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Nature of Changes

ltem Section Description and Justification

1. NA Added the Proprietary Information Notice page.
A Proprietary Information Notice page was not previously included
in the safety analysis report (SAR).

2. Chapter 1, Revised Section 1.2, "This Revision" to discuss the change to
Section 1.2 Revision 15 of the SAR. Revision 16 of the SAR is due to
superseding Drawing EMF-304,416 with AREVA drawing no. 02-
9264132-000 Rev. 0.

3. Chapter 1, For the entry for Figure Number 1.1 the drawing, EMF-304,416, is
Table 1.1 superseded by AREVA drawing no. 02-9264132-000 Rev. 0 and
Nofte 5 on this drawing is revised.
4. Chapter 1, Drawing  This drawing is superseded by AREVA drawing no. 02-9264132-
EMF-304,416 000 Rev. 0. and revised to change Note 5. The changed nofe is to

provide clarification fo the licensees on the use of closed cell
polyethylene (CCP) foam that is used for packing material in the
SP-1, SP-2, and SP-3 inner containers.
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1. Introduction

1.1 History

On April 7, 1992 the NRC notified AREVA NP that NRC Certificate of Compliance 4986 for the
RA-2 and RA-3 shipping containers, under which AREVA NP had been a registered user, was
being revised for General Electric’s use exclusively and that AREVA NP should submit an interim
application for a one-year certificate. The notice further stated that a consolidated application
would have to be submitted by the expiration date of the one-year certificate. In response to that
notice, AREVA NP submitted an abbreviated application for the SP-1 container on May 15, 1992.
Subsequently, on December 15, 1992, AREVA NP submitted an amendment application to add
the SP-2 container. The SP-1 and SP-2 containers are virtually identical to General Electric’s
RA-3 and RA-2 containers, respectively.

Revision 0 of Certificate of Compliance 9248 for the SP-1 container was issued June 17, 1992
with an expiration date of June 30, 1993. Subsequent revisions have added the SP-2 and SP-3
container.

1.2 Revision 16 Changes

The purpose of this revision to the Safety Analysis Report (SAR) is for the issuance of

Drawing 02-9264132-000 Rev. 0 to supersede drawing EMF 304,416 Rev. 14 and revise Note 5.
This note refers to the closed cell polyethylene (CCP) foam that is used for packing matenal in
the SP-1, SP-2, and SP-3 inner containers.

1.3 General Package Description

The SP-series package consists of a right rectangular metal inner container transported in a
wooden outer container. The wooden outer container includes cushioning material. The inner
metal container has two internal channel sections which may contain one fuel assembly each or
group of unassembled rods each. Descriptions of the containers which comprise the SP-series
package and the structural evaluations thereof are included in the subsequent chapters of this
consolidated application.

The original GE-designed RA-1 inner container was modified to accommodate a longer bundle.
This was accomplished by adding a larger end cap to the existing RA-1 body and identifying this
design version as the RA-2 (Transnuclear's SP-2) inner container. Subsequently, out of
consideration for fabrication and handling, the longer bodied (short end cap) RA-3
(Transnuclear's SP-1) was introduced. Currently in use are three models of the SP series inner
containers, SP-1, SP-2 and SP-3. These models are presently being used with the SP-1
wooden outer container. In addition, loose rods containing gadolinia may be shipped in place of
fuel assembilies if they are contained in the “Gadolinia Rod Container” or the 5 inch schedule 40
product container.

Transnuclear, Inc.
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1.4 Compliance

This section generally describes the tests and evaluations carried out on the RA series of
containers by General Electric. The results of such tests and evaluations are applicable also to
the SP series of containers. The tests and evaluations are further described in Appendices 2A,
2B, 2C, 2D, and 2E.

The General Electric Model RA series fuel shipping container has been subjected to normal
transport condition tests and evaluations specified in Appendix A of 10 CFR Part 71 and the
hypothetical accident condition tests and evaluations, in the sequence specified in Appendix 2B.

It is concluded that the RA series packaging has successfully passed the acceptance criteria
demonstrated as follows:

1.4.1 Normal Transport Condition Tests

1.4.1.1 Heat and Cold

None of the components of the fuel assemblies or the inner metal container on which
containment integrity and nuclear safety depend are significantly affected by temperatures within
the range of -40 °F to 130 °F.

1.4.1.2 Pressure

A standard breather relief valve installed on the outer shell of the end cap is set to re-seat at a
0.5 psi pressure difference between the inside and outside of the inner container and is capable
of airflow adequate for surface or air transport. Therefore, there is no effect on the packaging
from an environmental difference of 0.5 atmospheres. Note: The functional description of the
breather valve by GE in Appendix 2B Section 1.3, third paragraph, is in error and shall be
disregarded.

1.4.1.3 Vibration

A 3 inch thick layer of honeycomb cushioning material surrounds the inner metal container at the
sides, top and bottom with an additional 9 inch thickness at the ends. Alternatively, there are 3
inches of honeycomb on top and bottom of the inner container and 2 inches on the sides. The
inner container is not free to shift during transport since the ethafoam cushioning is slightly
compressed during final closure, and the wooden outer container is bolted shut. Since the
bolted assemblies in the metal container are held either by clips on the nuts or by lock washers,
they cannot loosen during normal transport vibration or shock even if all vibration is not
eliminated by the cushioning material.

1.4.1.4 Water Spray

Since the package is designed to remain subcritical assuming any degree of credible in-leakage,
water inside the outer container would have no effect on criticality safety considerations. In
addition, the effectiveness of the impact limiters and the wooden box structure was not
substantially reduced as a result of the water spray test conducted on September 25, 1981.
Results of the water spray test showed a maximum reduction of honeycomb compressive

Transnuclear, Inc.
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strength of 1-1/2% for one side, 3% for the other side, 5% for the bottom, and an undetectable
amount for the ends since no wetting of the end honeycomb could be observed.

1.4.1.5 Drop Test

The complete package is designed to protect the fuel assemblies within the inner metal
container from loss of containment integrity or change in nuclear safety reliability by virtue of
thick cushioning material surrounding it. The shock absorption to the corners, edges and at all
joints in the plywood, supplemented by the inherent elasticity of bolts and nails used in final
closure of the outer package, constitutes a more than adequate buffer against the subject tests.
Additionally, the RA outer container provides added protection to the end cap and cover of the
inner RA container during an accident.

1.4.1.6 Corner Drop
Test not required since the package weight exceeds 110 pounds.
1.4.1.7 Penetration

Tests were conducted in which the flat circular end of a vertical steel cylinder 1-1/4 inches in
diameter weighing 13 pounds was dropped four feet onto the center of the %z inch plywood outer
container. No damage resulted after four drop tests.

1.4.1.8 Compression

Tests were conducted in which six loaded packages (15,750 Ib.) were stacked for 24 hours.
There was no visible or measurable damage to the container on the bottom of the stack. The
test weight was greater than either of the conditions specified in 10 CFR Part 71 Appendix A.

1.4.2 Hypothetical Accident Conditions

1.4.2.1 Eree Drop

Four individual drop tests through a distance of 30 feet have been conducted on the RA
containers in 1966, 1974, 1978, and 1980. The test packages contained two dummy fuel
assemblies to simulate the actual weight of a loaded RA inner container (1,865 Ib.). In all tests,
the cover and end caps remained intact. The inside angle spacers maintained the required
annulus so that criticality safety considerations were not affected. The maximum annular
reduction of approximately 1% was produced by the test in 1966.

There were no ruptured fuel rods in any of the tests. Therefore, the fuel pellets would remain
contained inside the fuel rods.

1.4.2.2 Puncture

A puncture test on the inner metal container conducted in 1980 produced an indentation, but no
puncture. There were no ruptured fuel rods, and even though the container was bowed
approximately 2 inches, the angle spacers maintained the spacing required so that criticality
safety considerations were not affected. This test was conducted on an inner container only,
without the protection of the outer wooden box. It easily can be seen that the damage would be

Transnuclear, Inc.
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considerably less with both the outer and inner container packages. Furthermore, the inner
package is designed to remain subcritical with water in-leakage such as that which could result ‘
from puncture.

1.4.2.3 Thermal

A thermal test was conducted in 1980 that produced a maximum temperature of 1640 °F flame ]
temperature. An actual gasoline fire test was selected to be most representative of the accident
considered. The gasket and other combustible materials inside the container, including foamed
polyethylene cushioning and plastic rod spacers, completely burned away during the thirty

minute test.

Five hundred gallons of gasoline were consumed during the test, and no abnormal thermal
distortion was observed. The pressure relief valve and the burnt gasket permitted the pressure
inside to be vented away and prevented rupture of the container.

1.4.2.4 Water Immersion

After the fire test mentioned above, a water immersion test was performed. Water leaked into
the container since the gasket was consumed during the fire. Residue and debris remaining did
not restrict the free flow of water into and out of the container. The presence of water for 8
hours caused no damage to the fuel rods.

There was no significant deformation or distortion of the container that reduced the effectiveness
of the annulus to flooding by water entering through the closure joints since the gasket had burnt
away.

These conditions were considered in the criticality calculations which showed the reactivity of
such an array when flooded to be subcritical.

1.5 SP Series Shipping Packages

1.5.1 SP-1 Inner Container

1.5.1.1 Description

The SP-1 inner container is a right rectangular metal box used inside an SP-1 outer wooden
container for shipping fuel assemblies (maximum of two per inner container) or groups of fuel
rods in specified containers.

The inner container consists of an outer shell and perforated inner basket separated by
structural angle iron. The outer shell is formed of minimum 16-gauge carbon steel plate with an
integral welded end of the same material. Four angle stiffeners made of 11-gauge carbon steel
are welded on approximately 4 inch centers to the outer end surface of the container.
Approximate dimensions of this inner container are 11-1/2 inches high, 18 inches wide and 179
inches long.

Transnuclear, Inc.




EMF-1563
Safety Analysis Report for Transnuclear, Inc. Revision 14
Model SP-1, SP-2 and SP-3 Shipping Containers Page 1-5

The inner basket is constructed of 16-gauge carbon steel plate with 3/4 inch perforations on
1-3/4 inch centers. It is welded to the upper edge of the outer shell to form two U-shaped
channels approximately 6-7/8 in.? in cross-section. The channels may be lined with low-density
ethafoam cushioning cemented in place with perforations matching the size and location of
those in the inner basket as described on Figure 1.1. To support the inner basket within the
outer shell, four angle iron spacers made of 1/8 inch thick carbon steel are positioned
longitudinally along the entire length of the body. Two similar angle iron spacers are positioned
longitudinally in the cover.

The SP-1 inner metal container is designed with a longer body and shorter end cap than the SP-
2 inner container. The SP-3 inner metal container, like the SP-1, is designed with a longer body
and shorter end cap than the SP-2 inner container. The SP-1 and SP-2 inner containers are
used interchangeably for shipping assemblies and rods while the SP-3 is limited to two types of
assemblies. All may be used in the SP-1 wooden outer container.

The cover and end cap of the inner container are of similar construction to the box to provide an
approximately 2 inch annulus around the fuel, except at the ends, when the box is closed. A
gasket of approximately 1/2 inch thick hollow rubber (isoprene or neoprene) provides a
completed seal with the cover in place. Closure of the box is effected by bolted assemblies.

The SP-1 inner container may be welded, riveted and/or screwed, or all welded construction. In
the welded, riveted and/or screwed inner container, the cover liner is removable and the cavity is
of riveted and welded construction.

1.5.1.2 Containment Vessel Penetrations

A standard breather relief valve installed on the outer shell of the end cap is set to re-seat at a
0.5 psi pressure difference between the inside and outside of the inner container and is capable
of airflow adequate for surface or air transport.

15.1.3 Safety

The SP-1 inner container's safety was demonstrated to be acceptable based on a hypothetical
accident condition test conducted in 1980 in accordance with criteria for compliance with

10 CFR Part 71.36. See Appendix 2B for the test report.

1.5.2 SP-2 Inner Container

1.5.2.1 Description

' The SP-2 inner container is a right rectangular metal box used inside an SP-1 outer wooden
container for shipping fuel assemblies (maximum of two per inner) or groups of fuel rods
strapped together (sometimes referred to as bundles).

The inner container consists of an outer shell and perforated inner basket separated by
structural angle-iron. The outer shell is formed of minimum 16-gauge carbon steel plate with an
integral welded end of the same material. Four angle stiffeners made of 11-gauge carbon steel
are welded on approximately 4 inch centers to the outer end surface of the container. '

Transnuclear, Inc.
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Approximate dimensions of this inner container are 11-1/2 inches high, 18 inches wide and 179
inches long.

The inner basket is constructed of 16-gauge carbon steel plate with 3/4 inch perforations on
1-3/4 inch centers. It is welded or riveted to the upper edge of the outer shell to form two U-
shaped channels approximately 6-7/8 in.? in cross-section. The channels may be lined with low-
density ethafoam cushioning cemented in place with perforations matching the size and
locations of those in the inner basket. To support the inner basket within the outer shell, four
angle iron spacers made of 1/8 inch thick carbon steel are positioned longitudinally along the
entire length of the body. Two similar angle iron spacers are positioned longitudinally in the
cover.

The cover and end cap of the inner container are constructed similar to the body to provide an
approximately 2 inch annulus around the fuel, except at the ends, when the body is closed. The
end cap of the SP-2 container is approximately 7 inches long. A gasket of approximately 1/2
inch thick hollow rubber (isoprene or neoprene) provides a completed seal with the cover in
place. Closure of the box is effected by bolted assemblies.

The SP-3 inner metal container, like the SP-1, is designed with a longer body and shorter end
cap than the SP-2 inner container. The SP-1 and SP-2 inner containers are used
interchangeably for shipping assemblies and rods while the SP-3 is limited to two types of
assemblies. All may be used in the SP-1 wooden outer container.

1.5.2.2 Containment Vessel Penetrations

A standard breather relief valve installed on the outer shell of the end cap is set to re-seat at a
0.5 psi pressure difference between the inside and outside of the inner container and is capable
of airflow adequate for surface or air transport.

1.5.2.3 Safety

The SP-2 inner container's safety was demonstrated to be acceptable based on tests performed
on the GE RA-1 inner container as described in Appendix 2 and according to the current
engineering evaluation performed on the RA series containers as discussed in Appendix 2A.

1.5.3 SP-3 Inner Container

1.5.3.1 Description

The SP-3 inner container is a right rectangular metal box used inside an SP-1 outer wooden
container for shipping fuel assemblies (maximum of two per inner container) or groups of fuel
rods in specified containers.

The inner container consists of an outer shell and perforated inner basket separated by
structural angle iron. The outer shell is formed of minimum 16-gauge carbon steel plate with an
integral welded end of the same material. Four angle stiffeners made of 11-gauge carbon steel
are welded on approximately 4 inch centers to the outer end surface of the container. '
Approximate dimensions of this inner container are 11-1/2 inches high, 18 inches wide, and 179
inches long.

Transnuclear, Inc.
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The inner basket is constructed of 16-gauge carbon steel plate with 3/4 inch perforations on

1-3/4 inch centers. It is welded to the upper edge of the outer shell to form two U-shaped

channels approximately 6-7/8 in.? in cross-section. The channels may be lined with low-density |
ethafoam cushioning cemented in place with perforations matching the size and location of

those in the inner basket as described on Figure 1.1. To support the inner basket within the

outer shell, four angle iron spacers made of 1/8 inch thick carbon steel are positioned

longitudinally along the entire length of the body. Two similar angle iron spacers are positioned
longitudinally in the cover. The body and cover angle iron spacers create a minimum spacing of
1-5/8 inches between the inner basket and the outer shell compared to 1-15/16 in the SP-1 and
SP-2 containers. This is the only difference between the SP-1 and SP-3.

The SP-3 inner metal container, like the SP-1, is designed with a longer body and shorter end
cap than the SP-2 inner container. The SP-1 and SP-2 inner containers are used
interchangeably for shipping assemblies and rods while the SP-3 is limited to two types of
assemblies. All may be used in the SP-1 wooden outer container.

The cover and end cap of the inner container are of similar construction to the box to provide an
approximately 1-5/8 inch annulus around the fuel, except at the ends, when the box is closed. A
gasket of approximately 1/2 inch thick hollow rubber (isoprene or neoprene) provides a

completed seal with the cover in place. Closure of the box is effected by bolted assemblies. ]

The SP-3 inner container may be welded, riveted and/or screwed, or all welded construction. In
the welded, riveted and/or screwed inner container, the cover liner is removable and the cavity is
of riveted and welded construction.

1.5.3.2 Containment Vessel Penetrations

A standard breather relief valve installed on the outer shell of the end cap is set to re-seat at a
0.5 psi pressure difference between the inside and outside of the inner container and is capable
of airflow adequate for surface or air transport.

1.5.3.3 Safety

The SP-3 inner container’s safety was demonstrated to be acceptable based on a hypothetical
accident condition test conducted in 1980 in accordance with criteria for compliance with

10 CFR Part 71.36. See Appendix 2B for the fest report.

1.5.4 SP-1 Outer Container

1.5.4.1 Description

The all-wood outer container is a right rectangular box with nominal dimensions of between 31
inches and 33 inches high, 30 inches and 32 inches wide, and up to 207 inches long. It is
fabricated of 1/2 inch plywood, cleated with nominal 2 inch x 4 inch studs, and mounted on a 30
to 32 inch wide platform constructed of nominal 2 inch x 10 inch planks and with bolted-on skids
of nominal 4 inch x 4 inch wood.

Transnuclear, Inc.
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Internal cushioning consists of kraft fiber honeycomb impregnated with phenolic resin.
Cushioning nominally 8-1/2 inches to 9 inches thick is used to line the inside of the box at the
ends, while one layer of between 2 inches and 3 inches thick material is used for the top,
bottom, and sides.

Additional cushioning consists of pads of expanded polyethylene material. Five pads 3 inches
thick x 18 inches x 20-1/2 inches are located over the transverse skids at the bottom and at the
top, while five pads of material 1/2 inch thick x 18 inches x 12 inches are located at related
positions on each side of the box. The SP-1 outer container has a 1/2 inch plywood sheet faced
with 1/8 inch steel sheet at each end of the box.

The box has no attached lifting or tiedown devices.

The SP-1 outer container is used primarily to reduce shocks and vibrations to the packaged fuel
assemblies which are encountered in normal material handling, warehousing, and transportation.
The SP-1 outer container also provides a degree of impact reduction capability for protecting the
packaged assemblies against damage in rough material handling, dropping while loading or
unloading and in impacts due to low speed accidents. In addition, the outer container provides
added protection to the end cap and cover of the SP-1, SP-2 and SP-3 inner containers during
an accident.

1.5.4.2 Safety

The SP-1 outer container's safety has been determined as the result of a drop test to be
acceptable for the purpose it was designed. See Appendix 2A of this section for the fest report. |

1.6 Contents of Shipping Containers

The contents allowed to be shipped in the SP-1, SP-2 and SP-3 containers include BWR fuel
assemblies with a maximum enrichmeént of 5 wt. % U-235 and individual fuel rods enriched to a
maximum of 5.0 wt. % U-235 and containing a minimum gadolinia content of 1.0 wt. %. The
payload of the SP-3 is limited to category 8 and 9 fuel assemblies as discussed in Chapter 6 and
Appendices 6H and 6l.

Each fuel assembly is enclosed in an unsealed polyethylene sheath. The ends of the sheath are
neither taped nor folded in any manner that would prevent the flow of liquids into or out of the
ends of sheathed fuel assemblies.

Individual rods are shipped either in a product container or the gadolinia rod shipping container.
The product container consists of a 5 inch schedule 40 stainless steel pipe fitted with either a |
screw type or flanged closure. The gadolinia rod shipping container is shown in Figure 1.3.

Specific descriptions of fuel assemblies and rods to be shipped in the SP-1, SP-2 and SP-3
containers are given in Chapter 6.
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. TABLE14

éum’ma,ry Li}s_ting of;Apﬁlicable Licens‘ing Di'awings

‘Reference Figuter. 1

.. Drawing No.rand,Descripvt'ior'-l‘ C

1.1 02-9264132-000 Rev. 0 SP-1, 2, & 3 Inner Shipping Container
Assembly

1.2 EMF-306, 272, Sh. 1, Rev. 10 SP-1 Quter Shipping Container

1.3 EMF-309, 141, Rev. 1 Gadolinia Rod Shipping Container

.
'
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2. Structural Evaluation

The structural evaluations of the SP-1, SP-2 and SP-3 containers under normal transport and
hypothetical accident conditions are described in Appendices 2A, 2B, 2C, 2D, and 2E. These
appendices are comprised of the appendices of Section 2 of General Electric’s March 17, 1992
Consolidated Appilication for the RA-Series Shipping Package. The SP-1 and SP-2 are virtually
identical to the RA-3 and RA-2, respectively. The SP-3 is identical to the SP-1 except for the
spacing differences described in 1.5.3.1. Appendices 2A, 2B, 2C, 2D and 2E cover structural,
thermal, and containment evaluations of these containers.
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3. Thermal Evaluation

The thermal evaluations of the SP-1, SP-2 and SP-3 containers under normal transport and
hypothetical accident conditions are described in Appendices 2A, 2B, 2C, 2D, and 2E. These |
appendices are comprised of the appendices of Section 2 of General Electric’'s March 17, 1992
Consolidated Application for the RA-Series Shipping Package. The SP-1 and SP-2 are virtually
identical to the RA-3 and RA-2, respectively. The SP-3 is identical to the SP-1 except for the
spacing differences described in 1.5.3.1. Appendices 2A, 2B, 2C, 2D, and 2E cover structural, I
thermal, and containment evaluations of these containers.
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4. Containment Evaluation

The evaluations of containment of contents under normal transport and hypothetical accident
conditions of the SP-1, SP-2 and SP-3 containers are described in Appendices 2A, 2B, 2C, 2D, [
and 2E. These appendices are comprised of the appendices of Section 2 of General Electric’s
March 17, 1992 Consolidated Application for the RA-Series Shipping Package. The SP-1 and
SP-2 are virtually identical to the RA-3 and RA-2, respectively. The SP-3 is identical to the SP-

1 except for the spacing differences described in 1.5.3.1. Appendices 2A, 2B, 2C, 2D, and 2E |
cover structural, thermal, and containment evaluations of these containers.
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5. Shielding Evaluation
Because the SP-1, SP-2 and SP-3 shipping containers are designed to carry low enriched

unirradiated fuel, there is no need for shielding to reduce radiation. Typical dose rates at the
outer surface of a loaded container are 0.05-0.1 mSv/hr (5-10 mr/hr).

Transnuclear, Inc.
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6. Criticality Evaluation

6.1 Introduction

The evaluations of the SP-1, SP-2 and SP-3 containers to retain their contents under both
normal transport and hypothetical accident conditions are documented in Appendices 2A-2E.

6.2 Description of Contents

There are eight fuel assembly types, plus fuel rods outside of assemblies which constitute the
contents to be shipped under this report. They are described below.

