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westinghouse Westinghouse Electric Company

Nuclear Fuel
Columbia fuel Site
P.O.DrawerR
Columbia, South Carolina 29250
USA
U. S. Nuclear Regulatory Commission Direct tel: (803) 647-3552
Attn: Mr. E. William Brach, Director Direct fax: (803) 695-3964
Spent Fuel Project Office e-mail: kentna@westinghouse.com
Office of Nuclear Material Safety and Safeguards
United States Nuclear Regulatory Commission Your ref:
Washington DC, 20555-0001 Ourref: NRC-02-005
February 14, 2002
Mr. Brach:
Subject: Docket No. 71-9239, Additional Information for the Application for Timely Renewal of

MCC Shipping Container, Package Identification USA/9239/AF

Westinghouse Electric Company hereby submits additional information pursuant to the license renewal
for the MCC package. Included are two copies of Revision 10 to the Consolidated License Application for
the MCC, which supersedes the Consolidated License Application, submitted in November. Revision 10
contains all changes previously incorporated through the supplements that are listed in the Certificate of
Compliance. Also included are the following:

e The March 24, 1997 revision request contained justification information for revising the Gd,Os
absorber plate inspection requirements. This justification has been added to Appendix 1-6.

e Administrative corrections to Chapter 6 and Appendix 1-6. Both have been changed to reflect the
correct enrichment above which double Gd plates are required. The enrichment will be corrected from
4.75wt% to 4.65 wt%.

In addition, the tables that were included in the October 19, 2001 submittal showing the bases for the
License Drawing revisions is resubmitted. Explanations have been added for Note L on MCCL301, and

Notes M and N on MCCLA401.

Westinghouse again thanks you for your attention to this matter. If you have any questions, please call the
undersigned at (803) 647-3552.

Sincerely,

WESTINGHOUSE ELECTRIC COMPANY

Mowsac 4 /oot —

Norman A. Kent Qg
Licensing Q\B
Nuclear Fuel Transport N\

A BNFL Group company



Page 2 of 2
Our ref: NRC-02-005
February 14, 2002

Administrative Corrections to License Drawings

1. MCC-3 License Drawing Revision

MCCL301 series License drawings (Revision 6) have been revised to better identify safety-
related items that appear on the drawings. Note that the Bill of Material was moved to new
sheet 4 of 4.

ltem | Name Sheet | Balloon Location
60 Base 20f4 Zone F2 at Section C-C
61 Upright 20f 4 | Zone F2 at Section C-C
62 Axle 1of4 Zone C1
63 Pin 1of4 Zone B2
64 Standard Hex Nut 10f4 | Zone(C2
65 Ball Lock Pin 10f4 | Zone D2
66 Flat Head Screw 1o0f4 Zone G2
67 Pillow Block 10of4 | Zone Cl
68 Lock Nut 10f4 | Zone G2
69 Drive Rivet 10f4 | Zone G3
Note L | Pertains to the base (#60) and internal cross frame (#61).

2. MCC-4 License Drawing Revision

MCCLA401 series License drawings (Revision 9) have been revised to better identify safety-
related items that appear on the drawings. Note that, due to an administrative error, the
MCCLA401 series drawings were first revised (Revision 8) to include these administrative
corrections, and then revised again (Revision 9) to reference the appropriate Engineering
Change Notice. Also, please note that the Bill of Material was moved to new sheet 5 of 5.

tem | Name Sheet | Balloon Location
65 Base 40of 5 | Zone B2 at Detail A
66 Upright 4 0of 5 | Zone B2 at Detail A
67 Axle 20f5 | Zone Cl
68 Drive Rivet 4 of 5 | Zone B2 at Detail A
69 Pillow Block 20f5 Zone Cl1
70 Top Cross Frame 30f5 | Zone DS
Note M | Pertains to the horizontal absorber plates. Indicates that they may be
added to the package.
Note N | Pertains to the upright (#66).

A BNFL Group company
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CHAPTER 1: GENERAL INFORMATION

1.1

1.2
1.2.1

1.2.1.1

1.2.1.2

1.2.1.3

INTRODUCTION

The Modified Core Component [MCC(-#)] package is to be used for transporting up
to two low-enriched uranium fuel assemblies for light water power reactor cores. The
nominal number of packages per shipment is to be six. The package classification is
to be Fissile Class I.

