3 1 1 1
jmesh 500 513 520 527 528 894 916 926 959 997 1497
jints 1 1 1 1 1 1 1 1 1 1 1
kmesh 1
kints 1

C wwge:p le-3 1 20
fc2 Radial Surface Tally
f2:p +400.1
fm2 3.7000E+01
fs2 -401 -402 -403 -404 -405 -406

-407 -408 -409 -410 -411 -412
-413 -414 T

tf2
fcl2 Radial ift Tally
fl2:p +500.1
fml2 3.7000E+01
fsl2 -501 -502 -503 -504

-507 -508 -509 -510
-513 -514 T

tfl2
fc22 Radial im Tally
f22:p +600.1
fm22 3.7000E+01
fs22 -601 -602 -603 -604

-607 -608 -609 -610

-505 -506
-511 -512

-605 -606
-611 -612 0
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Figure 5.8.8-3 Transfer Cask Sample Input File - PWR TSC
-613 -614 -615 -616 -617 -618
-619 T

tf22
fc32 Radial 2m Tally
f32:p +700.1
fm32 3.7000E+01
fs32 -701 -702 -703 -704 -705 -706

-707 -708 -709 -710 -711 -712
-713 -714 -715 -716 -717 -718
-719 T

tf32
fc42 Radial 4m Tally
f42:p +800.1
fm42 3.7000E+01
fs42 -801 -802 -803 -804 -805 -806

-807 -808 -809 -810 -811 -812
-813 -814 -815 -816 -817 -818
-819 T

tf42
C
C
C Print Control
C
prdmip -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=19073486328125 stride=152917 hist=l
C
C Rotation Matrix
C
C 5.625 degree rotation around z-axis
*TRI 0.0 0.0 0.0 5.625 95.625 90 -84.375 5.625 90 90 90 0
C 11.25 degree rotation around z-axis
*TR2 0.0 0.0 0.0 11.250 101.250 90 -78.750 11.250 90 90 90 0
C 16.875 degree rotation around z-axis
*TR3 0.0 0.0 0.0 16.875 106.875 90 -73.125 16.875 90 90 90 0
C 22.5 degree rotation around z-axis
*TR4 0.0 0.0 0.0 22.500 112.500 90 -67.500 22.500 90 90 90 0
C 28.125 degree rotation around z-axis
*TR5 0.0 0.0 0.0 28.125 118.125 90 -61.875 28.125 90 90 90 0
C 33.75 degree rotation around z-axis
*TR6 0.0 0.0 0.0 33.750 123.750 90 -56.250 33.750 90 90 90 0
C .39.375 degree rotation around z-axis
*TR7 0.0 0.0 0.0 39.375 129.375 90 -50.625 39.375 90 90 90 0
C 45 degree rotation around z-axis
*TR8 0.0 0.0 0.0 45.000 135.000 90 -45.000 45.000 90 90 90 0
C 50.625 degree rotation around z-axis
*TR9 0.0 0.0 0.0 50.625 140.625 90 -39.375 50.625 90 90 90 0
C 56.25 degree rotation around z2axis
*TRI0 0.0 0.0 0.0 56.250 146.250 90 -33.750 56.250 90 90 90 0
C 61.875 degree rotation around z-axis
*TRII 0.0 0.0 0.0 61.875 151.875 90 -28.125 61.875 90 90 90 0
C 67.5 degree rotation around z-axis
*TR12 0.0 0.0 0.0 67.500 157.500 90 -22.500 67.500 90 90 90 0
C 73.125 degree rotation around z-axis
*TRI3 0.0 0.0 0.0 73.125 163.125 90 -16.875 73.125 90 90 90 0
C 78.75 degree rotation around z-axis
*TR14 0.0 0.0 0.0 78.750 1.68.750 90 -11.250 78.750 90 90 90 0
C 84.375 degree rotation around z-axis
*TR15 0.0 0.0 0.0 84.375 174.375 90 -5.625 84.375 90 90 90 0
C 95.625 degree rotation around z-axis
*TRl6 0.0 0.0 0.0 95.625 185.625 90 5.625 95.625 90 90 90 0
C 101.25 degree rotation around z-axis
*TRI7 0.0 0.0 0.0 101.250 191.250 90 11.250 101.250 90 90 90 0
C 106.875 degree rotation around z-axis
*TR18 0.0 0.0 0.0 106.875 196.875 90 16.875 106.875 90 90 90 0
C 112.5 degree rotation around z-axis
*TR19 0.0 0.0 0.0 112.500 202.500 90 22.500 112.500 90 90 90 0
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C 118.125 degree rotation around z-axis
*TR20 0.0 0.0 0.0 .118.125 208.125 90 28.125
C 123.75 dearee rotation around z-axis
*TR21 0.0 0.0 0.0 123.750 213.750 90 33.750
C 129.375 degree rotation around z-axis
*TR22 0.0 0.0 0.0 129.375 219.375 90 39.375
C 135 degree rotation around z-axis
*TR23 0.0 0.0 0.0 135.000 225.000 90 45.000
C 140.625 degree rotation around z-axis
*TR24 0.0 0.0 0.0 140.625 230.625 90 50.625
C 146.25 degree rotation around z-axis
*TR25 0.0 0.0 0.0 146.250 236.250 90 56.250
C 151.875 degree rotation around z-axis
*TR26 0.0 0.0 0.0 151.875 241.875 90 61.875
C 157.5 degree rotation around z-axis
*TR27 0.0 0.0 0.0 157.500 247.500 90 67.500
C 163.125 degree rotation around z-axis
*TR28 0.0 0.0 0.0 163.125 253.125 90 73.125
C 168.75 degree rotation around z-axis
*TR29 0.0 0.0 0.0 168.750 258.750 90 78.750
C 174.375 degree rotation around z-axis
*TR30 0.0 0.0 0.0 174.375 264.375 90 84.375

118.125 90 90 90 0

123.750 90 90 90 0

129.375 90 90 90 0

135.000 90 90 90 0

140.625 90 90 90 0

146.250 90 90 90 0

151.875 90 90 90 0

157.500 90 90 90 0

163.125 90 90 90 0

168.750 90 90 90 0

174.375 90 90 90 0
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MAGNASTOR Transfer Cask - trfShwDryTopUf ngO8b_12g
C Top Axial Biasing - Upper Nozzle Source
C Fuel Assembly Cells - ng08b - vl.0
1 1 -1.3934 -1 u=6 $ Lower Nozzle
2 2 -2.5369 -2 +1 u=6 $ Lower Plenum
3 3 -3.5640 -3 +2 u=6 $ Fuel
4 4 -0.5758 -4 +3 u=6 $ Upper Plenum
5 5 -0.5558 -5 +4 u=6 $ Upper Nozzle
6 0 +5 u=6 $ Outside
C Cells - Fuel Tube w/Poison vl.2
7 8 -7.8212 -7 +6 u=5 $ Tube
8 9 -2.6379 -8 : -9 : -10 : -11 U=5 $ Poison
9 0 #7 #8 u=5 $ Void
C Cells - BWR Basket vl.3
10 0 -12 -13 fill=5 trcl = ( -15.7009 78.5045 0.0000 u=4 $ Assy loc 1
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
.37

38
39
40
41
42
43
.44

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like i0 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like- 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
like 10 but
8 -7.8212 -1
8 -7.8212 -1
8 -7.8212 -1
8 -7.8212 -1
8 -7.8212 -1
8 -7.8212 -1
8 -7.8212 -2
8 -7.8212 -2

fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
f ill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5

14 #29
5 #24
6 #10
.7 #53
8 +14
9 +15

20 +16
21 +17

trcl
trcl
trcl
trcl
trcl
trcl
trci
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
#40
#35
#11
#54

#29
#24
#10
#53

#40

#35

-11

-=

-=

=

-=

-=

-=

*4

*3
*1
*5

15.7009 78.5045 0.0000
-31.4018 62.8036 0.0000
0.0000 62.8036 0.0000
31.4018 62.8036 0.0000
-47.1027 47.1027 0.0000
-15.7009 47.1027 0.0000
15.7009 47.1027 0.0000
47.1027 47.1027 0.0000
-62.8036 31.4018 0.0000
-31.4018 31.4018 0.0000
0.0000 31.4018 0.0000
31.4018 31.4018 0.0000
62.8036 31.4018 0.0000
-78.5045 15.7009 0.0000
-47.1027 15.7009 0.0000
-15.7009 15.7009 0.0000
15.7009 15.7009 0.0000
47.1027 15.7009 0.0000
78.5045 15.7009 0.0000
-62.8036 0.0000 0.0000)
-31.4018 0.0000 0.0000
0.0000 0.0000 0.0000
31.4018 0.0000 0.0000
62.8036 0.0000 0.0000
-78.5045 -15.7009 0.0000
-47.1027 -15.7009 0.0000
-15.7009 -15.7009 0.0000
15.7009 -15.7009 0.0000
47.1027 -15.7009 0.0000
78.5045 -15.7009 0.0000.)
-62.8036 -31.4018 0.0000
-31.4018 -31.4018 0.0000
0.0000 -31.4018 0.0000
31.4018 -31.4018 0.0000
62.8036 -31.4018 0.0000
-47.1027 -47.1027 0.0000
-15.7009 -47.1027 0.0000
15.7009 -47.1027 010000
47.1027 -47.1027 0.0000
-31.4018 -62.8036 0.0000
0.0000 -62.8036 0.0000
31.4018 -62.8036 0.0000
-15.7009 -78.5045 0.0000
15.7009 -78.5045 0.0000

u=4 $ Thick side support +
u=4 $ Thick side support ->

u=4 $ Thick side support +1
u=4 $ Thick side support -1

u=4 $ Thin side support
u=4 $ Thin side support
u=4 $ Thin side support
u=4 $ Thin side support

u=4 $ Assy loc 3
uc4 $ Assy lot 5

u=4 $ Assy loc 7
u=4 $ Assy loc 9

u=4 $ Assy loc 12
u=4 $ Assy loc 14

u=4 $ Assy loc 16
u=4 $ Assy loc 18
u=4 $ Assy loc 20
u=4 $ Assy loc 22

u=4 $ Assy loc 24
u=4 $ Assy loc 26
u=4 $ Assy loc 28

u=4 $ Assy loc 29
u=4 $ Assy loc 31
u=4 $ Assy loc 33

u=4 $ Assy loc 35
u=4 $ Assy loc 37
u=4 $ Assy loc 39
uc4 $ Assy loc 41
u=4 $ Assy loc 43

u=4 $ Assy loc 45
u=4 $ Assy loC 47
u=4 $ Assy loc 49

u=4 $ Assy loc 51
u=4 $ Assy loc 53
u=4 $ Assy loC 55

u=4 $ Assy loc 57
uc4 $ ASSy loc 59
u=4 $ ASSy loc 61

u=4 $ Assy loc 62
u=4 $ Assy loc 64

u=4 $ Assy loc 66
u=4 $ Assy loc 68
u=4 $ Assy loc 70

u=4 $ Assy loc 72
u=4 $ Assy loc 74

u=4 $ Assy loc 76
u=4 $ Assy loc 78

u=4 $ Assy loc 81
u=4 $ Assy loc 83

U=4 $ ASsy loC 85
u=4 $ Assy loC 87

u=4 $ Assy loc 89

+x
-x

+y
-y

#5463 8 -7.8212 -24 +25 +22 427 #15 #18.#46 #49 u=4 $ Corner part 1
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64 8 -7.8212
65 8 -7.8212

66 0

67 0

68 0

-22
-26
#10
#35
+28
#11
#23
#55
+28
#32
#44
#55
-28
#10
#21
#56
-28

+23
+27
#11
#40
+29
#13
#27
#57
-29
#33
#45
#58
+29
#12
#24
#57
-29

+27
+22
#12
#41

#14
#28
#59

#34
#48
#59

#15 #18 #46 #49- u=4 $ Corner part 2
+24 +14.2 +15.1 +16.4 +17.3
#14 #19 #23 #24 #29
#45 #50 #52 #53 #54 u=4 $ Corner diagonal

#17
#29
#61

#38
#49
#62

#18
#32
#63

#21
#33
#64

#22
#34
#65

#39 #40 #43
#51 #52 #54
#63 #64 #65

#13 #15 #16 #19 #20
#25. #26 #30 #31 #32
#60 #61 #63 #64 #65

69 0
#30 #31 #32 #3
#42 #43 #46 #4
#56 #58 #60 #6

C Cells - BWR Canister Cavi
70 0 -30 fill=6 trc

5 #36
7 #50
2 #63
.ty vi

#37
#51
#64
3

#41
#53
#65

71 2
72 1
73 1
74 1
75 1
76 2
77 1
78 2
79 2
80 2
81 1
82 1
83 1
84 1
85 1
86
87
88
89
90
91
92
93
94
95
96 1
97
98 1
99
100
101
102
103
104
105
106
107
108
109
110
ill
112
113
114
115
116
117
118

ike
ike

like
ike
ike
.ike
like
ike
ike
.ike
.ike
like
like
-ike

ike
like
like
0

like
like
Like
like
like
Like
like
like
like
like
like

70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl

-30 trcl = (
70
70
70
70
70
70
70
70
70
70
70

but
but
but
but
but
but
but
but
but
but
but

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6 t
fill=6 t
fill=6 t
fill=6 t
fill=6 t
fill=6 t
fill=6 t
fill=6 t
fill=6 t
fill=6
fill=6
fill=6
fill=6

= fill=6
fill=6
fill=6
fill=6
fill=6

= fill=6
filll=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
:rcl
trcl
trcl
trcl
:rcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

(= C -15.7009 78.5
= 0.0000 78.5045

= 15.7009 78.5045
= -47.1027 62.803
= -31.4018 62.803
= -15.7009 62.803

0.0000 62.8036
= 15.7009 62.8036
= 31.4018 62.8036
= 47.1027 62.8036

-62.8036 47.102
-47.1027 47.102'

= -31.4018 47.102
-15.7009 47.102

= 0.0000 47.1027
15.7009 47.1027

= 31.4018 47.1027
= 47.1027 47.1027
62.8036 47.1027 0.0

-62.8036 31.401
-47.1027 31.401

= -31.4018 31.401
= -. 5.7009 31.401

0.0000 31.4018
15.7009 31.4018

= 31.4018 31.4018
= 47.1027 31.4018
= 62.8036 31.4018
= -78.5045 15.700
= -62.8036 15.700

1 = (-47.1027 15.70
1 C -31.4018 15.70
1 = C-15.7009 15.70
1 = C0.0000 15.7009
1 = C15.7009 15.700
1 = 31.4018 15.700
1 = C47.1027 15.700
- = C62.8036 15.700
1 C 78.5045 15.700
1 = -78.5045 0.000
1 = C-62.8036 0.000
1 = C-47.1027 0.000
1 = -31.4018 0.000

= -15.7009 0.000
= 0.0000 0.0000

1 = C15.7009 0.0000
- = C31.4018 0.0000
1 = C47.1027 0.0000
1 = C62.8036 0.0000

u=4 $ Basket +x+y

u=4 $ Basket +x-y

u=4 $ Basket -x+y

u=4 $ Basket -x+y

045 0.0000 C u=3 $ Assy loc 1
0.0000 C u=3 $ Assy loc 2
0.0000 C u=3 $ Assy loc 3

6 0.0000 C u=3 $ Assy loc 4
6 0.0000 C u=3 $ Assy loc S
6 0.0000 C u=3 $.Assy loc 6
0.0000 C u=3 $ Assy loc 7
0.0000 C u=3 $ Assy loc 8
0.0000 C u=3 $ Assy loc 9
0.0000 C u=3 $ Assy loc 10

7 0.0000 C u=3 $ Assy loc 11
7 0.0000 C u=3 $ Assy loc 12
7 0.0000 C u=3 $ Assy loc 13
7 0.00001) u=3 $ Assy loc 14
0.0000 C u=3 $ Assy loc 15

0.0000 C u=3 .$ Assy loc 16
0.0000 C u=3 $ Assy loc 17
0.0000 C u=3 $ Assy loc 18

000 ) u=3 $ Assy loc 19
8 0.0000 C u=3 $ Assy loc 20
8 0.0000 ) u=3 $ Assy loc 21
8 0.0000 C u=3 $ Assy loc 22
8 0.0000 C u=3 $ Assy loc 23
0.0000 C u=3 $ Assy loc 24

0.0000 C u=3 $ Assy loc 25
0.0000 C u=3 $ Assy loc 26
0.0000 C u=3 $ Assy loc 27
0.0000 C u=3 $ Assy loc 28

9 0.0000 C u=3 $ Assy loc 29
9 0.0000 C u=3 $ Assy loc 30
09 0.0000 C u=3 $ Assy loc 31
09 0.0000 C u=3 $ Assy loc 32
09 0.0000 C u=3 $ Assy loc 33

0.0000 u=3 $ Assy loc 34
9 0.0000 u=3 $ Assy loc 35
9 0.0000 u=3 S Assy loc 36
9 0.0000 u=3 $ Assy loc 37
9 0.0000 u=3 $ Assy loc 38
9 0.0000 u=3 $ Assy lot 39
0 0.0000 u=3 $ Assy loc 40
0 0.0000 u=3 8 Assy loc 41
0 0.0000 u=3 $ Assy loc 42
0 0.0000 u=3 $ Assy loc 43
0 0.0000 u=3 $ Assy loc 44
0.0000 C u=3 $ Assy loc 45

0.0000 C u=3 $ Assy loc 46
0.0000 C u=3 $ Assy loc 47
0.0000 C u=3 $ Assy lot 48
0.0000 C u=3 $ Assy loc 49

/I
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119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

.143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
0
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
0

bi-
bu

bi.
bi.
bi
bu

bi.
bi
bi.
bi.
buL

bi.
buL

bi
buL
bi
bu
bu
bu
bu
bi

it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
ut fill=6 trcl
it fill=6 trcl
ut fill=6 trcl
ut.fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
ut fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
ut fill=6 trcl
at fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
-30 trcl = (

it fill=6 trcl
ut fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
it fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
+31

78.5045 0.0000 0.0000 )
-78.5045 -15.7009 0.0000
-62.8036 -15.7009 0.0000

= -47.1027 -15.7009 0.0000
= -31.4018 -15.7009 0.0000

-15.7009 -15.7009 0.0000
= 0.0000 -15.7009 0.0000

15.7009 -15.7009 0.0000
= 31.4018 -15.7009 0.0000

47.1027 -15.7009 0.0000
= 62.8036 -15.7009 0.0000

(.78.5045 -15.7009 0.0000
= -62.8036 -31.4018 0.0000
= -47.1027 -31.4018 0.0000
= -31.4018 -31.4018 0.0000
= -15.7009 -31.4018 0.0000
= 0.0000 -31.4018 0.0000

15.7009 -31.4018 0.0000
31.4018 -31.4018 0.0000

= 47.1027 -31.4018 0.0000
= 62.8036 -31.4018 0.0000
-62.8036 -47.1027 0.0000 )

-47.1027 -47.1027 0.0000
= -31.4018 -47.1027 0.0000
= -15.7009 -47.1027 0.0000
= 0.0000 -47.1027 0.0000
= 15.7009 -47.1027 0.0000
= 31.4018 -47.1027 0.0000
= 47.1027 -47.1027 0.0000
= 62.8036 -47.1027 0.0000
= -47.1027 -62.8036 0.0000

-31.4018 -62.8036 0.0000
= -15.7009 -62.8036 0.0000
= 0.0000 -62.8036 0.0000)

15.7009 -62.8036 0.0000
31.4018 -62.8036 0.0000

= 47.1027 -62.8036 0.0000
= -15.7009 -78.5045 0.0000
= 0.0000 -78.5045 0.0000

15.7009 -78.5045 0.0000

bubi

bu
bu
bu
bu
bi
bi

bu
bu
bu
bu
bi
bh

bY
br
b<
br

u=3 $ Assy loc 50
.u=3 $ Assy loc 51
u=3 $ Assy loc 52
u=3 $ Assy loc 53
u=3 $ Assy loc 54
u=3 $ Assy loc 55

u=3 $ Assy loc 56
u=3 $ Assy loc 57
u=3 $ Assy loc 58
u=3 $ Assy loc 59
u=3 $ Assy loc 60
u=3 $ Assy loc 61

u=3 $ Assy loc 62
u=3 $ Assy loc 63
u=3 $ Assy loc 64
u=3 $ Assy loc 65

u=3 $ Assy loc 66
u=3 $ Assy loc 67
u=3 $ Assy loc 68
u=3 $ ASSy loc 69
u=3 $ Assy loc 70

u=3 $ Assy loC 71
u=3 $ Assy loc 72
u=3 $ Assy loc 73
u=3 $ Assy loc 74

u=3 $ Assy loc 75
u=3 $ Assy loc 76
u=3 $ Assy loc 77
u=3 $ Assy loc 78
u=3 $ Assy loc 79

u=3 $ Assy loc 80
u=3 $ Assy loc 81
u=3 $ Assy loc 82

u=3 $ Assy loc 83
u=3 $ Assy loC 84
u=3 $ Assy loc 85
u=3 $ Assy loc 86

u=3 $ Assy loC 87
u=3 $Assy loc 88

u=3 $ ASSy loC 89

#109
#119 fill=4 u=3 $ Cavity

#118
#128
#138
#148
#158 fill=4 u=3 $ Cavity -

0 ) u=2 $ Bottom Drain Port
u=2 5 Middle Drain Port

0 ) u=2 $ Top Drain Port
u=2 $ Bottom Vent Port
u=2 $ Middle Vent Port
u=2 $ Top Vent Port

#70 #71 #72 #73 #74 #75 #76 #77 #78 #79
#80 #81 #82 #83 #84 #85 #86 #87 #88 #89
#90 #91 #92 #93 #94 #95 #96 #97 #98 #99
#100 #101 #102 #103 #104 #105 #106 #107 #108
#110 #111 #112 #113 #114 #115 #116 #117 #118

+y160 0 -31
#109 #110
#119 #120
#129 #130
#139 #140
#149 #150

#111 #112
#121 #122
#131 #132
#141 #142
#151 #152

#113 #114 #115 #116
#123 #124 #125 #126
#133 #134 #135 #136
#143 #144 #145 #146
#153 #154 #155 #156

#117
#127
#137
#147
#157

y
C Cells - Canister w/Weld Shield vl.2
161 0 -32 #172 #173 fill=3 u=2 $ Cavity
162 7 -7.9400 -38 +32.3 u=2 $ Canister Bottom
163 0 -33 +32.2 -36 trcl = ( 62.7565 43.1314 0.000
164 14 -3.9700 -34 +36 -37 trcl = C 62.7565 43.1314 0.0000
165 0 -35 +37 -38.2 trcl = C 62.7565 43.1314 0.000
166 like 163 but trcl = ( -62.7565 -43.1314 0.0000
167 like 164 but trcl = C -62.7565 -43.1314 0.0000
168 like 165 but trcl = ( -62.7565 -43.1314 0.0000
169 7 -7.9400 -38 -32.3 +32.1 u=2 $ Canister Shell
170 7 -7.9400 -38 -32.1 +32.2 #163 #164 #165 #166 #167 #16
171 7 -7.9400 (-39 +42 +43) : (-40 +42 +43) : (-41 +42 +43
172 7 -7.9400 -46 +45 +44 -32.2 trcl = ( 62.7565 43.1314 0

8

.0000

u=2 $ Lid
u=2 $ Weld Shield

u=2 $ Drain port
shield
173 7 -7.9400 -46 +45 +44 -32.2 trcl = ( -62.7565 -43.1314 0.0000 C u=2 $ Vent port
shield
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174 6 -0.9982 +38 #171 -47 u=2 $ Outside water
175 0 +38 #171 +47 u=2 $ Outside void
C Transfer Cask Cells - vl.l.2
176 6 -0.9982 -65 -49 #186 fill=2 ( 0.0000 0.0000 6.9850 u=l $ Cavity
177 8 -7.8212 -48 +49 -54 u=l $ Bottom forging
178 8 -7.8212 -50 +49 +54 -55 u=l $ Inner shell

.179 0 -51 +50 +54 -55 u=l $ Gap
180 11 -11.344 -52 +51 +54 -55 u=l $ Lead shell
181.12 -1.6316 -53 +52 +54 -55 u=1 $ NS4FR shell
182 8 -7.8212 -48 +53 +54 -55 u=1 $ Outer shell
183 8 -7.8212 -48 +49 +55 u=1 $ Top forging
184 8 -7.8212 (-56 +57 -62) : (-56 -58 -62) u=1 $ Door rail
185 8 -7.8212 -61 -59 +60 -62 u=1 $ Door steel
186 8 -7.8212 -64 +63 u=l $ Weld bar
187 0 +48 #184 #185 #176 u=l $ Void
C
C Detector Cells - Axial Biasing
400 0 -400 fill=l $ Surface
500 0 -500 +400 $ PortAzi
600 0 -600 +400 +500 $ AnnulusAzi
700 0 -700 +400 +500 +600 $ ift
800 0 -800 +400 +500 +600 +700 $ im
900 0 -900 +400 +500 +600 +700 +800 $ 2m
1000 0 -1000 +400 +500 +600 +700 +800 +900 $ 4m
1100 0 +400 +500 +600 +700 +800 +900 +1000 $ Exterior

C Fuel Assembly Surfaces - ng08b - vl.0
1 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 17.1704 $ Lower Nozzle2 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 18.7579 $ Lower Plenum

3 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 399.7579 $ Fuel
4 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 428.4980 $ Upper Plenum
5 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Upper Nozzle
C Surfaces - Fuel Tube w/Poison vl.2
6 RPP -7.7343 7.7343 -7.7343 7.7343 7.6200 429.4124 $ Tube void
7 RPP -8.3693 8.3693 -8.3693 8.3693 7.6200 429.4124 $ Tube
8 RPP -7.7343 -7.4803 -6.7310 6.7310 9.2075 427.8249 $ Poison left
9 RPP 7.4803 7.7343 -6.7310 6.7310 9.2075 427.8249 $ Poison right
10 RPP -6.7310 6.7310 7.4803 7.7343 9.2075 427.8249 $ Poison top
11 RPP -6.7310 6.7310 -7.7343 -7.4803 9.2075 427.8249 $ Poison bottom
C Surfaces - BWR Basket vl.3
12 RPP -8.3693 8.3693 -8.3693 8.3693 7.6200 455.9300 $ Tube opening
13 8 RPP -11.0998 11.0998 -11.0998 11.0998 7.6200 455.9300 $ Tube radius
14 RPP 85.9213 87.5088 -8.3693 8.3693 7.6200 455.9300 $ Thick side support +x
15 RPP -87.5088 -85.9213 -8.3693 8.3693 7.6200 455.9300 $ Thick side support -x
16 RPP -8.3693 8.3693 85.9213 87.5088 7.6200 455.9300 $ Thick side support +y
17 RPP -8.3693 8.3693 -87.5088 -85.9213 7.6200 455.9300 $ Thick side support -y
18 RPP 86.8738 87.5088 -22.2250 22.2250 7.6200 429.4124 $ Thin side support +x
19 RPP -87.5088 -86.8738 -22.2250 22.2250 7.6200 429.4124 $ Thin side support -x
20 RPP -22.2250 22.2250 86.8738 87.5088 7.6200 429.4124 $ Thin side support +y
21 RPP -22.2250 22.2250 -87.5088 -86.8738 7.6200 429.4124 $ Thin side support -y
22 RPP -71.9667 71.9667 -55.4720 55.4720 7.6200 448.3100 $ Corner outer
23 RPP -71.1729 71.1729 -54.6783 54.6783 7.6200 448.3100 $ Corner inner
24 RPP -55.4720 55.4720 -71.9667 71.9667 7.6200 448.3100 $ Corner outer
25 RPP -54.6783 54.6783 -71.1729 71.1729 7.6200 448.3100 $ Corner inner
26 8 RPP -76.2402 76.2402 -76.2402 76.2402 7.6200 448.3100 $ Corner dia. outer
27 8 RPP -75.4465 75.4465 -75.4465 75.4465 7.6200 448.3100 $ Corner dia. inner
28 PX 0.0000 $ Cut plane
29 PY 0.0000 $ Cut plane
C Surfaces - BWR Canister Cavity vl.3
30 RPP -7.0084 7.0084 -7.0084 7.0084 0.0000 447.5481 $ Assy opening
31 PY 0.0000 $ Cut plane
C Surfaces - Canister w/Weld Shield vl.2
32 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 457.2000 90.1700 $ Cavity
33 CZ 2.6924 $ Bot Cylinder Radius
34 CZ 6.7691 $ Mid Cyclinder Radius
35 CZ 7.4041 $ Top Cylinder Radius
36 PZ 468.5538 $ Port plane bot/mid
37 PZ 477.2152 $ Port plane mid/top
38 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
39 RCC 0.0000 0.0000 480.0600 0.0000 0.0000 5.0800 78.1050 $ Weld shield bot
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40 RCC 0.0000 0.0000 485.1400 0.0000 0.0000 5.0800 71.7550 $ Weld
41 RCC 0.0000 0.0000 490.2200 0.0000 0.0000 5.0800 66.6750 $ Weld
42 RCC 62.7565 43.1314 480.0600 0.0000 0.0000 15.2400 8.8900 $ We:
43 RCC -62.7565 -43.1314 480.0600 0.0000 0.0000 15.2400 8.8900 $
44 PZ 450.8500 $ Port shield elevation
45 CZ 2.7051 $ Port shield ID
46 CZ 5.0800 $ Port shield OD
47 RCC 0.0000 0.0000 2.2338 0.0000 0.0000 471.8812 99.0000 $ Wate:
C Transfer Cask Surfaces - vl.l.2
48 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 488.9500 111.6330 $ Cask
49 CZ 92.7100 $ Cavity
50 CZ 94.6150 $ Inner shell
51 CZ 94.7420 $ Gap
52 CZ 102.8700 $ Lead shell
53 CZ 108.4580 $ NS4FR shell
54 PZ 30.4800 $ Bottom forging
55 PZ 453.3900 $ Top forging
56 RPP -104.3178 104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Do
57 PY 97.0026 $ Inside rail +y
58 PY -97.0026 $ Inside rail -y
59 PY 96.5200 $ Door +y
60 PY -96.5200 $ Door -y
61 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000 $ Door prism

108.4699 0.0000 0.0000 89.7374 -73.7172 0.0000
-89.7374 -73.7172 0.0000

shield mid
shield top

ld shield cutout +x+y
Weld shield cutout -x-y

r jacket

or container

62 RCC 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000 111.6330 $ Door
63 RCC 0.0000 0.0000 487.0450 0.0000 0.0000 1.9050 90.8049 $ Weld be:
64 RCC 0.0000 0.0000 487.0450 0.0000 0.0000 1.9050 92.7100 $ Weld ba:
65 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 502.2850 111.6330 $ Contai:
C Axial Detector DTA (Surface)
400 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 515.1850 111.860
401 CZ 9.3217
402 CZ 18.6433
403 CZ 27.9650
404 CZ 37.2867
405 CZ 46.6083
406 CZ 55.9300
407 CZ 65.2517
408 CZ 74.5733
409 CZ 83.8950
410 CZ 93.2167
411 CZ 102.5383
C Axial Detector DTAA (PortAzi)
500 RQC 0.0000 0.0000 -12.8000 0.0000 0.0000 515.2850 83.5533
501 CZ 68.7451
502 PX 0.0000
503 1 PX 0.0000
504 2 PX 0.0000
505 3 PX 0.0000
506 4 PX 0.0000
507 5 PX 0.0000
508 6 PX 0.0000
509 7 Px 0.0000
510 8 PX 0.0000
511 9 PX 0.0000
512 10 PX 0.0000
513 11 PX 0.0000
514 12 Px 0.0000
515 13 PX 0.0000
516 14 PX 0.0000
517 15 px 0.0000
518 PY 0.0000
519 16 PX 0.0000
520 17 PX 0.0000
521 18 Px 0.0000
522 19 PX 0.0000
523 20 PX 0.0000
524 21 PX 0.0000
525 22 Px 0.0000
526 23 Px 0.0000

container
r inner
r outer
ner

0
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527 24 PX 0.0000
528 25 PX 0.0000
529 26 PX 0.0000
530 27 PX 0.0000
531 28 PX 0.0000
532 29 PX 0.0000
533 30 PX 0.0000
C Axial Detector DTAB (AnnulusAzi)
600 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 515.3850 92.7100
601 CZ 83.5533
602 PX 0.0000
603 8 PX 0.0000
604 PY 0.0000
605 23 PX 0.0000
C Axial Detector DTB (ift)
700 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 545.6650 142.3400
701 CZ 11.8617
702 Cz 23.7233
703 CZ 35.5850
704 CZ 47.4467
705 CZ 59.3083
706 CZ 71.1700
707 CZ 83.0317
708 CZ 94.8933
709 CZ 106.7550
710 CZ 118.6167
711 CZ 130.4783
C Axial Detector DTC (1m)
800 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 615.1850 211.8600
801 CZ 17.6550
802 CZ 35.3100
803 Cz 52.9650
804 CZ 70.6200805 CZ 88.2750
806 CZ 105.9300
807 CZ 123.5850
808 cz 141.2400
809 CZ 158.8950
810 CZ 176.5500
811 CZ 194.2050
C Axial Detector DTD (2m)
900 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 715.1850 311.8600
901 CZ 25.9883
902 CZ 51.9767
903 Cz 77.9650
904 CZ 103.9533
905 CZ 129.9417
906 CZ 155.9300
907 CZ 181.9183
908 CZ 207.9067
909 CZ 233.8950
910 CZ 259.8833
911 CZ 285.8717
C Axial Detector DTE (4m)
1000 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 915.1850 511.8600
1001 CZ 42.6550
1002 CZ 85.3100
1003 CZ 127.9650
1004 CZ 170.6200
1005 CZ 213.2750
1006 CZ 255.9300
1007 CZ 298.5850
1008 CZ 341.2400
1009 CZ 383.8950
1010 CZ 426.5500
1011 CZ 469.2050

C Materials List - Common Materials - vl.4

C
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C Homogenized Lower Nozzle
ml 24000 -0.190 25055 -0.020 26000 -0.695

28000 --0.095
C Homoaenized Lower Plenum
m2 24000 -I.0000E--03 50000 -1.5000E-02

26000 -1.2500E-03 7014 -5.0000E-04
40000 -9.8225E-01

C Homogenized U02 Fuel
m3 92235 -3.7407E-02 40000 -1.4859E-01 24000 -1.5128E-04

92238 -7.1074E-01 50000 -2.2692E-03 7014 -7.5639E-05
8016 -1.0058E-01 26000 -1.8910E-04

C Homogenized Upper Plenum
m4 24000 -1.6451E-01 50000 -2.0233E-03 25055 -1.7302E-02

26000 -6.0142E-01 7014 -6.7444E-05 28000 -8.2186E-02
40000 -1.3249E-01

C Homogenized Upper Nozzle
m5 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Water
m6 1001 2 8016 1
C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Carbon Steel
m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6822 5010 -0.0448 5011 -0.2040

6012 -0.0690
C Aluminum
mlO 13027 -1.0
C Lead
mll 82000 -1.0
C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E--03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 14000 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa
m15 6012 6 1001 10 8016 5
nonu $ No subcritical multiplication
C
C Cell Importances
C
imp:p 1 193r 0
C
C BWR Source Definition - Upper Nozzle Response to Group 12
C
sdef x=dl y=d2 z=d3 erg=d4 cell=400:176:161:d5:5
sil -7.00786 7.00786
spl 0 1
si2 -7.00786 7.00786
sp2 0 1
si3 428.4980 447.5480
sp3 0 1
si4 1.220E+00 1.440E+00
sp4 0 1
C Source Information
si5 1 70 71 72

73 74 75 76 77 78 79
80 81 82 83 84 85 86 87
89 90 91 92 93 94 95 96 97

98 99 100 101 102 103 104 105 106 107 108
109 110 111 112 113 114 115 116 117 118 119
120 121 122 123 124 125 126 127 128 129 130

NAC International 5.8.8-19



MAGNASTOR System

Docket No. 72-1031

June 2008
Revision 2

Figure 5.8.8-4 Transfer Cask Sample Input File - BWR TSC
131 132 133

141 142
149 150

C Source Probability
sp5

134 135 136 137 138 139
143 144 145 146 147 148
151 152 153 154 155
156 157 158

1.0
1.0

1.0 1.0
1.0 1.0
1.0 1.0

1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

C Source Biasing
sb5

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0.
1.0
1.0
1.0

IE0
IE+0
1E+C
1E+0
IE+0
IE+0
1E+0
1E+0
IE+0
IE+0
IE+C

1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0

'0 IE+00
'0 1E+00
0 1E+00
'0 1E+00
'0 1E+00
'0 IE+00
0 1E+00
'0 1E+00
'0 1E+00
'0 1E+00
0 1E+00

1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0
1.0

IE+00
IE+00
1E+00

IE+00
IE+00
1E+00
1E+00
IE+00
IE+00

1E+00
IE+00
IE+00
1E+00
IE+00
1E+00
1E+00
1E+00
1E+00

1E+00
1E+00
1E+00
1E+00
IE+00
1E+00
1E+00
1E+00
1E+00

1E+00
1E+00
IE+00
1E+00
1E+00
IE+00
1E+00
IE+00
1E+00
1E+00
IE+00

1E+00
1E+00
1E+00
1E+00
IE+00
1E+00
1E+00
1E+00
1E+00

IE+00
1E+00
1E+00
1E+00
IE+00
IE+00
1E+00
1E+00
1E+00

1E+00
IE+00 1E+00
IE+00 1E+00
1E+00 1E+00
1E+00
1E+00

mode p
nps 8000000
C
C ANSI/ANS-6.1.1-1977 - Gamma Flux-to-Dose Conversion Factors
C (mrem/hr)/(photons/cm2-sec)
C
deO 0.01 0.03 0.05 0.0.7 0.1 0.15 0.2

0.25 0.3 0.35 0.4"0.45 0.5 0.55
0.6 0.65 0.7 0.8 1 1.4 1.8
2.2 2.6 2.8 3.25 3.75 4.25 4.75
5 5.25 5.75 6.25 6.75 7.5 9
11 13 15

df0 3.96E-03 5.82E-04 2.90E-04: 2.58E-04 2.83E-04
6.31E-04 7.59E-04 8.78E-04 9.85E-04 1.08E-03
1.36E-03 1.44E-03 1.52E-03 1.68E-03 1.98E-03
3.42E-03 3.82E-03 4.01E-03 4.41E-03 4.83E-03
5.80E-03 6.01E-03 6.37E-03 6.74E-03 7.11E-03
1.03E-02 1.18E-02 1.33E-02

3.79E-04 5.01E-04
1.17E-03 1.27E-03
2.51E-03 2.99E-03
5.23E-03 5.60E-03
7.66E-03 8.77E-03

C
C Weight Window Generation - Top Axial
C
wwg 2 0 0 0 0
wwp:p 5 3 5 0 -1 0
mesh geom=cyl ref=0 0 454 origin=0.l 0.1 -14

imesh 90.2 91.4 92.7 94.6 102.7 108.5 111.6 611.6
iints I 1 1 1 1 1 I 1
jmesh 1 14 21 38 39 420 449 468 478 516 1016
jints 1 3 2 1 1 10 1 1 1 7 1
kmesh 1
kints 1

C wwge:p le-3 1 20
.fc2 Axial Surface Tally
f2:p +400.2
fm2 8.7000E+01
fs2 -401 -402 -403 -404 -405 -406

-407 -408 --409 -410 -411 T
tf2
fcl2 Axial PortAzi Tally Qi (+x+y)
fl2:p +500.2
fml2 8.7000E+01
fsl2 -501 -502 -518

-503 -504 -505 -506 -507 -508
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-509 -510 -511 -512 -513 -514
-515 -516 -517 T

sdl2 1.4847E+04 3.5426E+03 1.7713E+03 1.1071E+02 15r 7.0851E+03
tfl2
fc22 Axial PortAzi Tally Q2 (-x+y)
f22:p +500.2
fm22 8.7000E+01
fs22 -501 +502 -518

+519 +520 +521 +522 +523 +524
+525 +526 +527 +528 +529 +530
+531 +532 +533 T

sd22 1.4847E+04 3.5426E+03 1.7713E+03 1.1071E+02 15r 7.0851E+03
tf22
fc32 Axial PortAzi Tally Q3 (-x-y)
f3

2
:p +500.2

fm32 8.7000E+01
fs32 -501 +502 +518

+503 +504 +505 +506 +507 +508
+509. +510 +511 +512 +513 +514
+515 +516 +517 T

sd32 1.4847E+04 3.5426E+03 1.7713E+03 1.1071E+02 15r 7.0851E+03
tf32
fc42 Axial PortAzi Tally Q4 (+x-y)
f42:p +500.2
fm42 8.7000E+01
fs42 -501 -502 +518

-519 -520 -521 -522 -523 -524
-525 -526 -527 -528 -529 -530
-531 -532 -533 T

sd42 1.4847E+04 3.5426E+03 1.7713E+03 1.1071E+02 15r 7.0851E+03
tf42
.fc52 Axial AnnulusAzi Tally Q1 (+x+y)
f5 2 :p +600.2
fm52 8.7000E+01
fs52 -601 -602 -604

-603 T
sd52 2.1932E+04 2.5352E+03 1.2676E+03 6.3381E+02 ir 5.0705E+03
tf52
fc62 Axial AnnulusAzi Tally Q2 (-x+y)
f62:p +600.2
fm62 8.7000E+01
fs62 -601 +602 -604

+605 T
sd62 2.1932E+04 2.5352E+03 1.2676E+03 6.3381E+02 ir 5.0705E+03
tf62
fc72 Axial AnnulusAzi Tally Q3 (-x-y)
f72:p +600.2
fm72 8.7000E+01
fs72 -601 +602 +604

+603 T
sd72 2.1932E+04 2.5352E+03 1.2676E+03 6.3381E+02 ir 5.0705E+03
tf72
fc82 Axial AnnulusAzi Tally Q4 (+x-y)
f82:p +600.2
fm82 8.7000E+01
fs82 -601 -602 +604

-605 T
sd82 2.1932E+04 2.5352E+03 1.2676E+03 6.3381E+02 ir 5.0705E+03
tf82
fc92 Axial lft Tally
f9

2
:p +700.2

fm92 8.7000E+01
fs92 -701 -702 -703 -704 -705 -706

-707 -708 -709 -710 -711 T
tf92
fc102 Axial lm Tally
fl02:p +800.2
fm102 8.7000E+01
tsl02 -801 -802 -803 -804 -805 -806

-807 -808 -809 -810 -811 T
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tfl02
fcll2 Axial 2m Tally
fll2:p +900.2
fmll2 8.7000E+01
fs112 -901 -902 -903 -904 -905 -906

-907 -908 -909 -910 -911 T
tf112
fc122 Axial 4m Tally
f122:p +1000.2
fm122 8.7000E+01
fs122 -1001 -1002 -1003 -1004 -1005 -1006

-1007 -1008 -1009 -1010 -1011 T
tf122
C
C
C Print Control
C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=19073486328125 stride=152917 hist=l
C
C Rotation Matrix
C
C 5.625 degree rotation around z-axis
*TRI 0.0 0.0 0.0 5.625 95.625 90 -84.375 5.625 90 90 90 0
C 11.25 degree rotation around z-axis
*TR2 0.0 0.0 0.0 11.250 101.250 90 -78.750 11.250 90 90 90 0
C 16.875 degree rotation around z-axis
*TR3 0.0 0.0 0.0 16.875 106.875 90 -73.125 16.875 90 90 90 0
C 22.5 degree rotation around z-axis
*TR4 0.0 0.0 0.0 22.500 112.500 90 -67.500 22.500 90 90 90 0
C 28.125 degree rotation around z-axis
*TR5 0.0 0.0 0.0 28.125 118.125 90 -61.875 28.125 90 90 90 0
C 33.75 degree rotation around z-axis
*TR6 0.0 0.0 0.0 33.750 123.750 90 -56.250 33.750 90 90 90 0
C 39.375 degree rotation around z-axis.
*TR7 0.0 0.0 0.0 39.375 129.375 90 -50.625 39.375 90 90 90 0
C 45 degree rotation around z-axis
*TR8 0.0 0.0 0.0 45.000 135.000 90 -45.000 45.000 90 90 90 0
C 50.625 degree rotation around z-axis
*TR9 0.0 0.0 0.0 50.625 140.625 90 -39.375 50.625 90 90 90 0
C 56.25 degree rotation around z-axis
*TRI0 0.0 0.0 0.0 56.250 146.250 90 -33.750 56.250 90 90 90 0
C 61.875 degree rotation around z-axis
*TRll 0.0 0.0 0.0 61.875 151.875 90 -28.125 61.875 90 90 90 0
C 67.5 degree rotation around z-axis
*TRI2 0.0 0.0 0.0 67.500 157.500 90 -22.500 67.500 90 90 90 0
C 73.125 degree rotation around z-axis
*TRI3 0.0 0.0 0.0 73.125 163.125 90 -16.875 73.125 90 90 90 0
C 78.75 degree rotation around z-axis
*TRI4 0.0 0.0 0.0 78.750 168.750 90 -11.250 78.750 90 90 90 0
C 84.375 degree rotation around z-axis
*TRl5 0.0 0.0 0.0 84.375 174.375 90 -5.625 84.375 90 90 90 0
C 95.625 degree rotation around z-axis
*TRI6 0.0 0.0 0.0 95.625 185.625 90 5.625 95.625 90 90 90 0
C 101.25 degree rotation around z-axis
*TRI7 0.0 0.0 0.0 101.250 191.250 90 11.250 101.250 90 90 90 0
C 106.875 degree rotation around z-axis
*TRI8 0.0 0.0 0.0 106.875 196.875 90 16.875 106.875 90 90 90 0
C 112.5 degree rotation around z-axis
*TRI9 0.0 0.0 0.0 112.500 202.500 90 22.500 112.500 90 90 90 0
C 118.125 degree rotation around z-axis
*TR20 0.0 0.0 0.0 118.125 208.125 90 28.125 118.125 90 90 90 0
C 123.75 degree rotation around z-axis
*TR21 0.0 0.0 0.0 123.750 213.750 90 33.750 123.750 90 90 90 0
C 129.375 degree rotation around z-axis
*TR22 0.0 0.0 0.0 129.375 219.375 90 39.375 129.375 90 90 90 0
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C 135 degree rotation around z-axis
*TR23 0.0 0.0 0.0 135.000 225.000 90 45.000 135.000 90 90 90 0
C 140.625 degree rotation around z-axis
*TR24 0.0 0.0 0.0 140.625 230.625 90 50.625 140.625 90 90 90 0
C 146.25 degree rotation around z-axis
*TR25 0.0 0.0 0.0 146.250 236.250 90 56.250 146.250 90 90 90 0
C 151.875 degree rotation around z-axis
*TR26 0.0 0.0 0.0 151.875 241.875 90 61.875 151.875 90 90 90 0
C 157.5 degree rotation around z-axis
*TR27 0.0 0.0 0.0 157.500 247.500 90 67.500 157.500 90 90 90 0
C 163.125 degree rotation around z-axis
*TR28 0.0 0.0 0.0 163.125 253.125 90 73.125 163.125 90 90 90 0
C 168.75 degree rotation around z-axis
*TR29 0.0 0.0 0.0 168.750 258.750 90 78.750 168.750 90 90 90 0
C 174.375 degree rotation around z-axis
*TR30 0.0 0.0 0.0 174.375 264.375 90 84.375 174.375 90 90 90 0
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MAGNASTOR VCC - strShlDryRadFn_17a_07g
C Radial Biasing - Fuel Neutron Source
C Fuel Assembly Cells - 17a - vl.0
1 1 -1.8782 -l u=6 $ Lower Nozzle
2 2 -2.6798 -2 +1 u=6 $ Lower Plenui
3 3 -3.8195 -3 +2 u=6 $ Fuel
4 4 -0.7412 -4 +3 u=6 $ Upper Plenui
5 5 -1.8385 -5 +4 u=6 S Upper Nozzl4

m

m

6
C
7
8
9

0 +5
Cells - Fuel
8 -7.8212 -7
9 -2.6336 -8
0 #7

u=6 $ Outside
Tube w/Poison vl.2
+6 u=5 $ Tube
* -9 : -10 : -11 u=5
#8 u=5 $ Void

$ Poison

C Cells - PWR Basket
10 0 -12 -13
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5
fill=5

vl .2
fill=5 trcl = -23.5331 70.5993 0.0000 ) u=4 $ Assy loc 1
trcl = 23.5331 70.5993 0.0000 ) u=4 $ Assy loc 3
trcl = -47.0662 47.0662 0.0000 ) u=4 $ Assy loc 4
trcl = 0.0000 47.0662 0.0000 ) u=4 $ Assy loc 6
trcl = 47.0662 47.0662 0.0000 C u=4 $ Assy loc 8
trcl = -70.5993 23.5331 0.0000 C u=4 $ Assy loc 9
trcl = -23.5331 23.5331 0.0000 C u=4 $ Assy loc 11
trcl = 23.5331 23.5331 0.0000 C u=4 $ Assy loc 13
trcl = 70.5993 23.5331 0.0000 C u=4 $ Assy loc 15
trcl = -47.0662 0.0000 0.0000 C u=4 $ Assy loc 17
trcl = 0.0000 0.0000 0.0000 ) u=4 $ Assy loc 19
trcl = 47.0662 0.0000 0.0000 ) u=4 $ Assy loc 21
trcl = -70.5993 -23.5331 0.0000 C u=4 $ Assy loc 23
trcl = -23.5331 -23.5331 0.0000 ) u=4 $ Assy loc 25
trcl = 23.5331 -23.5331 0.0000 C u=4 $ Assy loc 27
trcl = 70.5993 -23.5331 0.0000 ) u=4 $ Assy loc 29
trcl = -47.0662 -47.0662 0.0000 C u=4 $ Assy loc 30
trcl = 0.0000 -47.0662 0.0000 u=4 $ Assy loc 32
trcl = 47.0662 -47.0662 0.0000 C u=4 $ Assy loc 34
trcl = -23.5331 -70.5993 0.0000 C u=4 $ Assy loc 35
trcl = 23.5331 -70.5993 0.0000 C u=4 $ Assy loc 37

#25 u=4 $ Side support +x
#22 u=4 $ Side support -x
#11 u=4 $ Side support +y
#30 u=4 $ Side support -y
+20 u=4 $ Corner
+19 +14.2 +15.1 +16.4 +17.3
#15 #18 #22 #25 #29 #30 u=4 $ Corner diagonal
#12 #13 #14 #15 #16 #17 #18 #19 #20
#23 #24 #25 #26 #27 #28 #29 #30
#33 #34 #35 #36 u=4 $ Basket

8
8
8
8
8
8

0

-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212

-14
-15
-16
-17
-18
-20
#10
#10
#21
#31

#18
#15
#10
#29
+19
+21
#11
#11
#22
#32

C Cells - PWR Canister Cavity vl.2
38 0 -22 fill=6 trcl
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

( -23.5331 70.5993 0.0000
0.0000 70.5993 0.0000
23.5331 70.5993 0.0000
-47.0662 47.0662 0.0000
-23.5331 47.0662 0.0000
0.0000 47.0662 0.0000
23.5331 47.0662 0.0000
47.0662 47.0662 0.0000
-70.5993 23.5331 0.0000
-47.0662 23.5331 0.0000
-23.5331 23.5331 0.0000
0.0000 23.5331 0.0000
23.5331 23.5331 0.0000
47.0662 23.5331 0.0000
70.5993 23.5331 0.0000
-70.5993 0.0000 0.0000
-47.0662 0.0000 0.0000
-23.5331 0.0000 0.0000
0.0000 0.0000 0.0000
23.5331 0.0000 0.0000
47.0662 0.0000 0.0000
70.5993 0.0000 0.0000
-70.5993 -23.5331 0.0000

u=3 $ Assy loc 1
u=3 $ Assy loc 2

u=3 $ Assy loc 3
u=3 $ Assy loc 4
u=3 $ Assy loc 5

u=3 $ Assy loc 6
u=3 $ Assy loc 7
u=3 $ Assy loc 8
u=3 $ Assy loc 9
u=3 $ Assy loc 10
u=3 $ Assy loc 11

u=3 $ Assy loc 12
u=3 $ Assy loc 13
u=3 $ Assy loc 14
u=3 $ Assy loc 15
u=3 $ Assy loc 16
u=3 $ Assy loc 17
u=3 $ Assy loc 18

u=3 $ Assy loc 19
u=3 $ Assy loc 20
u=3 $ Assy loc 21
u=3 $ Assy loc 22

u=3 $ Assy loc 23
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61
62
63
64
65
66
67
68
69
70
71
72
73
74

like
like
like
like
like
like
like
like
like
like
like
like
like
like

38
38
38
38
38
38
38
38
38
38
38
38
38
38

but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

-47,0662 -23.5331 0.0000
-23.5331 -23.5331 0.0000
0.0000 -23.5331 0.0000
23.5331 -23.5331 0.0000
47.0662 -23.5331 0.0000
70.5993 -23.5331 0.0000
-47.0662 -47.0662 0.0000
-23.5331 -47.0662 0.0000
0.0000 -47.0662 0.0000
23.5331 -47.0662 0.0000
47.0662 -47.0662 0.0000
-23.5331 -70.5993 0.0000
0.0000 -70.5993 0.0000
23.5331 -70.5993 0.0000

#42 #43 #44 #45 #46 #47 #48
#55 #56 #57 #58 #59 #60 #61
#68 #69 #70 #71 #72 #73 #74

u=3 $ Assy loC 24
u=3 $ Assy loc 25

u=3 $ Assy loc 26
u=3 $ AsSy loc 27
u=3 $ Assy loc 28
u=3 $ Assy loc 29

u=3 $ Assy loc 30
u=3 $ Assy loc 31

u=3 $ Assy loc 32
u=3 $ Assy loc 33
u=3 $ Assy loc 34

u=3 $ ASSy loc 35
u=3 $ ASSy loc 36

u=3 $ Assy loc 37
#49 #50
#62 #63

fill=4 u=3 $ Cavity

75 0 #38 #39 #40 #41
#51 #52 #53 #54
#64 #65 #66 #67

C Cells - Canister vl.2
76
77
78
79
80
81
82
83
84
85
86

0 -23
7 -7.9400 -29
7 -7.9400 -24
7 -7.9400 -25
7 -7.9400 -26
like 78 but
like 79 but
like 80 but
7 -7.9400 -29
7 -7.9400 -29
0 +29

fill=3 u=2 $ Cavity
+23.3 u=2 $ Canister Bottom
+23.2 -27 trcl ( 62.7565 43.1314 0.0000
+27 -28 trcl = 62.7565 43.1314 0.0000 )
+28 -29.2 trcl ( 62.7565 43.1314 0.0000
trcl = ( -62.7565 -43.1314 0.0000 ) u=2
trcl = ( -62.7565 -43.1314 0.0000 ) u=2
trcl =( -62.7565 -43.1314 0.0000 ) u=2
-23.3 +23.1 u=2 $ Canister Shell
-23.1 +23.2 #78 #79 #80 #81 #82 #83 u=2

u=2 $ Outside

u=2 $ Bottom Drain Port
u=2 $ Middle Drain Port

u=2 $ Top Drain Port
Bottom Vent Port
Middle Vent Port
Top Vent Port

$
$
S

$ Lid

C VCC Cells - vl.l.l
87 8 -7.8212 -30 u=l $ Pedestal plate
88 8 -7.8212 -31 +32 u=l $ Stand
89 8 -7.8212 -37 +38 +43 +44 u=l $ Bottom plate out(
90 8 -7.8212 (-38 +39 -33) (-38 +39 -34) u=l $
91 8 -7.8212 -39 u=l $ Bottom plate inner
92 8 -7.8212 (-32 -53 +54 -41) (-32 -51 +52 +53 -41)
stand
93 8 -7.8212 (+31 -53 +54 -41) (+31 -51 +52 +53 -41)
stand
94 8 -7.8212 (-48 +50 +33 +34 -42) : (-49 +50 +33 +34
95 8 -7.8212 (-45 +43 +47 -42 +33 +34 +37) : (-46 +44

er

Bottom plate connector

u=l $ Support ra il inside

u=l $ Support rail outside

u=l $
96 8 -7.8212
wall
97 8 -7.8212

98 13 -2.3234
99 8 -7.8212 -
100 8 -7.8212
101 8 -7.8212

-33 +35 +31
Air inlet wall
-42 +37) : (-34 +36 +31 -42

-42 +48) u=l $ Air inlet top
+47 -42 +33 +34 +37)

+37) u=l $ Air inlet angular

-47 -45 +43 +33 +34 +44 +37) : (-47 -46 +44 +33 +34 +43 +37)
u=l $ Air inlet remaining wall

-42 +40 +33 +34 +37 +48 +49 +45 +46 fill=7 u=1 $ Concre
40 +41 u=l $ Liner
-55 +40 u=l $ Top flange
(-56 +68 -41) (-57 +69 -41) (-58 +70 -41) (-59 +71 -41
(-60 +72 -41) (-61 +73 -41) (-62 +74 -41) (-63 +75 -41
(-64 +76 -41) (-65 +77 -41) (-66 +78 -41) (-67 +79 -41

u=l $ Standoffs
(-37 +38 -43) : (-37 +38 -44) u=1 $ Bottom plate outer
-38 +39 +33 +34 u=l $ Bottom plate connector void
(-32 -54 -41) (-32 -52 +53 -41) u=l $ Support rail i:
(+31 -54 -41) (+31 -52 +53 -41) u=l $ Support rail o

te

102 0
103 0
104 0
105 0
void
106 0

107 0
108 0
109 0
110 0

111 0
C VCC
112 8
113 8
114 8

void

nside stand void
utside stand

(-43 +31 +33 +34 -42 +37) : (-44 +31 +33 +34 -42 +37 +43)
u=l $ Air inlet void

-50 +31 +33 +34 u=l $ Air inlet top void
(-35 +37 +31) : (-36 +37 +31) u=i $ Connector void
-32 +51 +53 u=l S Stand void
-41 +30 +31 +51 +53 #101
fill=2 ( 0.0000 0.0000 6.9850 ) u=l $ Cavity
+42 +40 +55 fill=9 ( 0.0000 0.0000 485.4702 ) u=l $ Outside

Rebar Cells - vl.l.1
-7.8212 -80 u=7 $ Inner hoop 1
-7.8212 -81 u=7 $ Inner hoop 2
-7.8212 -82 u=7 $ Inner hoop 3
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115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

174
175
176
177
178

8 -7.8212 -83
8 -7.8212 -84
8 -7.8212 -85
8 -7.8212 -86
8 -7.8212 -87
8 -7.8212 -88
8 -7.8212 -89
8 -7.8212 -90
8 -7.8212 -91
8 -7.8212 -92
8 -7.8212 -93
8 -7.8212 -94
8 -7.8212 -95
8 -7.8212 -96
8 -7.8212 -97
8 -7.8212 -98
8 -7.8212 -99
8 -7.8212 -100
8 -7.8212 -101
8 -7.8212 -102
8 -7.8212 -103
8 -7.8212 -104
8 -7.8212 -105
8 -7.8212 -106
8 -7.8212 -107
8 -7.8212 -108
8 -7.8212 -109
8 -7.8212 -110
8 -7.8212 -111
8 -7.8212 -112
8 -7.8212 -113
8 -7.8212 -114
8 -7.8212 -115
8 -7.8212 -116
8 -7.8212 -117
8 -7.8212 -318
8 -7.8212 -119
8 -7.8212 -120
8 -7.8212 -121
8 -7.8212 -122
8 -7.8212 -123
8 -7.8212 -124
8 -7.8212 -125
8 -7.8212 -126
8 -7.8212 -127
8 -7.8212 -128
8 -7.8212 -129
8 -7.8212 -130
8 -7.8212 -131
8 -7.8212 -132
8 -7.8212 -133
8 -7.8212 -134
8 -7.8212 -135
8 -7.8212 -136
8 -7.8212 -137
8 -7.8212 -138
8 -7.8212 -139
8 -7.8212 -140
13 -2.3234 #112

#122 #123 #:
#132 #133 #1
#142 #143 #.
#152 #153 #.
#162 #163 #:
#172

8 -7.8212 -141
like 174 but
like 174 but
like 174 but
like 174 but

u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 $
u=7 9
u=7
u=7 $
u=7
u=7
u=7
u=7
u=7
u:=7
u=7
u=7
u=7
u=7 $
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
*u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u1=7
u=7
u=7
u=7
u=7
u=7
u=7
u1=7

#113 #114

$

$

Inner hoop 4
Inner hoop 5
Inner hoop 6
Inner hoop 7
Inner hoop 8
Inner hoop 9
Inner hoop 10
Inner hoop 11
Inner hoop 12
Inner hoop 13
Outer hoop 1
Outer hoop 2
Outer hoop 3
Outer hoop 4
Outer hoop 5
Outer hoop 6
Outer hoop 7
Outer hoop 8
Outer hoop 9
Outer hoop 10
Outer hoop 11
Outer hoop 12
Outer hoop 13
Outer hoop 14
Outer hoop 15
Outer hoop 16
Outer hoop 17
Outer hoop 18
Outer hoop 19

$ Outer hoop 20
Outer hoop 21
Outer hoop 22

$ Outer hoop 23
$ Outer hoop 24

Outer hoop 25
Outer hoop 26
Outer hoop 27
Outer hoop 28
Outer hoop 29
Outer hoop 30
Outer hoop 31
Outer hoop 32
Outer hoop 33
Outer hoop 34
Outer hoop 35
Outer hoop 36
Outer hoop 37
Outer hoop 38
Outer hoop 39
Outer hoop 40
Outer hoop 41
Outer hoop 42
Outer hoop 43
Outer hoop 44
Outer hoop 45
Outer hoop 46
Outer hoop 47
Outer hoop 48

#115 #116 #117 #118 #119 #120 #121 $ Concrete
124 #125 #126 #127 #128
134 #135 #136 #137 #138
144 #145 #146 #147 #148
154 #155 #156 #157 #158
164 #165 #166 #167 #168
fill=8 u=7

trcl = ( 113.3475 0.0O
trcl = 3 109.4853 29.336
trcl = ( 98.1618 56.6738
trcl = 3 80.1488 80.1488
trcl = ( 56.6738 98.1618

#129
#139
#149
#159
#169

#130
#140
#150
#160
#170

#131
#141
#151
#161
#171

000 0.0000
65 0.0000
8 0.0000
3 0.0000
3 0.0000

u=8 $ Inner bar 1
u=8 $ Inner bar 2

u=8 $ Inner bar 3
u=8 $ Inner bar 4
u=8 $ Inner bar 5
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179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
8 -7.8212 -141
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but

trcl =
trcl =
trcl =
trcl =
trcl =
trcl
trcl =

trcl =

trcl :
trcl
trcl =

trcl =

trcl =

trcl
trcl =

trcl
trcl =

trcl
trcl

trcl
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =

29.3365 109.4853 0.0000
0.0000 113.3475 0.0000
-29.3365 109.4853 0.0000
-56.6738 98.1618 0.0000
-80.1488 80.1488 0.0000
-98.1618 56.6738 0.0000
-109.4853 29.3365 0.0000
-113.3475 0.0000 0.0000
-109.4853 -29.3365 0.0000
-98.1618 -56.6738 0.0000
-80.1488 -80.1488 0.0000
-56.6738 -98.1618 0.0000
-29.3365 -109.4853 0.0000
0.0000 -113.3475 0.0000
29.3365 -109.4853 0.0000
56.6737 -98.1618 0.0000
80.1488 -80.1488 0.0000
98.1618 -56.6738 0.0000
109.4853 -29.3365 0.0000
( 159.0675 0.0000 0.0000
158.0673 17.8099 0.0000
155.0793 35.3958 0.0000
150.1412 52.5367 0.0000
143.3149 69.0168 0.0000
134.6863 84.6290 0.0000
124.3640 99.1770 0.0000
112.4777 112.4777 0.0000
99.1770
84.6290
69.0168
52.5367
35.3958
17.8099

1

1
1
1

.24.3640 0.0000
34.6863 0.0000
.43.3149 0.0000
50.1412 0.0000
55.0793 0.0000
.58.0673 0.0000

0.0000 159.0675 0.0000
-17.8099 158.0673 0.0000
-35.3958 155.0793 0.0000
-52.5367 150.1412 0.0000
-69.0168 143.3149 0.0000
-84.6290 134.6863 0.0000
-99.1770 124.3640 0.0000
-112.4777 112.4777 0.0000
-124.3640 99..1770 0.0000
-134.6863 84.6290 0.0000
-143.3149 69.0168 0.0000
-150.1412 52.5367 0.0000
-155.0793 35.3958 0.0000
-158.0673 17.8099 0.0000

u=8 $ Inner bar 6
u=8 $ Inner bar 7

u=8 $ Inner bar 8
u=8 $ Inner bar 9
u=8 $ Inner bar 10
u=8 $ Inner bar 11
u=8 $ Inner bar 12

u=8 $ Inner bar 13
u=8 $ Inner bar 14

u=8 $ Inner bar 15
u=8 $ Inner bar 16
u=8 $ Inner bar 17

u=8 $ Inner bar 18
u=8 $ Inner bar 19

u=8 $ Inner bar 20
u=8 $ Inner bar 21
u=8 $ Inner bar 22
u=8 $ Inner bar 23

u=8 $ Inner bar 24
u=8 $ Outer bar 1

u=8 $ Outer bar 2
u=8 $ Outer bar 3
u=8 $ Outer bar 4
u=8 $ Outer bar 5
u=8 $ Outer bar 6
u=8 $ Outer bar 7
u=8 $ Outer bar 8

u=8 $ Outer bar 9
u=8 $ Outer bar 10
u=8 $ Outer bar 11
u=8 $ Outer bar 12
u=8 $ Outer bar 13
u=8 $ Outer bar 14

u=8 $ Outer bar 15
u=8 $ Outer bar 16
u=8 $ Outer bar 17
u=8 $ Outer bar 18
u=8 $ Outer bar 19
u=8 $ Outer bar 20
u=8 $ Outer bar 21

u=8 $ Outer bar 22
u=8 $ Outer bar 23
u=8 $ Outer bar 24
u=8 $ Outer bar 25
u=8 $ Outer bar 26
u=8 $ Outer bar 27
u=8 $ Outer bar 28

u=8 $ Outer bar 29
u=8 $ Outer bar 30
u=8 $ Outer bar 31
u=8 $ Outer bar 32
u=8 $ Outer bar 33
u=8 $ Outer bar 34
u=8 $ Outer bar 35

u=8 $ Outer bar 36
u=8 5 Outer bar 37
u=8 $ Outer bar 38
u=8 $ Outer bar 39
u=8 $ Outer bar 40
u=8 $ Outer bar 41
u=8 $ Outer bar 42

u=8 $ Outer bar 43
u=8 $ Outer bar 44
u=8 $ Outer bar 45
u=8 $ Outer bar 46
u=8 $ Outer bar 47
u=8 $ Outer bar 48
u=8 $ Outer bar 49

u=8 $ Outer bar 50
u=8 $ Outer bar 51

-159. 067c
-158.0673
-155.0793
-150. 141ý
-143.314S
-134.6863
-124.364C
-112. 477-
-99.1770
-84.6290
-69.0168
-52.5367
-35.3958
-17.8099

0.0000 0.0000 )
_ -17.8099 0.0000

* -35.3958 0.0000
-52.5367 0.0000
-69.0168 0.0000

* -84.6290 0.0000
-99.1770 0.0000
-112.4777 0.0000

-124.3640 0.0000
-134.6863 0.0000
-143.3149 0.0000
-150.1412 0.0000
-155.0793 0.0000
-158.0673 0.0000

0.0000 -159.0675 0.0000
17.8099 -158.0673 0.0000
35.3958 -155.0793 0.0000
52.5367 -150.1412 0.0000
69-0168 -143.3149 0.0000
84.6290 -134.6863 0.0000
99.1770 -124.3640 0.0000
112.4777 -112.4777 0.0000
124.3640 -99.1770 0.0000
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249
250
251
252
253
254

like 198 but trcl ( 134.6863 -84.6290 0.0000
like 198 but trcl = ( 143.3149 -69.0168 0.0000
like 198 but trcl = C 150.1412 -52.5367 0.0000
like 198 but trcl = C 155.0793 -35.3958 0.0000
like 198 but trcl = C 158.0673 -17.8099 0.0000
13 -2.3234 #174 #175 #176 #177 #178 #179 #180 #181

u=8
u=8
u=8
u=8
u=8

#182

$

$
$
$

Outer
Outer
Outer
Outer
Outer

$

bar 52
bar 53
bar 54
bar 55
bar 56
Concrete

#183
#193
#201
#211
#221
#231
#241
#251

#184
#194
#202
#212
#222
#232
#242
#252

#185
#195
#203
#213
#223
#233
#243
#253

#186
#196
#204
#214
#224
#234
#244

#187 #188
#197 #198
#205 #206
#215 #216
#225 #226
#235 #236
#245 #246

u=8

#189
#199
#207
#217
#227
#237
#247

#190 #191 #192
#200
#208 #209 #210
#218 #219 #220
#228 #229 #230
#238 #239 #240
#248 #249 #250

C VCC Lid Cells
256
257
258
259
260
261
262
263
264
265

13 -2.3234 -144 +143 u=9 $ Lid base
13 -2.3234 -146 +147 u=9 $ Lid base disk
8 -7.8212 -147 +148 +156 +157 u=9 $ Lid liner
8 -7.8212 -150 +151 u=9 $Anchor steel -x-y
8 -7.8212 -152 +153 u=9 $ Anchor steel +x+y
8 -7.8212 -145 +144 -154 trcl = ( 71.1200 123.1835 0.0000 u=9 $ Lift support
like 261 but trcl = ( -123.1835 71.1200 0.0000 C u=9 $ Lift support
like 261 but trcl = ( -71.1200 -123.1835 0.0000 ) u=9 $ Lift support
like 261 but trcl = C 123.1835 -71.1200 0.0000 C u=9 $ Lift support
8 -7.8212 -160 +148 +147 u=9 $ Sectional flange

266 8 -7.8212 (-156 +157 +158 -145,+155) : (-157 +156 +159
steel
267 8 -7.8212 -161 u=9 $ Lid top
268 8 -7.8212 -162 +163 u=9 $ Lid shell
26913 -2.3234 -163 u=9 $ Lid concrete
270 13 -2.3234 -145 +144 +156 +157 +147 +150 +152 +148

#261 #262 #263 #264 #265 #267 u=9 $ Concrete
271 13 -2.3234 -143 +146 +149 u=9 $ Lid base void.1
272 8 -7.8212 -143 +146 -149 +148 u=9 $ Lid base void 2
273 0 (-158 +159 -145 +155) : (-159 +158 -145 +155)
274 0 #256 #257 #258 #259 #260 #261 #262 #263 #264

#265 #266 #267 #268 #269 #270 #271 #272 #273
C Detector Cells - Radial Biasing
399 0 -399 fill=1 $ Cask
400 0 -400 +399 $ Surface
500 0 -500 +399 +400 $ ift
600 0 -600 +399 +400 +500 $ im
700 0 -700 +399 +400 +500 +600 $ 2m
800 0 -800 +399 +400 +500 +600 +700 $ 4m
900 0 +399 +400 +500 +600 +700 +800 $ Exterior