" 6.2.1 Type G1 (Category 1) Fuel Assemblies

UO, fuel assemblies ina 7 x 7, an 8 x 8, or a 9 x 9 square array with a maximum fuel cross-
section area of 25.0 in.2, maximum fuel length of 174 inches and maximum average enrichment
of 3.3 wt. % U-235. Minimum Zircaloy clad thickness is 0.025 inches; maximum pellet diameter
is 0.555 inches. Any number of water rods in any arrangement are permitted.

6.2.2 Type G2 (Category 2) Fuel Assemblies

UO, fuel assembliesina 7 x 7, an 8 x 8, or a 9 x 9 square array with a maximum fuel length of
174 inches, and a maximum average enrichment between 3.3 wt. % to 4.0 wt. % U-235. Pellet |
and cladding dimensions and nuclear poison specifications are to be in accordance with the

limits specified in Appendix 6A.

6.2.3 10 x 10 (Category 3) Fuel

UQ, fuel assemblies with a maximum enrichment of 5.0 wt. % U-235, and a maximum average
‘planar enrichment of 4.0 wt. % U-235. Each fuel assembly is made up of fuel rods in a 10 x 10
square array, with a maximum fuel cross-section area of 25.221 in.?, a nominal pitch of 0.511
inch, and a maximum fuel length of 174 inches. The maximum pellet diameter is 0.3356 inch,
the minimum clad thickness is 0.0225 inch, and the maximum U-235 enrichment in any edge
rod is 4.0 percent by weight. Each assembly contains at least 6 rods with minimum nominal 2.0
wt. % Gd,0a, which are symmetric about the diagonal, and each assembly contains at least 4
water rods in the 4 central rod positions.

6.2.4 Fuel Rods (Category 4)

UQO, fuel rods with a maximum U-235 enrichment of 5.0 wt. % and a minimum gadolinia content
of 1.0 wt. %. The maximum pellet diameter is 0.5 inch and the maximum rod length is 169
inches. The rods may be clad with Zircaloy, steel, or aluminum. Rods meeting the above
requirements may be placed into the “Gadolinia Rod Container” or the 5 inch schedule 40
stainless steel pipe product container and shipped in the SP-1, SP-2 or SP-3 in lieu of one or
two fuel assemblies.
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6.2.5 10x10 (Category 5) ATRIUM Fuel Assemblies

UO, fuel assemblies with maximum U-235 enrichment (wt.%) constraints as follows: perimeter
rods: 4.0%; UO,-Gd,0; (“gadolinia”) Rods: 5.0%; All other interior rods: 4.0% average and no

rod shall exceed 5.0%. Each assembly is composed of a 10x10 array of fuel rods and water

rods. A water channel is required in the central 3x3 rod positions. Any number of additional
water rods in any arrangement is permitted including part length rods. The maximum fuel
cross-section area is 25.0 in.? and the maximum fuel length is 174 inches. The maximum pellet |
diameter is 0.35 inches and the minimum clad thickness is 0.018 inches. Each assembly shall
include at least twelve rods with at least 2.0 wt.% gadolinia in all axial regions with enriched
pellets in a pattern symmetric about one of the assembly diagonals. At least eight of the twelve
gadolinia rods shall be located in rows 2 and 9 and columns 2 and 9. The nominal diameter of
the gadolinia pellets shall be no less than that of the UO, (non-gadolinia) pellets. |

6.2.6 Additional 10x10 (Category 6) ATRIUM Fuel Assemblies

UO, fuel assemblies with a maximum U-235 enrichment of 5.0 wt. %. Each assembly is
composed of a 10x10 array of fuel rods with a water channel or water rods located in a central
3x3 array of rods location. Any number of additional water rods or water channels in any
arrangement is permitted including part length rods. The maximum fuel cross-section area is
25.0 in.? and the maximum fuel length is 174 inches. The maximum pellet diameter is 0.35
inches and the minimum clad thickness is 0.018 inches. Each assembly shall contain at least
eight rods with at least 2.0 wt. % gadolinia in all axial regions with enriched pellets. Additional |
gadolinia rod specifications are given in Appendix 6G.

6.2.7 9x9 (Category 7) ATRIUM Fuel Assemblies

UO, fuel assemblies with a maximum U-235 enrichment of 5.0 wt. %. Each assembly is
composed of a 9x9 array of fuel rods with a water channel or water rods in the center 3x3 rod
locations. Any number of additional water rods or water channels in any arrangement is
permitted. The maximum fuel cross-section area is 25.0 in.? and the maximum fuel length is |
174 inches. The maximum pellet diameter is 0.40 inches and the minimum clad thickness is
0.015 inches. Each assembly shall contain at least eight rods with at least 2.0 wt. % gadolinia |
in all axial regions with enriched pellets. Additional gadolinia rod specifications are given in
Appendix 6G.

6.2.8 Additional 9x9 (Category 8) ATRIUM Fuel Assemblies

UO, fuel assemblies in a 9x9 square array with a maximum fuel cross-section area of 25.0 in.?
maximum fuel length of 174 inches, and a maximum average enrichment of 4.0 wt. % U-235.
The nominal pellet diameter is 0.370 inch. At least the center 3x3 rod locations shall be a water
channel. Each assembly must include at least eight rods with a minimum nominal gadolinia
(Gd.03) content of 2.0 wt. % in all axial regions with enriched pellets. Additional gadolinia rod
specifications are given in Appendix 6H.

6.2.9 Additional 10x10 (Category 9) ATRIUM Fuel Assemblies

UQ, fuel assemblies in a 10x10 square array with a maximum fuel cross-section area of 25.0
in.? and a maximum fuel length of 174 inches. The maximum U-235 enrichment is 5.0 wt. %,
the maximum U-235 enrichment for all edge rods is 4.75 wt. %, the maximum enrichment for
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the 4 corner edge rods is 3.05 wt. %, and the maximum U-235 enrichment for the 8 edge rods '
immediately adjacent to the 4 corner edge rods is 3.55 wt. %. The pellet diameter is between
0.30 and 0.3957 inch and a nominal pitch of 0.510 inch. Each assembly must have a water
channel in a central 3x3 position. Each assembly must include at least 70 rods with a minimum
nominal content of 2.0 wt. % gadolinia (Gd,O3) in all axial regions with enriched pellets and in a
pattern symmetric about one of the assembly diagonals. Polyethylene shipping shims may be
inserted between the fuel rods and between the upper tie plate and the fueled region.

Additional gadolinia rod specifications are given in Appendix 6l.

6.2.10 Low Enriched Gadolinia Free 10x10 (Category 10) ATRIUM Fuel Assemblies

UO, fuel assemblies composed of fuel rods in a 10x10 square array with a maximum fuel cross
section area of 25.0 in.? and a maximum fuel length of 174 inches. The maximum U-235
enrichment is 2.3 w. %. The pellet diameter is between 0.30 and 0.3957 inch. Each assembly
must have a water channel in a central 3x3 position. Any number of additional water rods in
any arrangement is permitted, including part length rods. Polyethylene shipping shims may be
inserted between the fuel rods. An additional upper tie plate (UTP) shipping shim may be
added between the UTP and the fueled region. This UTP shim may consist of a maximum of
345 g plastic or plastic composite.

6.3 Criticality Evaluation of Individual Fuel Types

6.3.1 _Type G1 (Category 1) Fuel Assemblies

Parameter Value

Assembly size 5.0 inch x 5.0 inch (maximum)
Assembly array 7x7,8x8,9x9

Average water/fuel volume ratio (Vw/VT) 1.0 (minimum)

Pellet to clad radial gap 0.003 inch (minimum)

Clad thickness 0.025 inch (minimum)

Pellet diameter 0.555 inch (maximum)

Water rods Any number/any arrangement
Assembly-average enrichment’ 3.3 wt. % U-235 (maximum)
Gd,03 requirement None

Appendix 6A, as modified by 6F, describes the criticality analyses of the type G1 fuel assembly
to be shipped in SP-1 or SP-2 containers.

6.3.2 Type G2 (Category 2) Fuel Assemblies

Parameter - Value
Assembly size 5.0 inch x 6.0 inch (maximum)

1 UO, rods and UO,-Gd,0; rods may contain several inches of natural enrichment UO, pellets at either or
both ends of the pellet stack. The assembly-average enrichment limits are for the enriched zone only
(i.e., the assembly-average enrichment does not include the natural uranium at the ends of the pellet
stack).
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Assembly array

Average water/fuel volume ratio (Vw/Vf)
Pellet to clad radial gap

Clad thickness

Pellet diameter

Water rods

Assembly-average enrichment’

Gd,0; requirement

7x7,8x8,9x9

1.0 (minimum)

0.003 inch (minimum)

0.025 inch (minimum)

0.555 inch (maximum)

Any number/any arrangement
3.3-4.0 wt. % U-235 (maximum)
None

¢  Minimum number of UO,-Gd,O; rods is four in non-perimeter locations symmetric about the

assembly diagonal.

¢ UO,-Gd,0O; rods may contain various Gd.O3 concentrations in the enriched fuel zone but
the minimum Gd,O3 concentration in the enriched zone to qualify as one of the four UO,-

Gd,O; rods is 2.0 wt. %.

¢ The nominal length of the UO,-Gd,03; region shall be equal to or greater than the nominal
length of the enriched region in the UO; fuel rods.

e (Gd,0; is not required in the end regions with natural uranium.

Appendix 6A, as modified by 6F, describes the criticality analyses of the type G2 fuel assembly
to be shipped in SP-1 or SP-2 containers. Attached Appendix 6H describes the criticality
analysis of the Category 2 fuel to be shipped in the SP-3 container.

6.3.3 10x10 (Category 3) Fuel Assemblies

Parameter

Assembly size

Enrichment of any pellet in assembly
Enrichment of any pellet in an edge rod
Maximum average planar enrichment?
Clad thickness

Pellet diameter

Fuel density

Rod pitch

UO,-Gd,03 rods

Gd,05 content

Water rods

Poison rod arrangement

Fuel rod array in bundle

A

Value

5.022 inch by 5.022 (maximum)
5.0 wt. % U-235 (maximum)
4.0 wt. % U-235 (maximum)
4.0 wt. % U-235 (maximum)
0.0225 inch (maximum)

0.3356 inch (maximum)

98.0% TD (maximum)

0.511 inch (nominal)

6 (minimum)

2.0+ 0.08 wt. % (minimum)
Center 4 rods (minimum)
Symmetrical across the diagonal
10 x 10

2 Maximum average planar enrichment: The average enrichment at the axial location yielding the highest

planar average.

Transnuclear, Inc.



EMF-1563
Safety Analysis Report for Transnuclear, Inc. Revision 14

Model SP-1, SP-2 and SP-3 Shipping Containers Page 6-5

Appendix 6B, as modified by 6F, describes the criticality analyses for 10 x 10 fuel assemblies to
be shipped in SP-1 or SP-2 containers.

6.3.4 Fuel Rods (Cateqgory 4)

UO, fuel rods with a maximum U-235 enrichment of 5.0 wt. % and a minimum gadolinia content
of 1.0 wt. %. The maximum pellet diameter is 0.5 inch and the maximum rod length is 169
inches. The rods may be clad with Zircaloy, steel, or aluminum. Rods meeting the above
requirements may placed into the “Gadolinia Rod Container” or the 5 inch schedule 40 stainless
steel pipe product container and shipped in the SP-1 or SP-2 in lieu of 1 or 2 fuel assemblies.

Appendix 6C, as modified by 6F, describes the criticality analyses for gadolinia-bearing rods to
be shipped in the gadolinia rod container in SP-1 and SP-2 containers.

6.3.5 10x10 (Category 5) ATRIUM FueI\Assemines

Parameter Value

Assembly size 5.0 inch by 5.0 inch (maximum)
Enrichment of any pellet in assembly 5.0 wt. % U-235 (maximum)
Enrichment of any pellet in an edge rod 4.0 wt. % U-235 (maximum)
Maximum average planar enrichment 4.0 wt. % U-235 (maximum)
excluding Gd rods and edge rods

Clad thickness 0.018 inch (minimum)

Pellet diameter 0.35 inch (maximum)

Fuel density ‘ 98.0% TD (maximum)

Rod pitch ‘ 0.510 inch (nominal)
UO,-Gd.0; rods 12 (minimum)

Gd,0O; content 2.0+ 0.08 wt. % (minimum)
Water rods Center 3 x 3 rods (minimum)
Poison rod arrangement Symmetrical across the diagonal
Fuel rod array in bundle 10 x 10

Appendix 6D, as modified by 6F, describes the criticality analyses for 10 x 10 fuel assemblies to
be shipped in SP-1 or SP-2 containers.
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6.3.6 Additional 10x10 (Category 6) ATRIUM Fuel Assemblies

Parameter

Assembly size
Enrichment of any pellet in assembly
Clad thickness

Pellet diameter

Fuel density

Rod pitch ;
UO,-Gd,0; rods

Gd,03 content

Water rods

Fuel rod array in bundle

Value |

5.0 inch by 5.0 inch (maximum)
5.0 wt. % U-235 (maximum)
0.018 inch (minimum)

0.35 inch (maximum)

98.0% TD (maximum)

0.510 inch (nominal)

8 (minimum)

2.0+ 0.08 wt. % (minimum)
Center 3 x 3 rods (minimum)
10x 10

Appendix 6E, as modified by 6F, describes the criticality analyses for 10 x 10 fuel assemblles to

be shipped in SP-1 or SP-2 containers.

6.3.7 9x9 (Category 7) ATRIUM Fuel Assemblies

Parameter

Assembly size

Enrichment of any pellet in assembly
Enrichment of any pellet in an edge rod
Maximum average planar enrichment®
Clad thickness

Pellet diameter

Fuel density

Rod pitch

UO,-Gd,05 rods

Gd,05 content

Water rods

Fuel rod array in bundle

Value

5.0 inch by 5.0 inch (maximum)
5.0 wt. % U-235 (maximum)
4.0 wt. % U-235 (maximum)
4.0 wt. % U-235 (maximum)
0.015 inch (minimum)

0.40 inch (maximum)

98.0% TD (maximum)

0.569 inch (nominal)

8 (minimum)

2.0+ 0.08 wt. % (minimum)
Center 3 x 3 rods (mlnlmum)
9x9

Appendix 6E, as modified by 6F, describes the criticality analyses for 9 x 9 fuel assemblies to

be shipped in SP-1 or SP-2 containers.

® Maximum average planar enrichment: The average enrlchment at the axial location yielding the highest

planar average.
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6.3.8 Additional 9x9 (Category 8) ATRIUM Fuel Assemblies

Parameter Value

Assembly size ' 5.0 inch x 5.0 inch (maximum)
Assembly array 9x9

Average water/fuel volume ratio (Vw/Vf) 1.0 (minimum)

Pellet to clad radial gap 0.003 inch (minimum)

Clad thickness 0.025 inch (minimum)

Pellet diameter 0.555 inch (maximum)

Water rods . Center 3x3 rods
Assembly-average enrichment 4.0 wt. % U-235 (maximum)

Gd.0O3 requirement

. Minimum number of UO,-Gd,O3; rods is four in non-perimeter locations symmetric about
the assembly diagonal.

. UO.-Gd,0; rods may contain various Gd,O3 concentrations in the enriched fuel zone but
the minimum Gd203 concentration in the enriched zone to qualify as one of the four
UO»Gd,03 rods is 2.0 wt. %. |

) The nominal length of the UO,-Gd,O; region shall be equal to or greater than the
nominal length of the enriched region in the UO, fuel rods.

. Gd,0; is not required in the end regions with natural uranium.

Attached Appendix 6H describes the criticality analysis of the Category 8 fuel to be shlpped in
the SP-1, SP-2 and SP-3 containers.

6.3.9 Additional 10x10 (Category 9) ATRIUM Fuel Assemblies

Parameter Value

Assembly size 5.0 inch x 5.0 inch (maximum)
Fuel rod array in bundle 10x10

Fuel length 174 inches (maximum)
Enrichment of any pellet in the assembly 5.0 wt. % U-235 (maximum)
Enrichment of any pellet in an edge rod 4.75 wt, % U-235 (maximum)
Enrichment of any pellet in one of the four 3.05 wt. % U-235 (maximum)

corner edge rods

Enrichment of any pellet in one of the eight 3.55 wt. % U-235 (maximum)
edge rods immediately adjacent to the four
corner rods

Clad thickness Not restricted
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Pellet diameter
Rod pitch

Fuel density

U0, - Gd,0O3 rods
Gd,O3; content
Water rods

0.30 inch (minimum); 0.3957 inch (maximum)
0.510 inch (nominal) Y
98.0% TD (maximum) |
10 (minimum)

2.0 wt. % nominal (minimum) [
Center 3x3 rods (minimum)

Each assembly must include a minimum of 10 rods with a minimum 2.0 wt. % gadolinia |
(Gd,0s3) in all axial regions with enriched pellets.

The gadolinia rods must be in a pattern symmetric about one of the assembly diagonals.

At least 70 gadolinia rods must be located in rows 2 and 9 and in columns 2 and 9 of the
assembly and cannot be immediately adjacent to another one of the 70 gadolinia rods,
however diagonally adjacent is permitted.

Polyethylene shipping shims may be inserted between the fuel rods up to a maximum
volume fraction of 0.14 averaged over the void volume of the assembly.

An additional upper tie plate shipping shim may be added between the upper tie plate and
the fueled region. This upper tie plate shim may consist of a maximum of 345 g plastic or

plastic composite.

Appendix 6l describes the criticality analyses for Category 9, 10x10 fuel assemblies to be

shipped in SP-1, SP-2 or SP-3 packagings.

6.3.10 Low Enriched Gadolinia Free 10x10 (Category 10) ATRIUM™ Fuel Assemblies

Parameter

Assembly size

Fuel rod array in bundle
Fuel length

Enrichment of any pellet in the assembly
Clad thickness

Pellet diameter

Rod pitch

Fuel density

UO, - Gd,0O3 rods
Gd,0s content

Water rods

~

Value

5.0 inch x 5.0 inch {(maximum)

10x10

174 inches (maximum)

2.3 wt. % U-235 (maximum) |
Not restricted

0.30 inch (minimum); 0.3957 inch (maximum)
0.510 inch (nominal)

98.0% TD (maximum)

0 (minimum)

0.0 wt. % nominal {minimum) |
Center 3x3 rods (minimum)

¢ Polyethylene shipping shims may be inserted between the fuel rods up to a maximum
volume fraction of 0.14 averaged over the void volume of the assembly.
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¢ An additional upper tie plate shipping shim may be added between the upper tie plate and
the fueled region. This upper tie plate shim may consist of a maximum of 345 g plastic or
plastic composite.

Appendix 6J describes the criticality analyses for Category 10, 10x10 fuel assemblies to be
shipped in SP-1, SP-2 or SP-3 packagings. :
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7. Operating Procedures for Loading and Unloading SP-1, SP-2 and SP-3 Containers

7.1 Container Handling

Fuel assemblies and individual fuel rods are loaded for shipment into the SP-1, SP-2 and SP-3
containers in the UO2 Building in accordance with standard operating procedures. The
following describes the portions of the applicable procedures pertinent to safety.

» Verify that the fuel assemblies have been completed in compliance with applicable
acceptance criteria.

¢ Inspect fuel assemblies for cleanliness.

o Assure that the polyethylene sheath which is placed over the assembly prior to loading into
containers, is open at both ends and is no longer than the assembly.

o If loose (not part of a fuel assembly) rods are to be shipped in an SP container, they must
be prepared as described below.

— Only rods containing at least 1.0 wt. % gadolinia, sheathed or unsheathed, may be |
shipped in the SP-1, SP-2 and SP-3 containers.

— The rods may be shipped either in the gadolinia rod shipping container, shown in Figure
1-4 or in a product container consisting of a 5 inch schedule 40 stainless steel pipe with |
a screw type or flange closure. The product container must be vented if it contains
material that decomposes at less than 1475 °F.

¢ Prior to placing fuel assemblies or fuel rods into the SP inner container, visually inspect SP
inner container for overall condition including:

— Proper container preparation (presence of a “release” sticker)
— Handles and brackets

— Exterior welds

— Foam padding

~ Gasket condition

— Cleanliness

¢ For fuel assembilies, raise the SP inner container to the vertical position and insert the fuel
assembly with the lower tie plate inserted into the thrust block to assure proper orientation.
Lower the inner container to horizontal and add shimming to prevent fuel assembly
movement.

¢ For fuel rods, the gadolinia rod shipping container and tﬁe product container are loaded into
the SP inner container while it is in the horizontal position.

Transnuclear, Inc. |




EMF-1563

Safety Analysis Report for Transnuclear, Inc. Revision 14 |

Model SP-1, SP-2 and SP-3 Shipping Containers Page 7-2

Complete an inspection to assure compliance with loading procedures for the inner SP
container.

Boit the end cap and lid of the inner container into place.
Inspect the outer SP-1 container for structural integrity, cleanliness, and loose material.

Load the inner container into the outer container and shim as necessary to prevent
differential movement between the containers.

Complete a second inspection to assure compliance with the procedures for loading the
inner container into the outer SP container.

Install and bolt the outer lid into place.
Install tamper indicating seals at each end of the outer container.

Radioactively survey for compliance with DOT regulations and release the loaded SP
container for shipment.

Shiphment Procedures
Affix proper warning labels to each container.

Overcheck fuel assembly or fuel rod parameters for compliance with the shipping container
NRC Certificate of Compliance requirements.

Load, tie down, and/or shore the SP containers onto a truck and radioactively survey the
truck for compliance with DOT regulations.
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8. Acceptance Tests and Maintenance Program

Transnuclear's radioactive material shipping containers, including the SP-1, SP-2 and SP-3
containers, are covered by its NRC-approved quality assurance program for shipping containers.
The scope of this QA program includes design, procurement, fabrication, assembly, maintenance,
modification and repair of such shipping containers.

8.1 Acceptance Tests

Transnuclear, Inc. conducts quality inspections of SP-1 outer containers and SP inner containers
prior to first use. The following steps are included in such inspections.

8.1.1 SP Inner Containers

Typical Characteristic Inspected Typical Inspection Method

. Proper marking, general cleanliness, Visual
rust, cracks, and dents

° Cover and end pieces for fit and Visual
function
. Container dimensions Measurements, based on approved
. drawings, to assure that minimum
dimensions for criticality safety are

met. Assure that overall length,
width and height are within

tolerance.
N Weld integrity, including closure lugs Visual
and lifting handle placement and
attachment
o Gasket condition Visual
o Pressure relief valve Check for presence and proper
operation
. Vendor’s certificate of compliance Review for completeness
. Vendor's facility and QC program Transnuclear, Inc. QA

representative inspection

Transnuclear, Inc.
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8.1.2 S8P-1 Outer Containers

Typical Characteristic Inspected

8.2

Proper marking, general cleanliness
Cover/base for fit and function

Container dimensions

Shipping damage

.Cover drain holes

Fit of inner container in outer container

Vendor’s certificate of compliance

Maintenance Program

Typical Inspection Method

Visual

Visual

Measurements, based on approved
drawings, to assure minimum
thickness of honeycomb material.