PACKAGE DESCRIPTION
PACKAGING
MCC-3 Container

Designation - MCC-3 Shipping Container.

Gross Weight - 7544 pounds.

Fabrication - The design and fabrication details for MCC-3 series shipping containers
are given in Equipment Specification Addendum E-MCC-676498 and Westinghouse
drawing MCCL301; which are included in Appendices 1-1 and 1-2, respectively to
this application.

Coolants - Not applicable.

MCC-4 Container

Designation - MCC-4 Shipping Container.

Gross Weight - 10,533 pounds.

Fabrication - The design and fabrication details for MCC-4 series shipping containers
are given in Equipment Specification Addendum E-MCC-953511 and Westinghouse
drawing MCCL401; which are included in Appendices 1-1 and 1-2, respectively to
this application.

Coolants - Not applicable.

MCC-5 Container

Designation - MCC-5 Shipping Container.

Gross Weight - 10,533 pounds.

Fabrication - The design and fabrication details for MCC-5 series shipping containers
are given in Equipment Specification Addendum E-MCC-953511 and Westinghouse
drawing MCCL501; which are included in Appendices 1-1 and 1-2, respectively to
this application.

Coolants - Not applicable.

Docket No. 71-9239 Initial Submittal Date:  01/01/91 Page No. 1.1
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1.2.2 OPERATIONAL FEATURES
Not applicable.
123 CONTENTS OF PACKAGING
1.2.3.1  MCC-3 Container - Contents Description

Identification and Enrichment of Special Nuclear Material (SNM) - The SNM will be
unirradiated uranium enriched up to 5 w/o in the isotope U-235. Nominal weight-
percent quantities of principal radionuclides, at maximum enrichment, are -- U
0.044; ™U: 5.000; 2°U: 0.004; 2!U: 94.952. Radionuclide quantity details are
included in Appendix 1-3 to this application.

Form of SNM - The SNM will be in the form of clad fuel assemblies. In the clad
form, the assemblies will not disruptively react or decompose at the Accident Thermal
Condition. No chips, powders, or solutions will be offered for transport in this
packaging. Specific data on maximum assembly parameters are included in Appendix
1-4 to this application.

Neutron Absorbers, etc. - For fuel assemblies containing enrichments greater than
the limiting enrichment dictated by the limiting reactivity value, integral assembly
neutron absorbers may be included as necessary to meet the limit.  Specific
information concerning such absorbers is included in Appendix 1-5 to this application.
Neutron absorber plates, consisting of carbon steel, with Gd,O, affixed to each side
of the plate, are mounted in the packaging. Two permanently mounted plates are
installed such that they are between the contained fuel assemblies. Additional such
plates may be installed beneath the contained fuel assemblies, as required to meet the
limiting reactivity value. The installation is such that the presence of the neutron
absorber plates may be readily detected by visual examination. Specific information
concerning the Gd,O, neutron absorber plates is included in Appendix 1-6 to this
application.

Maximum Weight of Fissile Contents - 51.2 Kg **U.
Maximum Net Weight of Contents - 3300 pounds.

Maximum Decay Heat - Not applicable.

The contents will be loaded in such a fashion that if the package were to be flooded

Docket No. 71-9239 Initial Submittal Date:  01/01/91 Page No. 1.2
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1.2.3.2

1.2.3.3

1.3

and subsequently drained, any water which may have penetrated the contents would
drain simultaneously.

MCC-4 Container - Contents Description

The contents description for the MCC-3 container is directly applicable to the MCC-4
container, except as follows:

Maximum Weight of Fissile Content - 59.7 Kg *U.
Maximum Net Weight of Contents - 3870 pounds.

MCC-5 Container - Contents Description

The contents description for the MCC-3 container is directly applicable to the MCC-5
container, except as follows:

There are Gd,0, neutron absorber plates which are permanently installed in the MCC-
5 container: the two, previously described, which are installed between the two
assemblies; and segmented plates which are installed under the strongback.
Additional vee-shaped plates may be installed beneath the contained fuel assemblies as
required to meet the limiting reactivity value.