-145 +155) u=9 $ Outlet

ro
u=9 $ Outlet void

u=9 $ Outside

C Fuel Assembly Surfaces - 17a - vl.0
1 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 6.8580 $ Lower Nozzle
2 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 8.5979 $ Lower Plenum
3 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 374.3579 $ Fuel
4 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 396.5702 $ Upper Plenum
5 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 405.8920 $ Upper Nozzle
C Surfaces - Fuel Tube w/Poison vl.2
6 RPP -11.6015 11.6015 -11.6015 11.6015 7.6200 430.5300 $ Tube void
7 RPP -12.3952 12.3952 -12.3952 12.3952 7.6200 430.5300 $ Tube
8 RPP -11.6015 -11.2840 -10.2362 10.2362 9.2075 428.9425 $ Poison left
9 RPP 11.2840 11.6015 -10.2362 10.2362 9.2075 428.9425 $ Poison right
10 RPP -10.2362 10.2362 11.2840 11.6015 9.2075 428.9425 $ Poison top
11 RPP -10.2362 10.2362 -11.6015 -11.2840 9.2075 428.9425 $ Poison bottom
C Surfaces - PWR Basket vl.2
12 RPP -12.3952 12.3952 -12.3952 12.3952 7.6199 430.5301 $ Tube opening
13 9 RPP -16.6370 16.6370 -16.6370 16.6370 7.6199 430.5301 $ Tube radius
14 RPP 81.8833 83.7883 -33.9471 33.9471 7.6200 430.5300 $ Side support +x
15 RPP -83.7883 -81.8833 -33.9471 33.9471 7.6200 430.5300 $ Side support -x
16 RPP -33.9471 33.9471 81.8833 83.7883 7.6200 430.5300 $ Side support +y
17 RPP -33.9471 33.9471 -83.7883 -81.8833 7.6200 430.5300 $ Side support -y
18 RPP -60.2552 60.2552 -60.2552 60.2552 7.6200 430.5300 $ Corner outer
19 RPP -59.4614 59.4614 -59.4614 59.4614 7.6200 430.5300 $ Corner inner
20 9 RPP -78.6013 78.6013 -78.6013 78.6013 7.6200 430.5300 $ Corner dia. outer
21 9 RPP -77.8075 77.8075 -77.8075 77.8075 7.6200 430.5300 $ Corner dia. inner
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C Surfaces - PWR Canister Cavity vl.2
22 RPP -10.7015 10.7015 -10;7015 10.7015 0.0000 405.8921 $ Assy opening
C Surfaces - Canister vl.2
23 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 439.4200 90.1700 $ Cavity
24 CZ 2.6924 $ Bot Cylinder Radius
25 CZ 6.7691 $ Mid Cyclinder Radius
26 CZ 7.4041 $ Top Cylinder Radius
27 PZ 450.7738 $ Port plane bot/mid
28 PZ 459.4352 $ Port plane mid/top
29 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
C VCC Surfaces - vl.l.l
30 RCC 0.0000 0.0000 -5.0800 0.0000 0.0000 5.0800 91.4401 $ Pedestal plate
31 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 63.5000 $ Stand outer
32 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 62.3888 $ Stand inner
33 9 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate A
34 10 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate B
35 9 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall A
36 10 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall B
37 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 172.7200 $ Bottom plate outer
38 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 100.3300 $ Connector radius
39
40
41
42
43
44
45
46
47
48
49
5o
51
52
53
54
55.
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 63.5000 $ Bottom plate inner
RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 105.3846 $ VCC liner outer
RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 100.9396 $ VCC liner inner
RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 618.2362 172.7200 $ Concrete
RPP -172.7200 172.7200 -63.5000 63.5000 -32-7660 -21.4630 $ Air inlet void X
RPP -63.5000 63.5000 -172.7200 172.7200 -32.7660 -21.4630 $ Air inlet void Y
RPP -172.7200 172.7200 -64.7700 64.7700 -32.7660 -21.4630 $ Air inlet wall X
RPP -64.7700 64.7700 -172.7200 172.7200 -32.7660 -21.4630 $ Air inlet wall Y
RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 1i.3030 100.3300 $ Air inlet divider
RPP -172.7200 172.7200 -64.7700 64.7700 -21.4630 -16.3830 $ Air inlet top X
RPP -64.7700 64.7700 -172.7200 172.7200 -21.4630 -16.3830 $ Air inlet top Y
RCC 0.0000 0.0000 -21.4630 0.0000 0.0000 5.0800 93.9800 $ Air inlet top plate radius
RPP -106.6800 106.6800 -5.7150 5.7150 -16.3830 -5.0800 $ Support rail exterior X
RPP -106.6800 106.6800 -4.4450 4.4450 -16.3830 -5.0800 $ Support rail interior X
RPP -5.7150 5.7150 -106.6800 106.6800 -16.3830 -5.0800 $ Support rail exterior Y
RPP -4.4450 4.4450 -106.6800 106.6800 -16.3830 -5.0800 $ Support rail interior Y
RCC 0.0000 0.0000 485.4702 0.0000 0.0000 2.5400 115.5446 $ Top flange
RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 1
11 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 2
12 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480:3902 $ Standoff outer 3
9 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 4
13 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 5
14 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 6

RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 7
11 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 8
12 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 9
9 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 10
13 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 11
14 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 12

RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 1
11 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 2
12 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 3
9 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 S Standoff inner 4
13 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 5
14 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 6

RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 7
11 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 8
12 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 9
9 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 S Standoff inner 10
13 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 11
14 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 12

C VCC Rebar Surfaces
80 TZ 0.0000 0.0000
81 TZ 0.0000 0.0000
82 TZ 0.0000 0.0000
83 TZ 0.0000 0.0000
84 TZ 0.0000 0.0000
85 TZ 0.0000 0.0000
86 TZ 0.0000 0.0000
87 TZ 0.0000 0.0000

- vl.l.l
23.3499 111.4425 0.9525 0.9525
58.0027 111.4425 0.9525 0.9525
92.6556 111.4425 0.9525 0.9525
127.3084 111.4425 0.9525 0.9525
161.9613 111.4425 0.9525 0.9525
196.6141 111.4425 0.9525 0.9525
231.2670 111.4425 0.9525 0.9525
265.9199 111.4425 0.9525 0.9525

$
S

$

Inner hoop I
Inner hoop 2
Inner hoop 3
Inner hoop 4
Inner hoop 5
Inner hoop 6
Inner hoop 7
Inner hoop 8
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88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
ill
112
113
114
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$ Outer hoop 21
$ Outer hoop 22
$ Outer hoop 23
$ Outer hoop 24
$ Outer hoop 25
$ Outer hoop 26
$ Outer hoop 27
$ Outer hoop 28
$ Outer hoop 29
$ Outer hoop 30
$ Outer hoop 31
$ Outer hoop 32
$ Outer hoop 33
$ Outer hoop 34
$ Outer hoop 35
$ Outer hoop 36
$ Outer hoop 37
$ Outer hoop 38
$ Outer hoop 39
$ Outer hoop 40
$ Outer hoop 41
$ Outer hoop 42
$ Outer hoop 43
$ Outer hoop 44
$ Outer hoop 45
$ Outer hoop 46
$ Outer hoop 47
$ Outer hoop 48

0 0.9525 $ Bar141 RCC 0.0000 0.0000 -11.3030 0.0000 0.0000 485.140'
C VCC Lid Surfaces
143
144
145
146
147
148
149
150
151
152
153
154
155

RCC 0.0000 0.1
RCC 0.0000 0.1
RCC 0.0000 0.1
RCC 0.0000 0.1
RCC 0.0000 0.1
CZ 100.9396
CZ 101.5746
1 RPP -15.2400

RPP -14.6050
RPP -15.2400
RPP -14.6050

CZ 5.0800
CZ 100.9396

0
0
0
0
0

000 0.0000
000 0.0000
000 0.0000
000 2.8575
000 2.8575

$ Lid
$ Lid

15.2400 125
14.6050 126
15.2400 -16
14.6050 -16

$ Liftin
$ Air

9
9
9

0.0000 0.0000 3.8100 116.459 $ Lid base
0.0000 0.0000 3.8100 172.7199 $ Lid base outer
0.0000 0.0000 54.1020 172.7199 $ Lid container
0.0000 0.0000 0.9525 116.4590 $ Lid base disk
0.0000 0.0000 48.7045 101.5746 $ Lid liner
liner inner
liner outer
.5776 161.4424 3.8100 54.1020 $ Anchor cavity outer
.2126 160.8074 3.8100 54.1020 $ Anchor cavity inner
1.4424 -125.5776 3.8100 54.1020 $ Anchor cavity outer
0.8074 -126.2126 3.8100 54.1020 $ Anchor cavity inner
ig bar
outlet radius
.7200 172.7200 29.0830 39.1160 $ Air outlet steel X
4.7700 64.7700 29.0830 39.1160 $ Air outlet steel Y

156 RPP -64.7700 64.7700 -172
157 RPP -172.7200 172.7200 -6
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158 RPP -63.5000 63.5000 -172.7200 172.7200 29.7180 38.4810 $ Air oi
159 RPP -172.7200 172.7200 -63.5000 63.5000 29.7180 38.4810 $ Air o
160 RCC 0.0000 0.0000 51.5620 0.0000 0.0000 2.5400 111.7600 $ Sectioj
161 RCC 0.0000 0.0000 54.1020 0.0000 0.0000 1.9050 111.7600 $ Lid to]
162 RCC 0.0000 0.0000 38.7350 0.0000 0.0000 15.3670 100.3300 $ Lid s
163 RCC 0.0000 0.0000 39.3700 0.0000 0.0000 14.7320 99.6950 $ Lid co
C Storage Cask & Pad Container
399 RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 672.2112 172.720.
C Radial Detector DRA (Surface)
400 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 572.3112 172.8201
401 PZ 14.9266
402 PZ 62.6192
403 PZ 110.3118
404 PZ 158.0044
405 PZ 205.6970
406 PZ 253.3896
407 PZ 301.0822
408 PZ 348.7748
409 PZ 396.4674
410 PZ. 444.1600
411 PZ 491.8526
C Radial Detector DRB (ift)
500 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 602.7912 203.3001
501 PZ 17.4666
502 PZ 67.6992
503 PZ 117.9318
504 PZ 168.1644
505 PZ 218.3970
506 PZ 268.6296
507 PZ 318.8622
508 PZ 369.0948
509 PZ 419.3274
510 PZ 469.5600
511 PZ 519.7926
C Radial Detector DRC (im)
600 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 672.3112 272.8201
601 PZ 12.0547
602 PZ 56.8755
603 PZ 101.6962
604 PZ 146.5170
605 PZ 191.3377
606 PZ 236.1585
607 PZ 280.9792
608 PZ 325.8000
609 PZ 370.6207
610 PZ 415.4415
611 PZ 460.2622
612 PZ 505.0830
613 PZ 549.9037
614 PZ 594.7245
C Radial Detector DRD (2m)
700 RCC 0.0000 0.0000 -32,7660 0.0000 0.0000 772.3112 372.8201
701 PZ 5.8496
702 PZ 44.4651
703 PZ 83.0807
704 PZ 121.6962
705 PZ 160.3118
706 PZ 198.9274
707 PZ 237.5429
708 PZ 276.1585
709 PZ 314.7740
710 PZ 353.3896
711 PZ 392.0052
712 PZ 430.6207
713 PZ 469.2363
714 PZ 507.8518
715 PZ 546.4674
716 PZ 585.0830
717 PZ 623.6985
718 PZ 662.3141

utlet void X
utlet void Y
nal flange
P
hell
ncrete

1
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719 PZ 700.9296
C Radial Detector DRE (4m)
800 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 972.3112 572.8201
801 PZ 15.8496
802 PZ 64.4651
803 PZ 113.0807
804 PZ 161.6962
805 Pz 210.3118
806 PZ 258.9274
807 PZ 307.5429
808 PZ 356.1585
809 PZ 404.7740
810 PZ 453.3896
811 PZ 502.0052
812 PZ 550.6207
813 PZ 599.2363
814 PZ 647.8518
815 PZ 696.4674
816 PZ 745.0830
817 PZ 793.6985
818 PZ 842.3141
819 PZ 890.9296

C
C Materials List - Common Materials - vl.4
C
C Homogenized Lower Nozzle
ml 24000 -0.190 25055.-0.020 26000 -0.695

28000 -0.095
C Homogenized Lower Plenum
m2 24000 -1.OOOOE-03 50000 -1.5000E-02

26000 -1.2500E-03 7014 -5.OOOOE-04
40000 -9.8225E-01

C Homogenized U02 Fuel
m3 92235 -3.6495E-02 40000 -1.6893E-01 24000 -1.7199E-04

92238 -6.9340E-01 50000 -2.5798E-03 7014 -8.5993E-05
8016 -9.8121E-02 26000 -2.1498E-04

C Homogenized Upper Plenum
m4 24000 -1.3648E-01 50000 -4.2477E-03 25055 -1.4336E-02

26000 -4.9854E-01 7014 -1.4159E-04 28000 -6.8098E-02
40000 -2.7816E-01

C Homogenized Upper Nozzle
m5 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Water
m6 1001 2 8016 1
C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Carbon Steel
m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6605 5010 -0.0478 5011 -0.2179

6012 -0.0737
C Aluminum
mlO 13027 -1.0
C Lead
mll 82000 -1.0
C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 1400,0 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa

NAC International 5.8.8-32



MAGNASTOR System

Docket No. 72-1031

June 2008
Revision 2

Figure 5.8.8-5 Concrete Cask Sample Input File - PWR TSC
m15 6012 6 1001 10 8016 5
nonu $ No subcritical multiplication
C
C Cell Importances
C
imp:n 1 278r 0
C
C Source Definition - Fuel Neutron Response to Group 7
C
sdef x=dl y=d2 z=d3 erg=d4 cell=399:l10:76:d5:3
sil -10.70102 10.70102
spl 0 1
si2 -10.70102 10.70102
sp2 0 1
si3 a 8.5979 17.7419 26.8859 36.0299 45.1739 54.3179 63.4619

319.4939 328.6379 337.7819 346.9259 356.0699 365.2139 374.3579
sp3 d 0.0784 0.1479 0.2569 0.4185 0.6481 0.9633 1.3837

1.3837 0.9633 0.6481 0.4185 0.2569 0.1479 0.0784
sb3 d 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

1.OOE+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.OOE+00
si4 6.070E+00 7.OOOE+00
sp4 0 1
C Source Information
si5 1 38 39 40

41 42 43 44 45
46 47 48 49 50 51 52
53 54 55 56 57 58 59
60 61 62 63 64 65 66

67 68 69 70 71
72 73 74

C Source Probability
sp5 1.0 1.0 1.0

1.0 1.0 1.0 1.0
i.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0
1.0 1.0 .1.0

1.0
1.0.
1.0
1.0
1.0

1.0
1.0
1.0

mode n
nps 100000
C
C ANSI/ANS-6.1.1-1977 - Neutron Flux-to-Dose Conversion Factors
C (mrem/hr)/(neutrons/cm2-sec)
C
de0 2.5E-08 1E-07 IE-06 0.00001 0.0001 0.001 0.01

0.1 0.5 1 2.5 5 7 10
14 20

df0 3.67E-03 3.67E-03 4.46E-03 4.54E-03 4.18E-03 3.76E-03 3.56E-03
2.17E-02 9.26E-02 1.32E-01 1.25E-01 1.56E-01 1.47E-01 1.47E-01
2.08E-01 2.27E-01

C
C Weight Window Generation - Radial
C
wwg 2 0 0 0 0
wwp:n 5 3 5 0 -1 0
mesh geom=cyl ref=89 0 198 origin=O.l 0.1 -134

imesh 90.2 91.4 100.9 105.4 172.7 672.7
iints 5 1 1 1 4 1
jmesh 101 104 112 117 129 141 149 515 547 580 603 657 673 1173
jints 1 1 1 1 1 1 1 1 1 1 1 1 1 1
kmesh 1
kints I

C wwge:n le-5 le-3 1 20
fc2 Radial Surface Tally
f2:n +400.1
fm2 6.9492E+01
fs2 -401 -402 -403 -404 -405 -406

-407 -408 -409 -410 -411 T
tf2
fcl2 Radial ift Tally
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fl2:n +500.1
fml2 6.9492E+01
fsl2 -501 -502 -503 -504 -505 -506

-507 -508 -509 -510 -511 T
tfl2
fc22 Radial im Tally
f22:n +600.1
fm22 6.9492E+01
fs22 -601 -602 -603 -604 -605 -606

-607 -608 -609 -610 -611 -612
-613 -614 T

tf22
fc32 Radial 2m Tally
f32:n +700.1
fm32 6.9492E+01
fs32 -701 -702 -703 -704 -705 -706

-707 -708 -709 -710 -711 -712
-713 -714 -715 -716 -717 -718
-719 T

tf32
fc42 Radial 4m Tally
f42:n +800.1
fm42 6.9492E+01
fs42 -801 -802 -803 -804 -805 -806

-807 -808 -809 -810 -811 -812
-813 -814 -815 -816 -817 -818
-819 T

tf42
C
C
C Print Control
C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=19073486328125 stride=152917 hist=l
C
C Rotation Matrix
C
C 18 degree rotation around z-axis
*TRI 0.0 0.0 0.0 18 108 90 -72 18 90 90 90 0
C 36 degree rotation around z-axis
*TR2 0.0 0.0 0.0 36 126 90 -54 36 90 90 90 0
C 54 degree rotation around z-axis
*TR3 0.0 0.0 0.0 54 144 90 -36 54 9090 90 0
C 72 degree rotation around z-axis
*TR4 0.0 0.0 0.0 72 162 90 -18 72 90 90 90 0
C 108 degree rotation around z-axis
*TR5 0.0 0.0 0.0 108 198 90 18 108 90 90 90 0
C 126 degree rotation around z-axis
*TR6 0;0 0.0 0.0 126 216 90 36 126 90 90 90 0
C 144 degree rotation around z-axis
*TR7 0.0 0.0 0.0 144 234 90 54 144 90 90 90 0
C 162 degree rotation around z-axis
*TR8 0.0 0.0 0.0 162 252 90 72 162 90 90 90 0
C 45 degree rotation around z-axis
*TR9 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
C 135 degree rotation around z-axis
*TRl0 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0
C 15 degree rotation around z-axis
*TRll 0.0 0.0 0.0 15 105 90 -75 15 90 90 90 0
C 30 degree rotation around z-axis
*TRl2 0.0 0.0 0.0 30 120 90 -60 30 90 90 90 0
C 60 degree rotation around z-axis
*TRI3 0.0 0.0 0.0 60 150 90 -30 60 90 90 90 0
C 75 degree rotation around z-axis
*TRI4 0.0 0.0 0.0 75 165 90 -15 75 90 90 90 0
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MAGNASTOR VCC - strShlDryTopNg__.ngO8b_10g
C Top Axial Biasing - Fuel N-Gamma Source
C Fuel Assembly Cells - ng08b - vl.0
1 1 -1.3934 -1 u=6 $ Lower Nozzle
2 2 -2.5369 -2 +1 u=6 $ Lower Plenum
3 3 -3.5640 -3 +2 u=6 $ Fuel
4 4 -0.5758 -4 +3 u=6 $ Upper Plenum
5 5 -0.5558 -5 +4 u=6 $ Upper Nozzle
6 0 +5 u=6 $ Outside
C Cells - Fuel Tube w/Poison vl.2
7 8 -7.8212 -7 +6 u=5 $ Tube
8 9 -2.6379 -8 : -9 : -10 : -11 u=5 $ Poison
9 0 #7 #8 u=5 $ Void
C Cells - BWR Basket vl.3
10 0 -12 -13 fill=5 trcl ( -15.7009 78.5045 0.0000 u=4 $ Assy loc 1
11 like 10 but fill=5 trcl = 15.7009 78.5045 0.0000 u=4 $ Assy loc 3
12 like 10 but fill=5 trcl = -31.4018 62.8036 0.0000 u=4 $ Assy lot 5
13 like 10 but fill=5 trcl = 0.0000 62.8036 0.0000 ) u=4 $ Assy loc 7
14 like 10 but fill=5 trcl = 31.4018 62.8036 0.0000 u=4 $ Assy loc 9
15 like 10 but fill=5 trcl = -47.1027 47.1027 0.0000 u=4 $ Assy loc 12
16 like 10 but fill=5 trcl = -15.7009 47.1027 0.0000 u=4 $ Assy loc 14
17 like 10 but fill=5 trcl = 15.7009 47.1027 0.0000 u=4 $ Assy loc 16
18 like 10 but fill=5 trcl = 47.1027 47.1027 0.0000 u=4 $ Assy loc 18
19 like 10 but fill=5 trcl = -62.8036 31.4018 0.0000 u=4 $ Assy loc 20
20 like 10 but fill=5 trcl = -31.4018 31.4018 0.0000 u=4 $ Assy loc 22
21 like 10 but fill=5 trcl = 0.0000 31.4018 0.0000 C u=4 $ Assy loc 24
22 like 10 but fill=5 trcl = 31.4018 31.4018 0.0000 u=4 $ Assy loc 26
23 like 10 but fill=5 trcl = 62.8036 31.4018 0.0000 u=4 $ Assy loc 28
24 like 10 but fill=5 trcl = -78.5045 15.7009 0.0000 u=4 $ Assy loc 29
25 like 10 but fill=5 trcl = -47.1027 15.7009 0.0000 u=4 $ Assy loc 31
26 like 10 but fill=5 trcl = -15.7009 15.7009 0.0000 u=4 $ Assy loc 33
27 like 10 but fill=5 trcl = 15.7009 15.7009 0.0000 u=4 $ Assy loc 35
28 like 10 but fill=5 trcl = 47.1027 15.7009 0.0000 u=4 $ Assy loc 37
29 like 10 but fill=5 trcl = 78.5045 15.7009 0.0000 u=4 $ Assy loc 39
30 like 10 but fill=5 trcl = -62.8036 0.0000 0.0000 u=4 $ Assy loc 41
31 like 10 but fill=5 trcl = -31.4018 0.0000 0.0000 u=4 $ Assy loc 43
32 like 10 but fill=5 trcl = 0.0000 0.0000 0.0000 C u=4 $ Assy loc 45
33 like 10 but fill=5 trcl = 31.4018 0.0000 0.0000 C u=4 $ Assy loc 47
34 like 10 but fill=5 trcl = 62.8036 0.0000 0.0000 C u=4 $ Assy loc 49
35 like 10 but fill=5 trcl = -78.5045 -15.7009 0.0000 u=4 $ Assy loc 51
36 like 10 but fill=5 trcl = -47.1027 -15.7009 0.0000 u=4 $ Assy loc 53
37 like 10 but fill=5 trcl = -15.7009 -15.7009 0.0000 u=4 $ Assy loc 55
38 like 10 but fill=5 trcl = 15.7009 -15.7009 0.0000 u=4 $ Assy loc 57
39 like 10 but fill=5 trcl = 47.1027 -15.7009 0.0000 u=4 $ Assy loc 59
40 like 10 but fill=5 trcl = 78.5045 -15.7009 0.0000 u=4 $ Assy loc 61
41 like 10 but fill=5 trcl = -62.8036 -31.4018 0.0000 u=4 $ Assy loc 62
42 like 10 but fill=5 trcl = -31.4018 -31.4018 0.0000 u=4 $ Assy loc 64
43 like 10 but fill=5 trcl = 0.0000 -31.4018 0.0000 C u=4 $ Assy loc 66
44 like 10 but fill=5 trcl = 31.4018 -31.4018 0.0000 C u=4 $ Assy loc 68
45 like 10 but fill=5 trcl = 62.8036 -31.4018 0.0000 ) u=4 $ Assy loc 70
46 like 10 but fill=5 trcl = -47.1027 -47.1027 0.0000 u=4 $ Assy loc 72
47 like 10 but fill=5 trcl = -15.7009 -47.1027 0.0000 u=4 $ Assy loc 74
48 like 10 but fill=5 trcl = 15.7009 -47.1027 0.0000 u=4 $ Assy loc 76
49 like 10 but fill=5 trcl = 47.1027 -47.1027 0.0000 u=4 $ Assy loc 78
50 like 10 but fill=5 trcl = -31.4018 -62.8036 0.0000 u=4 $ Assy loc 81
51 like 10 but fill=5 trcl = 0.0000 -62.8036 0.0000 ) u=4 $ Assy loc 83
52 like 10 but fill=5 trcl = 31.4018 -62.8036 0.0000 u=4 $ Assy loc 85
53 like 10 but fill=5 trcl = -15.7009 -78.5045 0.0000 u=4 $ Assy loc 87
54 like 10 but fill=5 trcl = 15.7009 -78.5045 0.0000 u=4 $ Assy loc 89
55 8 -7.8212 -14 #29 #40 u=4 $ Thick side support +x
56 8 -7.8212 -15 #24 #35 u=4 $ Thick side support -x
57 8 -7.8212 -16 #10 #11 u=4 $ Thick side support +y
58 8 -7.8212 -17 #53 #54 u=4 $ Thick side support -y
59 8 -7.8212 -18 +14 #29 #40 u=4 $ Thin side support +x
60 8 -7.8212 -19 +15 #24 #35 u=4 $ Thin side support -x
61 8 -7.8212 -20 +16 #10 #11 u=4 $ Thin side support +y
62 8 -7.8212 -21 +17 #53 #54 u=4 $ Thin side support -y
63 8 -7.8212 -24 +25 +22 +27 #15 #18 #46 #49 u=4 $ Corner part 1
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64 8 -7.8212
65 8 -7.8212

66 0

67 0

68 0

69 0

-22
-26
#10
#35
+28
#11
#23
#55
+28
#32
#44
#55
-28
#10
#21
#56
-28
#30
#42
#56

+23
+27
#11
#40
+29
#13
#27
#57
-29
#33
#45
#58
+29
#12
#24
#57
-29
#31
#43
#58

+27
+22
#12
#41

#14
#28
#59

#34
#48
#59

#13
#25
#60

#15 #18 #46 #49 u=4 $ Corner part 2
+24 +14.2 +15.1 +16.4 +17.3
#14 #19 #23 #24 #29
#45 #50 #52 #53 #54 u=4 $ Corner diagonal

#17
#29
#61

#38
#49
#62

#15
#26
#61

#18 #21 #22
#32 #33 #34
#63 #64 #65

#39
#51
#63

#40
#52
#64

#16 #19
#30 #31
#63 #64

#43
#54
#65

#20
#32
#65

#41
#53
#65

u=4 $ Basket +x+y

u=4 $ Basket +x-y

u=4 $ Basket -x+y

#32 #35 #36 #37
#46 #47 #50 #51
#60 #62 #63 #64
*r Cavity vl.3C Cells - BWR Caniste

70 0 -30 fill =6 trc
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill-=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

88 0 -30 trcl = (
89 like 70 but fill=6 trcl
90 like 70 but fill=6 trcl
91 like 70 but fill=6 trcl
92 like 70 but fill=6 trcl
93 like 70 but fill=6 trcl
94 like 70 but fill=6 trcl
95 like 70 but fill=6 trcl
96 like 70 but fill=6 trcl
97 like 70 but fill=6 trcl
98 like 70 but fill=6 trcl
99 like 70 but fill=6 trcl

.1 : ( -15.7009 78.5'
: 0.0000 78.5045

15.7009 78.5045
= -47.1027 62.803.
= -31.4018 62.803'
= -15.7009 62.803'
= 0.0000 62.8036
= 15.7009 62.8036

31.4018 62.8036
47.1027 62.8036

= -62.8036 47.102
= -47.1027 47.102
= -31.4018 47.102

-15.7009 47.102
0.0000 47.1027

= 15.7009 47.1027
= 31.4018 47.1027
= 47.1027 47.1027
62.8036 47.1027 0.0
= -62.8036 31.401
= -47.1027 31.401

-31.4018 31.401
-15.7009 31.401

= 0.0000 31.4018
15.7009 31.4018
31.4018 31.4018

= 47:1027 31.4018
= 62.8036 31.4018

-78.5045 15.700
= -62.8036 15.700

= -47.1027 15.70
= -31.4018 15.70
= -15.7009 15.70
= 0.0000 15.7009

15.7009 15.700
= 31.4018 15.700
= 47.1027 15.700
- 62.8036 15.700
= 78.5045 15.700

-78.5045 0.000
= -62.8036 0.000

1 = -47.1027 0.000
- -31.4018 0.000
= -15.7009 0.000
= 0.0000 0.0000
= 15.7009 0.0000
1 31.4018 0.0000
= 47.1027 0.0000
= 62.8036 0.0000

u=4 $ Basket -x+y

045 0.0000 ) u=3 $ Assy loc 1
0.0000 ) u=3 $ Assy loc 2
0.0000 C u=3 $ Assy loc 3

6 0.0000 C u=3 $ Assy loc 4
6 0.0000 . u=3 $ Assy loc 5
6 0.0000 C u=3 $ Assy loc 6
0.0000 C u=3 $ Assy loc 7
0.0000 C u=3 $ Assy loc 8
0.0000 C u=3 $ Assy loc 9
0.0000 C u=3 $ Assy loc 10

7 0.0000 C u=3 $ Assy loc 11
7 0.0000 C u=3 $ Assy loc 12
7 0.0000 C u=3 $ Assy loc 13
7 0.0000 C u=3 $ Assy loc 14
0.0000 C u=3 $ Assy loc 15

0.0000 C u=3 $ Assy loc 16
0.0000 ) u=3 $ Assy loc 17
0.0000 ) u=3 $ Assy loc 18

000 ) u=3 $ Assy loc 19
8 0.0000 C u=3 $ Assy loc 20
8 0.0000 C u=3 $ Assy loc 21
8 0.0000 C u=3 $ Assy loc 22
8 0.0000 ) u=3 $ Assy loc 23
0.0000 C u=3 $ Assy loc 24

0.0000 C u=3 $ Assy loc 25
0.0000 C u=3 $ Assy loc 26
0.0000 C u=3 $ Assy loc 27
0.0000 C u=3 $ Assy loc 28

9 0.0000 C u=3 $ Assy loc 29
9 0.0000 ) u=3 $ Assy loc 30
09 0.0000 ) u=3 $ Assy loc 31
09 0.0000 C u=3 $ Assy loc 32
09 0.0000 C u=3 $ Assy loc 33

0.0000 u=3 $ Assy loc 34
9 0.0000 u=3 $ Assy loc 35
9 0.0000 u=3 $ Assy loc 36
9 0.0000 u=3 $ Assy loc 37
9 0.0000 u=3 $ Assy loc 38
9 0.0000 u=3 $ Assy loc 39
0 0.0000 u=3 $ Assy loc 40
0 0.0000 C u=3 $ Assy loc 41
0 0.0000 u=3 $ Assy loc 42
0 0.0000 u=3 $ Assy loc 43
0 0.0000 u=3 $ Assy loc 44
0.0000 C u=3 $ Assy loc 45

0.0000 C u=3 $ Assy loc 46
0.0000 C u=3 $ Assy loc 47
0.0000 C u=3 $ Assy loc 48
0.0000 ) u=3 $ Assy loc 49

100
101
102
103
104
105
106
107
108
109
110
ill
112
113
114
115
116
117
118

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fil1=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trct
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
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119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
'139
140
141
142
143
144
145
146
147
148
149
150
1.51
152
153
154
155
156
157
158

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
0
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl

-30 trcl = (
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trc!
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl
70 but fill=6 trcl

+31

=(

=(

= (

=(

=(

=(

= (.

= (

78.5045 0.0000 0.0000 )
-78.5045 -15.7009 0.0000
-62.8036 -15.7009 0.0000
-47.1027 -15.7009 0.0000
-31.4018 -15.7009 0.0000
-15.7009 -15.7009 0.0000
0.0000 -15.7009 0.0000
15.7009 -15.7009 0.0000
31.4018 -15.7009 0.0000
47.1027 -15.7009 0.0000
62.8036 -15.7009 0.0000
78.5045 -15.7009 0.0000
-62.8036 -31.4018 0.0000
-47.1027 -31.4018 0.0000
-31.4018 -31.4018 0.0000
-15.7009 -31.4018 0.0000
0.0000 -31.4018 0.0000
15.7009 -31.4018 0.0000
31.4018 -31.4018 0.0000
47.1027 -31.4018 0.0000
62.8036 -31.4018 0.0000

.8036 -47.1027 0.0000 )
-47.1027 -47.1027 0.0000
-31.4018 -47.1027 0.0000
-15.7009 -47.1027 0.0000
0.0000 -47.1027 0.0000
15.7009 -47.1027 0.0000
31.4018 -47.1027 0.0000
47.1027 -47.1027 0.0000
62.8036 -47.1027 0.0000
-47.1027 -62.8036 0.0000
-31.4018 -62.8036 0.0000
-15.7009 -62.8036 0.0000
0.0000 -62.8036 0.0000
15.7009 -62.8036 0.0000
31.4018 -62.8036 0.0000
47.1027 -62.8036 0.0000
-15.7009 -78.5045 0.0000
0.0000 -78.5045 0.0000
15.7009 -78.5045 0.0000

u=3 $ Assy loc 50
u=3 $ Assy loc 51
u=3 $ Assy loC 52
u=3 $ Assy loc 53
u=3 $ Assy loc 54
u=3 $ Assy loc 55

u=3 $ Assy loc 56
u=3 $ Assy loc 57
u=3 $ Assy loc 58
u=3 $ Assy loc 59
u=3 $ Assy loc 60
u=3 $ Assy loc 61

u=3 $ Assy loc 62
u=3 $ Assy loc 63
u=3 $ Assy loc 64
u=3 $ Assy loc 65

u=3 $ Assy loc 66
u=3 $ Assy loC 67
u=3 $ Assy loC 68
u=3 $ Assy lot 69
u=3 $ Assy loc 70

u=3 $ Assy loc 71
u=3 $ Assy loc 72
u=3 $ Assy loc 73
u=3 $ Assy loc 74

u=3 $ Assy loc 75
u=3 $ Assy -loc 76
u=3 $ Assy loc 77
u=3 $ Assy loc 78
u=3 $ Assy loc 79

u=3 $ Assy loc 80
u=3 $ Assy loc 81
u=3 $ Assy loc 82

u=3 $ Assy loc 83
u=3 $ Assy loc 84
u=3 $ ASSy loC 85
u=3 S Assy loc 86

u=3 $ Assy loc 87
u=3 $ Assy loC 88
u=3 $ Assy loc 89

#109
#119 fill=4 u=3 $ Cavity

159 0
#70 #71 #72 #73 #74 #75 #76 #77 #78 #79
#80 #81 #82 #83 #84 #85 #86 #87 #88 #89
#90 #91 #92 #93 #94 #95 #96 #97 #98 #99
#100 #101 #102 #103 #104 #105 #106 #107 #108
#110 #111 #112 #113 #114 #115 #116 #117 #118

160 0 -31
#109 #110
#119 #120
#129 #130
#139 #140
#149 #150

#111
#121
#131
#141
#151

#112
#122
#132
#142
#152

#113 #114 #115 #116
#123 #124 #125 #126
#133 #134 #135 #136
#143 #144 #145 #146
#153 #154 #155 #156

#117
#127
#137
#147
#157

#118
#128
#138
#148
#158 fill=4 u=3 $ Cavity -

y
C Cells - Canister vl.2
161
162
163
164
165
166
167
168
169
170
171

0 -32
7 -7.9400 -38
7 -7.9400 -33
7 -7.9400 -34
7 -7.9400 -35
like 163 but
like 164 but
like 165 but
7 -7.9400 -38
7 -7.9400 -38
0 +38

fill=3 u=2 $ Cavity
+32.3 u=2 $ Canister Bottom
+32.2 -36 trcl = ( 62.7565 43.1314 0.0000
+36 -37 trcl = ( 62.7565 43.1314 0.0000 )
+37 -38.2 trcl = ( 62.7565 43.1314 0.0000
trcl = ( -62.7565 -43.1314 0.0000 ) u=2
trcl =( -62.7565 -43.1314 0.0000 ) u=2
trcl = -62.7565 -43.1314 0.0000 ) u=2

-32.3 +32.1 u=2 $ Canister Shell
-32.1 +32.2 #163 #164 #165 #166 #167 #168

u=2 $ Outside

u=2 S Bottom Drain Port
u=2 $ Middle Drain Port

u=2 $ Top Drain Port
$ Bottom Vent Port
$ Middle Vent Port
$ Top Vent Port

u=2 $ Lid

C VCC
172 8
173 8
174 8

Cells -
-7.8212
-7.8212
-7.8212

v1. 1. 2
-39 u=l $ Pedestal plate
-40 +41 u=l $ Stand
-46 +47 +53 +54 u=l $ Bottom plate outer
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175 8 -7.8212 (-47 +48 -42) : (-47 +48 -43) u=l $
176 8 -7.8212 -48 u=l $ Bottom plate inner
177 8 -7.8212 (-41 -63 +64 -50) (-41 -61 +62 +63 -50)
stand
178 8 -7.8212 (+40 -63 +64 -50) (+40 -61 +62 +63 -50)
stand
179 8 -7.8212 (-58 +60 +42 +43 -51) : (-59 +60 +42 +43
180 8 -7.8212 (-55 +53 +57 -51 +42 +43 +46) : (-56 +54

Bottom plate connector

u=l $ Support rail inside

u=l $ Support rail outside

-51 +58) u=l $ Air inlet top
+57 -51 +42 +43 +46)

+46) u=l $ Air inlet angular
u=l $

+44 +40
Air
-51

inlet wall
+46) : (-43 +45 +40 -51181

wall
182

183
184
185
186
187

188
189
190
191
void

8 -7.8212 (-42

8 -7.8212 (-57 -55 +53 +42 +43 +54 +46) : (-57 -56 +54 +42 +43 +53 +46)
u=l $ Air inlet remaining wall

13 -2.3234 -51 +49 +42 +43 +46 +58 +59 +55 +56 +52 fill=7 u=l $ Co
13 -2.3234 -52 u=l $ Concrete pad
8 -7.8212 -49 +50 u=1 $ Liner
8 -7.8212 -65 +49 u=l $ Top flange
8 -7.8212 (-66 +78 -50) (-67 +79 -50) (-68 +80 -50) (-69 +81 -50)

(-70 +82 -50) (-71 +83 -50) (-72 +84 -50) (-73 +85 -50)
(-74 +86 -50) (-75 +87 -50) (-76 +88 -50) (-77 +89 -50)

u=l $ Standoffs
0 (-46 +47 -53) : (-46 +47 -54) u=l $ Bottom plate outer
0 -47 +48 +42 +43 u=l $ Bottom plate connector void
0 (-41 -64 -50) (-41 -62 +63 -50) u=l $ Support rail in
0 (+40 -64 -50) (+40 -62 +63 -50) u=l $ Support rail ou

ncrete

void

side stand void
tside stand

192 0

193 0
194 0
195 0
196 0

197 0
C VCC
198 8
199 8
200 8
201 8
202 8
203 8
204 8
205 8
206 8
207 8
208 8
209 8
210 8
211 8
212 8
213 8
214 8
215 8
216 8
217 8
218 8
219 8
220 8
221 8
222 8
223 8
224 8
225 8
226 8
227 8
228 8
229 8
230 8
231 8
232 8

(-53 +40 +42 +43 -51 +46) : (-54 +40 +42 +43 -51 +46 +53)
u=l $ Air inlet void

-60 +40 +42 +43 u=l $ Air inlet top void
(-44 +46 +40) : (-45 +46 +40) u=1 $ Connector void
-41 +61 +63 u=l $ Stand void
-50 +39 +40 +61 +63 #187
fill=2 ( 0.0000 0.0000 6.9850 ( u=l $ Cavity
+51 +49 +65 fill=9 ( 0.0000 0.0000 485.4702 ) u=l $ Outside

Rebar Cells -
-7.8212 -90
-7.8212 -91
-7.8212 -92
-7.8212 -93
.- 7.8212 -94
-7.8212 -95
-7.8212 -96
-7.8212 -97
-7.8212 -98
-7.8212 -99
-7.8212 -100
-7.8212 -101
-7.8212 -102
-7.8212 -103
-7.8212 -104
-7.8212 -105
-7.8212 -106
-7.8212 -107
-7.8212 -108
-7.8212 -109
-7.8212 -110
-7.8212 -111
-7.8212 -112
-7.8212 -113
-7.8212 -114
-7.8212 -115
-7.8212 -116
-7.8212 -117
-7.8212 -118
-7.8212 -119
-7.8212 -120
-7.8212 -121
-7.8212 -122
-7.8212 -123
-7.8212 -124

vl. 1. 2
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7

u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7

$$
$
$
S
$
S
S
S
S

Inner hoop 1
Inner hoop 2
Inner hoop 3
Inner hoop 4
Inner hoop 5
Inner hoop 6
Inner hoop 7
Inner hoop 8
Inner hoop 9
Inner hoop 10
Inner hoop 11
Inner hoop 12
Inner hoop 13
Outer hoop 1
Outer hoop 2
Outer hoop 3
Outer hoop 4
Outer hoop 5
Outer hoop 6
Outer hoop 7
Outer hoop 8
Outer hoop 9
Outer hoop 10
Outer hoop 11
Outer hoop 12
Outer hoop 13
Outer hoop 14
Outer hoop 15
Outer hoop 16
Outer hoop 17
Outer hoop 18
Outer hoop 19
Outer hoop 20
Outer hoop 21
Outer hoop 22
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233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7. 8212
-7.8212
-7.8212
-7.8212
-7.8212
-7. 8212
-7.8212
-7 ;8212

-125
-126
-127
-128
-129
-130
-131
-132
-133
-134
-135
-136
-137
-138
-139
-140
-141
-142
-143
-144
-145
-146
-147
-148
-149
-150

u=7 $ Outer hoop 23
u=7 $ Outer hoop 24
u=7 $ Outer hoop 25
u=7 $ Outer hoop 26
u=7 $ Outer hoop 27
u=7 $ Outer hoop 28
u=7 $ Outer hoop 29
u=7 $ Outer hoop 30
u=7 $ Outer hoop 31
u=7 $ Outer hoop 32
u=7 $ Outer hoop 33
u=7 $ Outer hoop 34
u=7 $ Outer hoop 35
u=7 $ Outer hoop 36
u=7 $ Outer hoop 37
u=7 $ Outer hoop 38
u=7 $ Outer hoop 39
u=7 $ Outer hoop 40
u=7 $ Outer hoop 41
u=7 $ Outer hoop 42
u=7 $ Outer hoop 43
u=7 $ Outer hoop 44
u=7 $ Outer hoop 45
u=7 $ Outer hoop 46
u=7 $ Outer hoop 47
u=7 $ Outer hoop 48
#200 #201 #202 #203259 13 -2.3234 #198 #199 #204 #205 #206 #207 $ Concrete

260
261
262
263
264.
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296

#208 #209
#218 #219
#228 #229
#238 #239
#248 #249
#258

8 -7.8212 -151
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
8 -7.8212 -151
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but

#210
#220
#230
#240
#250

#211
#221
#231
#241
#251

#212 #213 #214 #215
#222 #223 #224 #225
#232 #233 #234 #235
#242 #243 #244 #245
#252 #253 #254 #255

#216
#226
#236
#246
#256

fill=8 u=
trcl

trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =

trcl
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =

#217
#227
#237
#247
#257

( 113.3475 0.0000 0.0000
109.4853 29.3365 0.0000
98.1618 56.6738 0.0000
80.1488 80.1488 0.0000
56.6738 98.1618 0.0000
29.3365 109.4853 0.0000
0.0000 113.3475 0.0000
-29.3365 109.4853 0.0000
-56.6738 98.1618 0.0000
-80.1488 80.1488 0.0000
-98.1618 56.6738 0.0000
-109.4853 29.3365 0.0000
-113.3475 0.0000 0.0000
-109.4853 -29.3365 0.0000
-98.1618 -56.6738 0.0000
-80.1488 -80.1488 0.0000
-56.6738 -98.1618 0.0000
-29.3365 -109.4853 0.0000
0.0000 -113.3475 0.0000
29.3365 -109.4853 0.0000
56.6737 -98.1618 0.0000
80.1488 -80.1488 0.0000
98.1618 -56.6738 0.0000
109.4853 -29.3365 0.0000
( 159.0675 0.0000 0.0000

u=8 $ Inner bar 1
u=8 $ Inner bar 2

u=8 $ Inner bar 3
u=8 $ Inner bar 4
u=8 $ Inner bar 5

u=8 $ Inner bar 6
u=8 $ Inner bar 7

u=8 $ Inner bar 8
u=8 $ Inner bar 9
u=8 $ Inner bar 10
u=8 $ Inner bar 11

u=8 $ Inner bar 12
u=8 $ Inner bar 13

u=8 $ Inner bar 14
u=8 $ Inner bar 15
u=8 $ Inner bar 16
u=8 $ Inner bar 17

u=8 $ Inner bar 18
u=8 $ Inner bar 19

u=8 $ Inner bar 20
u=8 $ Inner bar 21
u=8 $ Inner bar 22
u=8 $ Inner bar 23

u=8 $ Inner bar 24
u=8 $ Outer bar 1

u=8 $ Outer bar 2
u=8 $ Outer bar 3
u=8 $ Outer bar 4
u=8 $ Outer bar 5
u=8 $ Outer bar 6
u=8 $ Outer bar 7
u=8 $ Outer bar 8

u=8 $ Outer bar 9
u=8 $ Outer bar 10
u=8 $ Outer bar 11
u=8 $ Outer bar 12
u=8 $ Outer bar 13

158.0673
155.0793
150.1412
143.3149
134.6863
124.3640
112.4777
99.1770
84.6290
69.0168
52.5367
35.3958

17.8099 0.0000
35.3958 0.0000
52.5367 0.0000
69.0168 0.0000
84.6290 0.0000
99.1770 0.0000
112.4777 0.0000

124.3640 0.0000
134.6863 0.0000
143.3149 0.0000
150.1412 0.0000
155.0793 0.0000
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297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284
284

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =

17.8099 158.0673 0.0000
0.0000 159.0675 0.0000
-17.8099 158.0673 0.0000
-35.3958 155.0793 0.0000
-52.5367 150.1412 0.0000
-69.0168 143.3149 0.0000
-84.6290 134.6863 0.0000
-99.1770 124.3640 0.0000
-112.4777 112.4777 0.0000
-124.3640 99.1770 0.0000
-134.6863 84.6290 0.0000
-143.3149 69.0168 0.0000
-150.1412 52.5367 0.0000
-155.0793 35.3958 0.0000
-158.0673 17.8099. 0.0000
-159.0675 0.0000 0.0000
-158.0673 -17.8099 0.0000
-155.0793 -35.3958 0.0000
-150.1412 -52.5367 0.0000
-143.3149 -69.0168 0.0000
-134.6863 -84.6290 0.0000
-124.3640 -99.1770 0.0000
-112.4777 -112.4777 0.000
-99.1770 -124.3640 0.0000
-84.6290 -134.6863 0.0000
-69.0168 -143.3149 0.0000
-52.5367 -150.1412 0.0000
-35.3958 -155.0793 0.0000
-17.8099 -158.0673 0.0000

0)

u=8 $ Outer bar 14
u=8 $ Outer bar 15

u=8 $ Outer bar 16
u=8 $ Outer bar 17
u=8 $ Outer bar 18
u=8$ Outer bar 19
u=8 $ Outer bar 20
u=8 $ Outer bar 21
u=8 $ Outer bar 22

u=8 $ Outer bar 23
U=8 $ Outer bar 24
u=8 $ Outer bar 25
u=8 $ Outer bar 26
u=8 $ Outer bar 27
u=8 $ Outer bar 28

u=8 $ Outer bar 29
u=8 $ Outer bar 30
u=8 $ Outer bar 31
u=8 $ Outer bar 32
u=8 $ Outer bar 33
u=8 $ Outer bar 34
u=8 S Outer bar 35

u=8 $ Outer bar 36
.u=8 $ Outer bar 37
u=8 $ Outer bar 38
u=8 $ Outer bar 39
u=8 $ Outer bar 40
u=8 $ Outer bar 41
u=8 $ Outer bar 42

u=8 $ Outer bar 43
u=8 $ Outer bar 44
u=8 $ Outer bar 45
u=8 $ Outer bar 46
u=8 $ Outer bar 47
u=8 $ Outer bar 48
u=8 $ Outer bar 49

u=8 $ Outer bar 50
u=8 $ Outer bar 51
u=8 $ Outer bar 52
u=8 $ Outer bar 53
u=8 $ Outer bar 54
u=8 $ Outer bar 55
u=8 $ Outer bar 56

268 $ Concrete
8

6
6
6
6
6

0.0000 -159.0675 0.0000
17.8099 -158.0673 0.0000
35.3958 -155.0793 0.0000
52.5367 -150.1412 0.0000
69.0168 -143.3149 0.0000
84.6290 -134.6863 0.0000
99.1770 -124.3640 0.0000
112.4777 -112.4777 0.0000
124.3640 -99.1770 0.0000
134.6863 -84.6290 0.0000
143.3149 -69.0168 0.0000
150.1412 -52.5367 0.0000
155.0793 -35.3958 0.0000
158.0673 -17.8099 0.0000

(6

340 13 -2.3234 #260 #261 #262 #263 #264 #265 #266 #267 #
#269 #270 #271 #272 #273 #274 #275 #276 #277 #27
#279 #280 #281 #282 #283 #284 #285 #286
#287 #288 #289 #290 #291 #292 #293 #294 #295 #29
#297 #298 #299 #300 #301 #302 #303 #304 #305 #30
#307 #308 #309 #310 #311 #312 #313 #314 #315 #31
#317 #318 #319 #320 #321#322 #323 #324 #325 #32
#327 #328 #329 #330 #331 #332 #333 #334 #335 #33
#337 #338 #339 u=8

C VCC Lid Cells
341 13 -2.3234 -153 +152 u=9 $ Lid base
342 13 -2.3234 -155 +156 u=9 $ Lid base disk
343 8 -7.8212 -156 +157 +165 +166 u=9 $ Lid liner
344 8 -7.8212 -159 +160 u=9 $ Anchor steel -x-y
345 8 -7.8212 -161 +162 u=9 $ Anchor steel +x+y
346 8 -7.8212 -154 +153 -163 trcl = ( 71.1200 123.1835 0.0000 ) u=9 $ Lift support
347 like 346 but trcl = ( -123.1835 71.1200 0.0000 ) u=9 $ Lift support
348 like 346 but trcl = ( -71.1200 -123.1835 0.0000 ) u=9 $ Lift support
349 like 346 but trcl = ( 123.1835 -71.1200 0.0000 C u=9 $ Lift support
350 8 -7.8212 -169 +157 +156 u=9 $ Sectional flange
351 8 -7.8212 (-165 +166 +167 -154 +164) : (-166 +165 +168 -154 +164) u=9 $ Outlet
steel
352 8 -7.8212 -170 u=9 $ Lid top
353 8 -7.8212 -171 +172 u=9 $ Lid shell
354 13 -2.3234 -172 u=9 $ Lid concrete
355 13 -2.3234 -154 +153 +165 +166 +156 +159 +161 +157

#346 #347 #348 #349 #350 #352 u=9 $ Concrete
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356 13 -2.3234 -152 +155 +158 u=9 $ Lid base void 1
357 8 -7.8212 -2152 +-155 -158 +157 u=9 $ Lid base void 2
358 0 (-167 +168 -154 +164) : (-168 +167 -154 +164) u=9 $ Outlet void
359 0 #341 #342 #343 #344 #345 #346 #347 #348 #349

#350 #351 #352 #353 #354,#355 #356 #357 #358 u=9 $ Outside
C Detector Cells - Axial Biasing
400 0 -400 fill=l $ Surface
500 0 -500 +400 $ Outlet
600 0 -600 +400 +500 $ ift
700 0 -700 +400 +500 +600 S im
800 0 -800 +400 +500 +600 +700 $ 2m
900 0 -900 +400 +500 +600 +700 +800 $ 4m
1000 0 +400 +500 +600 +700 +800 +900 $ Exterior

C Fuel Assembly Surfaces - ngO8b - vl.0
1 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 17.1704 $ Lower Nozzle
2 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 18.7579 $ Lower Plenum
3 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 399.7579 $ Fuel
4 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 428.4980. $ Upper Plenum
5 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Upper Nozzle
C Surfaces - Fuel Tube w/Poison vl.2
6 RPP -7.7343 7.7343 -7.7343 7.7343 7.6200 429.4124 $ Tube void
7 RPP -8.3693 8.3693 -8.3693 8.3693 7.6200 429.4124 $ Tube
8 RPP -7.7343 -7.4803 -6.7310 6.7310 9.2075 427.8249 $ Poison left
9 RPP 7.4803 7.7343 -6.7310 6.7310 9.2075 427.8249 $ Poison right
10 RPP -6.7310 6.7310 7.4803 7.7343 9.2075 427.8249 $ Poison top
11 RPP -6.7310 6.7310 -7.7343 -7.4803 9.2075 427.8249 $ Poison bottom
C Surfaces - BWR Basket vl.3
12 RPP -8.3693 8.3693 -8.3693 8.3693 7.6200 455.9300 $ Tube opening
13 9 RPP -11.0998 11.0998 -11.0998 11.0998 7.6200 455.9300 $ Tube radius
14 RPP 85.9213 87.5088 -8.3693 8.3693 7.6200 455.9300 $ Thick side support +x
15 RPP -87.5088 -85.9213 -8.3693 8.3693 7.6200 455.9300 $ Thick side support -x
16 RPP -8.3693 8.3693 85.9213 87.5088 7.6200 455.9.300 $ Thick side support +y
17 RPP -8.3693 8.3693 -87.5088 -85.9213 7.6200 455.9300 $ Thick side support -y
18 RPP 86.8738 87.5088 -22.2250 22.2250 7.6200 429.4124 $ Thin side support +x
19 RPP -87.5088 -86.8738 -22.2250 22.2250 7.6200 429.4124 $ Thin side support -x
20 RPP -22.2250 22.2250 86.8738 87.5088 7.6200 429.4124 $ Thin side support +y
21 RPP -22.2250 22.2250 -87.5088 -86.8738 7.6200 429.4124 $ Thin side support -y
22 RPP -71.9667 71.9667 -55.4720 55.4720 7.6200 448.3100 $ Corner outer
23 RPP -71.1729 71.1729 -54.6783 54.6783 7.6200 448.3100 $ Corner inner
24 RPP -55.4720 55.4720 -71.9667 71.9667 7.6200 448.3100 S Corner outer
25 RPP -54.6783 54.6783 -71.1729 71.1729 7.6200 448.3100 $ Corner inner
26 9 RPP -76.2402 76.2402 -76.2402 76.2402 7.6200 448.3100 $ Corner dia. outer
27 9 RPP -75.4465 75.4465 -75.4465 75.4465 7.6200 448.3100 $ Corner dia. inner
28 PX 0.0000 $ Cut plane
29 PY 0.0000 $ Cut plane
C Surfaces - BWR Canister Cavity vl.3
30 RPP -7.0084 7.0084 -7.0084 7.0084 0.0000 447.5481 $ Assy opening
31 PY 0.0000 $ Cut plane
C Surfaces - Canister vl.2
32 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 457.2000 90.1700 $ Cavity
33 CZ 2.6924 $ Bot Cylinder Radius
34 CZ 6.7691 $ Mid Cyclinder Radius
35 CZ 7.4041 $ Top Cylinder Radius
36 PZ 468.5538 $ Port plane bot/mid
37 PZ 477.2152 $ Port plane mid/top
38 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
C VCC Surfaces - vl.l.2
39 RCC 0.0000 0.0000 -5.0800 0.0000 0.0000 5.0800 91.4401 $ Pedestal plate
40 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 63.5000 $ Stand outer
41 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 62.3888 $ Stand inner
42 9 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate A
43 10 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate B
44 9 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall A
45 10 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall B
46 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 172.7200 S Bottom plate outer
47 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 100.3300 $ Connector radius
48 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 63.5000 $ Bottom plate inner
49 RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 105.3846 $ VCC liner outer
50 RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 100.9396 $ VCC liner inner
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51 RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 618.2362 172.7200 $ Concrete
52 RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 100.0000 172.7200 $ Concrete pad

1.

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

RPP -172.7200 172.7200 -63.5000 63.5000 -32.7660 -21.4630 $ Air inlet void X
RPP -63.5000 63.5000 -172.7200 172.7200 -32.7660 -21.4630 $ Air inlet void Y
RPP -172.7200 172.7200 -64.7700 64.7700 -32.7660 -21.4630 $ Air inlet wall X
RPP -64.7700 64.7700 -172.7200 172.7200 -32.7660 -21.4630 $ Air inlet wall Y
RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 11.3030 100.3300 $ Air inlet divider
RPP -172.7200 172.7200 -64.7700 64.7700 -21.4630 -16.3830 $ Air inlet top X
RPP -64.7700 64.7700 -172.7200 172.7200 -21.4630 -16.3830 $ Air inlet top Y
RCC 0.0000 0.0000 -21.4630 0.0000 0.0000 5.0800 93.9800 $ Air inlet top plate radius
RPP -106.6800 106.6800.-5.7150 5.7150 -16.3830 -5.0800 $ Support rail exterior X
RPP -106.6800 106.6800 -4.4450 4.4450 -16.3830 -5.0800 $ Support rail interior X
RPP -5.7150 5.7150 -106.6800 106.6800 -16.3830 -5.0800 $ Support rail exterior Y
RPP -4.4450 4.4450 -106.6800 106.6800 -16.3830 -5.0800 $ Support rail interior Y
RCC 0.0000 0.0000 485.4702 0.0000 0.0000 2.5400 115.5446 $ Top flange
RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 1
11 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 2
12 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 3
9 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 4
13 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 5
14 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 6

RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 7
11 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 8
12 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 9
9 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 10
13 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 11

14 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 12
RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 1
11 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 2
12 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 3
9 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 4
13 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 5
14 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 6

RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 7
11 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 8
12 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 9
9 RPP -0.4432 0.4432.-93.3196 93.3196 175.5902 480.3902 $ Standoff inner 10
13 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 11
14 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 12

C VCC
90 T:
91 T.
92 T:
93 T:
94 T:
95 T:
96 T:
97 T:
98 T,
99 T;

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

Rebar Surfaces
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

2
5
9
1
1
1

2
2
3
3

vl. 1. 2
3.3499 111.4425 0.9525 0.9525
8.0027 111.4425 0.9525 0.9525
2.6556 111.4425 0.9525 0.9525
27.3084 111.4425 0.9525 0.9525
61.9613 111.4425 0.9525 0.9525
96.6141 111.4425 0.9525 0.9525
31.2670 111.4425 0.9525 0.9525
65.9199 111.4425 0.9525 0.9525
00.5727 111.4425 0.9525 0.9525
35.2256 111.4425 0.9525 0.9525
369.8784 111.4425 0.9525 0.9525
404.5313 111.4425 0.9525 0.9525
439.1841 111.4425 0.9525 0.9525
-1.4022 160.9725 0.9525 0.9525
8.4986 160.9725 0.9525 0.9525

100
101
102
103
104
105
106
107
108
109
110

112
113
114
115
116
117
118
119

TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

$ Inner hoop .1
$ Inner hoop 2
$ Inner hoop 3

$ Inner hoop 4
$ Inner hoop 5
$ Inner hoop 6
$ Inner hoop 7
$ Inner hoop 8
$ Inner hoop 9
$ Inner hoop 10
$ Inner hoop 11
$ Inner hoop 12
$ Inner hoop 13

$ Outer hoop 1
$ Outer hoop 2

$ Outer hoop 3
$ Outer hoop 4
$ Outer hoop 5
$ Outer hoop 6
$ Outer hoop 7
$ Outer hoop 8
$ Outer hoop 9
$ Outer hoop 10
$ Outer hoop 11

$ Outer hoop 12
$ Outer hoop 13
$ Outer hoop 14
$ Outer hoop 15
$ Outer hoop 16
$ Outer hoop 17

18.3994
28.3003
38.2011
48.1019
58.0027
67.9035
77.8043
87.7052
97.6060
107.5068
117.4076
127.3084
137.2092
147.1101
157.0109

160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725

160.9725
160.9725
160.9725
160.9725
160.9725
160.9725

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
* 0.9525
* 0.9525

0.9525
0.9525

* 0.9525
0.9525
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120
121
122
123
124
125
126
127
128
129
130
131
'132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
020000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

166.9117
176.8125
186.7133
196.6141
206.5150
216.4158
226.3166
236.2174
246.1182
256.0190
265.9199
275.8207
285.7215
295.6223
305.5231
315.4239
325.3248
335.2256
345.1264
355. 0272
364.9280
374.8288
384.7297
394.6305
404.5313
414.4321
424.3329
434.2337
444.1346
454.0354
463 .9362

160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop

0.9525 $ Bar

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

151 RCC 0.0000 0.0000 -11.3030 0.0000 0.0000 485.1400
C VCC Lid Surfaces
1.52 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 3.8100 116.459 $ Lid base
153 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 3.8100 172.7199 $ Lid base outer
154 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 54.1020 172.7199 $ Lid container
155 RCC 0.0000 0.0000 2.8575 0.0000 0.0000 0.9525 116.4590 $ Lid base disk
156 RCC 0.0000 0.0000 2.8575 0.0000 0.0000 48.7045 101.5746 $ Lid liner
157 CZ 100.9396 $ Lid liner inner
158 CZ 101.5746 $ Lid liner outer
159 9 RPP -15.2400 15.2400 1.25.5776 161.4424 3.8100 54.1020 $ Anchor cavity outer
160 9 RPP -14.6050 14.6050 126.2126 160.8074 3.8100 54.1020 $ Anchor cavity inner
161 9 RPP -15.2400 15.2400 -161.4424 -125.5776 3.8100 54.1020 $ Anchor cavity outer
162 9 RPP -14.6050 14.6050 -160.8074 -126.2126 3.8100 54.1020 $ Anchor cavity inner
163 CZ 5.0800 $ Lifting bar
164 CZ 100.9396 $ Air outlet radius
165 RPP -64.7700 64.7700 -172.7200 172.7200 29.0830 39.1160 $ Air outlet steel X
166 RPP -172.7200 172.7200 -64.7700 64.7700 29.0830 39.1160 8 Air outlet steel Y
167 RPP -63.5000 63.5000 -172.7200 172.7200 29.7180 38.4810 $ Air outlet void X
168 RPP -172.7200 172.7200 -63.5000 63.5000 29.7180 38.4810 $ Air outlet void Y
169 RCC 0.0000 0.0000 51.5620 0.0000 0.0000 2.5400 111.7600 $ Sectional flange
170 RCC 0.0000 0.0000 54.1020 0.0000 0.0000 1.9050 111.7600 $ Lid top
171 RCC 0.0000 0.0000 38.7350 0.0000 0.0000 15.3670 100.3300 $ Lid shell
172 RCC 0.0000 0.0000 39.3700 0.0000 0.0000 14.7320 99.6950 $ Lid concrete
C Axial Detector DTA (Surface)
400 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 672.4112 172.8201
401 CZ 17.2820
402 CZ 34.5640
403 CZ 51.8460
404 CZ 69.1280
405 CZ 86.4101
406 CZ 103.6921
407 CZ 120.9741
408 CZ 138.2561
409 CZ 155.5381
C Axial Detector DTAA (Outlet)
500 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 672.5112 172.8201
501 CZ 101.6000
502 PX 0.0000
503 1 PX 0.0000
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504 2 PX 0.0000
505 3 PX 0.0000
506 4 PX 0.0000
507 PY 0.0000
508 5 PX 0.0000
509 6 PX 0.0000
510 7 PX 0.0000
511 8 PX 0.0000
C Axial Detector DTB (ift)
600 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 702.8912 203.3001
601 CZ 20.3300
602 CZ 40.6600
603 CZ 60.9900
604 CZ 81.3200
605 CZ 101.6501
606 CZ 121.9802
607 CZ 142.3101
608 CZ 162.6401
609 CZ 182.9701
C Axial Detector DTC (1m)
700 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 772.4112 272.8201
701 CZ 27.2820
702 Cz 54.5640
703 cz 81.8460
704 CZ 109.1280
705 CZ 136.4101
706 Cz 163.6921
707 cz 190.9741
708 CZ 218.2561
709 CZ 245.5381
C Axial Detector DTD (2m)
800 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 872.4112 372.8201
801 CZ 37.2820
802 CZ 74.5640
803 CZ 111.8460
804 CZ 149.1280
805 CZ 186.4101
806 CZ 223.6921
807 CZ 260.9741
808 CZ 298.2561
809 CZ 335.5381
C Axial Detector DTE (4m)
900 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 1072.4112 572.8201
901 CZ 57.2820
902 CZ 114.5640
903 CZ 171.8460
904 CZ 229.1280
905 CZ 286.4101
906 CZ 343.6921
907 CZ 400.9741
908 CZ 458.2561
909 CZ 515.5381

C
C Materials List - Common Materials - vl.4
C
C Homogenized Lower Nozzle
ml 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Homogenized Lower Plenum
m2 24000 -1.0000E-03 50000 -1.5000E-02

26000 -1.2500E-03 7014 -5.0000E-04
40000 -9.8225E-01

C Homogenized U02 Fuel
m3 92235 -3.7407E-02 40000 -1.4859E-01 24000 -1.5128E-04

92238 -7.1074E-01 50000 -2.2692E-03 7014 -7.5639E-05
8016 -1.0058E-01 26000 -1.8910E-04

C Homogenized Upper Plenum
m4 24000 -1.6451E-01 50000 -2.0233E-03 25055 -1.7302E-02

26000 -6.0142E-01 7014 -6.7444E-05 28000 -8.2186E-02
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40000 -1.3249E-01

C Homogenized Upper Nozzle
m5 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Water
m6 1001 2 8016 1
C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Carbon Steel
m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6822 5010 -0.0448 5011 -0.2040

6012 -0.0690
C Aluminum
mlO 13027 -1.0
C Lead
mll 82000 -1.0
C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 14000 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa
m15 6012 6 1001 10 8016 5
nonu $ No subcritical multiplication
C
C Cell Importances
C
imp:n,p 1 364r 0
C
C BWR Source Definition - Fuel Neutron Response to Group 10
C
sdef x=dl y=d2 z=d3 erg=d4 cell=400:196:161:d5:3
sil -7.00786 7.00786
spl 0 1
si2 -7.00786 7.00786
sp2 0 1
si3 a 18.7579 28.2829 37.8079 47.3329 56.8579 66.3829 75.9079

228.3079 228.3081 323.5579 333.0829 342.6079 352.1329 361.6579
371.1829 380.7079 390.2329 399.7579

sp3 d !.711E-06 2.388E-03 2.991E-02 1.437E-01 4.501E-01 1.105E+00 2.314E+00
2.314E+00 2.018E+00 2.018E+00 1.170E+00 6.284E-01 3.031E-01 1.255E-01
4.110E-02 8.970E-03 8.104E-04 1.711E-06

sb3 d 1.00E+00 1.OOE+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
1.00E+00 1.00E+00 1.00E+00 1.OOE+00 1.00E+00 1.00E+00 1.OOE+00
1.00E+01 !.00E+01 1.00E+02 1.00E+03

si4 2.870E+00 3.680E+00
sp4 0 1
C Source Information
si5 1 70 71 72

73 74 75 76 77 78 79
80 81 82 83 84 85 86 87
89 90 91 92 93 94 95 96 97

98 99 100 101 102 103 3104 105 106 107 108
109 110 111 112 113 114 115 116 117 118 119
120 121 122 123 124 125 126 127 128 129 130

131 132 133 134 135 136 137 138 139
141 142 143 144 145 146 147 148
149 150 151 152 153 154 155

156 157 158

C Source Probability
sp5 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0 1.0
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1.0
1.0

1.0 1.0
1.0 1.0
1.0 1.0

1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0

1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0
1.0

C Source Biasing
sb5

IE+00
1E+00

1E+00 1E+00
IE+00 1E+00
1E+00 IE+00

1E+00

1E+00
1E+00
1E+00
IE+00
1E+00
1E+00
IE+00
1E+00
IE+00

1E+00
1E+00
IE+00
1E+00
1E+00
1E+00
IE+00
1E+00
1E÷00

1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
IE+00
1E+00
1E+00
1E+00

IE+00
1E+00
1E+00
1E+00
1E+00
1E+00
IE+00
IE+00
1E+00
1E+00
1E+00

1E+00
1E+00
1E+00
IE+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
IE+00

1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
IE+00

1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
IE+00
IE+00
1E+00

1E+00
IE+00 1E+00
1E+00 1E+00
1E+00 IE+00
1E+00
1E+00

mode n p
nps 30000
C
C ANSI/ANS-6.1.1-1977 - Gamma Flux-to-Dose Conversion Factors
C (mrem/hr) / (photons/cm2-sec)
C
de0 0.01 0.03 0.05 0.07 0.1 0.15 0.2

0.25 0.3 0.35 0.4 0.45 0.5 0.55
0.6 0.65 0.7 0.8 1 1.4 1:8
2.2 2.6 2.8 3.25 3.75 4.25 4.75
5 5.25 5.75 6.25 6.75 7.5 9
11 13 15

df0 3.96E-03 5.82E-04 2.90E-04 2.58E-04 2.83E-04 3.79E-04 5.01E-04
6.31E-04 7.59E-04 8.78E-04 9.85E-04 1.08E-03 1.17E-03 1.27E-03
1.36E-03 1.44E-03 1.52E-03 1.68E-03 1.98E-03 2.51E-03 2.99E-03
3.42E-03 3.82E-03 4.01E-03 4.41E-03 4.83E-03 5.23E-03 5.60E-03
5.80E-03 6.01E-03 6.37E-03 6.74E-03 7.11E-03 7.66E-03 8.77E-03
1.03E-02 1.18E-02 1.33E-02

C
C Weight Window Generation - Top Axial N-Gamma
C
wwg 2,0 0 0 0
wwp:n 5 3 5 0 -1 0
wwge:n le-5 le-3 1 20
wwp:p 5. 3 5 0 -1 0
wwge:p le-3 1 20
mesh geom=cyl ref=0 0 406 origin=0.l 0.1 -134

imesh 90.2 91.4 100.9 105.4 172.7 672.7
iints 1 1 1 1 1 1
jmesh 101 104 112 117 129 141 160 541 588 598 621 657 673 1173
jints I 1 1 1 1 3 1 10 1 1 4 1 2 1
kmesh 1
kints 1

fc2 Axial Surface Tally
f2:p +400.2
fm2 2.2977E+02
fs2 -401 -402 -403 -404 -405 -406

-407 -408 -409 T
tf2
fcl2 Axial Outlet Tally Q1 (+x+y)
f12:p +500.2
fml2 2.2977E+02
fsl2 -501 -502 -507

-503 -504 -505 -506 T
sdl2 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
tfl2
fc22 Axial Outlet Tally Q2 (-x+y)
f22:p +500.2
fm22 2.2977E+02
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fs22 -501 +502 -507

+508 +509 +510 +511 T
sd22 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
tf22
fc32 Axial Outlet Tally Q3 (-x-y)
f32:p +500.2
fm32 2.2977E+02
fs32 -501 +502 +507

+503 +504 +505 +506 T
sd32 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
tf32
fc42 Axial Outlet Tally Q4 (+x-y)
f42:p +500.2
fm42 2.2977E+02
fs42 -501 -502 +507

-508 -509 -510 -511 T
sd42 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
tf42
fc52 Axial ift Tally
f52:p +600.2
fm52 2.2977E+02
fs52 -601 -602 -603 -604 -605 -606

-607 -608 -609 T
tf52
fc62 Axial lm Tally
f62:p +700.2
fm62 2.2977E+02
fs62 -701 -702 -703 -704 -705 -706

-707 -708 -709 T
tf62
fe72 Axial 2m Tally
f72:p +800.2
fm72 2.2977E+02
fs72 -801 -802 -803 -804 -805 -806

-807 -808 -809 T
tf72
fr82 Axial 4m Tally
f82:p +900.2
fm82 2.2977E+02
fa82 -901 -902 -903 -904 -905 -906

-907 -908 -909 T
tf82
C
C
C Print Control
C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=19073486328135 stride=152917 hist=l
C
C Rotation Matrix
C
C 18 degree rotation around z-axis
*TR1 0.0 0.0 0.0 18 108 90 -72 18 90 90 90 0
C 36 degree rotation around z-axis
*TR2 0.0 0.0 0.0 36 126 90 -54 36 90 90 90 0
C 54 degree rotation around z-axis
*TR3 0.0 0.0 0.0 54 144 90 -36 54 90 90 90 0
C 72 degree rotation around z-axis
*TR4 0.0 0.0 0.0 72 162 90 -18 72 90 90 90 0
C 108 degree rotation around z-axis
*TR5 0.0 0.0 0.0 108 198 90 18 108 90 90 90 0
C 126 degree rotation around z-axis
*TR6 0.0 0.0 0.0 126 216 90 36 126 90 90 90 0
C 144 degree rotation around z-axls
*TR7 0.0 0.0 0.0 144 234 90 54 144 90 90 90 0
C 162 degree rotation around z-axis
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*TR8 0.0 0.0 0.0 162 252 90 72 162 90 90 90 0

C 45 degree rotation around z-axis
*TR9 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
C 135 degree rotation around z-axis
*TR10 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0
C 15 degree rotation around z-axis
*TR11 0.0 0.0 0.0 15 105 90 -75 15 90 90 90 0
C 30 degree rotation around z-axis
*TR12 0.0 0.0 0.0 30 120 90 -60 30 90 90 90 0
C 60 degree rotation around z-axis
*TR13 0.0 0.0 0.0 60 150 90 -30 60 90 90 90 0
C 75 degree rotation around z-axis
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MAGNASTOR PWR 2x10 Cask Array * Gamma * Axis Detectors

0.0012250 0.1796102
•**** Radial Gamma ***** Reference Angular Distribution *

0 0 0 0 0
1

0.000
1
1 19.000
1 156.000
I
1 19.000
1 156.000
1
1 19.000
1 28.000
1
1 19.000
1 28.000
1
1 156.000
1 28.000
1
1 156.000
I 28.000
0

-14.000 14.000 -78.000 78.000 0.000 19.000
320

0.000 85.000 3.000
0.000 90.000 3.000
0.000 95.000 3.000
0.000 100.000 3.000
0.000 125.000 3.000
0.000 150.000 3.000
0.000 175.000 3.000
0.000 200.000 3.000
0.000 225.000 3.000
0.000 250.000 3.000
0.000 275.000 3.000
0.000 300.000 3.000
0.000 325.000 3.000
0.000 350.000 3.000
0.000 375.000 3.000
0.000 400.000 3.000
0.000 425.000 3.000
0.000 450.000 3.000
0.000 475.000 3.000
0.000 500.000 3.000
0.000 525.000 3.000
0.000 550.000 3.000
0.000 575.000 3.000
0.000 600.000 3.000
0.000 625.000 3.000
0.000 650.000 3.000
0.000 675.000 3.000
0.000 700.000 3.000
0.000 725.000 3.000
0.000 750.000 3.000
0.000 775.000 3.000
0.000 800.000 3.000
0.000 825.000 3.000
0.000 850.000 3.000
0.000 875.000 3.000
0.000 900.000 3.000
0.000 925.000 3.000
0.000 950.000 3.000
0.000 975.000 3.000
0.000 1000.000 3.000
0.000 1025.000 3.000
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0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

(additional
3

1050.000
1075.000
1100.000
1125 000
1150. 000
1175.000
1200.000
1225.000
1250.000
1275. 000
1300.000
1325.000
1350.000
1375.000
1400.000
1425.000
1450.000
1475.000
1500.000
1525.000
1550.000
1575.000
1600.000
1625.000
1650.000
1675.000
1700.000
1725.000
1750.000
1775.000
1800.000
1825.000
1850.000
1875.000
1900.000
1925.000
1950.000
1975.000
2000.000
detectors

20

3.000
3.000
3.000
3. 000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3 .000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

omitted for clarity)
1 i 23

1.00E-02 2.00E-02
8.00E-01 1.00E+00
4.OOE+00 5.00E+00

ONESET
ngp-grad.dat

7.970E+05 6.157E+07
1.569E+09 1.247E+09
1.288E+07 1.181E+07
2.602E+10

CASK
RADIAL CURVED
CASK A-1

1.070
-8.000 -72.000

CASK A-2
1.070

-8.000 -56.000
CASK A-3

1.070
-8.000 -40.000

CASK A-4
1.070

-8.000 -24.000
CASK A-5

1.070
-8.000 -8.000

CASK A-6
1.070

-8.000 8.000

5. 00E-02
1.22E+00
6.50E+00

3. 061E+09
8. 864E+08
1.196E+07

1.OOE-01 2.00E-01
1.44E+00 1.66E+00
8.00E+00 1.OOE+01

0
3. 00E-01
2. 00E+00
1. 20E+01

2. 401E+09
4. 897E+08
0.000E+00

10
4.00E-01 6.00E-01
2.50E+00 3.OOE+00
1.40E+01

3.570E+09 2.228E+09
1.413E+07 1.773E+07

6.673E+09
3.242E+08
1.421E+06

3 . 088E+09
3.454E+08
5.619E+04

1 1000

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

NAC International 5.8.8-50



MAGNASTOR System

Docket No. 72-1031
June 2008

Revision 2

Figure 5.8.8-7 NAC-CASC Sample Input File - 2x10 PWR Cask Array
CASK A-7

1.070
-8.000 24.000

CASK A-8
1.070

-8.000 40.000
CASK A-9

1.070
-8.000 56.000

CASK A-10
1.070

-8.000 72.000
CASK B-I

1.070
8.000 -72.000

CASK B-2
1.070
8.000 -56.000

CASK B-3
1.070
8.000 -40.000

CASK B-4
1.070
8.000 -24.000

CASK B-5
1 070
8.000 -8.000

CASK B-6
1.070
8.000 8.000

CASK B-7
1.070
8.000 24.000

CASK B-8
1.070
8.000 40.000

CASK B-9
1.070
8.000 56.000

CASK B-10
1.070
8.000 72.000
Axial Gamma ***

1 0
3 20

1.00E-02 2.00E-02
8.00E-01 1.00E+00
4.00E+00 5.00E+00

ONESET
ngp-gaxl .dat

4.914E+05 5.504E+07
2.879E+08 1.389E+08
8.856E+05 7.945E+05
1.350E+I0

CASK
AXIAL DISK
CASK A-i

1.000
-8.000 -72.000

CASK A-2
1.000

-8.000 -56.000
CASK A-3

1.000
-8.000 -40.000

CASK A-4
1.000

-8.000 -24.000
CASK A-5

1.000

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667
** Reference Angular

1 1
1 1

5.00E-02 1.00E-01
1.22E+00 1.44E+00
6.50E+00 8.00E+00

1.996E+09 3.654E+09
5.968E+07 3.760E+06
1.289E+06 1.778E+05

1 1000

5.667 0.000

5.667 0.000

5.667 0.000

5-667 0.000

5-667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000
Distribution *****

0 0
23 0

2.OOE-01 .3.00E-01
1.66E+00 2.OOE+00
1.00E+01 1.20E+01

2.497E+09 1.969E+09
3.371E+06 3.386E+06
3.280E+03 0.000E+00

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

18.773 18.773

10
4.00E-01 6.00E-01
2.50E+00 3.00E+00
1.40E+01

2.048E+09 7.754E+08
4.934E+05 1.125E+06

0.000

0.000

0.000

0.000

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

0.000

0.000

0.000

0.000

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773
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Figure 5.8.8-7 NAC-CASC Sample Input File - 2x10 PWR Cask Array
-8.000 -8.000 0.000 5.667 5.667 0.000 18.773 18.773

CASK A-6
1.000

-8.000
CASK A-7

1.000
-8.000

CASK A-8
1.000

-8.000
CASK A-9

1.000
-8.000

CASK A-10
1.000

-8.000
CASK B-I

1.000
8.000

CASK B-2
1.000
8.000

CASK B-3
1.000
8.000

CASK B-4
1.000
8.000

CASK B-5
1.000
8.000

CASK B-6
1.000
8.000

CASK B-7
1.000
8.000

CASK B-8
1.000
8.000

CASK B-9
1.000
8.000

CASK B-10
1.000
8.000

8.000

24.000

40.000

56.000

72.000

-72.000

-56.000

-40.000

-24.000

-8.000

8.000

24.000

40.000

56.000

72.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0. 000

0.000

0.000

0.000

0.000

0.000

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773
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Figure 5.8.8-8 NAC-CASC Sample Input File - 2x10 BWR Cask Array
MAGNASTOR BWR 2x10 Cask Array * Neutron * Axis Detectors

0.0012250 0.4202091
• ***Radial Neutron ***** Reference Angular Distribution *

0 0 0 0 0
1

0.000
1
1 19.000
1 156.000
1
1 19.000
1 156.000
1
1 19.000
1 28.000
1
1 19.000
1 28.000
1
1 156.000
1 28.000
1
1 156.000
1 28.000
0

-14.000 14.000 -78.000 78.000 0.000 19.000
320

0.000 85.000 3.000
0.000 90.000 3.000
0.000 95.000 3.000
0.000 100.000 3.000
0.000 125.000 3.000
0.000 150.000 3.000
0.000 175.000 3.000
0.000 200.000 3.000
0.000 225.000 3.000
0.000 250.000 3.000
0.000 275.000 3.000
0.000 300.000 3.000
0.000 325.000 3.000
0.000 350.000 3.000
0.000 375.000 3.000
0.000 400.000 3.000
0.000 425.000 3.000
0.000 450.000 3.000
0.000 475.000 3.000
0.000 500.000 3.000
0.000 525.000 3.000
0.000 550.000 3.000
0.000 575.000 3.000
0.000 600.000 3.000
0.000 625.000 3.000
0.000 650.000 3.000
0.000 675.000 3.000
0.000 700.000 3.000
0.000 725.000 3.000
0.000 750.000 3.000
0.000 775.000 3.000
0.000 800.000 3.000
0.000 825.000 3.000
0.000 850.000 3.000
0.000 875.000 3.000
0.000 900.000 3.000
0.000 925.000 3.000
0.000 950.000 3.000
0.000 975.000 3.000
0.000 1000.000 3.000
0.000 1025.000 3.000
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Figure 5.8.8-8 NAC-CASC Sample Input File - 2x10 BWR Cask Array
0.000 1050.000
0.000 1075.000
0.000 1100.000
0.000 1125.000
0.000 1150.000
0.000 1175.000
0.000 1200.000
0.000 1225.000
0.000 1250.000
0.000 1275.000
0.000 1300.000
0.000 1325.000
0.000 1350.000
0.000 1375.000
0.000 1400.000
0.000 1425.000
0.000 1450.000
0.000 1475.000
0.000. 1500.000
0.000 1525.000
0.000 1550.000
0.000 1575.000
0.000 1600.000
0.000 1625.000
0.000 1650.000
0.000 1675.000
0.000 1700.000
0.000 1725.000
.0.000 1750.000
0.000 1775.000
0.000 1800.000
0.000 1825.000
0.000 1850.000
0.000 1875.000
0.000 1900.000
0.000 1925.000
0.000 1950.000
0.000 1975.000
0.000 2000.000

(additional detectors
1 20

1.10E-20 7.09E-08
3.54E-04 9.61E-04
6.40E-01 1.74E+00
1.OOE+01 1.13E+01

ONESET
ngbnrad.dat

2.016E+07 7.878E+06
5.096E+05 6.437E+05
6.695E+05 6.993E+05
1.363E+03 0.000E+00
3.885E+07

CASK
RADIAL CURVED
CASK A-I

1.000
-8.000 -72.000

CASK A-2
1.000

-8.000 -56.000
CASK A-3

1.000
-8.000 -40.000

CASK A-4
1.000

-8.000 -24.000
CASK A-5

1.000
-8.000 -8.000

CASK A-6

3.000
3.000
3 .000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3 .000
3.000
3.000
3.000
3 .000
3.000
3.000
3.000
3.000
3.000
3.000
3 .000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

omitted for clarity)
1 1

5.50E-07 1.50E-06
2.95E-03 9.12E-03
2.87E+00 3.68E+00
1.25E+01 1.36E+01

(.