Visual

Probe to make sure holes are not
plugged

Visual

Review for completeness

The SP inner containers and SP-1 outer containers are maintained and repaired at AREVA NP.
The following steps are included in the maintenance and repair done at AREVA NP.

8.2.1

8.2.2

SP Inner Containers

Repair any holes.

Replace parts or work out dents greater that % inch deep.
Replace parts or do weld repair on broken welds, seams, damaged lugs, or damaged

lifting handles.

Replace pressure relief valves which don’t pass test or have been damaged.
Replace or repair gaskets which are damaged, brittle, or flat from overcompression.
Replace ethafoam if greater that 10% of a piece is missing.

Replace damaged or missing fasteners.

Repaint if needed.

Make sure container is clean and free of loose debris.

SP-1 Quter Container

Replace 2x4’s if cracks exceed 25% of width or are over 6 inches long.
Replace 2x10’s and 2x12’s, if cracks exceed 25% of width or length of lumber.
Replace plywood with punctures, separating laminations, or more than a square foot of

missing lamination.
Replace damaged skids.

Replace honeycomb if greater than 10% of a piece is missing or damaged.

Transnuclear, Inc.
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e Replace damaged, heavily corroded, or missing nuts, bolts, nails, and screws.
Superficial surface rust is allowed on all carbon steel fasteners.

e Make sure interior is clean and dry.

e Repaint and remark as necessary.

Transnuclear, Inc.
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CURRE:NT ENGINEERING EVALUATION QOF THE RA-SERIES FUEL SEIPPING

CONTAINERS

.0 INTRODUCTION

The RA-3 all-wood outer coﬁtainer is a right rectangular
box with nominal dimensions of 207 inches long, by 30
inches wide, by 31 inches high. It is fabricated of 1/2
inch plywood, cleated with nominal 2 inch x 4 inch
studs, and mounted on a 30 inch wide base constructed of
nominal 2 inch x 10 inch planks and with bolted-on skids
of nominal 4 inch x4 inch wood. The cover is secured
with thirty 3/8 inch mild steel .bolts. Cushioning
.material is provided on the sides and ends of the
container to reduce vibrations and to centrally locate
the inner container inside the outer wooden box.
Cushioning material is Ethafoam brand closed cell foaméd
polyethylene, which is impervious to wétér, and phenolic
resin impregnated paper honeycomb. ‘
The RA oﬁter container 1s used primarily to reduce
shocks and vibrations to the packaged fuel assemblies
- encountered during normal material handling,
warehousing, and transportation. <n addition, the outer
container provides added protection to the inner RA
container if accident conditions occur.

'NRC CERTIFICATE OF COMPLIANCE NO. 4986
'LICENSE: -SNM—-1097 DATE: 3/17/92 - ‘Page
'DOCKET:  71-4986 REVISION: 0 2-aAl
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The wood box is neither designed to survive hypotHetical
accident conditions without significant damage nor to
prevent all damage to the inner metal container. The:
inner metal container, itself, is relied on to naintain
containment, irtegrity and nuclear safery in
hypothetical accident conditions, and its capabili:ty has
been demonstrated.

PRIOR TEST DROPS

RA-1 Container

The General Electric RA-series fuel assembly shipping
coritainer combination of inner and outer containers has
been in service since 1966 and désigns have evolved to
present configurations shown in Section 3.0 of this
application on GE Drawings 769%E229, 769E231, and
769E232.

L1 RA-]1 Drop Test

The initial ocuter wood container design (RA-1) did not
have the ends bolted in place, and relied on the .
honeycomb material only as a filler to position the
metal inner container. - The RA~1 container combination
was drop tested in 1966 with two simuiated fuel
assemblies inside the inner container.

Results of the test indicate that the end of the outer‘

wood container completely separated from the box upon
c impact (see Appendix A, Photograph 1), thus subjecting

the inner metal container to most of the impact energy

NRC CERTIFICATE OF COMPLIANCE NO. 4986
LICENSE: SNM-1097 DATE: 3/17/92
DOCKET: 71-4986 REVISION: 0
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produced..,Althoggh there was some damage to the inner T
container, its closure fasteners, and the simulated fuel
assemblies, the test was concluded a success because the :
assemblies were wholly contained, fuel raods were not
ruptured, and there was no significant deformaticn in

the metal container.

RA-2 Container

The RA~-2 inner and RA-3 outer container design revisions
strengthened both inner and outer containers. The RA-2
inner containers used higher strength bolts (ASTM
A—-354-BD) to secure the end cap and the end cap was
lengthened by 4 inches. Conservative engineering
calculations were used to justify the need for strong
bolts in the end cap. The RA-3 outer contalner changes

included:

« . The use of '3/8 inch diameter bolts and nuts to secure
the end panels to the wood box, in addition to thé:
nailed construction used in 'the RA-1 design, to , ’
improve the impact strength of the box. 1

+ Replacing the honeycomb in the ends of the container
with a honeycomb having a compressive strength of 290
psi, which engineering calculations showed to reduce

the impact velocity to zero.

1 RA—-2 Drop Test

f
!
The RA-2 inner/RA-3 outer container was drop tested on ’
March 24, 1974, (see RAppendix A, Photoegraph 2) with the !

NRC CERTIFICATE OF COMPLIANCE NO. 43986
LICENSE: SNM-1097 DATE: '3/17/92 ) Page
DOCKET : 71-4986 REVISION: 0 2-a3
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RA-2 inner container modifications mentioned abcve and
the outer container with the 110 psi honeycomb, and
' nailed and bolted end panels.

Results of the test showed that the bolted end of the
box did not separate completely from the outer wooden
container (see Appendix A, Photograph 3). There was
some damage to the end cap and fuel assembly tie plate
handles (see Appendix A, Photographs 4 and 5). This was
aiso concluded to demonstrate a sﬁcceésful test.

»

'RA-3 Container

The RA-3 outer container was the .same as the container
described above. The RA-3 inner container utilized a
longer body, and an end cap the same depth as the Ra-1.
ASTM A-~354-BD bolts were used to secure the end cap.
These were sub&equently changed to mild steel bolts.

.1 : RA-3. Drop Test

1.1 RA-3 Inner Container With a Fiberglass Outer Contziner

- This test was conducted in 1378. The inner container
was constructed in accordance with GE Drawing No.
731E674, Revision 6, which used ASTM A-354-BD bolts for
the end cap. The outer containe; was an experimental

fiberglass design. Its contents were dummy fuel
assemblies simulating the 8x8 BWR fuel assembly,.

At impact, the end of the fiberglass container, a piece
approximately two feet long, completely separated from

NRC;CERTIFICAEE OF COMPLIANCE NO. 4986
LICENSE: SNM~1097 DATE : 3/17/92
'DOCKET: 71-4986 REVISION: 0.
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' 2.3.1.2

the outer container allowing the inner container to

impact the unyielding surface, thus absorbing nearly all

-~

the impact energy (see Appendix A, Photograghs 6 and
7).

Post test inspéccion showed that damage to the simulzted
fuel assemblies or the inner container was not
significantly large. Therefore, it was concluded that
the test passed the acceptance criteria of 10 CFR
71.36(b), which was the regulation in effect at cthat

time. . .

>

RA-3 Inner Container Drop Test With No Quter Container

This test was conducted in 1980. 'The RA-3 inner
container used mild steel, plated bolts to secure the

cover and the end cap. Other features were identical to

those previously mentioned in this report. It was

‘constructed in accordance with GE Drawing No. 769E231,

Revision 0.

It was free dropped 30 feet, impacting at approximztely
the same altitude as all other tests describea. The
major difference with this test was that it had no outer
container. The full impact on the unyielding concrete
surface was absorbed by the metal inner container, the
end cap and the mild steel bolts that secure? the end

cap and cover.

This was was concluded to have met all acceptance
criteria of 10 CFR 71.36(b) which was the requlaticn in
effect at that time.

NRC CERTIFICATE OF COMPLIANCE NO. 4986
LICENSE: SNM-1097 DATE: 3/17/92 Page’
DOCKET : 71-4986 . REVISION: - 0 2-A5
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A comprehensive report of this test, along with the
other three hypothetical accident condition tests, and
photographs of the entire test program was praparad, Lis
identified and maiﬂcained in GE Packaging Engineserin
Design Record File No. DRF A—OO—Ql362, Test No. 2.

]

/

CONCLUSIONS

The bolted construction of the RA-3 outer container has
improved.the impact resistance of the design. This was
evident by the 1974 RA-2/RA-~3 test,

The RA-3 outer containgr deces not need to maintain
complete integrity in the drop test. The RA-2/RA~3 tes:
in 13874 shows that RA~3 outer with 110 psi cushiocning is

| satisfactory.

~ The i980 RA-3 inner container test also demonstraﬁes

' thét for the RA-3 inner, no overpack is required.

; Engineering calculations on the impact limiting

* capabilities of the honeycomb show that the honeyccmb

' can never reduce the impact velocity of the inner

. container to zero since the wooden end of the box will
"not dissipate this amount of energy without damage. It
‘was demonstrated by the tests that the honeycomb used in
ithe RA outer containers is stronger than the wood box.
-AS é result, the minimum honeycomb compressive strength
- required must be consistent with the load.carrying
‘capabilities of the outer wqod container. |

NRC CERTTIFICATE OF COMPLIANCE NO. 4986 |
LICENSE: SNM-1097 DATE : 3/17/92 . . Page
DOCKET : 71-4986 - REVISION: 0 | 2-26
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Strong bolts are not required in the RA-3 inner
container since the 1980 tests verified that RA-3 inners
with normal mild steel bolts will meet the ccntainer

requirements.

The 1974 RA-2 inner/RA-3 outer test showed that the

" improved outer container, having the bolted end panel
and 110 psi honeycomb, provided adequate strength to
contain the honeycomb and permit it to dissipate the
impact energy. In addition, the damage done to the end
cap was mihimal (see Appendix A, Photographs 4 and 8)
and not of sufficient magnitude to justify the
conservative design assumptions used in earlier
calculations. Based on this data, it is concluded that
the high strength AT A~354-BD bolts are not required in
the RA-2 end cap attachment. '

NRC: CERTIFICATE OF COMPLIANCE NO. 4986
LICENSE: SNM-1097 DATE:  3/17/92 Page
DOCKET:  71-4986 REVISION: 0 | 2-A7
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\ Honeycomb
Year Cuter Container Inner Container Compressive Strength Cover Bolts End Cap 3olts
1966 SA—l RA~-1 75 psi Latches Latches
1974 RA=3 - Ra-2 110 psi Latches ASTM A-354
1978 Experimental RA-3 110 psi ASTM aA-307 ASTM A-154
Fiberglass
1980 |N/A See Note (1) RA-3 N/A See Note (1) Mild Steel Mild Steel
Note:

averpack

(1) Drop test conducted in 1980 was an RA~3 inner container only, wizh no outer container

NRC CERTIFICATE OF COMPLIANCE NO. 4986

LICENSE:
DOCKET :

SNM-1097
71-4986
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REVISION:
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Photograph No. 1, 1966 RA-1.Drop. Test Results
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Photograph No. 3, 1974 RA~2/RA-3 Drop Test
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Photograph No. 4, 1974 RA-2/RA-3 Drop Test (End Cap Damage)

'NRC CERTIFICATE OF COMPLIANCE NO. 4986
: LICENSE: SNM-1097 DATE: 3/17/92 _ Page
. DOCKET: 71-4986 REVISION: 0 = 2-a12




EMF-1563
Revision 12A
Appendix 2A

Page 14 of 17

“Photograph Mo

Page
2-A13

e Damge)

4986
3/17/92

3 Drop Test (Tie Plat
REVISION

DATE

974 RA-2/RA-

.5 1

SNM~-1097
71-4986

DOCKET

NRC' CERTIFICATE OF COMPLIANCE NO.
LICENSE




" EMF-1563

Revision 12A
Appendix 2A
_Page 150f 17

.

6, 1978 Drop Test RA-3 Inner/Fiberglass Outer

Photograph No.
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Photograph No. 7, 1§78 Drop Test (End Cap Damage)
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Photograph No. 8 1974 RA-2/RA-3 Drep Test (end cap)

Photograph No. 8, 1974 RA-1/RA-3 Drop Test ({End Cap)
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TEST REPORT

FOR
HYPOTIETICAL ACCITENT CQMDITION TESTS (F AN
RA-3 INNER FUEL SHIPPING CONTAINIR '

1.0 INTRODUCTION

1.1

‘Purrose

[N

‘The purpose of the tests described was to demoustrate that the RA inner

" container loaded with two simulated fuel assemblies could pass the hypo—

1.2

- 1.3

. A pressure relief valve is installed on the end cap. capable of =

‘thetical accident condition tests described in 10 CFR 71, Appendix B,
without the additional protection of the wooden RA outer container.

‘Test Summary

Hypothetical accident condition tests were conducted on a General Elesctric
Model RA-3 fuel.shipping container (imnner container only), in accordance
with 10 CFR 71 "Packaging of Radioactive Materials for Transport and Trans-
portation of Radioactive iMaterials Under Certain Conditions'. The tests
consisted of a free drop test, puncture test, thermal test and water
immersion test. .The tests were conducted at Generzl Electric Company's

. Wilmington Manufacturing Department facility on January 29, 1980 and

June 18, 1980.

Packaging Description

The inﬂer container of the RA-3 model packaging is a right rectangular

- metal box consisting of an outer shell and perforated inner baskst

separated by structural angle iron.

The outer shell is formed of minimum 16-gauge carbon steel plate with an
integral welded end of the same material. ¥our angle stiffeners made of

" 1ll-gauge carbon steel, are welded on approximately four inch centers to

the outer surface of the end plate. Approximate dimensions of this inner
container are 11-1/4 inches high, 18-1/8 inches wide, and 182-7/8 inches

' long

The inner basket is constructed of 16-gauge carbon steel plate witn 3/4
inch perforations on-1-3/4 inch centers. It is riveted to the upper

edge of the outer shell with 3/16 dia. blind steel rivets to form two
J-shaped channels approximately 6-7/8 inch in cross-section. The channels
are lined with low-density ethafoam cushioning cemented in place with
perforations matching the size and locations of those in the inner basket.
To support the inner basket within the outer shell, four 2.5 inch x 2.66
inch angle iron spacers.made of 1/8 incn thick carbon steel are positioned

" longitudinally along the entire length of the body. The zover aad end cap

of the inner container are constructed similar to the box ¢ provide a
2-inch annulus around the fuel. except at the ends, wnen the box is ¢

<
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2-cfm air automatically to a 0.3-psi pressure difference between the out-
- side and the inside of the box. A rectangular gasket of 30" to 33 duro-
- meter hollow rubber (isonrene or neoprene) provides a cormleted s\ al wich
.. the cover and end cap in place. Closure of the box is e{f octed by 18
. commercial grade, plated, 3/8 cia. mild steel bolts.

The inner container for the BaA-3 packaging was constructad in aconrdance

with the following General zlectric drawings:

7T31EG74 - Revision 7
769E231 - Revision O

'1.3.1 Test Containers

RA-3 infier container serial number I-%0Nd was selected: {rom
inventgry for the tests. It was manufactured by Precision Metal
Products, Wilmingten, North Carolina in Jjanuary 1980.

" 1.3.2 Test Loa

The container was loaded with two dummy fuel assemblies :hiat were
manufactured in accordance with General Electric Company's Fuel
Fabrication COperaticn procedures. They were essentially identical
in all respects to production bundles except their rods contained
lead filler rather than U0y pellets. The test bundles were tfabri-
cated in accordance with G.E. Fuel Production procedures.

1.3.3 Container Packing

The two dummy bundles were packed into the inner container, serial
nurber I-2004 per Packaging Data Sheet No. PD-016H, except the

paragraphs pertalnlnc to the outer wooden container were not appli-
“cable.

2.0 ACCEPTANCE CRITERIA | ™

The appllcable criteria for acceptance are spe01f1ed in 10 CFR 71. 36(b).

10CFR 71.36(b): A package used for the shipment of fissile material
shall be so designed and constructed and its contents so limited
, "that if subjected to the hypothetical accident conditions speci-
, fied in Appendix B of this part as the Free Drop, Puncture
. Thermal, and Water Immersion conditions, in the sequence listed .
in Appendix B, the package would be subcritical. In detem.unc;
whether this standard is satisfied, it shall be assumed tha
1OCFR 71.36(b)(1l): The fissile material is in the most reactive crec‘.ible
configuration consistent with the damaged condition of the package
and the chemical and physical form of the contents;
lOCFR 71.36(b)(2): Water moderation occurs to the most reactive crecible
extent consistent with the damaged condition of the packazs and
the chemical and phvsical form of the contents; and

10CFR 71.36(b)(3): There is reflection by water.on s.l1 sides and as
- close as is consistent with the damaged condition ¢f thn package.
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TESTING

The hvnothetical accident condition tests were conducted in the secuence
specified in dppendix B to 10CFR7L, to evaluate the abilicy of the pac “lsﬂ
to withstand curulative damage of the four tests. The tests, as sSpecified
in above mentioned regulation are as follows:

a) Free Drop - A free drop through a distance of 30 feetr cnto a flat
essentially unyielding horizontal surface,-striking the surface in
a position for which maximum damage is expected.

~b) Puncture - A free drop through a distance of 40 inches striking,

in a position for which maximumm damage is expected, the tov end of
a vertical cylindrical mild steel bar mounted on an essentially
unylelding horizontal surface. The bar shall be 6 inches in diametner,

with the top horizontal and its edge rounded to a radius of not rore

than one-quarter inch, and of such a length as to cause maxdiram

damage to the package, but not less than 8 inches lonz. The long

axis of the bar shall be perpendicular. to the unvielding horizZontal

surface. |

c) Thermal - Exposure to a thermal test in which the heat-input to the
package is not less than that which would result from exposure of
the whole package to a radiaiton environment of 1,473°F. for 30
minutes with an emissivity coefficient of 0.9, assuming the surfaces
of the package have an absorption coefficient of 0.8. The package
shall not be cooled artificially wntil 3 hours after the test period
unless it can be shown that the temperature on the inside of the
package has begun to fall in less than 3 hours.

d) Yater Immersion (fissile material packages only) - Immersiocn in water
to the extent that all portions of the package to be tested are under
at least 3 feet of water for a period of not less than 8§ hours.

3.1 Test Procedure

3 1.1 Free Drop

The top edge of end which has the bolted end cap was establishe:t
to be the surface most vulnerable to praduce a failure of the
closure. "The container was oriented such that its attitude at
impact was about 25° from vertical and would impact at the cover.
end cap interface; this attitude was maintained through the use
of guying lines attached to the containers.

The contaaner was raised by a crane to a 30 foot 1e1ght 2t approx-
imately 25° angle as shown in Photograph No. 1. The height was
determined by a measure weighted cord attached to the container.
The quick release mechanism was activated and the container fell
free 30 feet (Photogranh Mo. 2) impacting at the precdetermined
angle and point of impnct (see Photographs No. 3 and <), cnTo a
flat reinforced concrete pad.




3.1.2

3.1.3
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Results
Damage was coufined to the inpacted area. FEnd of the container
was damaged a.nd one of the 14 cover bolts breke leoiss (Photosrarh
No. 5 and 8): however, the remaining 13 cover bLolts and the 4 cn
the end cap aeld the cover and end cap securelv in place as

evidenced by Photographs No. 3, 4 and 5.

Puncture Test

The container was free dropped through a distance of 49 inches,
striking the top end of a vertical steel bar mounted on a reint
concrete pad. (See Photograph No. 9).. The bar was fabricated per
the requirements of 10CFR71 (Appendix B).

A vert’:i:u,al'drop with the packuge impacting on the lo—gaugh containe
bottom equidistant from both ends was considered the most vulnerabl
orientation to puncture.

Results

The container was indented as seen in Photographs Yo. 8, 9 and 10,
but there was no puncture. These photographs, as well as No.'s 12
and 14 indicate that the container was bawed several inches and
still remained intact.

After completion of the puncture test, the cover and end cap were
removed ard a visual inspection of the fuel bundles revealed one
broken fuel spacer and deformation of the upper tie plate handle,
Photographs 11 and 12. There was no indication of fuel rod rupture
as was substantiated by the Fuel Quality Control Engineering report

.dated August 11, 1980 (see Appendix 1).

Thermal Test

A Thermal Test of Container No. I-2004 followed the 30 foot free
drop and puncture tests. The thermal test conducted required expo-
sure to an enviroament of 1,475 minimum for a period of 30 minutes.
Since an actual gasoline fire with open flames provides the most
realistic means of satisfying the requirements of 10CFR71 thermzl
test, this method was chosen for the RA-3 inner container test.

Test set-up as shown in TFig. 1 was used. The gasoline and water
supplies were located 100 feet from the fire pan. A thermocouple
mounted on the closure adjacent to the slight opening of the con-
tainer lid monitored the flame temperature using a Honeywell Model
R7353A Dail-O-Troll, Serial No. 7812-3849, which was calibrated
using a West m:.llnolt pot that has traceabllltv to the \'atlonal
Bureau of Standards.

A rectangular, steel fire pit with the container meunted 2 feet
above the surface allowed for approxmatelv 2 feet of flunes around
all sides of the container. By using the open gasoline firs, the

.emz.ssw:Ltv and absorbtion coefficients were in accordance with those

specified in 10CFR71, Appendix B.

-4
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3.1.3.1 Tast Precedure

Approximataly 400 gallons of water were fed into the »is
resu.ting in a water level of 3 incnes. Approsiravely 37
gallons cf gasoline were then Ted-into the stesl fire ris

{

to ©7:m a laver of fuel about one inch desp on tnp of i,
water suriace.

After ignizion, (see Photograph No. 13} the fuel and warte:
supplies were turned on and manually controlled to cne
gallon per minute of water and 15 GPM of fuel to rmaintain
a fire that completely enveloped the RA-J ianer contairer.
Photographs No. 16 through 23 are randcm nhotographs token
during the test. The temperature measured on the swiace

* of the test container increased rapidly to 1,475°F. (Photu-

graphs 24, 25 and 26G) and exceeded that throuEnOL the tes:

with a maxinmm temperature of 1,640°F. being meached.

full fire test continued for 30 minutes, burnine 300 oxil:- ..

of fuel during that pericd.

Results

Preliminary visual inspection after the thermal test showed

no significant damage to the container, its cover or end cor
that would affect criticality safety considerations. It wuas

also noted that the intense heat of the fire and the weizh:

of the dummy bundles straightened the RA container that was
bowed several inches after the puncture test. (Cecrmpare Phor

graphs 13 and 14 with Photographs 27 and 28.)

Water Immersion Test

After the fire test, container no. I-2004 with the two cdumy bundiu<
was allowed to cool down for the prescribed period of time, and tho

placed in the water immersion pit (see Photographs 29 and 30) under

3-1/2 feet of water. It remained submerged for § hours.