Maximum Weight of Fissile Content - 52 Kg Py,
Maximum Net Weight of Contents - 3700 pounds.

The MCC-5 package is essentially identical in design and size as the MCC-4 package,
but with several minor notable differences. The significance of these minor
differences is addressed in Sections 6 and 7, and Appendices 1-1, 1-2, 2-1, 2-5, 6-1,
and 6-2. A specific list of the minor differences is provided in Appendix 1-7, Design
Comparison of the MCC-5 Package to the MCC-4 Package.

APPENDIX

The following are appended to this application:

Appendix 1-1: Container Equipment Specifications.

Appendix 1-2: Container Drawings.

Appendix 1-3: Radionuclide Quantities.

Appendix 1-4: Fuel Assembly Parameters.

Appendix 1-5: Assembly Neutron Absorber Specifications.

Appendix 1-6: Gd,0, Neutron Absorber Plates Specifications.

Appendix 1-7: Design Comparison of the MCC-5 Package to the MCC-4 Package.
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CHAPTER 2: STRUCTURAL EVALUATION

2.1

2.1.1

2.1.2

2.2

STRUCTURAL DESIGN

Discussion

The design of the MCC series of unirradiated fuel shipping containers is basically the
same for all models. The fundamental differences between models are length and
weight. All containers consist of a container shell (base and cover) and an internals
assembly. Positive closure of the shell base and cover is accomplished by means of
high strength bolts. The number of bolts is proportional to the length of the
container, thus maintaining the loading per bolt at a nominal value that is well below
the bolt's ultimate strength. Both the shell design and bolts have been subjected to the
drop conditions of 10CFR71 without failure. Therefore, these designs are more than
adequate to withstand the loads experienced during normal conditions of transport.
See the Westinghouse container drawings, for details of these designs, which are
included as Appendix 1-2 to this application.

Design Criteria

The design of the MCC Series of containers complies with structural requirements of
10CFR71. This is accomplished through the application of design criteria which
permits no yielding of the container shell under a static loading of 5 times the weight
of the loaded package, and no yielding of the internals assembly under static loadings
of 6 times the expected maximum weight of the package contents.

The MCC container design has been demonstrated to comply with the hypothetical
drop accident conditions of 10CFR71. An MCC container, loaded to 100 percent of
expected maximum weight of contents, was subjected to the drop conditions. This
drop test did not produce a configuration more reactive than that analyzed in the
criticality evaluation.

Since the containers are fabricated from carbon steel, the following yield stress values
are used:

Tensile Yield Stress: 30000 psi

Shear Yield Stress: 15000 psi
Weld Shear Yield: 13600 psi

WEIGHTS AND CENTERS OF GRAVITY

The weights and centers of gravity for the MCC containers are tabulated and
presented in Appendix 2-1 to this application.

Docket No. 71-9239 Initial Submittal Date: 01/01/91 Page No. 2.1
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2.3

MECHANICAL PROPERTIES OF MATERIALS

The structural materials used in the MCC series of containers consists of AISI 1010-
1020, ASTM A36, ASTM A240, and ASTM A283 steels. Mechanical properties for
ASTM materials are found in the respective ASTM Specifications; mechanical
properties for the AISI 1010-1020 material is section 2.1.2 of this chapter. Material
properties of the load suspension system are provided in Appendix 2-2 to this
application.

2.4 GENERAL STANDARDS FOR ALL PACKAGES

24.1 Chemical and Galvanic Reactions
The MCC container is fabricated from structural steel, and the fuel assemblies are
fabricated from stainless steels and zircaloy; thus, no potential exists for chemical or
galvanic reactions to occur.

242 Positive Closure
The MCC container is positively closed by means of high strength bolts which require
use of tools and deliberate action to facilitate their removal. The number, type, and
size of these bolts is provided on the drawings included in Appendix 1-2 to this
application.

243 Lifting Devices
The lifting attachments that are a structural part of the MCC container shell are
designed with a minimum safety factor of 4 against yielding when used to lift the
loaded container in the intended manner.