4. 705E+05
6. 781E+05
8.499E+04
0.000E+00

4.247E+05
1.025E+06
7. 021E+04
0.000E+00

6
7
6

29
4. OOE-06
2.48E-02
4. 72E+00
1.46E+01

.954E+05

.901E+05

.538E+04

0
1.60E-05
6.74E-02
6.07E+00

5.049E+05
4.113E+05
2.489E+04

10
4.81E-05
1.10E-01
7 . 00E+00

7.235E+05
1.396E+06
5.611E+03

1.66E-04
3.90E-01
8.25E+00

4.519E+05
4.586E+05
3.818E+03

1000

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773
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Figure 5.8.8-8, NAC-CASC Sample Input File - 2X10 BWR Cask Array

1.000
-8.000 8.000 0.000 5.667 5.667 0.000 18.773 18.773

CASK A-7
1.000

-8.000 24.000 0.000 5.667 5.667 0.000
CASK A-8

1.000
-8.000 40.000 0.000 5.667 5.667 0.000

CASK A-9
1.000

-8.000 56.000 0.000 5.667 5.667 0.000
CASK A-10

1.000
-8.000 72.000 0.000 5.667 5.667 0.000

CASK. B-I
1.000
8.000 -72.000 0.000 5.667 5.667 0.000

CASK B-2
1.000
8.000 -56.000 0.000 5.667 5.667 0.000

CASK B-3
1.000
8.000 -40.000 0.000 5.667 5.667 0.000

CASK B-4
1.000
8.000 -24.000 0.000 5.667 5.667 0.000

CASK B-5
1.000
8.000 -8.000 0.000 5.667 5.667 0.000

CASK B-6
1.000
8.000 8.000 0.000 5.667 5.667 0.000

CASK B-7
1.000
8.000 24.000 0.000 5.667 5.667 0.000

CASK B-8
1.000
8.000 40.000 0.000 5.667 5.667 0.000

CASK B-9
1.000
8.000 56.000 0.000 5.667 5.667 0.000

CASK B-10
1.000
8.000 72.000 0.000 5.667 5.667 0.000

* Axial Neutron * Reference Angular Distribution *****
1 0 1 1 0 0
1 20 1 1 29 0

1.10E-20 7.09E-08 5.50E-07 1.50E-06 4.OOE-06 1.60E-05
3.54E-04 9.61E-04 2.95E-03 9.12E-03 2.48E-02 6.74E-02
6.40E-01 1.74E+00 2.87E+00 3.68E+00 4.72E+00 6.07E+00
1.00E+01 1.13E+01 1.25E+01 1.36E+01 1.46E+01

ONESET
ngb-naxl.dat

5.508E+06 3.381E+06 7.423E+05 7.377E+05 1.006E+06 7.927E+05 8
5.925E+05 6.022E+05 5.853E+05 5.040E+05 4.664E+05 2.601E+05 5
1.674E+05 3.775E+04 7.554E+03 1.096E+04 1.259E+03 3.766E+02 5
0.000E+00 0.000E+00 O0.O0E+00 0.000E+00
1.750E+07

CASK
AXIAL DISK 1 1000
CASK A-I

1.000
-8.000 -72.000 0.000 5.667 5.667 0.000

CASK A-2
1.000

-8.000 -56.000 0.000 5.667 5.667 0.000
CASK A-3

1.000
-8.000 -40.000 0.000 5.667 5.667 0.000

CASK A-4

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

10
4.81E-05
1.10E-01
7. OOE+00

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

1.66E-04
3.90E-01
8. 25E+00

.356E+05 4.941E+05

.412E+05 2.270E+05

.919E+02 0.000E+00

18.773 18.773

18.773 18.773

18.773 18.773
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Figure 5.8.8-8 NAC-CASC Sample Input File - 2x10 BWR Cask Array

1.000
-8.000 -24.000 0.000 5.667 5.667 0.000 18.773 18.773

CASK A-5
1.000

-8.000
CASK A-6

1.000
-8.000

CASK A-7
1.000

-8.000
CASK A-8

1.000
-8.000

CASK A-9
1.000

-8.000
CASK A-10

1.000
-8.000

CASK B-i
1.000
8.000

CASK B-2
1.000
8.000

CASK B-3
1.000
8.000

CASK B-4
1.000
8.000

CASK B-5
1.000
8.000

CASK B-6
1.000
8.000

CASK B-7
1.000
8.000

CASK B-8
1.000
8.000

CASK B-9
1.000
8.000

CASK B-10
1.000
8.000

-8.000

8.000

24.000

40.000

56.000

72.000

-72.000

-56.000

-40.000

-24.000

-8.000

8.000

24.000

40.000

56.000

72.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773
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5.8.9 Thermal Analysis Limited Cool-Time Tables

5.8.9.1 PWR

Fuel assembly loading tables are generated for a cask heat load of 35.5 kW with preferential (1.2

kW max) and uniform (959 W/assy) heat load patterns. Minimum cool times are summarized for

the uniform and preferential heat load patterns.

The three-zone preferential loading pattern for the 35.5 kW PWR cask is proposed as follows.

Heat Load
Zone Description Desimnator IW/assvl # Assemblies

Inner Ring A 922 9
Middle Ring B 1,200 12
Outer Ring C 800 16

The sketch of the PWR basket and preferential loading pattern is shown in Figure 5.8.7-1.

Allowed low burnup (up to 30,000 MWd/MTU) fuel loadings are shown in Table 5.8.9-1. Note

that the listed minimum cool times at each burnup step are bounding for all fuel types and initial

enrichments above the minimum enrichment specified. Collapsing the fuel type and initial

enrichment-dependent minimum cool time matrix to a single value may result in a minimum cool

time longer than individual values presented for higher burnups in the detailed tables that follow.

Table 5.8.9-2 contains the minimum cool times for a uniform heat load of 959 W/assy for a total

cask heat load of 35.5 kW. Table 5.8.9-3 through Table 5.8.9-5 contain the minimum cool times

for the preferential loading of a 35.5 kW cask.

Decay heat associated with loading nonfuel components requires an increase in the minimum

fuel assembly cool time. Reductions in cask heat load did not change the incremental cool time

increase documented in Section 5.8.3.
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C'
Table 5.8.9-1

Max. Assembly Avg.
Burnup

(MWd/MTU)

Low Burnup PWR Fuel Loading Table

Min. Assembly Avg. Minimum Cool Time
Initial Enrichment (yrs)

(wt% 235U)

Heat Load per Assy -- 959 W 800 W 922 W 1,200 W
10,000 1.3 4.0 4.0 4.0 4.0
15,000 1.5 4.0 4.0 4.0 4.0
20,000 1.7 4.0 4.0 4.0 4.0
25,000 1.9 4.0 4.3 4.0 4.0
30,000 2.1 4.4 5.2 4.5 4.0
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Table 5.8.9-2

Minimum Initial
Assembly Avg.

Enrichment (
wt % 235U (E) 14:

Loading Table for PWR Fuel - 959 W/Assembly

30 < Assembly Average Burnup•< 32.5 GWd/MTU
Minimum Cooling Time (years)

;E
x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3•_< E < 2.5
2.5:_< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3•< E < 3.5
3.5•_< E < 3.7
3.7•_< E < 3.9
3.9_< E <4.1
4.1 _< E <4.3
4.3 <E < 4.5
4.5:_< E < 4.7
4.7< E <4.9

E_>4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

Minimum Initial 32.5 < Assembly Average Burnup __ 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 _< E <2.3
2.3< E <2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9_< E<3.1
3.1 <E<3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7 < E < 3.9
3.9_< E<4.1
4.1 <E< 4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7•_< E < 4.9

E_>4.9

4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5

4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

35 < Assembly Average Burnup < 37.5 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15X15

CE
16x16

WE
17x17

B&W
17x17

2.1 E <2.3
2.3<E <2.5
2.5<E <2.7
2.7_< E <2.9
2.9 < E < 3.1
3.1 <E< 3.3
3.3:5 E < 3.5
3.5<E <3.7
3.7<E<3.9
3.9< E < 4.1
4.1 <E <4.3
4.3_<E<4.5
4.5•< E < 4.7
4.7•_ E < 4.9

E>4.9

4 4 4 4 4 -4-

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7.
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

I

'@
Minimum Initial 37.5 < Assembly Average Burnup_ 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE TWE f WE B&W CE 1 WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E <2.3
2.3:_< E < 2.5
2.5 <E<2.7
2.7< E<2.9
2.9_< E<3.1
3.1:5 E <3.3
3.3•_< E < 3.5
3.5:5 E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 < E<4.3
4.3_< E<4.5
4.5_<E <4.7
4.7:_< E < 4.9

E>4.9

5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6
4.6
4.5

5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4
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Table 5.8.9-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

40 <Assembly Average Burnup < 41 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9_<E <3.1
3.1 _E<3.3
3.3•< E < 3.5
3.5:5 E < 3.7
3.7•< E < 3.9
3.9 E < 4.1
4.1 •E<4.3
4.3•< E < 4.5
4.5_<E <4.7
4.7•< E < 4.9

E>4.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.5

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

Minimum Initial 41 < Assembly Average Burnup •42 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt%23 5 U(E) 14x14 14x14 I 15x15 15x15 16x16 17x17 17x17

2.1 < E <2.3
2.3 < E < 2.5
2.5•_< E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 _< E < 3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9< E <4.1
4.1 _E< 4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7

6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
5.9
5.9
5.9

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
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Table 5.8.9-2

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

42 < Assembly Average Burnup <43 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

1* I

2.1 < E <2.3
2.3< E<2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 <E< 3.3
3.3 < E < 3.5
3.5•< E < 3.7
3,7 < E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7 < E < 4.9

E _4.9

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.0

6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
6.0

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9 ý46

Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W iCE 1 WE B&W
wt% 235U(E) 14x14 14x14 I 15x15 15x15 16x16 17x17 17x17

2.1 <E< 2.3
2.3<E <2.5
2.5 _< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9< E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7•5 E < 4.9

E_>4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 44 < Assembly Average Burnup•< 45 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3_< E <2.5
2.5•_< E < 2.7 - - - - -

2.7•_< E < 2.9 6.0 6.2 7.3 7.7 6.7 7.4 7.4
2.9 < E < 3.1 5.9 6.0 7.2 7.6 6.6 7.3 7.3
3.1 _< E < 3.3 5.8 6.0 7.0 7.4 6.5 7.2 7.1
3.3 < E < 3.5 5.7 5.9 6.9 7.3 6.4 7.0 7.0
3.5 < E < 3.7 5.7 5.8 6.8 7.2 6.3 6.9 6.9
3.7 _< E < 3.9 5.6 5.8 6.8 7.0 6.2 6.9 6.9
3.9 < E < 4.1 5.5 5.7 6.7 7.0 6.2 6.8 6.8
4.1 < E < 4.3 5.5 5.6 6.6 6.9 6.1 6.7 6.7
4.3 _< E < 4.5 5.4 5.6 6.5 6.8 6.0 6.7 6.6
4.5 < E < 4.7 5.3 5.5 6.5 6.7 6.0 6.6 6.6
4.7 _< E < 4.9 5.3 5.5 6.4 6.7 5.9 6.5 6.5

E > 4.9 5.2 5.4 6.3 6.6 5.9 6.5 6.5
Minimum Initial 45 < Assembly Average Burnup < 46 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E <2.5
2.5 •_< E < 2.7 - - - - - - -

2.7 < E < 2.9 6.2 6.5 7.7 8.1 7.0 7.8 7.8
2.9 _< E < 3.1 6.1 6.3 7.6 7.9 6.9 7.7 7.7
3.1 _< E < 3.3 6.0 6.2 7.4 7.8 6.8 7.5 7.5
3.3 < E < 3.5 5.9 6.1 7.3 7.7 6.7 7.4 7.4
3.5 < E < 3.7 5.9 6.0 7.2 7.6 6.6 7.3 7.3
3.7 < E < 3.9 5.8 6.0 7.0 7.4 6.5 7.2 7.2
3.9 _< E < 4.1 5.7 5.9 7.0 7.3 6.4 7.1 7.1
4.1 _< E < 4.3 5.7 5.8 6.9 7.2 6.4 7.0 7.0
4.3 < E < 4.5 5.6 5.8 6.8 7.1 6.3 6.9 6.9
4.5 _< E < 4.7 5.5 5.7 6.7 7.0 6.2 6.9 6.9
4.7 _< E < 4.9 5.5 5.7 6.7 7.0 6.2 6.8 6.8

E > 4.9 5.4 5.6 6.6 6.9 6.1 6.7 6.7
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Table 5.8.9-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)
2.1 < E < 2.3
2.3•_< E < 2.5
2.5<E <2.7
2.7<E<2.9
2.9_<E <3.1
3.1 <E< 3.3
3.3<E<3.5
3.5•_< E < 3.7
3.7:5 E < 3.9
3.9_<E<4.1
4.1< E <4.3
4.3 E < 4.5
4.5•_< E < 4.7
4.7 < E < 4.9

E>4.9

Loading Table for PWR Fuel - 959 W/Assembly (continued)

46 < Assembly Average Burnup•< 47 GWdIMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 + 4 +

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8

6.6
6.5
6.4

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

8.1
8.0
7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
7.0
6.9

8.6
8.4
8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.3
7.3
7.2
7.1
7.0

8.2
8.0
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.1
7.0 4r

Minimum Initial 47 < Assembly Average Burnup 5 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3 E < 2.5
2.5•_< E < 2.7
2.7 < E < 2.9
2.9_< E<3.1
3.1 < E < 3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7•_< E < 3.9
3.9_<E<4.1
4.1 E E<4.3
4.3 E < 4.5
4.5 _< E < 4.7
4.7•_< E < 4.9

E_>4.9

6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6

7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6

8.7
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.5
7.4

8.7
8.5
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4

/
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Minimum Initial
Assembly Avg.

Enrichment
wt % 2 35U (E)
2.1 <E <2.3
2.3<E <2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9 < E < 3.1
3.1 <E <3.3
3.3• E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<_E <4.9

E>4.9

Loading Table for PWR Fuel - 959 W/Assembly (continued)

48 < Assembly Average Burnup _< 49 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I_ _ I_ _ 4

7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

9.2
8.9
8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6

9.8
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0

8.2
8.0
7.9
7.7
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9

9.3
9.0
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7

9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE J WE B&W . CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3•_< E < 2.5
2.5< E <2.7
2.7<E<2.9
2.9:_< E < 3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7:5 E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3•5 E < 4.5
4.5_< E <4.7
4.7•_< E < 4.9

E_>4.9

7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

9.5
9.3
9.0
8.9
8.7
8.6
8.4
8.3
8.2

8.0
7.9

10.2
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5

8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.2
8.1

9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
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Table 5.8.9-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

50 < Assembly Average Burnup < 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 • E<2.3
2.3•< E < 2.5
2.5<E <2.7
2.7<E <2.9
2.9<E<3.1
3.1 < E <3.3
3.3• E < 3.5
3.5•5 E < 3.7
3.7<E<3.9
3.9•< E < 4.1
4.1 <E<4.3
4.3:5 E < 4.5
4.5•5 E < 4.7
4.7•< E < 4.9

E > 4.9

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

7.9
7.8
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.8
8.6
8.5
8.4

11.0
10.6
10.4
10.1
9.9
9.7
9.5
9.4
9.2
9.1
9.0

9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6

10.3
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 <E<2.3
2.3:5 E < 2.5
2.5<E<2.7
2.7•< E < 2.9
2.9:5 E < 3.1
3.1 < E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3<E<4.5
4.5 E < 4.7
4.7<E<4.9

E>4.9

7.9
7.8
7.6
7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

10.9
10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.8
9.6
9.5
9.3

9.5
9.3
9.0
8.9
8.7
8.5
8.4
8.3
8.1
8.0
7.9

11.0
10.7
10.4
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.0

11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3
9.1
9.0
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Table 5.8.9-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

52 < Assembly Average Burnup•< 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

+ 4 4 4 4 4

2.1 _<E <2.3
2.3•< E < 2.5
2.5<E <2.7
2.7•_< E < 2.9
2.9 _< E < 3.1
3.1 <E< 3.3
3.3•_< E < 3.5
3.5<E<3.7
3.7<E <3.9
3.9_<E<4.1
4.1 _E< 4.3
4.3_<E <4.5
4.5< E<4.7
4.7< E < 4.9

E Ž 4.9

8.4
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
7.0

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.4
7.3

11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.5
9.3
9.2

12.2
11.9
11.6
11.3
11.1
10.8
10.6
10.4
10.2
10.0
9.9

10.1
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.5
8.3

11.7
11.4
11.2
10.9
10.7
10.4
10.2
10.0
9.9
9.7
9.6

i1.7
11.4
11.2
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 < E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7_<E <2.9
2.9•< E < 3.1
3.1 <E <3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7•_< E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3:< E < 4.5
4.5!_< E < 4.7
4.7_< E <4.9

E_>4.9

8.8
8.6
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3

9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.9

12.0
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.9
9.7

13.1
12.7
12.3
12.0
11.8
11.5
11.3
11.1
10.9
10.7
10.6

10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8

12.5
12.2
11.9
11.6
11.4
11.1
10.9
10.7
10.5
10.3
10.2

12.5
12.1
11.9
11.6
11.4
11.1
10.9
10.7
10.5
10.3
10.1
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Table 5.8.9-2

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PVWR Fuel - 959 W/Assembly (continued)

54 < Assembly Average Burnup < 55 GWdIMTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _E <2.3
2.3 E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9_< E < 3.1
3.1 <E<3.3
3.3<E<3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5< E<4.7
4.7<E <4.9

E_>4.9

9.1
8.8
8.7
8.5
8.3
8.1
8.0
7.9
7.7
7.6

9.7
9.4
9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1

12.5
12.1
11.8
11.6
11.3
11.1
10.9
10.7
10.5
10.3

13.6
13.2
12.9
12.6
12.2
12.0

11.8
11.6
11.4
11.3

11.2
10.9
10.7
10.4
10.1
9.9
9.7
9.6
9.4
9.3

13.0
12.7
12.4
12.1
11.8
11.6
11.4
11.2
11.0
10.9

13.0
12.7
12.4
12.0
11.8
11.6
11.4
11.2
11.0
10.8

Minimum Initial 55 < Assembly Average Burnup < 56 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E <2.3
2.3_< E <2.5
2.5•_< E < 2.7
2.7_<E <2.9
2.9_<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5•5 E < 3.7
3.7_<E <3.9
3.9_<E<4.1
4.1 <E < 4.3
4.3<E<4.5
4.5<E <4.7
4.7_< E <4.9

E>4.9

9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.2
8.1
8.0

10.3
10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5

13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.0

14.5
14.1
13.8
13.4
13.2
12.9
12.6
12.4
12.2
12.0

11.6
11.3
11.0
10.8
10.5
10.3
10.0
9.9
9.7
9.6

13.9
13.6
13.3
12.9
12.7
12.4
12.1
11.9
11.7
11.5

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5

k.
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•_< E < 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E< 3.3
3.3•_< E < 3.5
3.5< E<3.7
3.7•5 E < 3.9
3.9_<E <4.1
4.1 <E <4.3
4.3_<E<4.5
4.5•_ E < 4.7
4.7•< E < 4.9

E>4.9

4 4 4 4- + + 4

10.2
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

10.9
10.7
10.3
10.0
9.8
9.6
9.4
9.3
9.1
8.9

14.2
13.8
13.4
13.1
12.8
12.5
12.3
12.0
11.8
11.6

15.4
15.0
14.7
14.3
14.0
13.7
13.5
13.2
13.0
12.8

12.4
12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.3
10.1

14.9
14.5
14.1
13.8
13.5
13.2
13.0
12.7
12.4
12.2

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4
12.2

Minimum initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE 1 WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E <2.3
2.3•< E < 2.5
2.5 _< E < 2.7
2.7•_ E < 2.9
2.9<E<3.1
3.1 _< E < 3.3
3.3 < E < 3.5
3.5•_< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7<E <4.9

E>4.9

10.8
10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8

11.6
11.3
11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.4

15.1
14.7
14.3
14.0
13.7
13.4
13.1
12.8
12.6
12.4

16.4
16.0
15.6
15.3
14.9
14.6
14.3
14.0
13.8
13.6

13.2
12.8
12.4
12.1
11.8
11.6
11.4
11.1
11.0
10.8

15.8
15.4
15.0
14.7
14.3
14.0
13.8
13.5
13.3
13.0

15.8
15.4
15.0
14.6
14.3
14.0
13.7
13.5
13.3
13.0
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Coolinq Time (years)

CE
14×14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5_<E <2.7
2.7_< E <2.9
2.9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5• E < 4.7
4.7 <E<4.9

E>4.9

11.5
11.2
10.8
10.6
10.3
10.0
9.8
9.6
9.4
9.3

12.4
12.0
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0

16.0
15.6
15.2
14.9
14.5
14.2
13.9
13.7
13.4
13.2

17.4
17.0
16.6
16.2
15.9
15.5
15.3
15.0
14.7
14.4

14.0
13.6
13.2
12.9
12.6
12.3
12.0
11.8
11.6
11.4

16.7
16.3
16.0
15.6
15.3
14.9
14.7
14.4
14.1
13.9

16.7
16.3
15.9
15.6
15.3
14.9
14.6
14.3
14.1
13.8

Minimum Initial 59 < Assembly Average Burnup < 60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W f CE WE B&W
wt% 235 U(E) 14x14 14x14 _15x15 15x15 16x16 17x17 17x17
2.1 E < 2.3
2.3_<E <2.5
2.5 <E<2.7
2.7<E <2.9
2.9<E<3.1
3.1 _<E<3.3
3.3•< E < 3.5
3.5_<E <3.7
3.7 <_ E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3_<E <4.5
4.5•< E < 4.7
4.7<E <4.9

E>4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.1
10.0
9.8

12.8
12.4
12.0
11.8
11.5
11.3
11.1
10.8
10.6

16.5
16.1
15.8
15.4
15.1
14.8
14.5
14.2
13.9

17.9
17.6
17.2
16.8
16.5
16.1
15.9
15.6
15.4

14.4
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0

16.9
16.5
16.1
15.8
15.4
15.1
14.9
14.6
14.3

16.8
16.4
16.0
15.7
15.4
15.1
14.8
14.6
14.3
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E) 1I

Loading Table for PWR Fuel - 1,200 W/Assembly

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
1x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x1 7

B&W
17x17

2.1 _<E <2.3
2.3:5 E < 2.5
2.5•_< E < 2.7
2.7•5 E < 2.9
2.9_<E<3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 < E.<4.3
4.3•_< E < 4.5
4.5•_< E < 4.7
4.7:5 E < 4.9

E_>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E<2.3
2.3:< E < 2.5
2.5 E < 2.7
2.7<E <2.9
2.9_<E < 3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 <E< 4.3
4.3<E<4.5
4.5•< E < 4.7
4.7•< E < 4.9

•E >_ 4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

35 < Assembly Average Burnup•< 37.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7< E<2.9
2.9<E<3.1
3.1 <E< 3.3
3.3•_< E < 3.5
3.5•5 E < 3.7
3.7<E<3.9
3.9•< E < 4.1
4.1 <E<4.3
4.3•_< E < 4.5
4.5•<_ E < 4.7
4.7_<E <4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWdlMTU
Assembly Avg. Minimum Cooling Time (years) WE ____

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _E<2.3
2.3<E <2.5
2.5:5 E < 2.7
2.7•< E < 2.9
2.9< E <3.1
3.1 _< E <3.3
3.3:5 E < 3.5
3.5:5 E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5:5 E < 4.7
4.7<E <4.9

E_>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1

4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

40 < Assembly Average Burnup:< 41 GWdlMTU

"t •

Minimum Cooling Time (years)
CE WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

J

14X14
.4 4. 4. 4* + 4 -4

2.1 <E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3<E <3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E< 4.3
4.3•< E < 4.5
4.5<E <4.7
4.7<E <4.9

E>4.9

4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3

4.5
4.5
4.4
4.4
4.4
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3

Minimum Initial 41 < Assembly Average Burnup < 42 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE 1 WE 1 WE 1 B&W T CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3
2.3< E <2.5
2.5_<E <2.7
2.7_<E <2.9
2.9_< E <3.1
3.1 <E <3.3
3.3_<E < 3.5
3.5 _< E < 3.7
3.7:_< E < 3.9
3.9_<E <4.1
4.1 <E <4.3
4.3< E <4.5
4.5•_ E < 4.7
4.7•_< E < 4.9

E>4.9

4.3
4.2
4.2
4.1
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3

5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.5

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

42 < Assembly Average Burnup < 43 GWdlMTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7_<E <2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7• E < 3.9
3.9_<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5!_< E < 4.7
4.7•< E < 4.9

E>4.9

4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0

5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5

Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 _< E <2.3
2.3<E <2.5
2.5 < E < 2.7
2.7<E<2.9
2.9_<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5<E <3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E < 4.3
4.3 E < 4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

4.5
4.5
4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6

5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7

5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

44 < Assembly Average Burnup•< 45 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

2.1 •E< 2.3
2.3< E <2.5
2.5:5 E < 2.7
2.7•_< E < 2.9
2.9<E<3.1
3.1 E <3.3
3.3•5 E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9_<E <4.1
4.1 < E <4.3
4.3:5 E < 4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

4 .4 4. 4. 4 1 -4

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2

5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5

5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.8

Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE 1 WE WE B&W CE WE B&W
wt% 23sU(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <.E < 2.3
2.3< E <2.5
2.5•< E < 2.7
2.7< E <2.9
2.9 < E < 3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 <E< 4.3
4.3<E <4.5
4.5 < E < 4.7

4.8
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4

5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1

5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1

± *'~ 4 ~¶ 4 itt I ~i. I ~ i t'V

•4./ S t < 4.

E>4.9
'It.L

4.2 4.3 4.9
U. I

5.0
'I. £

4.6
J.J

5.0
U.U

5.0
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Table 5.8.9-3

Minimum initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

46 < Assembly Average Burnup < 47 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3<E<2.5
2.5 _< E < 2.7
2.7<E <2.9
2.9<E <3.1
3.1 < E < 3.3
3.3 < E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5:5 E < 4.7
4.7<E <4.9

E>4.9

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4

5.8
5.7
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

5.5
5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2

5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.2

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 < E <2.3
2.3<E <2.5
2.5_< E <2.7
2.7_< E <2.9
2.9<E<3.1
3.1 <E< 3.3
3.3•_< E < 3.5
3.5_<E <3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

5.1

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4

5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.4

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4

6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
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Minimum Initial
Assembly Avg.

Enrichment
wt % 235 U (E)
2.1 _<E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 E< 4.3
4.3<E<4.5
4.5:5 E < 4.7
4.7•< E < 4.9

E>4.9

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

48 < Assembly Average Burnup <49 GWd/MTU
Minimum Cooling Time (years)

r T T C

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 4 4 4

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.5
4.5

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.6

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.5

6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.5

Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 _<E< 2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7_<E <2.9
2.9<E<3.1
3.1 •E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9•< E < 4.1
4.1 •E<4.3
4.3•_< E < 4.5
4.5 _< E < 4.7
4.7•_ E < 4.9

E_>4.9

5.4
5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8

6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.7
5.6

6.7
6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

,f

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

50 < Assembly Average Burnup•< 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.3< E<2.5
2.5_< E <2.7
2.7 E<2.9
2.9•< E < 3.1
3.1 < E<3.3
3.3•5 E < 3,5
3.5•_< E < 3.7
3.7<E<3.9
3.9_< E <4.1
4.1 _E <4.3
4.3:5 E < 4.5
4.5 < E < 4.7
4.7 < E < 4.9

E>_4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8

5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9

6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8

7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

6.2
6.1

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

Minimum Initial 51 < Assembly Average Burnup 5 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 2 35U(E) 14x14 E14x14 5x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3 <E <2.5
2.5•< E < 2.7
2.7<E<2.9
2.9:< E < 3.1
3.1 •E<3.3
3.3_<E <3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9

5.8
5.7
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0

7.0
6.8
6.7
6.6
6.5
6.4
6.3

6.2
6.1
6.0
6.0

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1

6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

7.1
7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1

7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

52 < Assembly Average Burnup _ 53 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

-± I t I

2.1 _<E <2.3
2.3_< E <2.5
2.5•_ E < 2.7
2.7 < E < 2.9
2.9_<E <3.1
3.1 _< E <3.3
3.3•< E < 3.5
3.5 _< E < 3.7
3.7•< E < 3.9
3.9< E <4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5•_< E < 4.7
4.7•< E < 4.9

E>4.9

5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.4
5.4
5.3
5.2

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

6.7
6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Timee (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3_<E <2.5
2.5_<E <2.7
2.7 < E < 2.9
2.9•< E < 3.1
3.1 < E < 3.3
3.3•< E < 3.5
3.5 _< E < 3.7
3.7 _< E.< 3.9
3.9•_< E < 4.1
4.1 _< E <4.3
4.3:_ E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.5

7.5
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4

7.9
7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7

7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.9
6.8
6.7
6.6

7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

54 < Assembly Average Burnup < 55 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •< E <2.3
2.3<E<2.5
2.5•< E < 2.7
2.7_< E <2.9
2.9<E <3.1
3.1 _<E <3.3
3.3•< E < 3.5
3.5:_< E < 3.7
3.7<E<3.9
3.9_<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5:< E < 4.7
4.7_<E <4.9

E>_4.9

6.2
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.4

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.7
5.6

7.7
7.5
7.4

7.2
7.1
7.0
6.9
6.8
6.7
6.6

8.1

7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.3
6.3
6.2

8.0
7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.9

8.0
7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

Minimum Initial 55 < Assembly Average Burnup < 56 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)
-Enrichment CE WE WE f B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 _<E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 E <3.3
3.3•5 E < 3.5
3.5•5 E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5:5 E < 4.7
4.7< E<4.9

E>_4.9

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6

6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.8

8.1
7.9
7.7
7.6
7.4
7.3
7.2
7.0
6.9
6.9

8.6
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.2

7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.3
7.2
7.1

8.4
8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.1
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Table 5.8.9-3

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3 < E < 2.5
2.5 < E <2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3 < E < 4.5
4.5 _< E < 4.7
4.7 < E < 4.9

E>4.9

6.7
6.6
6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8

6.9
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0

8.5
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1

9.0
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6

7.7
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.6

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.5
7.4

Minimum Initial 57 < Assembly Average Burnup < 58 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _E <2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9_<E <3.1
3.1 <E <3.3
3.3_< E <3.5
3.5 < E < 3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 _E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7•_< E < 4.9

E>4.9

7.0
6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
5.9

7.3
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

9.0
8.7
8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5

9.6
9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9

8.0
7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8

9.3
9.0
8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7:5 E < 3.9
3.9<E <4.1
4.1 < E <4.3
4.3 E<4.5
4.5 _< E < 4.7
4.7<E<4.9

E>4.9

7.3
7.1
6.9
6.8
6.7
6.6
6.4
6.3
6.2
6.1

7.6
7.4
7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.4

9.5
9.2
9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8

10.1
9.9
9.6
9.4
9.1
8.9
8.8
8.6
8.4
8.3

8.4
8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.0

9.9
9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.3
8.1

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1

Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W iCE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2.3
2.3<E<2.5
2.5•_< E < 2.7
2.7< E <2.9
2.9<E<3.1
3.1 _<E<3.3
3.3<E <3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 < E < 4.3
4.3 < E < 4.5
4.5•5 E < 4.7
4.7<E.<4.9

E>4.9

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4

7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7

9.7
9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.1

10.5
10.1
9.9
9.7
9.4
9.2
9.0
8.9
8.7

8.7
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

9.9
9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.3
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

30 < Assembly Average Burnup•< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3_< E <2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3_< E <4.5
4.5•< E < 4.7
4.7< E <4.9

E>4.9

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.2
4.1
4.1
4.1

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x144x1x14 15x15 15x15 16x16 17x17 17x17
2.1 •E <2.3
2.3_<E <2.5
2.5 _< E < 2.7
2.7_< E <2.9
2.9<E<3.1
3.1 _< E <3.3
3.3 < E < 3.5
3.5•5 E < 3.7
3.7•< E < 3.9
3.9_< E <4.1
4.1 _• E <4.3
4.3•_< E < 4.5
4.5:5 E < 4.7
4.7•_ E < 4.9

E>4.9

4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7

4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4

5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

NAC International 5.8.9-27



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

35 < Assembly Average Burnup < 37.5 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ + + + + 4

2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E <2.9
2.9 < E < 3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3_<E<4.5
4.5<• E <4.7
4.7•< E < 4.9

E>4.9

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.4
5.3
5.3
5.2
5.2

5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
.Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 I 16x16 17x17 17x17

re
2.1 < E <2.3
2.3<E <2.5
2.5<E <2.7
2.7_<E <2.9
2;9•< E < 3.1
3.1 _<E<3.3
3.3•_< E < 3.5
3.5:< E < 3.7
3.7!< E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3_<E <4.5
4.5•< E < 4.7
4.7< E <4.9

E_>4.9

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6

5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8

6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7

5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6
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Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

40 < Assembly Average Burnup • 41 GWdlMTU
Minimum Coolinq Time (Nears)

7 7 -r --- '~------ -r

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3 _< E < 2.5
2.5•_< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 • E<3.3
3.3•_ E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7< E < 4.9

E>4.9

5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8

5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
4.9

6.6
6.4
6.3
6.2
6.1
6.1
6.0
5.9
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
6.0
5.9

6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4

6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
5.8

6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
5.9
5.9
5.9
5.8

Minimum Initial 41 < Assembly Average Burnup:< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1:5 E <2.3
2.3 _< E < 2.5
2.5•_< E < 2.7
2.7 _< E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 E < 3.5
3.5 E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 _< E<4.3
4.3< E <4.5
4.5 _< E < 4.7
4.7!5 E < 4.9
E Ž 4.9

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1

6.9
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.1
6.0
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2
6.2

6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6

6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0

6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.1
6.0
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Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

42 < Assembly Average Burnup < 43 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ t

2.1 •E<2.3
2.3< E<2.5
2.5•< E < 2.7
2.7_<E<2.9
2.9<E<3.1
3.1 <E <3.3
3.3!< E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 < E<4.3
4.3<E<4.5
4.5•< E < 4.7
4.7_<E <4.9

E>4.9

5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
5.3

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.5
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5

6.5

6.7
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9
5.8
5.8

7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3

7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.4
6.3

(

Minimum Initial 43 < Assembly Average Burnup < 44 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 j 16x16 17x17 17x17
2.1 < E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9<E <3.1
3.1 < E<3.3
3.3:5 E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9_< E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7 < E < 4.9

E>4.9

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3

6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

7.6
7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7
6.7
6.6
6.5
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.0
6.0
6.0

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.8
6.7
6.6
6.6

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.8
6.7
6.6
6.6
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Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

44 < Assembly Average Burnup•< 45 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

± *1

2.1 _E < 2.3
2.3< E<2.5
2.5< E<2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3_<E< 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 E< 4.3
4.3 5 E < 4.5
4.5 _ E < 4.7
4.7 5 E < 4.9

E>4.9

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5

6.6
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.7

8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2

7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
7.0
6.9
6.9

7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
7.0
6.9
6.9

Minimum Initial 45 < Assembly Average Burnup <46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3_<E <2.5
2.5•< E < 2.7
2.7_<E <2.9
2.9<E <3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5•_ E < 3.7
3.7_<E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3 E < 4.5
4.5_E <E4.7
4.7 < E < 4.9

E_>4.9

6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9

8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5

8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2

8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
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Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

46 < Assembly Average Burnup <47 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.3_<E<2.5
2.5 < E < 2.7
2.7<E<2.9
2.9_<E <3.1
3.1 <E<3.3
3.3•5 E < 3.5
3.5•_< E < 3.7
3.7:5 E < 3.9
3.9_<E <4.1
4.1 <E< 4.3
4.3<E<4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1

8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.7
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

7.9
7.8
7.6
7.5
7.4
7.2
7.1
.7.0
7.0
6.9
6.8
6.8

8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6

8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3_< E <2.5
2.5 < E < 2.7
2.7<E<2.9
2.9•< E < 3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5•_< E < 3.7
3.7•_ E < 3.9
3.9_<E <4.1
4.1 _<E <4.3
4.3_< E <4.5
4.5 < E < 4.7
4.7•_ E < 4.9

E>4.9

7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.1

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4

9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.8

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.3

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

9.5
9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9

9.5
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
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Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

48< Assembly Average Burnup < 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

4 +

2.1 <E <2.3
2.3:_< E < 2.5
2.5•< E < 2.7
2.7_< E <2.9
2.9<E<3.1
3.1 <E< 3.3
3.3_< E < 3,5
3.5 _< E < 3.7
3.7:_< E < 3.9
3.9•< E < 4.1
4.1 <E<4.3
4.3•_< E < 4.5
4.5 _< E < 4.7
4.7 _< E < 4.9

E>4.9

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4

8.0
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.3
8.2

10.8
10.4
10.2
9.9
9.7
9.6
9.4
9.2
9.1
8.9
8.8
8.7

8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4

10.1
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.5
8.4
8.3

Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE 1 WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3
2.3 _< E < 2.5

-2.5 _< E < 2.7
2.7•< E < 2.9
2.9:_< E < 3.1
3.1 _<E < 3.3
3.3•_< E < 3.5
3.5-< E < 3.7
3.7 < E < 3.9
3.9< E<4.1
4.1 <E<4.3
4.3•_< E < 4.5
4.5•-< E < 4.7
4.7_< E <4.9

E_>4.9

7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.7

8.1
7.9
7.7
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9

10.4
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7

11.2
11.0
10.7
10.4
10.2
10.0
9.8
9.7
9.5
9.4
9.3

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.8

10.5
10.3
10.0
9.8
9.6
9.5
9.3
9.2
9.0
8.9
8.8

10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
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Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)
2.1 _E<2.3
2.3_<E<2.5
2.5!< E < 2.7
2.7<E<2.9
2.9•< E < 3.1
3.1 <E< 3.3
3.3 < E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 •E<4.3
4.3 < E < 4.5
4.5_<E <4.7
4.7 < E < 4.9

E>_4.9

Loading Table for PWR Fuel - 922 W/Assembly (continued)

50 < Assembly Average Burnup•< 51 GWd/MTU
Minimum Cooling Time (years)

I 1 r 7 7' T

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

4 4 4 4 4 4 7-

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.9

8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2

11.2
10.9
10.6
10.3
10.1
9.9
9.7
9.6
9.4
9.3
9.1

12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.3
10.1
10.0
9.9

9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1

11.3
11.0
10.8
10.5
10.3
10.0
9.9
9.7
9.6
9.5
9.3

11.3
11.0
10.7
10.5
10.2
10.0
9.9
9.7
9.6
9.4
9.3

/

Minimum Initial 51 < Assembly Average Burnup < 52 GWdIMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE F WE B&W iCE f WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3_<E <2.5
2.5•< E < 2.7
2.7•_< E < 2.9
2.9 < E < 3.1
3.1 <E <3.3
3.3•_ E < 3.5
3.5•< E < 3.7
3.7•5 E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5:5 E < 4.7
4.7_<E <4.9

E>4.9

8.6
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.2
7.1

9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.7
7.6
7.5

11.9
11.6
11.3
11.1
10.8
10.6
10.3
10.1
10.0
9.8
9.7

12.6
12.2
11.9
11.6
11.4
11.2
11.0
10.8
10.6
10.4
10.3

10.4
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6

12.0
11.8
11.5
11.3
11.0
10.8
.10.6
10.4
10.2
10.0
9.9

12.0
11.7
11.5
11.2
11.0
10.8
10.6
10.4
10.2
10.0
9.9
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U( E)

52 < Assembly Average Burnup < 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 •E< 2.3
2.3_< E <2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9 _< E < 3.1
3.1 <E<3.3
3.3<E <3.5
3.5 _< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 •__ E < 4.3
4.3 < E < 4.5
4.5•< E < 4.7
4.7 < E < 4.9

E __ 4.9
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

9.6
9.4
9.1
8.9
8.8
8.6
8.4
8.2
8.1
8.0
7.9

12.4
12.0
11.8
11.5
11.2
11.0
10.8
10.6
10.4
10.2
10.0

13.5
13.1
12.8
12.5
12.2
11.9
11.7
11.5
11.3
11.2
11.0

11.1

10.9
10.6
10.3
10.0
9.8
9.6
9.5
9.3
9.2
9.0

12.9
12.6
12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6

12.9
12.6
12.2
11.9
11.7
11.5
11.3
11.1
10.9
10.7
10.6

53 < Assembly Average Burnup < 54 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3 < E < 2.5
2.5•_< E < 2.7
2.7•_< E < 2.9
2.9<E <3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9_<E <4.1
4.1 < E <4.3
4.3<_E <4.5
4.5 ___ E < 4.7
4.7 _ E < 4.9

E __ 4.9

9.6
9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8

10.2
9.9
9.7
9.4
9.2
9.0
8.9
8.7
8.6
8.4
8.6

13.3
12.9
12.5
12.2
11.9
11.7
11.5
11.3
11.1
10.9
10.8

14.4
14.0
13.7
13.3
13.0
12.8
12.5
12.2
12.0
11.9
11.7

11.8
11.5
11.3
11.0
10.7
10.5
10.3
10.0
9.9
9.7
9.6

13.8
13.5
13.2
12.8
12.5
12.2
12.0
11.8
11.6
11.5
11.3

13.8
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6
11.4
11.3
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Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 23 5 U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<• E <2.5
2.5:< E < 2.7
2.7 < E < 2.9
2.9•< E < 3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3<E<4.5
4.5•5 E < 4.7
4.7•< E < 4.9

E >!4.9

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4
8.3

10.6
10.3
10.0

9.8
9.6
9.4
9.2
9.1
8.9
8.8

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6
11.4

15.0
14.6
14.2
13.9
13.6
13.4
13.1
12.9
12.7
12.5

12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.3
10.2

14.4
14.0
13.7
13.4
13.1
12.9
12.6
12.4
12.2
12.0

14.4
14.0
13.7
13.4
13.1
12.8
12.6
12.3
12.1
11.9

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14>14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7_<E <2.9
2.9<E<3.1
3.1 < E < 3.3
3.3<E<3.5
3.5•_< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 _<E<4.3
4.3< E<4.5
4.5•< E < 4.7
4.7_<E<4.9

E>_4.9

10.6
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7

11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3

14.7
14.3
13.9
13.6
13.3
13.0
12.8
12.5
12.3
12.1

16.0
15.6
15.2
14.9
14.6

.14.3
14.0
13.8
13.6
13.4

12.8
12.4
12.1
11.8
11.6
11.4
11..1
10.9
10.7
10.6

15.3
15.0
14.6
14.3
14.0
13.7
13.5
13.2
13.0
12.8

15.4
14.9
14.6
14.2
13.9
13.7
13.4
13.2
13.0
12.8
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < Assembly Average Burnup < 57 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
I4x14

WE
15X15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

A + 4 + +

2.1 _<E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9•< E < 3.1
3.1 •E<3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 _<E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7_< E<4.9

E>_4.9

11.2
10.9
10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1

12.0
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8

15.6
15.2
14.9
14.5
14.2
13.8
13.6
13.4
13.2
12.9

17.0
16.6
16.2
15.9
15.5
15.2
14.9
14.7
14.4
14.2

13.6 16.3
13.3 16.0
12.9 15.6
12.6 15.2
12.2 14.9
12.0 14.6
11.8 14.4
11.6 14.1
11.4 13.8
11.2 13.6

16.3
15.9
15.5
15.2
14.9
14.6
14.3
14.0
13.8
13.6

Minimum Initial 57 < Assembly Average Burnup < 58 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt%2 35U(E) 14x14 14x14 F15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 _<E <3.3
3.3•_ E < 3.5
3.5•< E < 3.7
3.7•_< E < 3.9
3.9_<E <4.1
4.1 •<E <4.3
4.3 _< E < 4.5
4.5 < E < 4.7
4.7< E <4.9

E_>4.9

11.9
11.6
11.3
11.0
10.7
10.4
10.2
10.0
9.8
9.6

12.8
12.4
12.0
11.8
11.5
11.3
11.1
10.9
10.6
10.4

16.6
16.2
15.8
15.5
15.1
14.8
14.5
14.2
14.0
13.8

18.0
17.6
17.2
16.8
16.5
16.2
15.9
15.6
15.4
15.1

14.5
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11.9

17.3
16.9
16.6
16.2
15.9
15.6
15.3
15.0
14.8
14.5

17.3
16.9
16.5
16.2
15.8
15.5
15.2
15.0
14.7
14.5
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0
Table 5.8.9-4

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 922 W/Assembly (continued)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
I17x17

B&W
17x17

2.1:5 E <2.3
2.3< E<2.5
2.5< E <2.7
2.7<E<2.9
2.9<E<3.1
3.1 E <3.3
3.3:< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

12.6
12.2
11.9
11.6
11.3
11.1
10.8
10.6
10.4
10.2

13.6
13.2
12.9
12.6
12.2
12.0
11.7
11.5
11.3
11.1

17.6
17.2
16.8
16.4
16.0
15.7
15.4
15.2
14.9
14.6

19.0
18.6
18.2
17.8
17.5
17.2
16.9
16.6
16.3
16.1

15.4
15.0
14.6
14.2
13.9
13.6
13.3
13.1
12.8
12.6

18.3
17.9
17.6
17.2
16.9
16.5
16.2
15.9
15.7
15.4

18.3
17.9
17.5
17.2
16.8
16.5
16.2
15.9
15.6
15.4

Minimum Initial 59 < Assembly Average Burnup < 60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE [ B&W f CE WE B&W
Wt% 23 5 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2.3
2.3<E<2.5
2.5<E<2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5•< E < 4.7
4.7<E <4.9

E_ Ž4.9

13.0
12.6
12.3
12.0
11.7
11.5
11.2
11.0
10.8

14.0
13.7
13.4
13.1
12.7
12.4
12.2
11.9
11.8

18.1
17.7
17.4
17.0
16.6
16.3
16.0
15.8
15.5

19.6
19.2
18.9
18.5
18.1
17.9
17.5
17.3
17.1

15.9
15.5
15.1
14.8
14.4
14.1
13.9
13.6
13.4

18.5
18.1
17.7
17.4
17.0
16.7
16.4
16.1
15.9

18.5
18.0
17.7
17.3
17.0
16.7
16.4
16.1
15.8
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 35 U (E)

30 < Assembly Average Burnup < 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5 E<2.7
2.7<E <2.9
2.9<_E<3.1
3.1 •E <3.3
3.3•< E < 3.5
3.5 _< E < 3.7
3.7<E < 3.9
3.9•_< E < 4.1
4.1 _<E <4.3
4.3_<E <4.5
4.5<E <4.7
4.7_<E < 4.9

E>4.9

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.3

5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
5.0
4.9
4.9

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0

5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1
5.0
5.0
5.0

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0
5.0
5.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE B&WW[ CE WE B&W
wt% 235U(E) 14x14 14x14 [5x15 15x15 16x16 17x17 j 17x17
2.1 <E <2.3
2.3< E < 2.5
2.5<E <2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7_< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5<E <4.7
4.7 < E < 4.9

E>4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

6.0
6.0
5.9
5.9
5.8'
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.5
5.4

6.3.
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.7
5.6

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial
Assembly Avg.

EnrichmentWt % 235U (E)

2.1 _E<2.3
2.3_< E <2.5
2.5•_< E < 2.7
2.7<E <2.9
2.9 < E< 3.1
3.1:5 E <3.3
3.3 _< E < 3.5
3.5 < E < 3.7
3.7_< E <3.9
3.9< E <4.1
4.1 <E< 4.3
4.3< E <4.5
4.5 < E < 4.7
4.7•_< E < 4.9

E>4.9

35 < Assembly Average Burnup_< 37.5 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15X15

CE
16x16

WE
17x17

B&W
17x17

4 4 4

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0
6.0
6.0

7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6

6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.2
6.1
6.1

6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.3
6.2
6.2
6.1
6.1

Minimum Initial 37.5 < Assembly Average Burnup•< 40 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE 1 WE WE B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 1 5x15 15x15 16x16 17x17 17x17

2.1:5 E <2.3
2.3•5 E < 2.5
2.5•5 E < 2.7
2.7•5 E < 2.9
2.9•< E < 3.1
3.1 _<E <3.3
3.3_<E <3.5
3.5 < E < 3.7
3.7:5 E < 3.9
3.9_<E<4.1
4.1 < E <4.3
4.35 _E < 4.5
4.5•_< E < 4.7
4.7< E <4.9

E_>4.9

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.7
7.6
7.5
7.4
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8
6.7

8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.1
7.1
7.0

7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

7.8
7.7
7.6
7.4
7.3
7.3
7.2
7.1
7.0
7.0
6.9
6.9
6.8

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.1
7.0
7.0
6.9
6.9
6.8
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Table 5.8.9-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

40 < Assembly Average Burnup•< 41 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3<E <2.5
2.5•_< E < 2.7
2.7•_ E < 2.9
2.9_<E<3.1
3.1 < E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 •E< 4.3
4.3 < E < 4.5
4.5•_ E < 4.7
4.7s: E < 4.9

E>4.9

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9

8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1
7.0

8.7
8.5

8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.7
6.6
6.6
6.5

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.2

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3
7.2
7.2

Minimum Initial 41 < Assembly Average Burnup•< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 j 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _E< 2.3
2.3_< E <2.5
2.5•< E < 2.7
2.7 _< E < 2.9
2.9___ E < 3.1
3.1 _<E<3.3
3.3•< E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9_< E <4.1
4.1 •E< 4.3
4.3•_< E < 4.5
4.5 _< E < 4.7
4.7•_< E < 4.9

E_>4.9

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.1

8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9
7.8

7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.8
7.7
7.6
7.6

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7
7.7
7.6
7.6
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Table 5.8.9-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

42 < Assembly Average Burnup _43 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7:< E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3<E<4.5
4.5:< E < 4.7
4.7< E <4.9

E>4.9

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5
6.4

9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1
8.0
8.0
7.9
7.8

9.9
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

8.3
8.1
8.0
7.9
7.8
7.7
7T6
7.5
7.4
7.3
7.2
7.2
.7.1

9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

9.4
9.2
9.0
8.8
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

I

Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WE B&W CE 1 WE B&W
Wt% 235 U(E) 14x14 14x14 J 15x15 { 15x15 j 16x16 17x17 17x17

2.1 E< 2.3
2.3 E < 2.5
2.5•_< E< 2.7
2.7< E <2.9
2.9 < E < 3.1
3.1 <E<3.3
3.3•_< E < 3.5
3.5<E<3.7
3.7•_<E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5•5 E < 4.7
4.7<E<4.9

E>4.9

7.7
7.5
7.4
7.2
7.1
7.1
6.9
6.8
6.7
6.7
6.6
6.6
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

10.0
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.5
8.5
8.4
8.3

10.8
10.5
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.9

8.8
8.7
8.5
8.3
8.2
8.0
8.0
7.9.
7.8
7.7
7.6
7.6
7.5

10.0
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.5

10.1
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.4
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Table 5.8.9-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

44 < Assembly Average Burnup< 45 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7_< E <2.9
2.9_<E< 3.1
3.1 <E <3.3
3.3•__ E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<• E <4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9
6.8
6.8

8.2
8.1
7.9
7.8

•7.7

7.6
7.5
7.4
7.3
7.2
7.1
7.0

10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9
8.8

11.4
11.1
10.8
10.6
10.4
10.2
10.0
9.9
9.8
9.7
9.6
9.5

9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.4
9.2
9.1
9.0
9.0

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9

Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE 1 B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E<2.3
2.3_< E <2.5
2.5 _< E < 2.7
2.7_< E <2.9
2.9_<E <3.1
3.1 <E< 3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7•_< E <.3.9
3.9•_< E < 4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5•_ E < 4.7
4.7_<E <4.9

E_>4.9

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1

8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

11.3
11.0
10.8
10.6
10.3
10.1
10.0
9.8
9.7
9.6
9.5
9.4

12.1
11.9
11.6
11.4
11.2
11.0
10.8
10.7
10.5
10.4
10.2
10.1

9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

11.4
11.2
10.9
10.7
10.5
10.3
10.1
10.0
9.9
9.8
9.7
9.6

11.4
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.9
9.7
9.6
9.5
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~0Table 5.8.9-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

46 < Assembly Average Burnup <.47 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7:5 E < 2.9
2.9<E <3.1
3.1 <E< 3.3
3.3•5 E < 3.5
3.5:5 E < 3.7
3.75 E < 3.9
3.9<E <4.1
4.1 _<E <4.3
4.3 < E < 4.5
4.5•_ E < 4.7
4.7<E <4.9

E_>4.9

8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

12.1
11.8
11.6
11.3.
11.1
10.9
10.8
10.6
10.4
10.2
10.1
10.0

13.2
12.8
12.6
12.2
12.0
11.8
11.6
11.5
11.3
11.2
11.0
10.9

10.6
10.3
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.8

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.8
10.6
10.5
10.3
10.2

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6
10.4
10.3
10.2

Minimum Initial 47 < Assembly Average Burnup •48 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 j 15x15 L 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3•< E < 2.5
2.5 _< E < 2.7
2.7<E<2.9
2.9_<E<3.1
3.1 <E <3.3
3.3•_< E < 3.5
3.5 _< E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7<E <4.9

E>4.9

9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.3
8.2

13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.3
11.2
11.0
10.9
10.7

14.2
13.8
13.5
13.2
13.0
12.7
12.5
12.3
12.1
11.9
11.8
11.7

11.4
11.1
10.8
10.6
10.4
10.1
10.0
9.8
9.7
9.6
9.5
9.4

13.3
12.9
12.6
12.4
12.0
11.9
11.7
11.5
11.4
11.3
11.1
11.0

13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5
11.4
11.2
11.1
11.0
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Table 5.8.9-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)
2.1 < E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3:5 E < 4.5
4.5•5 E < 4.7
4.7•5 E < 4.9

E>4.9

Loading Table for PWR Fuel - 800 W/Assembly (continued)

48 < Assembly Average Burnup <49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

___________ + + 4 4 4

10.1
9.8
9.6
9.4
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.2

10.8
10.5
10.2
9.9
9.7
9.6
9.4
9.2
9.1
8.9
8.8
8.7

14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.1
11.9
11.8
11.6
11.5

15.3
14.9
14.6
14.2
13.9
13.7
13.5
13.2
13.0
12.9
12.7
12.5

12.1
11.9
11.6
11.4
11.2
10.9
10.7
10.5
10.4
10.2
10.0
9.9

14.2
13.9
13.6
13.3
13.1
12.8
12.6
12.3
12.1
12.0
11.8
11.7

14.2
13.9
13.5
13.3
13.0
12.8
12.5
12.3
12.1
12.0
11.8
11.7

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 < E<2.3
2.3< E <2.5
2.5•< E < 2.7
2.7_< E<2.9
2.9<E<3.1
3.1 _E <3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 E<E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7•_< E < 4.9

E>4.9

10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
8.9
8.8
8.7

11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1

14.7
14.4
14.0
13.7
13.5
13.2
13.0
12.8
12.6
12.4
12.3

16.0
15.6
15.3
15.0
14.7
14.4
14.2
14.0
13.8
13.7
13.5

12.8
12.4
12.1
11.9
11.6
11.5
11.3
11.1
11.0
10.8
10.7

14.9
14.6
14.3
14.0
13.7
13.5
13.3
13.1
12.9
12.7
12.6

14.9
14.6
14.2
14.0
13.7
13.5
13.2
13.1
12.9
12.7
12.5
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Table 5.8.9-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

50 < Assembly Average Burnup < 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9 _< E < 3.1
3.1 <E <3.3
3.3 _< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 < E < 4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7_< E < 4.9

E>4.9

-1 -I ± I

11.0
10.7
10.4
10.1
9.9
9.7
9.6
.9.4
9.3
9.1
9.0

11.8
11.5
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.8
9.7

15.8
15.4
15.1
14.8
14.4
14.2
13.9
13.7
13.5
13.4
13.2

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.9
14.6
14.4

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.7
11.5
11.4

16.0
15.7
15.3
15.0
14.8
14.5
14.2
14.0
13.8
13.6
13.4

16.0
15.6
15.3
15.0
14.7
14.4
14.2
13.9
13.8
13.6
13.5

Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W iCE WE B&W
wt% 235U(E) 14x14 114x14 1 5x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 _< E <3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3•< E < 4.5
4.5!_<E < 4.7
4.7 < E < 4.9

E_>4.9

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6

12.6
12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.5
10.3

16.9
16.5
16.1
15.8
15.5
15.2
15.0
14.7
14.5
14.3
14.0

17.9
17.5
17.1
16.8
16.5
16.2
15.9
15.7
15.5
15.3
15.1

14.7
14.3
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.3
12.1

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.8
14.6
14.4

17.1
16.7
16.4
16.1
15.8
15.5
15.2
15.0
14.8
14.6
14.4
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial 52 < Assembly Average Burnup < 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x<16 17x17 17x17
2.1 _< E <2.3
2.3•_< E < 2.5
2.5<E <2.7
2.7< E < 2.9 -- - - - -

2.9<E<3.1 12.5 13.5 17.6 19.0 15.7 18.3 18.2
3.1 < E < 3.3 12.1 13.1 17.2 18.6 15.3 17.9 17.8
3.3<E<3.5 11.9 12.8 16.8 18.2 15.0 17.5 17.5
3.5 < E < 3.7 11.6 12.5 16.4 17.9 14.6 17.2 17.2
3.7<E<3.9 11.3 12.4 16.1 17.6 14.4 16.9 16.8
3.9<E<4.1 11.1 12.0 15.8 17.3 14.0 16.6 16.6
4.1 <E<4.3 10.9 11.7 15.6 17.0 13.8 16.3 16.3
4.3•< E < 4.5 10.7 11.5 15.3 16.8 13.6 16.1 16.0
4.5_<E<4.7 10.5 11.3 15.1 16.5 13.4 15.9 15.8
4.7<E<4.9 10.3 11.2 14.9 16.3 13.2 15.6 15.6

E>4.9 10.2 11.0 14.7 16.1 13.0 15.4 15.4
.Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Ti me (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 _<E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7 _< E < 2.9 - - - -

2.9 < E < 3.1 13.4 14.5 18.6 20.1 16.8 19.4 19.3
3.1 • E < 3.3 13.0 14.0 18.2 19.7 16.4 19.0 19.0
3.3 < E < 3.5 12.6 13.7 17.8 19.4 16.0 18.7 18.6
3.5•< E < 3.7 12.3 13.4 17.5 19.1 15.7 18.3 18.3
3.7•< E < 3.9 12.0 13.1 17.2 18.7 15.3 18.0 17.9
3.9< E <4.1 11.8 12.8 16.9 18.4 15.1 17.7 17.7
4.1 < E <4.3 11.6 12.5 16.6 18.1 14.8 17.4 17.4
4.3_< E <4.5 11.3 12.3 16.3 17.9 14.5 17.2 17.1
4.5<E<4.7 11.2 12.0 16.1 17.6 14.3 16.9 16.9
4.7:_< E < 4.9 11.0 11.9 15.9 17.4 14.0 16.7 16.6

E_>4.9 10.8 12.1 15.7 17.2 13.9 16.4 16.4
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Table 5.8.9-5

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (continued)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3_<E <2.5
2.5_< E < 2.7
2.7_< E <2.9
2.9<E<3.1
3.1 E <3.3
3.3< E <3.5
3.5•_< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 _<E<4.3
4.3:5 E < 4.5
4.5•< E < 4.7
4.7 < E < 4.9

E > 4.9

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5

15.1
14.7
14.3
14.0
13.7
13.4
13.2
13.0
12.8
12.5

19.3
18.9
18.6
18.2
17.9
17.6
17.3
17.1
16.9
16.7

20.9
20.5
20.1
19.8
19.5
19.2
19.0
18.7
18.5
18.3

17.4
17.1
16.7
16.4
16.0
15.7
15.5
15.2
15.0
14.8

20.1
19.8
19.4
19.2
18.8
18.5
18.3
18.0
17.8
17.6

20.1
19.7
19.4
19.1
18.7
18.5
18.2
18.0
17.7
17.5

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years )

Enrichment CE WE WE B&W CE WE B&W
wt% 2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9_<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 _< E<4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7_<E <4.9

E>4.9

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.2

16.0
15.6
15.3
14.9
14.7
14.3
14.1
13.8
13.6
13.4

20.4
20.0
19.6
19.3
19.0
18.7
18.4
18.1
17.9
17.7

22.1
21.7
21.4
21.0
20.7
20.4
20.1
19.9
19.6
19.4

18.0
17.6
17.2
16.9
16.6
16.3
16.0
15.7
15.5
15.4

21.3
20.9
20.5
20.3
19.9
19.6
19.4
19.1
18.9
18.7

21.2
20.9
20.5
20.2
19.8
19.6
19.4
19.1
18.8
18.6
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial 56 < Assembly Average Burnup < 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3 - - -

2.3_<E<2.5 I -

2.5•_< E < 2.7 - -

2.7•_< E < 2.9 - - -

2.9_< E <3.1 - - -

3.1 _< E < 3.3 15.7 17.0 21.5 23.2 19.1 22.4 22.3
3.3•_< E < 3.5 15.3 16.6 21.1 22.8 18.7 22.0 21.9
3.5•< E < 3.7 15.0 16.3 20.7 22.4 18.3 21.7 21.7
3.7•< E < 3.9 14.6 15.9 20.4 22.1 17.9 21.4 21.3
3.9•_< E < 4.1 14.2 15.6 20.1 21.8 17.6 21.0 21.0
4.1:5 E < 4.3 14.0 15.3 19.7 21.5 17.3 20.7 20.7
4.3 < E < 4.5 13.7 15.0 19.5 21.2 17.0 20.4 20.4
4.5•_< E < 4.7 13.5 14.7 19.2 21.0 16.7 20.2 20.2
4.7•_< E < 4.9 13.3 14.5 19.0 20.7 16.5 20.0 19.9

E>4.9 13.1 14.2 18.7 20.5 16.3 19.8 19.7
Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE 1 WE B&W CE WE B&W
wt% 2 35U(E) 14x14 j 14x14 15x15 15x15 16x16 j 17x17 I 17x17

2.1 <E <2.3 - - -

2.3<E <2.5 - - -

2.5•< E < 2.7 - - -

2.7 _<E <2.9 - - -

2.9 _<E<3.1 - - - - - - -

3.1 • E < 3.3 16.7 18.1 22.6 24.2 20.1 23.5 23.4
3.3•< E < 3.5 16.3 17.6 22.2 23.9 19.7 23.1 23.1
3.5 _< E < 3.7 15.9 17.3 21.8 23.6 19.4 22.8 22.7
3.7•_< E < 3.9 15.5 16.9 21.5 23.2 19.0 22.5 22.4
3.9•_< E < 4.1 15.2 16.5 21.2 22.9 18.6 22.1 22.1
4.1 < E < 4.3 14.9 16.2 20.9 22.6 18.3 21.8 21.8
4.3:_< E < 4.5 14.6 15.9 20.5 22.3 18.0 21.6 21.6
4.5 _< E < 4.7 14.3 15.6 20.3 22.0 17.7 21.3 21.3
4.7•_ E < 4.9 14.0 15.4 20.1 21.8 17.5 21.1 21.0

E _> 4.9 13.8 15.2 19.8 21.6 17.3 20.8 20.7
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 E < 2.3
2.3_< E<2.5
2.5•< E < 2.7
2.7< E<2.9
2.9_<E<3.1
3.1 <E< 3.3
3.3•5 E < 3.5
3.5•_< E < 3.7
3.7<E<3.9
3.9_<E <4.1
4.1 < E<4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7•_< E < 4.9

E>4.9

17.7
17.3
16.8
16.4
16.1
15.8
15.5
15.2
15.0
14.7

19.1
18.7
18.3
17.9
17.6
17.3
17.0
16.7
16.4
16.1

23.6
23.3
22.9
22.6
22.2
21.9
21.6
21.4
21.2
20.9

25.3
25.0
24.6
24.3
24.0
23.7
23.4
23.2
22.9
22.7

21.1
20.7
20.4
20.0
19.7
19.3
19.0
18.8
18.5
18.3

24.5
24.2
23.9
23.6
23.3
23.0
22.7
22.4
22.2
21.9

24.5
24.2
23.9
23.5
23.2
22.9
22.6
22.4
22.1
21.9

Minimum Initial 59 < Assembly Average Burnup •60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E< 2.3
2.3•_ E < 2.5
2.5•_< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 _< E < 3.3
3.3:_ E < 3.5
3.5 < E < 3.7
3.7•5 E < 3.9
3.9_<E <4.1
4.1 <E<4.3
4.3 E < 4.5
4.5:5 E < 4.7
4.7<E <4.9

E>4.9

18.2
17.8
17.4
17.1
16.7
16.4
16.1
15.9
15.6

19.7
19.3
18.9
18.6
18.2
17.9
17.6
17.4
17.1

24.3
23.9
23.6
23.3
23.0
22.8
22.4
22.1
21.9

26.0
25.7
25.4
25.1
24.8
24.5
24.2
24.0
23.7

21.8
21.4
21.1
20.7
20.4
20.1
19.8
19.5
19.3

24.8
24.4
24.1
23.8
23.5
23.2
22.9
22.7
22.5

24.7
24.3
24.0
23.7
23.4
23.1
22.9
22.6
22.4

NAC International 5.8.9-50



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

5.8.9.2 BWR

Fuel assembly loading tables are generated for a uniform cask heat load of 33 kW (379 W/assy).