Results

Water leaked into the container since the gasket was consured during

the fire test. The presence of water in the container for 8 hours
caused no undue affect on safety since criticality analysis took ©

into account. And finallv, the presence of water for 8 hours caussd
no damage to the fuel rods, as evidenced by the Quality Centrol rero:

Post Test. Inspection

Following immersicn as described, the container was opened and inspe
ted. There was no nhysical damage to the rods in the dumm bundles.
as was reported in the Fuel Quality Control Engineering rewort dated
August 11, 1980 (Appendix 1).

-

I




4.2 There were no ruptured fuel rods. Therefore,
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. 4.0 CONCLUSION

Hirothetical accident eondition teqt specilied in I0CTRTL, |
conducted, witnessed by Qualicy
criteria.

ontrol Ingineuring wd have nassed

The General Electric llodel Yo. RA-3 metal inner fuel siuipning contalner with twio
duntny fuel bundlas has besa subjected to the hypothetical accident couditinns

specified in Anpendix B of 10CFR71: * the Free Drop, Puncture, Thermal. and Water
Immersion tests, in the sequence specified by the regulation. '

It is concluded that the RA-3 imner contairer has successfully passed the accen—
ta nce criteria due to the following: :

4,1 The cover and end cap remained intact. There was one holt fuilurs in the
cover, but 13’bolts are rnore than adequate to secure <he cover, ALl four
end cap bolts remained intact. Therefore, the contenzs would Le contained
inside the package.

the fuel pellets would he
contained inside the rods.

There was no, significant deformation to the container extzarnally,
cap or the inside angle spacers, and -the basket that supports the fuel.
. Even though the container was bowed after the Puncture test, the angla

Spacers in the container maintained the spacing required SO that cricical-
ity saxety con51deratlons were not affected.

The end

cpendix B, have be s
the accenIancs
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HYPOTHETICAL ACCIDENT CONDITiUN TESTS OF AN

RA-3 INNER FUFL SHIPDPING CONTAINER -

In accordance with criteria for compliance with 10.CFR 71.3G.

BY

JOHN A. ZIDAK

Packaging Engineering

General Electric Company
Nuclear Energy Traffic Operation
San Jose, California
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TEST LEPORT
TOR
EH“DOTIIE.’I‘J.C‘;L ACCINEZT CCNDITION T=STS Or AN
RA-3 INNER FUZL SHIPPING CQONTAINTR

1.0 INTRODUCTION

1.1 Purpose

1.2

1.3

-
-

‘'The purpose of the tests described was to demoustrate that the RA inner
ccontainer loaded with two simulated fuel assemblies could pass the hypo—
'thetical accident condition tests described in 10 CFR 71, Appendix B,
‘without the additional protection of the wooden RA outer container

Test Sumary

Hypothetical accident condition tests were conducted on a General Tlzctric
Model RA-3 fuel shipping container (inner container only), in accordance
with 10 CFR 71 'Packaging of Radioactive Materials for Transport and Trans—
portation of Radiocactive Materials Under Certain Conditions’. The tests

- consisted of a free drop test, puncture test, thermal test and water
“immersion test. The tests were conducted at Ceneral Electric Corpanv's

Wilmington Manufacturing Department facility on Januarv 29, 1980 and
June 18, 1980. :

Pad‘:@'ng Description

The im{ef container of the RA-3 model packaging is a right recrangular

. metal box consisting of an outer shell and perforated inner basist

separa.ted by structural angle irom.

' The outer shell is formed of minimm 16—gauge carbon steel plate with an

integral welded end of the same material. Four .angle stiffeners made of
11-gauge carbon steel, are welded on approxmatelv tfour inch centers to
the outer surface of the end plate. Approximate dimensions of this inrer

container are 11-1/4 inches high, 18-1/8 inches wide, and 18‘7—”/8 inches
long

The inner basket is constructed of 15-gauge carbon steel plate with 3/4
inch perforations on 1-3/4 inch centers. It is riveted to the upper
edge of the outer shell with 3/16 dia. blind steel rivets to form two

'U-shaped channels approxdmately 6-7/8 inch in cross-section. The channels

are lined with low-density ethafoam cushioning cemented in place with
perforations matching the size and locations of those in the inner basket.
To support the inner basket within the outer shell, four 2.60 inch x 2.66
inch angle iron spacers made of 1/8 inch thick carbon steel are positioned
longitudinally along the entire length of the bodv. The zover and end <ap
of the inner container are constructed similar to the box tc provide a

‘2-inch annulus around the fuel, except at the ends, when the box is closed.

A pressure relief valve is installed on the end cap, capable of passing
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(2-cfm air autamatically to a 0.5-psi pressure diflerence hetween the oyt-

side and the inside of the box. A rectangular gasket of 30 to 55 duro-

‘meter hollow rubber (isoprene or neoprene) provides a cormleted seal wich
:the cover and end cap in place. Closure of the box is ellncred br 1S
-commercial grade, plated, 3/8 dia. mild steel bolrts.

.The inner container for the RA-3 packaging was constructed in aceonrdonee
with the following General =lectric drawings:

731E674 - Revision 7
. T69E231 ~ Revision O

"1.3.1 Test Containers

RA-3.inner container serial number I-2004 was selected fmm
inventqQrv for the tests. It was manufactured by Precision letal
Products, Wilmingtcn, North Carolina in January 1980.

1.3.2 Test. load

The container was loaded with two dummy fuel assemblies that u
manufactured in accordance with General Electric Corpany's [
Fabrication Cperation procedures. They were essentially iden
in all respects to production bundles except their rods con ‘:m
lead filler rather than U0y pellets. The test bundles were fub
cated in accordance with G.E. Fuel Production prooedu.res.

1.3.3 Container Packing ; .

The two dm'rmv bundles were packed into the inner container, serial
nurber I-2004 per Packaging Data Sheet No. PD-016H, excent the
paragraphs pertaining to the outer wooden container were not appli-
‘cable.

" 2.0 ACCEPTANCE CRITERIA

»

The a.pplicable criteria for accertance are specified in 10 CFR 71.36(b).

10CFR 71.36(b): A package used for the shipment of fissile material
shall be so designed and constructed and its contents sco limited
that if subjected to the hypothetical accident conditions speci-
fied in Appendix B of this part as the Free Drop, Puncture,
Thermal, and Water Immersicn conditions, in the sequence 1isLed
in Appendix B, the package would be subcritical. In determining
whether this standa.rd is satisfied, it shall be assum=d that:
lOCFR 71.36(b)(1): The fissile material is in the most reactive credible
, configuration consistent with the damaged condition of rhe package
: and the chemical and physical form of the contents;
10CFR 71. 36(b)(2): Water moderation occurs to the most reactive credi ole
extent consistent with the damaged condition of the packaze and
the chemical and physical form of the contents; and
1OC.TR 71.36(b)(3): There is reflection bv water on all 51des and 3s
" -close as is consistent with the damaged condition of the package.
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3.0 TESTING

e hvnothﬁtical accident condition tests were-conducted in the seguenc
soec fied in Jdppendix B to 10CFR71. to evaluate the ability of-the package
to withstand cumularive damage of the four tests. The tests,. as specilied
in above mentioned regulation are as follows:

a) Free Drov - A free drop through a distance of 30 feetr conto a flat
.essentially unyielding horizontal surface,-striking the surface in
.2 position for which maximm damage is expected.

b) :Puncture - A free drop through a distance of 40 inches striling,
in a position for which maximum damage is expected, the top end of
-a vertical cylindrical mild steel bar mounted on an essentially
unyilelding hoxizontal surface. The bar shall be 6 inches in dianerzr,
with the top horizontal and its edge rounded to a radius of not ~oie
‘than one-quarter inch, and of such a length as to cause maxdiram
danagn to the package, but not less than 8 inches lcnz. The long

axis of the bar shall be perpendicular to the unvlelaﬂnw horizonial
surface

c¢) Thermal - Exposure to a thermal test in which the heat-input to the

package is not less than that which would result from expeswre of
the whole package to a radiaiton environment of 1,473°F. for 30
minutes with an emissivity coefficient of 0.9, assuming the surfaces
‘of the package have an absorption coefficient of 0.8. The package

* shall not be cooled artificially until 3 hours after the test period
unless it can be shown that the temperature on the inside of the
package has begun to fall in less than 3 hours.

d) vater Immersion (fissile material packages only) - Immersion in water
to the extent that all portions of the package to be tested are under
at least 3 feet of water for a period of not less, than 8 hours.

3,1 Test Procedure

3.1.1 Free Drop

The top edge of end which has the bolted end cap was establishe:d
to be the surface most vulnerable to praduce a failure of the
closure. "The container was oriented such that its attitude at
impact was about 259 from vertical and would impact at the cover
end cap interface; this attitude was maintained through the use
of guying lines attached to the containers.

The contaaner was raised by a crane to a 30 foot height at approx-
imately 25° angle as shown in Photograph No. 1. The height was
determined by a measure weighted cord attached to the contfainer.
The quick release mechanism was activated and the containew fell
free 30 feet (Photogranh No. 2) impacting at the predeterminec
angle and point of imprct (see Photographs No.” 3 and 4), ¢cnzo a
flat reinforced concrete pad.




" 3.1.2

"3.1.3
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Resﬁlts

Damage was confined to the inpacted area. End of the container

- was daomaged and one of .the 14 cover bolts broke losss (Phctograrhs

No. 5 and 6); however, the remaining 13 cover Lolts zad the 4 c¢n
the end cap held the cover and end cap securelv in piace as
evidenced bv Photographs No. 3, 4 and 3.

Puncture Test

The container was free dropped through a distance of 40 inches.
striking the top end of a vertical steel bar mounted on a reinforcad

concrete pad. (See Photograph No. 9). The bar was fakbricated per
the requirements of 1CCFR71 (Aprpendix B).

A vertical drop with the packuge impacting on the 15-gauge containe
bottom equidistant from both ends was considered the most vulnerabl
orientation to puncture.

e
Results

The container was indented as seen in Photographs No. 8, 9 and 10,
but there was no puncture. These photographs, as well as No.'s 12
and ‘14 indicate that the container was bowed several inches and
still remained intact. ' ' :

After completion of the puncture test, the. cover and esnd cap were
removed and a visual inspectiocn of the fuel bundles revealed cne
broken fuel spacer and deformation of the upper tie plate handle.
Photographs 11 and 12. There was no indication of fuel rod rupture
as was substantiated by the Fuel Quality Control Engineering rencrt

.dated August 11, 1980 (see Appendix 1).

Thermal Test

A Thermal Test of Container No. I-2004 followed the 30 foot free
drep. and puncture tests. The thermal test conducted required expo-
sure to an environment of 1,4750 minimun for a period of 30 minutes.
Since an actual gasoline fire with open flames provides tiie mest
realistic means of satisfying the requirements of 10CFR71 thermzl
test, this method was chosen for the RA-3 inner container test.

Test set-up ds shown in Tig. 1 was used. The gusoline and water
supplies were located 100 feet from the fire pan. A thermocouple
mounted on the closure adjacent to the slight opening of the con-
tainer lid monitored the flame terperature using a Honeywell Mocel
R7353A Dail-O-Troll, Serial No. 7812-3849, which was calibrated
using a West millivolt pot that has traceability to the National
Bureau of Standards.

A rectangular, steel fire pit with the container mounted 2 feet
above the surface allowed for approximately 2 feet.of flumes around
all sides of the container. By using the open gasoline firs, the
emissivity and absorbtion coefficients were in accordance with those
specified in 10CFR71, Appendix B.

—4- |
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3.1.3. l' T2st Procedure

approxirately 100 gallons of water were fed intc the nis

- - Lad

resu.ting in a water level of 5 incnes. Approxcma

velv 37
gallens of gasoline were then fed into The stesl Ffire ri-
to I"'m a layer of fuel about one inch desn on tap of i

water surface.

After ignition, (see Photograph No. 13} the fuzl and water
supplies were turned on and manually controlled to one’
gallon per minute of water and 15 GPI of fuel o maintain
a fire that completelv enveloped the RA-J inner contairer,
Photographs No. 16 through 23 are randcm nhotegraphs taken
during the test. The temperature measured on the surfacs
‘of the test container increased rapidly to 1,473°F, (Pa
graphs 24, 25 and 23) and exceeded that throughout the tes-
with a maximm temperature of 1,6400}“. being reached. The
full fire test continued for 30 minutes, burning 370 zai

of fuel during that period.

b 3

OT=-
"
ok

1 <t
aw

Results

Preliminary visual inspection after the thermal test showod
no significant damage to the container, its cover or end oo
that would affect criticality safety considerations. It was
also noted that the intense heat of the fire and the weiczh
of the dummy bundles straightened the R\ container thar Was
bowed several inches after the puncture test. (Cerpare Dhor
graphs 13 and 14 with Photographs 27 and 28.)

3.1.4 Water Immersion Test

3.1.5

After the fire test, container no. I-2004 with the two dumy bundics
was allowed to cool down for the prescribed period of tirme, and rhcn
placed in the water immersion pit (see Photogranhs 29 and 30) under
3-1/2 feet of water. It remained submerged' for 8 hours.

Results

|
Water leaked into the container since the gaszet was consured durinz
the fire test. The presence of water in the container fecr S hours
caused no undue affect on salety since criticality analysiz took this
into account. And finallv, the presence of water for 8 hours causad
no damnge to the fuel rods, as evidenced by the Quality Centrol repor

Post Test. Inspection

Following immersicn as descriBed, the container was opened and inspec
ted. There was no nhysical damage to the rods in the dumy bundles .
as was reported in the Fuel Quality Control Engineering rewort datod

dugust 11, 1980 (Appendix 1).
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4.0 CONCLUSICN ’

. : Hymothetical accident condition test specilied ia TOCFRTL, Appendix B, have be s !
conducted, witnessed by Qualicty Control Inginecring wnd have nassad the ascenIancs

|

A - o
criteria., ‘
i

The General Electric lodel No. RA-3 metal inner fuel suipping econtainer with wio
dummy fuel bundles has beel subjected to the hipothetical accident conditions
specified in Appendix B of 10CFR71: the Free Drop, Puncture, Theérmmal, dud Water i
Immersion tests, in the sequence specified by the regulation.

[t is concluded that the RA-3 irner container has Successtully passed the accep—
tance criteria due to the following:

.
. !

4.1 The cover and end cap remained intact. There was one bolt fullwre in tre
. ‘cover, but  13'bolts are more than adequate to secure *ha cover. ATl Four
end cap volts remained intact. Therefore, the contunzs would be conrained
'inside the package. |

Q

1.2 There were no ruptured fuel rods. Therefore, the fuel pellets would ne
contained inside the rods. .

4.3 There was no significant deformation to the container externally. the end
cap or the inside angle spacers, and the basket that supports the fuel.
Even though the container was bowed after the Puncture test, the wngl: -

spacers in the container maintained the spacing required so thar crirical-
ity safety considerations_ were not affected.
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' @ §+292+ 6072 oaree” August 11, 1980  coeese
| (vt WMD-FOCE

szzacsse M/C H—39 Wilmington, N.C.

sesrccrs RA CCHTATHER BURN TEST INSPECTION

raCKag1ng'ihgineer
M/C 512, San Jose -

Per your request, the RA container and dummy bundles used in the burn test on
6/18/80 were visually evaluated. Container and bundles were steam c]eaned orior
to inspection. Listed are my observations and comments.

A) RA container had. sone wrapage of metal, but no rupturing occurrea.
B) A1l ethafoam and 1id gaskets were completely destroyed.
C) PResidue from piastic fuel rod separators was accumulated on

lower tie plates and the lower eighteen inches of rods. (This
probably occurred during 1ifting of RA after test.)

. -~ D) Dummy bundles show no signs of heat releated damage. (-End.
: plug welds and cladding show no signs of rupturing or heat
damage. )’

E) C]add1ng had smoke and carbon resqidue wh1ch should be c1eanab}e,
no heat deformities noted.

My observation is that there was no physical damage to rods in dummy bundles,
only surface damage (residue, smoke) to bundle components as a result of ethafoam
and plastic separators residue, - ‘

3

ohn Ragxnég Specialist

Fuel Quality Control Engineering
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Appendix 2C

DESIGN AND TEST INFORMATION OF THE PREVIOUSLY
- . DESIGNATED RA-1 INNER AND OUTER CONTAINERS
o USED FOR SHIPPING BWR FUELS

(From Appendix C to Section 2.0 of General Electric’s March 17, 1992
Consolidated Application for Certificate of Compliance 4986)
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APPENDIX C TO SECTION 2.0 .

DESIGN AND TEST INFORMATION OF THE PREVIOUSLY DESIGNATED RA-1
INNER AND OUTER CONTAINERS USED FOR SHIPPING BWR FUELS

NOTE: The RA-1 package was the first licensed shipping container
for the transport of BWR fuel. While once incorporated in
the authorjization of certificate USA/4986/B()F, it is no
longer in use. '

NRC CERTIFICATE OF COMPLIANCE NO. 4986
LICENSE: SNM-1097 DATE: 3/17/892 Page
DOCKET: 71—4986 REVISION: 0 ) 2-C1l
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MODEL RA-1 PACKAGE = —

The Model RA-1 package consists of a right rectangular metal
inner container within a wooden outer container and
separated Irom the outer container by cushioning materizi
Descriptions of these containers and of the structural
evaluation thereof are given below.

Description of RA~1 Inner Container

'The inner container of the RA-1 model package is a metal
‘consisting of an outer shell and perforated inner basket
"separated by structural angle iron.

box

-The outer shell is formed oI minimum-.l6-gauge carbon
tsteel plate with an integral welded end of the same

‘material. Four angle stiffeners made of ll-gauge carbon

- ,steel, are welded-on approximately four inch centers

to the outer surface of the end plate. Approximate dimensions

of this inner container are 1l inches high, 18 inches wide,
and 174 inches long. '

?he inner_bisket is constructed of 16-gauge carbon steel plate
with 3/4 inch perforations on 1 3/4 inch centers. It is.
-Qelded to the upper edge of the outer shell to form two U-shaped
channels approximately 6 7/8 inch square in cross-section. The
iéhannels may be lined with low-density ethafoam cushdoning
cemented in place with perforations matching the size and
;ocations of those in the inner basket.

To support the inner
basket within the outer shell,

four 3 inch x 3 inch angle
iron spacers made of 1/8 inch thick carbon steel are positioned
longitudinally along the entire length of the body.

*No longer in use. Description included because of
references in other sections of this consolidated
application to analyses performed on this inner container:

NRC :CERTIFICATE OF COMPLIANCE NO. 4986 B

LICENSE: SNM-1097  DATE:  3/17/92
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The cover and end cap of the inner container are constructed
similar to the box to provide a 2 inch annulus around the

fuel, except at the ends, when the box is closed. A mzpualle

operable pressure relief valve is installed on the outer shell,

capable of passing 2~-cfm air automatically to a 0.3-psi

pressure diiference between the outside and the inside oFf

the
qu.

A gasket of 1/2 inch thick hollow rubber (isoprene or
neoprene) provides a completed seal with the cover in place.
Ciosure of the box is effected by bolted'assemblies, latches

("Camloc,'" 3711 series) or equivalent which are inaccessible
during transport.

Description of RA-1 All-Wood Outer Container=

The all-wood outer container is a box with dimensions of
33 inches high, 32 inches wide, and up to 207 inches long.
It -is fabricated of 1/2 inch plywood,

cleated with nominal
2 inch x 4 inch studs,

and mounted oa a 32: inch platform
copstructed with nominal 2 inch X 10 inch planks with tolted 4

inéh X 4 inch skids. Internal cushioning consists of 2
inch layers of 3/8 inch cell kraft fiber honeycomb inprégnatea
with phenolic resin. Three such 3-inch layers are used to
liﬂe the inside of the béx at the ends, while one such layer
iS'hsed for the top, bottom, and sides. The remaining inner
space at the ends is filled with expanded polyethylene
cﬁshioning. Five pads of expanded polyethylene cushioning,

three inch in thickness and 12 inches wide, are placed

*No .longer in use. Description included because of
-referefices in other sections of this consolidated application
to analyses performed on this outer container.

NRC CERTIFICATE OF COMBLIANCE NO. 4986

LICENSE: SNM-1097 DATE : 3/17/92
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inside the box centered over the transverse skids at the
sides, top and bottom of the box. The box has no attached

lifting or tiedown devices.

Structural Analvsis of RA-1 All-Wood Quter Container

A:completé seructural analysis was performed for‘the all wood

" outer container described on page 2-C3. This analysis wéas
reviewed and approved by registered professionzl engineers
in the State of Caliﬁo&nia, GE #17022 'and MET. E. #301. The
analysis demonstrates that the container performs very well
with respect to the tests described in 10 CFR 71.34(a).
Detailed data of the analyses are given in Table‘l, page

2-C86.

’

Structural Evaluation of RA<1 Package with' All-Wood OQuter
Container

A: sample RA-1 package, consisting of the inner container

~ described on page 2-C2 and the outer wood container

described on page 2-C3, was subjected to the tests and
' assessments set forth in Subpart C of .10 CFR 71.

Normal Transport Conditions

A. General: There are no components of the packaging or
its contents which.are subject to chemical reaction in
normal transportation environment. The package cannot
be opened inadvertently, uses no coolant, and has no

lifting devices or tiedown attachments.

NRC CERTIFICATE OF COMPLIANCE NO. 4986
LICENSE: SNM=-1097 DATE: 3/17/92 .Page
DOCKET: 71-4986 REVISION: 0 2-C4
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B. Thermal: None of the components-of the fuel assemblies
or the inner metal container on which containment integrity
. ' . and nuclear safety depend are significantly afiected by

1 .

temperatures within the range of -100 ¥ to 130° F

C. Pressure: The breather valve opens automatically when

the inner contaizer is subjected to = 0.5 psi pressure

differential. Therefore, there is. no effect on the
packaging from an environment of 0.5 atmosphere.

Vibration: 4 3" thick layer of honeycomb cushidning
: material surrounds the inner metal container at the sides,
top and bottom with an additional 9" thickness at the

ends. The ethafoam cushioning is slightly compressed in

ey

final closure and banding of the outer container and is

- therefore not free to shift during traasport. Since the
bolted assemblies* or latches on the metal container are
. pinned, they cannot loosen during normal transport

- vibration or shock even were such vibration able to

: penetrate the cushioning material.