244 Tiedown Devices
Tiedown attachments that are a structural part of the MCC container shell are
designed to be capable of withstanding a static force applied to the center of gravity of
the loaded container having:
(1) A vertical component of 2 times the weight of the loaded container;
(2) A horizontal component, along the transport vehicle forward direction, of 10

times the weight of the loaded container; and,
(3) A horizontal component, in the transverse direction, of 5 times the weight of the
loaded container.
Docket No. 71-9239 Initial Submittal Date: 01/01/91 Page No. 2.2
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2.5

STANDARD FOR TYPE B AND LARGE QUANTITY
PACKAGING

Not Applicable.

2.6 NORMAL CONDITIONS OF TRANSPORT
The performance requirements specified in Subpart F of 10 CFR 71 for normal
conditions of transport are met by the MCC containers. This regulatory compliance is
demonstrated in the following subsections where each normal condition is addressed
and shown to meet the applicable regulatory criteria. Detailed supporting information
can be found in Appendix 2-3.

2.6.1 Heat
Chapter 3 of this application concludes that the normal heat conditions specified in 10
CFR 71.71(c)X1) will have negligible effects on the MCC containers.

2.6.1.1 Summary of Pressures and Temperatures
There is no pressure seal in the MCC containers. Therefore, there is no pressure
build up within the container. The unirradiated fuel assemblies under the required
10CFR71 sun conditions develop temperatures of less than 200 °F for the components
of the MCC containers.

2.6.1.2  Differential Thermal Expansion
The differential thermal expansion for the MCC containers is negligible. The greatest
differential is between the outer shell and the internals -- 0.188 inches. This
differential creates very little stress as it is accommodated by the vibration isolators.
Details can be found in Appendix 2-3.

2.6.1.3 Stress Calculations
Due to the lack of hard restraints within the container and the fact that it does not have
pressure seals, the package will not develop any significant stresses due to normal
conditions of transport for heat per section 71.71(c)(1) of 10 CFR 71.

2.6.1.4 Comparison with Allowable Stresses
The heat conditions of 10CFR71.71(c)(1) do not create any significant stresses within
the package. Therefore, allowable stress limits are not exceeded. .

Docket No. 71-9239 Initial Submittal Date: 01/01/91 Page No. 2.3
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2.6.2

2.6.3

2.6.4

2.6.5

2.6.6

2.6.7

2.6.8

Cold

The cold conditions specified will not adversely affect the performance of the
package. Due to the materials of construction and the dimensions of the material's
cross section, brittle fracture is not a concern.

Pressure

Since the package is not sealed against pressure, there can not be any significant
differential pressure. However, information presented in Appendix 2-3 demonstrates
that the package could withstand the differential pressure described in 10 CFR 71.71
if the containers were sealed.

Vibration

Analyses presented in Appendix 2-3 demonstrate that the package has a sufficient
margin of safety to resist the loads imposed by shock and vibration incident to normal
conditions of transport per 10 CFR 71.71 (c)(5).

Water Spray

The water spray requirement of 10 CFR 71.71(c)(6) will have no effect on the MCC
containers since the exterior is constructed of steel.

Free Drop

The MCC containers weigh less than 11,000 lbs (5,000 kg). The 30-foot drop
required in the Hypotbetical Accident conditions section 10 CFR 71.73 (c)(1) is
substantially more than the required free drop of four feet by 10 CFR 71(c)(7).
Section 2.7.1 demonstrates the containers' survivability and bounds the free drop
requirements of 10 CFR 71.71 (c)(7). Due to the nature of the payload, any event
that would come close to approximating the free drop would cause the containers to be
completely re-examined before continuing in service.

Corner Drop

The MCC containers are fabricated mainly of steel and exceed 110 pounds gross
weight. Therefore, the corner drop test requirement of 10 CFR 71.71 (c)(8) is not
applicable.

Penetration

The penetration test of a 13-1b steel rod dropped 40 inches has insufficient energy to
effect the performance of the package. The test will have a negligible effect on the
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2.6.9

2.7

2.7.1

steel outer shell and will not have any effect on the containers ability to maintain a
sub-critical geometry.

Compression

The compressive load requirement of 10 CFR 71.71 (c) (9) is easily met by the MCC
containers. Details of the analysis can be found in Appendix 2-3.