Minimum cool times are summarized in Table 5.8.9-7.

Allowed low burnup (up to 30,000 MWd/MTU) fuel loadings are shown in Table 5.8.9-6. Note

that thelisted minimum cool times at each burnup step are bounding for all fuel types and initial

enrichments above the minimum enrichment specified. Collapsing the fuel type and initial

enrichment dependent minimum cool time matrix to a single value may result in a minimum cool

time longer than individual values presented for higher burnups in Table 5.8.9-7.
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Table 5.8.9-6 Low Burnup BWR Fuel Loading Table

Max. Assembly Avg.
Burnup

(MWd/MTU)

Min. Assembly Avg.
initial Enrichment

(wt% 235U)

Minimum Cool
Time
(yrs)

10,000 1.3 4.0
15,000 1.5 4.0
20,000 1.7 4.0
25,000 1.9 4.0
30,000 2.1 4.3

0
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly

30 < Assembly Average Burnup< 32.5 GWdlMTU
Minimum Cooling Time (years)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

BWR/2-3
7x7

BWRJ4-6
7x7

BWRI2-3
Wx

BWRI4-6 I BWRI2-3 BWR/4-6
9x9

BWR/4-6
10x10Bx8 9X9

2.1 E < 2.3
2.3 _< E < 2.5
2.5 _< E < 2.7
2.7<_E <2.9
2.9<E<3.1
3.1 _<E <3.3
3.3•< E < 3.5
3.5 _< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3•_< E < 4.5
4.5 < E < 4.7
4.7•_< E < 4.9

E>4.9

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2.3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x10

2.1 <E <2.3
2.3 E < 2.5
2.5 E < 2.7
2.7•_ E < 2.9
2.9_<E <3.1
3.1 EE< 3.3
3.3 E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4

4.3
4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3

4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
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Table 5.8.9-7

Minimum Initial
Assembly Avg.

Enrichment
W % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)

35 < Assembly Average Burnup•< 37.5 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWRI4-6
7x7

BWR/2-3
8x8

BWR/4-6
8W8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
10xl0

2.1 < E < 2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7•_< E < 2.9
2.9<E<3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7• E < 3.9
3.9_<E <4.1
4.1 E <•4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7<E <4.9

E>4.9

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.9

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

4.4
4.3
4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7
4.7

5.2
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6

I,

Minimum Initial 37.5 < Assembly Average Burnup • 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWRI2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 j 8X8 8X8 9X9 9X9 1OX10

2.1 _<E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7<E <2.9
2.9:5 E < 3.1
3.1 <E <3.3
3.3<• E <3.5
3.5•< E < 3.7
3.7•_< E < 3.9
3.9<E <4.1
4.1 _<E <4.3
4.3•_< E < 4.5
4.5_<E <4.7
4.7<E <4.9

E>4.9

5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4

5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5

5.9
5.8
5.8
5.7
5.6
5&6
5.5
5.4
5.4
5.3
5.3
5.2
5.2

4.7
4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
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Table 5.8.9-7

Minimum Initial
Assembly Avg.

Enrichment B1
Wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)

40 < Assembly Average Burnup < 41 GWd/MTU
Minimum Cooling Time (years)

A'R/2-3
7x7

BWRI4-6
7X7

BWRI2-3
8X8

BWR/4-6
8x8

BWR/2.3
9x9

BWR/4-6
9x9

BWRI4-6
lOXlO

-I- -1

2.1 _<E<2.3
2.3_<E <2.5
2.5•5 E < 2.7
2.7:__ E < 2.9
2.9< E <3.1
3.1 <E<3.3
3.3<E <3.5
3.5:_< E < 3.7
3.7 < E < 3.9
3.9_<E <4.1
4.1 <E< 4.3
4.3_<E <4.5
4.5•< E < 4.7
4.7•< E < 4.9

E_>4.9

6.0
5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.2

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.4

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2

Minimum Initial 41 < Assembly Average Burnup •42 GWd/MTU
Assembly Avg. Minimum Cooling Ti me (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 T BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10

2.1 _E< 2.3
2.3<E<2.5
2.5•< E < 2.7
2.7<E<2.9
2.9_<E <3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3•_ E < 4.5
4.5•< E < 4.7
4.7_<E <4.9

E>_4.9

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

5.6
5.5
5.5

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.1
5.0
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
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Table 5.8.9-7

Minimum Initial
Assembly Avg.

Enrichment Bi
Wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)

42 < Assembly Average Burnup_< 43 GWd/MTU
Minimum Cooling Time (years)

NRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
Wx

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

+ +

2.1 <E <2.3
2.3<E <2.5
2.5!< E < 2.7
2.7•< E < 2.9
2.9•< E < 3.1
3.1 E < 3.3
3.3•< E < 3.5
3.5:: E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5< E<4.7
4.7 < E < 4.9

E>4.9

6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1

5.9
5.8
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
6.0
5.9
5.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
5.8

6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

Minimum Initial 43 < Assembly Average Burnup <44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x10
2.1 <E<2.3
2.3 E < 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9< E <3.1
3.1 <E< 3.3
3.3 < E < 3.5
3.5:5 E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 E E<4.3
4.3 E < 4.5
4.5:5 E < 4.7
4.7<E<4.9

E_>4.9

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4

6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
6.1

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7

7.1
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.1
6.1
6.0

6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

44 < Assembly Average Burnup < 45 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
Wx

BWRI4-6
8X8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox1O

2.1 _<E<2.3
2.3_< E <2.5
2.5< E<2.7
2.7_< E <2.9
2.9_E <3.1
3.1 E < 3.3
3.3 _< E < 3.5
3.5•< E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7< E<4.9

E>4.9

4 _

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1

7.9
7.7
7.6
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4

7.5
7.3
7.1
7.0
6.9
68
6.8
6.7
6.6
6.5
6.5
6.4

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8

7.4
7.2
7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3

7.1
6.9
6.8
6.7
6.6
6.5
,6.4
6.3
6.3
6.2
6.1
6.1

Minimum Initial 45 < Assembly Average Burnup < 46 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 1BWR/4-6 f BWR/2-3 BWR/4-6 BWR/2.31 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 _<E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7_<E <2.9
2.9<E< 3.1
3.1 <E< 3.3
3.3•_ E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3<E <4.5
4.5 < E < 4.7
4.7_<E <4.9

E>4.9

7.7
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4

8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

6.7
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7

7.9
7.7
7.6
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.7
6.6

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

46 < Assembly Average Burnup <47 GWdlMTU
Minimum Coolinq Time (years)

BWR/2-3
7x7

BWR/4-6
7x7

BWRI2-3
B88

BWRI4-6
8x8

BWR/2-3
9X9

BWRI4-6
9X9

BWRI4-6
lOXlO

2.1 <E <2.3
2.3<E <2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 _<E<3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7<E <4.9

E>4.9

8.1
8.0
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8
6.8

8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9

8.4
8.2
8.0
7.8
7.7
7.6
7.5
7.4
7.2
7.2
7.1
7.0

6.1
6.0
5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.2
7.1
7.0
7.0
6.9

7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.7

Minimum Initial 47 < Assembly Average Burnup • 48 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 [BWRI2-3 BWR/4-6 BWR/2-3 F BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 j7x7 Wx8 8x8 9x9 9x9 10x10

2.1 < E < 2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7 _< E < 2.9
2.9<E <3.1
3.1 E <3.3
3.3•_ E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7< E < 4.9

E_ Ž4.9

8.7
8.4
8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1

9.5
9.2
9.0
8.8
8.7
8.5
8.3
8.2
8.1
8.0
7.9
7.8

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1

8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

6.4
6.3
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4

8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3

8.3
8.1
7.9
7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
7.0
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Table 5.8.9-7

Minimum initial
Assembly Avg.

Enrichment B'
wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)

48 < Assembly Average Burnup <49 GWd/MTU
Minimum Cooling Time (years)

WRI2-3
7x7

BWR/4-6
.7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
10x10

+ + + +

2.1 <E<2.3
2.3_<E <2.5
2.5< E<2.7
2.7_< E <2.9
2.9_<E<3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 •E <4.3
4.3 < E < 4.5
4.5<_E <4.7
4.7•_< E < 4.9

E>4.9

9.3
9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.8
7.7
7.6
7.5

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4
8.2

7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

9.5
9.2
9.0
8.8

8.6
8.5
8.3
8.2
8.0
8.0
7.9
7.8

6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6

9.3
9.0
8.9
8.7
8.5
8.3
8.2
8.1
7.9
7.9
7.8
7.7

8.8
8.7
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.4

Minimum Initial 49 < Assembly Average Burnup_< 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 1 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2.3 BWR/4-6 f BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1OxI1
2.1 <E< 2.3
2.3< E < 2.5
2,5:5 E < 2.7
2,7•< E < 2.9
2,95 E < 3.1
3,1 E <3.3
3,3•< E < 3.5
3,5 < E < 3.7
3.7 < E < 3.9
3,9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5:5 E < 4.7
4.7<E<4.9

E>4.9

9.6
9.4
9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9

10.6
10.3
10.0
9.8
9.6
9.5
9.3
9.1
9.0
8.9
8.8

8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.8
6.8

9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.3
8.2

6.9
6.7
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.9

9.7
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

50 < Assembly Average Burnup< 51 GWd/MTU
Minimum Cooling Time (years) • r

BWR/2-3
7x7

BWR/4-6
7x7

BWRI2-3
Wx

BWR/4-6
Wx

BWRI2-3
9X9

BWR/4-6
Mx

BWRI4-6
lOx1O

2.1 <E <2.3
2.3< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E <3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5 E <3.7
3.7<E <3.9
3.9<E <4.1
4.1 <E <4.3
4.3 <E< 4.5
4.5•< E < 4.7
4.7<E <4.9

E>4.9

10.4
10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.5
8.4

11.4
11.1
10.8
10.5
10.3
10.0
9.8
9.7
9.6
9.4
9.3

8.6
8.4
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1

10.6
10.3
10.0
9.7
9.5
9.4
9.2
9.0
8.9
8.8
8.7

7.2
7.0
6.9
6.8
6.6
6.6
6.5
6.3
6.3
6.2
6.1

10.3
10.0
9.8
9.6
9.4
9.2
9.1
8.9
8.8
8.7
8.6

9.7
9.6
9.3
9.0
8.9
8.8
8.6
8.5
8.4
8.2
8.1

Minimum Initial 51 < Assembly Average Burnup <52 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

'Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 _<E<2.3
2.3< E<2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9_<E <3.1
3.1 E < 3.3
3.3_E <3.5
3.5 _< E < 3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7 _< E < 4.9

E>4.9

11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
8.9

12.1
11.8
11.6
11.2
11.1
10.8
10.6
10.3
10.2
10.1
9.9

9.1
8.9
8.6
8.4
8.3
8.1
7.9
7.8
7.7
7.6
7.5

11.3
11.0
10.7
10.4
10.2
10.0
9.8
9.6
9.5
9.4
9.2

7.6
7.4
7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.5
6.4

11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.0

10.5
10.2
9.9
9.7
9.4
9.3
9.1
9.0
8.8
8.7
8.6
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

52 < Assembly Average Burnup < 53 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWRI4-6
7x7

BWRI2-3
8X8

BWRI4-6
8X8

BWRI2-3
9X9

BWR/4-6
9x9

BWRI4-6
lOx1O

2.1 _<E<2.3
2.3 _< E < 2.5
2.5:< E < 2.7
2.7•_ E < 2.9
2.9_<E <3.1
3.1 _<E <3.3
3.3!< E < 3.5
3.5:< E < 3.7
3.7•_< E < 3.9
3.9_<E <4.1
4.1 E < 4.3
4.3•< E < 4.5
4.5•_< E < 4.7
4.7 < E < 4.9

E_>4.9

11.9
11.5
11.2
11.0
10.7
10.4
10.2
10.0
9.8
9.7
9.5

13.0
12.7
12.4
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6

9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.2
8.1
8.0
7.9

12.0
11.7
11.4
11.1
10.9
10.7
10.5
10.3
10.1
10.0
9.8

8.0
7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.7

11.8
11.5
11.2
10.9
10.7
10.5
10.3
10.0
9.9
9.8
9.6

11.2
10.9
10.6
10.3
10.0
9.9
9.7
9.5
9.4
9.2
9.1

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x10

2.1 <E <2.3
2.3•_< E < 2.5
2.5 < E < 2.7
2.7:_< E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 _E <4.3
4.3 E < 4.5
4.5 < E < 4.7
4.7_< E <4.9

E>4.9

12.7
12.3
11.9
11.6
11.4
11.2
11.0
10.8
10.5
10.3
10.2

13.8
13.6
13.2
12.9
12.6
12.3
12.0
11.8
11.6
11.5
11.3

10.4
10.0
9.8
9.5
9.2
9.0
8.9
8.7
8.6
8.4
8.3

12.9
12.6
12.1
11.9
11.7
11.4
11.2
11.0
10.8
10.6
10.5

8.5
8.3
8.0
7.9
7.7
7.5
7.4
7.3
7.1
7.0
7.0

12.6
12.3
11.9
11.7
11.4
11.2
11.0
10.8
10.6
10.4
10.2

11.9
11.6
11.3
11.0
10.7
10.6
10.3
10.0
9.9
9.8
9.6
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Table 5.8.9-7

Minimum Initial
Assembly Avg.

Enrichment B'
Wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Coolinq Time (years)

UVRI2-3
7x7

BWRI4-6
7x7

BWR/2-3
8x8

BWRI4-6
Wx

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
10xl0

2.1 <E <2.3
2.3•< E <.2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7• E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3<E <4.5
4.5•< E < 4.7
4.7<E <4.9

E>4.9

13.2
12.8
12.5
12.2
11.9
11.6
11.5
11.2
11.1
10.9

14.4
14.1
13.7
13.4
13.2
12.8
12.7
12.4
12.2
12.0

10.7
10.4
10.0
9.9
9.7
9.4
9.3
9.0
8.9
8.8

13.4
13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.3
11.2

8.7
8.5
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.3

13.1
12.8
12.5
12.2
11.9
11.7
11.5
11.3
11.1
10.9

12.4
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.4
10.3

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 1 BWRI2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 Wx8 9x9 9x9 1OxIO
2.1 • E <2.3
2.3_< E <2.5
2.5•_< E < 2.7
2.7< E <2.9
2.9<E <3.1
3.1 _<E < 3.3
3.3•5 E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 E <4.3
4.3<E <4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

13.9
13.6
13.2
12.8
12.5
12.3
12.1
11.9
11.6
11.5

15.4
15.0
14.7
14.3
14.0
13.7
13.5
13.2
13.0
12.8

11.4
11.1
10.8
10.5
10.3
10.0
9.8
9.6
9.5
9.3

14.2
13.9
13.5
13.2
13.0
12.7
12.5
12.2
12.0
11.8

9.2
9.0
8.8
8.5
8.3
8.2
8.0
7.9
7.8
7.7

14.0
13.6
13.3
13.0
12.8
12.5
12.2
12.0
11.8
11.6

13.2
12.9
12.5
12.1
11.9
11.7
11.5
11.3
11.1
10.9
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWRI4-6
7x7

BWR/2-3
8X8

BWR/4-6
8x8

BWR/2-3
0\110

BWRI4-6 IBWR/4-6
9x9 10IO01;I A•TI

2.1 <E <2.3
2.3_<E <2.5
2.5 _< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 _<E <3.3
3.3•< E < 3.5
3.5•_ E < 3.7
3.7_<E <3.9
3.9< E<4.1
4.1 _< E < 4.3
4.3 < E < 4.5
4.5•< E < 4.7
4.7•_< E < 4.9

E_>4.9

4 4

14.8
14.5
14.1
13.7
13.5
13.2
12.9
12.7
12.4
12.2

16.3
16.0
15.6
15.2
14.9
14.6
14.3
14.1
13.9
13.7

12.2
11.8
11.5
11.3
11.0
10.7
10.5
10.3
10.0
9.9

15.2
14.8
14.4
14.1
13.8
13.5
13.3
13.0
12.8
12.6

9.8
9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.1
8.0

14.9
14.5
14.1
13.8
13.5
13.2
12.9
12.7
12.6
12.4

14.0
13.6
13.4
13.0
12.7
12.4
12.2
12.0
11.7
11.6

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Ti me (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 F BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1OX×O

2.1 _E <2.3
2.3 E < 2.5
2.5•_< E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 _<E<3.3
3.3:5 E < 3.5
3.5•5 E < 3.7
3.7:5 E < 3.9
3.9_<E <4.1
4.1 E <4.3
4.3:_< E < 4.5
4.5•_< E < 4.7
4.7:5 E < 4.9

E>4.9

15.7
15.3
15.0
14.6
14.3
13.9
13.7
13.5
13.2
12.9

17.3
17.0
16,5
16.1
15.9
15.5
15.2
15.0
14.7
14.5

13.0
12.6
12.3
11.9
11.6
11.4
11.2
10.9
10.7
10.5

16.1
15.7
15,3
15.0
14.6
14.3
14.1
13.9
13.7
13.4

10.5
10.1
9.8
9.6
9.3
9.1
8.9
8.8
8.6
8.5

15.9
15.4
15.1
14.7
14.4
14.0
13.9
13.6
13.3
13.1

14.9
14.5
14.2
13.8
13.5
13.3
13.0
12.7
12.5
12.3
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Table 5.8.9-7

Minimum Initial
Assembly Avg.

Enrichment B!
Wt % 2 35 U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)

58 < Assembly Average Burnup_< 59 GWdlMTU
Minimum Cooling Time (years)

N11/2-3
7X7

BWR/4-6
7x7

BWRI2-3
8X8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9X9

BWR/4-6
10x1O

2.1 < E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5<E <3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3<• E <4.5
4.5•< E < 4.7
4.7 < E < 4.9

E>4.9

16.7
16.2
15.8
15.5
15.2
14.9
14.6
14.3
14.0
13.8

18.3
17.9
17.5
17.1
16.8
16.5
16.2
15.9
15.6
15.4

13.8
13.4
13.1
12.7
12.4
12.0
11.8
11.6
111.4
11.2

17.1
16.6
16.3
15.9
15.6
15.3
15.0
14.7
14.4
14.2

11.1
10.8
10.4
10.2
9.9
9.7
9.4
9.3
9.0
8.9

16.8
16.3
16.0
15.6
15.3
15.0
14.7
14.4
14.2
14.0

15.8
15.4
15.0
14.6
14.4
14.0
13.7
13.5
13.3
13.1

Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR12-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 Wx Wx 9x9 9x9 10x10

2.1 <E<2.3
2.3<E <2.5
2.5•_< E < 2.7
2.7<E <2.9
2.9<E <3.1
3.1 _<E <3.3
3.3•< E < 3.5
3.5:5 E < 3.7
3.7:5 E < 3.9
3.9<E <4.1
4.1:5 E <4.3
4.3< E<4.5
4.5!_ E < 4.7
4.7< E <4.9

E>4.9

17.2
16.8
16.5
16.0
15.7
15.4
15.1
14.9
14.7

18.8
18.5
18.1
17.7
17.4
17.1
16.8
16.5
16.3

14.1
13.7
13.4
13.0
12.7
12.5
12.2
11.9
11.7

17.5
17.2
16.9
16.4
16.1
15.9
15.6
15.3
15.1

11.4
11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.4

17.3
17.0
16.5
16.2
15.9
15.6
15.3
15.1
14.8

16.4
15.9
15.5
15.2
14.9
14.6
14.4
14.0
13.8
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5.8.10 Axial Zoned Fuel/End Blanket Discussion

PWR and BWR fuel assemblies may contain axial zoned fuel (i.e., regions of lower or

unenriched fuel at the top and bottom of the fuel pellet stack). These blankets have the potential

of affecting overall source magnitudes, as sources are not constant as a function of initial

enrichment at a fixed bumup and end blankets would tend to shift the burnup profile toward the

fuel midplane. Minimum cool time tables are specified based on average assembly enrichment,

including the axial end blankets. This section provides justification that the average enrichment

represents a suitable value for zoned (end blanket) fuel to assure system safety and compliance

with regulatory requirements.

Of primary interest in this evaluation is the fuel gamma source magnitude because the source

magnitude, rather than profile, produces the cask overall surface radiation flux, which in turn is

responsible for site boundary and site occupational exposure (i.e., dose peaking on the cask

surface quickly diminishes as a function of distance from the cask surface; see dose profiles that

demonstrate a disappearance of dose peaks within 4 meters of the cask surface). Additional

focus is on the thermal heat load produced by the fuel assembly. Neutron source is not of a

significant concern to system performance as concrete cask (site) exposures are dominated by
gamma dose. Transfer cask operations are primarily accomplished while the system is flooded,

producing low neutron dose rates.

The zoned (axial end blanket) configurations represent the majority of BWR fuel assemblies

(e.g., typical BWR/4-6 class fuel assemblies contains 138 inches of enriched fuel pellets with 6-

inch top and bottom unenriched blankets) and are, therefore, explicitly accounted for in the axial

burnup profile used in the analysis. Axially zoned fuel assemblies are also implemented in some

PWRs. As the majority of the PWR profile data is based on nonzoned fuel, this section discusses

PWR assemblies in detail. The conclusion drawn from the PWR study (i.e., that there is no

significant effect on source due to blankets) is equally applicable to the BWR assemblies.

To demonstrate the overall effect of the end blankets on source magnitudes, SAS2H evaluations

are completed for 18 node profiles with end blankets ranging in size from 6 inches to 12 inches

(resulting in 12 to 24 inches of unenriched material in the 144-inch overall fuel region). The

initial evaluation set employs the fixed 1.08 peak profile defined in Section 5.3 and compares the

results of the 18 node analysis (one SAS2H run at each node-defined burnup) of assemblies with

and without axial end blankets, where the source without blanket is based on the average

assembly enrichment. To investigate the effect of profile changes, a zoned (axial end blanket)

profile was extracted from YAEC-1937 for a Westinghouse fuel assembly at a single plant
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(Millstone). The database for this plant contained information on both zoned and uniform

enriched assembly profiles. The zoned profile case was then processed through SAS2H in 18

nodes. Results for the 1.08 peak profile and zoned Millstone profiles were compared to the

baseline shielding source discussed in Sections 5.2 through 5.4.

The two evaluation sets are based on a 45 GWd/MTU burned assembly. The assembly is

evaluated with a blanket-length-dependent uniform (average) enrichment and with a 4.3 wt %
235U enriched center region and natural uranium blankets. This enrichment/burnup data set was

chosen as it represents the Millstone assemblies within the profile database. Resulting source

magnitudes for heat load, fuel gamma, and fuel neutron source are included in Table 5.8.10-1.

None of the evaluations demonstrate a significant change in source magnitude from the baseline

analysis applying a uniform enrichment.

Also evaluated was a source term comparison for Millstone assemblies with and without axial

blankets, each with its appropriate burnup profile. The results of this comparison are included in

Table 5.8.10-2. The change for the Millstone data from a uniform to a zoned profile, with its

higher peak, had no significant effect on source magnitudes.

Note that the burnup profile provided in the reference documentation is in 18 nodes (8 inches per

node), while a typical blanket is 6 inches, with blankets evaluated ranging up to 12 inches. This

approximation introduces a slight discrepancy in the results that is particularly noticeable on fuel

neutron source (which is significantly more affected by profile and enrichment changes than heat

load and gamma source) and accounts for some of the variation in trends seen in the neutron

source differential.
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Figure 5.8.10-1 Millstone Sample Axial Burnup Profiles
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Table 5.8.10-1 Zoned Fuel and Profile Effects on Source Magnitudes

Source Burnup Profile Zone (Blanket) Length
6-inch 8-inch 10-inch 12-inch

Heat 1.08 Peak 1.035E+03 1.039E+03 1.044E+03 1.048E+03

(W) 1.08 Peak 1.032E+03 1.035E+03 1.042E+03 1.049E+03

% Diff -0.2% -0.3% -0.2% 0.1%

Neutron 1.08 Peak 3.619E+08 3.796E+08 3.983E+08 4.181 E+08

(n/s) 1.08 Peak 3.535E+08 3.666E+08 3.962E+08 4.258E+08

% Diff -2.3% -3.4% -0.5% 1.8%

Gamma 1.08 Peak 5.536E+15 5.542E+15 5.548E+15 5.553E+15

(g0s) 1.08 Peak 5.533E+15 5.538E+15 5.545E+1 5 5.552E+1 5

% Diff -0.1% -0.1% 0.0% 0.0%

Heat 1.08 Peak 1.035E+03 1.039E+03 1.044E+03 1.048E+03

(W) Millstone - Zoned 1.038E+03 1.038E+03 1.046E+03 1.054E+03

% Diff 0.3% -0.1% 0.2% 0.5%

Neutron 1.08 Peak 3.619E+08 3.796E+08 3.983E+08 4.181E+08

(n/s) Millstone - Zoned 3.705E+08 3.715E+08 4.057E+08 4.398E+08
% Diff 2.4% -2.1% 1.9% 5.2%

Gamma

(gVs)

1.08 Peak

Millstone - Zoned

% Diff

5.536E+1 5

5.528E+1 5

-0.1%

5.542E+1 5

5.529E+1 5

-0.2%

5.548E+1 5

5.537E+1 5

-0.2%

5.553E+1 5

5.545E+15

-0.2%

Notes:

a.) Millstone bumup profile applied in the analysis is illustrated in Figure 5.8.10-1.

b.) Uniform (average) enrichment changes as a function of blanket length. Average

enrichments are 4.0 wt % 235U for 6-inch blankets, 3.9 wt % 235U for 8-inch blankets,

3.8 wt % 235U for 10-inch blankets, and 3.7 wt % 235U for the 12-inch blankets.
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Table 5.8.10-2 Millstone Zoned Fuel Effects on Source Magnitudes

Zone
(Blanket)

Source Burnup Profile Length
6-inch

Heat Millstone - Uniform 1.037E+03

(W) Millstone - Zoned 1.038E+03

% Diff 0.0%

Neutron Millstone - Uniform 31765E+08

(n/s) Millstone - Zoned 3.705E+08

% Diff -1.6%

Gamma

(g/s)

Millstone - Uniform

Millstone - Zoned

% Diff

5.531E+15

5.528E+15

-0.1%

Note: Millstone burnup profile applied in the analysis is illustrated in Figure 5.8.10-1.
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5.8.11 High Burnup Fuel Assembly Cool Time Adjustments

To account for potential uncertainties in the source generation abilities of SAS2H as related to

high burnup fuel, the system heat loads that serve as the basis for the minimum cool times

documented in Section 5.8.9 are adjusted by 5% and revised minimum cool times are generated.

5.8.11.1 PWR

Fuel assembly loading tables are generated for a cask heat load of 33.725 kW with preferential

(1.14 kW max) and uniform (911 W/assy) heat load patterns. Minimum cool times are

summarized for the uniform and preferential heat load patterns.

The three-zone preferential loading pattern is as follows.

Heat Load
[W/assy]Zone Description Designator # Assemblies

Inner Ring A 876 9

Middle Ring B 1,140 12

Outer Ring C 760 16

The sketch of the PWR basket and preferential loading pattern is shown in Figure 5.8.7-1.

Table 5.8.11-1 contains the minimum cool times for a uniform heat load. Table 5.8.11-2 through

Table 5.8.11-4 contain the minimum cool times for the preferential loading.

Decay heat associated with loading nonfuel components requires an increase in the minimum

fuel assembly cool time. Reductions in cask heat load did not change the incremental cool time

increase documented in Section 5.8.3.
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Table 5.8.11-1 Loading Table for PWR Fuel - 911 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

45 < Assembly Average Burnup < 46 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3<• E < 2.5
2.5:< E < 2.7
2.7:< E < 2.9
2.9<E <3.1
3.1 _<E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 •E<4.3
4.3!_ E < 4.5
4.5•<_ E < 4.7
4.7_< E<4.9

E_>4.9

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0

8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2

9.0
8.8
8.6
8.5
8.3
8.2
8.0
7.9
7.8
7.8
7.7
7.6

7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.7
6.6

8.6
8.4
8.2
8.1
8.0
7.8
7.7
7.7
7.6
7.5
7.4
7.3

8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.6
7.5
7.4
7.3
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Table 5.8.11-1 Loading Table for PWR Fuel - 911 W/Assembly (continued)

Minimum Initial 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3
2.3:_< E < 2.5
2.5•_< E < 2.7 - - - - - -

2.7•< E < 2.9 7.0 7.3 9.0 9.6 8.0 9.1 9.1
2.9•_< E < 3.1 6.9 7.1 8.8 9.4 7.9 8.9 8.9
3.1 _< E < 3.3 6.8 7.0 8.6 9.2 7.8 8.7 8.7
3.3 < E < 3.5 6.7 6.9 8.4 9.0 7.6 8.6 8.6
3.5 _< E < 3.7 6.6 6.8 8.3 8.8 7.5 8.4 8.4
3.7 _< E < 3.9 6.5 6.7 8.1 8.7 7.4 8.3 8.3
3.9 < E < 4.1 6.4 6.6 8.0 8.5 7.3 8.1 8.1
4.1 _ E < 4.3 6.3 6.5 7.9 8.4 7.2. 8.0 8.0
4.3 < E < 4.5 6.2 6.5 7.8 8.3 7.1 7.9 7.9
4.5 • E < 4.7 6.1 6.4 7.7 8.2 7.0 7.9 7.8
4.7 < E < 4.9 6.0 6.3 7.6 8.1 6.9 7.8 7.8

E _> 4.9 6.0 6.2 7.6 8.0 6.9 7.7 7.7
Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E <2.3
2.3<E<2.5
2.5<E<2.7 - - - - - - -

2.7 < E < 2.9 7.4 7.7 9.6 10.3 8.6 9.7 9.7
2.9 _< E < 3.1 7.2 7.6 9.4 10.0 8.4 9.5 9.5
3.1 _< E < 3.3 7.1 7.4 9.1 9.8 8.2 9.3 9.3
3.3 < E < 3.5 7.0 7.2 8.9 9.6 8.0 9.1 9.0
3.5 < E < 3.7 6.9 7.1 8.8 9.4 7.9 8.9 8.9
3.7 _< E < 3.9 6.7 7.0 8.6 9.2 7.8 8.8 8.7
3.9 _ E < 4.1 6.7 6.9 8.5 9.0 7.6 8.6 8.6
4.1 < E < 4.3 6.6 6.8 8.4 8.9 7.6 8.5 8.5
4.3 _< E < 4.5 6.5 6.7 8.2 8.8 7.4 8.4 8.4
4.5 _< E < 4.7 6.4 6.7 8.1 8.7 7.4 8.3 8.3
4.7 < E < 4.9 6.3 6.6 8.0 8.6 7.3 8.2 8.2

E _> 4.9 6.2 6.5 7.9 8.5 7.2 8.1 8.1
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Table 5.8.11-1 Loading Table for PWR Fuel - 911 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

48 < Assembly Average Burnup <49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 _< E <2.3
2.3:_< E < 2.5
2.5_< E <2.7
2.7•< E < 2.9
2.9•_< E < 3.1
3.1 <E < 3.3
3.3•< E < 3.5
3.5•_ E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3!< E < 4.5
4.5•< E < 4.7
4,7<E<4.9

E_>4.9

7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5

8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9
6.9
6.8

10.2
10.0
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.4

11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0

9.0
8.8
8.6
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.6

10.4
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7
8.6

10.4
10.1
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.7
8.6
8.5

Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE [WE J B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3<E <2.5
2.5•_ E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 < E < 3.3
3.3•_ E < 3.5
3.5•_< E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 <E< 4.3
4.3•< E < 4.5
4,5•< E < 4.7
4.7<E<4.9

E_>4.9

8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.9
6.8

8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0

10.7
10.4
10.1
9.9
9.7
9.5
9.4
9.2
9.1
9.0
8.9

11.6
11.3
11.0
10.8
10.5
10.3
10.1
9.9
9.8
9.6
9.5

9.4
9.1
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9

10.9
10.6
10.3
10.0
9.9
9.7
9.6
9.4
9.3
9.1
9.0

10.9
10.6
10.3
10.0
9.9
9.7
9.5
9.4
9.2
9.1
9.0
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Table 5.8.11-1 Loading Table for PWR Fuel - 911 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 2 3 5 U (E)

50 < Assembly Average Burnup_< 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9•< E < 3.1
3.1 E < 3.3
3.3 < E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9< E<4.1
4.1 <E< 4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

8.3
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.1
7.0
7.0

8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.6
7.5
7.4
7.3

11.5
11.2
10.9
10.6
10.4
10.1
10.0
9.8
9.7
9.5
9.4

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.6
10.5
10.3
10.1

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.3

11.6
11.3
11.1
10.8
10.6
10.4
10.2
10.0
9.8
9.7
9.6

11.6
11.3
11.1
10.8
10.6
10.4
10.1
10.0
9.8
9.7
9.6

Minimum Initial 51 < Assembly Average Burnup _ 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE 1 WE B&W
wt % 235U (E) 14x14 W 14xW4 15x 15x15 16x16 I 17x17 17x17
2.1 <E<2.3
2.3_<E <2.5
2.5:_< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7_<E <3.9
3.9_< E<4.1
4.1 _< E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7_<E<4.9

E>_4.9

8.8
8.5
8.3
8.1
8.0
7.9
7.7
7.6
7.5
7.4
7.3

9.3
9.0
8.8
8.6
8.5
8.3
8.1
8.0
7.9
7.8
7.7

12.2
11.9
11.6
11.4
11.1
10.9
10.7
10.5
10.3
10.1
10.0

13.0
12.6
12.3
11.9
11.7
11.5
11.3
11.1
11.0
10.8
10.6

10.7
10.4
10.1
9.9
9.7
9.5
9.3
9.2
9.0
8.9
8.8

12.4
12.1
11.8
11.6
11.3
11.1
10.9
10.7
10.5
10.3
10.2

12.4
12.0
11.8
11.5
11.3
11.1
10.9
10.7
10.5
10.3
10.2
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Table 5.8.11-1

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 911 W/Assembly (continued)

52 < Assembly Average Burnup!< 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 + F + I

2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7< E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 < E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 < E <4.3
4.3!< E < 4.5
4.5< E<4.7
4.7•< E < 4.9

E>4.9

9.3
9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7

9.8
9.6
9.3
9.1
9.0
8.8
8.6
8.5
8.3
8.2
8.1

12.8
12.4
12.1
11.8
11.5
11.3
11.1
10.9
10.7
10.6
10.4

13.8
13.5
13.2
12.8
12.6
12.3
12.0
11.8
11.7
11.5
11.3

11.4
11.2
10.9
10.6
10.3
10.1
9.9
9.7
9.6
9.4
9.3

13.3
1,3.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.1
10.9

13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.0
10.9

Minimum Initial 53 < Assembly Average Burnup <54 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x1 4x14 15x15 j 15x15 16x16 17x17 17x17

(

2.1 <E< 2.3
2.3_E <2.5
2.5<E<2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 E< 3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7 _< E < 3.9
3.9•< E < 4.1
4.1 <E <4.3
4.3•_< E < 4.5
4.5 <E<4.7
4.7<E<4.9

E>4.9

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0

10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.8

13.6
13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4
11.3
11.1

14.9
14.4
14.0
13.7
13.4
13.2
12.9
12.6
12.4
12.2
12.0

12.2
11.8
11.6
11.3
11.0
10.8
10.6
10.4
10.1
10.0
9.9

14.2
13.8
13.5
13.2
12.9
12.6
12.4
12.1
11.9
11.8
11.6

14.2
13.8
13.5
13.2
12.9
12.6
12.4
12.1
11.9
11.7
11.6
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Table 5.8.11-1 Loading Table for PWR Fuel - 911 W/Assembly (continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3•_< E < 2.5
2.5•_< E < 2.7 - -

2.7•< E < 2.9
2.9<E<3.1 - - - - - - -

3.1 _< E < 3.3 10.1 10.9 14.1 15.4 12.7 14.8 14.8
3.3•_< E < 3.5 9.9 10.6 13.8 15.0 12.3 14.4 14.4
3.5•_< E < 3.7 9.6 10.3 13.5 14.7 12.0 14.0 14.0
3.7• E <3.9 9.4 10.1 13.1 14.3 11.8 13.8 13.8
3.9 < E < 4.1 9.2 9.8 12.9 14.0 11.5 13.5 13.5
4.1 _<E<4.3 9.0 9.7 12.6 13.8 11.3 13.3 13.2
4.3<E <4.5 8.9 9.5 12.3 13.5 11.1 13.0 13.0
4.5•_< E < 4.7 8.7 9.3 12.1 13.3 10.9 12.8 12.7
4.7<E <4.9 8.6 9.1 11.9 13.1 10.7 12.6 12.5

E_>4.9 8.5 9.0 11.7 12.9 10.5 12.3 12.3
Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WET WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3_< E <2.5
2.5•_< E < 2.7
2.7_< E <2.9
2.9 _< E <3.1 - - - - - - -

3.1 < E <3.3 10.9 11.6 15.1 16.5 13.1 15.8 15.8
3.3_< E < 3.5 10.5 11.3 14.7 16.0 12.8 15.4 15.4
3.5_< E < 3.7 10.2 11.0 14.3 15.7 12.4 15.1 15.0
3.7 < E < 3.9 9.9 10.8 14.0 15.3 12.1 14.7 14.7
3.9<E <4.1 9.7 10.5 13.7 15.0 11.9 14.4 14.4
4.1 _E <4.3 9.5 10.2 13.4 14.7 11.7 14.1 14.1
4.3 E < 4.5 9.3 10.0 13.2 14.5 11.4 13.8 13.8
4.5 < E < 4.7 9.2 9.9 12.9 14.2 11.2 13.6 13.6
4.7_< E <4.9 9.0 9.7 12.7 13.9 11.1 13.4 13.4

E _> 4.9 8.9 9.5 12.5 13.8 10.9 13.2 13.2

NAC International 5.8.11-7



MAGNASTOR System

Docket No. 72-1031

June 2008

Revision 2

Table 5.8.11-1 Loading Table for PWR Fuel - 911 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

F -+ I F ± I +
2.1 <E <2.3
2.3<E<2.5
2.5<E <2.7
2.7•5 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7_< E <3.9
3.9_<E <4.1
4.1 _E<4.3
4.3_<E <4.5
4.5_< E <4.7
4.7_< E <4.9

E>4.9

11.5
11.2
10.9
10.6
10.3
10.1
9.9
9.7
9.5
9.4

12.3
12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.3
10.1

16.0
15.6
15.3
14.9
14.6
14.2
14.0
13.8
13.6
13.4

17.4
17.1
16.7
16.3
16.0
15.7
15.4
15.2
14.9
14.7

14.0
13.6
13.3
13.0
12.6
12.4
12.1
11.9
11.7
11.5

16.8
16.4
16.0
15.7
15.4
15.1
14.8
14.5
14.2
14.0

16.8
16.4
16.0
15.6
15.3
15.1
14.8
14.5
14.2
14.0

Minimum Initial 57 < Assembly Average Burnup •58 GWdlMTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WE B&W iCE 1WE B&W
wt% 235 U(E) 14x14 14x14 15x15 j 15x15 16x16 J17x17 17x17
2.1 <E <2.3
2.3_< E <2.5
2.5•< E < 2.7
2.7•_< E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E <4.5
4.5•_< E < 4.7
4.7<E <4.9

E_>4.9

12.2
11.9
11.6
11.3
11.0
10.7
10.5
10.3
10.0
9.9

13.2
12.8
12.4
12.1
11.9
11.6
11.4
11.2
10.9
10.8

17.0
16.7
16.2
15.9
15.6
15.3
15.0
14.7
14.4
14.2

18.5
18.1
17.7
17.3
17.0
16.7
16.4
16.1
15.8
15.6

14.9
14.5
14.1
13.8
13.5
13.2
12.9
12.7
12.4
12.2

17.8
17.4
17.0
16.7
16.3
16.0
15.7
15.5
15.2
15.0

17.7
17.4
17.0
16.6
16.3
16.0
15.7
15.4
15.2
14.9
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Table 5.8.11-1 Loading Table for PWR Fuel - 911 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
.17x17

2.1 <E <2.3
2.3< E <2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9_<E <3.1
3.1 _<E < 3.3
3.3:_< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9_<E <4.1
4.1 _< E <4.3
4.3_< E <4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>4.9

13.0
12.6
12.2
11.9
11.6
11.4
11.1
10.9
10.7
10.5

14.0
13.6
13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4

18.0
17.6
17.2
16.9
16.5
16.2
15.9
15.6
15.4
15.1

19.5
19.1
18.7
18.3
18.0
17.7
17.4
17.1
16.8
16.6

15.8
15.4
15.0
14.6
14.3
14.0
13.7
13.5
13.2
13.0

18.8
18.4
18.0
17.7
17.4
17.0
16.7
16.4
16.1
15.9

18.8
18.4
18.0
17.7
17.3
17.0
16.7
16.4
16.1
15.9

Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE 1 WE f B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7_< E <2,9
2.9<E<3.1
3.1 _< E< 3.3
3.3•_< E < 3.5
3.5 _< E < 3.7
3.7 _< E < 3.9
3.9•_< E < 4.1
4.1 < E <4.3
4.3<• E <4.5
4.5•_< E < 4.7
4,7!_ E < 4.9

E_>4.9

13.4
13.0
12.7
12.3•
12.0
11.8
11.6
11.3
11.2

14.4
14.1
13.7
13.4
13.1
12.8
12.6
12.3
12.1

18.6
18.2
17.8
17.5
17.1
16.8
16.5
16.2
16.0

20.1
19.7
19.4
19.0
18.7
18.4
18.0
17.8
17.6

16.3
15.9
15.5
15.2
14.9
14.6
14.3
14.0
13.8

19.0
18.6
18.2
17.9
17.5
17.2
16.9
16.6
16.4

19.0
18.5
18.1
17.8
17.5
17.2
16.9
16.6
16.3
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

45 < Assembly Average Burnup < 46 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

4 4 4- 4 4 t t

2.1 <E <2.3
2.3<E<2.5
2.5< E<2.7
2.7_<E<2.9
2.9<E< 3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5!5 E < 3.7
3.7:- E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3•_< E < 4.5
4.5•< E < 4.7
4.7!_ E < 4.9

E>4.9

5.0
5.0
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4

5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.4

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.4
5.4
5.3
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly (continued)

Minimum Initial 46 < Assembly Average Burnup <47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt%235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E<2.3
2.3<E <2.5
2.5•< E < 2.7 - - - - - -

2,7 _< E < 2.9 5.2 5.4 6.2 6.5 5.8 6.3 6.3
2.9•< E < 3.1 5.1 5.3 6.1 6.4 5.7 6.2 6.2
3.1 _ E < 3.3 5.0 5.2 6.0 6.2 5.6 6.1 6.1
3.3 • E < 3.5 5.0 5.1 5.9 6.1 5.6 6.0 6.0
3.5 < E < 3.7 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.7 < E < 3.9 4.8 5.0 5.8 6.0 5.4 5.9 5.9
3.9 < E < 4.1 4.8 4.9 5.7 5.9 5.3 5.8 5.8
4.1 _< E < 4.3 4.7 4.8 5.6 5.8 5.3 5.8 5.7
4.3 < E < 4.5 4.7 4.8 5.6 5.8 5.2 5.7 5.7
4.5 < E < 4.7 4.6 4.7 5.5 5.7 5.2 5.6 5.6
4.7 < E < 4.9 4.6 4.7 5.5 5.7 5.1 5.6 5.6

E _ 4.9 4.5 4.7 5.4 5.6 5.0 5.5 5.5
Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years_,)

Enrichment CE WE WE B&W CE WE 1 B&W
wt% 235U(E) 14x14 14x14 ý 15x15 [ 15x15 [ 16x16 17x17 17x17
2.1:5 E <2.3 - -

2.3_<E <2.5
2.5:5 E < 2.7 - - - - - -

2.7 _< E < 2.9 5.4 5.6 6.5 6.8 6.0 6.6 6.6
2.9 < E < 3.1 5.3 5.5 6.4 6.6 5.9 6.5 6.5
3.1 _< E < 3.3 5.2 5.4 6.2 6.5 5.8 6.4 6.4
3.3 _< E < 3.5 5.1 5.3 6.1 6.4 5.8 6.2 6.2
3.5 _ E < 3.7 5.0 5.2 6.0 6.3 5.7 6.2 6.1
3.7 < E < 3.9 5.0 5.1 5.9 6.2 5.6 6.0 6.0
3.9 < E < 4.1 4.9 5.0 5.9 6.1 5.5 6.0 6.0
4.1 _< E < 4.3 4.9 5.0 5.8 6.0 5.5 5.9 5.9
4.3 _< E < 4.5 4.8 4.9 5.8 6.0 5.4 5.9 5.9
4.5 < E < 4.7 4.8 4.9 5.7 5.9 5.3 5.8 5.8
4.7 < E < 4.9 4.7 4.9 5.7 5.8 5.3 5.8 5.8

E > 4.9 4.7 4.8 5.6 5.8 5.2 5.7 5.7
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

48 < Assembly Average Burnup <49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 _<E<3.3
3.3<E<3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E< 4.3
4.3<E<4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.8
4.8

5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9

6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5

5.5
5.4

6.9
6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9

6.9
6.7
6.6

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3 < E < 2.5
2.5_<E <2.7
2.7 < E < 2.9
2.9•_< E < 3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9 _< E < 4.1
4.1 < E <4.3
4.3 < E < 4.5
4.5•< E < 4.7
4.7 < E < 4.9

E>4.9

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.0
5.0
4.9

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

50 < Assembly Average Burnup_< 51 GWd/MTU
Minimum Coolinq Time (years)

_ - r~r

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5<E <3.7
3.7:5 E < 3.9
3.9<E <4.1
4.1 < E <4.3
4.3:5 E < 4.5
4.5 <E<4.7
4.7 < E < 4.9

E>4.9

5.8
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.2

7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.4
6.4
6.3
.6.2

7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5

6.7
6.6
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8

7.4
7.2
7.1
6.9
6.9

6.8
6.7
6.6
6.5
6.4
6.4

7.4
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.4
6.3

Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE WE T WE 1 B&W 1 CE WE [ B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9•< E < 3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 < E <4.3
4.3:s E < 4.5
4.5 _< E < 4.7
4.7_< E <4.9

E>4.9

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.4
5.4
5.3
5.2

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.4

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6

7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

52 < Assembly Average Burnup•< 53 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9<E<3,1
3.1 _E<3.3
3.3< E<3.5
3.5•_< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•_< E < 4.5
4.5 < E < 4.7
4.7_<E<4.9

E >4.9

6.3
6.2
6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4

6.5
6.4
6.3
6.1
6.1
6.0
5.9
5.8
5.7
5.7
5.6

7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6

8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9

7.3
7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.4
6.3
6.2

8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9
6.9

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.9

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7_< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5:_< E < 3.7
3.7<E<3.9
3.9_<E <4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7•5 E < 4.9

E_>4.9

6.6
6.4
6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.9

8.3
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9

8.8
8.6
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

8.6
8.3
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.2
7.1

8.6
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.3
7.2
7.1
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9•< E < 3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5:< E < 3.7
3.7_<E <3.9
3.9<E<4.1
4.1 _<E <4.3
4.3 _< E < 4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>4.9

6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8

6.9
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0

8.5
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2

9.0
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6

7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
6.7

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

Minimum Initial 55 < Assembly Average Burnup•< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE - B&W
wt% 235U(E) 14x14 j 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E<2.3
2.3_<E <2.5
2.5_<E <2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 _<E < 3.3
3.3•< E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<_E<4.1
4.1 _<E<4.3
4.3_<E <4.5
4.5 < E < 4.7
4.7_<E <4.9

E>4.9

6.9
6.8
6.7
6.6
6.4
6.3
6.2
6.1
6.0
6.0

7.3
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

8.9
8.7
8.5

8.3
8.1
8.0
7.9
7.7
7.6
7.5

9.6
9.3
9.1
8.9
8.7
8.5
8.4
8.2
8.1
8.0

8.0
7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

9.3
9.0
8.8
8.7
8.5
8.3
8.2
8.0
7.9
7.8

9.3
9.0
8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 3 5 U (E)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x'15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3<E<2.5
2.5_<E<2.7
2.7_< E <2.9
2.9 < E < 3.1
3.1 _<E<3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3•_<E < 4.5
4.5•< E < 4.7
4.7_<E<4.9

E>4.9

7.3
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5

9.4
9.2
9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.8

10.1
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.3
7.2
7.1

9.8
9.6
9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2

9.8
9.6
9.3
9.1
8.9
8.8
8.6
8.4
8.3
8.2

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 4x14 15x 15x15 16x16 17x17 17x17

2.1 < E <2.3
2.3•_< E < 2.5
2.5 _< E < 2.7
2.7_<E <2.9
2.9<E<3.1
3.1 <E< 3.3
3.3<E<3.5
3.5:_ E < 3.7
3.7_< E <3.9
3.9:_< E < 4.1
4.1 _E< 4.3
4.3_< E <4.5
4.5 <E<4.7
4.7•< E < 4.9

E>4.9

7.6
7.4
7.2
7.1
6.9
6.8
6.7
6.6
6.5
6.4

8.0
7.8
7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7

10.0
9.7
9.5
9.3
9.0
8.8
8.7
8.5
8.4
8.2

10.8
10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8

8.9
8.7
8.4
8.2
8.1
7.9
7.8
7.7
7.5
7.4

10.5
10.2
9.9
9.7
9.5
9.2
9.0
8.9
8.7
8.6

10.4
10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.7
8.6
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Table 5.8.11-2 Loading Table for PWR Fuel - 1140 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

58 < Assembly Average Burnup _ 59 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5 :5; E < 2.7
2.7_< E <2.9
2.9<E <3.1
3.1 •E <3.3
3.3<E <3.5
3.5 • E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1< E <4.3
4.3:5E <4.5
.4.5• E <4.7
4.7_< E <4.9

E_>4.9

4- -4 4 4I

7.9
7.8
7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7

8.4
8.2
8.0
7.8
7.6
7.5
7.3
7.2
7.1
7.0

10.7
10.3

10.0
9.8
9.5
9.3
9.1
8.9
8.8
8.7

11.5
11.2
10.9
10.6
10.3
10.0
9.8
9.6
9.5
9.3

9.4
9.1
8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8

11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.0

11.1

10.8
10.5
10.2
9.9
9.7
9.5
9.4
9.2
9.0

Minimum Initial 59 < Assembly Average Burnup _ 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 j 15x15 16x16 17x17 17x17
2.1 E < 2.3
2.3_: E <2.5
2.5•< E < 2.7
2.7_<E <2.9
2.9< E <3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5:_< E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3<_E<4.5
4.5 _< E < 4.7
4.7_<E <4.9

E>4.9

8.1
7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9

8.6
8.4
8.2
8.0
7.8
7.7
7.6
7.4
7.3

11.0
10.7
10.3
10.1
9.8
9.6
9.4
9.2
9.1

11.8
11.5
11.2
11.0
10.7
10.4
10.2
10.0
9.8

9.6
9.4
9.1
8.9
8.7
8.5
8.4
8.2
8.1

11.2
10.9
10.6
10.3
10.0
9.8
9.7
9.5
9.3

11.2
10.8
10.5
10.3
10.0
9.8
9.6
9.4
9.3
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

45 < Assembly Average Burnup < 46 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E < 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7_<E <3.9
3.9<E <4.1
4.1 <E <4.3
4.3<E<4.5
4.5<E<4.7
4.7_<E <4.9

E_>4.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7

9.8
9.6
9.4
9.1
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2

8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.2
7.1
7.0

9.3
9.1
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9

9.3
9.0
8.9
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly (continued)

Minimum Initial 46 < Assembly Average Burnup • 47 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3E< E < 2.5
2.5•E<2.7 - - - - - -

2.7 _< E < 2.9 7.5 7.8 9.8 10.5 8.7 9.9 9.9
2.9•< E < 3.1 7.4 7.7 9.6 10.3 8.5 9.7 9.7
3.1 < E < 3.3 7.2 7.5 9.3 10.0 8.3 9.5 9.5
3.3•_< E < 3.5 7.1 7.4 9.1 9.8 8.1 9.3 9.3
3.5 < E < 3.7 7.0 7.2 9.0 9.6 8.0 9.1 9.1
3.7 < E < 3.9 6.9 7.1 8.8 9.4 7.9 9.0 8.9
3.9 _< E < 4.1 6.8 7.0 8.7 9.3 7.8 8.8 8.8
4.1 _< E < 4.3 6.7 6.9 8.6 9.1 7.7 8.7 .8.7
4.3 < E < 4.5 6.6 6.9 8.4 9.0 7.6 8.6 8.6
4.5 < E < 4.7 6.5 6.8 8.3 8.9 7.5 8.5 8.5
4.7 < E < 4.9 6.5 6.7 8.2 8.8 7.5 8.4 8.4

E > 4.9 6.4 6.7 8.1 8.7 7.4 8.3 8.3
Minimum Initial 47 < Assembly Average Burnup __ 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W I CE WE T B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2,3 E <
2.3E<2 E < 2.5
2.5:5 E < 2.7 - - - -

2.7:5 E < 2.9 7.9 8.3 10.5 11.3 9.2 10.7 10.6
2.9<E<3.1 7.7 8.1 10.2 11.1 9.0 10.4 10.3
3.1 _< E < 3.3 7.6 7.9 10.0 10.8 8.8 10.1 10.1
3.3 <5E < 3.5 7.4 7.8 9.7 10.5 8.7 9.9 9.9
3.5 _< E < 3.7 7.3 7.6 9.6 10.3 8.5 9.7 9.7
3.7 < E < 3.9 7.2 7.5 9.4 10.1 8.4 9.5 9.5
3.9 _ E < 4.1 7.0 7.4 9.2 9.9 8.2 9.4 9.4
4.1 < E < 4.3 7.0 7.3 9.0 9.7 8.1 9.2 9.2
4.3 : E < 4.5 6.9 7.2 8.9 9.6 8.0 9.1 9.1
4.5 _< E < 4.7 6.8 7.1 8.8 9.5 7.9 9.0 9.0
4.7 < E < 4.9 6.7 7.0 8.7 9.4 7.8 8.9 8.9

E _> 4.9 6.7 6.9 8.6 9.2 7.7 8.8 8.8
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly (continued)

/

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

48 < Assembly Average Burnup <49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ H + + F F F

2.1 _<E <2.3
2.3 <E<2.5
2.5•_< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5< E<4.7
4.7•< E < 4.9

E>4.9

8.4
8.2
8.0
7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
6.9

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3

11.3
11.0
10.7
10.4
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1

12.1
11.8
11.6
11.3
11.1
10.8
10.6
10.4
10.3
10.1
10.0
9.8

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1

11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6
9.4
9.3

11.4
11.1
10.8
10.6
10.4
10.1
9.9
9.8
9.7
9.5
9.4
9.3

Minimum Initial 49 < Assembly Average Burnup•< 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

,Enrichment CE WE 1 WE B&W CE WE B&W
Wt% 2 35U(E) 14x14 14x14 I 15x15 15x15 16x16 17x17 17x17

2.1 <E <2.3
2.3<E <2.5
2.5 _E<2.7
2.7!< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 < E < 3.7
3.7:_< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

8.7
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3

8.9
8.7
8.5
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.6

11.8

11.5
11.2
11.0
10.7
10.5
10.3
10.1
9.9
9.8
9.7

12.7
12.4
12.1
11.8
11.6
11.4
11.2
11.0
10.9
10.7
10.5

10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

11.9

11.7
11.4
11.2
10.9
10.7
10.5
10.4
10.2
10.0
9.9

11.6
11.4
11.1
10.9
10.7
10.5
10.3
10.1
10.0
9.9
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

50 < Assembly Average Burnup•< 51 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x1 6

WE
17x1 7

B&W
17x17

2.1 E <2.3
2.3 ! E < 2.5
2.5 ! E < 2.7
2.7 ! E < 2.9
2.9sE< 3.1
3.1 •E <3.3
3.3 E < 3.5
3.5 !ý E < 3.7
3.7 _< E < 3.9
3.9_E <4.1
4.1 •E <4.3
4.3<E <4.5
4.5 !< E < 4.7
4.7!• E < 4.9

E_>4.9

8.9
8.7
8.5
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

9.5
9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9

12.6
12.2
11.9
11.7
11.5
11.2
11.0
10.9
10.7
10.5
10.4

13.7
13.3
13.0
12.7
12.4
12.2
11.9
11.8
11.6
11.4
11.3

11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1

12.8
12.5
12.1
11.9
11.7
11.5
11.3
11.1
10.9
10.8
10.6

12.8
12.4
12.1
11.9
11.6
11.4
11.2
11.0
10.9
10.7
10.6

Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3 < E < 2.5
2.5 _< E < 2.7
2.7<E<2.9
2.9_< E <3.1
3.1 •< E < 3.3
3.3 •< E < 3.5
3.5 < E < 3.7
3.7 E < 3.9
3.9<E <4.1
4.1 EE< 4.3
4.3 E < 4.5
4.5 E < 4.7
4.7•_< E < 4.9

E_>4.9

9.5
9.2
9.0
8.8
8.7
8.5
8.3
8.2
8.1
8.0
7.9

10.1
9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.3

13.5
13.2
12.8
12.5
12.2
12.0
11.8
11 6
11.4
11.2
11.1

14.3
13.9
13.6
13.3
13.0
12.8
12.5
12.3
12.1
11.9
11.8

11.7
11.5
11.2
10.9
10.7
10.4
10.2
10.0
9.9
9.8
9.6

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6
11.5
11.3

13.7
13.4
13.0
12.7
12.4
12.2
11.9
11.8
11.6
11.5
11.3
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

52 < Assembly Average Burnup < 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3•_< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9•_< E < 3.1
3.1 _<E <3.3
3.3_< E <3.5
3.5 _< E < 3.7
3.7 < E < 3.9
3.9_<E <4.1
4.1 < E < 4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7:5 E < 4.9

E>4.9

10.1
9.8
9.6
9.3
9.1
8.9
8.8
8.7
8.5
8.4
8.3

10.9
10.5
10.2
10.0
9.9
9.6
9.4
9.2
9.0
8.9
8.8

14.0
13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.7
11.5

15.3
14.9
14.6
14.2
13.9
13.7
13.4
13.2
13.0
12.8
12.6

12.6
12.2
11.9
11.6
11.4
11.2
11.0
10.8
10.6
10.4
10.2

14.7
14.3
14.0
13.7
13.4
13.1
12.9
12.6
12.4
12.2
12.0

14.7
14.3
13.9
13.6
13.3
13.1
12.8
12.6
12.4
12.2
12.0

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)_

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3<E<2Z5
2.5•_< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7•5 E < 3.9
3.9_< E <4.1
4.1 < E < 4.3
4.3_< E <4.5
4.5_<E <4.7
4.7<E <4.9

E>4.9

10.8
10.5
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7

11.6
11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.5
9.6

15.1
14.6
14.2
13.9
13.6
13.4
13.1
12.9
12.6
12.4
12.2

16.4
15.9
15.6
15.2
14.9
14.6
14.3
14.0
13.8
13.6
13.4

13.5
13.1
12.7
12.4
12.1
11.9
11.7
11.5
11,3
11.1
10.9

15.7
15.3
14.9
14.6
14.3
14.0
13.7
13.5
13.3
13.1
12.9

15.6
15.3
14.9
14.6
14.2
14.0
13.7
13.5
13.3
13.1
12.9
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly (continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E < 2.3 - - ....

2.3 _< E < 2.5 - -

2.5 _<E<2.7 - -

2.7•_< E < 2.9 - -

2.9 _<E<3.1 - - - - - -

3.1 <E <3.3 11.2 12.0 15.6 17.0 13.9 16.3 16.3
3.3•< E < 3.5 10.9 11.7 15.2 16.6 13.6 15.9 15.9
3.5•_< E < 3.7 10.6 11.4 14.9 16.2 13.3 15.6 15.6
3.7<E <3.9 10.3 11.2 14.5 15.9 13.0 15.3 15.3
3.9 < E < 4.1 10.0 10.9 14.2 15.6 12.7 15.0 14.9
4.1 < E < 4.3 9.9 10.7 13.9 15.3 12.4 14.7 14.6
4.3 E < 4.5 9.7 10.5 13.7 15.1 12.2 14.4 14.4
4.5_< E <4.7 9.5 10.2 13.5 14.8 12.0 14.1 14.1
4.7 < E < 4.9 9.3 10.0 13.3 14.6 11.8 13.9 13.9

E_>4.9 9.2 9.9 13.1 14.3 11.6 13.8 13.7
Minimum Initial 55 < Assembly Average Burnup_< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE WE 1 WE [B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 L15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3•_< E < 2.5
2.5 _< E < 2.7
2.7< E <2.9
2.9_<E<3.1
3.1 <E <3.3 11.9 12.8 16.6 18.1 14.5 17.4 17.3
3.3_<E <3.5 11.5 12.5 16.2 17.6 14.1 17.0 16.9
3.5_<E <3.7 11.3 12.1 15.8 17.3 13.7 16.6 16.6
3.7_<E < 3.9 11.0 11.8 15.5 17.0 13.4 16.3 16.2
3.9<E<4.1 10.7 11.6 15.2 16.6 13.2 15.9 15.9
4.1 < E <4.3 10.5 11.3 14.9 16.3 12.9 15.7 15.6
4.3:5 E<4.5 10.2 11.1 14.6 16.0 12.6 15.4 15.3
4.5•5 E < 4.7 10.0 10.9 14.3 15.8 12.4 15.2 15.1
4.7•_< E < 4.9 9.9 10.7 14.1 15.6 12.2 14.9 14.9

E _> 4.9 9.7 10.5 13.9 15.3 12.0 14.7 14.6
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x1 7

-± r I F +

2.1 <E <2.3
2.3<E<2.5
2.5 _ E < 2.7
2.7•_< E < 2.9
2.9•< E < 3.1
3.1 < E <3.3
3.3_< E <3.5
3.5•_< E < 3.7
3.7•E<3.9
3.9_<E <4.1
4.1 •E<4.3
4.3<• E <4.5
4.5:_ E < 4.7
4.7•_ E < 4.9

E_>4.9

12.6
12.3
11.9
11.7
11.4
11.2
10.9
10.7
10.5
10.3

13.6
13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2

17.6
17.2
16.8
16.5
16.1
15.8
15.5
15.3
15.1
14.8

19.1
18.7
18.4
18.0
17.7
17.4
17.1
16.8
16.6
16.3

15.5
15.0
14.6
14.3
14.0
13.7
13.5
13.2
13.0
12.8

18.4
18.0
17.7
17.3
17.0
16.7
16.4
16.1
15.8
15.7

18.4
18.0
17.6
17.3
17.0
16.7
16.4
16.1
15.8
15.6

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 1 5x15 15>15 6x16 17x17 j 17x17
2.1 _< E<2.3
2.3•< E < 2.5
2.5_< E <2.7
2.7_<E<2.9
2.9_<E <3.1
3.1 _<E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 •< E<4.3
4.3< E <4.5
4.5 < E < 4.7
4.7•5 E < 4.9

E>4.9

13.5
13.1
12.7
12.4
12.1
11.8
11.6
11.4
11.1
11.0

14.5
14.1
13.8
13.4
13.1
12.9
12.6
12.3
12.1
11.9

18.7
18.3
17.9
17.5
17.2
16.9
16.5
16.3
16.0
15.8

20.1
19.8
19.4
19.0
18.7
18.4
18.1
17.8
17.5
17.3

16.4
15.9
15.6
15.3
14.9
14.6
14.3
14.0
13.8
13.6

19.5
19.1
18.7
18.4
18.0
17.7
17.4
17.2
16.9
16.7

19.4
19.0
18.7
18.3
18.0
17.7
17.4
17.1
16.8
16.6
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Table 5.8.11-3 Loading Table for PWR Fuel - 876 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x!6

WE
17x17

B&W
17x17

2.1 _< E < 2.3
2.3<E <2.5
2.5 •< E < 2.7
2.7_< E <2.9
2.9•<E<3.1
3.1 E < 3.3
3.3<E <3.5
3.5 < E < 3.7
3.7_<E <3.9
3.9<E <4.1
4.1 _<E<4.3
4.3_<E <4.5
4.5•_ E < 4.7
4.7<E<4.9

E >_4.9

14.3
13.9
13.5
13.2
12.9
12.6
12.2
12.0
11.8
11.6

15.4
15.0
14.7
14.3
14.0
13.7
13.4
13.1
12.9
12.7

19.7
19.3
18.9
18.5
18.2
17.8
17.6
17.3
17.0
16.8

21.2
20.8
20.4
20.1
19.7
19.4
19.1
18.9
18.6
18.4

17.4
16.9
16.6
16.1
15.8
15.5
15.2
14.9
14.7
14.5

20.5
20.1
19.8
19.4
19.1
18.8
18.4
18.2
17.9
17.6

20.5
20.1
19.7
19.4
19.0
18.7
18.4
18.1
17.8
17.6

Minimum Initial 59 < Assembly Average Burnup •60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE 1 WE 1 B&W 1 CE 1WE1 B&W
wt % 2 35U (E) 14x14 14x14 I 15x15 I 15x15 I 16x16 17x17 I 17x17
2.1 <E <2.3
2.3•_< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9_<E <3.1
3.1 <E<3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 < E < 3.9
3.9_E <4.1
4.1 _E< 4.3
4.3•_< E < 4.5
4.5 _< E < 4.7
4.7<E<4.9

E_>4.9

14.7
14.3
13.9
13.6
13.3
13.1
12.8
12.5
12.3

15.9
15.6
15.2
14.9
14.5
14.2
13.9
13.7
13.5

20.2
19.9
19.5
19.2
18.8
18.5
18.2
18.0
17.7

21.9
21.5
21.1
20.8
20.5
20.2
19.9
19.6
19.4

17.9
17.5
17.1
16.8
16.4
16.1
15.8
15.6
15.4

20.7
20.3
19.9
19.6
19.3
18.9
18.7
18.4
18.2

20.6
20.2
19.9
19.5
19.2
18.9
18.6
18.3
18.1
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

45 < Assembly Average Burnup < 46 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E <2.5
2.5<E <2.7
2.7< E <2.9
2.9•_< E < 3.1
3.1 < E <3.3
3.3:5 E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1:5 E <4.3
4.3<E<4.5
4.5•5 E < 4.7
4.7<E<4.9

E>4.9

9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.9
7.8

9.8
9.6
9.4
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.3
8.2

12.8
12.5
12.1
11.9
11.8
11.6
11.4
11.2
11.1
10.9
10.8
10.7

13.9
13.6
13.3
13.0
12.8
12.5
12.3
12.2
12.0
11.9
11.7
11.6

11.2
10.9
10.6
10.4
10.2
10.0
9.9
9.7
9.6
9.5
9.4
9.3

13.0
12.7
12.4
12.1
11.9
11.8
11.6
11.4
11.3
11.2
11.0
10.9

13.0
12.7
12.4
12.1
11.9
11.7
11.5
11.4
11.3
11.1
11.0
10.9
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

46 < Assembly Average Burnup < 47 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E <2.5
2.5•__ E < 2.7
2.7<E <2.9
2.9<E< 3.1
3.1 •E <3.3
3.3•_< E < 3.5
3.5.< E < 3.7
3.7<E <3.9
3.9<E <4.1
4.1 <E <4.3
4.3 5 E < 4.5
4.5•5 E < 4.7
4.7 5 E < 4.9

E>4.9

9.9
9.7
9.4
9.2
9.0
8.9
8.8
8.6
8.5
8.4
8.3
8.2

10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7

13.8
13.5
13.2
12.9
12.7
12.4
12.2
12.0
11.8
11.7
11.6
11.5

15.0
14.7
14.4
14.0
13.8
13.6
13.4
13.2
13.0
12.8
12.7
12.5

12.0
11.7
11.4
11.2
11.0
10.8
10.6
10.4
10.3
10.1
10.0
9.9

13.9
13.7
13.4
13.1
12.9
12.6
12.5
12.2
12.1
11.9
11.8
11.7

13.9
13.7
13.4
13.1
12.8
12.6
12.4
12.2
12.0
11.9
11.8
11.7

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3_<E <2.5
2.5 _< E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 _< E <3.3
3.3:_< E < 3.5
3.5•_< E < 3.7
3.7 __ E < 3.9
3.9<E <4.1
4.1 _E <4.3
4.3 E < 4.5
4.5_<E <4.7
4.7_< E <4.9

E >4.9

10.6
10.4
10.0
9.9
9.6
9.5
9.3
9.1
9.0
8.9
8.8
8.7

11.4
11.1
10.8
10.5
10.3
10.1
9.9
9.8
9.6
9.5
9.3
9.2

14.9
14.5
14.1
13.9
13.6
13.4
13.2
13.0
12.8
12.6
12.4
12.3

16.1
15.8
15.5
15.2
14.9
14.6
14.4
14.1
14.0
13.8
13.6
13.5

12.9
12.5
12.2
12.0
11.8
11.6
11.4
11.2
11.1
10.9
10.8
10.7

15.1
14.7
14.4
14.1
13.8
13.6
13.4
13.2
13.0
12.9
12.7
12.5

15.1
14.7
14.4
14.0
13,8
13.6
13.4
13.2
13.0
12.8
12.7
12.5
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

48 < Assembly Average Burnup _< 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 1 4 +

2.1 <E <2.3
2.3<E <2.5
2.5 < E < 2.7
2.7_<E<2.9
2.9<E <3.1
3.1 _<E<3.3
3.3•_< E < 3.5
3.5•< E < 3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<5 E <4.5
4.5<E <4.7
4.7<E <4.9

E_>4.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.7
9.6
9.5

9.3
9.2

12.2
11.8
11.6
11.3
11.1
10.9
10.7
10.4
10.2
10.1
9.9
9.8

16.0
15.6
15.3
14.9
14.7
14.4
14.1
13.9
13.7
13.5
13.4
13.2

17.3
17.0
16.6
16.3
16.0
15.7
15.5
15.2
15.0
14.9
14.6
14.5

13.9
13.5
13.2
12.9
12.7
12.4
12.1
12.0
11.8
11.7
11.5
11.4

16.2
15.8
15.5
15.2
14.9
14.6
14.4
14.1
13.9
13.8
13.6
13.5

16.2
15.8
15.5
15.2
14.9
14.6

14.4
14.1
13.9
13.8
13.6
13.5

Minimum Initial 49 < Assembly Average Burnup _ 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE 1 WE B&W CE WE B&W
wt% 235U(E) 14x14 j 14x14 I 15x15 15x15 16x16 17x17 17x17
2.1 •E<2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7:5 E < 2.9
2.9•< E < 3.1
3.1 E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•_ E < 3.9
3.9•< E <4.1
4.1 < E<4.3
4.3:5 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E_>4.9

11.9
11.6
11.3
11.1
10.8
10.6
10.4
10.2
10.1
9.9
9.8

12.4
12.1
11.8
11.6
11.4
11.2
11.0
10.8
10.6
10.5
10.3

16.8
16.4
16.0
15.7
15.5
15.2
14.9
14.7
14.5
14.3
14.1

18.2
17.8
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.7
15.5

14.5
14.1
13.8
13.6
13.3
13.1
12.9
12.7
12.5
12.3
12.2

17.0
16.6
16.3
16.0
15.7
15.5
15.3
15.0
14.9
14.6
14.5

17.0
16.6
16.2
16.0
15.7
15.5
15.2
15.0
14.8
14.6
14.5
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235 U (E)

50 < Assembly Average Burnup < 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x1 7

B&W
17x17

2.1 _< E < 2.3
2.3<E <2.5
2.5_< E <2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 _<E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9< E <4.1
4.1 <E <4.3
4.3 < E <4.5
4.5:5 E < 4.7
4.7•_< E < 4.9

E_>4.9

12.4
12.1
11.8
11.5
11.3
11.1
10.9
10.7
10.5
10.4
10.2

13.4
13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.4
11.2
11.1

17.8
17.5
17.2
16.8
16.5
16.2
16.0
15.8
15.5
15.3
15.2

19.3
19.0
18.7
18.3
18.0
17.7
17.5
17.3
17.1
16.8
16.7

15.6
15.2
14.9
14.5
14.3
14.0
13.8
13.6
13.4
13.2
13.1

18.1
17.8
17.4
17.2
16.9
16.6
16.3
16.1
15.8
15.7
15.5

18.1
17.8
17.4
17.1

,1628
16.5
16.3
16.0
15.9
15.7
15.5

Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3•_< E < 2.5
2.5_< E <2.7
2.7 < E < 2.9
2.9 _< E < 3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3_<E <4.5
4.5•< E < 4.7
4.7 _< E < 4.9

E>4.9

13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.1
10.9

14.3
14.0
13.6
13.3
13.1
12.8
12.5
12.3
12.1
11.9
11.8

19.0
18.6
18.2
17.9
17.6
17.4
17.1
16.8
16.6
16.4
16.2

20.1
19.7
19.4
19.1
18.8
18.5
18.2
18.0
17.7
17.5
17.4

16.7
16.3
15.9
15.6
15.3
15.0
14.8
14.5
14.4
14.1
13.9

19.4
19.0
18.6
18.3
18.0
17.7
17.5
17.3
17.0
16.8
16.6

19.3
18.9
18.6
18.3
17.9
17.7
17.4
17.2
17.0
16.8
16.5
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U_(E)

52 < Assembly Average Burnup < 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

_____ 4 + 4

2.1 <E< 2.3
2.3<E<2.5
2.5• E < 2.7
2.7<E<2.9
2.9•_< E < 3.1
3.1 _<E <3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 _< E <4.3
4.3•_< E < 4.5
4.5•E <4.7
4.7•< E < 4.9

E_>4.9

14.2
13.8
13.5
13.1
12.9
12.6
12.3
12.1
11.9
11.8
11.6

15.3
15.0
14.6
14.3
14.2
13.7
13.5
13.2
13.0
12.8
12.6

19.7
19.3
18.9
18.6
18.3
18.0
17.7
17.5
17.3
17.0
16.9

21.3
20.9
20.6
20.3
19.9
19.6
19.4
19.1
18.8
18.7
18.5

17.8
17.4
17.1
16.7
16.4
16.0
15.8
15.6
15.3
15.2
14.9

20.5
20.1
19.8
19.5
19.2
18.9
18.6
18.4
18.2
17.9
17.7

20.5
20.1
19.7
19.4
19.1
18.8
18.5
18.3
18.1
17.8
17.7

Minimum Initial 53 < Assembly Average Burnup < 54 GWdlMTU
Assembly Avg. Minimum Cooling Time (years) .