E. . Water Sporav & bron Tests: The copplete,package is
fdesigned to protect the fuel assemblies within the inner
‘metal container from loss of containment integrity or
:change in nuclear safetry reliability by virtue of thick
‘cushioning material surrounding it. The shock absorbing

o :qualities of this material and of the heavy wooden cleats
'at the corners, edges and at all joints in the plywood,
.supplemenfed by the inherent resiliency of nails and
steel'bandé used in final closure of the ocuter package
constitute a more than adequate buffer against the ‘
subject tests. This conclusion is further supported by

| analysis of high speed motion pictures recorded during
the 30-feet drop test, described omn page 2-C%, in

*Bolted ‘(lug) assemblies are features on both the RA-2 -and
RA—3 inpaer metal conrazipners

N’RC;CERTIFICATE- OF COMPLIANCE NO. 4986

. LICENSE: SNM-1097 DATE : 3/17/92 Page
. DOCKET:  71-4986 REVISION: 0 2-CS
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RA-1 ALL WOOD QOUTER CONTAIVER
‘Propertyv
CONSTRUCTED MATERIAZL
1) Frame . 2" x 4" Wood?3
. = Ultimate Strength 1,750 psi
. — Compressive Strength 1,400 psi
" - Shear Strength 125 psi
" = Ductility (%) No value
" = Modulus of Elasticity 1,760,000 psi
2) Panel CDX Plywood®
- Ultimate Strength 2,000 psi
- Compressive Strength 1,800 psi
' - Shear, Normal to Face . 250 psi
: : ' 2
LOAD CARRYING ABILITY
1) Frame '
- Tension 10,500 1bs
- Compressiocn 8,750 1lbs
- Shear ' . 750 1bs
2) Panels
- Tension ' 1,000 lbs
- Compression 800 1bs
- Shear 125 1bs
FASTENINGS 20 Penny Nails
. Spaces 9" Apart
1) Lateral Allowance ‘ a
Load 3 94 1bs '

1”Consolidared Appliecation for an NRC Certificate of Compliance
for the General Electric RA-Series Packages,'" General Electric

Company, January 28, 1975. .

> Engineering Report #6-9004-1, "Comparison of GE Quter Shipping
Container 731E283 with ECC OQuter Container 200001," C. H. Martlg
and J. G. #Hill, Envirommental Container Corporation, November 11. 196°

NRC CERTIFICATE OF COMPLIANCE NO. 4986

LICENSE: SNM~-1097 . DATE: 3/17/92 Pzqge
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Timber Construction Manual, Table 2.13, page 2-44, Industrial

‘ Douglas Fir

* Timber Consrruc*lon Manual, Table 4.10, page 4-98, Exterior Grade
PW\uooa

> The Wood Handbook, U. S. Department of Agriculture, =
173 and 182.

~)
[\

which the flexibility of the package under impact is
clearly evident. ’

Since the package is designed to remain suberitical
assuming+any degree or credible mode of inleakage, iz

was not necessary to subjéct the package to 2 water spray
test. However, as a result of a specific request made

on 4/13/81 by the NRC, a water spray test was conducted
on 9/25/81. The test is documented in the 1/14/82
_report.contained in Sectiom 7.0.

ﬁ. Penetration: Tests were conducted in which the flazt

R Circular end of a vertlcal steel cylinder 1 1/4" in
' - . : dla.meter weighing 13 pounds was dropped four feet onto

; the center of the 1/2" plywood outer contalner No

| . damage resulted after four drop “tests.

G. Compression:’ Tests were conducted in which six loaded
'packages were stacked. There was no visible or measurable
damage to the container on the bottom of the stack.

1.4.2 Hypothetical Accident Conditions

4. Free Drop:l)Table 2, page 2-CS contains details of the
; 30-feet free drop test conducted with the RA-1 package
o ' consisting of the inner metal container described

on page 2-C2 and the all- wood outer contalner described

on vage 2-C3.

NRC CERTIFICATE OF COMPLIANCE NO. 4986
. . , LICENSE: SNM-1097 DATE: 3/17/92 ‘ D
| DOCKET; 71-4986 REVISION: 0 2-C




The inner metzl container oI the RA-1 package which was
subjected to 30-feet drop tests, is closed with the
"Camloc! latches.=*  Minor damage occurred to several
latches but there was no container lid separation. The
metal bolt closure is structurally equivalent To the
latch. A ccmparison of the latch and bolt closure
indicates that both are welded directly to the metal
RA-1 container with approximately the same surface area

of weld.

EMF-1563
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*These latches have been replaced on the RA-Z and RA-3
inner containers, with bolted (lug) assemblies zas
illuStr%ted in Sections 6.1 and 6.2 and on drawings
769E231 and 769E232, location L-2,

NRC CERTIFICATE OF COMPLIANCE NO. 4986

'LICENSE: SNM-1097  DATE:  3/17/82 . Page
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. TABLE 2 .
DETAILS OF 30-FT FREE DROP TEST CONDUCTED ON RA-1 PACKAGE

Height

30-ft measured by weighed string hung from bottom of package

Attitude of Impact

Long axis about 25° from vertical

Impact Surface of Package

Top. edge of end which has the clamped end cap on the inner packags,
(From a series of drop tests of an earlier prototype, it was clearly
established that the end cap and cover edge was the most vulnerable
impact attitude. Previous drops also included flat on the cover

) o

surface and flat on the bottom.)

Surface Struck

18" thick concrete pa.d.~ Pad not damaged by test drop.

Contents

Two simulated fuel assemblies each fabricated of 3/4" diameter steel
rods 157" long over a wood core and welded to typical Teactor fuel
assembly hardware at both ends. Dummy dimensions - 6" x 6" x 174"
long, weight - 632-1bs each.

Results

Damage confined tb' impacted_azga. ZIZnd of outer box separated from
body exposing inner container but inner container still in position
in outer container. End cap of inner container was still latched

but gasketed surface not in contact with shell flange along ‘one end
of end cap:. Subsequent immersion would have permitted waTer leakage
into inner'container. End cap had to be unlatched and pried off with
a tool in order to permit subsequent removal of cover and fuel
assemblies. Two-inch annulus remained intact except in a2 3" long
area at one end of the cover where resulting space averaged about

one inch: :an insignificant (1%) portion of the total container
surface. i

NRC CERTIFICATE OF COMPLIANCE NO. 4986

LICENSE: SNM-1087 © DATE: 3/17/g2 Pace
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A. 2) The structural support of the latch is a 35/16'7 steel —

bolt. The structural support of the bolted closure

igs a 3/8" steel bolt.

3) The lugs will be welded on the PA~1l container in the

same number and location as the latches.

The bolted closure has a Tinnerman, No. C7857-3816-24

threated cage nut securely fastened to the bottom of the

bolt assembly. This bolted closure is secured or released

by using a hand wrench.

It is General Electric's view that the bolted closure

assembly represents the same degree of safety as the

latched assembly.

B. DPuncture: In view of the fact that the inner metal

container remained firmly within the outer packaging,

and since the inner package was properly designed to

remain suberitical with water inleakage such as that woich

could result from a puncture, an actual puncture .test

was not conducted.

C. Thermal: An actual thermal test was not conducted but

the outer packaging and cushioning material was asSumed

to be completely coansumed under thermal test conditions.

However, the remaining inner package is constructed of

noncombustible material ard the minimum melting point of
the fuel material is 4360° F. The pressure relief valve
permits escape of heated air from the metal container.

Therefore, this device would prevent rupture of the

container even if the gasket did not melt to allow

. pressure relief. The 18-gauge steel container is inter-

nally braced with lengthwise angle iron on both sides

and bottom; the cover is similarly braced.

Previous tests

of an 18 gauge S55-gallon drum in a jet fuel fire which

NRC CERTIFICATE OF COMPLIANCE NO. 4986
LICENSE: SNM-1097 DATE: 3/17/92
.DOCKET:  71-4986 REVISION: 0
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exceeded an exposure temperature of 14750 F for more thap
.. ' 30 minutes produced no melting or distortion of the outer
surfaces. It is, therefore, concluded that a similar
thermal test at 14750 F for 30 minutes would resul: in no
damage to the Model RA-1 inner container or its contents
more severe that the assumed conditions considered in the

criticality analysis presented in Section 8.

D. Water Immersion: Since the package 'is designed to remain

‘ suberitical assuming any degree or credible mode of water
inleakagg, it was not necessary to subject thé packagé to
an immersion test.

NRC CERTIFICATE OF COMPLIANCE NO. 4986
‘ . LICENSE: SNM-1097 ~  DATE: 3/17/92 : Page
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Appendix 2D

DESIGN AND TEST INFORMATION FOR EARLIER VERSIONS
OF THE RA-2 INNER AND OUTER CONTAINERS
USED FOR SHIPPING BWR FUELS

(From Appendix D to Section 2.0 of General Electric’s March 17, 1992
Consolidated’ Application for Certificate of Compliance 4986)
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APPENDIX D TO SECTION 2.0

DESIGN AND TEST INFORMATION FQOR EARLIER VERSIONS OF THE RA-2
INNER AND OUTER CONTAINERS USED FOR SHIPPING BWR FUELS .

NOTE: ' The RA-2 outer container has been replaced by the RaA-3
. outer container. The RA-2 inner container has been
modified and re—evaluated.

NRC CERTIFICATE OF COMPLIANCE NO. 4-_9'86
LICENSE: SNM-1097 DATE: 3/17/92 Page
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1.0 MODEL RA-2 PACCI\.AGE - Appendix 2D

The model RA-2 package consists of a right rectangular metal.F29830f5
inner container within a wooden ocuter container and separated

from the outer container by cushioning material. Deéériptions

of these containers and of the structural evaluation thereof

are given below.

1.1 - Description of the Ria-2 Inner Container

The :inner container for the model RA-2 package is identical

to fhat,described on page 2-C2 for the model RA-1 package.

with the following exceptlons:

© The RA-2 inner container is longer (179 1/8 inches in
Iength) to accdmmodate fuel assemblies, by redesigning
the end cap. |

0. ASTM A-307-2 bolts used to fasten the RA-1 end cap are
replaced by stronger ASTM A-354-BD bolts for the RiA-2.

The inner container is constructed in accordance with the

following General Electric Drawing:

o T69E232 -~ Revision 3

Section é.l tontains a copy of this drawing.

1.2 Description of RA-2 All-Wood Quter Container=

The RA-2 ocuter container has a 1/2 inch plywood sheet

! faced with 1/8 inch steel sheet replacing the 3'inch
thigk ethafoam pad at each end of the box.
Tne purpose of the cliange is to elongate the cavity of tihe
outer cdntainer to accommodate the longer inner container.

!

*No longer in use. Description included because of references in
other sections of this consolidated application to analyses
performed on this ocuter container. .

. NRC CERTIFICATE OF COMPLIANCE NO. 4986 |
LICENSE: SNM-1097 DATE: 3/17/92 Page
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The RA-2 package evaluation is based on assessment of the

effect of differences from the Sub-lodel Ra-1 design on the
results of the 30-ft free fall to which an ‘Ri-1 prototype
was subjected in 1966.

In that test, described on page
2-C9,

the end of the outer box separated from the body,
exposing the end of the inner container, but with the inner
container still in position in the outer container,

The end
cap, although not undamaged,

was in place and latched such
that the fuel assemblies remained securely retained in the
as~-shipped configuration.

Several design changes are made in the RA-2 design to maintain
the same impact resistance characteristics of the package

system with the hew longer inner package.

These are described
bele.

1.2.1 Cushioning

ottt ehudivdond - X .

The outer container of the RA-1 package has three 3" lavers of
3/8" cell phenolic resin impregnated kraft fiber honeycomb -
with an, impact resistance :of 75-psi and a 3" layver of etha-
foam at each end.
package,

In the outer container for the RA-2
the honeycomb impact resistance is increased to
*290—§si by the use of heavier weight paper. For the outer
.contéiner, the ethafoam (3" thick pa&s at each end)

useqein the RA-1 is replaced by a sheet of 1/2" plywood

faced with a 1/8" steel sheet. Calculations of the impact

resistance inherent in the RA-1 end cushioning brought to

*This evaluafion has been reassessed. See Appendix A to this Chapter,
especially sections 2.2, 2.2.1, and 3.3.

NRC CERTIFICATE OF COMPLIANCE NO. 4986
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Q' ' absorptlon strength in the ‘hypothetical accident condltlon

‘and was designed primarily to minimize shock and vibration in
‘ _ normal transport. Further, it was discovered that _o_n_J_._\_ the

' area of honeycomb cushioning equlvalent to the end cap area
was utilized in the RA-1 arranoement

To correct this deficiency¥ a load spreading steel plate

1/8" x 15" x 20" held in position by a 1/2" plywood sheet;
'is*substituted for the ethafoam pad.. By this arrangement,
thé inner metal container weighing a total of 1865 pounds,
and contents, as loaded with two assemblies, would result in :
-a 300 square iﬂéh impact area on the 290-psi honeycomb and
reduce the impact velocity of the metal container to zero*
in the 30-ft free fall with a 8.4" thickness of honeycomb. i

It is, therefore, concluded that the 9" thick honeycomb pad

more than adequately prdtects the inner container against '
‘loss of the fuel assemblies even ﬁithout the further box
strengthening described below.

)b

.3.2 _Joint Strength for Inner Containers’

ASTM A-307 Grade A-type bolts are authorized as an alternative
to ithe latching mechanism used on the RA-1 drop-tested proto-
type. The RA-2 inher container is equipped with stronger
‘bolts - ASTM A-345-BD - at the end cap lug positions.

Stress calculations for .the RA-2 with the longer end cap
clésed by these 90,000-psi yield strength bolts indicated
there will be no bolt bending, bolt direction shear, weld
shear or box bending forces in excess of that strength.

*This evaluation has been reassessed. See Appendix A4 to this,Chaptef,
expeciall} séctions 2.2, 2.2.1, and 3.2

NRC CERTIFICATE OF COMPLIANCE NO. 4986 ,
. 'LICENSE: SNM-1097 DATE 3/17/92 Page |
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B | " TEST RE.PORT FOR WATER SPRAY OF RA-2/RA-3
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(From, Appendix E to Section 2.0 of General Electric’s March 17, 1992
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APPENDIX E TO SECTION 2.0

5 TEST REPORT FOR

- WATER SPRAY OF RA-~2/RA-~-3

FUEL SHIPPING CONTAINER
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TEST REPORT

FOR

WATER SPRAY OF RA-2/RA-3 FUEL SHIPPING CONTAINER

In accordance with criteria for compliance with 10 CFR 71.35

BY

JOHN. A. ZIDAK
MANAGER
Packaging Engineering
General Electric Co.

Nuclear Energy Traffic Operation
San Jose, California

2

DATE ISSUED .Januarv 14, 1982
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TEST REPORT
FCR

WATER SPRAY OF R\-2/RA-3 FUEL SHIPPING CONTAINER

1.0 INTRODUCTION
1.1 PURPOSE

. The purpose of the test described, was to determine the effects
- of, and take into account for NRC Certificate of Compliance
application, the water spray test specified in 10 CFR Part 71,
.Appendix A - Normal conditions of Transport.

iTest was requested in a letter from NRC dated AorillIS, 1981,
. "relative to application for renewal of NRC Certificate of COrDl-a e
. No. 4986. -

1.2 TEST DESCRIPTION

A representative RA-2/RA-5 outer wood container was selected from
. inventory, and was to be tested to the requirements of 10 CFR 71,
" Appendix A, Paragraph 5, which reads as follows:

" A water spray sufficiently heavy to keep the entire exposed
surface of the package except the bottom continuously wet,
during a period of 30 minutes.

However, the test conditions used, which are more demanding, were
those specified in proposed revised 10 CFR 71, Appendix A, paragrzapn
6, which reads as follows: 1

A water spray that simulates exposure to rainfall of approximatelyv
S cm (2 in.) per hour for at least one hour.

.Since both model RA-2 and RA-3 containers are essentially the same
with respect to their wood construction, phenolic impregnated
-paper honeycomb and foamed polyethylene impact limiters, testing
one representative container is considered to have satisfied the
requirement for both the RA-2 and RA-3 containers.

1.2.1 TEST PLAN

The test was conducted in accordance with the test plan
dated September 21, 1981 that was approved by Packaging
Engineering, Traffic and Materials Distribution, Fuel
Quality Engineering, Nuclear Safety Engineering ana
Licensing and Comwllance Audits. :

lPronosed requirements .were published in the Federal Register, on 8/1,/ 2,

at FR 44 48“34




.proposed rule published 3/17/79, 44 Federal Register 18234°)
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1.2.2 CONTAINERS USED ‘

Inner container model RA-2, serial number I-0S¢
container model RA-3, serial No. RIZ31 wers sel
inventory for the test (see rfigure 1).

1.2.3 TIME, LOCATION AND ENVIRGNMENT

The test wus conducted on September 25, 1981

1 at Container
Products Corporation, 23rd Street, Wilmington N.C. betwveen
the hours of 1:00 p.m. and 4:00 p.m. It was nelu outdoors,
the weather was sunny, temperature approXimatelv S0°F with

a slight breeze, about 5 miles per hour.

1.3 PACKAGING DESCRIPTION

The RA-2 and RA-3 packagings are right rectangular boxes consisting
of a wooden outer container approximately 207 long bv
31" high, and a smaller steel inner containér. The outer DOX is
lined with cushioning material that supports and locates the inner
container. The cushioning material is closed cell foamed polyethylen
(2.2 1b per cubic foot den51t») which i1s impervious to water, and,
‘water-resistant phenolic resin-impregnated, paver honevcomb. Closurs
of outer container is accomplished by thirty 3/$§" diameter belts.
The metal inner container has water tight, gasketed closures th

are secured by 3/8'" diameter bolts. Total packaging weight is
approximately 1400 pounds.

1.4 TEST SET-UP

30" wide bv

/|

'_‘.‘

al

Spray test equipment consisted of a rectangular manifold pipe 21 fee
long and 6 feet wide. 24 noz:zles were utilized, 10 nozzles on each
side, and 2 on each end (see figure 2). The noz:zles were mounted

1 feet above the ground and were angled downward at 13°. Three

receptacles were used to collect the spray water for measurement
at the end of the spray period.

+~

-

1.5 PRE-TEST INSPECTION

Prior to testing, the containers were open and inspected by a Fuel
Fabrication Quality Control inspector to verify they were drv inside
and all component parts were present and undamaged. Criteria same
as for production packaging (see appendix 1).

2.0 TEST PROCEDURE

The drv package was centered under the spray fixture and the water
turned on (see figure 3). The outer container was spraved with water
for one hour. (This is double the time duratién of one half hour,
currently required by 10CFR 71.)} Spray water collected in the three
cvlindrical receptacles was measured to be 2-3/8 inches, 3 inches, and
1-7/8 inches, depending on location during the sprav period. The measured

watér level exceeded the proposed requirement of 2 inches ner hour. iReZzrancs

The entirs
exposed surface of the package except the bottom was kept wet during the

one ‘hour test period, as required by 10CFR "1 Appendix A.
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During the test it was noted that the water sprav impinging on

the container was heavier than on the three cyvlindrical receptacles.
Also, water pooled on the cover between the cleats, to a depth of
174 inch, and drained away through slots in the cleats provided for
this purpose see {figure 1).

POST TEST INSPECTION

Upon completion of the test, the bolts and steel straps were removed frc

the outer container and the cover removed. A small amount of water (less
than 2.0 fluid ounces) was scattered on the length of the polvethylens shroud
that covers the inner container (see figure 5 and 6). The inner container
was removed and the following observations were recorded:

(a)
®)
©

- (d)

(e)

().

Cg)

The phenolic-impregnated paper honeycomb and polyethylene -foam
impact limiting material was dry in both ends (see figure 7).

‘The metal and wood plates at both ends were drv.

The north side (as oriented during test) showed water inleaxage.
However, less than 3% of the visible honeycomb was damp (see
figure 8). Damp area pattern was essentially vertical. Foamed
polyethylene parts were not damp to -touch.

The south side showed water leakage, with about 6% of the
visible honeycaomb being damp to touch (see figure 9, 10,
and 11). - Again, damp area pattern was vertical. Plastic.
parts were not damp to touch.

On the bottom, 2 of S plastic cushioning pads had drops of
standing water, estimated in total to be less than 1 ounce.
The other 3 were dry.

On the bottom, about 10% of the visible phenclic honevcomb was

damp to touch (see figure 11). Damp areas corresponded generally
to damp areéas on adjacent sides of container, described earlier.

In crevices at edges of honeycomb, some moisture was observed

on the wood bottom. Visible water was limited to a few drops. All
pieces of plastic and honeycomb cushioning were checked and it

was determined that none had come loose, indicating that adhesives
had not  functicnally weakened where water had touched them.

After removal of the inner container, its cover and end cap

were temoved, and inner container parts oriented so that

any trapped water would drain in a manner to be visible.

No water was found in the inner container, and touch inspection
of accessible areas also indicated no moisture. It was concluded
no water entered the inner container.
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+ ACCEPTANCE CRITERIA

The applicable acceptance criteria for meeting the requirements of
10 CFR T1.35

(a) 10 CFR "1.55(a)(1l) requires that there will be no release of
radioactive material from the containment \_-:el undsr nermal
conditions of transport.

(b) 10 CFR 71.55(a)(2) requires the effectiveness of the package
will not be substantially reduced under normal conditicns of
. transport.

(¢) 10 CFR 71.33(b)(2) requires the geometric form of the p
contents would not be substantially altered under norma
of transport.

In addition the effectiveness of the impact limiters will not be sub-

stantlallv reduced over the shiort or long temm, due to the effects

water spray test.

COVCLUSIOVS

The General Electric fuel shipping container model No. RA-2/RA-3 has
successfully passed a water spray test that is more severe than that
required by 10 CFR 71 paragraph 35. In addition, there was no substantial
reduction in the effectiveness of the plastic and paper honevcomo impact

o
limiters. As concluded. from the following:

Sfl Reliance is placed on the inner metal container to prevent release of
. radicactive material. Wetting the wood outer container does not
© contribute significantly to any weakening of the inner container.

5.2 The impact limiting plastic cushions (foamed polyethylene) are closec
- cell and waterproof. This same material is used as floatation Lu<h10n
on commercial aircraft.

5.3 The phenolic resin-impregnated, paper honeycomb is resistant to water.
Vendor test have shown that it retains 50% of its compressivé strength
after a 24 hour water soak test. (Per Hexcel Corporation report No.
LSR932114 dated January .11, 1980, appendix 2.) After the water sprav
test period of 1 hour, the wet areas of the phenolic-impregnated paper
honeycomb were 0% for ends, about 3% for one side and 6% for the other,
and about 10% in the bottom.
tage of the total, considering that after even 24 hours of soaking
in water, the material retains good compression qualities. Therefore,
the matlmum reduction in strenOth is 1-1/2% for one side, 3% Zor the
other, and 5% for the bottom. It is, therefore, concluded that the

This is a relatively insignificant percsn-

: wetting encountered in the water spray test has no detrimental long-term

" effect on impactlimiting. capabilities.

5.4 Reliance is placed on the inner metal container to protect the geometric
' form of the package contents. Since the wood container would not be
substantially weakened by being wet, it would not contrloute substantial

to any weakening of the inner container.
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Packaging is designed to be water-resistant, not water-proof. -
The outer container, made of nailed and bolted wood and plywood,

. is strong and 1e5111ent It is water-resistant, due to its Loveh*lg

of paint-and sealant, but is not 1mperv1ous to water. No gasket :is
used, and some 1nle1ka0e of water is possible, and even aﬂt;ClDa.vu,

on occasion. Water aucurulatlon on the top of the container is quickly
drained off through slots in the, cleats provided for this purpose.