HYPOTHETICAL ACCIDENT CONDITIONS

The performance criteria specified in Subpart E of 10 CFR 71 are met when the MCC
containers are subjected to the hypothetical accident conditions specified in 10 CFR
71.73. The packages' ability to meet the design criteria discussed in Section 2.1.2 for
the various accident conditions is discussed below. Detailed evaluations for the
various conditions is presented in Appendix 2-4.1. Results of full scale testing of a
container is presented in Appendix 2-4.3.

The basic criteria for the container is that, in a post-accident condition, integrity and
spacing for criticality safety purposes must be met. The shell must stay attached
(integrity) -- both to assure that contained assemblies can only be exposed to full-
density water (i.e., flooding) and not partial-density water (e.g., water sprays); and,
to prevent the clamp frames from lining up side-by-side such that spacing
requirements between two containers would be compromised. Further, the fuel and
gadolinium absorber plates must remain restrained (integrity); and, container damage
dimensions must not be such that spacing requirements between two containers would
be compromised.

Free Drop

10 CFR 71.73 (c)(1) of Subpart F requires that a package withstand a drop from a
height of 30-feet (9 meters) onto a flat, essentially unyielding, horizontal surface. The
package is to strike the surface in a position for which maximum damage is expected.
To evaluate which position would cause the most damage several positions were
considered. The side drop with the top down was considered to cause the greatest
Joads per clamp frame, which could cause a failure of the clamp frame, or the
connections, in such a manner that the fuel would be free. The other condition that
could have the same effect would be the side drop on the corner of the clamp frames.
To maximize the damage in this orientation, an oblique drop that would create high
loads due to slapdown was considered. The other orientation of interest was the side
drop on the closure flange. This orientation would create the greatest loadings on the
closure T-bolts. Failure of sufficient bolts to allow the bottom (containing internals)
to separate from the cover was the concern.
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2.7.1.1

2.7.1.2

2.7.1.2.1

2.7.1.2.2

277123

2.7.13

It is shown in Appendix 2-4 that for all orientations the containers have an adequate
margin of safety against either the fuel assemblies becoming free or the outer shell
separating from the container. These margins were confirmed by full-scale testing.
The details of the evaluation and confirmatory testing can be found in Appendix 2-4.

End Drop

The end drop does not impose any load on the MCC containers that will cause the
fuel to separate from the clamp frames or separate the closure. Therefore, the end
drop does not influence the criticality spacing of the package. Supporting evaluations
can be found in Appendix 2-4.1.

Side Drops
Side Drop onto Container Top

The restraint of the fuel and the necessary spacing is maintained in this orientation.
The clamp frame and snubber assembly adequately hold the fuel and easily maintain
the spacing. This is demonstrated in the evaluation shown in Appendix 2-4.1.
Confirmation of the evaluation is found in the testing of the package described in
Appendix 2-4.3.

Side Drop with Slapdown onto Internal Clamp Frames

The oblique drop, which puts the greatest load onto the clamp frames, imparts
significant damage on both the external shell and the internals. This damage is
localized, allowing redundancy in the container design to maintain restraint of the fuel
in the clamp frame and within the external package. Details of this evaluation are in
Appendix 2-4.1. Justification of the impact angle is located in Appendix 2-4.2.
Confirmation testing results are in Appendix 2-4.3.

Side Drop onto Package Closure

The side drop onto the package closure imparts the greatest separation moments to the
package closure. The evaluation in Appendix 2-4.1 demonstrates that the package
closure has adequate margin to keep the outer shell together. Due to the construction
of the package, various mechanisms apply loads to the closure T-bolts during the
impact. These are evaluated in detail in Appendix 2-4.1. Confirmation of the
adequacy of the closure was demonstrated by full scale testing discussed in Appendix
2-4.3.

Corner Drop
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2.7.14

2.7.1.5

2.7.2

2.73

2.7.3.1

2732

The corner drop event will impart loads into the container that will result only in
localized damage that does not influence the overall criticality spacing which is of
concern. The actual loads imparted into the components of concern are bounded by
the side impacts and the oblique drop.