Enrichment CE WE WE B&W CE WE B&W
Wt% 2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 J 17x17

2.1 <E <2.3
2.3:< E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9•< E < 3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 < E<4.3
4.3 _< E < 4.5
4.5 < E < 4.7
4.7<E <4.9

E>4.9

15.2
14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.4

16.4
16.0
15.6
15.2
14.9
14.6
14.4
14.1
13.9
13.6
13.9

20.9
20.4
20.0
19.7
19.4
19.1
18.9
18.6
18.3
18.1
17.9

22.5
22.1
21.8
21.4
21.1
20.8
20.5
20.3
20.1
19.8
19.6

18.9
18.5
18.1
17.7
17.4
17.2
16.9
16.6
16.4
16.1
15.9

21.7
21.3
21.0
20.6
20.3
20.1
19.8
19.5
19.3
19.0
18.8

21.6
21.3
20.9
20.6
20.3
20.0
19.7
19.5
19.2
19.0
18.8
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E < 2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 _<E < 3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7<E < 3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3<E <4.5
4.5:_< E < 4.7
4.75 E < 4.9

E>4.9

I .4. . ,.

15.7
15.4
15.0
14.6
14.4
14.1
13.8
13.6
13.4
13.2

17.1
17.7
16.3
16.0
15.7
15.4
15.1
14.9
14.6
14.4

21.6
21.2
20.9
20.6
20.2
19.9
19.7
19.4
19.2
19.0

23.2
22.9
22.6
22.2
21.9
21.7
21.4
21.2
21.0
20.7

19.6
19.2
18.9
18.5
18.3
18.0
17.7
17.5
17.2
17.0

22.5
22.1
21.8
21.5
21.2
20.9
20.7
20.5
20.2
19.9

22.4
22.1
21.8
21.5
21.2
20.9
20.6
20.4
20.1
19.9

Minimum Initial 55 < Assembly Average Burnup < 56 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 _< E <2.3
2.3<E <2.5
2.5•_< E < 2.7
2.7<E <2.9
2.9_<E<3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5:< E < 3.7
3.7•_< E < 3.9
3.9_<E <4.1
4.1 E <4.3
4.3_< E <4.5
4.5 < E < 4.7
4.7 < E < 4.9

E>4.9

16.8
16.3
15.9
15.6
15.3
15.0
14.8
14.5
14.3
14.0

18.1
17.7
17.3
17.0
16.7
16.4
16.1
15.8
15.6
15.4

22.7
22.4
21.9
21.7
21.4
21.0
20.8
20.5
20.3
20.0

24.4
24.1
23.7
23.4
23.1
22.9
22.6
22.4
22.2
21.9

20.2
19.8
19.5
19.2
18.8
18.5
18.3
17.9
17.8
17.6

23.6
23.3
23.0
22.6
22.4
22.1
21.8
21.6
21.3
21.1

23.6
23.3
22.9
22.6
22.3
22.0
21.8
21.5
21.3
21.1
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly (continued)

Minimum Initial 56 < Assembly Average Burnup < 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 < E < 3.3 17.7 19.2 23.8 25.6 21.3 24.7 24.7
3.3 < E < 3.5 17.3 18.8 23.4 25.2 20.9 24.4 24.4
3.5 < E < 3.7 16.9 18.4 23.1 24.9 20.5 24.0 24.0
3.7• E < 3.9 16.6 18.1 22.7 24.6 20.2 23.7 23.7
3.9•< E < 4.1 16.2 17.7 22.4 24.3 19.9 23.5 23.5
4.1 < E < 4.3 15.9 17.4 22.2 24.0 19.6 23.2 23.2
4.3•_< E < 4.5 15.7 17.1 21.9 23.8 19.3 23.0 22.9
4.5 < E < 4.7 15.4 16.8 21.6 23.5 19.1 22.7 22.6
4.7 < E < 4.9 15.2 16.6 21.4 23.3 18.8 22.5 22.4

E > 4.9 15.0 16.4 21.2 23.0 18.6 22.2 22.2
Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3 ....
2.3<E<2.5
2.5 _<E <2.7 - - - -

2.7:< E < 2.9 -

2.9<E<3.1 - - -

3.1 < E < 3.3 18.8 20.2 24.9 26.7 22.3 25.8 25.8
3.3•5 E < 3.5 18.3 19.9 24.6 26.3 22.0 25.5 25.5
3.5•< E < 3.7 17.9 19.5 24.2 26.0 21.6 25.2 25.2
3.7•5 E < 3.9 17.6 19.1 23.9 25.7 21.3 24.9 24.8
3.9•_< E < 4.1 17.3 18.8 23.6 25.4 20.9 24.6 24.6
4.1 < E < 4.3 16.9 18.4 23.3 25.1 20.6 24.4 24.3
4.3 < E < 4.5 16.6 18.1 23.0 24.9 20.4 24.1 24.0
4.5 < E < 4.7 16.3 17.9 22.8 24.6 20.0 23.8 23.8
4.7•< E < 4.9 16.1 17.6 22.5 24.4 19.9 23.6 23.6

E _> 4.9 15.8 17.4 22.3 24.2 19.7 23.4 23.3
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Table 5.8.11-4 Loading Table for PWR Fuel - 760 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

58 < Assembly Average Burnup _ 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

I r 1 I I

2.1 <E<2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9 <_ E < 3.1
3.1 <E <3.3
3.3<E<3.5
3.5 _< E < 3.7
3.7<E <3.9
3.9<E<4.1
4.1 < E <4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>_4.9

19.8
19.3
18.9
18.6
18.2
17.9
17.6
17.3
17.1
16.8

21.3 25.9
20.9 25.6
20.5 25.3
20.2 24.9
19.8 24.6
19.5 24.3
19.2 24.1
18.9 23.9
18.7 23.6
18.4 23.4

27.7
27.4
27.1
26.8
26.5
26.2
26.0
25.8
25.5
25.3

23.4 26.9
23.0 26.7
22.7 26.3
22.3 26.0
22.0 25.7
21.7 25.5
21.4 25.2
21.2 25.0
20.9 24.7
20.7 24.5

26.9
26.6
26.2

- 25.9
25.7
25.4
25.2
24.9
24.7
24.4

Minimum Initial 59 < Assembly Average Burnup < 60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WEI WE f B&W CE WE f B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E < 2.3
2.3•< E < 2.5
2.5_<E <2.7
2.7 _< E < 2.9
2.9 < E < 3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5•_< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<• E <4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

20.3
20.0
19.6
19.3
18.9
18.6
18.3
18.0
17.7

22.0
21.5
21.2
20.8
20.5
20.2
20.0
19.7
19.5

26.7
26.4
26.0
25.7
25.4
25.2
24.9
24.7
24.4

28.4
28.1
27.8
27.6
27.3
27.1
26.8
26.6
26.4

24.1
23.7
23.4
23.1
22.7
22.5
22.2
22.0
21.7

27.2
26.8
26.5
26.2
26.0
25.7
25.5
25.2
25.0

27.1
26.7
26.5
26.2
25.9
25.6
25.4
25.2
24.9
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5.8.11.2 BWR

Fuel assembly loading tables are generated for a uniform cask heat load of 31.35 kW (360

W/assy). Minimum cool times are summarized in Table 5.8.11-5.
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Table 5.8.11-5 Loading Table for BWR Fuel - 360 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

45 < Assembly Average Burnup! • 46 GWdIMTU
_______ _______Minimum Cooling Time (years) __________

BWRJ2-3
7x7

BWRI4-6
7x7

BWR/2-3
8x8

BWRJ4-6
8x8

BWRJ2-3
9X9

BWR/4-6
9X9

BWR/4-6
1Ox10

2.1 <E <2.3
2.3<E<2.5
2.5_<E <2.7
2.7•_< E < 2.9
2.9<E <3.1
3.1 <E< 3.3
3.3:< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7 < E < 4.9

EŽ4.9

8.5
8.3
8.1
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1

9.3
9.0
8.9
8.8
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.8

7.3
7.1
7.0
6.8
6.7
6.7
6.6
6.5
6.4
6.3
6.2
6.1

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
7.3

8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0
7.0
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(0
Table 5.8.11-5

Minimum Initial
Assembly Avg.

Enrichment BW
wt % 2 35U (E) 7

Loading Table for BWR Fuel - 360 W/Assembly (continued)

• 46 < Assembly Average Burnup <47 GWdiMTU
Minimum Cooling Time (years)

~R/2-3
Tx7

BWRI4-6
7X7

BWRJ2-3
8X8

BWRI4-6
Wx

BWRI2-3
9X9

BWRI4-6
9X9

BWR/4-6
1Ox10

4 4 f.

2.1 <E <2.3
2.3 < E < 2.5
2.5 E <2.7
2.7<• E <2.9
2.9_<E<3.1
3.1 _<E <3.3
3.3 < E < 3.5
3.5•< E < 3.7
3.7<E <3.9
3.9<E <4.1
4.1 _<E <4.3
4.3_<E <4.5
4.5:< E.< 4.7
4.7 < E < 4.9

E>4.9

9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.3

7.7
7.5
7.4
7.2
7.0
7.0
6.9
6.8
6.7
6.6
6.5
6.5

9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.8

6.7
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.9
7.8
7.7

8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4 C.

Minimum Initial 47 < Assembly Average Burnup 5 48 GWdlMTU
Assembly Avg. Minimum Cooling Ti me (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4.6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1OxI1

2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7_< E <2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5<E <3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5:_< E < 4.7
4.7 < E < 4.9

E>4.9

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9

10.7
10.5
10.2
9.9
9.7
9.6
9.4
9.3
9.1
9.0
8.9
8.8

8.2
8.0
7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.9
6.8

9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.6
8.5
8.3
8.2

6.9
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9

9.8
9.5
9.3
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1

9.3
9.1
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.8
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Table 5.8.11-5 Loading Table for BWR Fuel - 360 W/Assembly (continued)

Minimum Initial 48 < Assembly Average Burnup•< 49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWRJ2.3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8X8 9x9 9x9 1OxIl
2.1 _<E<2.3
2.3_<E <2.5
2.5 _< E < 2.7 - - - -

2.7•< E < 2.9 10.5 11.6 8.7 10.8 7.3 10.6 9.9
2.9_<E<3.1 10.2 11.3 8.5 10.4 7.1 10.2 9.7
3.1 _<E <3.3 10.0 11.0 8.3 10.1 7.0 9.9 9.4
3.3 _< E < 3.5 9.7 10.7 8.1 9.9 6.9 9.8 9.2
3.5 < E < 3.7 9.5 10.5 7.9 9.7 6.8 9.6 9.0
3.7 _< E < 3.9 9.3 10.3 7.8 9.5 6.7 9.4 8.9
3.9•< E < 4.1 9.1 10.1 7.7 9.4 6.5 9.2 8.7
4.1 _< E < 4.3 9.0 9.9 7.5 9.2 6.4 9.0 8.6
4.3 < E < 4.5 8.8 9.7 7.4 9.1 6.3 8.9 8.5
4.5 < E < 4.7 8.7 9.6 7.3 8.9 6.3 8.8 8.4
4.7 < E < 4.9 8.6 9.5 7.2 8.9 6.2 8.7 8.3

E _> 4.9 8.5 9.3 7.1 8.8 6.1 8.6 8.2
Minimum Initial 49 < Assembly Average Burnup•< 50 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4.6
Wt % 235U (E) 7x7 7x7 8x8 Bx8 9x9 9x9 1Ox10

2.1 _<E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7<E<2.9 -- - - - -

2.9_<E <3.1 11.0 12.0 9.0 11.2 7.6 11.0 10.3
3.1 <E<3.3 10.7 11.7 8.8 10.9 7.4 10.7 10.1
3.3•_< E < 3.5 10.4 11.5 8.6 10.7 7.2 10.4 9.8
3.5 < E < 3.7 10.2 11.3 8.4 10.4 7.0 10.2 9.7
3.7 _< E < 3.9 10.0 11.0 8.2 10.2 7.0 10.0 9.5
3.9•_< E < 4.1 9.7 10.8 8.0 10.0 6.8 9.8 9.3
4.1 < E < 4.3 9.6 10.6 7.9 9.8 6.7 9.7 9.1
4.3 _< E < 4.5 9.4 10.4 7.8 9.7 6.7 9.5 9.0
4.5 _< E < 4.7 9.3 10.2 7.7 9.5 6.6 9.4 8.9
4.7 _< E < 4.9 9.1 10.1 7.6 9.4 6.5 9.2 8.7

E _> 4.9 9.0 10.0 7.5 9.3 6.4 9.1 8.6
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Table 5.8.11-5

Minimum Initial
Assembly Avg.

Enrichment BA
wt % 235U (E) 7

Loading Table for BWR Fuel - 360 W/Assembly (continued)

50 < Assembly Average Burnup < 51 GWdIMTU
Minimum Cooling Time (years)

/R2-3
x7×

BWR/4-6
7x7

BWRI2-3
Wx

BWRI4-6
8X8

BWR/2-3
9x9

BWRI4-6
19X9

BWR/4-6
1Ox10

-h + h 1 ± h t

2.1 _E< 2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9<E <3.1
3.1 _<E<3.3
3.3 < E < 3.5
3.5 _< E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 E <4.3
4.3<E <4.5
4.5 < E < 4.7
4.7:5 E < 4.9

E_>4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.3
10.0
9.9
9.8
9.6

12.9
12.6
12.3
11.9
11.8
11.6
11.3
11.2
11.0
10.9
10.7

9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9

12.0
11.7
11.5
11.1
10.9
10.7
10.5
10.4
10.1
10.0
9.9

8.0
7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.8
6.8
6.7

11.8
11.5
11.2
11.0
10.7
10.5
10.3
10.1
9.9
9.8
9.7

11.1
10.9
10.6
10.3
10.0
9.9
9.7
9.6
9.4
9.3
9.1

Minimum Initial 51 < Assembly Average Burnup < 52 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 1 BWR/4-6 BWR/2-3 BWR/4-6 1 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1OxI1

2.1 E < 2.3
2.3<E <2.5
2.5_<E <2.7
2.7<E <2.9
2.9<E <3.1
3.1 _E <3.3
3.3 E < 3.5
3.5 E < 3.7
3.7•< E < 3.9
3.9•< E < 4.1
4.1 _<E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7 _< E < 4.9

E_>4.9

12.7
12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.5
10.2

13.9
13.4
13.2
12.9
12.6
12.4
12.1
11.8
11.7
11.6
11.4

10.3
10.0
9.8
9.5
9.3
9.1
8.9
8.8
8.7
8.5
8.4

12.9
12.5
12.1
11.9
11.7
11.5
11.3
11.1
10.9
10.7
10.6

8.4
8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.1
7.0

12.6
12.3
11.9
11.7
11.4
11.3
11.0
10.9
10.7
10.5
10.4

11.9
11.6
11.3
11.0
10.8
10.5
10.3
10.2
10.0
9.9
9.8
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Table 5.8.11-5 Loading Table for BWR Fuel - 360 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

52 < Assembly Average Burnup•< 53 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWRI4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

+ F + I -1 F +

2.1 <E <2.3
2.3_<E <2.5
2.5•_< E < 2.7
2.7_<E <2.9
2.9_<E < 3.1
3.1 _<E <3.3
3.3_<E < 3.5
3.5•_< E < 3.7
3.7<E <3.9
3.9_<E <4.1
4.1 E <4.3
4.3<E <4.5
4.5•< E < 4.7
4.7<E <4.9

E_>4.9

13.6
13.2
12.8
12.6
12.2
11.9
11.7
11.6
11.4
11.2
11.0

14.8
14.5
14.1
13.8
13.5
13.2
13.0
12.7
12.5
12.4
12.1

11.0
10.7
10.4
10.1
9.8
9.7
9.5
9.3
9.2
9.0
8.9

13.7
13.3
13.0
12.7
12.4
12.2
12.0
11.8
11.6
11.5
11.3

8.9
8.7
8.5
8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4

13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.5
11.4
11.3
11.1

12.7
12.4
12.0
11.8
11.5
11.3
11.1
10.9
10.7
10.5
10.4

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 J BWR/2-3 j BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 lOxlO

2.1 _<E <2.3
2.3•_< E < 2.5
2.5• E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5•5 E < 3.7
3.7<E <3.9
3.9_<E <4.1
4.1 _<E <4.3
4.3:5 E < 4.5
4.5:5 E < 4.7
4.7<E <4.9

E>4.9

14.5
14.1
13.8
13.4
13.1
12.9
12.6
12.4
12.1
11.9
11.7

15.8
15.4
15.1
14.7
14.4
14.1
13.9
13.6
13.4
13.2
13.1

11.8
11.4
11.1
10.9
10.6
10.4
10.1
9.9
9.7
9.6
9.4

14.6
14.3
13.9
13.6
13.3
13.1
12.8
12.6
12.3
12.2
12.0

9.5
9.2
8.9
8.7
8.6
8.4
8.2
8.1
7.9
7.9
7.8

14.4
14.0
13.6
13.4
13.1
12.8
12.5
12.3
12.1
11.9
11.7

13.6
13.2
12.8
12.6
12.2
12.0
11.8
11.6
11.4
11.2
11.1
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Table 5.8.11-5 Loading Table for BWR Fuel - 360 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Coolinq Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
8x8_

BWR/4-6
8x8

BWRJ2-3
9X9

BWR/4-6
9x9

BWR/4-6
1OxI0

2.1 •E<2.3
2.3<E<2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3_<E< 3.5
3.5•_ E < 3.7
3.7:5 E < 3.9
3.9 _< E < 4.1
4.1 _<E <4.3
4.3<E <4.5
4.5!< E < 4.7
4.7 < E < 4.9

E>4.9

15.0
14.7
14.3
13.9
13.6
13.3
13.1
12.9
12.8
12.5

16.4
16.0
15.7
15.4
15.1
14.7
14.5
14.3
14.1
13.9

12.1
11.9
11.5
11.3
11.1
10.8
10.5
10.4
10.2
10.0

15.2
14.9
14.5
14.2
13.9
13.6
13.4
13.2
13.0
12.8

9.8
9.5
9.3
9.0
8.9
8.7
8.5
8.4
8.3
8.1

14.9
14.6
14.2
13.9
13.6
13.4
13.1
13.0
12.8
12.5

14.1
13.7
13.4
13.1
12.8
12.5
12.3
12.1
11.9
11.7

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 <E <2.3
2.3_<E <2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3_< E <4.5
4.5 _< E < 4.7
4.7_<E <4.9

E>4.9

15.8
15.5
15.1
14.7
14.4
14.0
13.8
13.7
13.4
13.3

17.5
17.1
16.7
16.3
16.0
15.7
15.4
15.2
15.0
14.8

13.1
12.7
12.3
12.0
11.8
11.5
11.3
11.1
10.9
10.7

16.2
15.8
15.5
15.1
14.9
14.5
14.3
14.1
13.9
13.7

10.4
10.1
9.9
9.7
9.4
9.2
9.0
8.8
8.7
8.6

15.9
15.5
15.2
14.8
14.6
14.3
14.0
13.8
13.7
13.4

15.0
14.6
14.3
13.9
13.6
13.4
13.1
12.9
12.8
12.5
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Table 5.8.11-5 Loading Table for BWR Fuel - 360 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < AssemblyAverage Burnup < 57 GWd/MTU
Minimum Coolinq Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
8X8

BWRJ4-6-
Wx

BWR/2-3
9x9

BWR/4-6
9x9

BWRI4-6
lOxlO

2.1 <E <2.3
2.3•_< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9_<E <3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7<_ E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3 < E < 4.5
4.5•< E < 4.7
4.7•< E < 4.9

EZ4.9

16.8
16.5
16.0
15.7
15.4
15.1
14.8
14.6
14.3
14.0

18.4
18.1
17.7
17.3
17.1
16.8
16.4
16.2
15.9
15.7

13.8
13.5
13.1
12.9
12.5
12.2
12.0
11.8
11.6
11.4

17.2
16.8
16.4
16.1
15.8
15.4
15.2
15.0
14.7
14.5

11.1
10.9
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.0

16.9
16.4
16.2
15.7
15.4
15.2
14.8
14.7
14.4
14.3

16.0
15.5
15.2
14.8
14.5
14.3
14.0
13.8
13.5
13.4

Minimum Initial 57 < Assembly Average Burnup 5 58 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 <E <2.3
2.3<E<2.5
2.5•_< E < 2.7
2.7:< E < 2.9
2.9<E <3.1
3.1 _<E <3.3
3.3•_< E < 3.5
3.5< E <3.7
3.7 < E < 3.9
3.9•_ E < 4.1
4.1 E <E4.3
4.3 < E < 4.5
4.5 _< E < 4.7
4.7 < E < 4.9

E>4.9

17.8
17.3
17.0
16.6
16.3
15.9
15.7
15.5
15.2
15.0

19.5
19.1
18.7
18.3
17.9
17.7
17.4
17.1
16.9
16.7

14.8
14.4
14.0
13.6
13.3
13.1
12.8
12.5
12.3
12.1

18.2
17.7
17.4
17.0
16.7
16.3
16.1
15.9
15.6
15.4

11.8
11.5
11.2
10.9
10.6
10.3
10.1
9.9
9.8
9.6

17.8
17.5
17.1
16.8
16.4
16.1
15.8
15.5
15.3
15.1

16.8
16.5
16.1
15.7
15.4
15.1
14.8
14.6
14.4
14.2
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Table 5.8.11-5 Loading Table for BWR Fuel - 360 W/Assembly (continued)

Minimum Initial 58 < Assembly Average Burnup_< 59 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8W8 9X9 9X9 1Ox10
2.1 < E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E<3.1 - - - -

3.1 < E < 3.3 18.7 20.4 15.7 19.2 12.6 18.9 17.8
3.3 < E < 3.5 18.4 20.0 15.2 18.8 12.2 18.4 17.4
3.5 • E < 3.7 18.0 19.7 14.9 18.4 11.9 18.1 17.1
3.7<E<3.9 17.6 19.3 14.5 18.1 11.6 17.7 16.7
3.9<E<4.1 17.2 18.9 14.1 17.7 11.2 17.3 16.3
4.1 _<E<4.3 16.9 18.7 13.8 17.4 11.0 17.1 16.1
4.3•_< E < 4.5 16.6 18.4 13.6 17.1 10.8 16.8 15.7
4.5 • E < 4.7 16.4 18.0 13.3 16.9 10.6 16.5 15.5
4.7•< E < 4.9 16.1 17.8 13.1 16.6 10.3 16.2 15.3

E > 4.9 15.9 17.6 12.9 16.3 10.2 15.9 15.1

minimum Initial OU < Assembly Average Burnup s 60 tuvvaliv I U
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U(E) 7x7 7x7 8xB 8x8 9x9 9x9 1Ox1O
2.1 <E<2.3 -

2.3 < E < 2.5 -

2.5 < E < 2.7 -

2.7 _<E <2.9 -

2.9<E<3.1 -

3.1 <E<3.3 --

3.3 < E < 3.5 19.3 21.0 16.0 19.7 12.9 19.5 18.4
3.5•< E < 3.7 18.9 20.7 15.6 19.3 12.7 19.1 17.9
3.7•< E < 3.9 18.6 20.3 15.2 19.0 12.3 18.7 17.7
3.9<E<4.1 18.2 19.9 14.9 18.7 11.9 18.3 17.3
4.1 <E <4.3 17.9 19.7 14.5 18.3 11.6 17.9 17.0
4.3<E <4.5 17.6 19.4 14.2 18.1 11.4 17.7 16.6
4.5 _<E<4.7 17.3 19.1 14.0 17.7 11.2 17.5 16.4
4.7 _<E <4.9 17.1 18.8 13.8 17.6 11.0 17.2 16.1

E > 4.9 16.9 18.6 13.6 17.3 10.8 16.9 15.9
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5.8.12 Transfer Cask Moderator Condition Study

Primary shielding evaluations of the transfer cask applied a dry condition to the canister cavity.

This condition was based on the results of similar canister/cask systems that have consistently

produced higher dose rates for the dry condition (i.e., the shielding effect of the water within the

canister cavity more than offsets any increase in neutron source due to subcritical multiplication).

To confirm this condition as bounding, shielding evaluations are performed for PWR and BWR

systems containing a canister flooded, a canister dry, and a canister filled 2/3 of the active fuel

region. Increased subcritical multiplication is accounted for in the portion of the canister volume

flooded. Both radial and axial dose rates are plotted for the configurations documented in

Section 5.8.3 and Section 5.8.4 as producing bounding system dose rates. Bounding

configurations are summarized as follows:

Assembly Initial

Fuel Cool Time Average Burnup Enrichment
Surface Type (yrs) (GWd/MTU) (wt% 235U)

PWR Radial 14a 5.6 44 2.5

PWR Top 14b 5.7 44 2.5

BWR Radial 09a 9.6 59 3.1

BWR Top 08b 4.3 32.5 2.1

The results in Figure 5.8.12-1 through Figure 5.8.12-4 demonstrate that the dry canister

configuration produces bounding transfer cask dose rates.
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Figure 5.8.12-1 PWVR TSC Flood Study - Radial Surface Dose Rate Profile
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Figure 5.8.12-3 BWR TSC Flood Study - Radial Surface Dose Rate Profile
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6 CRITICALITY EVALUATION

This chapter documents the method, input, and result of the criticality analysis of the

MAGNASTOR containing PWR and BWR payloads. The results demonstrate that the effective

neutron multiplication factor, k•ff, of the system under normal conditions, or off-normal and

accident events, is less than 0.95 including biases and uncertainties. The system design meets

the criticality requirements of 10 CFR 72 [1] and Chapter 6 of NUREG-1536 [2].
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6.1 Discussion and Results

6.1.1 MAGNASTOR System Criticality Evaluation

MAGNASTOR consists of a TSC (Transportable Storage Canister), a transfer cask, and a

concrete cask. The system is designed to safely store up to 37 PWR fuel assemblies or up to 87

BWR fuel assemblies. The TSC is comprised of a stainless steel canister and a basket within

which fuel is loaded. The PWR and BWR system each includes two TSC lengths to store fuel

assemblies without the requirement of spacers. Spacers may be employed to simplify loading or

unloading operations. The TSC is loaded into the concrete cask for storage. A transfer cask is

used for handling the TSC during loading of spent fuel. Fuel is loaded into the TSC contained

within the transfer cask underwater in the spent fuel pool. Once loaded with fuel, the TSC

closure lid is welded and the TSC is drained, dried and backfilled with helium. The transfer cask

is then used to move the TSC into or out of the concrete cask. The transfer cask provides

shielding during the TSC loading and transfer operations. One-size concrete cask and one-size

transfer cask accommodate all of the PWR and BWR TSCs.

Under normal conditions, such as loading in a spent fuel pool, moderator (water) is present in the

TSC during the initial stages of fuel transfer. During draining and drying operations, moderator

with varying density is present. Thus, the criticality evaluation of the transfer cask includes a

variation in moderator density and a determination of optimum moderator density. Cask

accident conditions are bounded by inclusion in the analysis of the most reactive mechanical

basket configuration as well as moderator intrusion into the fuel cladding. The PWR TSC is

evaluated at minimum soluble boron levels during flooded conditions.

Structural analyses demonstrate that the TSC confinement boundary remains intact through all

storage operating conditions. Therefore, moderator is not present in the TSC while it is in the

concrete cask. However, access to the concrete cask interior environment is possible via the air

inlets and outlets and the heat transfer annulus between the TSC and the cask steel liner. This

access provides paths for moderator intrusion during a flood. Under off-normal and accident

conditions, moderator intrusion into the convective heat transfer annulus is evaluated.

PWR system criticality control is achieved through a combination of neutron absorber sheets on

the interior faces of the fuel tubes/developed cells and soluble boron. BWR system criticality

control relies solely on the absorber sheets. Individual fuel assemblies are held in place by the

fuel tubes, by developed cells formed from fuel tubes, or by a combination of fuel tubes and side

or comer weldments. The neutron absorber modeled is a borated aluminum sheet. Any material

meeting the 10B areal density and physical dimension requirements specified on the License
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Drawings will produce similar reactivity results. A combination of steel cover sheets and weld

posts holds the neutron absorber sheets in place. The PWR basket design includes 21 fuel tubes

forming 37 fuel-assembly-sized openings while the BWR basket contains 45 fuel tubes forming

89 fuel-assembly-sized openings.

The combination of 45 BWR fuel tubes with four corner and four side weldments form 89 fuel-

assembly-sized openings; however, two openings are below the vent and drain ports and are not

loaded. For simplicity and cask symmetry, all 89 slots are modeled as filled with fuel.

An optional "82-assembly" configuration of the BWR basket is evaluated, where five center

openings in an "X" pattern are left unoccupied (the basket model fills the openings below the

port cover and, therefore, contains 84 assemblies). See Figure 6.1.1-1 for the loadable basket

locations in the 82-assembly basket configuration.

Criticality evaluations rely on modeled 10B loadings of 0.036 g/cm 2 and 0.027 g/cm 2 for the

PWR and BWR system, respectively. Depending on the PWR payload, variable soluble boron

concentrations in the pool water are necessary to achieve sufficient neutron absorber content in

the system. The soluble boron absorbs thermal neutrons inside the assembly, in addition to the

neutrons removed by the absorber sheets on the tubes.

The minimum loading of the neutron absorber sheets at 90% absorber effectiveness is 0.040 g
1lB/cm2 in the PWR fuel tubes. The 90% effectiveness BWR absorber sheet loading is 0.030 g

'°B/cm 2. At 75% absorber effectiveness, minimum loadings of 0.048 and 0.036 g l°B/cm 2 are

required for the PWR and BWR system to contain the modeled absorber content.

MCNP, a three-dimensional Monte Carlo code, is used in the system criticality analysis.
Evaluations are primarily based on the ENDF/B-VI continuous energy neutron cross-section

library [4] available in the MCNP distribution. Nuclides for which no ENDF/B-VI data is

available are set to the latest cross-section sets available in the code distribution. The code and

cross-section libraries are benchmarked by comparison to a range of critical experiments relevant

to light water reactor fuel in storage and transport casks. An upper subcritical limit (USL) for the

system is determined based on guidance given in NUREG/CR-6361 [10].

Key assembly physical characteristics, maximum initial enrichment, and soluble boron

requirements (PWR only) for each PWR and BWR fuel assembly type are shown in Table

6.1.1-1 for the PWR system and Table 6.1.1-2 for the BWR system. PWR results represent the

bounding values for fuel assemblies with and without nonfuel inserts in the guide tubes.

Maximum enrichment is defined as peak rod enrichment for PWR assemblies and the maximum

peak planar-average enrichment for BWR assemblies. The maximum initial peak planar-average
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enrichment is the maximum planar-average enrichment at any height along the axis of the fuel

assembly.

Assemblies are evaluated with a full, nominal set of fuel rods. Fuel rod (lattice) locations may

contain filler rods. A filler rod must occupy, at a minimum, a volume equivalent to the fuel rod

it displaces. Filler rods may be placed into the lattice after assembly in-core use or be designed

to replace fuel rods prior to use, such as integral burnable absorber rods.

The assembly must contain its nominal set of guide and instrument tubes (PWR), and water rods

(BWR). Analysis demonstrated that variations in the guide/instrument tube and water rod

thickness and diameter have no significant effect on system reactivity.

The maximum multiplication factors (keff +2(y) are calculated, using conservative assumptions,

for the transfer and concrete cask. The USL applied to the analysis results is 0.9372 per Section
6.7.5. The results of the analyses are presented in detail in Sections 6.4.3 and 6.7, and are

summarized as follows.

Water Density

Gap Operating (g/cc) PWR BWR

Cask Body Condition Condition Interior Exterior keff+ 2a keff + 2a

Transfer Dry Normal 0.9982 0.0001 0.93183 0.92900
Transfer Wet Normal 0.9982 0.0001 0.93712 0.93679
Transfer Dry Normal 0.9982 0.9982 0.92975 0.92839
Transfer Wet Normal 0.9982 0.9982 0.93615 0.93674
Storage Dry Normal 0.0001 0.0001 0.48145 0.43685
Storage Dry Accident 0.0001 0.9982 0,47104 0.42991

Analysis of simultaneous moderator density variation inside and outside either the transfer or

concrete cask shows a monotonic decrease in reactivity with decreasing moderator density. For

the BWR system, there is a statistically significant increase in reactivity when moving from void

to full moderator density. In the PWR system, reactivity increases as moderator density rises

from void conditions, but there is no significant reactivity difference at water densities above 0.9
g/cm 3. The use of soluble boron in PWR systems, specified in parts per million of moderator,

flattens out the reactivity curve by increasing absorber quantity in conjunction with increasing

moderator. The full moderator density TSC interior condition bounds any off-normal or accident

condition. Analysis of moderator intrusion into the concrete cask heat transfer annulus with the

dry TSC shows a slight decrease in reactivity from the completely dry condition.
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Figure 6.1.1-1 82-Assembly BWR Basket Configuration
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Table 6.1.1-1 Bounding PVR Fuel Assembly Loading Criteria

Max. Initial Enrichment (Wt % 2)

Mn Min Max Max Soluble Soluble Soluble Soluble Soluble
No. of No. of Max Clad Clad Pellet Active Max Boron Boron Boron Boron Boron

Assembly Fuel Guide Pitch OD Thick. OD Length Load 1500 1750 2000 2250 2500
Type Rods Tubesa (inch) (inch) (inch) (inch) (inch) (MTU) ppm ppm ppm m ppm

BW15H1 208 17 0.568 0.43 0.0265 0,3686 144.0 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0,4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14HI 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0,556 0.40 0.0162 0.3674 145.2 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15HI 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 25 0.496 0.36 10.0225 10.3088 144.0 04327 14.00% 14.30% 4.70% 5.00% 5.00%

* Assembly characteristics represent cold, unirradiated, nominal configurations.

* Specified soluble boron concentrations are independent of whether a fuel assembly
contains a nonfuel insert.

Combined number of guide and instrument tubes.
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Table 6.1.1-2 BWR Fuel Assembly Loading Criteria

Number
of Mi Mi Max Max 87-Assy 82-Assy

Number Partial Max Clad Clad Pellet Active Max Max Max
Assembly of Fuel Length Pitch OD Thick. OD Length Loading Enrichment Enrichment

Type Rods Rods (inch) (inch) (inch) (inch) (inch) (MTU) (wt % 235U) (wt % 235U)

B7 48A 48 N/A 0.738010.5700 0.03600 0.4900 144.0 0.1981 4.00% 4.50%

B7 49A 49 N/A 0.7380 0.5630 0.03200 0.4880 146.0 0.2034 3.80% 4.50%

B7 49B 49 N/A 0.73800.5630 0.03200 0.4910 150.0 0.2115 3.80% 4.50%

B8 59A 59 N/A 0.6400 0.4930 0.03400 0.4160 150.0 0.1828 3.90% 4.50%

B8 60A 60 N/A 0.64170.48400.03150 0.4110 150.0 0.1815 3.80% 4.50%

B8 60B 60 N/A 0.6400 0.4830 0.0300010.4140 150.0 0.1841 3.80% 4.50%

B8 61B 61 N/A 0.6400(0.4830 0.03000 0.4140 150.0 0.1872 3.80% 4.50%

B8 62A 62 N/A 0.6417 0.4830 0.02900 0.4160 150.0 0.1921 3.80% 4.50%

B8 63A 63 N/A 0.6420 0.4840 0.02725 0.4195 150.0 0.1985 3.80% 4.50%
B8 64A 64 N/A 0.6420 0.4840 0.02725 0.4195 150.0 0.2017 3.80% 4.50%

B8 64B 64 N/A 0.6090 0.4576 0.02900 0.3913 150.0 0.1755 3.60% 4.30%

B9_72A 72 N/A 0.572010.4330 0.02600 0.3740 150.0 0.1803 3.80% 4.50%

B9 74A 74a 8 0.5720 0.4240 0.02390 0.3760 150.0 0.1873 3.70% 4.30%

B9 76A 76 N/A 0.5720 0.4170 0.02090 0.3750 150.0 0.1914 3.50% 4.20%

B9_79A 79 N/A 0.5720 0.4240 0.02390 0.3760 150.0 0.2000 3.70% 4.40%

B9 80A 80 N/A 0.572010.42300.02950 0.3565 150.0 0.1821 3.80% 4.50%

B10 91A 91a 8 0.5100(0.39570.02385 0.3420 150.0 0.1906 3.70% 4.50%

B10 92A 92a 14 0.5100 0.40400.02600 0.3455 150.0 0.1966 3.80% 4.50%

B10 96A 96a 12 0.4880 0.37800.02430 0.3224 150.0 0.1787 3.70% 4.30%

Xe

B10_100A 100 N/A 0..44888000.378010.0243010.3224 150.0 0.1861 3.60% 4.40%

Note: Assembly characteristics represent cold, unirradiated, nominal configurations.

a Assemblies may contain partial length fuel rods. Partial length rod assemblies are evaluated

by removing partial length rods from the lattice. This configuration bounds an assembly with
full length rods and combinations of full and partial length rods.
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6.2 Spent Fuel Loading

6.2.1 MAGNASTOR Spent Fuel Loading Characteristics

MAGNASTOR is designed to store TSCs containing spent fuel. Fuel assemblies to be stored in

the system and their characteristics are shown in Table 6.2.1-1 (PWR) and Table 6.2.1-2 (BWR).

The tables contain data summaries from a wide range of fuel assembly types. Assemblies are
restricted to those with zirconium alloy-clad fuel rods; no steel-clad assemblies are included in

the data summary. To arrive at the summary tables, fuel assemblies are initially grouped by core

configuration (WE, CE, B&W, GE/2-3, or GE/4-6) and number of fuel rods in the lattice.

Further subdivisions are then made to differentiate significant configuration changes affecting

assembly reactivity. Statistically, significant assembly reactivity changes are typically associated

with either moderator ratio or fuel mass changes (e.g., WE 17X17 Std to WE 17x17 OFA). Data

in the tables may, therefore, represent either a single fuel assembly type or a fuel assembly

group. Also included is a row containing an identifier linking each of the listed assembly types

to analysis results presented in the following sections. For convenience, the fuel identifiers
contain generic vendor initials. Fuels meeting the physical assembly characteristics are not

restricted to any particular vendor.

PWR fuel assemblies may include inserts placed into the fuel assembly guide tubes. Fuel

assembly inserts are nonfuel-bearing components such as thimble plugs (TPs, also referred to as

flow mixers), in-core instrument thimbles, burnable poison rod assemblies (BPRAs), or control

element assemblies (CEAs/RCCAs). Stainless steel rod inserts may be used to displace water in
PWR fuel assembly guide tube dashpots and may extend into the active fuel region. TPs do not

extend into the active fuel region and, therefore, have no effect on the reactivity of the system.
The remaining components displace moderator in the active fuel region. In these cases, the
moderator contains soluble boron; therefore, its displacement has the potential to significantly

affect system reactivity.

BWR fuel assemblies may contain partial-length fuel rods. Table 6.2.1-2 contains the type of

BWR assembly and the number of partial-length rods included in the analysis scope. Locations

for the partial-length rods within the lattice are illustrated in Figure 6.2.1-1.

Any empty lattice (fuel rod) positions must be filled by a filler rod to preclude a potential

increase in reactivity. Filler rods must occupy a volume equivalent to the fuel rod it displaces.
Filler rods may be placed into the lattice after assembly in-core use or be designed to replace fuel
rods prior to use, such as integral burnable absorber rods.
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Figure 6.2.1-1 BWR Partial Length Fuel Rod Location Sketches
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Table 6.2.1-1 PWR Fuel Assembly Characteristics

Fuel ID CE14HI CE16HI WE14H1 WEI5H1 WE15H2 WEI7H1 WE17H2 BW15HI BW15H2 BW15H3 BW15H4 BW17HI

No. Fuel Rods 176 236 179 204 204 264 264 208 208 208 208 264

Base Fuel Typea CE,SPC CE W,SPC W,SPC W,SPC W,SPC W,SPC BW,FCF BW,FCF BW,FCF BW,FCF BW,FCF

Pitch Max (in) 0.5800 0.5063 0.5560 0.5630 0.5630 0.4960 0.4960 0.5680 0.5680 0.5680 0.5680 0.5020

Min (in) 0.5800 0.5063 0.5560 0.5630 0.5630 0.4960 0.4960 0.5680 0.5680 0.5680 0.5680 0.5020

Fuel Pellet OD Max (in) 0.3805 0.3250 0.3674 0.3669 0.3570 0.3232 0.3088 0.3686 0.3735 0.3742 0.3622 0.3252

Min (in) 0.3700 0.3250 0.3444 0.3565 0.3570 0.3225 0.3030 0.3686 0.3735 0.3707 0.3622 0.3232

Fuel Rod OD Max (in) 0.4400 0.3820 0.4240 0.4240 0.4170 0.3740 0.3600. 0.4300 0.4300 0.4280 0.4140 0.3790

Min (in) 0.4400 0.3820 0.4000 0.4220 0.4170 0.3720 0.3600 0.4300 0.4300 0.4280 0.4140 0.3770

Fuel Clad Thick. Max (in) 0.0310 0.0250 0.0300 0.0300 0.0265 0.0225 0.0250 0.0265 0.0250 0.0245 0.0220 0.0240

Min (in) 0.0260 0.0250 0.0162 0.0242 0.0265 0.0205 0.0225 0.0265 0.0250 0.0230 0.0220 0.0220

Guide Tube OD Max (in) 1.115 0.980 0.481 0.544 0.484 0.482 0.482 0.493 0.493 0.493 0.493 0.420

Min (in) 1.115 0.970 0.481 0.484 0.484 0.482 0.480 0.493 0.493 0.493 0.493 0.420

Guide Tube Thick. Max (in) 0.040 0.035 0.034 0.017 0.017 0.015 0.016 0.016 0.015 0.014 0.014 0.020

Min (in) 0.036 0.035 0.017 0.015 0.017 0.014 0.015 0.016 0.015 0.014 0.014 0.018
Active Fuel Max (in) 137.0 150.0 145.2 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0
Length

Min (in) 134.0 150.0 142.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 143.0

Fuel Mass Max (MTU) 0.4167. 0.4463 0.4188 0.4720 0.4469 0.4740 0.4327 0.4858 0.4988 0.5006 0.4690 0.4799
Mm (MTU) 0.3854 0.4463 0.3599 0.4457 0.4469 0.4720 0.4166 0.4858 0.4988 0.4913 0.4690 0.4707

" Fuel assembly characteristics represent cold, unirradiated, nominal fuel dimension.
" An instrument tube may be located in the center of the assembly. The instrument tube may have slightly different diameter and thickness than the guide tubes.

As the instrument tube is limited to one per assembly, dimensional variations have no significant effect on system reactivity and are not listed here.
* Guide tubes may contain "dashpots" near the bottom of the active fuel region narrowing from the listed tube dimension. Stainless steel rod inserts may be

installed to displace "dashpot water." Fuel assemblies containing these stainless steel rod inserts are addressed as a fuel assembly containing a nonfuel insert.
" Assemblies may contain unenriched axial blankets.

Indicates assembly and/or nuclear steam supply system (NSSS) vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor
provided that the fuel assembly meets the limits listed in TFable 6.4.3-1. Abbreviations are as follows: Westinghouse (W), Combustion Engineering (CE), Siemens Power
Corporation (SPC), Babcock and Wilcox (BW), and Framatome Cogema Fuels (FCF).
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Table 6.2.1-2 BWR Fuel Assembly Characteristics

Fuel ID 87 48A B7 49A B7 49B B8_59A I B860A 1188608 B8861B B8_62A B8_63A 8864A B8 64Ba
No. Fuel Rods 48 49 49 59 60 60 61 62 63 64 64

Base Fuel Typeb SPC GE GE GE GE GE GE SPC SPC GE GE
Pitch Max (in) 0.7380 0.7380 0.7380 0.6400 0.6417 0.6400 0.6400 0.6417 0.6420 0.6420 0.6090

Min (in) 0.7380 0.7380 0.7380 0.6400 0.6378 0.6378 0.6400 0.6400 0.6400 0.6420 0.6090
Fuel Pellet OD Max (in) 0.4900 0.4880 0.4910 0.4160 0.4110 0.4140 0.4140 0.4160 0.4195 0.4195 0.3913

Min (in) 0.4900 0.4770 0.4910 0.4160 0.4095 0.4095 0.4140 0.4045 0.4045 0.4195 0.3913
Fuel Rod OD Max (in) 0.5700 0.5700 0.5630 0.4930 0.4843 0.4843 0.4830 0.4843 0.4930 0.4840 0.4576

Min (in) 0.5700 0.5630 0.5630 0.4930 0.4840 0.4830 0.4830 0.4830 0.4840 0.4840 0.4576
Fuel Clad Thick. Max (in) 0.0360 0.0370 0.0320 0.0340 0.0320 0.0320 0.0300 0.0360 0.0360 0.0273 0.0290

Min (in) 0.0360 0.0320 0.0320 0.0340 0.0315 0.0300 0.0300 0.0290 0.0273 0.0273 0.0290
No. Water Rods 1 0 0 5 1 4 3 2 1 0 0
Water Rod OD (in) 0.5700 0.0000 0.0000 0.4930 1.2598 0.4843 0.4830 0.5910 0.4930 0.0000 0.0000
Water Rod Thick. (in) Solidc N/A N/A 0.0340 0.0394 N/A N/A N/A 0.0340 N/A N/A
Active Fuel Length Max (in) 144.0 146.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Min (in) 144.0 144.0 150.0 150.0 145.2 145.2 150.0 145.2 144.0 150.0 150.0
Fuel Mass Max (MTU) 0.1981 0.2034 0.2115 0.1828 0.1815 0.1841 0.1872 0.1921 0.1985 0.2017 0.1755

Min (MTU) 0.1981 0.1916 0.2115 0.1828 0.1744 0.1744 0.1872 0.1758 0.1772 0.2017 0.1755
0 Assemblies may contain unenriched axial blankets.

* Water rods may occupy more than one lattice location. Square water rods are not modeled.

* Assembly lattice structure may be surrounded by a zirconium alloy channel up to 120 mil thickness.

a Composed of four subchanneled clusters.
b Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor/type provided that the

fuel assembly meets the limits listed in Table 6.4.3-2. Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced Nuclear
Fuels/Siemens Power Corporation (SPC).

C Assembly-contains an inert "solid" zircaloy rod rather than the "tube" type Water rod found in other BWR assembly designs.
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Table 6.2.1-2 BWR Fuel Assembly Characteristics (cont.)
Fuel ID B9 72A B9_74A B9 76A B9 79A B9O80A B10_91AIB10 92AIB10 96Aa1B10 10OAa

No. Fuel Rods 72 74 76 79 80 91 92 96 100
Base Fuel Typeb GE GE SPC SPC GE SPC GE ABB ABB
No. Partial Length Rodsc N/A 8 N/A N/A N/A 8 14 12 N/A
Pitch Max (in) 0.5720 0.5720 0.5720 0.5720 0.5720 0.5100 0.5100 0.4880 0.4880

Min (in) 0.5720 0.5660 0.5720 0.5660 0.5720 0.5100 0.5100 0.4880 0.4880
Fuel Pellet OD Max (in) 0.3740 0.3760 0.3750 0.3760 0.3565 0.3420 0.3455 0.3224 0.3224

Min (in) 0.3740 0.3565 0.3530 0.3565 0.3565 0.3420 0.3455 0.3224 0.3224
Fuel Rod OD Max (in) 0.4330 0.4410 0.4430 0.4410 0.4230 0.3957 0.4040 0.3780 0.3780

Min (in) 0.4330 0.4240 0.4170 0.4240 0.4230 0.3957 0.4040 0.3780 0.3780
Fuel Clad Thick. Max (in) 0.0260 0.0300 0.0310 0.0300 0.0295 0.0239 0.0260 0.0243 0.0243

Min (in) 0.0260 0.0239 0.0209 0.0239 0.0295 0.0239 0.0260 0.0243 0.0243
No. Water Rods 1 2 5 2 1 1 2 0 0
Water Rod OD (in) 1.7160 0.9843 0.4430 0.4409 0.4230 1.5300 0.8080 0.0000 0.0000
Water Rod Thick. (in) N/A 0.0276 0.0120 0.0280 0.0200 N/A 0.0300 0.0310d 0.0340d
Active Fuel Length Max (in) 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Min (in) 150.0 150.0 150.0 145.2 150.0 150.0 150.0 150.0 150.0
Fuel Mass Max (MTU) 0.1803 0.1873 0.1914 0.2000 0.1821 0.1906 0.1966 0.1787 0.1861

Min (MTU) 0.1803 0.1684 0.1696 0.1740 0.1821 0.1906 0.1966 0.1787 0.1861
* Assemblies may contain unenriched axial blankets.
* Water rods may occupy more than one lattice location. Square water rods are not modeled.
• Assembly lattice structure may be surrounded by a zirconium alloy channel up to 120 mil thickness.

a Composed of four subchanneled clusters.
b Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor/type provided that the

fuel assembly meets the limits listed in Table 6.4.3 2. Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced Nuclear
Fuels/Siemens Power Corporation (SPC).

C Assembly may contain partial length rods. If partial length rods are used, see location sketch in Figure 6.2.1 1.
d Thickness indicated is the subchannel thickness.
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6.3 Model Specification

6.3.1 Description of Calculation Model

MCNP is used to model the PWR and BWR storage and transfer casks containing a full load of

fuel assemblies. The PWR cask system contains up to 37 fuel assemblies, while the BWR

system is capable of storing up to 87 fuel assemblies (89 assemblies are modeled). MCNP uses

combinatorial geometry, with the option to divide the model into self-contained Universes. The

self-contained Universe structure can be used to separate the TSC, concrete cask, and fuel into

individual components that can be easily modified and checked..

The basic MCNP geometry package is comprised of a set of general surfaces. To reduce the

required user input, MCNP includes simplified expressions for cylinders and planes

perpendicular to system axes and "macrobodies" (cubes, finite cylinders, wedges, etc). Models

are constructed by combining geometry components (surfaces) into cells. Cells may be

embedded in individual Universes to simplify modeling. A given Universe may be included in

different positions within the geometry by translation. Translation allows movement in the x, y,

and z directions and rotation using direction cosines.

Finite concrete cask/TSC/basket/fuel models (termed cask model henceforth) are constructed for

the storage and transfer system. The cask models are constructed in a set of distinct phases. In
the first phase, a fuel assembly is constructed from the basic components of the fuel assembly,

i.e., fuel rod, guide tube (PWR), instrument tube (PWR), water rods (BWR), and nozzles (end-

fittings). Lattice elements are discretely modeled. Assembly material homogenization is limited

to the end-fitting elevations where cuboids, containing a mixture of steel and TSC cavity

material (either void or water at various densities), are included. Next the basket structure is

placed within the TSC cavity. The basket structure is comprised of a set of carbon steel tubes

and aluminum-based neutron absorber panels surrounded by comer and side weldments. After

completing the basket model, fuel assemblies are explicitly placed into the TSC cavity, with the

basket structure superimposed on the cavity surrounding the assemblies using the Universe

structure. The TSC shell and lid are placed around the loaded basket. The complete TSC is then

placed into either the transfer or storage cask overpack. Generic basket features and TSC and

cask model details are included here. Detailed basket features unique to a specific payload

configuration are discussed in Section 6.7.

The basket is composed of a set of corner-locking tubes and comer and side weldments.

Twenty-one PWR tubes and 45 BWR tubes form the openings for 37 PWR assemblies and 89

BWR assemblies. Sketches of a generic tube and the developed cell are shown in Figure 6.3.3-1.

NAC International 6.3-1



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

Refer to Sections 6.7.1 and 6.7.4 for detail on the PWR and BWR tube and basket layout and

dimensions. Each of the baskets is placed into a matching TSC. PWR and BWR baskets are 4
designed in two lengths each, with PWR and BWR TSC differences being limited to the location

of the TSC ports. Ports are not, included in the criticality model. Therefore, PWR and BWR

TSC models are identical and are composed of a simple set of steel cylinders. Figure 6.3.3-2

contains a sketch of the TSC model. A single-length transfer cask and concrete cask design

accommodates either length PWR or BWR basket. A model sketch of the transfer cask is shown

in Figure 6.3.3-3, with the concrete cask model sketch shown in Figure 6.3.3-4.

An outer cylindrical body allows reflecting boundary conditions to be applied at specified
distances surrounding each cask model. Due to the size of the transfer and storage radiation

shields, cask surface neutron currents are low. This, in turn, results in baskets that are

neutronically isolated from cask exterior conditions and from other casks in an array

configuration.

6.3.2 Model Assumptions

Key assumptions for the analytical models are as follows.

* Assemblies are modeled as fresh, unburned fuel.

* The assembly is modeled at a fuel density of 96% theoretical (0.96x10.96 =

10.52 g/cm 2). 4
• A homogenous, peak planar average enrichment is applied to the BWR models. The

appropriateness of this assumption is validated in Section 6.7.5.

* With the exception of the fuel assembly channels in the BWR case, no fuel assembly
structural materials (i.e., spacer or mixing grids) are included in the PWR and BWR
active fuel region elevations. Nonfuel components placed into guide tubes are
specifically addressed in the analysis. As demonstrated in the moderator density and fuel
characteristics evaluation, the fuel rod lattices are undermoderated, therefore, making this
assumption conservative.

* Integral fuel assembly neutron absorbers (e.g., BWR gadolinium rods, PWR erbium or
boron IFBAs) are excluded from the analysis, thereby substantially increasing assembly
reactivity of the unburned assembly.

" Fuel assembly cladding for baseline cases is intact. In-core failure rates indicate that the
vast majority of fuel loaded will not have cladding damage, allowing access to the pellet-
to-clad gap. Flooding of this void space is addressed in Sections 6.7.3 and 6.7.6.

" The moderator is assumed to be water at various densities. Baseline for the analysis is
water at a temperature of 293K and a density of 0.9982 g/cm3 . PWR analyses include
soluble boron at various concentrations, effectively increasing water density. For a
consistent presentation, water densities are expressed at the unborated levels throughout
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A this document unless specifically noted. The fuel, cladding, and other structural materials
are assumed to be at 293K.

* Fixed neutron absorber sheets are evaluated at effective '0B densities of 0.036 g/cm 2

(PWR) and 0.027 g/cm 2 (BWR). Dividing by either 75% or 90% effectiveness yields the
minimum absorber levels required for the sheet manufacture.

" Fuel assembly and basket will retain their structure and will not show any significant
permanent deformation during normal conditions, off-normal or accident events. Per
Section 3.7.1.2 and Section 3.7.2.2, hypothetical tip-over analysis, the maximum
permanent set across the diagonal of the fuel tube is less than 0.01 inch. This represents
less than one-half the tolerance evaluated on the fuel tube interface width in Section 6.7.3
and Section 6.7.6 and shown to be statistically insignificant (i.e., no statistically
significant conclusion can be drawn from the analysis). The tube deformation, therefore,
has no resolvable effect on system reactivity or allowed payload configurations.

* Regardless of the specific type of stainless or carbon steel employed in the system
construction, the default SS-304 and carbon steel compositions in the SCALE 4.4
standard composition library [5] are employed. Minor alloying differences between the
steel types will not affect system reactivity significantly.

" The basket tubes are modeled at their drawing specified dimensions, i.e., no potential
deformations associated with the beyond design basis cask tip-over accident event are
applied to the analysis model. As demonstrated in Chapter 12 there is no design basis
condition that will result in the cask tip-over. Therefore there is no permanent
deformation in the basket tube structure during any design basis event. The minor
permanent set in the tubes discussed for the hypothetical cask tip-over in Section 3.7.2 is
limited to the top regions of the basket where neutron leakage effects will reduce any
reactivity affects. As discussed in Section 3.7.2, permanent set in the center regions of
the basket is not significant.

6.3.3 Cask Regional Densities

The densities used in the criticality analyses are primarily SCALE 4.4 default densities.

NS-4-FR is a proprietary material and the listed information reflects values defined by the

material information data sheet. Fuel assembly materials are listed in Table 6.3.3-1. Basket,

TSC, and cask material definitions are shown in Table 6.3.3-2.
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Figure 6.3.3-1 Generic Tube Cross-Section and Developed Cell Model Sketches

Tube

@ = Carbon Steel = Stainless Steel

( = Neutron Absorber
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Figure 6.3.3-2 TSC Model Sketch

Figure Withheld under 10 CFR 2.390

NAC International 6.3-5



MAGNASTOR System

Docket No. 72-1031

.June 2008

Revision 2

(
Figure 6.3.3-3 Transfer Cask Model Sketch

Figure Withheld under 10 CFR 2.390

(
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Figure 6.3.3-4 Storage Cask Model Sketch

Figure Withheld under 10 CFR 2.390
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Table 6.3.3-1 Fuel Assembly Material Densities and Compositions

Material
Density
glcm3

Element/
Isotope

Density
atom/barn-cm

U02 (5 wt % 23 5 U) a 10.522 2 35 U 1.19E-03
96% theoretical density 238U 2.23E-02

0 4.70E-02
Zirconium-based Alloy 6.56 Fe 8.84E-05

Cr 7.60E-05
N 1.41 E-04
Zr 4.25E-02
Sn 4.99E-04

Water 0.9982 H 6.67E-02
Full Density - No Boron 0 3.34E-02
Water b 1.0025 H 6.65E-02
Full Density - 2500ppm Boron 0 3.35E-02

10B 2.66E-05
11B 1.13E-04

Stainless Steel 7.94 Cr
Fe
Ni
Mn

1.75E-02
5.95E-02
7.74E-03
1.74E-03

a System is evaluated at varying enrichment levels. Sample data is provided.
b Various soluble boron levels are evaluated. Listed value represents the upper end of the

soluble boron range. Value was calculated based on the soluble boron source being boric acid.
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Table 6.3.3-2 Basket, TSC, and Cask Material Densities and Compositions

Material Density Element/ Density
g/cm 3 Isotope atom/barn-cm

Carbon Steel 7.821 Fe 8.35E-02
C 3.92E-03

Stainless Steel 7.94 Cr 1.75E-02
Fe 5.95E-02
Ni 7.74E-03

Mn 1.74E-03
Aluminum 2.702 Al 6.03E-02
Lead 11.344 Pb 3.30E-02
NS-4-FR 1.632 H 5.8508E-02

10B 9.1385E-05
11B 3.3665E-04
C 2.2600E-02
N 1.3904E-03
O 2.6107E-02
Al 7.8003E-03

Concrete 2.322 H 1.3879E-02
(145 Ib/ft3) 0 4.6522E-02

Na 1.7643E-03
Al 1.7625E-03
Si 1.6783E-02
Ca 1.5356E-03
Fe 3.5063E-04

Neutron Absorber a 2.358
11B

C
Al

8.53E-03
3.61 E-02
1.11E-02
2.98E-02

a Represents the as-modeled core density for BORAL based PWR and BWR neutron absorber
sheets. As-built neutron absorber density will vary depending on material choice (e.g., metal
matrix composite, BORAL, borated aluminum), boron enrichment, and percent absorber credit
taken (i.e., 75% or 90%).
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6.4 Criticality Calculation

6.4.1 Calculation Method

System reactivity evaluations are performed with the MCNP5 three-dimensional Monte Carlo

code and continuous neutron energy cross-sections [3,4]. The Monte Carlo code and neutron

cross-section libraries are validated for use in fuel transport and storage cask applications

through a series of calculations based on critical experiments. Validation detail is presented in

Section 6.5.

The criticality analysis of the system is performed in several steps.

" Establish initial reactivities effects of gap conditions, partial flooding;,and inserts (PWR)
for each fuel type under the assumption that the assemblies are undermoderated (typical
for PWR and BWR assemblies in storage and transport configuration).

* Determine bounding fuel assembly geometric definitions in terms of maximum or
minimum rod pitch, rod diameter, and clad thickness, and guide/instrument/water rod
diameter and thickness.

* For the BWR systems, justify the use of planar average versus heterogeneous
enrichments is justified.

" Evaluate basket mechanical perturbations and basket geometric tolerances for sample fuel
assembly types.

* Construct optimum moderator density curves for sample fuel types.

* Based on the maximum reactivity configuration, determine allowable enrichments for
each fuel type. System reactivity must be below the USL. For the PWR system,
minimum allowable soluble boron levels are set in conjunction with the maximum
allowable enrichment.

6.4.2 Fuel Loading Optimization

The fuel loading is optimized in the criticality models using the following.

" Fresh fuel at 96% theoretical density

" Bounding fuel assembly geometry

" The most reactive cask configuration

Based on the fuel characteristics documented in Section 6.2, bounding fuel assembly nominal

characteristics are established in terms of the following.

" Fuel rod outer diameter

" Fuel rod clad thickness

* Fuel rod pitch
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* Guide tube/water rod outer diameter and thickness

* Channel thickness (BWR)

* Homogenous versus heterogeneous enrichment patterns (BWR)

* Presence of nonfuel hardware insert (PWR)

Refer to Section 6.7 for the fuel type-specific details of the fuel characteristics evaluation.

The maximum reactivity cask configuration considers basket fabrication tolerances, component

shifting, and moderator density evaluations. Each of these effects is evaluated individually and

in combination to assure that the highest reactivity configuration is documented. Fabrication

tolerances and shift effect are evaluated using representative fuel types from the major core

configurations. Basket-specific evaluations determining the maximum reactivity configurations

are included in Section 6.7.

Casks are evaluated at various interior and exterior flood conditions with reflective boundary
conditions. Reflective boundary conditions are applied to an independently generated cylindrical

body surrounding the cask body. This allows the modeling of infinite cask arrays at various cask

spacings. Space between the cask surface and the reflecting body may be flooded at various

moderator densities. Given the low neutron fluxes on either concrete or transfer cask bodies, no

significant effect is observed from conditions outside the cask body.

6.4.2.1 Fabrication Tolerances

The basket is composed of a set of fuel tubes located in the TSC cavity with side and comer

weldments. The fuel tubes are pinned together in the tube corners. Tube location in the basket is

controlled by the diagonal dimension across the exterior face of the fuel tube comers as shown in

Figure 6.3.3-1. This value is a key dimension for tube array and developed cell size. The tube

diagonal is referred to as tube "interface width" in the analysis discussion. Tube and neutron

absorber width and thickness have the potential to significantly affect the size of the tube

opening and developed cell locations. Tube wall thickness is conservatively evaluated for a

tolerance of ±0.03 inch (versus a tolerance of -0.01, +0.03 inch from the ASTM standard for the

specified plate material), while the neutron absorber is evaluated at a design tolerance of ±0.005
inch. The side and comer weldments provide structural support to the basket during normal and

accident conditions, but do not generally dictate cell size. Tolerance effects are evaluated on the
fuel tube and neutron absorber. Retainer thickness tolerance was not considered relevant to the

analysis since the retainer strips are only 0.015-in thick (nominal). Off-nominal material

thickness for this component would not involve a significant amount of material and would,

therefore, not affect system reactivities significantly.
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6.4.2.2 Component Shift

In addition to the component tolerances, a reactivity study on component shifts is required.

Based on the pinned tube arrangement, the only radial shift to be evaluated is the shift of the fuel

assembly within the tubes. The tubes are restrained in the corner by pins, eliminating a tube

movement study.

6.4.2.3 Moderator Density Study

To verify that for the borated water cases maximum reactivity occurs at the highest mixture

density in the TSC cavity, a sequence of cavity water densities ranging from void (0.0001 g/cm3)

to full density (0.9998 g/cm3) are evaluated with a void (0.0001 g/cm3) exterior. Similar

evaluations are performed with a void interior and various exterior water densities, and

simultaneous variations in interior and exterior water densities. Exterior moderator is

conservatively modeled as unborated water regardless of TSC interior boron content. The

moderator density variation studies one fuel assembly type per basket configuration.

6.4.3 Criticality Results

6.4.3.1 PWR 37-Assembly Reactivity Result Summary And Enrichment
Limits

Results of the fuel characterization evaluation in Section 6.1.1 indicate that for each fuel

assembly subset, the maximum fuel reactivity is achieved by the following.

" Maximum Pitch

" Maximum Fuel Pellet OD

* Minimum Fuel Rod OD and Clad Thickness

Insertion of nonfuel assembly hardware components into the active fuel regions affects system

reactivity in the majority of cases. The level and direction of the reactivity effect depends on the

level of soluble boron in the moderator and the fuel type. The effect is low for fuel rod-sized

absorbers typical of Westinghouse and B&W cores, but becomes large for the guide tubes in CE

cores, which typically displace four assembly lattice locations each. In the CE System 80 model,

all five guide tubes are evaluated as containing nonfuel hardware. Only four of the five guide

tubes are designed for control rod access from the top.

Maximum system reactivity was achieved for assemblies with an unborated water flooded pellet-

to-clad gap. Flooding the gap with the minimum soluble boron content specified for the system

results in no significant reactivity change from the dry gap condition.
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Detailed studies in Section 6.7.3 demonstrate that no single component fabrication tolerance has

a statistically significant effect on system reactivity. A radial shift of assemblies to the center of

the TSC significantly increases system reactivity.

A combination of basket fabrication tolerances minimizing the tube internal free volume showed

a minor positive reactivity effect. Minimum free volume removes soluble boron from the system

and reduces water volume that may serve as moderator between the fuel assembly and the

neutron absorber sheets. Reduced interface width also minimizes distance between assemblies.

The following set of dimensions/perturbations maximizes system reactivity.

" Minimum tube interface width
* Maximum tube thickness
* Minimum absorber width and maximum thickness
" Fuel assemblies shifted to basket center

While minimum absorber width increases the tube free volume, it also reduces total system

absorber content. Even at maximum soluble boron content, the neutron absorber sheets contain

significantly higher absorber concentration.

As demonstrated in Section 6.7, partial flooding and exterior moderator density variations do not
significantly affect the flooded TSC's reactivity. In storage conditions, flooding the TSC-to-

concrete cask gap has a minor effect on system reactivity due to differences in neutron reflection

between the water in the gap and the steel liner.

In the void to full density moderator range, increasing the TSC interior moderator density raises

system reactivity for the cases containing soluble boron at less than 1,800 ppm. At higher

soluble boron concentration, reactivity levels off between 0.9 g/cm3 and full density (0.9982

g/cm3). No significant variations in reactivity occur in this area. For consistency in presentation,

full moderation is listed as maximum reactivity TSC interior moderator.

For each of the fuel types, with and without nonfuel inserts in the active fuel region, several

combinations of minimum soluble boron and maximum initial enrichments are determined. The

allowable loadings are documented in Table 6.4.3-1 and represent the bounding values for

assemblies with, and without, nonfuel hardware in the assembly guide tubes.

Maximum reactivities for normal and accident condiitons for PWR fuel are listed in the

following table. As there are no off-normal or accident events affecting the transfer cask

reactivities, all transfer conditions are listed as normal. The USL applied is 0.9372 for all

conditions.
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Gap Operating Soluble Boron Enrichment Water Density (g/cc)

Cask Body Condition Condition (ppm) (wt % 235U) Interior Exterior keff + 2a
Transfer Dry Normal 2000 4.5 0.9982 0.0001 0.93183
Transfer Wet Normal 2000 4.5 0.9982 0.0001 0.93712
Transfer Dry Normal 2000 4.5 0.9982 0.9982 0.92975
Transfer Wet Normal 2000 4.5 0.9982 0.9982 0.93615
Storage Dry Normal 0 5.0 0.0001 0.0001 0.48145
Storage Dry Accident 0 5.0 0.0001 0.9982 0.47104

Note: Maximum PWR enrichment is 5.0 wt %. Transfer cask cases represent

maximum reactivity cases from allowed enrichment/soluble boron content/fuel

type matrix. Storage cask cases employ fuel type with maximum fissile

material mass.