Maintenance inspections assure that only undamaged containers are
used. Moreover, as required in NRC regulations 10 CFR ~1.54. rcutine
determinations -prior to each use of a package, each container is
inspected to ascertain that it (including, specifically, the paper and

- plastic parts) has not been significantly damaged, either by possible

long-term effects of water or by physical activity such as possible
careless handling. All containers which are ascertained to have
received significant damage are reworked and further inspected prior
to use. Containers which do not meet the criteria after rework are

Continued usage experience demonstrates that containers may become wet
when stored empty at either reactor sites or the WMD site, or when
transported empty without tarpaulin protection. However while the
design life of the outer container is considered to he five years
actual life is longer.

Empty containers are inspected prior to use, as described earlier.

After containers have been packed with fuel bundles, they are stored
only under cover and are transported either in covered. vehicles. or under
tarpaulin protection. Therefore, the bundles afe delivered to reactor
sites in containers whose quality is undiminished from the condition
existing when inspected both before and after packing.
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CRITICALITY SAFETY ANALYSIS FOR FUEL TYPES 61 AND G2
AND FOR OUTER CONTAINER PADDING EFFECTS

INTRODUCTION

The objective is to conservatively demonstrate that the subject generic fuel
types meet the criticality safety requirements of 10 CFR Part 71 for a Fissile
Class . I package. Criticality safety 1is also demonstrated for any
honeycomb/ethafoam thickness in the outer container. ' :

Fuel assemblies typically have one or more "water rods" in locations that
could contain a fuel .rod. . The existing wording in ‘Section 5(b)(1) of the
Certificate of Compliance includes phrases such as "an 8x8 square array of
fuel rods." This could be interpreted to mean that all lattice locations must
be occupied by fuel rods. The generic fuel descriptions in the application
include -unlimited water rods and the criticality safety analysis demonstrates
safety with these water rods.

Attachmeht 3 contains additional data on water rod effects.

METHODS :

K-inf (k £ ) calculations were performed using transport theory codes XSDRNPM
(1-D) and EASMO (2-D) and with the Monte Carlo code KENO-Va (3-D). CASMO was
used for several calculations in a broad-based sensitivity study. SCALE codes.
(BONAMI, NITAWL, XSORNPM and KENO-Va) were used to'replicate selected CASMO
cases. |,

MODEL DESCRIPTION

Packagel

An infinite array of infinite Tlength inner containers was modeled to
conservatively demonstrate criticality safety at normal conditions and at
hypothetical accident conditions. Each package contained two identical
assemblies with an infinite fuel length. ' S

Since the package is symmetric about the plane midway between the two
contained assemblies, models typically included only one of these symmetric
halves (one assembly) to represent an infinite array of whole packages. An
orientation with two assemblies side by side (left-right) was selected for the
model.: Only the left assembly was modeled in CASMO but both halves were
modeTed in KENO. - '

The steeﬁ parts modeled are:

. ‘Two edge-to-edge "baskets" of 0.0598 inch thick carbon steel with 0.75
inch diameter holes in a 1.75 inch square pitch pattern. Accordingly,
the basket was modeled as 85.57 vol% carbon steel and 14.43 vol%
moderation.
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o  The outer shell of the inner container was modeled as 0.0598 inch thick
-carbon steel (100 voi%).

. The annulus between the basket and the shell contains six angles of 0.125
inch thick carbon steel. For the left half (CASMO) model, three angies
were included: one each above, be]ow, and to the left of the assembly.
‘These angles were represented as "smeared” steel in the moderation
occupying the annulus. Other calculations with a more explicit modeling
of the geometry of the steel angles yielded results not significantly
different from the "smeared steel” model. Since peak reactivity occurs
with Tow density interspersed moderation, neutrons have relatively long
mean-free path lengths and would be expected to interact with all steel
in the system. Therefore, the smeared steel model is adequate.

The steel mass in the infinite, length inner container model is about 525
pounds. per 177.6 -inch length. The measured weights of the. three inner
container components (1id, removable end, main body) are.197, 15 and 399
pounds, respectively.- The total tare weight is about 611 pounds. A generous
allowance for the weight of the ethafoam and wood in the samples is six
pounds. . Therefore, the estimated steel weight is 605 pounds.  For the
infinite length model,. twice the mass of the removable end is subtracted to
yield a 575 pound weight. Since the actual system contains cons1derab1y more
steel than that modeled, the model results are conservative.

The basket outer dimensions were.7.0"x7.0" (x infinite length). The assembly
was centered in the basket and .the two baskets were edge-to-edge; i.e., the
plane of symmetry was at the right edge of the left basket.

The annulus was 2.0 inches thick. Therefore, the inner dimensions of the
shell of the inner container are 18 inches wide by 11 inches high. With the
0.0598 inch thick 'shell, the outer dimensions are about 18.12 inches wide by
11.12 inches high. '

A1l volume not occupied by rods or steel was filled with un1form density
water.

FUEL MODELS

Three assembly types (7x7, 8x8 and 9x9) were modeled with a fixed 5.0"x5.0"
assembly size. To conservatively demonstrate safety for generic assemblies
with various numbers of water rods and with various pellet diameters, pellet
and clad dimensions were calculated for models with water/fuel volume ratios
(Vw/Vf) in the range 1.0 to 4.0. typical Vw/Vf ratios for actual assemblies
are in the range 1.5 to 2.5. for flooded conditions, the optimum Vw/Vf is
typically 2.5 to 3.5. However, for arrays of edge-to-edge packages, the k-inf
with low density interspersed moderation is much greater than that at flooded
conditions. With low dens1ty interspersed moderation, the dominant effect is
increasing k-inf with 1ncreas1ng pellet diameter. At these conditions, the
between-assembly moderation is worth more than within-assembly moderation;
i.e., the Vw/Vf effect is relatively small dnd the perimeter rods in an
assembly are much better moderated and much more reactive than interior rods
in the assembly.
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The pellet diameters and the rod .pitches used are Tisted in Table 1. In all a
cases, the clad ID/OD values are 0.006/0.056 inches larger than the pellet !
diameter. ‘ : , !

TABLE 1

PELLET DIAMETERS/ROD PITCHES MODELED
FOR 5.0"x5.0" BUNDLE

, 7x7 Type ' 8x8 Type 9x9 Type

Vu/VE Dia./Pitch (in) Dia./Pitch (in) ' Dia./Pitch (in)

1.0 0.5550/0.7315 0.4801/0.6377 ©0.4221/0.5652

1.5 0.5049/0.7399 0.4363/0.6440 0.3835/0.5701

2.0 0.4668/0.7462 0.4031/0.6487 0.3542/0.5737

2.5 0.4364/0.7513 0.3767/0.6525 0.3309/0.5766 ,
3.0 0.4115/0.7554 0.3551/0.6556 0.3118/0.5790

3.5 0.3506/0.7589 0.3369/0.6582 0.2957/0.5810

4.0 0

0.3726/0.7619 . 0.3213/0.6604 .2820/0.5828

For an NxN assembly with rod pitch "PIT" and with a clad oufer diameter "COD",
the assembly size is defined by:

Assembly Size = PIT *,(N-l) + COD

For the 7x7 assembly with a Vw/Vf of 1.0, the assembly size is:
0.7315 * 6 + (0.5550 + 0.056) = 5.0 inches

Figure 1 shows the relation between pellet diameter and Vw/VF for the three
assembly types.

RESULTS FOR TYPE G FUEL ' :

A1l rods were 3.3 percent enriched U0y at 95 percent TD (10.412 gm/cc). There
was no Gdp03 in the model. Al1 locations in the 7x7, 8x8 or 9x9 assembly were
occupiedi%y fuel rods. The CASMO-3 results with various interspersed water
densities are in Table 2.
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TABLE 2
K-INF DATA FOR EDGE-EDGE.INNER CONTAINERS
TYPE G1 FUEL AT 3.3% ENRICHMENT
"CASMO-3 RESULTS '
Water . .
Density’ ' Vw/Vf
Vol% - 1.0 1.5 2.0 2.5 3.0 3.5 4.0
' 7x7_Assembly
8 0.9595 0.9593 0.9546 0.9473 0.9376 0.9269 0.9155
10 0.9623 0.9596 0.9529 0.9435 .0.9327 0.9209 0.9086
12 0.9570 0.9526 0.9445 0.9341 0.9225 '0,9101 0.8974
100 0.7370 0.7590 0.7670 0.7670 0.7624 0.7548 0.7455
8x8 Assembl
8 0.9554 0.9543 - 0.94%0 0.9468 0.9307 0.9198 10.9080
10 0.9577 0.9542 0.9469 0.9368 0.9256 0.9134 0.9008
12 0.9521. 0.9469 0.9380 0.9272 0.9151 '0.9023 .'0.8895
100 0.7344 0.7560 0.7644 0.7646
9x9 Assembly
-8 0.9516 0.9499 0.9440 0.9352 0.9248 0.9134 0.9014
10 0.9539 0.9497 0.9417 0.9312 0.9196 - 0.8070 0.8941
12 8.9484 0.9424 0.9329 0.9216 .0.9090 0.8960 0.8829
100 . 0 0.7474 0.7554 0.7555 0.7510 0.7437 0.7348

.7264
The Table 2 results indicate:
. The: optimum interspersed water density is about 10 percent.

o  The peak reactivity is with the largest pellet diameter; i.e., the 7x7
assembly with the Vw/Vf ratio.of 1.0.

. This fuel type is adequately subcritical in a Fissile Class I packagé.
Figures 2 and 3 show. the Table 2 data at 8, 10 and 12 percent water densities.’
Figure 2 shows a decrease in k-inf with increasing Vw/Vf while Figure 3 shows
an' increasing k-inf with increasing pellet diameter.

Figure 4 shows water density effects for the 7x7 assembly.
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The poison rod arrangements modeled

The cases modeled contained only four UO
RRANGEMENT A

The sﬁecified Gdo03 requirement is at least four rods with at least 2.0 wt%
" The four rods shall be .symmetric about the assembly dia

rods-in the 7x7, 8x8 and 9x9 assemblies.

RESULTS FOR TYPE G2 FUEL
are:

perimeter locations.
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The CASMO results for type G2 fuel in various arrangements are in T;b]é 3.
' TABLE 3 '
K-INF.DATA FOR EDGE-EDGE INNER CONTAINERS
TYPE G2 FUEL AT 4.0% ENRICHMENT -
: CASMO-3 RESULTS
Water; .
Density Vw/VF
(Vol%). 1.0 1.5 2.0 2.5 3.0 - 3.5 4.0
. Ix7 Assembly, Poison Rod Arrangement B
4 0.9013  0.9003 0.8954 0.8884 0.8802 0.8710 0.8612
6 0.9324 0.9253 0.9169 0.9063 0.8949 0.8827 0.8703
8 . 0.9417 0.9316 0.9198 0.9069 0.8932 0.8795 0.8659
10 - 0.9400 = 0.9274 0.9136 0.8988 0.8843 0.8697 0.8553
. - Ix7 ssembly, Poison Rod Arrangement C
6 ; 0.9331 '0.9265 0.9174 . 0.9066 0.8950 0.8827 0.8701
8 0.9427 - 0.9324 0.9204 0.9073 0.8934 0.8795 0.8658
10 0.9411 0.9284 0.9143 0.8994  0.8846 0.8698 0.8552
100 -. 0.7073  0.7206 0.7228 0.7181
© o 8x8 A§semb1v. Poison Rod Arrangement A
8 0.9328 0.9245 0.9142 0.9025 0.8901 0

.8773 0.8650
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. Vw/Vf
1.0 1.5 2.0 2.5 3.0 3.5 4.0
8x8 Assembly, Poison Rod Arrangement B i
0.9354 . 0.9301 0.9221  0.9122 0.9012 0.8894 -0.8774
0.9446 0.9358 0.9248 0.9125 0.8994 0.8864 0.8731
0.9424 0.9312 0.9184 0.9043 0.8904 0.8763 0.8623
0.9338 0.9210 0.9068 0.8923 0.8776 0.8631 0.8490
" 8x8 Assembly, Poison Rod Arrangement C
0.9368 0.9312 0.9229 0.9127 0.9015 0.889% 0.8773
0.9463 0.9371 0.9259 0.9132 0.8998 0.8866 0.8730
0.9444 0.9328 0.9896 *0.9052 0.8909 0.8765 0.8623
- 9x9 Assembly, Pojson Rod Arrangement B ,'
9370 0.9325  0.9250  0.5156  0.9049  0.8935  0.8818
9462 0.9382 0.9279 0.9160 0.9034 0.8906 0.8775
8440 0.9336 0.9213. 0.9081 0.8944 0.8805 0.8652
9%9 Assembly. Poison Rod Arrangement C
0.9384 ' ' :
0.9480" 0.9397 0.89280 0.9168 0.9038 0.8909 0.8776
0.9461
9x9 Assembly, Poison Rod Arrangement D
.9389 '
9486 0.9403 0.9296 0.9172  0.9043 0.8911 0.8778
.9468 h g

OO0

’

The Table 2 results indicate that the peak reactivity condition for type G2
fuel w1th arrangements A-D is:

P A 9%9 assembly with a Vw/Vf of 1.0.
. Poison rod Arrangement D.
. About 8 volume percent interspersed water.
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In contrast to the unpoisoned type Gl results which showed that the assembly
with the Tlargest pellet diameter (7x7, Vw/Vf=1.0) was most reactive, the
poisoned assembly results indicate that the 9x9 assembly is most reactive. A
probable reason is that, for aifixed number of poison rods (four here), the
fractional poison rod content is decreasing in the sequence 7x7, 8x8 and 9x9;
i.e., 4/49, 4/64 and 4/81. The peak reactivity for the three assembly arrays
in alli poison rod arrangements are nearly equal. The poison effect appears to
slightly offset the pellet diameter effect.

Arrangement D. is most reactive because the most reactive (best moderated) rods
in the.assemblies are the corner rods and because the Gdy03 becomes a more
effective poison with increasing moderation. As we move the poison-rods away
from the corner rods, we gain full benefit from corner moderation and decrease
the poison effectiveness.
This 'is actually a very .conservative model due to assuming that all rods are
at ‘the assembly-average enrichment. Actual assemblies will have multiple
enrichments with the Tlower enrichments on the perimeter and the higher
enrichments inside where less moderation is available. This is required to
assure approximately equal powers for the rods in the operating assembly.

The models and the limits proposed are also very conservative because the

reactivity of new .fuel assemblies are approximately constant regardless of the )
~ assembly-average enrichment. The typical in-core k-inf values for new fuel :
will be in the range 1.10 to 1.20. As enrichments are increased, the new fuél ,
reactivity is controlled by increased amounts of burnable poison {Gd;03). |

Based on the results in Table 3, additional poison rod arrangements were

modeled. These arrangements were based on the premise that. moving the poison !
rods toward the assembly interior would result in higher reactivities. The
arrangements are: .

7x7 Bundle 9x9 Bundle 9x9 Bundle -

Arrangement C2 Arrangement D2 Arrangement D3 o

vuuuyuuvuuu uuuuvuvuuuyuy ;

uuuuouuu vuuuvuvuuuuu . uduuuuyuuu =
vUuvuvuuuu UuuuPUUUU uuuuuuuuuy
UuuPuUuUly vuuuuvuvuuu UuuuPUUUU
vuPUPULU UUPUUUPUU UuuupPupPuUUU
uuupPUuuy vuuouuuuuu UUuUuUPULUUU
uuuuuuuy UUuvuPUUUU uuuvuuvuuuouuu
uuuvuuuvu uvuvuuvuuuyu uluvuuvuuu
: uyuuuuvuuu . vuuluvuuuuuy

‘'The k-inf results are in Table 4.
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TABLE 4
K-INF DATA FOR EDGE-EDGE INNER CONTAINERS
TYPE G2 FUEL AT 4.0% ENRICHMENT
CASMO-3 RESULTS
Water ‘ -
Density. Vw/Vf
(Vol%) . _1.0 1.5 2.0 2.5 3.0 3.5 4.0
. Ix7_Arrangement C2
8 5 0.9588 0.9484 0.9359 0.9222 ° 0.9076 0.8931 }0.8787
| 9x9 Arrangement D2 '.
8 : 0.9602 0.9512 0.9397 0.9266 0.9129 0.8991 0.8851
100 - 0.7201 0.7336 0.7370
| ~ 9x9 Arrangement D3
8’ 0.9676 - 0.9591 0.9477 0.9346 0.9208" 0.9068 0.8926
100 0.7258 0.7393 0.7427

The Tab]e 4 results are consistent in showing the 9x9 assembly. as most
reactive and in showing that the most reactive poison rod arrangement has them
removed . from the cbrner/edge fuel rods. As . described earlier, poison
effectiveness is decreased in regions with depressed thermal flux. Having the
poison rods in the center of the assembly and close together is expected and
observed: to be the most reactive arrangement.

An infinite array .of edge-to-edge inner containers will - be adequately
subcritical with optimum interspersed moderation and with generic fuel types
Gl and G2. An infinite array of edge-to-edge packages with the wooden outer
container. present will be bounded by the results for inner containers.

KENO-Va RESULTS

Se1ectéd' CASMO cases weré replicated using KENO-Va and other codes/cross
sections ' from the SCALE-3 system.. The Criticality Safety Analysis Sequence
(CSAS) routines were used to calculate atom densities but the CSAS calculated

escape cross section input into BONAMI array 9** .was not used for the reasons
detailed below.

The CSAS. routines provide inputs for BONAMI and NITANL When 16- group cross
sections are used, as they were here, the self- sh1e1d1ng corrections for U-235

- and U-238. are done by BONAMI. The ISSOPT option in BONAMI set by CSAS is for

a homogeneous system: Appropriate “extra" cross sections may be entered into
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BONAMI array 9**, The sig-esc calculated by CSAS for a rod array is that for
the center rod in a 3x3 array with the assumption that the center rod
neutrons encounter only the other eight rods in the 3x3 array. For arrays
flooded with water or other media with a similar total cross section, this is
a good approximation.

For low density interspersed moderation, . this 3x3 model can lead to non-
conservative errors:

The Dancoff factor for the:3x3 array is too- low because the central
rod neutrons may actually encounter more than eight other rods.

The calculated sngescape will be too high for the same reason.

If this sig-escape is used in BONAMI, the resuiting cross sections
will be non-conservative; :i.e., the k-inf (keff) results obtained
-will tend to be Tower than actual. -

It is noted that the Tow Dancoff factor is entered by CSAS into.the
NITAWL input which could also yield non-conservative results when
using the 27-group or the 123-group cross section libraries. '

If the modeled rods are nearly edge-to-edge, the errors in the 3x3
CSAS .model are reduced. Also, as the moderator (water) density is
- increased, the non-conservative: errors. are reduced/eiiminated._ :

Otheri, including code custodians (Lester Petrie) at RSIC have been 1nforhed.

Notes on §e1f-shie1ding calculations follow.

) Dancoff factors and sig-escapes were calculated using a Monte Carlo model
of infinite and finite rod arrays. : '

. The results obtained with BONAMI using ISSOPT equal 2 (unclad) or 9
~ (clad) agree well with the infinite lattice Monte Carlo resu]ts.:

. If self-shielding corrections are based on an infinite array of rods, the

. results will be very conservative because the perimeter rods are better

moderated (they have higher sig-escapes) than the interior rods; i.e.,

the infinite lattice model contains only interior rods while the actual
assembly is about 40 (9x9) to 49 (7x7) percent perimeter rods.

- KENO models used three UO; rod types and, as applicable, one U02-Gd204
rod type. The three UOs rod types are interior (non-perimeter) rods,
edge rods facing the companion assembly, and the rods on the other three

edges of the assembly. The Monte Carlo derived sig-esc was wused in
BONAMI array 9** with ISSOPT = 0.
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-RESULTS:FOR TYPE G1 BUNDLES

7X7 Assembly. Vw/Vf = 1.0, 10% Water Density
k-inf = o 9563 + 0.0035 (KENO-Va)
k-inf = 0 9623 (CASMO) (From Table 2)

The macro sig-esc values used in BONAMI for the interior, edge -out and edge in
(fac1ng other assembly) rods are 0 2321, 0.4059 and 0.3529.

8x8 Assemb y, Vw/Vf = 1.0, 10% Water Density
k-inf = 0.9521 £ 0.0032 (KENO-Va)

k-inf = b=9577 (CASMO)

The macro sig-esc values used in BONAMI for the interior, edge-out and edge-in
(facing other assembly) rods are 0:2531, 0.4409 and 0. 3680

KENO-Va RESULTS FOR TYPE G2 BUNDLES 9X9 ASSEMBLY, POISON ROD ARRANGEMENT D3
Results with 10 percent water density:

o  16-group cross sections: 0.9640 t 0.0032

. 123 group cross sections: 0.9610 £0.0039

> 27.gfoup cross sections: 0.9514 t 0.0037

As is often observed, the 27-group cross section results are biased low by
about 0.01.

The resujts with eight percent water density:

T e 16-§roup cross sections: 0.9611 + 0.0032

.  CASMO: 0.9676 (Table 4)

The CASMQ-KENO agreement is very good.

Typica1'inputs to BONAMI, NITAKL, KENO-Va and CASMO are in Attachment 4.

OUTER COﬂTAINER PADDING EFFECTS |

Infinite arrays of undamaged packages were modeled to demonstrate that reduced
amounts of honeycomb/ethafoam in the outer container cannot 1lead to

eriticality. The outer container cross sectional area is about 29.75 inches

wide by about 27.25 inches tall without the spacing of the nominal 4x4 sk1ds
at the bottom '

-W1th the:sk1d spacing, the packages are on about 29.75"x30.75" centers.
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KENO-Va calculations for inner 'containers on 29.75"x29.75" centers produced
the results in Table 5. The outer container was represented by four 0.5 inch
thick plywood walls. All1 volume not occupied by wood, fuel, or the steel of
the inner container was filled with low density water.. The most reactive
unpoisoned fuel type (7x7, Vw/Vf=1.0) was modeled inside the package.
According to the results presented, the most reactive type G2 fuel (9x9
arrangement D3) will yield very similar results. The KENO-Va model is
jdentical to that ‘cited earlier (inner container arrays) except for the
addition of spacing filled with wood and moderation.

TABLE 5
INFINITE ARRAY OF UNDAMAGED PACKAGES

OUTER CONTAINER IS 0.5 ‘INCH PLYWOOD PLUS LOW DENSITY WATER
- KENO-Va RESULTS

Water bens't Vol% k-inf
0 o ' 0.9627 + 0.0037
0.5 0.9555 + 0.0030
1 . 0.9432 + 0.0038,
+ 0.0034

2 0.9125 -

A1l of. the results are subcritical and they indicate that adding moderation
such as honeycomb, ethafoam, and additional wood (2x4's, 4x4’s) to the
plywood-only model would result in reduced reactivities. Therefore, the
honeycomb/ethafoam in the outer container is not needed for criticality safety
nor for cushioning during the hypothetical accident conditions. Accordingly,
there is no adverse safety effect by allowing any honeycomb/ethafoam thickness
nor by allowing unlimited cutouts of these pads.