Oblique Drops

The results of the oblique drop evaluation are covered in Section 2.7.1.2.2. Details of
the evaluation can be found in Appendix 2-4.1. Justification for the angle of impact
evaluated is in Appendix 2-4.2. Conformational testing results are located in
Appendix 2-4.3.

Summary of Results

The evaluations of the various drop orientations, and the resulting damage,
demonstrates that the containers have adequate margin to maintain restraint of the fuel
and integrity of the closure, to maintain spacing between adjacent fuel assemblies.
Significant localized damage occurs that does not influence the overall spacing.
Further discussion of the damage can be found in Appendix 2-4.

Puncture

Due to the localized nature of the puncture impact, the pin puncture will not change
the ability of the container to maintain the criticality spacing of the fuel assemblies. In
addition, due to the redundancy in the containers' design, any single component that
could be destroyed by the puncture event, such as a clamp frame or connection, would
not change the effectiveness of the package. Therefore, the puncture event described
in 10 CFR 71.73(2) is not a controlling condition for the MCC containers.

Thermal

The thermal evaluation of the MCC containers for the hypothetical accident heat
condition is discussed in Chapter 3.

Summary of Pressure and Temperatures

The accident case pressure is assumed to be 0 psig since the container is not sealed.
The fuel rods are designed to withstand a maximum temperature of 2,200 °F without
substantial damage. During the accident fire condition, it is assumed that all

combustible components are burned away.

Differential Thermal Expansion
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2.7.5

2.8

2.9

Because of the thin components and the isolation of the internal structure from the
external structure, the accident case thermal loads will not develop thermal gradients
of a sufficient magnitude to result in significant thermal stress.

Stress Calculations

Due to the construction of the MCC containers, there are no significant stresses
developed by the thermal gradients.

Comparison with Allowable Stresses
The negligible stresses are significantly lower than any of the allowable stresses.
Water Immersion

Since the MCC containers are not sealed against pressure, there will not be any
significant differential pressure with the water immersion loads defined in 10 CFR
71.73(5). The water immersion will have little effect on the container or payload.

Summary of Damage

The most significant damage to the package comes from the free drop and the thermal
event. Portions of the clamp frames and closure T-bolts are damaged and become
ineffective. Since the system is highly redundant, sufficient clamp frames and closure
T-bolts remain intact in all cases to provide restraint of the fuel assemblies and
maintain closure. Details of the damage to the packages from the drop events can be
found in Appendix 2-4. It is assumed that the accident thermal load will burn away all
combustible material in the package, including the shock mounts. This assumption
allows the internal structure (with the restrained fuel) to contact the outer shell, but
remain within the outer shell. The upper and lower external shell assemblies stay
together, retaining the fuel inside. The gadolinium plates within the internal structure
will remain intact and maintain their relative position to the fuel.

SPECIAL FORM

Not applicable.
FUEL RODS

Fuel rod cladding is considered to provide containment of radioactive material under
both normal and accident test conditions. Discussion of this cladding, and its ability
to maintain sufficient mechanical integrity to provide such containment, is described
in Chapter 4, "Containment," of this application.
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2.10 APPENDIX
The following are appended to this application:

Appendix 2-1: Container Weights and Centers of Gravity

Appendix 2-2: Container Load Suspension System

Appendix 2-3: Calculations and Evaluations Relating to Assessment of Normal Conditions of
Transport

Appendix 2-4: Calculations and Evaluations Relating to Assessment of Hypothetical Accident
Conditions

Appendix 2-5: Structural Calculations and Evaluations Relating to the Assessment for
Transportation of VVER 1000 Fuel.
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CHAPTER 3: THERMAL EVALUATION

The MCC container is limited to use for transporting unirradiated, low enriched
uranium, nuclear reactor core assemblies. Therefore, thermal engineering design of
the packaging, per se, is not necessary. The fuel rods, that contain the radioactive
material, are designed to withstand temperatures of 12040C (2200°F) without
substantial damage. All combustible components of the container internals (e.g., the
shock mounts) are postulated to have burned away for the criticality evaluation.
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CHAPTER 4: CONTAINMENT