6.4.3.2 BWR 87-Assembly and 82-Assembly Basket Reactivity Result

Summary And Enrichment Limits

Results of the fuel characterization evaluation in Section 6.7.5 indicate that for each fuel

assembly subset, the maximum fuel reactivity is achieved by the following.

" Maximum Pitch

" Maximum Fuel Pellet OD

" Minimum Fuel Rod OD and Clad Thickness

" Maximum Planar Average Enrichment

" Flooded Pellet to Clad Gap

Detailed studies in Section 6.7.6 demonstrate that no single component fabrication tolerance has

a statistically significant effect on system reactivity. A radial shift of assemblies to the center of

the TSC significantly increases system reactivity.

A combination of basket fabrication tolerances minimizing the tube internal free volume showed

a minor positive reactivity effect. Minimum free volume reduces water volume that serves as

moderator between the fuel assembly and the borated aluminum neutron absorber sheets.
Reduced interface width also minimizes distance between assemblies.
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The following set of dimensions/perturbations maximizes system reactivity.

" Minimum tube interface width

" Maximum tube thickness

" Minimum absorber width and maximum thickness

9 Fuel assemblies shifted to basket center

Minimum absorber width reduces total system absorber content.

As demonstrated in Section 6.7, partial flooding and exterior moderator density variations do not
significantly affect the flooded TSCs reactivity. In the dry TSC flooding, the TSC-to-concrete
cask gap has a minor effect on system reactivity. Increases in the TSC interior moderator density

raise system reactivity.

For each of the fuel types, a maximum initial enrichment is defined. The allowable loadings are

documented in Table 6.4.3-2.

Maximum reactivities for normal and accident conditions for BWR fuel are listed in the

following table. As there are no off-normal or accident .events affecting the transfer cask
reactivities, all transfer conditions are listed as normal. The USL applied is 0.9372 for all

conditions.
____ i

Cask Body Gap Operating Enrichment Water Density (g/cc) keff + 2a

Condition Condition (wt % 235U) Interior Exterior
Transfer Dry Normal 3.8 0.9982 0.0001 0.92900
Transfer Wet Normal .3.8 0.9982 0.0001 0.93679
Transfer Dry Normal 3.8 0.9982 0.9982 0.92839
Transfer Wet Normal 3.8 0.9982 0.9982 0.93674
Storage Dry Normal 4.5 0.0001 0.0001 0.43685
Storage Dry Accident 4.5 0.0001 0.9982 0.42991

Note: Maximum BWR enrichment is 4.5 wt %. Transfer cask cases represent
maximum reactivity cases from allowed enrichment/fuel type matrix. Storage
cask cases employ fuel type with maximum fissile material mass.
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Table 6.4.3-1 PWR Fuel Basket Allowable Loading

Max. Initial Enrichment ( Wt % 235U)

Mn Min Max Max Soluble Soluble Soluble Soluble Soluble
No. of No. of Max Clad Clad Pellet Active Max Boron Boron Boron Boron Boron

Assembly Fuel Guide Pitch OD Thick. OD Length Load 1500 1750 2000 2250 2500
Type Rods TubeSa (inch) (inch) (inch) (inch) (inch) (MTU) ppm ppm ppm pm ppm

BW15H1 208 17 0.568 0.43 0.0265 0.3686 144.0 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14H1 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0.556 0.40 0.0162 0.3674 145.2 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 25 0.496 0.36 0.0225 10.3088 144.0 0.4327 4.00% 4.30% 4.70% 5.00% 5.00%

" Assembly characteristics represent cold, unirradiated, nominal configurations.

" Specified soluble boron concentrations are independent of whether a fuel assembly
contains a nonfuel insert.

a Combined number of guide and instrument tubes.
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Table 6.4.3-2 BWR Fuel Basket Allowable Loading

Number
of Mi Mi Max Max 87-Assy 82-Assy

Number Partial Max Clad Clad Pellet Active Max Max Max
Assembly of Fuel Length Pitch OD Thick. OD Length Loading Enrichment Enrichment

Type Rods Rods (inch) (inch) (inch) (inch) (inch) (MTU) (wt % 235U) (wt % 235U)

B7 48A 48 N/A 0.738010.5700 0.03600 0.4900 144.0 0.1981 4.00% 4.50%
B7 49A 49 N/A 0.73800.5630 0.03200 0.4880 146.0 0.2034 3.80% 4.50%
B7 49B 49 N/A 0.7380 0.5630 0.03200 0.4910 150.0 0.2115 3.80% 4.50%
B8 59A 59 N/A 0.6400 0.4930 0.03400 0.4160 150.0 0.1828 3.90% 4.50%
B8 60A 60 N/A 0.64170.4840 0.03150 0.4110 150.0 0.1815 3.80% 4.50%
B8 60B 60 N/A 0.64000.4830 0.03000 0.4140 150.0 0.1841 3.80% 4.50%
B8 61B 61 N/A 0.64000,48300.03000 0.4140 150.0 0.1872 3.80% 4.50%

B8 62A 62 N/A 0.6417 0.4830 0.02900 0.4160 150.0 0.1921 3.80% 4.50%
B8 63A 63 N/A 0.64200.4840 0.02725 0.4195 150.0 0.1985 3.80% 4.50%
B8 64A 64 N/A 0.6420 0.4840 0.02725 0.4195 150.0 0.2017 3.80% 4.50%
B8 64Ba 64 N/A 0.60900,45760.02900 0.3913 150.0 0.1755 3.60% 4.30%
B9 72A 72 N/A 0.57200.4330 0.02600 0.3740 150.0 0.1803 3.80% 4.50%
B9 74A 74b 8 0.57200.4240 0.02390 0.3760 150.0 0.1873 3.70% 4.30%
B9 76A 76 N/A 0.57200.41700.02090 0.3750 150.0 0.1914 3.50% 4.20%
B9 79A 79 N/A 0.5720 0.4240 0.02390 0.3760 150.0 0.2000 3.70% 4.40%
B9 80A 80 N/A 0.57200.4230 0.02950 0.3565 150.0 0.1821 3.80% 4.50%

B10 91A 91b 8 0.51000.39570.023850.3420 150.0 0.1906 3.70% 4.50%
B10 92A 92b 14 0.51000.40400.02600 0.3455 150.0 0.1966 3.80% 4.50%
B10 96Aa 96b 12 0.4880 0.3780 0.02430 0.3224 150.0 0.1787 3.70% 4.30%

(

0

B-1_l0OAa 100 N/A 0.488010.378010.0243010.32241 150.0 1 0.1861 3.60% 4.40%

Note:

" Assembly characteristics represent cold, unirradiated, nominal configurations.

" Maximum channel thickness allowed is 120 mils (nominal).

a Composed of four subchannel clusters.
b Assemblies may contain partial length fuel rods. Partial length rod assemblies are evaluated

by removing partial length rods from the lattice. This configuration bounds an assembly with

full length rods and combinations of full and partial length rods.
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6.5 Critical Benchmark Experiments

Criticality code validation is performed for the Monte Carlo evaluation code and neutron cross-

section libraries. Criticality validation is required by the criticality safety standards ANSI/ANS-

8.1 [6].

6.5.1 Benchmark Experiments and Applicability

NUREG/CR-6361, "Criticality Benchmark Guide for Light-Water-Reactor Fuel in

Transportation and Storage Packages" (NUREG), provides a guide to LWR criticality

benchmark calculations and the determination of bias and subcritical limits in critical safety
evaluations. In Section 2 of the NUREG, a series of LWR critical experiments are described in

sufficient detail for independent modeling. In Section 3, the critical experiments are modeled,

and the results (keff values) are presented. The method utilized in the NUREG is KENO-Va with

the 44-group ENDF/B-V cross-section library embedded in SCALE 4.3. In Section 4, a guide

for the determination of bias and subcritical safety limits is provided based on ANSJ/ANS-8.17

[7] and statistical analysis of the trending in the bias. Finally, guidelines for experiment selection

and applicability are presented in Section 5. The approach outlined in Section 4 of the NUREG

is described in detail herein and is implemented for MCNP5 with continuous energy ENDF/B-VI

cross-sections.

The NUREG/CR-6361 implements ANSI/ANS-8.17 criticality safety criterion as follows.

ks - kc - Aks - Akc - Akkm (Equation 1)1

where:

k, = calculated allowable maximum multiplication factor, keff, of the system being
evaluated for all normal or credible abnormal conditions or events.

kc mean keff that results from a calculation of benchmark criticality experiments
using a particular calculation method. If the calculated keff values for the
criticality experiments exhibit a trend with an independent parameter, then kc
shall be determined by extrapolation based on best fit to calculated values.
Criticality experiments used as benchmarks in computing kc should have physical
compositions, configurations, and nuclear characteristics (including reflectors)
similar to those of the system being evaluated.
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Ak, = allowance for the following.

* statistical or convergence uncertainties, or both, in computation of k,
* material and fabrication tolerances
* geometric or material representations used in computational method

Ako = margin for uncertainty in k,, which includes allowance for the following.

. uncertainties in critical experiments
* statistical or convergence uncertainties, or both, in computation of k,
* uncertainties resulting from extrapolation of k, outside range of experimental data
* uncertainties resulting from limitations in geometrical or material representations

used in the computational method

Akm = arbitrary administrative margin to ensure subcriticality of ks

The various uncertainties are combined statistically if they are independent. Correlated

uncertainties are combined by addition.

Equation 1 can be rewritten as shown.

ks< 1 k- lm - Aks - (1I k)- Akc (Equation 2)

Noting that the definition of the bias is I3 = 1 - k,, Equation 2 can be written as shown.

ks + Akds < 1 - AkmP - -AP (Equation 3)

where:

A3 = Akc

Thus, the maximum allowable value for keff plus uncertainties in the system being analyzed must

be below 1 minus an administrative margin (typically 0.05), which includes the bias and the

uncertainty in the bias. This can also be written as shown.

k, + Ak, < Upper Subcritical Limit (USL) (Equation 4)

where:

USL - 1 -Akm- P - AP (Equation 5)

This is the USL criterion as described in Section 4 ofNUREG/CR-6361. Two methods are

prescribed for the statistical determination of the USL. The "Confidence Band with

Administrative Margin (USL-1)" approach is implemented here and is referred to generically as

USL. A Akm = 0.05 and a lower confidence band are specified based on a linear regression of

keff as a function of some system parameter. As recommended in NUREG/CR-6361, a simple

NAC International 6.5-2



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

linear regression is performed on each system parameter, and the line with the greatest

correlation is used to functionalize 13.

Section 6.7.7 contains the extensive list of LWR critical benchmarks employed in the validation

of MCNP with its continuous energy neutron cross-section libraries. The range of parameters

included in the benchmarks is shown in Table 6.5.2-1.

Included in Section 6.7.7 are linear fits of reactivity (keff) to each of the system parameters.

Experiments were chosen to reflect the fuel and basket geometry and materials, and the spent

fuel cask criticality control mechanism. This includes the use of square pitched, low enriched

uranium oxide fuel rods, a rectangular arrangement of assembles, light water moderation, and
criticality control by spacing, borated moderator, and/or borated absorber panels and tubes.

Trending in keff was evaluated for the following independent variables: wt % 235U, rod pitch, H/U
volume ratio, energy of the average neutron lethargy causing fission (EALCF), 1 B loading of the

absorber sheet, and soluble boron loading. No statistically significant trends were found for any

of the system parameters. USLs are, therefore, generated for each of the independent variables.

A minimum USL covering the range of applicability of the benchmark set is determined as
detailed in Section 6.5.2.
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6.5.2 Results of Benchmark Calculations

To evaluate the relative importance of the trend analysis to the upper subcritical limits,

correlation coefficients are required for all independent parameters. The linear correlation

coefficient, R, is calculated by taking the square root of the R2 value. In particular, the

correlation coefficient, R, is a measure of the linear relationship between keff and a critical

experiment parameter. If R is +1, a perfect linear relationship with a positive slope is indicated;

and if R is -1, a perfect linear relationship with a negative slope is indicated. When R is 0, no

linear relationship is indicated.

Table 6.5.2-2 contains the correlation coefficient, R, for each linear fit of keff versus experimental

parameter. Linear fits and correlation constants are based on the 183 data-point evaluation sets

plotted in Section 6.7.7. The cluster gap plot is limited to the 137 data points for experiments

containing multiple fuel rod clusters. Single fuel rod cluster experiments documented in LEU-

COMP-THERM sets 06, 14, 35 and 50, in addition to LEU-COMP-THERM experiments 01-01,

02-01 to -03, and 08-01 to -15, were therefore excluded from the cluster gap study. The 183 data

points evaluated for the remaining parameters represent the complete set of experiments listed in

Section 6.7.7 minus the three high energy lethargy experiments above 0.35 eV (Experiments

LEU-COMP-THERM 14-05, -06 and -07). Addition of these points, while not resulting in a

significant linear fit, produces a noticeable slope to the USL correlation not representative of the

remaining data fits. As this increased slope results in a higher USL, it is acceptable to discard
these data points. The three higher energy points are removed from all independent variables for

consistency.

As there is no significant correlation to any of the independent variables, the USL for each

independent variable is calculated and shown with its range of applicability in Table 6.5.2-2. A

sample output for EALCF is shown in Figure 6.5.2-1. Uncertainties included in the USLSTATS

evaluation are the Monte Carlo uncertainty associated with the reactivity calculation and

experimental uncertainty that was provided in the literature for each of the cases.

Based on all the independent variable correlations, a lower limit constant USL of 0.9376 may be

applied. The range of applicability (area of applicability) of this limit may be extended to 5 wt
% enriched fuel, as the correlation shows no significant trend with enrichment between 2.35 and

4.74 wt %, and that the limited trending observed increases the USL. Extending the range of

applicability for the average neutron lethargy is based on a minimal, but positive, trend of the

USL versus EALCF. Studies, including additional data points up to 0.7722 eV, indicate that the

trending continues to the higher energy levels.
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Figure 6.5.2-1 USLSTATS Output for EALCF

Version 1.4, April 23, 2003
Oak Ridge National Laboratory

**************************************************

Input to statistical treatment from file:enrich-183.in
Title: keff vs enrichment

Proportion of the population = .995

Confidence of fit = .950
Confidence on proportion = .950
Number of observations = 193
Minimum value of closed band = 0.00
Maximum value of closed band = 0.00
Administrative margin 0.05

independent
variable - x

2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
4.30600E+00

4.30600E+00
4.30600E+00

4.30600E+00
4.30600E+00

4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00

dependent
variable - y

9.94910E-01
9.92830E-01
9.98060E-01
9.965505-01

9.89310E-01
9.95340E-01
9.93880E-01
9.89690E-01
9.95160E-01
9.93670E-01
9.96340E-01
9.93110E-01
9.93000E-01
9.92680E-01
9.93190E-01
9.92990E-01
9.94790E-01
9.93100E-01
9.93240E-01
9.91990E-01
9.93820E-01
9.94450E-01
9.95440E-01
9.94410E-01
9.93920E-01
9.95090E-01
9.93780E-01
9.95040E-01
9.94380E-01
9.95730E-01
9.94270E-01
9.98350E-01
9.96860E-01
9.99310E-01
9.97950E-01
9.97650E-01
9.96990E-01
9.97230E-01
9.96590E-01
,9.95260E-01
9.97450E-01
9.97590E-01
9.97650E-01
9.98880E-01
9.97350E-01
9.97580E-01
9.97720E-01
9.96910E-01
9.95480E-01
9.93430E-01
9.93300E-01
9.93710E-01
9.95930E-01
9.92950E-01
9.96160E-01
9.93890E-01
9.95710E-01
9.93190E-01

deviation
in y

3.42000E-03
3.38000E-03
3.38000E-03
3.42000E-03
3.44000E-03
3.41000E-03
3.44000E-03
3.36000E-03
2.79000E-03
2.54000E-03
2.76000E-03
2.64000E-03
2.49000E-03
2.10000E-03
2.1400OE-03
2.13000E-03
2.13000E-03
2.12000E-03
2.12000E-03
2.12000E-03
2.12000E-03
2.12000E-03
2.13000E-03
2.12000E-03
2.15000E-03
2.14000E-03
2.12000E-03
2.14000E-03
2.11000E-03
2.12000E-03
2.140OOE-03
1.34000E-03
1.36000E-03
1.24000E-03
1.36000E-03
1.38000E-03
1.35000E-03
1.37000E-03
1.40000E-03
1.40000E-03
1.36000E-03
1.38000E-03
1.36000E-03
1.39000-E03
1.37000E-03
1.39000E-03
1.39000E-03
1.35000E-03
2.84000E-03
2.78000E-03
2.81000E-03
2.85000E-03
2.73000E-03
2.85000E-03
2.89000E-03
2.73000E-03
2.96000E-03,
2.60000E-03

independent
variable - x

2.35000E+00
2.35000E+00
2.35000E+00

2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E500
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.59600E500
2.59600E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
2.45900E+00
2.45900E+00
2.45900E+00

dependent
variable - y

9.95090E-01
9.92520E-01
9.95620E-01
9.93130E-01
9.98130E-01
9.96700E-01
9.93830E-01
9.92770E-01
9.92920E-01
9.96410E-01
9.93060E-01
9.96500E-01
9.94680E-01
9.93300E-01
9.91810E-01
9.93920E-01
9.95560E-01
9.94540E-01
9.94490E-01
9.91300E-01
9.94800E-01
9.93500E-01
9.94000E-01
9.96280E-01
9.92620E-01
9.94100E-01
9.96470E-01
9.93600E-01
9.97020E-01
9.94970E-01
9.91950E-01
9.93410E-01
9.91310E-01
9.95860E-01
9.93580E-01
9.95390E-01
9.92370E-01
9.91440E-01
9.98780E-01
9.94180E-01
9.92400E-01
9.96930E-01
9.91370E-01
9.92500E-01
9.95140E-01
9.92190E-01
9.94760E-01
9.94690E-01
9.94340E-01
9.93190E-01
9.933OOE-01
9.93400E-01
9.94890E-01
9.93190E-01
9.93060E-01
9.91330E-01
9.95970E-01
9.95550E-01

deviation
in y

3.46000E-03
3.47000E-03
3.50000E-03
3.55000E-03
3.58000E-03
3.56000E-03
3.55000E-03
3.47000E-03
3.50000E-03
3.46000E-03
3.49000E-03
3.45000E-03
3.50000E-03
3.47000E-03
3.46000E-03
3.47000E-03
3.55000E-03
3.51000E-03
3.470OOE-03
3.52000E-03
3.47000E-03
3.60000E-03
3.45000E-03
3.53000E-03
3.45000E-03
3.53000E-03
3.52000E-03
3.47000E-03
3.49000E-03
3.50000E-03
3.55000E-03
1.93000E-03
2.05000E-03
4.36000E-03
4.53000E-03
4.58000E-03
4.540OOE-03
4.62000E-03
4.82000E-03
4.94000E-03
4.90000E-03
4.98000E-03
5.05000E-03
2.34000E-03
2.43000E-03
2.33000E-03
2.40000E-03
3.67000E-03
2.49000E-03
2.39000E-03
1.28000E-03
1.23000E-03
1.25000E-03
1.25000E-03
1.28000E-03
2.03000E-03
2.43000E-03
2.42000E-03
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Figure 6.5.2-1 USLSTATS Output for EALCF
4.30600E+00
4.30600E+00

4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
2.35000E+00

chi = 2.5464

9.93780E-01
9.92630E-01
9.95660E-01
9.94310E-01
9.96390E-01
9.96860E-01
9.97160E-01
9.92370E-01
9.97190E-01
9.94340E-01
9.96920E-01
9.96060E-01
9.97400E-01
9.92810E-01
9.92560E-01
9.93650E-01
9.94970E-01
9.94820E-01
9.94940E-01
9.95140E-01

9.95640E-01
9.95080E-01
9.95260E-01
9.95200E-01
9.94020E-01
9.94460E-01
9.93550E-01
9.94010E-01
9.92810E-01
9.94960E-01
9.93780E-01
9.96680E-01
9.85950E-01
9.94940E-01

(upper bound =

2.75000E-03
2.84000E-03
2.75000E-03
2.82000E-03
2.95000E-03
2.79000E-03
2.68000E-03
2.86000E-03
2.81000E-03
2.76000E-03
2.79000E-03
2.83000E-03
2.94000E-03
2.69000E-03

2.88000E-03
2.88000E-03

2.85000E-03
3.21000E-03
3.21000E-03
3.21000E-03
3.21000E-03
3.21000E-03
3.21000E-03
3.21000E-03
1.92000E-03
1.91000E-03
1.91000E-03
1.91000E-03
3.27000E-03
1.91000E-03
1.90000E-03
1.95000E-03
7.71000E-03
3.54000E-03

9.49). The data

2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00

2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00
2.60000E+00

normal.

183

9.94860E-01
9.95040E-01
9.95420E-01
9.95300E-01
9.95070E-01
9.93680E-01
9.92100E-01
9.94470E-01
9.90730E-01
9.86520E-01
9.86340E-01
9.90420E-01
9.89740E-01
9.91520E-01
9.90290E-01
9.89270E-01
9.95710E-01
9.96180E-01
9.95340E-01
9.95470E-01
9.96910E-01
9.96140E-01
9.95890E-01
9.96240E-01
9.96670E-01
9.96760E-01
9.96370E-01
9.96430E-01
9.97010E-01
9.96500E-01
9.96340E-01
9.96580E-01
9.96450E-01

2.42000E-03
2.42000E-03
2.42000E-03
2.42000E-03
2.42000E-03
1.93000E-03
1.93000E-03
1.93000E-03
1.93000E-03
2.23000E-03
1.93000E-03
2.42000E-03
2.03000E-03
2.72000E-03
2.13000E-03
1.93000E-03
1.42000E-03
1.42000E-03
1.52000E-03
1.52000E-03
1.42000E-03
1.42000E-03
1.42000E-03
1.62000E-03
1.52000E-03
1.62000E-03
1.62000E-03
1.72000E-03
1.62000E-03
1.62000E-03
1.62000E-03
1.71000E-03
1.62000E503

tests
Output from statistical treatment

keff vs enrichment
Number of data points (n)
Linear regression, k(X)
Confidence on fit (1-gamma) [input)
Confidence on proportion (alpha) [input]
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,X)^2
Within variance, s(w)^2
Pooled variance, s(p)^2
Pooled std. deviation, s(p)
C(alpha,rho)*s(p)
student-t @ (n-2,1-gamma)
Confidence band width, W
Minimum margin of subcriticality, C*s(p)-W

Upper subcritical limits: ( 2.3500 <= X <=

USL Method 1 (Confidence Band with
Administrative Margin) USLI = 0.9390
USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9795
USLs Evaluated Over Range of Parameter X:

0.9950 + (-I.5719E-04)*X
95.0%
95.0%

99.5%
2.3500E+00
4.7380E+00
3.0597E+00

0.99453
0.98595

5.0408E-06
7.8633E-06
1.2904E-05
3.5922E-03
1.5554E-02
1.64500E+00
5.9793E-03
9.5746E-03

4.7380

+ (-I.5719E-04)*X

" (-I.5719E-04)*X

x :

USL-1:
USL-2:

2.35E+0 2.69E+0 3.03E+0 3.37E+0 3.71E+0 4.06E+0 4.40E+0 4.74E+0

0.9387 0.9386 0.9386 0.9385 0.9385 0.9384 0.9383 0.9383
0.9791 0.9790 0.9790 0.9789 0.9789 0.9788 0.9788 0.9787

i
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Table 6.5.2-1 Range of Applicability for Complete Set of 186 Benchmark Experiments

Parameter Minimum Maximum
Enrichment (wt % 235U) 2.350% 4.738%
Fuel rod pitch (cm) 1.30 2.54
Fuel pellet outer diameter (cm) 0.790 1.265
Fuel rod diameter (cm) 0.9400 1.4172
H/235U atom ratio 72.7 403.9
Soluble boron (ppm by weight) 0 4986
Cluster Gap (cm) 1.206 13.750
Boron (loB) plate loading (g/cm 2) 0.0000 0.0670
Energy of average neutron lethargy causing fission (eV) 0.09781 0.77219

Table 6.5.2-2 Correlation Coefficients and USLs for Benchmark Experiments

USLSTATS
Correlation

USL
Low

USL
HighVariable R Range of Applicability

Enrichment (wt% 235U) 0.00410 0.064 2.35<=X<=4.738 0.9390+-1.57E-04X 0.9382 0.9386

Fuel rod pitch (cm) 0.00150 0.039 1.3<=X<=2.54 0.9380+2.64E-04X 0.9383 0.9386

Fuel pellet outer diameter (cm) 0.00260 0.051 0.79<=X<=1.265 0.9376+8.25E-04X 0.9382 0.9386

Fuel rod diameter (cm) 0.00380 0.062 0.94<=X<=1-.4172 0.9372+1.01 E-03X 0.9381 0.9386
W F + F F

H/235U atom ratio 3.OOE-06 0.002 1 06.2<=X<=403.9 0.9386-4.74E-08X 0.9385 0.9385

Soluble boron (ppm by weight) 0.01730 0.132 0<=X<=4986 0.9379+3.96E-07X 0.9379 0.9398

Cluster gap (cm) 0.01940 0.139 1.2<=X<=13.8 0.9375+9.82E-05X 0.9376 0.9388

Boron (10B) plate loading (g/cm 2) 0.00006 0.008 0<=X<=0.067 0.9382-1.37E-03X 0.9381 0.9382
Energy of average neutron

lethargy causing fission (eV) 0.00900 0.095 0.09781 <=X<=0.3447 0.9379+3.45E-03X 0.9382 0.9390
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6.7 Criticality Evaluation Detail

This section contains evaluation detail not found in the preceding sections.
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6.7.1 PWR Model Details

The PWR system payload consists of 37 fuel assemblies that are placed into 37 openings formed

by a combination of 21 fuel tubes, and 4 side and comer weldments.

Fuel assemblies are built within MCNP using rectangular parallelepipeds (RPP), right circular

cylinders (RCC), and the lattice (array) feature. RPPs form the general assembly outline and

end-fitting region. RCCs form the fuel rod and tube structure. The lattice structure simplifies

the placement of fuel rods, instrument tubes, and guide tubes. Fuel rods are modeled as a solid

fuel stack, no chamfering or dishing, a pellet to clad and plenum gap, and clad with end-plugs.

Guide tubes and instrument tubes connect the top- and bottom-end fittings. For assemblies

containing single lattice location instrument tubes and guide tubes, the tubes are individually

modeled as Universes, similar to fuel rods, and placed within the lattice. For assemblies

containing oversize guide tubes (e.g., CE core assembly size), guide and instrument tubes are

inserted into the assembly model, composed of end-fitting and a space for the rod lattice, with

the fuel rod lattice filling in the remaining space. Nonfuel assembly inserts are modeled by

replacing the interior material definition of the guide tubes by zirconium alloy. By using a

zirconium-based alloy in the tubes, no credit is taken for any remaining absorber properties of

the rods. Modeling the nonfuel insert in the guide tubes bounds a configuration with nonfuel

material loaded into the instrument tube active fuel region, but not guide tubes, as assemblies

contain a single instrument tube versus multiple guide tubes.

Dimensioned fuel tubes forming the base configuration of the basket are shown in Figure

6.7.1-1. In the MCNP model, each of the fuel tubes is composed of a set of RPPs. One RPP is

rotated 45 degrees from the chamfer on each tube comer that allows the stacking of the 21 tubes

into the basket array. Neutron absorber sheet locations are limited to fuel tubes only; no

absorber is located on comer and side weldments. The neutron absorber is held in place by a

combination of a cover sheet (retainer) and weld posts. The weld posts, and slots for weld posts

in both tube and absorber sheet, are explicitly modeled in the analysis. The assembled PWR

basket is shown in Figure 6.7.1-2.

All fuel tubes are initially modeled as containing four neutron absorber sheets with weld post

locations along the tube face for the criticality evaluations associated with maximum reactivity

payload and basket configuration and optimum moderation. Final system configuration

increases the number of weld posts and allows the removal of the neutron absorber sheets or

replacement by aluminum sheets at up to 16 locations on the basket periphery. The reduction in

the number of absorber sheets does not affect system reactivity, as demonstrated in Section

6.7.3.1. Similarly, an additional column of weld posts has no significant effect on system
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reactivity as shown in Section 6.7.3.1. Since the combination of a reduced number of absorber

sheets and an increase in the number of weld posts has the potential for increasing keff slightly

above the statistically significant level threshold, the maximum enrichments and keff in Section

6.7.3.2 are calculated using a model incorporating both design attributes.

Fuel tubes are connected by a pin design and restraint on the basket periphery by the side and

comer weldment. Pins space the basket axially and provide free flow area for basket draining

and natural convection cooling. The basket design will not permit preferential flooding of the

basket. All tubes are designed to drain simultaneously.

To assure proper initial sampling of the fission source and to accelerate code convergence, all

analyses rely on an SDEF source distribution sampling the fissile material in the cask uniformly.

Sample input files for the transfer cask and storage cask models are shown in Figure 6.7.1-3 and

Figure 6.7.1-4, respectively. The inputs provided represent the maximum reactivity

configuration and include the minimum cell spacing, replacement of the optional peripheral

absorbers by aluminum sheets, and the full number of weld posts illustrated in the licensing

drawings. Figure 6.7.1-3 contains a Westinghouse fuel assembly payload. The storage cask

input contains a model loaded with a CE core fuel assembly and displays model changes

required for the CE fuel design and cask overpack. (
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Figure 6.7.1-1 PWR Fuel Tubes

Figure Withheld under 10 CFR 2.390
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0F
Figure 6.7.1-2 PWR Basket Structure

Figure Withheld under 10 CFR 2.390

0
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
Transfer Cask Model - WE17HI
C
c MAGNASTOR Canister Class 1
c Neutron Poison Loading - 90 %
c Nominal Fuel Characteristics
c
c Boron Content in Water - 2000 ppm
c Cavity Water Density 1.0017 g/cc
c
c Fuel to Clad Gap - Wet-UnBorated
c Exterior Water Density 0.0001 g/cc
c
c Model Revision 4.70
c
c Cells - Fuel Rod - WE17HI - WE Core - 17x17
1
2
3
4
c
5
6
7

1 -1.0522E+01
13 -0.9982 -2
2 -6.56 -3 +2
3 -1.0017 +3
Cells - Guide
2 -6.5600 -5
2 -6.56 -6 +5
3 -1.0017 +6

-1 u=12 $ Fuel
+1 u=12 $ Plenum + Fuel to Clad Gap
u=12 $ Clad + End Plugs
u=12 $ Outside Fuel Rod

Tube - WEI7HI - WE Core - 17x17
u=ll $ Inside Guide Tube
u=ll $ Guide Tube
u=ll $ Outside Guide Tube

c Cell Cards Instrument Tube - WE17HI - WE Core
8.3 -1.0017 -8 u=10 $ Inside Inst. Tube
9 2 -6.56 -9 +8 u=10 $ Inst. Tube
10 3 -1.0017 +9 u=10 $ Outside Inst. Tube
c Array_17x17_264
13 3 -1.0017 -13 +14 -15 +16

17x17

trcl=(0 0 6.858)
12 12 12 12 12 12
12 12 12 12 12 12
12 12 12 12 12 11
12 12 12 11 12 12
12 12 12 12 12 12
12 12 11 12 12 11
12 12 12 12 12 12
12 12 12 12 12 12
12 12 11 12 12 11
12 12 12 12 12 12
12 12 12 12 12 12
12 12 11 12 12 11
12 12 12 12 12 12
12 12 12 11 12 12
12 12 12 12 12 11
12 12 12 12 12 12
12 12 12 12 12 12

lat=l u=9 fill=-8:8 -8:8 0:0
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

12 12 12
12 12 12
11 12 12
12 12 12
12 12 12
11 12 12
12 12 12
12 12 12
10 12 12
12 12 12
12 12 12
11 12 12
12 12 12
12 12 12
11 12 12
12 12 12
12 12 12
Inserted

12 12 12 12 12 12
12 12 12 12 12 12
11 12 12 12 12 12
12 12 11 12 12 12
12 12 12 12 12 12
11 12 12 11 12 12
12 12 12 12 12 12
12 12 12 12 12 12
11 12 12 11 12 12
12 12 12 12 12 12
12 12 12 12 12 12
11 12 12 11 12 12
12 12 12 12 12 12
12 12 11 12 12 12
11 12 12 12 12 12
12 12 12 12 12 12
12 12 12 12 12 12
Into Assembly - cellPWRAssyc Cells - Fuel Assembly Array

17 3 -1.0017
18 3 -1.0017
19 4 -2.6429
20 5 -2.6082
21 3 -1.0017
c Cell Cards

-17 fill=9 u=8 $ Array
-18 +17 -17.6 -17.5 u=8 $ Fuel Width Envelope
-18 +17.6 u=8 $ Lower Nozzle
-18 +17.5 u=8 $ Upper Nozzle
+18 u=8 $ Remaining Space
- Tube, Absorber and Retainer

101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber +Y
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber Clad +Y

105 6 -7.940 -105 u=7 $ Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
107 6 -7.940 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=7 $ Weld Post in Absorber -Y

108 3 -1.0017 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=7 $ Weld Post in Absorber +Y

110 3 -1.0017 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber +Y
111 12 -2.358 -210 +216 +217 +218 +219.+220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber -x

112 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber Clad -X

113 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber +X

114 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222. +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber Clad +X

115 6 -7.940 -214 u=7 $ Retainer -X
116 6 -7.940 -215 u=7 $ Retainer+X
117 6 -7.940 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=7 $ Weld Post in Absorber -X

118 3 -1.0017 -211 #111 #112 #117 u=7 $ Gap Weld Post to Absorber -X
119 6 -7.940 -213

(-284:-285:-286: -287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=7 $ Weld Post in Absorber

120 3 -1.0017 -213 #113 #114 #119 u=7 $ Gap Weld Post to Absorber +X
121 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=7 $ Space in Tube

122 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=7 $ Fuel Tube

123 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
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-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=7 $ Fuel Tube Weld Posts

124 3 -1.0017 -320 +319 #122 #123
u=7 $ Space Around Weld Posts

125 3 -1.0017 +319 +320 u=7 $ Exterior Space
c Cell Cards - Q1 Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber Clad

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber +Y

129 7 -2.7020 -104 +103 +107. +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber Clad

130 6 -7.940 -105 u=6 $ Retainer -Y
131 6 -7.9400 -106 u=6 $ Retainer+Y

-y

132 6 -7.940 -102
(-175:-176:-177:-178:-179:-180:-181:-182:-183:

-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=6 $ Weld Post in Absorber -Y

133 3 -1.0017 -102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=6 $ Weld Post in Absorber +Y

135 3 -1.0017 -104 #128 #129 #134 u=6 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber -X

137 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber Clad

138 7 -2.7020 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber +X

139 7 -2.7020 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber Clad

-X

140 6 -7.940 -214 u=6 $ Retainer -X
141 6 -7.9400 -215 u=6 $ Retainer+X
142 6 -7.940 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=6 $ Weld Post in Plate-X

143 3 -1.0017 -211 #136 #137 #142 u=6 $ Gap Weld Post to Plate -X
144 6 -7.9400 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=6 $ Weld Post in Plate +X
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145 3 -1.0017 -213 #138 #139 #144 u=6 $ Gap Weld Post to Plate +X
146 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=6 $ Space in Tube

147 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=6 $ Fuel Tube

148 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=6 $ Fuel Tube Weld Posts

149 3 -1.0017 -320 +319 #147 #148
u=6 $ Space Around Weld Posts

150 3 -1.0017 +319 +320 u=6 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber Clad +Y

155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y
157 6 -7.940 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=5 $ Weld Post in Absorber -Y

158 3 -1.0017 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=5 $ Weld Post in Absorber +Y

160 3 -1.0017 -104 #153 #154 #159 u=5 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber -X

162 7 -2.7020 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber Clad -X

163 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
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+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber +X

164 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber Clad +X

165 6 -7.9400 -214 u=5 $ Retainer -X
166 6 -7.940 -215 u=5 $ Retainer+X
167 6 -7.9400 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=5 $ Weld Post in Plate-X

168 3 -1.0017 -211 #161 #162 #167 u=5 $ Gap Weld Post to Plate -X
169 6 -7.940 -213

(-284:-285:-286.:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=5 $ Weld Post in Plate +X

170 3 -1.0017 -213 #163 #164 #169 u=5 $ Gap Weld Post to Plate +X
171 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=5 $ Space in Tube

172 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=5 $ Fuel Tube

173 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=5 $ Fuel Tube Weld Posts

174 3 -1.0017 -320 +319 #172 #173
u=5 $ Space Around Weld Posts

175 3 -1.0017 +319 +320 u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber Clad +Y

180 6 -7.9400 -105 u=4 $ Retainer -Y
181 6 -7.940 -106 u=4 $ Retainer+Y
182 6 -7.9400 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
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-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=4 $ Weld Post in Absorber -Y

183 3 -1.0017 -102 #176 #177 #182 u=4 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-175:-176:-177:-178:-179:-180: -181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=4 $ Weld Post in Absorber +Y

185 3 -1.0017 -104 #178 #179 #184 u=4 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber -X

187 7 -2.7020 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber Clad -X

188 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber +X

189 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber Clad +X

190 6 -7.9400 -214 u=4 $ Retainer -X
191 6 -7.940 -215 u=4 $ Retainer+X
192 6 -7.9400 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=4 $ Weld Post in Plate-X

193 3 -1.0017 -211 #186 #187 #192 u=4 $ Gap Weld Post to Plate -X
194 6 -7.940 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=4 $ Weld Post in Plate +X

195 3 -1.0017 -213 #188 #189 #194 u=4 $ Gap Weld Post to Plate +X
196 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=4 $ Space in Tube

197 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=4 $ Fuel Tube

198 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193.:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=4 $ Fuel Tube Weld Posts

199 3 -1.0017 -320 +319 #197 #198
u=4 $ Space Around Weld Posts

200 3 -1.0017 +319 +320 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123

NAC International 6.7.1-10



MAGNASTOR System June 2008
Docket No. 72-1031 Revision 2

Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber -Y

202 7 -2.7020 -102 +i01 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber +Y

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +11 9 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber Clad +Y

205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer+Y
207 6 -7.9400 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=3 $ Weld Post in Absorber -Y

208 3 -1.0017 -102 #201 #202 #207 u=3 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=3 $ Weld Post in Absorber +Y

210 3 -1.0017 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber -X

212 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber Clad -X

213 7 -2.7020 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber +X

214 7 -2.7020 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber Clad +X

215 6 -7.940 -214 u=3 $ Retainer -X
216 6 -7.9400 -215 u=3 $ Retainer+X
217 6 -7.940 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=3 $ Weld Post in Plate-X

218 3 -1.0017 -211 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=3 $ Weld Post in Plate +X

220 3 -1.0017 -213 #213 #214 #219 u=3 $ Gap Weld Post to Plate +X
221 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=3 $ Space in Tube

222 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
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+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=3 $ Fuel Tube

223 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198: -199:-200:
-201:-202:-203:-204:-205:-206:-207: -208:
-284:-285:-286:-287:-288:-289:-290: -291:-292:
-293:-294:-295:-296:-297:-298:-299: -300:
-301:-302:-303:-304:-305:-306:-307: -308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=3 $ Fuel Tube Weld Posts

224 3 -1.0017 -320 +319 #222 #223
u=3 $ Space Around Weld Posts

225 3 -1.0017 +319 +320 u=3 $ Exterior Space
C Cells - Basket
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421

3 -1.0017 -401
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but

-402 fill=5 *trcl=( -23.4925 70.4774 0.0000 )
fill=6 *trcl=( 23.4925 70.4774 0.0000 ) u
fill=7 *trcl=( -46.9849 46.9849 0.0000
fill=7 *trcl=( 0.0000 46.9849 0.0000 ) u=
fill=7 *trcl=( 46.9849 46.9849 0.0000 ) u
fill=5 *trcl=( -70.4774 23.4925 0.0000
fill=7 *trcl=( -23.4925 23.4925 0.0000 )
fill=7 *trcl=( 23.4925 23.4925 0.0000 ) u:
fill=6 *trcl=( 70.4774 23.4925 0.0000 ) u
fill=7 *trcl=( -46.9849 0.0000 0.0000 ) u
fill=7 *trcl=( 0.0000 0.0000 0.0000 ) u=2
fill=7 *trcl=( 46.9849 0.0000 0.0000 ) u=
fill=4 *trcl=( -70.4774 -23.4925 0.0000
fill=7 *trcl=( -23.4925 -23.4925 0.0000
fill=7 *trcl=( 23.4925 -23.4925 0.0000 )
fill=3 *trcl=( 70.4774 -23.4925 0.0000 )
fill=7 *trcl=( -46.9849 -46.9849 0.0000
fill=7 *trcl=( 0.0000 -46.9849 0.0000 ) u
fill=7 *trcl=( 46.9849 -46.9849 0.0000 )
fill=4 *trcl=( -23.4925 -70.4774 0.0000
fill=3 *trcl=( 23.4925 -70.4774 0.0000 )

u=2 $ Tube Loc 1
=2 $ Tube Loc 2
u=2 $ Tube Loc 3
2 $ Tube Loc 4
=2 $ Tube Loc 5
u=2 $ Tube Loc 6
u=2 $ Tube Loc 7
=2 $ Tube Loc 8
=2 $ Tube Loc 9
=2 $ Tube Loc 10
$ Tube Loc 11

2 $ Tube Loc 12
u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16
u=2 $ Tube Loc 17

=2 $ Tube Loc 18
u-=2 $ Tube Loc 19
u=2 $ Tube Loc 20

u=2 $ Tube Loc 21
422 8

423 8

424 8

425 8
426 8
427 8

-7.821 -403 +404
#401 #402 #420 #421

-7.821 -405 +406
#406 #413 #409 #416

-7.821 -407 +408 -409 +411
#402 #409 #413 #4
#401 #406 #416 #4

-7.821 -410 +411 +407 u=2 $ C
-7.821 -412 +413 +407 u=2 $ C
-7.821 -414 +415 +407 u=2 $ C

u=2 $ Side Weldment Y

u=2 $ Side Weldment X

20
21 u=2 $ Corner Weldment Part 1
orner Weldment Part 2
orner Weldment Part 3A
orner Weldment Part 3B

428 3 -1.0017 #401 #402 #403 #404 #405 #406 #407 #408 #409 #410 #411
#412 #413 #414 #415 #416 #417 #418 #419 #420 #421
#422 #423
#424 #425 #426 #427 u=2 $ Remaining Space

c Cell Cards - Canister
501
502
503
504
505
506
507
508
509
510
511
512
513

3 -1.0017 -18
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but

fill=8 *trcl=( -23.0621 70.0470 0.0000 ) u=l $ Assy loc 1
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

23.0621 70.0470 0.0000
-46.5546 46.5546 0.0000
0.0000 46.5546 0.0000
46.5546 46.5546 0.0000
-70.0470 23.0621 0.0000
-23.0621 23.0621 0.0000
23.0621 23.0621 0.0000
70.0470 23.0621 0.0000
-46.5546 0.0000 0.0000
0.0000 0.0000 0.0000
46.5546 0.0000 0.0000
-70.0470 -23.0621 0.0000

u=l $ Assy loc 2
u=l $ Assy loc 3

u=l $ Assy loc 4
u=l $ Assy loc 5
u=l $ Assy loc 6
u=l $ Assy loc 7

u=l $ Assy loc 8
u=l $ Assy loc 9
u=l $ Assy loc 10

u=l $ Assy loc 11
u=l $ Assy loc 12

u=l $ Assy loc 13
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514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
3 -1.0017 -501

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

-23.0621 -23.0621 0.0000
23.0621 -23.0621 0.0000
70.0470 -23.0621 0.0000
-46.5546 -46.5546 0.0000
0.0000 -46.5546 0.0000
46.5546 -46.5546 0.0000)
-23.0621 -70.0470 0.0000
23.0621 -70.0470 0.0000
0.0000 70.0560 0.0000 )
-23.0711 46.5636 0.0000
23.0711 46.5636 0.0000
-46.5636 23.0711 0.0000
0.0000 23.0711 0.0000
46.5636 23.0711 0.0000
-70.0560 0.0000 0.0000
-23.0711 0.0000 0.0000)
23.0711 0.0000 0.0000
70.0560 0.0000 0.0000
-46.5636 -23.0711 0.0000
0.0000 -23.0711 0.0000
46.5636 -23.0711 0.0000
-23.0711 -46.5636 0.0000
23.0711 -46.5636 0.0000
0.0000 -70.0560 0.0000

u=l $ Assy loc 14
u=l $ Assy loc 15
u=l $ Assy loc 16

u=l $ Assy loc 17
u=l $ Assy loc 18

u=l $ Assy loc 19
u=1 $ Assy loc 20

u=l $ Assy loc 21
u=l $ Assy loc 22

u=l $ Assy loc 23
u=1 $ Assy loc 24

u=l $ Assy loc 25
u=l $ Assy loc 26
u=1 $ Assy loc 27
u=1 $ Assy loc 28
u=1 $ Assy loc 29

u=l $ Assy 1cC 30
u=l $ Assy loc 31

u=l $ Assy loc 32
u=1 $ Assy loc 33

u=l $ Assy loc 34
u=l $ Assy loc 35

u=l $ Assy loc 36
u=l $ Assy loc 37

#501 #502 #503 #504 #505 #506 #507 #508 #509 #510
#511 #512 #513 #514 #515 #516 #517 #518 #519 #520
#521 #522 #523 #524 #525 #526 #527 #528 #529 #530
#531 #532 #533 #534 #535 #536 #537 fill=2 u=l $ Cavity

539 6 -7.940 -502 +501 u=l $ Canister Shell / Lid / Bottom
540 13 -0.0001 +502 u=l $ Remaining Space
c Cell Cards - Transfer Cask Geometry
601 13 -0.0001 -601 -602 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity
602 8 -7.821 -601 +602 -606 $ Bottom plate
603 8 -7.821 -603 +602 +606 -607 $ Inner shell
604 9 -11.344 -604 +603 +606 -607 $ Lead shell
605 10 -1.632 -605 +604 +606 -607 $ NS-4-FR
606 8 -7.821 -601 +605 +606 -607 $ Outer shell
607 8 -7.821 -601 +602 +607 $ Top plate
608 8 -7.821 -608 +609 -614 $ Door rail
609 8 -7.821 -608 -610 -614 $ Door rail
610 8 -7.821 -613 -611 +612 -614 $ Door steel
611 13 -0.0001 -614 +601 #608 #609 #610 $ Exterior space to Reflector
612 0 +614 $ Exterior space

c Surfaces - Fuel Rod - WEI7Hl - WE Core - 17x17
1 RCC 0.0000.0.0000 1.7399 0.0000 0.0000 365.7600 0.4105 $ Fuel pellet stack
2 RCC 0.0000 0.0000 1.7399 0.0000 0.0000 381.6604 0.4204 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 385.1402 0.4725 $ Clad + End-Caps
c Surfaces - Guide Tube - WE17HI - WE Core - 17x17
5 CZ 0.5766 $ Guide tube inner surface
6 CZ 0.6121 $ Guide tube outer surface
c Surfaces - Instrument Tube - WE17HI - WE Core - 17x17
8 CZ 0.5766 $ Inst tube inner surface
9 CZ 0.6121 $ Inst tube outer surface
c Surfaces - Pitch - WE17H1 - WE Core - 17x17
13 PX 0.6299 $ Lattice Cell Boundaries
14 PX -0.6299
15 PY 0.6299
16 PY -0.6299
c Surfaces - Fuel Assembly Array Inserted Into Assembly - WE17HI - WE Core - 17x17
17 RPP -10.5509 10.5509 -10.5509 10.5509 6.8580 396.5702 $ Array
18 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 405.8920 $ Assembly Outer Dims
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1981 10.1981 -11.4618 -11.2078 8.8900 428.6250 $ Absorber -Y
102 RPP -10.1981 10.1981 -11.4999 -11.1697 8.8900 428.6250 $ Absorber Clad -Y
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I'• •=

103 RPP -10.1981 10.1981 11.2078 11.4618 8.8900 428.6250 $
104 RPP -10.1981 10.1981 11.1697 11.4999 8.8900 428.6250 $
105 RPP -10.3378 10.3378 -11.1697 -11.1316.7.6200 430.5300
106 RPP -10.3378 10.3378 11.1316 11.1697 7.6200 430.5300 $
107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
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129
130
131
132
133
134
135
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5.8738 -1:
5.8738 -1:
5.8738 -1.
5.8738 -1.
5.8738 ýii
5.8738 -1i
5.8738 -1i
5.8738 -1i
5.8738 -i:
5.8738 -i:
5.8738 -1i
5.8738 -1:
5.8738 -1:
5.8738 -1:
5.8738 -1:
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15.8750 0
41.2750 0
66.6750 0
92.0750 0
117.4750
142.8750
168.2750
193.6750
219.0750
244.4750
269.8750
295.2750
320.6750
346.0750
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15.8750
41.2750
66.6750
92.0750
117.4750
142.8750
168.2750
193.6750
219.0750
244.4750
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0.4191
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12.3698 14
12.3698 39
12.3698 6•
12.3698 9(
12.3698 1:
12.3698 14
12.3698 16
12.3698 19
12.3698 22
12.3698 24
12.3698 26
12.3698 25
12.3698 32
12.3698 34
12.3698 3E
12.3698 39
12.3698 42

18 12.3698
'8 12.3698
'8 12.3698
18 12.3698
'8 12.3698
18 12.3698
18 12.3698
'8 12.3698
18 12.3698
'8 12.3698
'8 12.3698
18 12.3698
18 12.3698
18 12.3698
18 12.3698
18 12.3698
)8 12.3698

$ Weld
$ Weld
$ Weld
$ Weld

4.2812 17.
9.6812 42.
5.0812 68.
0.4812 93.
15.8812 12
41.2812 14
66.6812 1E
92.0812 19
17.4812 22
42.8812 24
68.2812 27
93.6812 22
9.0812 32

44.4812 34
69.8812 37
95.2812 32
20.6812 42
14.2812 1
39.6812 4
65.0812 6
90.4812 2
115.8812
141.2812
166.6812
192.0812
217.4812
242.8812
268.2812
293.6812
319.0812
344.4812
369.8812
395.2812
420.6812

Post Hole
Post Hole
Post Hole
Post Hole

4689
8689

$
$

WI
WI
W•
W•

Absorber +Y
Absorber Clad +Y
$ Retainer -Y
Retainer +Y

eld Post Slot Y Absorber
eld Post Slot Y Absorber
eld Post Slot Y Absorber
eld Post Slot Y Absorber

2689 $
6689 $

i

5
9
2

7
9
2

7
9
2
i

5
9

.9.0689 $
4.4689 $
9.8689 $
5.2689 $
0.6689 $
6.0689 $
'1.4689 $
'6.8689 $
2.2689 $
7.6689 $
73.0689 $
'8.4689 $
3.8689 $
.7.4689 $
2.8689 $
8.2689 $
'3.6689 $
119.0689
144.4689
169.8689
195.2689
220.6689
246.0689
271.4689
296.8689
322.2689
347.6689
373.0689
398.4689
423.8689
Y

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
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Post
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Post
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Post
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Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
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Y Absorber
Y Absorber
Y Absorber
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$
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$
$
$
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$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
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Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
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Weld Post Hole Y
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-1.5875 1.5875 -12.3698 ~.8839 ~ Wsrer Circi~½t~ioo ~iot~ Y
-11.4618 -11.2078 -10.1981 10.1981 8.8900 428.6250 $ Absorber -X
-11.4999 -11.1697 -10.1981 10.1981 8.8900 428.6250 $ Absorber Clad -X
11.2078 11.4618 -10.1981 10.1981 8.8900 428.6250 $ Absorber Cd
11.1697 11.4999 -10.1981 10.1981 8.8900 428.6250 $ Absorber Clad +X

-11.1697 -11.1316 -10.3378 10.3378 7.6200 430.5300 $ Retainer -X
215 RPP 11.1316 11.1697 -10.3378 10.3378 7.6200 430.5300
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RPP
RPP

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698

12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698

4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863

5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738

14.2812 17.4689 $
39.6812 42.8689 $
65.0812 68.2689 $
90.4812 93.6689 $
115.8812 119.0689
141.2812 144.4689
166.6812 169.8689
192.0812 195.2689
217.4812 220.6689
242.8812 246.0689
268.2812 271.4689
293.6812 296.8689
319.0812 322.2689
344.4812 347.6689
369.8812 373.0689
395.2812 398.4689
420.6812 423.8689

$ Retainer +X
Weld Post Slot
Weld Post Slot
Weld Post Slot
Weld Post Slot

x
x
x
x

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Absorber
Absorber
Absorber
Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
x Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber

-5.8738 -4.2863 14.2812 17.4689
-5.8738 -4.2863 39.6812 42.8689
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RPP
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RPP
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C/X
C/X
C/X
C/X
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C/X
c/a
C /Xc/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
C/X
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
C/X
c/x
c/x
c/x
c/x
c/x
c/X
c/x
c/x
c/x
c/x

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
5.0800 1.
5.0800 4:
5.0800 6
5.0800 9:
5.0800 1:
5.0800 1i
5.0800 1
5.0800 1.
5.0800 2:
5.0800 2.
5.0800 2
5.0800 2
5.0800 3:
5.0800 3.
5.0800 3'
5.0800 3:
5.0800 4:
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
5.0800 1i
5.0800 4:
5.0800 65
5.0800 92
5.0800 1i
5;0800 1i
5.0800 1i
5. 0800 1i
5.0800 2:
5.0800 2'
5.0800 2i
5.0800 2!
5.0800 32
5.0800 3'
5.0800 3"
5.0800 3!
5.0800 42

12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698

5.8750 0.
1.2750 0.
6.6750 0.
2.0750 0.
17.4750 0
42.8750
68.2750
93.6750 0
19.0750 C
44.4750 C
69.8750 0
95.2750 C
20.6750 C
46.0750 C
71.4750 C
96.8750 C
22.2750 0
15.8750 C
41.2750 C
66.6750 C
92.0750 C
117.4750
142.8750
168.2750
193.6750
219.0750
244.4750
269.8750
295.2750
320.6750
346.0750
371.4750
396.8750
422.2750
5.8750 0.
1.2750 0.
6.6750 0.
2.0750 0.
17.4750 C
42.8750 0
68.2750 C
93.6750 0
19.0750 C
44.4750 C
69.8750 C
95.2750 C
20.6750 C
46.0750 C
71.4750 C
96.8750 C
22.2750 C

-5.8738
-5.8738
-5. 8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5. 8738
-5. 8738
-5.8738
-5.8738
-5.8738

.4191

.4191
4191

.4191
.4191
.4191
.4191
.4191
.4191

).4191
.4191
.4191

0.4191
.4191
.4191
.4191

0.4191
.4191
.4191
.4191
.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
3175
3175
.3175
3175
.3175
.3175
.3175

0.3175
1.3175
.3175
.3175
.3175

1.3175
.3175

1.3175
.3175
.3175

-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
$
$
$
$

.2863

.2863
65.0812 68.2689 $ Weld Post Slot X Absorber
90.4812 93.6689 $ Weld Post Slot X Absorber

.2863 115.8812 119.0689
4.2863 141.2812 144.4689
.2863 166.6812 169.8689

1.2863 192.0812 195.2689
1.2863 217.4812 220.6689
4.2863 242.8812 246.0689
4.2863 268.2812 271.4689
.2863 293.6812 296.8689
.2863 319.0812 322.2689

1.2863 344.4812 347.6689
1.2863 369.8812 373.0689
.2863 395.2812 398.4689
.2863 420.6812 423.8689
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X

$
$
$
$
$
$
$

$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber

$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
,$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole
$ Weld Post Hole

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
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301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317

c/x
C/X
c/x
C/X
C/X
c/x
c/x
c/x
c/x
c/x
C/X
c/x
c/x
c/x
c/x
c/x
C/X

-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800

15.8750 0.3175
41.2750 0.3175
66.6750 0.3175
92.0750 0.3175
117.4750
142.8750
168.2750
193.6750
219.0750
244.4750
269.8750
295.2750
320.6750
346.0750
371.4750
396.8750
422.2750

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
-1.5875

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

1.5875 413.6962318 RPP -12.3698 12.3698
319 RPP -11.4999 11.4999
320 RPP -12.3698 12.3698

-11.4999 11.4999 0.0000
-12.3698 12.3698 7.6200

416.8839 $
440.6900 $
430.5300 $

C Surfaces - Basket
401 RPP -12.3698 12.3698 -12.3698 12.3698 0.0000 440.6900
402 1 RPP -16.6116 16.6116 -16.6116 16.6116 0.0000 440.6900
403 RPP -33.9471 33.9471 -83.6409 83.6409 7.6200 430.5300
404 RPP -33.9471 33.9471 -81.7359 81.7359 7.6200 430.5300
405 RPP -83.6409 83.6409 -33.9471 33.9471 7.6200 430.5300
406 RPP -81.7359 81.7359 -33.9471 33.9471 7.6200 430.5300
407 1 RPP -80.1366 80.1366 -80.1366 80.1366 7.6200 430.5300
408 1 RPP -79.3428 79.3428 -79.3428 79.3428 7.6200 430.5300

Water Circulation Slot X
Space inside tube - cavity extent
Fuel tube

$ Tube Cavity Height
$ Tube Corner Cuts

$ Outer Surface Side Weld.
$ Inner Surface Side Weld.
$ Outer Surface Side Weld.
$ Inner Surface Side Weld.

$ Outer Surface Corner Weld.
$ Inner. Surface Corner Weld.

$ Corner Weld. Cut Surface
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.

409 RPP -82.8472
410 RPP -60.1485
411 RPP -59.3547
412 RPP -82.1868
413 RPP -82.1868
414 RPP -36.6560
415 RPP -35.8623
c Surface Cards -

82.8472 -82.8472
60.1485 -60.1485
59.3547 -59.3547
82.1868 -36.6560
82.1868 -35.8623
36.6560 -82.1868
35.8623 -82.1868
Canister

82.8472
60.1485
59.3547
36.6560
35.8623
82.1868
82.1868

7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200

430.5300
430.5300
430.5300
430.5300
430.5300
430.5300
430.5300

501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 440.6900 90.1700 $ Canister cavity
502 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
601 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
602
603
604
605
606
607
608
609
610
611
612

CZ 92.7100
CZ 94.6150
CZ 102.7430
CZ 108.5850
PZ 30.4800
PZ 453.3900
RPP -104.3178
PY 97.0026
PY -97.0026
PY 96.52
PY -96.52

$ Cask cavity radius
$ Inner shell OR

$ Lead shell OR
$ Outer shell IR

$ Top of bottom plate
$ Bottom of top plate

104.3178 -111.7600 111.7600 -12.7000 0.0000
$ Inside rail surface
$ Inside rail surface

$ Door surface
$ Door surface

$ Door Enclosing Shape

613 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000
108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*614 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 4.40% Weight U02 [amu] 269.9175
ml 92235.66c -3.878E-02 92238.66c -8.427E-01 8016.62c -1.186E-01
c Clad Material
m2 26054.62c -7.063E-05 24050.62c -4.179E-05 7014.62c -4.980E-04

26056.62c -1.149E-03 24052.62c -8.370E-04 7015.66c -1.981E-06
26057.62c -2.702E-05 24053.62c -9.673E-05
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26058.62c -3.631E-06 24054.62c -2.448E-05
40000.66c -9.823E-01 50000.42c -1.500E-02

c Water
m3 1001.62c -1.106E-01 8016.62c -8.779E-01

1001.62c -5.589E-04 8016.62c -8.870E-03

mt3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -3.201E-02 8016.62c -2.540E-01
1001.62c -1.617E-04 8016.62c -2.567E-03

5010.66c -3.535E-04
5011.66c -1.646E-03

24050.62c
24052.62c
24053.62c
24054.62c

-5.642E-03
-1. 130E-01
-1.306E-02
-3.306E-03

26054.62c
26056.62c
26057.62c
26058.62c

-2.791E-02
-4.539E-01
-1. 068E-02
-1.435E-03

25055.62c -1.421E-02
mt4 lwtr.Olt
c Upper Nozzle Material
ms

1001.62c -3.265E-02 8016.62c -2.591E-01
1001.62c -1.649E-04 8016.62c -2.618E-03

5010.66c
5011. 66c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

5010.66c
5011.66c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-1. 023E-04
-4.764E-04
-4.537E-02
-1.807E-02
-7. 990E-04
-2. 586E-03
-6.839E-04

-1. 043E-04
-4. 859E-04
-4. 500E-02
-1.793E-02
-7. 925E-04
-2. 565E-03
-6. 783E-04

-6. 384E-02
-2. 543E-02
-1.124E-03
-3.639E-03
-9. 623E-04

24050.62c
24052.62c
24053.62c
24054.62c

-5. 596E-03
-1.121E-01
-1.295E-02
-3.279E-03

25055.62c -1.410E-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

24052.62c -1.590E-01
24053.62c -1.838E-02
24054.62c -4.652E-03

25055.62c -2.000E-02
c Aluminum
m7 13027.62c -1.OOOE+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62c
26058.62c

-2.768E-02
-4. 502E-01
-1.059E-02
-1.423E-03

-3.927E-02
-6.3 87E-01
-1.502E-02
-2.019E-03

6000.66c -1.OOOE-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
mlO 5010.66c

5011.66c
13027.62c

c Concrete
mul 26054.62c

26056.62c
26057.62c
26058.62c

1001.62c
8016.62c

-2.534E-01
-2. 207E-01
-5.259E-01

-9.313E-04
-3.772E-03
-2.142E-01

-7. 911E-04
-1. 287E-02
-3. 026E-04
-4. 067E-05
-1. 000E-02
-5. 320E-01

7014. 62c
7015. 66c
1001.62c

-1.974E-02
-7. 852E-05
-6.001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
c Absorber Material B4C-AI
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
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mtl3 lwtr.Olt
c Uranium Blanket 0.711%
m14 92235.66c -6.267E-03
c Borated SS304
m15 28058.62c -9.072E-02

28060.62c -3.614E-02
28061.62c -1.598E-03
28062.62c -5.171E-03
28064.62c -1.367E-03

5010.66c -3.535E-03
5011.66c -1.646E-02

Weight U02 [amu] 270.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c -3.523E-02
26056.62c -5.729E-01
26057.62c -1.348E-02
26058.62c -1.811E-03
25055.62c -2.000E-02
14000.60c -I.OOOE-02
16000.62c -3.OOOE-04

24050.62c
24052.62c
24053.62c
24054.62c
15031.66c
6000.66c

-7. 939E-03
-1. 590E-01
-1. 838E-02
-4. 652E-03
-4. 500E-04
-8. 000E-04

c B4C
m16 5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01
c Pyrex
m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02

13027.62c -1.000E-02 5010.66c -6.540E-03 5011.66c -3.046E-02
C Borated Aluminum 25% B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
c
c Rotation Matrix
*TRI 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0 $ z-rotation 45 degrees
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0 $ z-rotation 135 degrees

c
c Cell Importances
c
mode n
imp:n 1 219r 0
c
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= 601 : D2 : 17 :13 : -

ERG= Dl
POS= 0.0000 0.00 1.7399
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPl

-3
c Assembly Source Distribution
# S12 SP2

1
501 1
502 1
503 1
504 1
505 1
506 1
507 1
508 1
509 1
510 1
511 1
512 1
513 1
514 1
515 1
516 1
517 1
518 1
519 1

d
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520 1
521 1
522 1
523 1
524 1
525 1
526 1
527 1
528 1
529 1
530 1
531 1
532 1
533 1
534 1
535 1
536 1
537 1

C - Uniform Radial Distribution in Fuel Rod
# S13 SP3

0.0000 -21
0.4105 1

C - Axial Source Profile
# S14 SP4

0 0.0
365.76 1.0

c
c Random Number Generator Controls
c
RAND GEN=2 SEED=19073486328125
c

c Print Control
c

PRINT
c
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
Storage Cask Model - CE16HI
c
c MAGNASTOR Canister Class 2
" Neutron Poison Loading - 90 %
c Nominal Fuel Characteristics
c
c Boron Content in Water - 0 ppm
c Cavity Water Density 0.0001 g/cc
c
c Fuel to Clad Gap - Dry
c Exterior Water Density 0.0001 g/cc
c
c Model Revision 4.70
c
c

1
2
3
4
c
7

Cells - Fuel Rod - CE16HI - CE Core - 16x16
1 -1.0522E+01 -1 u=10 $ Fuel
0 -2 +1 u=10 $ Plenum + Fuel to Clad Gap
2 -6;56 -3 +2 u=10 $ Clad + End Plugs
3 -0.0001 +3 u=10 $ Outside Fuel Rod
Array_16xl6_236
3 -0.0001 -7 +8 -9 +10

trcli=(0.643 0.643 9.6825) lat=l u=9 fill=-8:7 -8:7 0:0
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 9 9 10 10 10 10 10 10 10
10 10 10 10 10 10 10 9 9 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

c Cells - Fuel Assembly Array Inserted Into Assembly
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

3 -0.0001 -11
3 -0.0001 -5
2 -6.56 -6 +5
like 12 but
like 13 but
like 12 but
like 13 but
like 12 but
like 13 but
like 12 but
like 13 but
3 -0.0001 -12
4 -1.4722 -12
5 -1.3872 -12
3 -0.0001 +12

#12 #13 #14 #15 #16 #17 #18 #19 #20
-11 u=8 $ Inside CE Guide
-11 u=8 $ CE Guide Tube
*trcl=( 5.1440 5.1440 0.0000
*trcl=( 5.1440 5.1440 0.0000
*trcl=( -5.1440 5.1440 0.0000
*trcl=( -5.1440 5.1440 0.0000
*trcl=( 5.1440 -5.1440 0.0000
*trcl=( 5.1440 -5.1440 0.0000
*trcl=( -5.1440 -5.1440 0.0000
*trcl=( -5.1440 -5.1440 0.0000
+11 -11.6 -11.5 u=8 $ Fuel Width
+11.6 u=8 $ Lower Nozzle
+11.5 u=8 $ Upper Nozzle

u=8 $ Remaining Space

- cellCEAssy
#21 fill=9 u=8 $ Array

u=8 $ Inside CE Guide
u=8 $ CE Guide Tube

u=8 $ Inside CE Guide
u=8 $ CE Guide Tube
u=8 $ Inside CE Guide
u=8 $ CE Guide Tube

u=8 $ Inside CE Guide
u=8 $ CE Guide Tube

Envelope

c Cell Cards - Tube, Absorber and Retainer
101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
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+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber +Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +iil +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber Clad +Y

105 6 -7.940 -105 u=7 $ Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
107 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post in Absorber -Y

108 3 -0.0001 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post in Absorber +Y

110 3 -0.0001 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber +Y
111 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber -X

112 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber Clad -X

113 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber +X

114 7 -2.702 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber Clad +X

115 6 -7.940 -220 u=7 $ Retainer -X
116 6 -7.940 -221 u=7 $ Retainer+X
117 6 -7.940 -217

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=7 $ Weld Post in Absorber -X

118 3 -0.0001 -217 #111 #112 #117 u=7 $ Gap Weld Post to Absorber -X
119 6 -7.940 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=7 $ Weld Post in Absorber

120 3 -0.0001 -219 #113 #114 #119 u=7 $ Gap Weld Post to Absorber +X
121 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=7 $ Space in Tube

122 8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293 +215 +330 u=7 $ Fuel Tube

123 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
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-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329)

124 3 -0.0001 -332 +331 #122 #123
u=7 $ Space Around Weld Posts

125 3 -0.0001 +331 +332 u=7 $ Exterior Space
c Cell Cards - Ql Peripheral Tube, Absorber and Retainer

u=7 $ Fuel Tube Weld Posts

126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber Clad

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber Clad

-y

130 6 -7.940 -105 u=6 $ Retainer -Y
131 6 -7.9400 -106 u=6 $ Retainer+Y
132 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber -Y

133 3 -0.0001 -102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber +Y

135 3 -0.0001 -104 #128 #129 #134 u=6 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber -X

137 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber Clad

138 7 -2.7020 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber +X

139 7 -2.7020 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber Clad

140 6 -7.940 -220 u=6 $ Retainer -X
141 6 -7.9400 -221 u=6 $ Retainer+X

-X

142 6 -7.940 -217
(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311)

143 3 -0.0001 -217 #136 #137 #142 u=6 $ Gap Weld Post
144 6 -7.9400 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:

u=6 $ Weld Post in Plate-X
to Plate -X
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-303:-304:-305:-306:-307:-308:-309:-310:-311) u=6 $ Weld Post in Plate +X

145 3 -0.0001 -219 #138 #139 #144 u=6 $ Gap Weld Post to Plate +X
146 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=6 $ Space in Tube

147.8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293 +215 +330 u=6 $ Fuel Tube

148 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=6 $ Fuel Tube Weld Posts

149 3 -0.0001 -332 +331 #147 #148
u=6 $ Space Around Weld Posts

150 3 -0.0001 +331 +332 u=6 $ Exterior Space
c Cell Cards -. Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215.u=5 $ Absorber Clad +Y

155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y
157 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:.
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber -Y

158 3 -0.0001 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber +Y

160 3 -0.0001 -104 #153 #154 #159 u=5 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber -X

162 7 -2.7020 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber Clad -X

163 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230

j
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+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber +X

164 7 -2.702 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber Clad +X

165 6 -7.9400 -220 u=5 $ Retainer -X
166 6 -7.940 -221 u=5 $ Retainer+X
167 6 -7.9400 -217

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=5 $ Weld Post in Plate-X

168 3 -0.0001 -217 #161 #162 #167 u=5 $ Gap Weld Post to Plate -X
169 6 -7.940 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=5 $ Weld Post in Plate +±

170 3 -0.0001 -219 #163 #164 #169 u=5 $ Gap Weld Post to Plate +X
171 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=5 $ Space in Tube

172 8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293 +215 +330 u=5 $ Fuel Tube

X

173 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=5 $ Fuel Tube Weld Pc

174 3 -0.0001 -332 +331 #172 #173
u=5 $ Space Around Weld Posts

175 3 -0.0001 +331 +332 u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +±09 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber Clad

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber Clad

180 6 -7.9400 -105 u=4 $ Retainer -Y
181 6 -7.940 -106 u=4 $ Retainer+Y
182 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:

osts

-y
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=4 $ Weld Post in Absorber -Y

183 3 -0.0001 -102 #176 #177 #182 u=4 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195: -196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=4 $ Weld Post in Absorber +Y

185 3 -0.0001 -104 #178 #179 #184 u=4 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber -X

187 7 -2.7020 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber Clad

188 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber +X

189 7 -2.702 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber Clad

190 6 -7.9400 -220 u=4 $ Retainer -X

-X

+X

191 6 -7.940 -221 u=4 $ Retainer+X
192 6 -7.9400 -217

(-294:.-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311)

193 3 -0.0001 -217 #186 #187 #192 u=4 $ Gap Weld Post
194 6 -7.940 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-31.8:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311)

195 3 -0.0001 -219 #188 #189 #194 u=4 $ Gap Weld Post
196 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=4 $ Space in Tube

197 8 -7.821 -332 +331

~0u=4 $ Weld Post in Plate-X
to Plate -X

u=4 $ Weld Post
to Plate +X

in Plate +X

+143
+152
+161
+170
+258
+267
+276
+285

+144
+153
+162
+171
+259
+268
+277
+286

+145
+154
+163
+172
+260
+269
+278
+287

+146
+155
+164
+173
+261
+270
+279
+288

+147
+156
+165
+174
+262
+271
+280
+289

+148
+157
+166
+175
+263
+272
+281
+290

+149
+158
+167
+176
+264
+273
+282
+291

+150 +151
+159 +160
+168 +169
+177 +178
+265 +266
+274 +275
+283 +284
+292 +293 +215 +330 u=4 $ Fuel Tube

198 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=4 $ Fuel Tube Weld Posts

199 3 -0.0001 -332 +331 #197 #198
u=4 $ Space Around Weld Posts

200 3 -0.0001 +331 +332 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
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+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber -Y

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber +Y

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber Clad +Y

205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer+Y
207 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=3 $ Weld Post in Absorber -Y

208 3 -0.0001 -102 #201 #202 #207 u=3 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:-
-197:-198::-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=3 $ Weld Post inAbsorber +Y

210 3 -0.0001 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber -x

212 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber Clad

213 7 -2.7020 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber +X

214 7 -2.7020 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber Clad

215 6 -7.940 -220 u=3 $ Retainer -X
216 6 -7.9400 -221 u=3 $ Retainer+X

-x

217 6 -7.940 -217
(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=3 $ Weld Post in Plate-X

218 3 -0.0001 -217 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=3 $ Weld Post in Plate +X

220 3 -0.0001 -219 #213 #214 #219 u=3 $ Gap Weld Post to Plate +X
221 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=3 $ Space in Tube

222 8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155,+156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
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+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293

223 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201: -202:-203:-204:-205:
-206:-207:-208:-209:-210: -211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316: -317:-318:-319:-320:
-321:-322:-323:-324:-325: -326:-327:-328:-329)

224 3 -0.0001 -332 +331 #222 #223
u=3 $ Space Around Weld Posts

225 3 -0.0001 +331 +332 u=3 $ Exterior Space
C Cells - Basket
401 3 -0.0001 -401 -402 fill=5 *trcl=( -23.4925 70.47
402 like 401 but fill=6 *trcl= 23.4925 70.4774 0
403 like 401 but fill=7 *trcl=( -46.9849 46.9849
404 like 401 but fill=7 *trcl=( 0.0000 46.9849 0.
405 like 401 but fill=7 *trcl=( 46.9849 46.9849 0
406 like 401 but fill=5 *trcl=( -70.4774 23.4925
407 like 401 but fill=7 *trcl=( -23.4925 23.4925
408 like 401 but fill=7 *trcl=( 23.4925 23.4925 0
409 like 401 but fill=6 *trcl=( 70.4774 23.4925 0
410 like 401 but fill=7 *trcl=( -46.9849 0.0000 0
411 like 401 but fill=7 *trcl=( 0.0000 0.0000 0.0
412 like 401 but fill=7 *trcl=( 46.9849 0.0000 0.
413 like 401 but fill=4 *trcl=( -70.4774 -23.4925
414 like 401 but fill=7 *trcl=( -23.4925 -23.4925
415 like 401 but fill=7 *trcl=( 23.4925 -23.4925
416 like 401 but fill=3 *trcl=( 70.4774 -23.4925
417 like 401 but fill=7 *trcl=( -46.9849 -46.9849
418 like 401 but fill=7 *trcl=( 0.0000 -46.9849 0
419 like 401 but fill=7 *trcl=( 46.9849 -46.9849
420 like 401 but fill=4 *trcl=( -23.4925 -70.4774
421 like 401 but fill=3 *trcl=( 23.4925 -70.4774

74
.00
0.0
000
.00
0.0
0.0
.00
.00
.00
000
000

0.
0.