Additional KENO cases were run without plywood in the model; i.e., the entire:
volume' between inner containers: was filled with Tow density water.. These
results are useful for comparison to the k-inf results for edge-edge inner
containers' and also to determine the optimum interspersed water density.
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TABLE 6

INNER CONTAINERS ON 29.75" X 29.75"-CENTERS ‘
WATER-ONLY BETWEEN CONTAINERS IN INFINITE ARRAY -
KENO-Va RESULTS .

Water Density (Vol%) k-inf

1 0.9264 + 0.0030
" 1.5 0.9563 + 0.0033
2 0.9469 + 0.0036
2.5 0.9425 + 0.0035
3 0.9254 + 0.0035

The above data indicate that the peak reactivity for the' normal array is
bounded by the k-inf for edge-edge inner containers. Also, the above data
indicate that the package will be subcritical in any array with optimum
interspersed moderation; . i.e., the outer container is not needed for
criticality safety for all -fuel types bounded by the reactivities of generic
types Gl and G2°
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ATTACHMENT 3
WATER ROD EFFECTS

Additional data are presented supporting the allowance of any number of water
.rods in any ‘arrangement. A1l results presented in Attachment 2 for fuel types
Gl and G2 indicate a decrease in array k-inf with increasing Vw/Vf. The
models in Attachment 2 had fuel rods only; water rods were not explicitly
.modeled :but the moderat1on from water rods (if any) is averaged into the unit
cell.

The Table 2 data at optimum interspersed moderation (10% water).are_shown in
Figure 5. If the three points at each Vw/Vf are connected by the best
straight line, seven lines with potentially different slopes and intercepts
will be formed. To establish a single function, the slope and intercept were
assumed to be a Tinear function of Vw/Vf.
k-inf = Slope * (Pe11et Diameter) + Intercept

Multiple 1inear regress1on yields the fo11ow1ng for 10 percent water dens1ty

Slope = -3. 8614E-2 + 6. 1499E 2 * Vw/Vf

Intercept = 0.98728 - 3.8088E-2 * Vw/Vf

The~s]obe increases with Vw/Vf while the intercept decreases with increasing
Vw/Vf. This is obvious from visual examination of Figure 5.

The desifed function of pe]lét diameter (in inches) (POD) and Vw/Vf (VWVF5 is:
k-inf = p.9873 -3.8614E-2 * POD - 3.8088E-2 * VWVF + 6.1499E-2 * (POD * VWVF).

The above equation represents the type Gl k-inf data (10 percent water) with a
standard error of 0.00207 in k-inf.

For a 01555 inch pellet diameter, the regression:equation becomes:
k-inf = 0.9658 - 3.9561E-3 * VWVF

The predicted k-inf results for a;0.555 inch d1ameter pellet. w1th 10 percent
dense water are listed in Table 7.
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TABLE 7

. INFINITE ARRAY (INNERS-ONLY) RESULTS
BASED ON REGRESSION EQUATION
0.555 INCH PELLET DIAMETER, 10 PERCENT DENSE WATER

<<
£
<
-+
<
]
amed
=3
—h

1.0 0.9619
2.0 0.9579
3.0 0.9540
4.0 0.9500

The aboVe data at the maximum (most reactive) peliet diameter, the k-inf
decreases with increasing Vw/Vf. This implies that any number of water rods
may be present ‘

Additional cases were run for a 7x7 assembly (10 percent water) with a 0.555
inch pellet diameter but with explicit modeling of water rods as 100 vo]%

. moderation (no clad).

The rods arrangements and’ the k-inf (CASMO) are given below. The arrangements
for the Teft bundle in the package is shown. It is noted that the.right edge
of this assembly is less moderated than the other three sides because of the
proximity of the companion assembly to- the right. Accordingly, added
moderation was preferentially added to the right half of the left assembly.

The arringement of the right bundle is the mirror image of that of the left
bundle.

ARRANGEMENT E1 ARRANGEMENT E2 ARRANGEMENT E3
FFFFFFF ’ FFEFFFF FFFFFFF
FFFFFFF "FFFFFFF FFFEFFF
FFEFFFFF " FFFFFFF FFFFFFF
FFFEWEFF FFFFWFF FFFFFWF
FEFFFFF FFFFFFF FFEFFFFF
FFFFFFF FFFFFFF FFFEFFF
FFFFFFF FFFFFFF FFFFFFF
Vw/VF = 1.0461 Vw/VF = 1.0461 Vw/VE = 1.0461
k-inf = 0,9625 k-inf = 0 " k-inf = 0.9625

.9626
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ARRANGEMENT E4 . ARRANGEMENT E5 ARRANGEMENT E£6
FFFFFFF FFFFFFF FFFFFFF
FEFFFFF FFFFFEF FFFFFFF
FFFFFFF FFFFFFF FFFFFFF
FFFWWFF FFFWFFF FFFWWWF
FFFEFFF FFEFWFF FFFFFFF
FFFFEFFF FFEFFFF FFFFFFF
FFFFFFF FFFFFFF FFFFFFF
Vw/VE = 1.0941 Vw/VF = 1.0941 Vw/VE = 1.1443
k-inf = 0.9628 k-inf = 0.9627 k-inf = 0.9628
ARRANGEMENT E7  ARRANGEMENT E8 ARRANGEMENT E9
FEFEFFF FEFFFFF FFFFFFF
FFFFFFF FFFFFFF FFFFEFFF
FFWFWEF FFWWWFF FFEWWWF
FFFFFEFF FFNWWFF - FFEWWWF
FFWEWEF FFUWWFF FFEWWWF
FFFEFFF FFFFFFF FFEFFFF
FFFEFFF FFFFFFF FFFFFFF
‘Vw/Vf = 1.1966 Vw/VF = 1.4977 Vw/VF = 1.4977
k-inf '= 0.9622 k-inf = 0.9610 k-inf = 0.9614

[

The highest k-inf wvalue is 0.9628 as compared to the 0.9623 value with Zero
water rods (Vw/Vf = 1.0). This:0.0005 difference is trivial. For the first
few water rods, moderation and fuel worths are nearly equal; i.e., replacing
fuel rods with moderation (water rdds) produces little or no change in k-inf.

For the higher Vw/Vf cases, the k-inf is seen to be decreasing because fuel is
worth more than moderation.

These data.support the mode] with the moderation from water rods averaged over
the entire; assembly. Therefore, the Attachment 1 results for fuel types Gl
and G2 ‘are appropriate. ‘
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ATTACHMENT 4

BONAMI Input for Most React1ve Type G1.Assembly (7x7, Vw/Vf=1.0)
’ RA-3 WITH 3.3

0$$ 16°15 18 17

1$$ 03 9 2R1 0

%** 1.0-5 E _
38$ 3R] 3RZ 3R3 4 -
4$$ 92235 92238 8016 2Q3

5** 7 76071E-04 2.24538E-02 R.64598E-02 2Q3

638 1 2 3

7** 1 2.3

8%* F2,93E+02
" 9%* 0_2276 0.4095 0.3566 )
- 108$ 92501 92801 8016 92502 92802 801602 92503 92803 801603
11$$ Fo

NITAWL Input for Most Reactive Type Gl Assemb]y (7x7, Vw/Vf=1.0)
’ RA-3 WITH 3.3 .

0§$ 67811181990 20

%53 0 11 5R0 0 2RO -1 0

2%$ 1192501 92503 1192801 92803 8016
"~ 1001 40302 26000 6012
4%+ F2.93E+02 ‘
T
KENO-Va Input for Most React1ve Type Gl Assembly (7x7 Vw/Vf=1 0)
7x7 BUNDLE IN RA-3, 3.3
READ PARAMETERS
TME=290.0 GEN=83 NPG=300 LIB=41 TBA=3.0
FLX2YES FDN=YES XS1=YES NUB=YES PWT=YES
PLT=YES .
END PARAMETERS T
READ MIXT SCT=1
MIX= 1
" U02 PELLET, 3.3
92501 7.760713E-04
92801 2.245383E-02
8016 4.645982E-02
MIX= 2 ,

' Y02 PELLET, 3.3 -
92502 7.760713E-04
92802 2.245383E-02

8016 4.645982E-02

——
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MIX=3 -
* U02 PELLET, 3.3
92503 7.760713E-04
92803, 2.245383E-02
8016 4.645982E-02
MIX=4 .
’  SMEARED ZR CLAD
‘. POD;CID,COD= 0.555",0.561",0. 6117
VoL FRACT ZR = 0. 8975
" AT DENS = 0.8975 * 4.2518E-2 = 3.8157E-2
40302 3.8157E-02
MIX=5 -

7 WATER, 10 VOL%

8016 3.337967E-03
1001 6.675933E-03
MIX=6
" CARBON STEEL, 100
6012 3.921682E-03
- 26000 -8.350009€E-02
MIX=7
’ CARBON STEEL, 85.57
5 0.1443
6 0.8557
MIX=8 .
* CARBON STEEL, 8. 64 VOL
7 2.75" X 0. 125" THICK ANGLE IN 3. 8891" X 2.0" AREA

.5 0.9136

6 0.0864

RESM 313123

END MIXT

READ GEOMETRY

UNIT 1 h

COM=" INTERIOR UO2 ROD y
CYLI 11 0.70485 2P225.58

‘CYLI 41 0.77597 2P225.58

CUBO 5 1 4P0.929 2P225.58
UNIT 2

~ COM=" EDGE UO2 ROD "
CYLI 21 0.70485 2P225.58

CYLI 41 0.77597 2P225.58

CUBO 5 1 4P0.929 2P225.58 °

UNIT 3 :
COM=" EDGE ROD FACING OTHER BUNDLE "
CYLI 31 0.70485 2P225.58

CYLI 4.1.0.77597 2P225.58

CUBO 5 1 4P0. 929 2P225.58

UNIT 4.

COM=" .7X7 BUNDLE IN LEFT BASKET "
ARRAY 1 2R-6.503 -225.58 .

CUBO 5 1 4P8,7381 2P225.58

' ADD'0.00598 INCH OF PERFORATED STEEL
CUBO 7 1 4P8.89 2P225.58

ANF-88-120,
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UNIT 5
COM="  7X7 BUNDLE IN RIGHT BASKET
ARRAY 2 2R-6.503 -225.58

CUBO 5.1 4P8.7381 2P225.58

‘" "ADD 0.00598 INCH OF PERFORATED STEEL

CUBO 7 .1 4P8.89 2P225.58

UNIT 6

COM=" SPACING & STEEL ANGLE BESIDE BASKET "
CUBO 8 1 2P2.54 2P4.9391 2P225.58

CUBO - 5 1 2P2.54 2P8.89 2P225.58 .
UNIT 7

COM=""ANGLES & SPACING BENEATH & ABOVE BASKETS "
/" ANGLE :STEEL SMEARED IN 3.8891" X 2.0" VOLUME
CUBO 8 1 2P4.9392 2P2.54 2P225.58.

CUBO 5 1 2P8.89 2P2.54 2P225.58

UNIT 8 - |

COM="- 2X2 INCH MODERATION REGIONS AT CORNERS u
CUBO 5.1 4P2.54 2P225.58

UNIT 9 -

COM=" 1 INNER CONTAINER "

ARRAY 3 -22.86 -13.97 -225.58

' ADD 0.0598 INCH WALLS

REPL 6 1 6R0:1519 1

GLOBAL -

UNIT 10

* COM="ARRAY OF INNERS n

" THIS IS MULTI-UNIT ARRAY WITH SPECULAR REFLECTION
’ ATTEMPT TO REDUCE COLLISIONS WITH BOUNDARY

ARRAY 4 3R0.0
END GEOMETRY - | L
READ ARRAY
ARA=1 NUX=7 NUY=7 NUZ=1
FILL -

22222

11113

11113

111113

11113

11113

22222

END FILL '
ARA=2 NUX=7 NUY=7 NUZ=]
FILL . Y
2222222
3111112
3111112
3111112
3111112
3111112
2222222
END FILL

ARA=3 NUX=4 NUY=3 NUZ=1

W
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FILL
8778
6456
8778
END FILL

ARA=4 NUX=5 NUY=5 NUZ=1l
FILL F9 END FILL
END ARRAY

READ START

NST=1

END START

READ BOUNDS

ALL=SPECULAR

END BOUNDS

READ PLOT _ ,

TTL=" XY SECTION AT Zal0 CM "
NCH=" 123Z.SBA" '

XUL=0.0 XLR=46.03 YUL=28. 25 YLR=0.0 ZUL=10.0 ZLR=10.0

UAX=1.0 VDN=-1.0 NAX=120 LPI=6 END
TTL=" LEFT HALF
NCH=" 123Z.SBA"

XUL=0.0 XLR=23.02 YUL=28.25 YLR=0.0 ZUL=10.0 ZLR=10.0

UAX=1.0 VDN=-1.0 NAX=120 LPI=6 END
TTL=" LOWER RT QUADRANT OF LET HALF

"NCH=" 123Z.SBA" :
XUL=0.0 XLR=11.51 YUL=14.13 YLR-O 0 ZUL=10.0 ZLR=10. 0

UAX=1.0 VDN=-1.0 NAX=120 LPI=6 END
TTL=" URPER LEFT QUADRANT OF LET HALF

‘NCH=" 123Z.SBA"
XUL=0.0 XLR=11.51 YUL=28.25 YLR=14.13 ZUL=10.0 ZLR=10.0

UAX=1.0 VDN=-1.0 NAX 120 LPI=6 END
END PLOT
END DATA

KENO=Va Model for Most Reactive Type G2 Assemb]y

- 9X9 BUNDLE IN RA-3, 4.0
READ PARAMETERS
TME=60.0 GEN=83 NPG=300 LIB=41 TBA=3.0
FLX=YES FDN=YES XS1=YES NUB=YES PWT=YES
PLT=NO :
END PARAMETERS
READ MIXT SCT=1
MIX= 1.
' U02 PELLET, 4.0
92501 9.4068E- 04
92801 2.2291E-02
8016 - 4.6464E-02

MIX= 2

* U02 PELLET, 4.0
92502 9.4068E-04
- 92802 2.2291E-02
8016 4.6464E-02

- EMF-1563
Revision 12A

. Appendix 6A
Page 27 of 31

_—

ANF-88-120, Revision 0




EMF-1563
Revision 12A
" Appendix BA
Page 28 of 31

26 ) ANF-88-120, Revision 0

MIX=3
" U02 PELLET, 4.0
92503 9.4068E-04
-92803 2.2291E-02
8016 4.6464E-02
MIX=4

’ Y02-GD203 PELLET, 4.0 GD203, 10.331 GM/CC
92504 9.147386E-04
‘92804 2.167629E-02
8016 4.621194E-02 : o ;
64000 6.865846E-04 |
MIX=5 '
" SMEARED ZR CLAD
' POD,CID,COD= 0.4221",0.4281",0.4781"
’ VOL FRACT ZR = 0.8988 ‘
’ AT DENS = 0.8988 * 4.2518E-2 = 3.8215E-2 ( X
40302 .3.8215E-02 }
MIX-‘-G ! \

’ WATER, 8 VOL%
8016 2.6704-3
, 1001 5.3408-3
MIX=7 -
* CARBON STEEL, 100
6012 3.921682E-03
26000 8.350009E-02
MIX=8 -

' CARBON STEEL, '85.57

6 0.1443

7 0.8557

MIX=G. .

"# CARBON STEEL, 8.64 VOL

' 2.75" X 0.125" THICK ANGLE.IN 3.8891° X 2.0" AREA
6 0.9136

7 0.0864

END MIXT

READ GEOMETRY

UNIT 1:

COM=" INTERIOR UO2 ROD .

CYLI 1°1 0.5361 2P225.58

CYLI 5:1 0.6072 2P225.58

CUBO 6.1 4P0.71785 2P225.58

UNIT 2

COM=" EDGE UO2 ROD »
CYLI 2°1 0.5361 2P225.58

CYLI 51 0.6072 2P225.58

CUBO 61 4P0.71785 2P225.58

UNIT 3° _
COM=" EDGE ROD FACING OTHER BUNDLE " : |
CYLI 31 0.5361 2P225.58 |

CYLI 5 1 0.6072 2P225.58 :

CUBO 61 4P0.71785 2P225.58
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UNIT 4 |

COM=" | U02-GD203 ROD "

CYLI 4 1 0.5361 2P225.58

CYLI 51 0.6072 2P225.58

CUBO 6 1 -4P0.71785 2P225.58

UNIT 5 |
COM=" - 9X9 BUNDLE IN LEFT BASKET  ° ,
ARRAY 1 2R-6.46065 -225.58

CUBO 6 1 4P8.738]1 2P225.58 . .

’ ADD 0.00598 INCH OF PERFORATED STEEL

CUBO 8 1 4P8.89 2P225.58

UNIT 6

COM=" - 9X9 BUNDLE IN RIGHT BASKET  *

ARRAY 2 2R-6.46-65 -225.58

CUBO 6 1 .4P8.7381 2P225.58

/ADD 0.00598 INCH OF PERFORATED STEEL

CUBO 8 1 4P8.89 2P225.58

UNIT 7 i
COM=" SPACING & STEEL ANGLE BESIDE BASKET " -
CUBO 9 1 2P2.54 2P4.9391 2P225.58

CUBO 6 1 2P2.54 2P8.89 2P225.58

UNIT 8

COM=" ANGLES & SPACING BENEATH & ABOVE BASKETS "
CUBO “ 9 1 2P4.9392 2P2.54 2P225.58

CUBO. 6 1 2P8.89 2P2.54-2P225.58, -

’ UNIT 9 :
COM="2X2 INCH MODERATION REGIONS' AT CORNERS "
CUBO 6 1 4P2.54 2P225.58
UNIT 10 ‘ ,
COM=" 1 INNER CONTAINER o
ARRAY 3 -22.86 -13.97 -225.58 . |
’ ADD 0.0598 INCH WALLS - - -
REPL 7 1 6RO.1519 1

GLOBAL. ' ;
UNIT 11 : ,
COM="ARRAY OF INNERS " _ .
ARRAY 4 3R0.0
END GEOMETRY -
READ ARRAY | : g i
ARA=1 NUX=9 NUY=9 HUZ=1 | - x |
FILL '
222222222
211111113
211111113
211141113
211414113
211141113
211111113
211111113
222222222
END FILL

|
. ARA=2 NUX=9 NUY=9 NUZ=1 | ' ‘
|




FILL

222222222

311111112

311111112

311141112

311414112

311141112

311111112

311111112
222222222
END FILL

ARA=3 NUX=4 NUY=3 NUZ=1
FILL /
9889

7567

9889

END FILL

ARA=4 NUX=5'NUY=5 NUZ=1
FILL .F10 -END FILL

END ARRAY

READ START

NST=1

END START

READ BOUNDS
ALL=SPECULAR

END BOUNDS

END DATA

28
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SUpple.mental'Appncation To Certificate of Compliance No. 9248
CRITICALITY SAFETY ANALYSIS

, FOR SHIPMENT OF SPC 10X10-88
FUEL ASSEMBLIES IN THE SP-1 SHIPPING CONTAINER

1.0 INTRODUCTION

- The objective is to conservatively demonstrate that the subject generic fuel type mests the

criticality safety requirements of 10 CFR Part 71 for a Fissile Class | package. Criticality safsty
is also demonstrated for any honeycomb/ethafoam thickness in the outer container, Shipping
shims inside the fuel assembly are not allowed.

20 SUMMARY
The results of the calculations indicated that an unlimited number of SP-1 Shipping Containers

containing two 10x10 assemblies side-by-side each subject to the constraints of Table 1 will not
exceed 0.95 at the 95 percent confidencs level.




TABLE 1

REFERENCE FUEL BUNDLE PARAMETERS

—

A

Parameter

- Edge of Outer Square Detennined by

. EMF-1563
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5.022 Maximum

Peripheral Fuel Rods (inch)

;r)mchment of Any Pellet In Assembly (wt. 5.0 Maximum
Enrichment of any Pellet in an Edge Rod © 4.0 Maximum
W, %) . '
gﬂe)axlmum Average Planar Enrichment (wt. 4.0 Maximum
Clad Thickness (Iinch) 0.0225 Minimum
Peilet Diametsr (inch) 0.3356 Maximum
- Fuel Density (% TD) 98.0 Maximum
'Rod Pitch (inch) 0.511 Nominal
UO,-Gd,0, Rods 6.0 Minimum
Gd,0, Content (wt.%) 2.0+ 0.08
Water Rods Center 4 Rods Minimum

Poison Rod Arrangement

Symmetrical Across the Diagonal

Fuel Rod Array in Bundle

10x10 .

T r—

Maxnmum Average Planar Enrichment: The average enrichment at the axial location

yneldlng the -highest planar average.
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The analysis includes the effect of interspersed moderation, the placement of poison rods, tﬁe
effect of the number of water rods and Uranium enrichment on the reactivity of the SP-1 Shipping .
Containef. This analysis used CASMO, a two dimensional transport code, for parametric
evaluatioﬁs and KENO V.a for verification of the results, as appropriate. The reactivities
calculated by both CASMO and KENO were in close agreement. The Keno results were slightly
higher and more conservative. |

3.0 METHODS

K-infinite 'calculations _ﬁygre performed using fransport theor'y code CASMO-3D. K-effective
calculations were' performed using the Monte-Carlo code KENO-va. CASMOQO was used for
several ;élculations in a broad-based sensitivity study, SCALE codes (BONAMI, NITAWL,
XSDRNPM, and KENO-Va) were used to replicate selected CASMO cases.

The Cfiticélity Safety Analysis Sequence (CSAS) routines were used to calculate atom densities

but the GSAS calculated escape cross section input into BONAMI 9** was not used for the
reasons detailed below.

“The CSAS fou‘dnes provide inputs for BONAMI and NITAWL. When 16-group cross sections are
used, as they were for mbst cases here, the self-shielding corrections for 235 and 23y are done
by BONAMI. The ISSOPT option in BONAMI, set by CSAS, is for a homogeneous system.
Approprié'te “extra" cross sections may be entered into BONAMI array 9**, The sig-escape
calculated by CSAS for a rod array is that for the center rod in a 3x3 array with the assumption
that the center rod neutrons enéounter only the other eight rods in the 3x3 array. For arrays
flooded with water or other media with a similar tota’l cross section, this is a good ép.proximation.

For low dénsﬁy interspersed moderation, this 3x3 medel can lead to non-conservative errors:

. The Dancott factor for the 3x3 array is too low because the central rod neutrons may
actually encounter more than eight other rods. |

. The calculated sig-escape will be too high for the same reason.
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. If this sig-escape Is used in BONAMI, the resuhing cross sections will be non-
conservative, L.e., the k-inf (k.q) results obtained will tend to be lower than actual.