4.1

4.2

4.3

4.4

CONTAINMENT BOUNDARY

The MCC container is limited to use for transporting unirradiated, low enriched
uranium, nuclear reactor core assemblies. The radioactive material, bound in sintered
pellets having very limited solubility, has minimal propensity to suspend in air. These
pellets are further sealed into cladding, to form the fuel rod portion of each assembly.
The principal containment boundary for the MCC container is the fuel rod cladding.
Design and fabrication details for this cladding are given in Appendix 1-4 to this
application. '

REQUIREMENTS FOR NORMAL  CONDITIONS OF
TRANSPORT

The nature of the contained radioactive material, and the structural integrity of the fuel
rod cladding and container shell, are such that there will be no release of radioactivity
under normal conditions of transport.

CONTAINMENT REQUIREMENTS FOR THE HYPOTHETICAL
ACCIDENT CONDITION

The nature of the contained radioactive material, and the integrity of the fuel rod
cladding and container shell, are such that there will be no substantial release of
radioactivity under hypothetical accident conditions. It is estimated that, as a result of
the puncture condition, the maximum radioactive material released from damaged fuel
rods might be some 450 equivalent ceramic pellets, which represents some 4000
grams of uranium with a maximum specific activity of 2.8 x 10 curies/gram.

APPENDIX
The following is appended to this application:

Appendix 1-4: Fuel Assembly Parameters.
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CHAPTER 5: SHIELDING EVALUATION

The MCC container is limited to use for transporting unirradiated, low enriched
uranium, nuclear reactor core assemblies. Therefore, shielding design of the
packaging, per se, is not necessary. Typical maximum dose equivalent rates are 2.0
millirem per hour, at any point on the external surface of the container, and 0.8
millirem per hour at one meter from the external surface of the container.

Docket No. 71-9239 Initial Submittal Date:  01/01/91 Page No. 5.1
License Renewal Date: ~ 2/15/02 Rev. No. 10



CHAPTER 6: CRITICALITY EVALUATION

6.1

DISCUSSION AND RESULTS

The contents of an MCC container are to be so limited that, for contained fuel assemblies
having a 2°U enrichment up to and including five weight-percent (5 wt% **U), the
limiting K_;, with bias and uncertainties included at the 95-percent confidence level, will
not exceed 0.95 -- in the most reactive credible configuration, moderated by water to the
most reactive credible extent, and closely reflected by water on all sides. Also
considered are the effects of fuel pin gap flooding and annular fuel blankets. No
consideration of dispersible material is required, since the contents are limited to clad
ceramic fuel forms.

A primary objective of the criticality evaluation is to determine: (1) What is the limiting
enrichment (wt% *°U) for two fuel assemblies, without added assembly neutron
absorbers, to be shipped in an MCC container having only the permanent container
neutron absorber plate. For assemblies having greater than this limiting enrichment, up
to and including 5 wt% U, either additional assembly neutron absorbers (i.e., coated
pellets or cluster absorber rods), or additional container neutron absorber plates, are
options. Thus, a secondary objective of the criticality evaluation is to determine: (2)
When the additional assembly neutron absorber option is selected, what is the minimum
number of additional absorber rods, per assembly, or when the additional container
neutron absorber plate option is selected, what is the required nature and placement of the
additional plates. :

Significant criticality engineering design features are incorporated into the MCC
container to assure that, in the event of a transport accident, structural integrity is
maintained, and the assemblies will remain in a subcritical geometry. These structural
features are presented in detail in Appendix 1-1. Briefly, the design assures that the
container:

1) will not open along the closure flange,
2) internals will hold the contents in place,
3) neutron absorber plates will remain in place; and
4) will not experience any deformation (compression) which would
serve to reduce the spacing between adjacent pairs of fuel
assemblies to less than the limiting spacing value.
Dufing normal conditions of transport, there will be a minimum of 12-inches of

separation between the contents of any two containers. Any number of undamaged,
unflooded MCC containers will be subcritical, since unmoderated uranium enriched to 5
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wt% or less in 25U is subcritical in any quantity under any conditions. Any number of
undamaged but flooded containers will also have a K. less than or equal to 0.95, since
12-inches of water separation provides isolation between the contents of any two
containers; and, if the water external to the container is removed, then the contents will
also drain so that the array returns to the unmoderated condition.