0.0
0.0

0.
.00
0.0

0.
0.0

+215 +330 u=3 $ Fuel Tube

u=3 $ Fuel Tube Weld Posts

0.0000 ) u=2 $ Tube Loc 1
00 ) u=2 $ Tube Lot 2
000) u=2 $ Tube Loc 3
0) u=2 $ Tube Loc 4
00 ) u=2 $ Tube Loc 5
000 ) u=2 $ Tube Loc 6
000) u=2 $ Tube Loc 7
00) u=2 $ Tube Loc 8
00 ) u=2 $ Tube Loc 9
00) u=2 $ Tube Loc 10

u=2 $ Tube Loc 11
0 ) u=2 $ Tube Loc 12
0000 ) u=2 $ Tube Loc 13
0000 ) u=2 $ Tube Loc 14
000 ) u=2 $ Tube Loc 15
000) u=2 $ Tube Loc 16
0000 ) u=2 $ Tube Loc 17
00 ) u=2 $ Tube Loc 18
000 ) u=2 $ Tube Loc 19
0000 ) u=2 $ Tube Loc 20
000 ) u=2 $ Tube Loc 21

422 8 -7.821 -403 +404
#401 #402 #420 #421

423 8 -7.821 -405 +406
#406 #413 #409 #416

424 8 -7.821 -407 +408 -409 +411

u=2 $ Side Weldment Y

u=2 $ Side Weldment X

#402 #409 #413 #420
#401 #406 #416 #421 u=2 $ Corner Weldment Part 1

425 8 -7.821 -410 +411 +407 u=2 $ Corner Weldment Part 2
426 8 -7.821 -412 +413 +407 u=2 $ Corner Weldment Part 3A
427 8 -7.821 -414 +415 +407 u=2 $ Corner Weldment Part 3B
428 3 -0.0001 #401 #402 #403 #404 #405 #406 #407 #408 #409 #410 #411

#412 #413 #414 #415 #416 #417 #418 #419 #420 #421
#422 #423
#424 #425 #426 #427 u=2 $ Remaining Space

c Cell Cards - Canister
501
502
503
504
505
506
507
508
509
510
511
512

3 -0.0001 -12
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but

fill=8 *trcl=( -22.6481 69.6330 0.0000 ) u=l $ Assy loc 1
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

22.6481 69.6330 0.0000
-46.1406 46.1406 0.0000
0.0000 46.1406 0.0000
46.1406 46.1406 0.0000
-69.6330 22.6481 0.0000
-22.6481 22.6481 0.0000
22.6481 22.6481 0.0000
69.6330 22.6481 0.0000
-46.1406 0.0000 0.0000
0.0000 0.0000 0.0000
46.1406 0.0000 0.0000

u=l $ Assy loc 2
u=l $ Assy loc 3

u=l $ Assy loc 4
u=l $ Assy loc 5
u=1 $ Assy loc 6
u=l $ Assy loc 7

u=l $ Assy loc 8
u=1 $ Assy loC 9
u=l $ Assy loC 10

u=l $ Assy loc 11
u=l $ Assy loc 12

NAC International 6.7.1-28



MAGNASTOR System

Docket No. 72-1031
June 2008

Revision 2

Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
3 -0.0001 -501

#501
#511
#521
#531

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trc3=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

-69.6330 -22.6481 0.0000
-22.6481 -22.6481 0.0000
22.6481 -22.6481 0.0000
69.6330 -22.6481 0.0000
-46.1406 -46.1406 0.0000
0.0000 -46.1406 0.0000
46.1406 -46.1406 0.0000
-22.6481 -69.6330 0.0000
22.6481 -69.6330 0.0000
0.0000 69.6420 0.0000 )
-22.6571 46.1496 0.0000
22.6571 46.1496 0.0000
-46.1496 22.6571 0.0000
0.0000 22.6571 0.0000)
46.1496 22.6571 0.0000
-69.6420 0.0000 0.0000
-22.6571 0.0000 0.0000 )
22.6571 0.0000 0.0000
69.6420 0.0000 0.0000
-46.1496 -22.6571 0.0000
0.0000 -22.6571 0.0000
46.1496 -22.6571 0.0000
-22.6571 -46.1496 0.0000
22.6571 -46.1496 0.0000
0.0000 -69.6420 0.0000

u=l $ Assy loc 13
u=l $ Assy loc 14

u=l $ Assy loc 15
u=l $ Assy loc 16

u=l $ Assy loc 17
u=l $ Assy loc 18

u=l $ Assy loc 19
u=l $ Assy loc 20

u=l $ Assy loc 21
u=l $ Assy loc 22

u=1 $ Assy loc 23
u=l $ Assy loc 24
u=l $ Assy loc 25

u=l $ ASSy loc 26
u=l $ Assy loc 27
u=l $ Assy loc 28
u=l $ Assy loc 29

u=l $ Assy loc 30
u=l $ Assy loc 31

u=1 $ Assy loc 32
u=1 $ Assy loc 33

u=l $ Assy loc 34
u=1 $ Assy loc 35

u=l $ Assy loc 36
u=l $ Assy loc 37

#509 #510
#519 #520
#529 #530
fill=2 u=l $ Cavity
Bottom

#502 #503-#504 #505 #506
#512 #513 #514 #515 #516
#522 #523 #524 #525 #526
#532 #533 #534 #535 #536

#507 #508
#517 #518
#527 #528
#537

539 6 -7.940 -502 +501
540 13 -0.0001 +502
c VCC Cells
601 8 -7.8212 -601
602 8 -7.8212 -602 +603

u=l $ Canister Shell / Lid /
u=l $ Remaining Space

$ Pedestal plate
$ Stand

603 8 -7.8212 -608 +609 +614 +615 $ Bottom plate outer
604 8 -7.8212 (-609 +610 -604) : (-609 +610 -605) $ Botto
605 8 -7.8212 -610 $ Bottom plate inner
606 8 -7.8212 (-603 -624 +625 -612) (-603 -622 +623 +624 -612)
stand
607 8 -7.8212 (+602 -624 +625 -612) (+602 -622 +623 +624 -612)
stand
608 8 -7.8212 (-619 +621 +604 +605 -613)

m plate connector

$ Support rail inside

$ Support rail outside

609 8

610 8
wall

(-620 +621 +604 +605 -613 +619)
-7.8212 (-616 +614 +618 -613 +604 +605 +608)

(-617 +615 +618 -613 +604 +605 +608)
-7.8212 (-604 +606 +602 -613 +608) : (-605 +607

$ Air inlet top

$ Air inlet wall
+602 -613 +608) $ Air inlet angular

611 8 -7.8212 (-618 -616 +614 +604 +605 +615 +608) :
(-618 -617 +615 +604 +605 +614 +608) $ Air inlet remaining wall

612 11 -2.3220 -613 +611 +604 +605 +608 +619 +620 +616 +617 $ Concrete
613 8 -7.8212 -611 +612 $ Liner
614 8 -7.8212 -626 +611 $ Top flange
615 13 -0.0001 (-608 +609 -614) : (-608 +609 -615) $ Bottom plate outer void
616 13 -0.0001 -609 +610 +604 +605 $ Bottom plate connector void
617 13 -0.0001 (-603 -625 -612) (-603 -623 +624 -612) $ Support rail inside s
618 13 -0.0001 (+602 -625 -612) (+602 -623 +624 -612) $ Support rail outside
619 13 -0.0001 (-614 +602 +604 +605 -613 +608) : $ Air inlet void

(-615 +602 +604 +605 -613 +608 +614)
620 13 -0.0001 -621 +602 +604 +605 $ Air inlet top void
621 13 -0.0001 (-606 +608 +602) : (-607 +608 +602) $ Connector void
622 13 -0.0001 -603 +622 +624 $ Stand void
623 13 -0.0001 -612 +601 +602 +622 +624 fill=l ( 0.0000 0.0000 6.9850 ) $ Cavity

tand void
stand void

624
625
626

8
8
8

-7.8212
-7.8212
-7.8212

-628 +627
-629 +630
-631 -636.5

$ Lid base
$ Lid base disk

+637.5 $ Outlet disk
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627
628
629
630
631
632
633
634
635
636
637
638
639
640

8 -7.8212 -636 +637 -640 +631
13 -0.0001 -637 -640 +631
8 -7.8212 -638 +639 -640 +631
13 -0.0001 -639 -640 +631
8 -7.8212 -630 +631 +636 +638

$

$

$ Outlet steel
Outlet void

$ Outlet steel
Outlet void

$ Lid Liner
13 -0.0001 -640 -631
13 -0.0001 -627 +629
8.-7.8212 -632 +633
13 -0.0001 -633
8 -7.8212 -634 +635
13 -0.0001 -635
11 -2.3220 -640 +628
13 -0.0001 -641 +613

+626 -637.5 $ Central Void
+626 +631 $ Flange / Lid Void

$ Anchor steel
$ Anchor cavity

$ Anchor steel
$ Anchor cavity

+629 +630 +632 +634 +636 +638 #626 $ Lid Concrete
+640 $ Exterior space to Reflector

$ Exterior space0 +641

c Surfaces - Fuel Rod - CEI6Hl - CE Core - 16x16
1 RCC 0.0000 0.0000 2.2631 0.0000 0.0000 381.0000 0.4128 $ Fuel pellet stack
2 RCC 0.0000 0.0000 2.2631 0.0000 0.0000 406.0876 0.4217 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 409.6207 0.4852 $ Clad + End-Caps
c Surfaces - Guide Tube - CEl6Hl - CE Core - 16x16
5 CZ 1.1430 $ Guide tube inner surface
6 CZ 1.2319 $ Guide tube outer surface
c Surfaces - Pitch - CEI6H1 - CE Core - 16x16
7 PX 0.6430 $ Lattice Cell Boundaries
8 PX -0.6430
9 PY 0.6430
10 PY -0.6430
c Surfaces - Fuel Assembly Array Inserted Into Assembly - CE16HI - CE Core - 16x16
11 RPP -10.1302 10.1302 -10.1302 10.1302 9.6825 424.1758 $ Array
12 RPP -10.2870 10.2870 -10.2870 10.2870 0.0000 450.3471 $ Assembly Outer Dims
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1981 10.1981 -11.4618 -11.2078 8.8900 446.4050 $ Absorber -Y
102 RPP -10.1981 10.1981 -11.4999 -11.1697 8.8900 446.4050 $ Absorber Clad -Y
103 RPP -10.1981 10.1981 11.2078 11.4618 8.8900 446.4050 $ Absorber +Y
104 RPP -10.1981 10.1981 11.1697 11.4999 8.8900 446.4050 $ Absorber Clad +Y
105 RPP -10.3378 10.3378 -11.1697 -11.1316 7.6200 448.3100 $ Retainer -Y
106 RPP -10.3378 10.3378 11.1316 11.1697 7.6200 448.3100
107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8736
-5.8738
-5.8738
-5.8738
-5.8738

5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286

8 -4.286
-4.286
-4.286
-4.286
-4.286

-:12 .3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12 3698
-12.3698
3 -12.369
3 -12.369

63 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369

12.3698 13
12.3698 3[
12.3698 6:
12.3698 86
12.3698 11
12.3698 13
12.3698 16
12.3698 18
12.3698 21
12.3698 23
12.3698 26
12.3698 28
12.3698 31
12.3698 34
12.3698 3E
12.3698 39
12.3698 41
12.3698 44

18 12.3698
18 12.3698
18 12.3698
'8 12.3698
'8 12.3698
18 12.3698
'8 12.3698
'8 12.3698
8 12.3698
'8 12.3698
8 12.3698

0.4712 13
5.8712 39
1.2712 64
6.6712 89
2.0712 1i
37.4712 1'
62.8712 1
38.2712 i1
13.6712 2:
39.0712 2'
64.4712 23
39.8712 2•
.5.2712 3:
30.6712 3'
66.0712 33
31.4712 3•
6.8712 4:
32.2712 4'
10.4712
35.8712
61.2712
86.6712
112.0712
137.4712
162.8712
188.2712
213.6712
239.0712
264.4712

.6589 $

.0589 $

.4589 $

.8589 $
15.2589
40.6589.
66.0589
91.4589
16.8589
42.2589
67.6589
93.0589
18.4589
43.8589
69.2589
94.6589
20.0589
45.4589

$ Retainer +Y
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
$ Weld Post Slot Y AbsorbE
$ Weld Post Slot Y AbsorbE
$ Weld Post Slot Y AbsorbE
$ Weld Post Slot Y AbsorbE
$ Weld Post Slot Y AbsorbE
$ Weld Post Slot Y AbsorbE
$ Weld Post Slot Y AbsorbE
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602 RCC 0,0000 0.0000 -30.2260 0.0000 0.0000 25.1460 63.5000 $ Stand outer
603 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 62.3888 $ Stand inner
604 1 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate A
605 2 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate B
606 1 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall A
607 2 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall B
608 RCC 0,0000 0.0000 -32.7660 0.0000 0.0000 2.5400 172.7200 $ Bottom plate outer
609 RCC 0,0000 0.0000 -32.7660 0.0000 0.0000 2.5400 100.3300 $ Connector radius
610 RCC 0,0000 0.0000 -32.7660 0.0000 0.0000 2.5400 63.5000 $ Bottom plate inner
611 RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 105.41 $ VCC liner outer
612 RCC 0,0000 0.0000 -16.3830 0.0000 0.0000 504.3932 100.965
613 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 518.2362 172.7200
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
*641

RPP
RPP
RPP
RPP
RCC
RPP
RPP
RCC
RPP
RPP
RPP
RPP
RCC
RCC
RCC
RCC

-172.7200 172.7200 -63.5000 63.5000 -32.7660
-63.5000 63.5000 -172.7200 172.7200 -32.7660
-172.7200 172.7200 -64.7700 64.7700 -32.7660
-64.7700 64.7700 -172.7200 172.7200 -32.7660
0.0000 0.0000 -32.7660 0.0000 0.0000 11.3030
-172.7200 172.7200 -64.7700 64.7700 -21.4630
-64.7700 64.7700 -172.7200 172.7200 -21.4630

-21.4630
-21.4630
-21.4630
-21.4630
100.3300
-16.3830
-16.3830

$ VCC liner inner
$ Concrete
$ Air inlet void X
$ Air inlet void Y
$ Air inlet wall X
$ Air inlet wall Y

$ Air inlet divider
$ Air inlet top X
$ Air inlet top Y

/

0,0000 0.0000 -21.4630 0.0000 0.0000 5.0800 93.98 $
-106.6800 106.6800 -5.7150 5.7150 -16.3830 -5.0800
-106.6800 106.6800 -4.4450 4.4450 -16.3830 -5.0800
-5.7150 5.7150 -106.6800 106.6800 -16.3830 -5.0800
-4.4450 4.4450 -106.6800 106.6800 -16.3830 -5.0800
0.0000 0.0000 485.4702 0.0000 0.0000 2.5400 115.5700
0.0000 0.0000 485.4702 0.0000 0.0000 3.8100 116.4971
0.0000 0.0000 485.4702 0.0000 0.0000 3.8100 172.7200
0.0000 0.0000 488.3277 0.0000 0.0000 0.9525 116.4971

Air inlet top plate radius
$ Support rail exterior X
$ Support rail interior X
$ Support rail exterior Y
$ Support rail interior Y

$ Top flange
$ Lid base
$ Lid base outer
$ Lid base disk

2
2

RCC 0.0000 0.0000 488.3277 0.0000 0.0000 35.2425 101.6 $ L:
CZ 100.9650 $ Lid liner inner

1 RPP -15.2400 15.2400 143.5100 179.3748 489.2802 539.4452
- RPP -14.6050 14.6050 144.1450 178.7398 489.2802 539.4452

RPP -15.2400 15.2400 -179.3748 -143.5100 489.2802 539.4452
RPP -14.6050 14.6050 -178.7398 -144.1450 489.2802 539.4452

RPP -64.7700 64.7700 -172.7200 172.7200 514.1722 524.2052
RPP -63.5000 63.5000 -172.7200 172.7200 514.8072 523.5702
RPP -172.7200 172.7200 -64.7700 64.7700 514.1722 524.2052
RPP -172.7200 172.7200 -63.5000 63.5000 514.8072 523.5702
RCC 0.0000 0.0000 485.4702 0.0000 0.0000 53.9750 172.7200

RCC 0.0000 0.0000 -52.766 0.0000 0.0000 612.2112 192.7200

id liner outer

$ Anchor cavity outer
$ Anchor cavity inner

$ Anchor cavity outer
$ Anchor cavity inner

$ Air outlet steel
$ Air outlet void
$ Air outlet steel
$ Air outlet void

$ Lid container
$ Reflecting Boundary

c
c Materials List
c
c Fuel Pellet Material 5.00% Weight U02 [amul 269.8995
ml 92235.66c -4.407E-02 92238.66c -8.374E-01 8016.62c -1.186E-01
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
c Clad Material
m2 26054.62c -7.063E-05

26056.62c -1.149E-03
26057.62c -2.702E-05
26058.62c -3.631E-06
40000.66c -9.823E-01

c Water
m3 1001.62c -1.119E-01
mt3 lwtr.01t
c Lower Nozzle Material
m4

24050.62c
24052.62c
24053.62c
24054.62c
50000.42c

-4. 179E-05
-8. 370E-04
-9. 673E-05
-2. 448E-05
-1.500E-02

7014.62c -4.980E-04
7015.66c -1.981E-06

8016.62c -8.881E-01

1001.62c
24050.62c
24052.62c
24053.62c
24054.62c

-6.193E-06
-7. 939E-03
-1. 590E-01
-1. 838E-02
-4. 651E-03

25055.62c -2.000E-02
mr4 lwtr.Olt
c Upper Nozzle Material
m5

1001. 62c
24050.62c
24052.62c
24053.62c
24054.62c

-6. 658E-06
-7. 939E-03
-1. 590E-01
-1. 838E-02
-4. 651E-03

8016. 62c
26054.62c
26056.62c
26057.62c
26058.62c

8016.62c
26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62c
26058.62c

-4. 914E-05
-3. 927E-02
-6. 387E-01
-1.502E-02
-2.019E-03

-5.284E-05
-3.927E-02
-6. 387E-01
-1.502E-02
-2. 019E-03

-3.927E-02
-6.387E-01
-1.502E-02
-2.019E-03

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-6.384E-02
-2.543E-02
-1.124E-03
-3.638E-03
-9.622E-04

-6 .384E-02
-2.543E-02
-1.124E-03
-3. 638E-03
-9.622E-04

-6.384E-02
-2. 543E-02
-1.124E-03
-3 .639E-03
-9.623E-04

25055.62c -2.OOOE-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

24052.62c -1.590E-01
24053.62c -1.838E-02
24054.62c -4.652E-03

25055.62c -2.000E-02
c Aluminum
m7 13027.62c -1.000E+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

c Lead
m9 82206.66c -2.534E-01

82207.66c -2.207E-01
82208.66c -5.259E-01

c NS-F-FR
mlO 5010.66c -9.313E-04

5011.66c -3.772E-03
13027.62c -2.142E-01

c Concrete
mll 26054.62c -7.911E-04

26056.62c -1.287E-02
26057.62c -3.026E-04
26058.62c -4.067E-05
1001.62c -I.OOOE-02
8016.62c -5.320E-01

c Absorber Material B4C-Al
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mtl3 lwtr.Olt
c Uranium Blanket 0.711%

6000.66c -1.000E-02

7014. 62c
7015.66c
1001. 62c

-1.974E-02
-7.852E-05
-6.001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02

Weight U02 [amu] 270.0284
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
m14 92235.66c -6.267E-03 92238.66c -8.752E-01 8016.62c -1.185E-01
c Borated SS304
m15 28058.62c -9.072E-02 26054.62c -3.523E-02 24050.62c -7.939E-03

28060.62c -3.614E-02 26056.62c -5.729E-01 24052.62c -1.590E-01
28061.62c -1.598E-03 26057.62c -1.348E-02 24053.62c -1.838E-02
28062.62c -5.171E-03 26058.62c -1.811E-03 24054.62c -4.652E-03
28064.62c -1.367E-03 25055.62c -2.OOOE-02 15031.66c -4.500E-04
5010.66c -3.535E-03 14000.60c -I.OOOE-02 6000.66c -8.000E-04
5011.66c -1.646E-02 16000.62c -3.OOOE-04

c B4C
m16
c Pyre>

5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01

m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02
13027.62c -l.000E-02 5010.66c -6.540E-03 5011.66c -3.046E-02

c Borated Aluminum 25% B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
C

c Rotation Matrix
*TRl 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0

c
c Cell Importances
c
mode n
imp:n 1 251r 0
c
c
c Criticality Controls
c
kcode 500 1.00 30 130
c
c Source Distribution for Initial Generation
SDEF CEL= 623 : D2 11 7 : -1

ERG= Dl
POS= 0.0000 0.00 2.2631
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPI

-3
c Assembly Source Distribution
# S12 SP2

$ z-rotation 45 degrees
$ z-rotation 135 degrees

1
501 1
502 1
503 1
504 1
505 1
506 1
507 1
508 1
509 1
510 1
511 1
512 1
513 1
514 1
515 1
516 1
517 1
518 1
519 1
520 1
521 1

d
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
522 1
523 1
524 1
525 1
526 1
527 1
528 1
529 1
530 1
531 1
532 1
533 1
534 1
535 1
536 1
537 1

C - Uniform Radial Distribution in Fuel Rod
# S13 SP3

0.0000 -21
0.4128 1

C - Axial Source Profile
# S14 SP4

0 0.0
381 1.0

c
c Random Number Generator Controls
c
RAND GEN=2 SEED=19073486328125
C
C

c Print Control
c
PRINT
c
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6.7.2 PWR Fuel Characterization

Fuel definitions listed in Section 6.4 are the result of grouping the large range of commercial fuel
types by core type, number of fuel rods, and key criticality characteristics. These characteristics

are primarily associated with the assembly moderator ratio and fuel mass and include pellet

diameter, active fuel length, fuel rod diameter and clad thickness, and guide/instrument tube

diameter and thickness.

PWR fuel assemblies are typically undermoderated (H/U ratio below optimum levels).

Therefore, initial criticality analysis extracts from each assembly type the following

characteristics.

Minimum fuel rod outer diameter
Minimum clad thickness (only relevant to flooded pellet-to-clad gap scenarios)
Minimum guide tube outer diameter and thickness
Maximum rod pitch (assemblies are grouped by core type and, therefore, typically have

single nominal pitch)

Based on the maximum H/U set of characteristics, the reactivity of each assembly is determined

under various conditions. Evaluated are a dry-pellet-to-clad gap condition, a flooded-pellet-to-

gap condition (with and without soluble boron in the gap), and nonfuel hardware insertion into
the guide tubes. Since relative reactivity for the assembly design and flood conditions are

evaluated, the models are based on nominal basket characteristics with the assemblies centered in

the tube and developed cell. Comparisons are performed at a soluble boron level of 2500 ppm

and a 5 wt % enrichment. A 235U enrichment of 5 wt % represents the upper boundary for
licensing of the system. The 2,500 ppm soluble boron level approximates the level required to

maintain reactivity control in the system. The exact soluble boron level required for each

assembly type, with and without insert, is determined in Section 6.7.3 at the maximum reactivity

basket configuration.

Results of the analysis at various clad-to-gap conditions are shown in Table 6.7.2-1 and

demonstrate that system reactivity is closely tied to fuel mass. Reactivity differences associated

with improved moderator ratios (higher H/U ratio) are offset by the high soluble boron content in

the moderator. This conclusion is validated by the analysis flooding the fuel-pellet-to-clad gap

with borated and unborated water. Flooding the gap with borated water did not result in a

significant reactivity change for any of the assembly types (judged to be significant if the

Akfa > 3). Flooding the same gap with unborated water significantly increased system

reactivity for the majority of fuel types.

NAC International 6.7.2-1
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As illustrated in Table 6.7.2-2, the effect of the insertion of nonfuel hardware into the active fuel

elevation of the guide tube varied by fuel type. The most significant effect associated with the

nonfuel hardware insertion is for the CE assembly configuration. The CE core designs contain
oversize tubes occupying four lattice locations. Replacing the large amount of soluble absorber

in these locations significantly increases system reactivity. The effect of nonfuel hardware may

differ at lower soluble boron content; therefore, licensing maximum enrichment and minimum

soluble boron content runs are repeated for all assembly types at the maximum reactivity basket
configuration with, and without, insert.

The evaluation presented previously assumed that the assemblies are undermoderated and that
choosing the corresponding set of parameters maximizes system reactivity. This assumption is

validated by evaluating a subset of the fuel assembly types for a variation in the lattice

parameters. As typical assemblies loaded into the cask are expected to be intact (no leakage), the

pellet-to-clad gap is specified to be dry for these analyses. Fuel assemblies are evaluated in a
nominal configuration basket with fuel assemblies centered in the tube. As this evaluation is

concerned with relative reactivity differences due to lattice parameter changes, the results of this

analysis may be applied to the maximum reactivity basket configuration. To bound likely
loading specifications, the evaluations are performed at three enrichment/boron content levels

(i.e., 3 wt % and 1,100 ppm, 4 wt % and 1,800 ppm, 5 wt % and 2,500 ppm) for the nominal

parameter range of each of the assembly "hybrids" (e.g., WE 17H1 rod outer diameter ranges

from 0.372 to 0.374 inch).

Rather than evaluating individual parameter effects separately, the fuel characteristics analysis is

divided into distinct regions.

Fuel rod lattice unit cell
- H/U ratio controlled by rod pitch, rod diameter, and clad thickness

Guide/instrument tube unit cell
- H/U controlled by guide tube diameter and thickness, and

Pellet diameter (NUREG-6716 [9] indicates the possibility of a minimum pellet diameter
increasing system reactivity)

Monte Carlo evaluation results of the nominal assembly parameter ranges provided limited
useful information, as the majority of reactivity changes were not resolvable within a two or

three sigma uncertainty band. Statistically significant results were obtained from an additional

calculation set applying increased variances to each of the parameters. Refer to Table 6.7.2-3 for
the result of the increased variance evaluation for the wet unborated gap, 2,500 ppm, 5.0 wt %

enriched case. Similar results were obtained from the 1,100 ppm / 3 wt % 235U and 1,800 ppm /

4 wt % 235U analyses sets. As shown, the cases containing maximum H/U ratio in the fuel rod
lattice location, maximum H/U in the guide/instrument tube location (minimum guide/instrument
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tube diameter and thickness), and maximum pellet diameter produce a maximum reactivity

configuration system. The result set also demonstrates that guide tube dimensions are not crucial

to system criticality control (note that the absence of guide/instrument tubes may increase

reactivity statistics significantly). Therefore, the number of tubes should be specified in the

limiting payload description not tube dimensions. Critical assemblies characteristics are listed

below.

Number of fuel rods

Minimum fuel rod outer diameter
Minimum clad thickness

Maximum rod pitch

Maximum active fuel length (not evaluated but based on neutron leakage maximum active
fuel length results in a bounding payload definition)

Number of guide/instrument tubes
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Table 6.7.2-1 System Reactivity Response to PWR Fuel Type and Pellet to Clad Condition

/

Assembly
Type

Dry Gap Wet Borated
No Insert Gap No Insert

Dry Gap
To Wet

Borated Gap
Akeff/O

Wet Gap
No Insert

keff

Dry Gap
to

Wet Gap
Akeff/c.

Fuel
Mas s
(MTU)

Water /
Fuel
Ratiokeff keff

CE14H1 0.86225 0.86229 0.0 0.86644 3.9 0.4167 1.62

CE16H1 0.86700 0.86937 2.2 0.87280 5.5 0.4463 1.71

BW15H1 0.92089 0.92082 -0.1 0.92563 4.4 0.4858 1.66

BW15H2 0.92674 0.92640 -0.3 0.92983 3.0 0.4988 1.62

BW15H3 0.92727 0.92716 -0.1 0.93045 2.9 0.5006 1.63

BW15H4 0.91301 0.91096 -2.0 0.91601 2.8 0.4690 1.82

BW17H1 0.92595 0.92503- -0.8 0.93079 4.5 0.4799 1.69

WE14H1 0.84955 0.84864 -0.8 0.84949 -0.1 0.4188 1.73

WE15H1 0.91177 0.91132 -0.4 0.91513 3.1 0.4720 1.68

WE15H2 0.90023 0.89780 -2.3 0.90057 0.3 0.4469 1.80

WE17H1 0.91897 0.91796 -1.0 0.92366 4.4 0.4740 1.67

WE17H2 0.89962 0.89730 -2.2 0.90029 0.6 0.4327 1.93

Table 6.7.2-2 System Reactivity Response to PWR Fuel Type and Nonfuel Insert

Dry Gap Dry Gap No Insert
Assembly

Type
No Insert

keff
Insert to Insert

keff Akeff/a

CE14H1 0.86225 0.87129 8.0

CE16H1 0.86700 0.87282 5.5

BW15H1 0.92089 0.91988 -1.0

BW15H2 0.92674 0.92569 -1.0

BW15H3 0.92727 0.92887 1.5

BW15H4 0.91301 0.91644 3.2

BW17H1 0.92595 0.92508 -0.8

WE14H1 0.84955 0.84863 -0.9

WE15H1 0.91177 0.91192 0.1

WE15H2 0.90023 0.90163 1.3

WE17H1 0.91897 0.91779 -1.1

WE17H2 0.89962 0.89725 -2.2
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Table 6.7.2-3 PWR Lattice Parameter Reactivity Study (Increased Variance)

2 6 1 4 3 5 7 8
Fuel Pin Cell HIU Max Min Max Max Max Min Min Min

Pellet Dia. Max Max Max Min Min Max Min Min

GTIIT Thick & Dia. Min Min Max Min Max Max Max Min
CE14H1 0.87036 0.85678 0.86976 0.86096 0.86053 0.85797 0.84877 0.84622
CE16H1 0.87710 0.86624 0.87895 0.87731 0.87844 0.86482 0.86418 0.86368
BW15H3 0.93513 0.92519 0.93561 0.92975 0.93121 0.92601 0.92338 0.92166
BW15H4 0.91969 0.91104 0.92021 0.91758 0.91814 0.91288 0.91180 0.91159
BW17H1 0.93191 0.92268 0.93276 0.93102 0.93121 0.92161 0.91947 0.92070
WE14H1 0.85469 0.84179 0.85598 0.82962 0.82905 0.84053 0.82110 0.81996
WE15H1 0.91628 0.90791 0.91798 0.90515 0.90695 0.90862 0.89507 0.89625
WE17H1 0.92739 0.91598 0.92807 0.92813 0.92763 0.91580 0.91562 0.91582

Case 2 Case 2 Case 2 Case 2 Case 2 Case 2 Case 2
To To to to to to To

Case 6 Case I Case 4 Case 3 Case 5 Case 7 Case 8

AkeffI/r Akeffla Akeffla Akeff/a Akeffna Akeffla Akeffky

CE14H1
CE16H1
BW15H3
BW15H4
BW17H1
WE14H1
WE15H1
WE17H1

-13.0
-10.0
-13.7
-7.7

-8.9
-12.0
-7.8

-10.7

-0.6
1.7

0.7
0.5

0.8
1.2
1.6
0.6

-8.9
0.2
-7.4
-1.9
-0.9
-23.3
-10.5
0.7

-9.5
1.2

-5.3
-1.4

-0.7
-24.0
-8.7
0.2

-11.9
-11.3
-12.5
-6.1
-9.6

-13.3
-7.0

-10.7

-21.1
-11.9
-15.9
-7.1
-12.0
-31.0
-19.4
-10.9

-23.0
-12.4
-18.3
-7.3
-10.7
-31.7
-18.8
-10.7
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6.7.3 PWR Undamaged Fuel Criticality Evaluation

6.7.3.1 Optimum System Configuration

Enrichment and soluble boron limits are based on a maximum reactivity configuration system.

To determine the maximum reactivity system, the following system perturbations are evaluated.

TSC interior moderator elevation variations (partial flooding)

Moderator density changes from void to full density (inside and outside the TSC)

Basket fabrication tolerance

Component shift scenarios

All system perturbation analyses are based on fuel assemblies at the maximum lattice moderator

(H/U) ratio. Justification for this fuel assembly configuration is provided in Section 6.1.1. Only

transfer cask cases are used in these evaluations since the transfer cask is the only cask body in

which TSC flooding occurs. In the dry concrete cask, the TSC has a low reactivity,

keff< 0.5,

Partial Flooding

Partial flood cases drain the TSC to the top of the active fuel region. The partial flood reactivity

cases investigate reactivity difference between a water reflector over the active fuel region and

reflection from the steel lid. The results of the partial flooding study, documented in Table

6.7.3-1, demonstrate that there is no effect of partially flooding the TSC.

Moderator Density Variations

Moderator density variation cases are based on a cask array model generated by surrounding a

single cask body with a cylindrical reflecting enclosure. The reflecting body is spaced 20 cm

from the cask body to allow exterior moderator density conditions to affect the results.

Reactivities calculated from the WEl 7H1 moderator density study are graphically illustrated in

Figure 6.7.3-1 for an unborated wet pellet-to-clad gap, moderator containing 2,500 ppm boron,

and an enrichment of 5 wt % 235U. Reactivities for dry, unborated wet, and borated wet pellet-to-

clad gap conditions under various canister cavity moderator densities are plotted in Figure

6.7.3-2. Reactivity increases in the system as TSC interior moderator density rises. Exterior

moderator conditions have no significant effect on system reactivity for a flooded TSC. The keff

of the dry TSC is less than 0.5 under all exterior conditions. For the flooded TSC, keff levels off

at moderator density levels above 0.9 g/cm 3 (actual moderator density 0.903 g/cm3 considering

2,500 ppm soluble boron), with no significant changes to full density 0.9982 g/cm3 (1.0025
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g/cm 3 at 2,500 ppm B). The reactivity curve levels off as increased thermalization from the

moderator is offset by soluble boron neutron absorption. At a lower soluble boron level, the

curve continues to rise to full moderator density.

Fabrication Tolerances and Component Shift

Fabrication tolerances and shift effect are evaluated using representative fuel types from the

major core configurations (WE, CE, and B&W cores). Nominal fuel assembly characteristics are

employed in the tolerance and shifting evaluations. Moderator soluble boron content is set to
2,500 ppm boron for the fabrication tolerance and component shift study.

Fabrication Tolerance

The basket is composed of a set of fuel tubes, pinned together in the tube comers, and located in

the TSC cavity with side and comer weldments. Tube location in the basket is controlled by the

diagonal dimension across the exterior face of the fuel tubecomers. This value is a key

dimension for tube array and developed cell size. The tube diagonal is referred to as tube
"interface width" in the analysis discussions. Tube and neutron absorber dimensions have the

potential to significantly affect the size of the tube opening and developed cell locations and are,

therefore, evaluated for tolerance effects. Neutron absorber thickness studies are based on the
minimum 10B areal density allowed for the design. As such, variations in neutron absorber

thickness require adjustments in the sheet composition.. The results of the tolerance evaluation
for centered fuel assemblies and basket components are included in Table 6.7.3-2. Little

statistically significant information (>3a) is available from this study. None of the fabrication-

related tolerances, with the exception of maximum tube wall thickness, produce significant
reactivity increases when taken independently.

Further evaluations of the component tolerances, including combinations of tolerances, are
performed in conjunction with the shifted component configuration.

Component Shift

In addition to the component tolerances, a reactivity study on component shifts is required.
Based on the pinned tube arrangement, the only radial shift to be evaluated is the shift of the fuel

assembly within the tubes. The tubes are restrained in the comer by pins, eliminating a tube

movement study. The results of shift evaluations are shown in Table 6.7.3-2, indicating that

shifting the fuel assembly towards the basket center clearly increases system reactivity.
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Combined Shift and Tolerance Study

This section evaluates the effect of combining various basket tolerances with the maximum

reactivity shift configuration (radial in). The results for this evaluation are shown in Table

6.7.3-3. Similar to the results of the independent basket tolerance evaluation, only fuel tube

thickness affects system reactivity to a statistically significant level.

While no statistically significant reactivity difference is found between the cases with and
without tolerances applied, the maximum reactivity configuration chosen for the evaluations of

all fuel hybrids is shown below.

Minimum tube width and interface width

Maximum tube thickness

Minimum absorber width and maximum thickness
Fuel assemblies shifted to basket center

This configuration produced reactivities within a 3a uncertainty band of the maximum reported
value for all fuel types evaluated, and provides for the minimum separation between adjacent
assemblies. The minimum separation reduces the amount of moderation and the corresponding
effectiveness of both the borated water and absorber sheet, which depend on the 10B neutron

capture cross-section in the thermal energy range.

Neutron Absorber Modifications

Design options permit the replacement or removal of up to 16 neutron absorber sheets in basket
peripheral fuel tubes. Locations for the optional absorber sheets are shown in Figure 6.7.3-3.

Replacement sheets for the neutron absorber in the peripheral basket locations are composed of
unborated aluminum. Using the most reactive basket and fuel assembly shifting specified in
Section 6.7.3.1, three enrichment and soluble boron concentration combinations were evaluated

for each PWR fuel type specified in Section 6.7.2 for neutron absorber removal or replacement.
As shown in Table 6.7.3-4 and Table 6.7.3-5, no statistically significant reactivity changes are
associated with the peripheral neutron absorber sheet removal or replacement by an aluminum
sheet. Results were calculated using unborated water in the pellet-to-clad gap.

Design enhancements introduced after completion of the primary criticality evaluations replaced
the single column of weld posts down the tube face centerline with a two-column weld post
configuration. The weld post columns are located 2 inches from the tube centerline. As
demonstrated in Table 6.7.3-6, the increased number of weld posts does not significantly change
system reactivity. Results were calculated using unborated water in the pellet-to-clad gap.
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As the combined reactivity effect of a reduced number of absorber sheets and an increased

number of weld posts may exceed the statistically significant threshold (> 3cy) or potentially

result in a k~ff + 2a > USL if added as a Ak, the maximum allowed enrichments are calculated

with a model containing the reduced number of absorber sheets and the increased number of

weld posts.

6.7.3.2 Allowable Loading Definitions and Maximum System Reactivities

Based on the most reactive basket configuration, each of the fuel assembly types is evaluated at
various enrichment levels to determine the minimum soluble boron level required with and

without insert.. The pellet-to-clad gap is flooded with unborated water in all cases. The goal of

this evaluation is for keff + 2(y to remain below the USL of 0.9372. Enrichment and minimum

soluble boron load limits without insert in the active fuel region are listed in Table 6.7.3-7.

Table 6.7.3-8 contains similar data for fuel with nonfuel insert in the active fuel region. A

generic definition taking the bounding values from the insert and no-insert evaluation is listed in

Table 6.7.3-9 in conjunction with the assembly physical characteristics. The number of guide

tubes in both tables refers to the number of instrument and guide tubes combined. All fuel

geometry information is based on nominal, unirradiated dimensions.

Summarized as follows are maximum system reactivities. Analysis results represent maximum

reactivity basket and fuel geometry. There are no design basis off-normal or accident transfer

cask conditions affecting system reactivity. Therefore, only normal condition results are

presented. An accident condition for the concrete cask represents a flooding of the~concrete cask

to canister annulus. Concrete cask results are based on the maximum fuel mass assembly at the

highest allowed enrichment (5.0 wt % 235U).

Pellet to Clad Gap Maximum Multiplication Factors (keff + 2a)
Condition Condition Transfer Cask Concrete Cask

Normal Dry 0.93183 0.48145
Normal Wet 0.93712 N/A

Accident / Off-Normal Dry N/A 0.47104

No analysis has been performed on PWR radial enrichment patterns. Therefore, the enrichment

limits specified in this analysis are applied as peak rod enrichments.
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Figure 6.7.3-1 PWR Water Density Variations (2500 ppm B, Unborated Wet Gap)
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Figure 6.7.3-2 PWR Water Density Variations for Varying Gap Conditions
(2500 ppm B)
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Figure 6.7.3-3 PWR Basket Optional Neutron Absorber Sheet Locations'

OPTIONAL: NEUTRON ABSORBER
MAY BE REMOVED OR REPLACED
WITH ALUMINUM SHEET. THESE 2
PLACES TYPICAL 8 LOCATIONS.

a Quarter basket model is shown for clarity. Symmetric locations are affected in all four basket

quadrants.
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Table 6.7.3-1 PWR System Partial TSC Flood Evaluation

2,500 ppm B
5.0 wt %
Dry Gap
No Insert

keff

2,500 ppm B
5.0 wt %

Dry
Partial Flood

keff
Assembly

Type Akeff/a

CE14H1 0.86225 0.86130 -0.9

CE16H1 0.86700 0.86614 -0.8

BW15H1 0.92089 0.92000 -0.8

BW15H2 0.92674 0.92454 -2.2
BW15H3 0.92727 0.92743 0.1

BW15H4 0.91301 0.91130 -1.6

BW17H1 0.92595 0.92743 1.3

WE14H1 0.84955 0.84950 0.0

WE15H1 0.91177 0.91244 0.6

WE15H2 0.90023 0.89936 -0.8

WE17H1 0.91897 0.91826 -0.7

WE17H2 0.89962 0.89887 -0.7
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Table 6.7.3-2 PWR Basket Component Tolerance and Shift Study Results (Independent Variations)

Tube Absorber Shift WE17HI BW15H3 CE16H1
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff Akeff/O" keff Akeff/cr keff Akeff/I
Nom Nom Norm Nom Nom Centered 0.91897 -- 0.92727 -- 0.86700 --

Norm Norm Norm Min Norm Centered 0.91820 -0.7 0.92779 0.7 0.86990 2.6
Nom Nom Norm Max Nom Centered 0.91988 0.9 0.92717 -0.1 0.86969 2.5
Norm Nom Nom Nom Min Centered 0.91935 0.4 0.92862 1.8 0.86862 1.5
Nom Norm Norm Norm Max Centered 0.91969 0.7 0.92723 -0.1 0.86928 2.2

Min Norm Nom Norm Nom Centered 0.91940 0.4 0.92777 0.7 0.86734 0.3
Max Nom Nom Norm Nom Centered 0.91865 -0.3 0.92650 -1.0 0.86667 -0.3
Nom Min Nom Norm Nom Centered 0.91637 -2.5 0.92603 -1.6 0.86569 -1.2
Nom Max Norm Nom Norm Centered 0.91976 0.8 0.93003 3.8 0.87116 4.0
Nom Nom Min Nom Norm Centered 0.91912 0.1 0.92839 1.5 0.86837 1.3
Norm Nom Max Norm Nom Centered 0.91801 -0.9 0.92873 2.0 0.86646 -0.5
Nom
Nom

Nomn
Nomn

Nora
Nora

Nomn
Nomn

Nomn
Nomn

In
Out

0.92342
0.90671

4.3
-11.6

0.931 37
0.91903

5.5
-11.1

0.87494

0.83718

7.4

-27.9
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Table 6.7.3-3 PWR Basket Component Tolerance and Shift Study Results (Combined Variations; Radial In Shift)

Tube Absorber I Shift WE17HI BW15H3 CE16HI
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff Akeff/o keff Akefflc" keff AkefflO
Norm Norm Norm Norm Nom In 0.92342 -- 0.93137 -- 0.87494 --
Nom Nom Norm Min Nom In 0.92421 0.8 0.93253 1.6 0.87493 0.0
Nom Norm Norm Max Nom In 0.92451 1.1 0.93073 -0.9 0.87539 0.4
Nom Norm Nom Nom Min In 0.92540 1.8 0.93350 2.9 0.87616 1.1
Nom Norm Nom Nom Max In 0.92490 1.5 0.93292 2.1 0.87717 2.1
Min Norm Norm Norm Norm In 0.92445 1.0 0.93111 -0.4 0.87498 0.0
Max Norm Nom Norm Nom In 0.92504 1.6 0.93270 1.8 0.87563 0.6
Nom Min Nom Nom Nom In 0.92209 -1.3 0.93102 -0.5 0.87505 0.1
Nom Max Norm Norm Nom In 0.92668 3.1 0.93368 3.2 0.87864 3.5
Nom Norm Min Norm Nom In 0.92510 1.6 0.93035 -1.4 0.87658 1.6
Nom Nom Max Nom Nom In 0.92401 0.5 0.93214 1.0 0.87625 1.2
Min Min Min Min Min In 0.92268 -0.7 0.93279 1.9 0.87464 -0.3
Min Norm Min Min Norm In 0.92391 0.5 0.93335 2.6 0.87735 2.3
Max
Nom
Nora
Min

Nomn
Nomn
Max
Max

Min
Min
Nom
Min

Min
Min
Nomn
Min

Nom
Nom
Max
Max

In
In
In
In

0.92497
0.92531
0.92698
0.92832

1.5
1.8
3.5
4.6

0.93348
0.93243
0.93303
0. 933 73

2.9
1.4
2.3
3.1

0.87700
0.87823
0.87770
0.88005

1.9
3.1
2.5
4.7
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Table 6.7.3-4 PWR Neutron Absorber Removal Study Results

Enrichment
(Wt % 235U)

Nominal Absorber
keff

Absorber Removal
keffAssemblv PPM Akeff Akeffla

'4I 4 4--

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

0.95628
0.96131
0.96306
0.95204
0.95934
0.90677
0.91264
0.89824
0.95057
0.93889
0.95524
0.93827

0.95700
0.96122
0.96262
0.95077
0.95953
0.90511
0.91224
0.89709
0.95214
0.93913
0.95621
0.93869

0.00072
-0.00009
-0.00044
-0.00127
0.00019
-0.00166
-0.00040
-0.00115
0.00157
0.00024
0.00097
0.00042

1.0
-0.1
-0.6
-1.7
0.3
-2.2
-0.5
-1.6
2.1
0.3
1.3
0.6

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.95283
0.95579
0.95764
0.94416
0.95540
0.89746
0.90516
0.88709
0.94472
0.93172
0.95205
0.93229

0.95367
0.95655
0.95937
0.94346
0.95632
0.89772
0.90405
0.88928
0.94687
0.93213
0.95331
0.93178

0.00084
0.00076
0.00173
-0.00070
0.00092
0.00026
-0.00111
0.00219
0.00215
0.00041
0.00126
-0.00051

1.1
1.0
2.4
-0.9
1.3
0.3
-1.5
2.9
2.9
0.6

1.7
-0.7

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

0.92987
0.93574
0.93761
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0.90838
0.93090
0.90755

0.93071
0.93677
0.93746
0.92159
0.93465
0.87402
0.88259
0.86481
0.92214
0.90962
0.93071
0.90832

0.00084
0.00103
-0.00015
0.00051
-0.00030
-0.00004
-0.00048
0.00045
0.00017
0.00124
-0.00019
0.00077

1.2
1.4
-0.2
0.7
-0.4
-0.1
-0.6
0.6
0.2
1.7
-0.3
1.0
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Table 6.7.3-5 PWR Neutron Absorber Replacement Study Results

Enrichment
(Wt % 235U)

Nominal
Absorber

keff

Absorber
Replacement

keffAssembly PPM Akeff Akeff/la
4 +

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

0.95628
0.96131
0.96306
0.95204
0.95934
0.90677
0.91264
0.89824
0.95057
0.93889
0.95524
0.93827

0.95638
0.96210
0.96353
0.95242
0.96135
0.90498
0.91071
0.89911
0.95153
0.93999
0.95710
0.93999

0.00010
0.00079
0.00047

0.00038
0.00201
-0.00179
-0.00193
0.00087
0.00096
0.00110
0.00186
0.00172

0.1
1.1
0.6,
0.5
2.9
-2.4
-2.5
1.2
1.3
1.5
2.5
2.4

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4,7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.95283
0.95579
0.95764
0.94416
0.95540
0.89746
0.90516
0.88709
0.94472
0.93172
0.95205
0.93229

0.95152
0.95610
0.95910
0.94404
0.95596
0.89731

.0.90482

0.88604
0.94447
0.93154
0.95160
0.93157

-0.00131
0.00031
0.00146
-0.00012
0.00056
-0.00015
-0.00034
-0.00105
-0.00025
-0.00018
-0.00045
-0.00072

-1.8
0.4
1.9
-0.2
0.8
-0.2
-0.5
-1.4
-0.3
-0.2
-0.6
-1.0

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
.2500
2500
2500

0.92987
0.93574
0.93761
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0.90838
0.93090
0.90755

0,93182
0,93579
0.93805
0.92183
0.93666
0.87526
0.88408
0.86399
0.92273
0.90955
0.93241
0.90782

0.00195
0.00005
0.00044
0.00075

0,00171
0.00120
0.00101
-0.00037
0.00076
0.00117
0.00151
0.00027

2.7
0.1;
0.6
1.0
2.3
1.6
1.4
-0.5
1.0
1.5
1.9
0.4
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Table 6.7.3-6 PWR Neutron Absorber Attachment Modification Study Results

Base Evaluation Modified Attachment
Enrichment Weld Weld

Assembly (wt % 235U) PPM Posts keff Posts keff Ak Akio.
BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
4.9
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

18
18
18
18
18
18
18
18
18
18
18
18

0.92987
0.93574
0.93244
0.92108
0.93495
0.87406
0.88307

-0.86436
0.92197
0.90838
0.93090
0.90755

34
34
34
34
34
34
36
34
34
34
34
34

0.93143
0.93648
0.93326
0.92053
0.93611
0.87521
0.88357
0.86574
0.92241
0.90816
0.93294
0.90832

0.00156
0.00074
0.00082
-0.00055
0.00116,
0.00115
0.00050
0.00138
0.00044
-0.00022
0.00204
0.00077

2.1
1.0
1.1

-0.7
1'5
1.5
0.7
1.8
0.6
-0.3
2.7
1.0
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Table 6.7.3-7 PWR System Load Limits (Without Non-Fuel Insert in Active Fuel Region)

Minimum 1500 ppm B Minimum 1750 ppm B Minimum 2000 ppm B Minimum 2250 ppm B Minimum 2500 ppm B
Max Max Max Max Max
Initial Initial Initial Initial Initial

Assembly Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity
Type (wt% 235 U) keff + 2y (wt% 

235
U) keff + 2ar (wt% 235

U) keff + 2a (wt% 
2 35

U) keff + 2a (wt% 
235

U) keff + 2a

BW15H1 3.70% 0.93032 4.10% 0.93514 4.40% 0.93547 4.70% 0.93489 5.00% 0.93432

BW15H2 3.70% 0.93554 4.00% 0.93451 4.30% 0.93384 4.60% 0.93295 4.90% 0.93244

BW15H3 3.70% 0.93538 4.00% 0.93613 4.30% 0.93528 4.60% 0.93569 4.90% 0.93414

BW15H4 3.80% 0.93189 4.20% 0.93697 4.50% 0.93286 4.80% 0.93228 5.00% 0.92461

BW17H1 3.70% 0.93311 4.00% 0.93204 4.30% 0.93241 4.60% 0.93215 5.00% 0.93689

CE14H1 4.50% 0.93324 4.90% 0.93148 5.00% 0.91561 5.00% 0.89718 5.00% 0.87709

CE16H1 4.40% 0.93350 4.80% 0.93457 5.00% 0.92463 5.00% 0.90197 5.00% 0.88620

WE14H1 4.70% 0.93673 5.00% 0.92958 5.00% 0.90757 5.00% 0.88721 5.00% 0.86816

WE15H1 3.80% 0.93088 4.20% 0.93699 4.50% 0.93415 4.80% 0.93224 5.00% 0.92440

WE15H2 4.00% 0.93406. 4.40% 1 0.93674 4.70% 0.93530 5.00% 0.93129 5.00% 0.91181

WE17H1 3.70% 0.92991 4.10% 0.93553 4.40% 0.93506 4.70% 0.93425 5.00% 0.93308

WE17H2 4.00% 0.93428 4.30% 0.92952 4.70% 0.93330 5.00% 0.93079 5.00% 0.91229
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Table 6.7.3-8 PWR System Load Limits (With Non-Fuel Insert in Active Fuel Region)

Minimum 1500 ppm B Minimum 1750 ppm B Minimum 2000 ppm B Minimum 2250 ppm B Minimum 2500 ppm B
Max Max Max Max Max
Initial Initial Initial Initial Initial

Assembly Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity
Type (wt% 235U) keff + 2a (wt% 235U) keff + 2a (wt% 

23 5
U) keff + 2y (wt% 

23
5U) keff + 2a (wt% 235U) keff + 27

BW15H1 3.80% 0.93273 4.10% 0.93540 4.40% 0.93380 4.70% 0.93644 5.00% 0.93468

BW15H2 3.70% 0.92923 4.00% 0.93281 4.30% 0.93250 4.60% 0.93389 4.90% 0.93451

BW15H3 3.70% 0.93169 4.00% 0.93345 4.30% 0.93311 4.60% 0.93475 4.90% 0.93564

BW15H4 3.80% 0.92945 4.20% 0.93582 4.50% 0.93322 4.80% 0.93247 5.00% 0.92658

BW17H1 3.80% 0.93545 4.10% 0.93648 4.40% 0.93695 4.60% 0.93200 4.90% 0.93284

CE14H1 4.50% 0.93588 4.80% 0.93066 5.00% 0.92489 5.00% 0.90699 5.00% 0.89106

CE16H1 4.40% 0.93241 4.80% 0.93602 5.00% 0.92723 5.00% 0.90831 5.00% 0.89213

WE14H1 4.80% 0.93574 5.00% 0.92232 5.00% 0.90377 5.00% 0.88564 5.00% 0.86589

WE15H1 3.90% 0.93411 4.20% 0.93343 4.50% 0.93351 4.80% 0.93262 5.00% 0.92694

WE15H2 4.00% 0.93138 4.40% 0.93683 4.70% 0.93626 5.00% 0.93357 5.00% 0.91454

WE17H1 3.90% 0.93532 420% 0.93495 4.50% 0.93712 4.80% 0.93706 5.00% 0.93241

WE17H2 4.10% 0.93359 4.40% 0.93279 4.80% 0.93707 5.00% 0.92966 5.00% 0.91118
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Table 6.7.3-9 PWR System Generic Load Limits

Max. Initial Enrichment ( Wt % 235U)

Mn Min Max Max Soluble Soluble Soluble Soluble Soluble
# of # of Max Clad Clad Pellet Active Max Boron Boron Boron Boron Boron

Assembly Fuel Guide Pitch 00 Thick. 0D Length Load 1500 1750 2000 2250 2500
Type Rods Tubesa (inch) (inch) (inch) (inch) (inch) (MTU) ppm ppm ppm pm ppm

BW15H1 208 17 0.568 0.43 0.0265 0.3686 144.0 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14H1 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0.556 0.40 0.0162 0.3674 145.2 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 25 0.496 10.36 10.0225 10.3088 144.0 0.4327 4.00% 14.30% 4.70% 5.00% 5.00%

Note: Assembly characteristics represent cold, unirradiated, nominal configurations.

a Combined number of guide and instrument tubes.
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6.7.4 BWR Model Details

The BWR system payload consists of 87 fuel assemblies that are placed into 87 of 89 openings

formed by a combination of 45 fuel tubes, and 4 side and corner weldments. Two of the basket

opening are located on the basket periphery below the vent and drain port opening and are not

designed to contain fuel assemblies. All 89-fuel assembly openings are filled in the "87-

Assembly" basket model.

An additional "82-Assembly" configuration is evaluated with five assemblies removed in an x-
pattern from the basket center. A sketch of the basket configuration .is shown in Figure 6.1.1-1.
The 82-assembly configuration removes a significant quantity of fissile material from the basket

center in addition to providing flux traps for neutrons from the adjacent assemblies to thermalize

and be absorbed by the absorber sheets. These effects combine to allow a significant enrichment

increase over the 87-assembly configuration.

The BWR basket model is similar in structure to the PWR model documented in Section 6.7.1,

with differences being limited to the addition of an optional zirconium-based alloy channel and

the option to model sub-channeled type assemblies. Sub-channeled assemblies are comprised of

*four fuel rod sub-bundles. Dimensioned fuel tubes forming the base configuration of the basket

are shown in Figure 6.7.4-1. The assembled BWR basket is shown in Figure 6.7.4-2.

All fuel tubes are initially modeled as containing four neutron absorber sheets with weld post
locations along the tube face for the criticality evaluations associated with maximum reactivity
payload and basket configuration and optimum moderation. Final system configuration

increases the number of weld posts and allows the removal of the neutron absorber sheets or

replacement by aluminum sheets at up to 24 basket peripheral locations for the 87-assembly

basket and up to 16 locations for the 82-assembly basket. The reduction in the number of

absorber sheets does not affect system reactivity, as demonstrated in Section 6.7.6.•1. Similarly,

an additional column of weld posts has no significant effect on system reactivity as shown in

Section 6.7.6.1. Since the combination of a reduced number of absorber sheets and an increase

in the number of weld posts has the potential for increasing keff slightly above the statistically

significant level threshold, the maximum enrichments and keff in Section 6.7.6.2 are calculated

using a model incorporating both design attributes.

Sample input files for the BWR transfer cask 87-assembly configuration and 82-assembly
configuration are shown in Figure 6.7.4-3 and Figure 6.7.4-4, respectively. Only the transfer

cask model is shown since PWR and BWR concrete cask models are identical with the exception

* of the TSC contents. The inputs provided represent the maximum reactivity configuration and
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include the minimum cell spacing, replacement of the optional peripheral absorbers by aluminum

sheets, and the full number of weld posts illustrated in the licensing drawings.
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Figure 6.7.4-1 BWR Fuel Tubes

Figure Withheld under 10 CFR 2.390
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Figure 6.7.4-2 BWR Basket Structure

Figure Withheld under 10 CFR 2.390
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
Transfer Cask Model - BI0_96A
c
c MAGNASTOR Canister Class 2
c Neutron Poison Loading - 90 %
c Nominal Fuel Characteristics
c
c Boron Content in Water - 0 ppm
c Cavity Water Density 0.9982 g/cc
c
c Fuel to Clad Gap - Wet-UnBorated
c Exterior Water Density 0.0001 g/cc
c
c Model Revision 4.70
C

c

1
2
3
4
c
7

Cells - Fuel Rod - BI0_96A - BWRl0xlO_5 WR
1 -1.0522E+01 -1 u=14 $ Fuel
13 -0.9982 -2 +1 u=14 $ Plenum + Fuel to Clad Gap
2 -6.56 -3 +2 u=14 $ Clad + End Plugs
3 -0.9982 +3 u=14 $ Outside Fuel Rod
Array_10xlO 96_5
3 -0.9982 -7 +8 -9 +10

trcl=(0 0 17.1704) lat=l u=13 fill=-2:2 -2:2 0:0
13 14 14 14 14
14 14 14 14 14
14 14 14 14 14
14 14 14 14 14
14 14 14 14 14

c Cells - Fuel Assembly Array Inserted Into Assembly - cel196_SAssy
11 3 -0.9982 -11 fill=13 *trcl=( 3.4540 3.4540 0.0000 ) u=12 $ Sub Array Qi
12 3 -0.9982 -11 fill=13

*trcl=( -3.4540 3.4540 0.0000 270 360 90 180 270 90 90 90 0 u=l
13 3 -0.9982 -11 fill=13

*trcl=( -3.4540 -3.4540 0.0000 180 270 90 90 180 90 90 90 0 u=l
14 3 -0.9982 -11 fill=13

*trcl=( 3.4540 -3.4540 0.0000 90 180 90 0 90 90 90 90 0 ) u=12 $

2 $ Sub Array Q2

2 $ Sub Array Q3

Sub Array Q4
15 3 -0.9982 -12
16 2 -6.5600 -13
17 4 -1.5373 -14
18 5 -2.1056 -14
19 3 -0.9982 +14
c Cell Cards - Tu
101 12 -2.358 -10

+116 +1
+121 +1
+130 +1

#11 #12 #13 #14 u=12 $ Gap to Ch
+12 u=12 $ Channel
+11.6 u=12 $ Lower Nozzle
+11.5 u=12 $ Upper Nozzle

u=12 $ Remaining Space
be, Absorber and Retainer
1 +107 +108 +109 +110 +111 +112 +113
17 +118 +119 +120
22 +123 +124 +125 +126 +127+128 +129
31 +132 +133 +134 u=11 $ Absorber -Y

annel

+114 +115

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=ll $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=ll $ Absorber +Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=11 $ Absorber Clad +Y

105 6 -7.940 -105 u=l1 $ Retainer -Y
106 6 -7.940 -106 u=1l $ Retainer+Y
107 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=ll $ Weld Post in Absorber -Y

108 3 -0.9982 -102 #101 #102 #107 u=ll $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=11 $ Weld Post in Absorber +Y

110 3 -0.9982 -104 #103 #104 #109 u=ll $ Gap Weld Post to Absorber +Y
111 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=ll $ Absorber -X

112 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208.+209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=11 $ Absorber Clad -X

113 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=ll $ Absorber +X

114 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=11 $ Absorber Clad +X

115 6 -7.940 -195 u=ll $ Retainer -X
116 6 -7.940 -196 u=1l $ Retainer+X
117 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=1l $ Weld Post in Absorber -X

118 3 -0.9982 -192 #111 #112 #117 u=ll $ Gap Weld Post to Absorber -X
119 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=ll $ Weld Post in Absorber

120 3 -0.9982 -194 #113 #114 #119 u=ll $ Gap Weld Post to Absorber +X
121 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=ll $ Space in Tube

122 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=ll $ Fuel Tube

123 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=ll $ Fuel Tube Weld Posts

124 3 -0.9982 -282 +281 #122 #123
u=ll $ Space Around Weld Posts

125 3 -0.9982 +281 +282 u=ll $ Exterior Space
c Cell Cards - Qi Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=10 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120

S
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=10 $ Absorber Clad -Y

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=10 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=10 $ Absorber Clad +Y

130 6 -7.940 -105 u=10 $ Retainer -Y
131 6 -7.9400 -106 u=10 $ Retainer+Y
132 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=10 $ Weld Post in Absorber -Y

133 3 -0.9982 -102 #126 #127 #132 u=10 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=10 $ Weld Post in Absorber +Y

135 3 -0.9982 -104 #128 #129 #134 u=10 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=10 $ Absorber -x

137 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=10 $ Absorber Clad -X

138 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=10 $ Absorber +X

139 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=10 $ Absorber Clad +X

140 6 -7.940 -195 u=10 $ Retainer -X
141 6 -7.9400 -196 u=10 $ Retainer+X
142 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=10 $ Weld Pos

143 3 -0.9982 -192 #136 #137 #142 u=10 $ Gap Weld
144 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=10 $ Weld Pos

145 3 -0.9982 -194 #138 #139 #144 u=10 $ Gap Weld

t in Plate-X
Post to Plate -X

t in Plate +X
Post to Plate +X

146 3 -0.9982 -281
+102 +104 +105 +106
+192 +194 +195 +196

147 8 -7.821 -282 +281
+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152
+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

NAC International

u=10 $ Space in Tube

+139 +140 +141 +142 +143
+148
+153
+162
+229
+238
+243
+252

+154 +155 +156 +157

+230 +231 +232 +233

+244 +245 +246 +247
u=10 $ Fuel Tube
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
148 6 -7.940 -282 +281

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=10 $ Fuel Tube Weld Posts

149 3 -0.9982 -282 +281 #147 #148
u=10 $ Space Around Weld Posts

150 3 -0.9982 +281 +282 u=10 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119+120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 $ Absorber Clad +Y

155 6 -7.940 -105 u=9 $ Retainer -Y
156 6 -7.9400 -106 u=9 $ Retainer+Y
157 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=9 $ Weld Post in Absorber -Y

158 3 -0.9982 -102 #151 #152 #157 u=9 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=9 $ Weld Post in Absorber +Y

160 3 -0.9982 -104 #153 #154 #159 u=9 $ Gap Weld Post to. Absorber +Y
161 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=9 $ Absorber -X

162 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=9 $ Absorber Clad -X

163 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=9 $ Absorber +X

.164 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=9 $ Absorber Clad +X

165 6 -7.9400 -195 u=9 $ Retainer -X
166 6 -7.940 -196 u=9 $ Retainer+X
167 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=9 $ Weld Post in Plate-X.
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
168 3 -0.9982 -192 #161 #162 #167 u=9 $ Gap Weld Post to Plate -X
169 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=9 $ Weld Post in Plate +X

170 3 -0.9982 -194 #163 #164 #169 u=9 $ Gap Weld Post to Plate +X
171 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=9 $ Space in Tube

172 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=9 $ Fuel Tube

173 6 -7.940 -282 +281
(-163:-164:-165:4166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=9 $ Fuel Tube Weld Posts

174 3 -0.9982 -282 +281 #172 #173
u=9 $ Space Around Weld Posts

175 3 -0.9982 +281 +282 u=9 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=8 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +ill +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=8 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=8 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=8 $ Absorber Clad +Y

180 6 -7.9400 -105 u=8 $ Retainer -Y
181 6 -7.940 -106 u=8 $ Retainer+Y
182 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:1-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-19.0) u=8 $ Weld Post in Absorber -Y

183,3 -0.9982 -102 #176 #177 #182 u=8 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=8 $ Weld Post in Absorber +Y

185 3 -0.9982 -104 #178 #179 #184 u=8 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=8 $ Absorber -X
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
187 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207
+211 +212
+220 +221

188 12 -2.358 -193
+206 +207
+211 +212
+220 +221

+208
+213
+222
+197
+208
+213
+222

+209
+214
+223
+198
+209
+214
+223

+210
+215 +216 +217 +218 +219
+224 u=8 $ Absorber Clad -X
+199 +200 +201 +202 +203 +204 +205
+210
+215 +216 +217 +218 +219
+224 u=8 $ Absorber +X

189 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=8 $ Absorber Clad +X

190 6 -7.9400 -195 u=8 $ Retainer -X
191 6 -7.940 -196 u=8 $ Retainer+X
192 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=8 $ Weld Post in Plate-X

193 3 -0.9982 -192 #186 #187 #192 u=8 $ Gap Weld Post to Plate
194 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=8 $ Weld Post in Plate +X

195 3 -0.9982 -194 #188 #189 #194 u=8 $ Gap Weld Post to Plate
196 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=8 $ Space in Tube

197 8 -7.821 -282 +281

-X

+X

+135
+144
+149
+158
+225
+234
+239
+248

+136
+145
+150
+159
+226
+235
+240
+249

+137
+146
+151
+160
+227
+236
+241
+250

+138
+147
+152
+161
+228
+237
+242
+251

+139 +140 +141 +142 +143
+148
+153 +154 +155 +156 +157
+162
+229 +230 +231 +232 +233
+238
+243 +244 +245 +246 +247
+252 u=8 $ Fuel Tube

198 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=8 $ Fuel Tube Weld Posts

199 3 -0.9982 -282 +281 #197 #198
u=8 $ Space Around Weld Posts

200 3 -0.9982 +281 +282 u=8 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber -Y

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber +Y

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
+130 +131 +132 +133 +134 u=7 $ Absorber Clad +Y

205 6 -7.9400 -105 u=7 $ Retainer -Y
206 6 -7.940 -106 u=7 $ Retainer+Y
207 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=7 $ Weld Post in Absorber -Y

208 3 -0.9982 -102 #201 #202 #207 u=7 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=7 $ Weld Post in Absorber +Y

210 3 -0.9982 -104 #203 #204 #209 u=7 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber -X

212 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber Clad -X

213 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber +X

214 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber Clad +X

215 6 -7.940 -195 u=7 $ Retainer -X
216 6 -7.9400 -196 u=7 $ Retainer+X
217 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post

218 3 -0.9982 -192 #211 #212 #217 u=7 $ Gap Weld
219 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post

220 3 -0.9982 -194 #213 #214 #219 u=7 $ Gap Weld
221 3 -0.9982 -281

in Plate-X
Post to Plate -X

in Plate +X
Post to Plate +X

+102 +104 +105 +106
+192 +194 +195 +196

222 8 -7.821 -282 +281
+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152
+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

223 6 -7.940 -282 +281

u=7 $ Space in Tube

+139 +140 +141 +142 +143
+148
+153 +154 +155 +156 +157
+162
+229 +230 +231 +232 +233
+238
+243 +244 +245 +246 +247
+252 u=7 $ Fuel Tube

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258: -259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=7 $ Fuel Tube Weld Posts
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
224 3 -0.9982 -282 +281 #222 #223

u=7 $ Space Around Weld Posts
225 3 -0.9982 +281 +282 u=7 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer (+Y Absorber & Retainer Removed)
226 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132. +133 +134 u=6 $ Absorber -Y

227 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber Clad -Y

228 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber +Y

229 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber Clad +Y

230 6 -7.940 -105 u=6 $ Retainer -Y
231 6 -7.9400 -106 u=6 $ Retainer+Y
232 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) . u=6 $ Weld Post in Absorber -Y

233 3 -0.9982 -102 #226 #227 #232 u=6 $ Gap Weld Post to Absorber -Y
234 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=6 $ Weld Post in Absorber +Y

235 3 -0.9982 -104 #228 #229 #234 u=6 $ Gap Weld Post to Absorber +Y
236 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber -X

237 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad -X

238 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber +X

K.