The Hypothetical Accident Condition array can be reduced to only two containers,
crushed top-to-top, such that the spacing between the pairs of assemblies, aligned parallel
to each other, will be reduced to 8.178 inches (8 inches of water plus two shell
thicknesses).  This array is then assumed to be flooded (since drop tests have
demonstrated that damaged containers remain substantially closed, exposure of the
contained assemblies to less than full density water is not considered credible; however,
calculations are included in Appendix 6-2 which show that subcriticality is also
maintained at partial water densities). The heavy structural members of the base and the
internal component support structures of the container are assumed to provide sufficient
spacing such that any other container(s) in the shipment would be isolated from this
combination by a minimum of 12-inches of water. Since only two containers will
combine to form the HAC array with a K less than or equal to 0.95, and any isolated
additional containers can only form similar isolated arrays, any number of the MCC
containers will be subcritical under the HAC. That is, the number "N" of undamaged
packages, with nothing between the packages, that would be subcritical; and, the number
"N" of damaged packages, if each package were subjected to the HAC with interspersed
hydrogenous moderation, that would be subcritical -- are both equal to infinity.

The calculations were performed using the AMPX cross-section generation modules,
NITAWL-S and XSDRNPMS, and the Monte Carlo code KENO-Va for reactivity
determination. The requirement that the fuel be in assemblies in a fixed array assures
that these calculations are accurate and directly applicable.

Appendix 6-1 includes a sample KENO input deck and the calculated K_ results of the
uncontained fuel with attributes identified in Appendix 1-4. Based on these results, the
assemblies are classified into three groups; Type A assemblies have uncontained K..'s less
than 0.936, which encompasses all the 14x14 and 16x16 assembly lattice designs; Type B
assemblies have uncontained K_'s greater than 0.936 and include all the 15x15 and 17x17
lattice designs; the Type C assembly is the VVER-1000 fuel assembly which has an
uncontained K_ of 0.9432.

Appendix 6-2 includes sample decks and calculations for contained Type A and B fuel
assemblies. For the Type A assemblies, the 14x14 OFA (optimized fuel assembly) is
used exclusively for the contained calculations since this assembly was shown to be the
most reactive of the Type A designs. The calculations show that Type A assemblies can
be shipped with enrichments up to 5.0 wt% without the use of additional assembly
neutron absorbers or additional container neutron absorber plates.
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For Type B assemblies, the 17x17 OFA is used exclusively for the contained calculations
since this assembly was shown to be more reactive than the other Type B designs. As
with Type A assemblies, Type B assemblies can also be shipped without the use of
additional neutron absorbers provided the enrichments are restricted to 4.65 wt% or less.
For Type B assemblies with enrichments greater than 4.65 wt%, additional neutron
absorbers are required. Any of the following types and numbers of absorbers have been
shown to be acceptable:

1) Assembly IFBA Rods: A minimum of 32 nominally (1X) loaded fuel rods
are required in each assembly, each with a minimum coating length of 108
inches. For increased IFBA loadings (1.5X, 2X, etc.), the number of
loaded fuel rods required can be reduced by the ratio of the increased
loading to the nominal loading.

2) Assembly Absorber Rods: A minimum of 4 absorber rods are required in
each assembly. The rods can be Pyrex BA, WABA, or Ag-In-Cd designs
with a minimum length of 108 inches. The rods must be positioned within
the assemblies in a symmetric pattern about the assembly center guide
tube.

3) Container Absorber Plates: A minimum of 2 additional Gadolinia coated
absorber plates, having the same specifications as the permanent container
absorber plate, are required. The additional plates must be positioned
directly below the strongback, underneath each assembly.

For the Type C assembly, the VVER-1000 is used exclusively for the contained
calculations. The Type C assembly can be shipped without the use of additional neutron
absorbers provided the enrichments are restricted to 4.80 wt% or less. For the Type C
assembly with an enrichment greater than 4.80 wt%, additional neutron absorbers,
described below, are required. It should be noted that the MCC-5 container used for the
VVER-1000 assembly has permanent absorber plates between the assemblies, just as the
MCC-3 and MCC-4 containers do, and permanent absorber plates under the strongback.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>