239 7 -2.702 -194 +193 +197 +198 +199.+200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad +X

240 6 -7.940 -195 u=6 $ Retainer -X
241 6 -7.940 -196 u=6 $ Retainer+X
242 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate-X

243 3 -0.9982 -192 #236 #237 #242 u=6 $ Gap Weld Post to Plate
244 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate +X

245 3 -0.9982 -194 #238 #239 #244 u=6 $ Gap Weld Post to Plate
246 3 -0.9982 -281

+102 +104 +105 +106

-X

+X

NAC International 6.7.4-12



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
+192 +194 +195 +196 u=6 $ Space in Tube

247 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153+154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=6 $ Fuel Tube

248 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174: -175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=6 $ Fuel Tube Weld Posts

249 3 -0.9982 -282 +281 #247 #248
u=6 $ Space Around Weld Posts

250 3 -0.9982 +281 +282 u=6 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer (-Y Absorber & Retainer Removed)
251 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber -Y

252 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad -Y

253 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber +Y

254 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad +Y

255 6 -7.9400 -105 u=5 $ Retainer -Y
256 6 -7.940 -106 u=5 $ Retainer+Y
257 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber -Y

258 3 -0.9982 -102 #251 #252 #257 u=5 $ Gap Weld Post to Absorber -Y
259 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber +Y

260 3 -0.9982 -104 #253 #254 #259 u=5 $ Gap Weld Post to Absorber +Y
261 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217.+218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber -X

262 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber Clad -X

263 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber +X

264 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
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L.
Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber Clad +X

265 6 -7.940 -195 u=5 $ Retainer -X
266 6 -7.940 -196 u=5 $ Retainer+X
267 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=5 $ Weld Post in Plate-X

268 3 -0.9982 -192 #261 #262 #267 u=5 $ Gap Weld Post to Plate -X
269 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=5 $ Weld Post in Plate +X

270 3 -0.9982 -194 #263 #264 #269 u=5 $ Gap Weld Post to Plate +X
271 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=5 $ Space in Tube

272 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=5 $ Fuel Tube

273 6 -7.940 -282 +281
(-163: -164: -165: -166: -167: -168: -169: -170: -171: (a'1-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=5 $ Fuel Tube Weld Posts

274 3 -0.9982 -282 +281 #272 #273
u=5 $ Space Around Weld Posts

275 3 -0.9982 +281 +282 u=5 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer (-X Absorber & Retainer Removed)
276 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber -Y

277 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber Clad -Y

278 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber +Y

279 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber Clad +Y

280 6 -7.940 -105 u=4 $ Retainer -Y
281 6 -7.940 -106 u=4 $ Retainer+Y
282 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=4 $ Weld Post in Absorber -Y

283 3 -0.9982 -102 #276 #277 #282 u=4 $ Gap Weld Post to Absorber -Y
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284 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=4 $ Weld Post in Absorber +Y

285 3 -0.9982 -104 #278 #279 #284 u=4 $ Gap Weld Post to Absorber +Y
286 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber -X

287 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 *u=4 $ Absorber Clad -X

288 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber +X

289 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber Clad +X

290 6 -7.9400 -195 u=4 $ Retainer -X
291 6 -7.940 -196 u=4 $ Retainer+X
292 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=4 $ Weld Post

293 3 -0.9982 -192 #286 #287 #292 u=4 $ Gap Weld
294 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=4 $ Weld Post

295 3 -0.9982 -194 #288 #289 #294 u=4 $ Gap Weld
296 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=4 $ Space in Tube

297 8 -7.821 -282 +281

in Plate-X
Post to Plate -X

in Plate +X
Post to Plate +X

+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152
+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

298 6 -7.940 -282 +281

+139 +140 +141 +142 +143
+148
+153 +154
+162
+229 +230
+238
+243 +244
+252

+155 +156 +157

+231 +232 +233

+245 +246 +247
u=4 $ Fuel Tube

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=4 $ Fuel Tube Weld Posts

299 3 -0.9982 -282 +281 #297 #298
u=4 $ Space Around Weld Posts

300 3 -0.9982 +281 +282 u=4 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer (+X Absorber & Retainer Removed)
301 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber -Y

302 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
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+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber Clad -Y

303 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber +Y

304 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber Clad +Y

305 6 -7.940 -105 u=3 $ Retainer -Y
306 6 -7.940 -106 u=3 $ Retainer+Y
307 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=3 $ Weld Post in Absorber -Y

308 3 -0.9982 -102 #301 #302 #307 u=3 $ Gap Weld Post to Absorber -Y
309 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=3 $ Weld Post in Absorber +Y

310 3 -0.9982 -104 #303 #304 #309 u=3 $ Gap Weld Post to Absorber +Y
311 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber -X

312 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad -X

313 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber +X

314 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad +X

315 6 -7.940 -195 u=3 $ Retainer -X
316 6 -7.9400 -196 u=3 $ Retainer+X
317 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate-X

318 3 -0.9982 -192 #311 #312 #317 u=3 $ Gap Weld Post to Plate -X
319 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate +X

320 3 -0.9982 -194 #313 #314 #319 u=3 $ Gap Weld Post to Plate +X
321 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=3 $ Space in Tube

322 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
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+248 +249 +250 +251 +252 u=3 $ FuelTube

323 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=3 $ Fuel Tube Weld Posts

324 3 -0.9982 -282 +281 #322 #323
u=3 $ Space Around Weld Posts

325 3 -0.9982 +281 +282 u=3 $ Exterior Space
C Cells - Basket
401 3 -0.9982 -401 -402 fill=9 *trcl=( -15.6617 78.3083 0.0000 u=2 $ Tube Loc 1
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
8 -7.821
8 -7.821
8 -7.821
8 -7.821
8 -7.821

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
-404
-408
-406
-410
-413

fill=10 *trcl=( 15.6617 78.3083 0.0000
fill=6 *trcl=( -31.3233 62.6467 0.0000
fill=ll *trcl=( 0.0000 62.6467 0.0000
fill=6 *trcl=( 31.3233 62.6467 0.0000
fill=ll *trcl=( -46.9850 46.9850 0.0000
fill=ll *trcl=( -15.6617 46.9850 0.0000
fill=ll *trcl=( 15.6617 46.9850 0.0000
fill=ll *trcl=( 46.9850 46.9850 0.0000
fill=4 *trcl=( -62.6467 31.3233 0.0000
fill=ll *trcl=( -31.3233 31.3233 0.0000
fill=ll *trcl=( 0.0000 31.3233 0.0000
fill=1l *trcl=( 31.3233 31.3233 0.0000
fill=3 *trcl=( 62.6467 31.3233 0.0000
fill=9 *trcl=( -78.3083 15.6617 0.0000
fill=ll *trcl=( -46.9850 15.6617 0.0000
fill=ll *trcl=( -15.6617 15.6617 0.0000
fill=ll *trcl=( 15.6617 15.6617 0.0000
fill=ll *trcl=( 46.9850 15.6617 0.0000
fill=10 *trcl=( 78.3083 15.6617 0.0000
fill=ll *trcl=( -62.6467 0.0000 0.0000
fill=ll *trcl=( -31.3233 0.0000 0.0000
fill=ll *trcl=( 0.0000 0.0000 0.0000
fill=ll *trcl=( 31.3233 0.0000 0.0000
fill=ll *trcl=( 62.6467 0.0000 0.0000
fill=8 *trcl=( -78.3083 -15.6617 0.0000
fill=ll *trcl=( -46.9850 -15.6617 0.0000
fill=ll *trcl=( -15.6617 -15.6617 0.0000
fill=ll *trcl=( 15.6617 -15.6617 0.0000
fill=ll *trcl=( 46.9850 -15.6617 0.0000
fill=7 *trcl=( 78.3083 -15.6617 0.0000
fill=4 *trcl=( -62.6467 -31.3233 0.0000
fill=ll *trcl=( -31.3233 -31.3233 0.0000
fill=ll *trcl=( 0.0000 -31.3233 0.0000
fill=ll *trcl=( 31.3233 -31.3233 0.0000
fill=3 *trcl=( 62.6467 -31.3233 0.0000
fill=ll *trcl=( -46.9850 -46.9850 0.0000
fill=ll *trcl=( -15.6617 -46.9850 0.0000
fill=ll *trcl=( 15.6617 -46.9850 0.0000
fill=ll *trcl=( 46.9850 -46.9850 0.0000
fill=5 *trcl=( -31.3233 -62.6467 0.0000
fill=ll *trcl=( 0.0000 -62.6467 0.0000
fill=5 *trcl=( 31.3233 -62.6467 0.0000
fill=8 *trcl=( -15.6617 -78.3083 0.0000
fill=7 *trcl=( 15.6617 -78.3083 0.0000

u=2 $ Tube Loc 2
u=2 $ Tube Loc 3

u=2 $ Tube Loc 4
u=2 $ Tube Loc 5

u=2 $ Tube Loc 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Lot 9
u=2 $ Tube Loc 10

u=2 $ Tube Loc 11
u=2 $ Tube Lod 12
u=2 $ Tube Loc 13

u=2 $ Tube Lot 14
u=2 $ Tube Loc 15

u=2 $ Tube Loc 16
u=2 $ Tube Loc 17

u=2 $ Tube Loc 18
u=2 $ Tube Loc 19
u=2 $ Tube Loc 20
u=2 $ Tube Loc 21
u=2 $ Tube Loc 22

u=2 $ Tube Loc 23
u=2 $ Tube Loc 24
u=2 $ Tube Loc 25

u=2 $ Tube Loc 26
u=2 $ Tube Loc 27
u=2 $ Tube Loc 28

u=2 $ Tube Loc 29
u=2 $ Tube Loc 30

u=2 $ Tube Loc 31
u=2 $ Tube Loc 32

u=2 $ Tube Loc 33
u=2 $ Tube Loc 34

u=2 $ Tube Loc 35
u=2 $ Tube Loc 36

u=2 $ Tube Loc 37
u=2 $ Tube Loc 38

u=2 $ Tube Loc 39
u=2 $ Tube Loc 40
u=2 $ Tube Loc 41

u=2 $ Tube Loc 42
u=2 $ Tube Loc 43

u=2 $ Tube Loc 44
u=2 $ Tube Loc 45

+405
+409
+407
+411
+412

#401
#415
+404
+408
-414

#402 #444 #445 u=2
#426 #420 #431 u=2

u=2 $ Side Weldment
u=2 $ Side Weldment

+416 +418 +420 +422 u=2

$
$
Y

x

Side Weldment Y Center
Side Weldment X Center
Mount
Mount
Corner Weldment Part 1

u=2 $ Corner Weldment Part 2
u=2 $ Corner Weldment Part 3

451 8 -7.821 (-420 +419 +412) : (-422 +421 +412)
452 8 -7.821 -416 +415 +418 +412 #406 #409 #437 #440

NAC International 6.7.4-17



MAGNASTOR System
Docket No. 72-1031

June 2008

Revision 2

Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket
4538 -7.821 -418 +417 +415 +412 #406 #409 #437 #440
454 3 -0.9982 -403

#404 #407 #408 #411 #412 #413 #416 #417 #418 #
#421 #422 #423 #424 #425 #427 #428 #429 #430 #
#434 #435 #438 #439 #442 u=2 $ Interi

455 3 -0.9982 +403
#401 #402 #403 #405 #406 #409 #410 #414 #415 #
#426 #431 #432 #436 #437 #440 #441 #443 #444 #,
#446 #447 #448 #449 #450 #451 #452 #453

c Cell Cards - Canister
501 3 -0.9982 -14 fill=12 *trcl=( -15.3418 77.9885 0
502 like 501 but *trcl=( 15.3418 77.9885 0.0000
503 like 501 but *trcl=( -31.0035 62.3268 0.0000
504 like 501 but *trcl=( 0.0000 62.3268 0.0000
505 like 501 but *trcl=( 31.0035 62.3268 0.0000
506 like 501 but *trcl=( -46.6652 46.6652 0.0000
507 like 501 but *trcl=( -15.3418 46.6652 0.0000
508 like 501 but *trcl=( 15.3418 46.6652 0.0000
509 like 501 but *trcl=( 46.6652 46.6652 0.0000
510 like 501 but *trcl=( -62.3268 31.0035 0.0000
511 like 501 but *trcl=( -31.0035 31.0035 0.0000
512 like 501 but *trcl=( 0.0000 31.0035 0.0000
513 like 501 but *trcl=( 31.0035 31.0035 0.0000
514 like 501 but *trcl=( 62.3268 31.0035 0.0000
515 like 501 but *trcl=( -77.9885 15.3418 0.0000
516 like 501 but *trcl=( -46.6652 15.3418 0.0000
517 like 501 but *trcl= -15.3418 15.3418 0.0000
518 like 501 but *trcl=( 15.3418 15.3418 0.0000
519 like 501 but *trci=( 46.6652 15.3418 0.0000
520 like 501 but *trcl=( 77.9885 15.3418 0.0000
521 like 501 but *trcl=( -62.3268 0.0000 0.0000
522 like 501 but *trcl=( -31.0035 0.0000 0.0000
523 like 501 but *trcl=( 0.0000 0.0000 0.0000
524 like 501 but *trcl=( 31.0035 0.0000 0.0000
525 like 501 but *trcl=( 62.3268 0.0000 0.0000
526 like 501 but *trcl=( -77.9885 -15.3418 0.000
527 like 501 but *trcl=( -46.6652 -15.3418 0.000
528 like 501 but *trcl=( -15.3418 -15.3418 0.000
529 like 501 but *trcl=( 15.3418 -15.3418 0.0000
530 like 501 but *trcl=( 46.6652 -15.3418 0.0000
531 like 501 but *trcl= 77.9885 -15.3418 0.0000
532 like 501 but *trcl=( -62.3268 -31.0035 0.000
533 like 501 but *trcl=( -31.0035 -31.0035 0.000
534 like 501 but *trcl=( 0.0000 -31.0035 0.0000
535 like 501 but *trcl=( 31.0035 -31.0035 0.0000
536 like 501 but *trcl=( 62.3268 -31.0035 0.0000
537 like 501 but *trcl=( -46.6652 -46.6652 0.000
538 like 501 but *trcl= -15.3418 -46.6652 0.000
539 like 501 but *trcl=( 15.3418 -46.6652 0.0000
540 like 501 but *trcl=( 46.6652 -46.6652 0.0000
541 like 501 but *trcl=( -31.0035 -62.3268 0.000
542 like 501 but *trcl=( 0.0000 -62.3268 0.0000
543 like 501 but *trcl=( 31.0035 -62.3268 0.0000
544 like 501 but *trcl=( -15.3418 -77.9885 0.000
545 like 501 but *trcl= 15.3418 -77.9885 0.0000
546 like 501 but *trcl=( 0.0000 77.9987 0.0000 )
547 like 501 but *trcl=( -46.6754 62.3371 0.0000
548 like 501 but *trcl=( -15.3521 62.3371 0.0000
549 like 501 but *trcl=( 15.3521 62.3371 0.0000
550 like 501 but *trcl=( 46.6754 62.3371 0.0000
551 like 501 but *trcl=( -62.3371 46.6754 0.0000
552 like 501 but *trcl=( -31.0137 46.6754 0.0000
553 like 501 but *trcl=( 0.0000 46.6754 0.0000
554 like 501 but *trcl=( 31.0137 46.6754 0.0000
555 like 501 but *trcl=( 62.3371 46.6754 0.0000
556 like 501 but *trcl=( -46.6754 31.0137 0.0000

u=2 $ Corner Weldment Part 4

419
433
or Open Space

420
445

.00

0)
0)
0)

0)
0)

0)
0)

0)

0)

u=2 $ Remaining Open Space

00 ) u=l $ Assy 1cC 1
u=l $ Assy loc 2
u=l $ Assy loc 3

u=l $ Assy loc 4
u=l $ Assy loc 5
u=1 $ Assy loc 6
u=1 $ Assy loc 7

u=l $ Assy ioc 8
u=l $ Assy loc 9
u=1 $ Assy 10c 10
u=1 $ ASSy 10c 11

u=l $ ASsy 10c 12
u=1 $ Assy loc 13
u=1 $ Assy loc 14
u=1 $ Assy loc 15
u=l $ Assy loc 16
u=1 $ Assy 1cC 17
u=1 $ Assy ioc 18
u=1 $ Assy loc 19
u=l $ Assy loc 20
u=1 $ Assy loc 21
u=l $ Assy loc 22

u= $ Assy loc 23
u=1 $ Assy loc 24
u=1 $ Assy loc 25

u=l $ Assy loc 26
u=1 $ Assy loc 27
u=1 $ Assy loc 28

u=l $ Assy loc 29
u=1 $ Assy 1cC 30
u=1 $ Assy loc 31
u=1 $ Assy loc 32
u=l $ Assy loc 33

u=l $ Assy 1oc 34
u=1 $ Assy loc 35
u=l $ Assy loc 36
u=l $ Assy loc 37
u=l $ Assy loc 38
u=1 $ Assy 1cC 39
u=l $ Assy loc 40
u=l $ Assy loc 41

u=1 $ Assy Ioc 42
u=1 $ AsSy loc 43
u=1 $ Assy 1oc 44
u=1 $ Assy loc 45

u=1 $ Assy loc 46
u=1 $ Assy loc 47
u=l $ Assy loc 48

u=l $ Assy loc 49
u=l $ Assy loc 50
u=1 $ Assy 1cC 51
u=1 $ Assy 1cC 52

u=l $ Assy loc 53
u=1 $ Assy loc 54
u=1 $ Assy loc 55
u=1 $ Assy loc 56
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557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590

like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
3 -0.9982 -501

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=(

+502

-15.3521 31.0137 0.0000
15.3521 31.0137 0.0000
46.6754 31.0137 0.0000
-62.3371 15.3521 0.0000
-31.0137 15.3521 0.0000
0.0000 15.3521 0.0000
31.0137 15.3521 0.0000
62.3371 15.3521 0.0000
-77.9987 0.0000 0.0000
-46.6754 0.0000 0.0000
-15.3521 0.0000 0.0000
15.3521 0.0000 0.0000
46.6754 0.0000 0.0000
77.9987 0.0000 0.0000
-62.3371 -15.3521 0.0000
-31.0137 -15.3521 0.0000
0.0000 -15.3521 0.0000
31.0137 -15.3521 0.0000
62.3371 -15.3521 0.0000
-46.6754 -31.0137 0.0000
-15.3521 -31.0137 0.0000
15.3521 -31.0137 0.0000
46.6754 -31.0137 0.0000
-62.3371 -46.6754 0.0000
-31.0137 -46.6754 0.0000
0.0000 -46.6754 0.0000
31.0137 -46.6754 0.0000
62.3371 -46.6754 0.0000
-46.6754 -62.3371 0.0000
-15.3521 -62.3371 0.0000
15.3521 -62.3371 0.0000
46.6754 -62.3371 0.0000
0.0000 -77.9987 0.0000

u=l $ Assy loc 57
u=l $ Assy loc 58
u=l $ Assy loc 59

u=l $ Assy loc 60
u=l $ Assy loc 61

u=l $ Assy loc 62
u=l $ Assy loc 63
u=l $ Assy loc 64
u=l $ Assy loc 65
u=l $ Assy loc 66
u=l $ Assy loc 67

u=l $ Assy loc 68
u=l $ Assy loc 69
u=l $ Assy loc 70

u=l $ Assy loc 71
u=l $ Assy loc 72

u=l $ Assy loc 73
u=l $ Assy loc 74
u=l $ Assy loc 75
u=1 $ Assy loc 76
u=l $ Assy loc 77

u=l $ Assy loc 78
u=l $ Assy loc 79

u=l $ Assy loc 80
u=l $ Assy loc 81

u=l $ Assy loc 82
u=l $ Assy loc 83
u=l $ Assy loc 84
u=1 $ Assy loc 85
u=l $ Assy loc 86

u=1 $ Assy loc 87
u=l $ Assy loc 88

u=l $ Assy loc 89

#501 #502 #503 #504 #505 #506
#511 #512 #513 #514 #515 #516
#521 #522 #523 #524 #525
#546 #547 #548 #549 #550
#551 #552 #553 #554 #555 #556
#561 #562 #563 #564 #565 #566

fill=2 u=l $ Cavity
591 3 -0.9982 -501 -502

#507 #508 #509 #510
#517 #518 #519 #520

#557 #558 #559 #560
#567 #568 #569 #570

#526 #527 #528 #529 #530
#531 #532 #533 #534 #535 #536 #537 #538 #539 #540
#541 #542 #543 #544 #545
#571 #572 #573 #574 #575 #576 #577 #578 #579 #580
#581 #582 #583 #584 #585 #586 #587 #588 #589

fill=2 u=l $ Cavity
592 6 -7.940 -503 +501 u=l $ Canister Shell / Lid / Bottom
593 13 -0.0001 +503 u=l $ Remaining Space
c Cell Cards - Transfer Cask Geometry
601 13 -0.0001 -601 -602 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity
602 8 -7.821 -601 +602 -606 $ Bottom plate
603 8 -7.821 -603 +602 +606 -607 $ Inner shell
604 9 -11.344 -604 +603 +606 -607 $ Lead shell
605 10 -1.632 -605 +604 +606 -607 $ NS-4-FR
606 8 -7.821 -601 +605 +606 -607 $ Outer shell
607 8 -7.821 -601 +602 +607 $ Top plate
608 8 -7.821 -608 +609 -614 $ Door rail
609 8 -7.821 -608 -610 -614 $ Door rail
610 8 -7.821 -613 -611 +612 -614 $ Door steel
611 13 -0.0001 -614 +601 #608 #609 #610 $ Exterior space to Reflector
612 0 +614 $ Exterior space

c Surfaces - Fuel Rod - BI1_96A - BWRl0xIO_5 WR
1 RCC 0.0000 0.0000 1.5875 0.0000 0.0000 381.0000 0.4095 $ Fuel pellet stack
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2 RCC 0.0000 0.0000 1.5875 0.0000 0.0000 405.3332 0.4184 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 407.8006 0.4801 $ Clad + End-Caps
c Surfaces - Pitch - B10_96A - BWR_10xlO_5 WR
7 PX 0.6198 $ Lattice Cell Boundaries
8 PX -0.6198
9 PY 0.6198
10 PY -0.6198
c Surfaces - Fuel Assembly Array Inserted Into Assembly - B10_96A - BWR_l0xI0_5 WR
11 RPP -3.0987 3.0987 -3.0987 3.0987 17.1704 428.4980 $ Array
12 RPP -6.7031 6.7031 -6.7031 6.7031 17.1704 428.4980 $ Channel Inner
13 RPP -7.0079 7.0079 -7.0079 7.0079 17.1704 428.4980 $ Channel Outer
14 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Assembly Outer Dims
c Surface Cards - Tube, Absorber and Retainer
101
102
103
104
105

RPP
RPP
RPP
RPP
RPP

-6.7056
-6.7056
-6.7056
-6.7056
-6.8326

6.7056
6.7056
6.7056
6.7056
6.8326

-7.5946 -7.4041 8.8900 427.507
-7.6327 -7.3660 8.8900 427.507
7.4041 7.5946 8.8900 427.5074
7.3660 7.6327 8.8900 427.5074
-7.3660 -7.3279 7.6200 429.412

4 $ Absorber -Y
4 $ Absorber Clad -Y
$ Absorber +Y
.$ Absorber Clad +Y
4 $ Retainer -Y
$ Retainer +Y
$ Weld Post Slot Y Ab•
$ Weld Post Slot Y Ab•
$ Weld Post Slot Y Ab•

106 RPP -6.8326 6.8326 7.3279
107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y

3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720

5.3658 -•

5.3658
5.3658 -

5.3658 -

5.3658 -,

5.3658 -,

5.3658 -,

5.3658 -

5.3658 -I

5.3658 -I

5.3658 -,

5.3658 -

5.3658 -

5.3658 -,

-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783

20.3962
50.8762
81.3562
111.8362
142.3162
172.7962
203.2762
233.7562
264.2362
294.7162
325.1962
355.6762
386.1562
416.6362
20.3962
50.8762
81.3562

8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439

7.3660
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
ý8.3439
8.3439
8.3439
8.3439
8.3439

7.6200 42
18.8024 2
49.2824
79.7624

29.4124
21.9901
2.4701
82.9501

sorber
sorber
sorber

-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439

-8.3439
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

8.343
8.343
8.343
8.343
8.343
8.343
8.343
8.343
8.343
8.343
8.343
8.343
8.343
8.343

110.2424 1
140.7224 14
171.2024 17
201.6824 2(
232.1624 23
262.6424 2f
293.1224 29
323.6024 32
354.0824 33
384.5624 33
415.0424 41
9 18.8024
9 49.2824
9 79.7624
9 110.2424
9 140.7224
9 171.2024
9 201.6824
9 232.1624
9 262.6424
9 293.1224
9 323.6024
9 354.0824
9 384.5624
9 415.0424

13.4301
43.9101
74.3901
04.8701
35.3501
65.8301
96.3101
26.7901
57.2701
87.7501
8.2301

21.9901
52.4701
82.9501

$
$
$
$
$
$
$
$
$
$
$
$
$
S

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Y .Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber

4
113.4301
143.9101
174.3901
204.8701
235.3501
265.8301
296.3101
326.7901
357.2701
387.7501
418.2301

$ Weld
$ Weld
$ Weld
$ Weld
$ Weld
$ Weld
$ Weld
$ Weld
$ Weld
$ Weld
$ Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

149 C/Y -4.5720
150 C/Y -4.5720
151 C/Y -4.5720
152 C/Y -4.5720 111.8362 0.4191
153 C/Y -4.5720 142.3162 0.4191
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154 C/Y
155 C/Y
156 C/Y
157 C/Y
158 C/Y
159 C/Y
160 C/Y
161 C/Y
162 C/Y
163 C/Y
164 C/Y
165 C/Y
166 C/Y
167 C/Y
168 C/Y
169 C/Y
170 C/Y
171 C/Y
172 C/Y
173 C/Y
174 C/Y
175 C/Y
176 C/Y
177 C/Y
178. C/Y
179 C/Y
180 C/Y
181 C/Y
182 C/Y
183 C/Y
184 C/Y
185 C/Y
186 C/Y
187 C/Y
188 C/Y
189 C/Y
190 C/Y
191 RPP
192 RPP
193 RPP
194 RPP
195 RPP

-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4.5720
-4. 5720
-4. 5720
-4.5720
-7. 5946
-7. 6327

172.7962
203.2762
233.7562
264.2362
294.7162
325.1962
355.6762
386.1562
416.6362

20.3962 0
50.8762 0
81.3562 0
111.8362
142.3162
172.7962
203.2762
233.7562
264.2362
294.7162
325.1962
355.6762
386.1562
416.6362
20.3962
50.8762
81.3562
111.8362
142.3162
172.7962
203.2762
233.7562
264.2362
294.7162
325.1962
355.6762
386.1562
416.6362

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

.3175

.3175

.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0. 3175
0.3175
0.3175

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

6.7056 8.8900 427.5074
6.7056 8.8900 427.5074

-7.4041 -6.7056
-7.3660 -6.7056

7.4041 7.5946 -6.7056 6.7056 8.8900 427.5074 $
7.3660 7.6327 -6.7056 6.7056 8.8900 427.5074 $
-7.3660 -7.3279 -6.8326 6.8326 7.6200 429.4124

$ Absorber -x
$ Absorber Clad -X
Absorber +X
Absorber Clad +X
$ Retainer -X
Retainer +X
Weld Post Slot X Absorber
Weld Post Slot X Absorber
Weld Post Slot X Absorber

196 RPP 7.3279 7.3660 -6.8326
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

-8.3439
-8.3439
-8. 3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8. 3439
-8. 3439
-8. 3439
-8. 3439
-8.3439
-8. 3439
-8.3439
-8. 3439
-8. 3439
-8. 3439
-8. 3439
-8. 3439
-8. 3439
-8.3439
-8. 3439

8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439

3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
-5.3653
-5.3658
-5.3653
-5.3653
-5.3658
-5.3653
-5.3658
-5.3653
-5.3653

6.8326 7.
5.3658 18
5.3658 49
5.3658 79
5.3658 11
5.3658 14
5.3658 17
5.3658 2(
5.3658 23
5.3658 26
5.3658 29
5.3658 32
5.3658 35
5.3658 38
5.3658 41

8 -3.7783
8 -3.7783
8 -3.7783
8 -3.7783
8 -3.7783
8 -3.7783
8 -3.7783
8 -3.7783
8 -3.7783

.6200 429.4124
3.8024 21.9901
9.2824 52.4701
9.7624 82.9501

$
$
$
$

.0.2424
30.7224
1.2024
1.6824

32.1624
62.6424
93.1224
3.6024

54.0824
84.5624
.5.0424
18.8024
49.2824
79.7624
110.242
140.722
171.202
201.682
232.162
262.642

113.4301 $
143.9101 $
174.3901 $
204.8701 $
235.3501 $
265.8301 $
296.3101 $
326.7901 $
357.2701 $
387.7501 $
418.2301 $

21.9901 $
52.4701 $
82.9501 $

A4 113.4301
:4 143.9101
A4 174.3901
:4 204.8701
:4 235.3501
!4 265.8301

Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post

Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber

$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post

Slot X
Slot X
Slot X
Slot X
Slot X
Slot X

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
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220 RPP -8.3439 8.3439 -5.3658 -3.7783 293.1224 296.3101 $ Weld Post Slot X Absorber
221 RPP -8.3439 8.3439 -5.3658 -3.7783 323.6024 326.7901 $ Weld Post Slot X Absorber
222 RPP -8.3439 8.3439 -5.3658 -3.7783 354.0824 357.2701 $ Weld Post Slot X Absorber
223 RPP -8.3439 8.3439 -5.3658 -3.7783 384.5624 387.7501 $ Weld Post Slot X Absorber
224 RPP -8.3439 8.3439 -5.3658 -3.7783 415.0424 418.2301 $ Weld Post Slot X Absorber
225 C/X 4.5720 20.3962 0.4191 $ Weld Post Hole X
226 C/X 4.5720 50.8762 0.4191 $ Weld Post Hole X
227 C/X 4.5720 81.3562 0.4191 $ Weld Post Hole X
228 C/X 4.5720 111.8362 0.4191 $ Weld Post Hole X
229 C/X 4.5720 142.3162 0.4191 $ Weld Post Hole X
230 C/X 4.5720 172.7962 0.4191 $ Weld Post Hole X
231 C/X 4.5720 203.2762 0.4191 $ Weld Post Hole X
232 C/X 4.5720 233.7562 0.4191 $ Weld Post Hole X
233 C/X 4.5720 264.2362 0.4191 $ Weld Post Hole X
234 C/X 4.5720 294.7162 0.4191 $ Weld Post Hole X
235 C/X 4.5720 325.1962 0.4191 $ Weld Post Hole X
236 C/X 4.5720 355.6762 0.4191 $ Weld Post Hole X
237 C/X 4.5720 386.1562 0.4191 $ Weld Post Hole X
238 C/X 4.5720 416.6362 0.4191 $ Weld Post Hole X
239 C/X -4.5720 20.3962 0.4191 $ Weld Post Hole X
240 C/X -4.5720 50.8762 0.4191 $ Weld Post Hole X
241 C/X -4.5720 81.3562 0.4191 $ Weld Post Hole X
242 C/X -4.5720 111.8362 0.4191 $ Weld Post Hole X
243 C/X -4.5720 142.3162 0.4191 $ Weld Post Hole X
244 C/X -4.5720 172.7962 0.4191 $ Weld Post Hole X
245 C/X -4.5720 203.2762 0.4191 $ Weld Post Hole X
246 C/X -4.5720 233.7562 0.4191 $ Weld Post Hole X
247 C/X -4.5720 264.2362 0.4191 $ Weld Post Hole X
248 C/X -4.5720 294.7162 0.4191 $ Weld Post Hole X
249 C/X -4.5720 325.1962 0.4191 $ Weld Post Hole X
250 C/X -4.5720 355.6762 0.4191 $ Weld Post Hole X
251 C/X -4.5720 386.1562 0.4191 $ Weld Post Hole X
252 C/X -4.5720 416.6362 0.4191 $ Weld Post Hole X
253 C/X 4.5720 20.3962 0.3175 $ Weld Post X
254 C/X 4.5720 50.8762 0.3175 $ Weld Post X
255 C/X 4.5720 81.3562 0.3175 $ Weld Post X
256 C/X 4.5720 111.8362 0.3175 $ Weld Post X
257 C/X 4.5720 142.3162 0.3175 $ Weld Post X
258 C/X 4.5720 172.7962 0.3175 $ Weld Post X
259 C/X 4.5720 203.2762 0.3175 $ Weld Post X
260 C/X 4.5720 233.7562 0.3175 $ Weld Post X
261 C/X 4.5720 264.2362 0.3175 $ Weld Post X
262 C/X 4.5720 294..7162 0.3175 $ Weld Post X
263 C/X 4.5720 325.1962 0.3175 $ Weld Post X
264 c/x 4.5720 355.6762 0.3175 $ Weld Post X
265 C/X 4.5720 386.1562 0.3175 $ Weld Post X
266 C/X 4.5720 416.6362 0.3175 $ Weld Post X
267 C/X -4.5720 20.3962 0.3175 $ Weld Post X
268 C/X -4.5720 50.8762 0.3175 $ Weld Post X
269 C/X -4.5720 81.3562 0.3175 $ Weld Post X
270 C/X -4.5720 111.8362 0.3175 $ Weld Post X
271 C/X -4.5720 142.3162 0.3175 $ Weld Post x
272 C/X -4.5720 172.7962 0.3175 $ Weld Post X
273 C/X -4.5720 203.2762 0.3175 $ Weld Post x
274 C/X -4.5720 233.7562 0.3175 $ Weld Post X
275 C/X -4.5720 264.2362 0.3175 $ Weld Post X
276 C/X -4.5720 294.7162 0.3175 $ Weld Post X
277 C/X -4.5720 325.1962 0.3175 $ Weld Post X
278 C/X -4.5720 355.6762 0.3175 $ Weld Post X
279 C/X -4.5720 386.1562 0.3175 S Weld Post X
280 C/X -4.5720 416.6362 0.3175 $ Weld Post X
281 RPP -7.6327 7.6327 -7.6327 7.6327 0.0000 458.4700 $ Space inside tube - cavity extent
282 RPP -8.3439 8.3439 -8.3439 8.3439 7.6200 429.4124 $ Fuel tube
C Surfaces - Basket
401 RPP -8.3439 8.3439 -8.3439 8.3439 0.0000 458.4700 $ Tube Enclosing Body - Cavity Height 4
402 1 RPP -11.0744 11.0744 -11.0744 11.0744 0.0000 458.4700 $ Tube Corner Cuts
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403 1 RPP -55.37235 55.37235 -55.37235 55.37235 0.0000 458.47
404 RPP -8.3693 8.3693 -87.2872 87.2872 0.0000 455.9300 $
405 RPP -8.3693 8.3693 -85.6997 85.6997 0.0000 455.9300 $
406 RPP -22.2250 22.2250 -87.2872 87.2872 7.6200 429.4124
Mount
407 RPP -22.2250 22.2250 -86.6522 86.6522 7.6200 429.4124
Mount
408 RPP -87.2872 87.2872 -8.3693 8.3693 0.0000 455.9300 $
409 RPP -85.6997 85.6997 -8.3693 8.3693 0.0000 455.9300 $
410 RPP -87.2872 87.2872 -22.2250 22.2250 7.6200 429.4124
Mount
411 RPP -86.6522 86.6522 -22.2250 22.2250 7.6200 429.4124
Mount
412 1 RPP -71.9600 71.9600 -71.9600 71.9600 7.6200 448.3100
413 1 RPP -72.9125 72.9125 -72.9125 72.9125 7.6200 448.3100

00 $ Array Interior Limit
Outer Surface Side Weld. Middle
Inner Surface Side Weld. Middle
$ Outer Surface Side Weld. Side

$ Inner Surface Side Weld. Side

Outer Surface Side Weld. Middle
Inner Surface Side Weld. Middle
$ Outer Surface Side Weld. Side

$ Inner Surface Side Weld. Side

$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.

414 RPP -86.3728 86.3728
415 RPP -54.3129 54.3129
416 RPP -55.1066 55.1066
417 RPP -70.9906 70.9906
418 RPP -71.9431 71.9431
419 RPP -24.0056 24.0056
420 RPP -24.9581 24.9581
421 RPP -86.3728 86.3728
422 RPP -86.3728 86.3728
c Surface Cards - Canister

-86.3728
-70.9906
-71.9431
-54.3129
-55.1066
-86.3728
-86.3728
-24.0056
-24.9581

86.3728
70.9906
71.9431
54.3129
55.1066
86.3728
86.3728
24.0056
24.9581

7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200

448.3100
448.3100
448.3100
448.3100
448.3100
448.3100
448.3100
448.3100
448.3100

S
$
$
$
$
$
$
$
$

Outer
Inner
Outer
Inner
Outer
Inner
Outer
Inner
Outer

Cut Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.

501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 458.4700 90.1700
502 PY -7.6327

$ Canister cavity

503 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
601 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
602
603
604
605
606
607
608
609
610
611
612

CZ 92.7100
CZ 94.6150
CZ 102.7430
CZ 108.5850
PZ 30.4800
PZ 453.3900
RPP -104.3178
PY 97.0026
PY -97.0026
PY 96.52
PY -96.52

$ Cask cavity radius
$ Inner shell OR

$ Lead shell OR
$ Outer shell IR

$ Top of bottom plate
$ Bottom of top plate

104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Door Enclosing Shape
$ Inside rail surface

$ Inside rail surface
$ Door surface

$ Door surface
613 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000

108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*614 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 3.70% Weight U02 [amu]
ml 92235.66c -3.261E-02 92238.66c -8.488E-01
c Clad Material
m2 26054.62c -7.063E-05 24050.62c -4.179E-05

26056.62c -1.149E-03 24052.62c -8.370E-04
26057.62c -2.702E-05 24053.62c -9.673E-05
26058.62c -3.631E-06 24054.62c -2.448E-05
40000.66c -9.823E-01 50000.42c -1.500E-02

269.9385
8016.62c -1.185E-01

7014.62c -4.980E-04
7015.66c -1.981E-06

c Water
m3 1001.62c -1.119E-01
mt3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -6.702E-02
24050.62c -3.185E-03
24052.62c -6.379E-02
24053.62c -7.372E-03

NAC International

18016.62c -8.881E-01

8016.62c
26054.62c
26056.62c
26057.62c

-5. 319E-01
-1.575E-02
-2. 562E-01
-6.026E-03

28058.62c -2.561E-02
28060.62c -1.020E-02
28061.62c -4.510E-04
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24054.62c -1.866E-03 26058.62c -8.098E-04 28062.62c -1.460E-03
28064.62c -3.860E-04

25055.62c -8.023E-03
mt4 lwtr.Olt
c Upper Nozzle Material
ms

1001.62c
24050.62c
24052.62c
24053.62c
24054.62c

-4.459E-02
-4.776E-03
-9.567E-02
-1.106E-02
-2.798E-03

25055.62c -1.203E-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

8016. 62c
26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62c
26058.62c

-3. 539E-01
-2.362E-02
-3. 842E-01
-9.036E-03
-1.214E-03

-3. 927E-02
-6.387E-01
-1.502E-02
-2.019E-03

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-3. 840E-02
-1. 530E-02
-6.763E-04
-2.189E-03
-5.789E-04

-6. 384E-02
-2.543E-02
-1.124E-03
-3.639E-03
-9. 623E-04

24052.62c
24053.62c
24054.62c

-1.590E-01
-1. 838E-02
-4. 652E-03

25055.62c -2.OOOE-02
c Aluminum
m7 13027.62c -l.OOOE+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

6000.66c -l.OOOE-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
mlO 5010.66c

5011.66c
13027.62c

c Concrete
mll 26054.62c

26056.62c
26057.62c
26058.62c

1001.62c
8016.62c

-2.534E-01
-2 .207E-01
-5.259E-01

-9.313E-04
-3.772E-03
-2. 142E-01

-7. 911E-04
-1.287E-02.
-3.026E-04
-4. 067E-05
-1. OOOE-02
-5. 320E-01

7014. 62c
7015.66c
1001.62c

-1.974E-02
-7. 852E-05
-6. 001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
c Absorber Material B4C-Al
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mtl3 lwtr.Olt
c Uranium Blanket 0.711%
m14 92235.66c -6.267E-03
c Borated SS304
m15 28058.62c -9.072E-02

28060.62c -3.614E-02
28061.62c -1.598E-03
28062.62c -5.171E-03
28064.62c -1.367E-03

5010.66c -3.535E-03
5011.66c -1.646E-02

Weight U02 [amu] 270.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c
26056. 62c
26057. 62c
26058. 62c
25055. 62c
14000. 60c
16000. 62c

-3. 523E-02
-5.729E-01
-1.348E-02
-1.811E-03
-2. OOOE-02
-1 . OOOE-02
-3. OOOE-04

24050.62c
24052.62c
24053.62c
24054.62c
15031.66c

6000.66c

-7. 939E-03
-1. 590E-01
-1. 838E-02
-4. 652E-03
-4. 50E-04
-8. OOOE-04

c B4C
m16 5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01
c Pyrex
m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02

13027.62c -l.OOOE-02 5010.66c -6.540E-03 5011.66c -3.046E-02
c Borated Aluminum 25% B4C
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m18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
c
c Rotation Matrix
*TRI 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0 $ z-rotation 45 degrees
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0 $ z-rotation 135 degrees
c
c Cell Importances
c
mode n
imp:n 1 397r 0
c
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= 601 : D2 : D5 7 : -1

ERG= Dl
POS= 0.0000 0.00 1.5875
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPi

-3
c Assembly Source Distribution
# S12 SP2

1 d
501 1
502 1
503 1
504 1
505 1
506 1
507 1
508 1
509 1
510 1
511 1
512 1
513 1
514 1
515 1
516 1
517 1
518 1
519 1
520 1
521 1
522 1
523 1
524 1
525 1
526 1
527 1
528 1
529 1
530 1
531 1
532 1
533 1
534 1
535 1
536 1
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537 1
538 1
539 1
540 1
541 1
542 1
543 1
544 1
545 1
546 1
547 1
548 1
549 1
550 1
551 1
552 1
553 1
554 1
555 1
556 1
557 1
558 1
559 1
560 1
561 1
562 1
563 1
564 1
565 1
566 1
567 1
568 1
569 1
570 1
571 1
572 1
573 1
574 1
575 1
576 1
577 1
578 1
579 1
580 1
581 1
582 1
583 1
584 1
585 1
586 1
587 1
588 1
589 1

C Uniform Radial Distributioo
# S13 SP3

0.0000 -21
0.4095 1

C - Axial Source Profile
# S14 SP4

0 0.0
381 1.0

c Assembly Source Distribution
# SI5 SP5

CNP Transfer Cask Model - BWR 87-Assembly Basket

n in Fuel Rod

1 d
11 1
12 1
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13 1
14 1

C
c Random Number Generator Controls
C
RAND GEN=2 SEED=19073486328125
C
C
c Print Control
C
PRINT
.c
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wFigure 6.7.4-4 MCNP Transfer Cask Model - BWR 82-Assembly Basket
Transfer Cask Model - BIO-96A
C
C

C

C

C

MAGNASTOR Canister Class 2
Neutron Poison Loading - 90 %
Nominal Fuel Characteristics

c Boron Content in Water - 0 ppm
c Cavity Water Density 0.9982 g/cc
c
c Fuel to Clad Gap - Wet-UnBorated
c Exterior Water Density 0.0001 g/cc
c
c Model Revision 4.70
c
c Cells - Fuel Rod - BIO-96A - BWRI0xlO5 WR
1 1 -1.0522E+01 -1 u=10 $ Fuel
2 13 -0.9982 -2 +1 u=10 $ Plenum + Fuel to Clad Gap
3 2 -6.56 -3 +2 u=10 $ Clad + End Plugs
4 3 -0.9982 +3 u=10 $ Outside Fuel Rod
c Array_10x10_96_5
7 3 -0.9982 -7 +8 -9 +10

trcl=(0 0 17.1704) lat=l u=9 fill=-2:2 -2:2 0:0
9 10 10 10 10
10 10 10 9 10
10 10 10 10 10
10 9 10 9 10
10,10 10 10 10

c Cells - Fuel Assembly Array Inserted Into Assembly - cel196_5Assy
11 3 -0.9982 -11 fill=9 *trcl=( 3.4540 3.4540 0.0000 ) u=8 $ Sub Array Ql
12 3 -0.9982 -11 fill=9

*trcl=( -3.4540 3.4540 0.0000 270 360 90 180 270 90 90 90 0 ) u=8 $ Sub Array Q2
13 3 -0.9982 -11 fill=9

*trcl=( -3.4540 -3.4540 0.0000 180 270 90 90 180 90 90 90 0 u=8 $ Sub Array Q3
14 3 -0.9982 -11 fill=9

*trcl=( 3.4540 -3.4540 0.0000 90 180 90 0 90 90 90 90 0 ) u=8 $ Sub Array Q4
15 3 -0.9982 -12 #11 #12 #13 #14 u=8 $ Gap to Channel
16 2 -6.5600 -13 +12 u=8 $ Channel
17 4 -1.5373 -14 +11.6 u=8 $ Lower Nozzle
18 5 -2.1056 -14 +11.5 u=8 $ Upper Nozzle
19 3 -0.9982 +14 u=8 $ Remaining Space
c Cell Cards - Tube, Absorber and Retainer
101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber +Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber Clad +Y

105 6 -7.940 -105 u=7 $ Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
107 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=7 $ Weld Post in Absorber -Y

108 3 -0.9982 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104
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(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=7 $ Weld Post in Absorber +Y

110 3 -0.9982 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber +Y
111 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber -X

112 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber Clad -X

113 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber +X

114 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber Clad +X

115 6 -7.940 -195 u=7 $ Retainer -X
116 6 -7.940 -196 u=7 $ Retainer+X
117 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post

118 3 -0.9982 -192 #111 #112 #117 u=7 $ Gap Weld
119 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post

120 3 -0.9982 -194 #113 #114 #119 u=7 $ Gap Weld
121 3 -0.9982 -281

in Absorber -X
Post to Absorber -X

in Absorber
Post to Absorber +X

+102 +104 +105 +106
+192 +194 +195 +196

122 8 -7.821 -282 +281
+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152
+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

123 6 -7.940 -282 +281

u=7 $ Space in Tube

+139 +140 +141 +142 +143
+148
+153
+162
+229
+238

+243
+252

+154 +155 +156 +157

+230 +231 +232 +233

+244 +245 +246 +247
u=7 $ Fuel Tube

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=7 $ Fuel Tube Weld Posts

124 3 -0.9982 -282 +281 #122 #123
u=7 $ Space Around Weld Posts

125 3 -0.9982 +281 +282 u=7 $ Exterior Space
c Cell Cards - Ql Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
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+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber Clad -Y

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber Clad +Y

130 6 -7.940 -105 u=6 $ Retainer -Y
131 6 -7.9400 -106 u=6 $ Retainer+Y
132 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=6 $ Weld Post in Absorber -Y

133 3 -0.9982,-102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=6 $ Weld Post in Absorber +Y

135 3 -0.9982 -104 #128 #129 #134 u=6 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber -X

137 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad -X

138 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber +X

139 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad +X

140 6 -7.940 -195 u=6 $ Retainer -X
141 6 -7.9400 -196 u=6 $ Retainer+X
142 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate-X

143 3 -0.9982 -192 #136 #137 #142 u=6 $ Gap Weld Post to Plate -X
144 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate +X

145 3 -0.9982 -194 #138 #139 #144 u=6 $ Gap Weld Post to Plate +X
146 3 -0.9982 -281

+102 +104 +105+106
+192 +194 +195 +196 u=6 $ Space in Tube

147 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=6 $ Fuel Tube

C.

NAC International 6.7.4,30



MAGNASTOR System June 2008

Docket No. 72-1031 Revision 2

Figure 6.7.4-4 MCNP Transfer Cask Model - BWR 82-Assembly Basket
148 6 -7.940 -282 +281

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-1.82:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=6 $ Fuel Tube Weld Posts

149 3 -0.9982 -282 +281 #147 #148
u=6 $ Space Around Weld Posts

150 3 -0.9982 +281 +282 u=6 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad +Y

155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y
157 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber -Y

158 3 -0.9982 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170: -171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber +Y

160 3 -0.9982 -104 #153 #154 #159 u=5 $ Gap Weld Post to Absorber +Y
161 7-2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber -X

162 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber Clad -X

163 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber +X

164 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber Clad +X

165 6 -7.9400 -195 u=5 $ Retainer -X
166 6 -7.940 -196 u=5 $ Retainer+X
167 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=5 $ Weld Post in Plate-X
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168 3 -0.9982 -192 #161 #162 #167 u=5 $ Gap Weld Post to Plate -X
169 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=5 $ Weld Post in Plate +X

170 3 -0.9982 -194 #163 #164 #169 u=5 $ Gap Weld Post to Plate +X
171 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=5 $ Space in Tube

172 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=5 $ Fuel Tube

173 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-=170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=5 $ Fuel Tube Weld Posts

174 3 -0.9982 -282 +281 #172 #173
u=5 $ Space Around Weld Posts

175 3 -0.9982 +281 +282 u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +1.15

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132.+133 +134 u=4 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber Clad +Y

180 6 -7.9400 -105 u=4 $ Retainer -Y
181 6 -7.940-106 u=4 $ Retainer+Y
182 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=4 $ Weld Post in Absorber -Y

183 3 -0.9982 -102 #176 #177 #182 u=4 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=4 $ Weld Post in Absorber +Y

185 3 -0.9982 -104 #178 #179 #184 u=4 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber -X
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187 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber Clad -X

188 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber +X

189 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber Clad +X

190 6 -7.9400 -195 u=4 $ Retainer -X
191 6 -7.940 -196 u=4 $ Retainer+X
192 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=4 $ Weld Post in Plate-X

193 3 -0.9982 -192 #186 #187 #192 u=4 $ Gap Weld Post to Plate -X
194 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=4 $ Weld Post in Plate +X

195 3 -0.9982 -194 #188 #189 #194 u=4 $ Gap Weld Post to Plate +X
196 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196

197 8 -7.821 -282 +281
+135 +136 +137 +138
+144 +145 +146 +147
-f149 +150 +151 +152
+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

198 6 -7.940 -282 +281

u=4 $ Space in Tube

+139
+148
+153
+162
+229
+238
+243
+252

+140 +141 +142 +143

+154 +155 +156 +157

+230 +231 +232 +233

+244 +245 +246 +247
u=4 $ Fuel Tube

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=4 $ Fuel Tube Weld Posts

199 3 -0.9982 -282 +281 #197 #198
u=4 $ Space Around Weld Posts

200 3 -0.9982 +281 +282 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber -Y

202 7 -2.7020 -102 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber +Y

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
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+130 +131 +132 +133 +134 u=3 $ Absorber Clad +Y
205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer+Y
207 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=3 $ Weld Post in Absorber -Y

208 3 -0.9982 -102 #201 #202 #207 u=3 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=3 $ Weld Post in Absorber +Y

210 3 -0.9982 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber -X

212 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad -X

213 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber +X

214 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad +X

215 6 -7.940 -195 u=3 $ Retainer -X
216 6 -7.9400 -196 u=3 $ Retainer+X
217 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate-X

218 3 -0.9982 -192 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate +X

220 3 -0.9982 -194 #213 #214 #219 u=3 $ Gap Weld Post to Plate +X
221 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=3 $ Space in Tube

222 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=3 $ Fuel Tube

223 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=3 $ Fuel Tube Weld Posts

4
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224 3 -0.9982 -282 +281 #222 #223

u=3 $ Space Around Weld Posts
225 3 -0.9982 +281 +282 u=3 $ Exterior Space
C Cells - Basket
401 3 -0.9982 -401 -402 fill=5 *trcl=( -15.6617 78.3083 0.0000 u=2 $ Tube Loc 1
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419

420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437.
438
439
440
441
442
443
444
445
446
447
448
449
450

like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 402
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like .401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
8 -7.821
8 -7.821
8 -7.821
8 -7.821
8 -7.821

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
-404
-408
-406
-410
-413

fill=6
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=5
fill=7
fill=7
fill=7
fill=7
fill=6
fill=7
fill=7
fill=7
fill=7
fill=7
fill=4
fill=7
fill=7
fill=7
fill=7
fill=3
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=4
fill=3

*trcl=
*trcl=
*trcl=
*trcl=1
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=-
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

15.6617 78.3083 0.0000
-31.3233 62.6467 0.0000
0.0000 62.6467 0.0000
31.3233 62.6467 0.0000
-46.9850 46.9850 0.0000
-15.6617 46.9850 0.0000
15.6617 46.9850 0.0000
46.9850 46.9850 0.0000
-62.6467 31.3233 0.0000
-31.3233 31.3233 0.0000
0.0000 31.3233 0.0000
31.3233 31.3233 0.0000
62.6467 31.3233 0.0000
-78.3083 15.6617 0.0000
-46.9850 15.6617 0.0000
-15.6617 15.6617 0.0000
15.6617 15.6617 0.0000
46.9850 15.6617 0.0000
78.3083 15.6617 0.0000
-62.6467 0.0000 0.0000
-31.3233 0.0000.0.0000
0.0000 0.0000 0.0000
31.3233 0.0000 0.0000
62.6467 0.0000 0.0000
-78.3083 -15.6617 0.0000
-46.9850 -15.6617 0.0000
-15.6617 -15.6617 0.0000
15.6617 -15.6617 0.0000
46.9850 -15.6617 0.0000
78.3083 -15.6617 0.0000
-62.6467 -31.3233 0.0000
-31.3233 -31.3233 0.0000
0.0000 -31.3233 0.0000
31.3233 -31.3233 0.0000
62.6467 -31.3233 0.0000
-46.9850 -46.9850 0.0000
-15.6617 -46.9850 0.0000
15.6617 -46.9850 0.0000
46.9850 -46.9850 0.0000
-31.3233 -62.6467 0.0000
0.0000 -62.6467 0.0000
31.3233 -62.6467 0.0000
-15.6617 -78.3083 0.0000
15.6617 -78.3083 0.0000

u=2 $ Tube Loc 2
u=2 $ Tube Loc 3

u=2 $ Tube Loc 4
u=2 $ Tube LoC 5

u=2 $ Tube Loc 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc 9

u=2 $ Tube Loc 10
u=2 $ Tube Loc 11

u=2 $ Tube Loc 12
u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16
u=2 $ Tube Loc 17

u=2 $ Tube Loc 18
u=2 $ Tube Loc 19
u=2 $ Tube Loc 20
u=2 $ Tube Loc 21
u=2 $ Tube Loc 22

u=2 $ Tube Loc 23
u=2 $ Tube Loc 24
u=2 $ Tube Loc 25

u=2 $ Tube Loc 26
u=2 $ Tube Loc 27
u=2 $ Tube Loc 28

u=2 $ Tube Loc 29
u=2 $ Tube Loc 30
u=2 $ Tube Loc 31

u=2 $ Tube Loc 32
u=2 $ Tube Loc 33

u=2 $ Tube Loc 34
u=2 $ Tube Loc 35
u=2 $ Tube Loc 36

u=2 $ Tube Loc 37
u=2 $ Tube Loc 38

u=2 $ Tube Loc 39
u=2 $ Tube Loc 40

u=2 $ Tube Loc 41
u=2 $ Tube Loc 42
u=2 $ Tube Loc 43

u=2 $ Tube Loc 44
u=2 $ Tube Loc 45

+405
+409
+407
+411
+412

#401
#415
+404
+408
-414

#402 #444 #445 u=2
•#426 #420 #431 u=2

u=2 $ Side Weldment
u=2 $ Side Weldment

+416 +418 +420 +422 u=2

S Side Weldment Y Center
$ Side Weldment X Center
Y Mount
X Mount
$ Corner Weldment Part 1

451 8 -7.821 (-420 +419 +412) : (-422
452 8 -7.821 -416 +415 +418 +412 #406
453 8 -7.821 -418 +417 +415 +412 #406
454 3 -0.9982 -403

#404 #407 #408 #411 #412 #413 #
#421 #422 #423 #424 #425 #427 #
#434 #435 #438 #439 #442

455 3 -0.9982 +403
#401 #402 #403 #405 #406 #409 #,
#426 #431 #432 #436 #437 #440 #
#446 #447 #448 #449 #450 #451 #,

c Cell Cards - Canister

+421 +412)
#409 #437 #440
#409 #437 #440

u=2 $ Corner Weldment Part 2
u=2 $ Corner Weldment Part 3
u=2 $ Corner Weldment Part 4

416 #417
428 #429

u=2 $

#418 #419
#430 #433
Interior Open Space

410 #414 #415 #420
441 #443 #444 #445
452 #453 u=2 $ Remaining Open Space
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501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566

3 -0.9982 -14
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but

fill=8 *trcl=( -15.3418 77.9885 0.0000
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

15.3418 77.9885 0.0000
-31.0035 62.3268 0.0000
0.0000 62.3268 0.0000
31.0035 62.3268 0.0000
-46.6652 46.6652 0.0000
-15.3418 46.6652 0.0000
15.3418 46.6652 0.0000 )
46.6652 46.6652 0.0000
-62.3268 31.0035 0.0000
-31.0035 31.0035 0.0000
0.0000 31.0035 0.0000
31.0035 31.0035 0.0000
62.3268 31.0035 0.0000
-77.9885 15.3418 0.0000
-46.6652 15.3418 0.0000
46.6652 15.3418 0.0000
77.9885 15.3418 0.0000
-62.3268 0.0000 0.0000
-31.0035 0.0000 0.0000
31.0035 0.0000 0.0000
62.3268 0.0000 0.0000
-77.9885 -15.3418 0.0000
-46.6652 -15.3418 0.0000
46.6652 -15.3418 0.0000
77.9885 -15.3418 0.0000
-62.3268 -31.0035 0.0000
-31.0035 -31.0035 0.0000
0.0000 -31.0035 0.0000
31.0035 -31.0035 0.0000
62.3268 -31.0035 0.0000
-46.6652 -46.6652 0.0000
-15.3418 -46.6652 0.0000 )
15.3418 -46.6652 0.0000
46.6652 -46.6652 0.0000
-31.0035 -62.3268 0.0000
0.0000 -62.3268 0.0000
31.0035 -62.3268 0.0000
-15.3418 -77.9885 0.0000
15.3418 -77.9885 0.0000
0.0000 77.9987 0.0000 )
-46.6754 62.3371 0.0000
-15.3521 62.3371 0.0000
15.3521 62.3371 0.0000
46.6754 62.3371 0.0000
-62.3371 46.6754 0.0000
-31.0137 46.6754 0.0000
0.0000 46.6754 0.0000
31.0137 46.6754 0.0000
62.3371 46.6754 0.0000
-46.6754 31.0137 0.0000
-15.3521 31.0137 0.0000
15.3521 31.0137 0.0000
46.6754 31.0137 0.0000
-62.3371 15.3521 0.0000
-31.0137 15.3521 0.0000
0.0000 15.3521 0.0000
31.0137 15.3521 0.0000
62.3371 15.3521 0.0000
-77.9987 0.0000 0.0000
-46.6754 0.0000 0.0000
-15.3521 0.0000 0.0000
15.3521 0.0000 0.0000
46.6754 0.0000 0.0000
77.9987 0.0000 0.0000
-62.3371 -15.3521 0.0000

0 ) u=l $Assy loc 1
u=l $ Assy loc 2

u=l $ Assy loc 3
u=l $ Assy loc 4

u=l $ Assy loc 5
u=l $ Assy loc 6
u=l $ Assy loc 7

u=l $ Assy loc 8
u=l $ Assy loc 9

u=l $ Assy loc 10
u=l $ Assy loc 11

u=l $ Assy loc 12
u=l $ Assy 1cC 13
u=l $ Assy loc 14

u=l $ Assy 1cC 15
u=l $ Assy 1cC 16

u=l $ Assy 1cC 19
u=l $ Assy loc 20
u=l $ Assy loc 21
u=l $ Assy loc 22

u=l $ Assy loc 24
u=l $ Assy loc 25

u=l $ Assy loc 26
u=l $ Assy loc 27

u=l $ Assy loc 30
u=l $ Assy loc 31

u=l $ Assy loc 32
u=l $ Assy loc 33

u=l $ Assy loc 34
u=l $ Assy loc 35
u=l $ Assy loc 36

u=l $ Assy loc 37
u=l $ Assy loc 38

u=l $ Assy loc 39
u=l $ Assy loc 40

u=l $ Assy loc 41
u=l $ Assy loc 42

u=l $ Assy loc 43
u=l $ Assy loc 44

u=l $ Assy loc 45
u=l $ Assy loc 46

u=l $ Assy loc 47
u=l $ Assy loc.48
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31.0137 -15.3521 0.0000
62.3371 -15.3521 0.0000
-46.6754 -31.0137 0.0000
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15.3521 -31.0137 0.0000
46.6754 -31.0137 0.0000
-62.3371 -46.6754 0.0000
-31.0137 -46.6754 0.0000
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31.0137 -46.6754 0.0000
62.3371 -46.6754 0.0000
-46.6754 -62.3371 0.0000
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15.3521 -62.3371 0.0000
46.6754 -62.3371 0.0000
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u=l $ Assy loc 72
u=l $ Assy loc 73

u=l $ Assy loc 74
u=l $ Assy loc 75

u=l $ Assy loc 76
u=l $ Assy loc 77

u=1 $ Assy loc 78
u=l $ Assy loc 79

u=l $ Assy loc 80
u=1 $ Assy loc 81

u=l $ Assy loC 82
u=l $ Assy loc 83
u=l $ Assy loc 84
u=1 $ Assy loc 85
u=l $ Assy loc 86

u=l $ Assy loc 87
u=1 $ Assy loc 88

u=l $ ASSy loc 89

#501 #502 #503 #504 #505 #506 #507 #508 #509 #510
#511 #512 #513 #514 #515 #516 #517 #518
#519 #520 #521 #522
#541 #542 #543 #544 #545
#546 #547 #548 #549 #550 #551 #552 #553 #554 #555
#556 #557 #558 #559 #560 #561 #562 #563 #564 #565

fill=2 u=1 $ Cavity
586 3 -0.9982 -501 -502

#523 #524 #525
#526 #527 #528 #529 #530 #531 #532 #533 #534 #535
#536 #537 #538 #539 #540
#566 #567 #568 #569 #570 #571 #572 #573 #574 #575
#576 #577 #578 #579 #580 #581 #582 #583 #584

fill=2 u=l $ Cavity
587 6 -7.940 -503 +501 u=l $ Canister Shell / Lid / Bottom
588 13 -0.0001 +503 u=l $ Remaining Space
c Cell Cards - Transfer Cask Geometry
601 13 -0.0001 -601 -602 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity
602 8 -7.821 -601 +602 -606 $ Bottom plate
603 8 -7.821 -603 +602 +606 -607 $ Inner shell
604 9 -11.344 -604 +603 +606 -607 $ Lead shell
605 10 -1.632 -605 +604 +606 -607 $ NS-4-FR
606 8 -7.821 -601 +605 +606 -607 $ Outer shell
607 8 -7.821 -601 +602 +607 $ Top plate
608 8 -7.821 -608 +609 -614 $ Door rail
609 8 -7.821 -608 -610 -614 $ Door rail
610 8 -7.821 -613 -611 +612 -614 $ Door steel
611 13 -0.0001 -614 +601 #608 #609 #610 $ Exterior space to Reflector
612 0 +614 $ Exterior space

c Surfaces - Fuel Rod - BI0_96A - BWR_lxl0_5 WR
1 RCC 0.0000 0.0000 1.5875 0.0000 0.0000 381.0000 0.4095 $ Fuel pellet stack
2 RCC 0.0000 0.0000 1.5875 0.0000 0.0000 405.3332 0.4184 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 407.8006 0.4801 $ Clad + End-Caps
c Surfaces - Pitch - BI0_96A - BWRI0xlO_5 WR
7 PX 0.6198 $ Lattice Cell Boundaries
8 PX -0.6198
9 PY 0.6198
10 PY -0.6198
c Surfaces - Fuel Assembly Array Inserted Into Assembly - BI0_96A - BWR_10x10_5 WR
11 RPP -3.0987 3.0987 -3.0987 3.0987 17.1704 428.4980 $ Array
12 RPP -6.7031 6.7031 -6.7031 6.7031 17.1704 428.4980 $ Channel Inner
13 RPP -7.0079 7.0079 -7.0079 7.0079 17.1704 428.4980 $ Channel Outer
14 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Assembly Outer Dims
c Surface Cards - Tube, Absorber and Retainer
101 RPP -6.7056 6.7056 -7.5946 -7.4041 8.8900 427.5074 $ Absorber -Y
102 RPP -6.7056 6.7056 -7.6327 -7.3660 8.8900 427.5074 $ Absorber Clad -Y
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0 294.7162
0 325.1962
0 355.6762
0 386.1562
0 416.6362

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
.0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

.3175

.3175

.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post x
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

9

281 RPP -7.6327-7.6327 -7.6327 7.6327 0.0000 458.4700 $ Space inside tube - cavity extent
282 RPP -8.3439 8.3439 -8.3439 8.3439 7.6200 429.4124 $ Fuel tube
C Surfaces - Basket
401 RPP -8.3439 8.3439 -8.3439 8.3439 0.0000 458.4700 $ Tube Enclosing Body - Cavity Height
402 1 RPP -11.0744 11.0744 -11.0744 11.0744 0.0000 458.4700 $ Tube Corner Cuts
403 1 RPP -55.37235 55.37235 -55.37235 55.37235 0.0000 458.4700 $ Array Interior Limit
404 RPP -8.3693 8.3693 -87.2872 87.2872 0.0000 455.9300 $ Outer Surface Side Weld. Middle
405 RPP -8.3693 8.3693 -85.6997 85.6997 0.0000 455.9300 $ Inner Surface Side Weld. Middle
406 RPP -22.2250 22.2250 -87.2872 87.2872 7.6200 429.4124 $ Outer Surface Side Weld. Side
Mount
407 RPP -22.2250 22.2250 -86.6522 86.6522 7.6200 429.4124 $ Inner Surface Side Weld. Side
Mount
408 RPP -87.2872 87.2872 -8.3693 8.3693 0.0000 455.9300 $ Outer Surface Side Weld. Middle
409 RPP -85.6997 85.6997 -8.3693 8.3693 0.0000 455.9300 $ Inner Surface Side Weld. Middle
410 RPP -87.2872 87.2872 -22.2250 22.2250 7.6200 429.4124 $ Outer Surface Side Weld. Side
Mount
411 RPP -86.6522 86.6522 -22.2250 22.2250 7.6200 429.4124 $ Inner Surface Side Weld. Side
Mount
412 1 RPP -71.9600 71.9600 -71.9600 71.9600 7.6200 448.3100 $ Inner Surface Corner Weld.
413 1 RPP -72.9125 72.9125 -72.9125 72.9125 7.6200 448.3100 $ Outer Surface Corner Weld.
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414 RPP -86.3728 86.3728 -86.3728
415 RPP -54.3129 54.3129 -70.9906
416 RPP -55.1066 55.1066 -71.9431
417 RPP -70.9906 70.9906 -54.3129
418 RPP -71.9431 71.9431 -55.1066
419 RPP -24.0056 24.0056 -86.3728
420 RPP -24.9581 24.9581 -86.3728
421 RPP -86.3728 86.3728 -24.0056
422 RPP -86.3728 86.3728 -24.9581
c Surface Cards - Canister

86.3728
70.9906
71.9431
54.3129
55.1066
86.3728
86.3728
24.0056
24.9581

7.6200 448.3100
7.6200 448.3100
7.6200 448.3100
7.6200 448.3100
7.6200 448.3100
7.6200 448.3100
7.6200 448.3100
7.6200 448.3100
7.6200 448.3100

$
$
$
$
$
$
$
$
$

Outer
Inner
Outer
Inner
Outer
Inner
Outer
Inner
Outer

Cut Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.

501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 458.4700 90.1700 $ Canister cavity
502 PY -7.6327
503 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
601 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
602
603
604
605
606
607
608
609
610
611
612

CZ 92.7100
CZ 94.6150
CZ 102.7430
CZ 108.5850
PZ 30.4800
PZ 453.3900
RPP -104.3178
PY 97.0026
PY -97.0026
PY 96.52
PY -96.52

$ Cask cavity radius
$ Inner shell OR

$ Lead shell OR
$ Outer shell IR

$ Top of bottom plate
$ Bottom of top plate

104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Door Enclosing Shape
$ Inside rail surface

$ Inside rail surface
$ Door surface

$ Door surface
613 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000

108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*614 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 4.30% Weight U02 [amul
ml 92235.66c -3.790E-02
c Clad Material
m2 26054.62c -7.063E-05

26056.62c -1.149E-03
26057.62c -2.702E-05
26058.62c -3.631E-06
40000.66c -9.823E-01

c Water
m3 i001.62c -1.119E-01
mt3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -6.702E-02
24050.62c -3.185E-03
24052.62c -6.379E-02
24053.62c -7.372E-03
24054.62c -1.866E-03

25055.62c -8.023E-03
mt4 lwtr.Olt
c Upper Nozzle Material
m5

1001.62c -4.459E-02
24050.62c -4.776E-03
24052.62c -9.567E-02
24053.62c -1.106E-02
24054.62c -2.798E-03

25055.62c -1.203E-02
mt5 lwtr.Olt
c SS304

NAC International

92238.66c -8.435E-01
269.9205
8016;.62c -1.185E-01

7014.62c -4.980E-04
7015.66c -1.981E-06

24050.62c
24052.62c
24053.62c
24054.62c
50000.42c

-4.179E-05
-8.370E-04
-9.673E-05
-2.448E-05
-1.500E-02

8016.62c -8.881E-01

8016.62c
26054.62c
26056.62c
26057.62c
26058.62c

8016.62c
26054.62c
26056.62c
26057.62c
26058.62c

-5. 319E-01
-1. 575E-02
-2. 562E-01
-6.026E-03
-8.098E-04

-3. 539E-01
-2.362E-02
-3.842E-01
-9.036E-03
-1.214E-03

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-2. 561E-02
-1. 020E-02
-4. 510E-04
-1.460E-03
-3 . 860E-04

-3. 840E-02
-1. 530E-02
-6.763E-04
-2. 189E-03
-5. 789E-04
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m6 24050.62c

24052.62c
24053.62c
24054.62c

-7.939E-03
-1.590E-01
-1. 838E-02
-4.652E-03

26054.62c
26056.62c
26057.62c
26058.62c

-3.927E-02
-6.387E-01
-1.502E-02
-2. 019E-03

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-6.384E-02
-2.543E-02
-1.124E-03
-3.639E-03
-9. 623E-04

25055.62c -2.OOOE-02
c Aluminum
m7 13027.62c -1.000E+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

6000.66c -1.OOOE-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
mlO 5010.66c

5011.66c
13027.62c

c Concrete
mil 26054.62c

26056.62c
26057.62c
26058.62c

1001.62c
8016.62c

-2. 534E-01
-2. 207E-01
-5. 259E-01

-9.313E-04
-3.772E-03
-2. 142E-01

-7. 911E-04
-1.287E-02
-3.026E-04
-4.067E-05
-1. OOOE-02
-5.320E-01

7014. 62c
7015.66c
1001.62c

-1. 974E-02
-7. 852E-05
-6. 001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
c Absorber Material B4C-A1
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mtl3 lwtr.Olt
c Uranium Blanket 0.711%
m14 92235.66c -6.267E-03
c Borated SS304
m15 28058.62c -9.072E-02

28060.62c -3.614E-02
28061.62c -1.598E-03
28062.62c -5.171E-03
28064.62c -1.367E-03
5010.66c -3.535E-03
5011.66c -1.646E-02

Weight U02 [amu] 270.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c
26056.62c
26057.62c
26058.62c
25055.62c
14000.60c
16000.62c

-3.523E-02
-5.729E-01
-1.348E-02
-1. 811E-03
-2. 000E-02
-1. OOOE-02
-3. 000E-04

24050.62c
24052.62c
24053.62c
24054.62c
15031.66c

6000.66c

-7.939E-03
-1. 590E-01
-1.838E-02
-4.652E-03
-4. 500E-04
-8.000E-04

c B4C
m16 5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01
c Pyrex
m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02

13027.62c -1.000E-02 5010.66c -6.540E-03 5011.66c -3.046E-02
c Borated Aluminum 25% B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
c
c Rotation Matrix
*TR1 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0 $ z-rotation 45 degrees
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0 $ z-rotation 135 degrees

c
c Cell Importances
c
mode n
imp:n 1 292r 0
c
c
c Criticality Controls
c

K'
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Figure 6.7.4-4
kcode 2000 1.00 30 530
c

MCNP Transfer Cask Model - BWR 82-Assembly Basket

c Source Distribution for Initial Generation
SDEF CEL= 601 : D2 : D5 : 7 : -1

ERG= D1
POS= 0.0000 0.00 1.5875
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPI

-3
c Assembly Source Distribution
# S12 SP2

1 d
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
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552 1
553 1
554 1
555 1
556 1
557 1
558 1
559 1
560 1
561 1
562 1
563 1
564 1
565 1
566 1
567 1
568 1
569 1
570 1
571 1
572 1
573 1
574 1
575 1
576 1
577 1
578 1
579 1
5801
581 1
582 1
583 1
584 1

C - Uniform Radial
# S13 SP3

Distribution in Fuel Rod

0.0000 -21
0.4095 1

C - Axial Source Profile
# S14 SP4

0 0.0
381 1.0

c Assembly Source Distribution
# SI5 SP5

1 d
11 1
12 1
13 1
14 1

c
c Random Number Generator Controls
c
RAND GEN=2 SEED=I9073486328125
c
c
c Print Control
c
PRINT

0
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