. i is noted that the low Dancoff factor is entered by CSAS into the NITAWL input which
could also yield non-conservative resuits when using the 27-group or.the 123-group cross
section libraries. , |

* I the modeled rods are nearly edge-to-edge, the errors in the 3x3 CSAS model are
feduc_ed. Also, as the moderator (water) density is increased, the non-conservative errors

' are reduced/eliminated.

- To avoid such non-conservatisms and to be consistent with the methods described in ANF-88-

120, Rev. O "Supplemental Appilcation to Certificate of Compliance No. 4986, seh‘-shieiding
calculations were made as follows:

. Dancoff factors and slg-escapes were calculated usmg a Monte Carlo model of an mf nite
. array of fuel assembilies in SP-1 inner containers.

. KENO models used three UQ, rod types and, as applicable, one UQ,-Gd,0, red type. |

The three UQ, rod types are interior (non-perimeter) rods, edge rods facing the
compamon assembly and the rods on the other three edges of the assembly. The Monte-

Carlo derived sig-escape for each rod type was used in BONAMI array 9** with ISSOPT
=0

' 4.0 MODEL DESCRIPTION

The model used for the SP-1 is identical to the model used in ANF-88-120 “Supplementaﬁ
Appllcatxon to Coertificate of Compllance No. 4886." An Infinite array of infinite length inner
containers was modeled to conservatively demonstrate criticality safety at normal conditions and

at hypothetical accident conditions. Each package contained two identical assemblies with an
infinite fuel length.

Since the package is symmetri¢ about the plane midway between the two contained assembilies,

models typically included only one of these symmetric halves (one assembly) to represent an

infinite array of whole- packages An onentatiOn with two assembilies side-by-side (left- -right) was
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selected for the model. Only the left assembly was modeled in CASMO but both halves were
modeled in KENO. A plot of the KENO model is included on pg. 30.

The steel paris modeled are:
. Two edge-to-edge "baskets" of 0.0598 inch thick carbon steel with 0.75 inch diameter '

holes in a 1.75 inch square pitch pattern. Accordingly, the basket was modeled as 85.57 .
_ v'olf% carbon steel and 14.43 vol% moderation.

. The outer shell of the Inner container was modeled as 0.0598 inch thick carbon steel (1 00
voi%).
.. The annulus between the basket and the shell contains six angles of 0.125 inch thick

carbon steel. For the left haif, (CASMO) model, three angles were included: one each
abéve, below, and to the left of the assembly. These angles were represented as
'srﬁeared' stesl in the moderation occupying the annulus. Cther cailculations with a more
explicit modeling of the geometry of the steel angles yiel,d.ed results not significantly
diff_erént from the "smeared steel" model. Since peak reactivity occurs. with low density
interspersed moderation, neutrons have relatively long mean-free path lengths and would

-be éxpgcted to interact with all _steel in the system. Therefore, the smeared steel model .
is adequate. '

»

~ The steel mass in the inﬁhite length inner container model is about 525 pounds per 177.6 inch
- length. Thé measured weights of the three inner container compoenents (lid, removable end, main
body) are :197, 15 and 399 pounds. respectively. The total tare weight is about 611 pounds. A
generous gllowanc_e for the weig'ht of the ethafoam and wood in the samples is six pounds.
Therefore, the estimated steel weight is 605 pounds. .For the infinite length model, Miée the E
mass of ihé removable: end is subtracted to yield a 575 pound weight. Since the actual system - !
" contains considerably more steel than that modeled, the model resuits are conservative.

" The basket outer dimensions were 7.0°x7.0" (x infinite length). The assembly was centered in the

basket and the two baskets were edge-to-edge; i.e., the plane of symmetry was at the right edge
" of the left basket.
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The annulus was. 2.0 inches thick. Therefore, the inner dimensions of the shell of the inner
contarner are 18 inches wide by 11 Inches high. With the 0.0598 inch thick shell, the outer
dimenslons are about 18.12 inches wide by 11.12inches high. All volume not occupied by rods
or steel was filled with uniform density water.

50 ANALYSIS
The fuel bundle madeled is a 10x10-8B assembly. The center four rod positions of the bundle

are occupled by a single large water rod. Reference Fuel-Bundle Parameters for the modeis are
listed in Table 2. '

TABLE 2 REFERENCE FUEL BUNDLE PARAMETERS

‘ Parameter , 1;.I.;lue Used '
AVe'rage.Enrichm,ent- (%) ' ) ' " Varied
Clad Outer Diameter (inch) 0.387
Clad Inside Diameter (inch) 3 0.337
Pellet Diameter (inch) 0.335
Fuel Density (% TD) _ : - 880
Rod Pitch (inch) 0.511
UO,-Gd,0, Rods - Varied
Gd,0, Content (wt.%) , 20
Water Rods o . Varied
Fuel Rod Array in Bundle , : 10xg=L

The major assumptions made in-this analysis reflect the fuel composition typical of SNP 10x1 0-88.
assembilies. They include:

. The fuel bundle is symmetrical across the diagenal and has the physical characterrstrcs
hsted in Table 1.

. The system was at room temperature.
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. Interspersed moderator (water) was uniformly drspersed in the system around the fuel
rods and between fuel assembies..
° Tho holes in the steel basket were homogenized into the basket.
. The ends of the fuel rods were not modeled.
*  The fuel bundle arrays are spectrally reflected to represent an infinite system.
. The steel angles in the space between the basket and the shell was smeared into the
interspersed moderation. .
. The gadolinia content is at least 2.0 weight percent in at least six rods. :

5.1 Effect of Interspersed Moderation

CASMO was used to determine the effect of various amounts of moderation on an infinite array
- of inner SP-1 shipping containers containing 10x10 fuel assemblies. The purpose of the
caiculations was to determine the density (volume percent) of interspersed moderation which
resulted in the highest reactivity. A display of the rod arrangement is shown in Figure 1 and the
calculational results are given in Table 3.

FIGURE 1 * 10X10 ASSEMBLY WITH 9 POISON RODS

1111111111

1112112111 Where 1l = fuel rod

1111211111 2 = poison rod

12'111-013.21 0 = water rod -
l1110ww1l1l1l1 W = central water rod |
lll1wwo111 T
1211012121

1111111111

1112112111

1111111111
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" TABLE3 K-INF OF 10X10 FUEL ASSEMBLIES
s 9 POISON RODS, 4.5 WT.% 2%
Casa Identification % Int. Mod. k-int
 CASMO '
ra3-g97 3 0.87229
ra3-95 5 0.90270
ra3-93 7 0.c0821
ra3-90 10 0.89719
ra3-80 20 0.88208
KENO V.a
kSoa-cask-b.10 10 0.9056=.0027
: S . e ——

Tﬁe results show that the highest reactivity was obtained when the interspersed méderation was
at 7 volume percent. A confirmatory run made with the KENO V.a code was 0.9056 as compared
with 0.8972 from the results of the CASMO calculations. '

52  Effect of Poison Rod Positions

CASMO was also used to determine the effect of the positions of poison rods on an infinite array
of 10x10 fuel assembilies In an SP-1 inner container. Five arrangements of six poison rods
around a central water rod are shown in: Figure 2. The results of the calculations are given in
Tablé 4. - These models assumed 4.5 weight percent 25y and 3 volume percent water as
intersper'sad moderator. A 7 volume percent water was repeated for arrangement PD which had
indicated; the highest calculated reactivity due to poison rod placement.
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FIGURE 2 ARRANGEMEN"I’S OF 6 POISON RODS
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TABLE 4 K-INF OF 10X16 ASSEMBUES
6 POISON RODS, 4.5 WT.% 25y

T R ge—
| ra3-t1 3 PA * 0.8e285
ra3+a 3 PB | o.essse
rad3-t4 3 PC 0.90166
‘ ra3-s 3 PD 0.90526
N ra3-15.07 7 PD - 0.96471
“ rag-t6 3 PE 0.80370

Thess calculations indicate that the highest reactivity for low interspersed moderation occurs
when the poison rods are near the center of the assembly (arrangement PD). This arrangement
is most reactive because the most readtive (best moderated) rods in the assemblies are the
corner rods and because the Gd203 becomes a more effective poison with increasing
moderation. As we move the poison rods away from the comer rods, we gain full benefit from
comer moderation and decrease the poison effectiveness. This resuit agrees with the results in
ANF~38-1202

83 Effect of Interspersed Mgdgration:, Cross Sections and Enrichment

The effects of interspersed moderation, :enrichment‘and Cross Section Libraiy selection were
examined for arrangement PD. This is actually a very conservative model due to assuming that
all rods ere at the Maximum Planar Enrichment. Actual assemblies will have muitiple enrichments
W.itﬁ the lower enrichments on the perimeter and the higher enrichments insidé where less
moderation is available. This Is required to assure approximately equal powers for the rods in
the opereting assembly. .

The SCALE system of computer codes was used for this evaluation. Cross sections were’
prepared by BONAM! and NITAWL KENO V.a was used to model system. The resuits of these
calculatlons agreed well with the CASMO calculatlons and are listed in Table 5.
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The KENO V.a caiculations confirm the reactivity of an infinite array of assemblies pléced in the
inner SP-1 shipping container was highest at 7 volume percent interspersed moderator. The
KENO V.a result was 0.9691 = .0028 (1a) as compared to 0.9647 obtained by CASMO.

TABLES REACTIVITY OF ARRANGEMENT PD

s S —— =rmoorr

: asy Cross
Case Identification | Enrichment % Int. Mcd. Sections |- - keinfxia
a-cask-c.03 45 8 16 group 0.90124+.0023
a-cask-c.07 45 7 16 group | ~ 0.9691+.0028
a-cask-c.10 45 10 16 group 0.9651£.0030
a-cask-c.12 4.5 12 16 group 0.9554 +.0035
a-cask-c1.0 45 100 16 group 0.7347+.0040
a-cask-d.07 4.0 7 16 group 0.9319:.0027
a-cask-c.07 45 7 16 group 0:9691%.0028
27-cas-c.07 45 7| ergrow 0.9552:,0031

~ The calculated reactivity of the system using 27 group cross sections was less than the
. corresponding calculation using 16 group cross sections, 0.8552 and 0.9691, respectlvely This
agrees wrth prewous results documented ANF-88-120.

The results also indicate that the k-inf for 4.5 weight percent enrichment is subcritical but exceeds
95. The reachvvty is less than 0.95 for 4.0 weight percent enrichment. The effect of varying the
uranium enrichment on k-inf is shown in Figure 3 and tabulated in Table 6.
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FIGURE 3 EFFECT OF URANIUM ENRICHMENT ‘ON REACTIVITY
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TABLE 6 K-INF OF 10X10 ASSEMBLIES AT VARIOUS URANIUM ENRICHMENTS
' © 6 POISON RODS AND 7 YOL% WATER

" 425-5.07 4.25 0.94862
' 430-15.07 ' 4.30 0.95192
rad-15.07 . 450 0.96471"
KENO V.a ‘ k-inf+20
k5o0a-cask-d.07 4.00 0.83734
. kSoa-cask-c.07 ' 4.50 0.97464

1 [ — - - - e e —— e -
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FIGURE 4 ARRANGEMENTS OF WATER RODS IN 10X10 ASSEMBLY
WA
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The effect bf the presence of water rods on an infinite array 10x10 fuel assemblies placed in the

inner SP-1 shipping container was determined by using CASMO. These cases assume 4.5 wt.%
5.4, 10 Vol.% water, and no poison rods. The arrays are shown in Figure 3-and the results of

the calculations are given in Table 7.
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"TABLE 7  K-INF OF 10X10 ASSEMBLIES WITH VARIOUS WATER RODS
; 4.5 WT.% U, 10 VOL.% WATER AND NO POISON

| Case Identification Arrangement I Tnf Aﬁ

| ogad WA 1,00574
Ogad-2w WB 1.00530
Ogad-4w wC 1.00482
Ogd-awd WD . 1.00220
Ogd-4wd1 WE 1.00404
Ogad-4ws WF _ 1.00507
Ogad-6ws WG ' 1.00457
Ogad-8ws WH 1.00392
Ogd10ws Wi 1.00301
Ogad12ws wJ " 1.00207

These reédlts show that for low density interspersed moderator there is a reduction in reactivity
when the number of water rods increases, Water rods placed nearer the perimeter of the
assembly decreased the reactivity of the system more than those located near the center. The
most reacth)e arrangement is when small water rods are not included in the assembly. -

The resuits listed in Table.8 show that replacing fuel rods with water rods at full flooding causes
a small chénge.in reactivity, comparable to the differences between CASMO and KENO. In all
cases, k-infiis well below 0.95. The remo;/al of fuel rods at full density water causes a change
in reactivity that is approximately equal to the change due to increased moderation in the water
" rods for twb. four, and six water rods. The reduction in fuel appears to be dominant for eight
~ water rods. This shows that the fully flooded containers are safely subcritical without any poison
" rods. However, poison rods are needed tb remain subcritical at optimum moderation.
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TABLE8 K-INF OF 10X10 ASSEMBLIES WITH VARIOUS WATER RODS
' ‘4.5 WT.% U, 100 VOL.% WATER AND NO POISON

Case Idem!ﬂ 1 .Arrangemant
Ogadfw WA 0.9238
| Ogad-2wiw WB 0.9249
Ogd-dwiw wc ' 0.9254 .
| Ogd-4wstw WF 0.9246
Ogad-6st WG 0.9226
L Ogad-8wst  WH 0.9204

5.5 Effect of Fuel Assembly Spacing

The effect of moving the fuel assemblies normally centered in ‘gh’e SP-1 inner container toward
‘and apart from one another was evaluated using KENO-V.a. The results in-Table 9:show an
increasé’ in k-inf when the bundles are moved apart and-a decrease when the bundles are
brought:closer together. An infinite afray of 4.0 wt.% bundles under certain conditions exceeds
a k-eff of 0.95. The results listed in Table 9 show that 260 SP-1 inner shipping containers in a
13 wide X 20 high array are not at optimum moderation at 7-8 vol.% as they are in an infinite
array. The data in Table 9 for the finite array were interpolated and optimum moderation was
found to be at 18 vol.% water. KENO-Va calculates k-ff for this condition to be 0.9120 + .0023.
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TABLE9 EFFECT OF SPACING OF FUEL BUNDLES
Case Id;eﬁtlﬂcauon Descripﬂon Moderation k-eff
: : Vol.% Water
It
, An infinite array of containers
e.07 Bundles inside the basket are as 7 8420 = .0032
close as design permits. Bundle
enrichment is 4.5 wt.% U-235.
; Pellet Diameter is 0.3356 inches
c.07 As above with the bundles 7 9691 = .0028
o centered (Standard) ,
.07 As above with the bundles as far 7 9802 = .0026
‘ apart as design permits
g-apart As above with Bundle enrichment 8 8533 + .0030
; 4.0 wt.% U-235 . ‘
A 13 wide by 20 high array of containers .
a-13x20ap | Bundles inside the basket are as 8 .8659 + .0028
. far apart as design permits. | . '
Bundle enrichment is 4.0 wt.% U-
23S, Pellet Diameter is 0.3356
inches, The array is reflected by
30 cm. of full density water.
a-13x20ap15 As above , - 15 0.8006
. £.0028
2-1320ap20 As above ‘ 20 0.9008
' +.0024
a-13x20ap30 As above - 30 | os8m2=+
o .0026
S —

5.6 .Efféct Of Outer Container and Spacing ' ,

KENO-_V.avwas: used to model infinite arrays of undamaged backages to demonstrate that
reduced amounts of honéycomb/ethafoam in the outer container cannot lead to criticality. " The
inner mntéiners were placed on 29.75" By 27.75" centers to match the normal container spacing
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without 4"x4" skids at the bottom. The model assumed fusl assembiies with 4.5 wt%% 235 and
arrangement PD. ‘ '

'Casas wrth and without the container wood are included. The wood was assumed to have a
density 6f 0.75 g/cc and to be 0.5 inch thick on the top and two sides and 3 5/8 inch thick on
the bottbm. All volume not occupied by'wood, fuel, or the steel of the inner container was filled
with low. density water. The resuits are given in Table 10.
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T:ABLE 10 EFFECT OF OUTER CONTAINER PRESENCE AND SPACING

' Run No.

h.010 10 8484:+.0024 9532

h.015 15 9617£.0032 |  .9680

h.020 20 .9566+.0029 9625

) h.025 25 18475:.0021 9537

h.030 3.0 8268+.0032 | 8332

| With Wood

1,000 0.0 8962:+.0030 8023

1,005 05 88500033 8915

1010 10 .8563%.0031 8625

| __'l.ozo : 20 .8119+.0034 8187

Al of the résults are subcritical and they indicate that adding moderation such as honeycomb,
ethafoam, ;and additidnal ‘wood to the plywood only model would result in reduced reactivities.

Therefore, the honeycomb/ethafoam in the outer container is not needed for criticality safety nor
" for cushiohing during the hypothetical accjdent eonditions. Accordingly, there is not adverse

~ safety effect by allowing any honsycomb/ethafoam thickness nor by allowing unlimited cutouts
of these pads. |

The data in Table 10 also indicate that the peak reactivity for the normal array is bounded by the
k-inf for edge-edge inner containers. There Is no statistically significant difference between k-inf
- for the close-packed array of inner containers and the outer containers without the wood.: Both
models afé at optimLJm moderation with thé H/U ratio essentially constant.




5.7  Effect of Poison Content in Poison Rods
Casmo was used to examine the sensiﬁvﬂy of reactivity on Gd,0, content in the poison rods.
When Gd,0, was reduced from a nominal 2.0 wt.% to 1.95 wt.% for case 400-15.07 reactivity
increased from 0.93145 to .93186, an increase of .00041. When Gd,0, was reduced to 1.5 wt.%
for this case reactivity increased to .93586, an Increase of .004510. These results indicate that
assembiies with allowable variations in C-‘;dzo3 will remain subcritical by a substantial margin.

5.8  The Effect of Fuel Pellet Diametsr
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CASMO was used to examine the sensitivity of k-inf to pellet diameter at various amounts of .
moderaﬂon in and between the fuel assemblies. The models used in this study use fuel

| arrangement PD, shown in figure 2. The U-235 enrichment was 4.5 wt.%. The resuits are listed
in .tab]e 11 and clearly show that reducing pellet diameter causes a decrease in k-inf.

TABLE 11 ‘K-INFINITY FOR VARIOUS PELLET DIAMETERS

K-inf for K-inf f? K-int for K-int for
Vol. % Peilet GD Pellet OD Peilet OD Pellet OD -
Water 0.3350" 0.3300" 0.3250" 0.3200"

6 0.9631 . 0.9589 0.9550 0.9567 |

7 " 0.9672 0.9628 0.9625 0.9599

'8 0.9675 0.9629 0.9622 0.9594

9 0.9655 0.9608 0.9598 0.9566

10 0.9619 0.9571 0.9557 0.9524
100 . 0.7348 0.7322 0.7339 0.7331

The maximum pellet diameter including manufacturing tolerances will be less than 0.3356 inches.
At optimum moderation CASMO calculates k-inf to be 0.9682 for 4.5 wt.% enriched bundies.
Reducing enrichment to 4.0 wt.% reduces k-infto 0.9352. Adding a.001 inch gap further reduces
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k-inf 10 0.8350. A Keno-Va model of the no gap case at 4.0 wt.% U-235 produces a k-eff of
0.9341 + .0023.

" 8.9 Discussion of Results , '
The greatest reactivity for the system-occurred with interspersed moderation at about 7 volume
- percent. balculations by both CASMO and KENO-V.a computer codes supported this
conclusion. " A variation in the position of the six poison rods showed that the most reactive
configuration with low density interspersed moderator occurred when the .poison rods were
placed close to the large central water rod. This was due to the increased moderation of the
. heutrons near the outer rows of the assemblies which made the neutron poison more effective
in those pdsitlons.

The CASMC calculations at optimum moderation indicated that the highest reactivity occurred
with no small water rods: - These calculations aiso indicate that the reactivity decreased when the

water rods were placed nearer the perimeter of the assembly and when the number of water rods
was increased.

KENO-V.a demonstrated that for the worst credible arrangement and an uranium enrichment of
4.0 WL% tfie calculated k-eff of an infinite system while the fuel assemblies are centered in the
basket is 0.9341 +.0023. The worst credible arrangement for 260 SP-1 inner containers is a
13x20 arraQ with the fuel assemblies shifted to the outer region of the basket and 18 vol% water

Therefore the requireménts for a fissile class 1 package are met.

as an Ime(sperséd moderator. K-eff + 2 o for this arrangement and condition is 0.9166. ,
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6.0 METHODS VALIDATION
Suppiemental benchmarking was performed using experimental data from 15 critical mass
experiments. The experiments selected are described in References 3 and 4. The data are-
included in tabie 11. The metheds in reference 5 were used to calculate the weighted avefage
k-eff and the standard deviation of the bias.

Weighted average k-eff: 1.0035

Bias Standard Deviation: 0.00368
The welght of each k-eff value is proportional to the reciprocal of its variance.

" These results demonstrate the average k-effective reported by KENO + 2oyields a k-eff at a
conservative 95% confidence level.




TABLE 1é BENCHMARK CALCULATION RESULTS
KENQ-Va WITH 16 GROUP CROSS SECTIONS

2378
2384
2388
2420
2396
2402
2411
‘2407
2414

Case Number I 3 " Calculated k-eff |

Reference 3 Experiments

100395 = 0.00376
1.00037 * 0.00306
0.99886 + 0.00341
1.00038 + 0.00367
0.99443 = 0.00360°
1.00694 * 0.00283
1.01223 + 0.00286

© 100847 = 0.00332
1.00967 + 0.00327 .
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10
11
.12
31

Reference 4 Experiments

1.00092 = 0.00487
1.00181 = 0.00412
0.89786 = 0.00413
0.59888 = 0.00487
1.00442 = 0.00421

R
o
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8.0 COMPUTER INPUT LISTINGS

The following is an example of typical computer input for the BONAMI, NITAWL AND KENO V.a

computer codes.

BONAM) input for uranium enriched to 4.5 weight percent, gadolinia at 2.0 weight percent and 7 volume percent of
intersperssd water: ’

'SHIPPING CASK RA-3 10X10 6Gd RODS, 0.07 IM U4.5 Gd2.0

. Gd rods clusterad around central weter col

0SS 16 1518 17

1$$ 0 926 2R1 0

2°* 1.0E03 1.35

2 !

3$1456145613456892389678978

9

438, 4R92235 4RE2238 TR-8016 40302 3R.1001 -s-woo 3R-6012
3R-26000

5** 3R1.09163E-03 1.0596E-03 R2L.28741E02 22203602
4.7831SE-02 2.335903E-03 2R4.79315E-02 4.75857E-02 3.370708E-04
2.134081E-04 4.25181E-02 4.671806E-03 6.741416E-04 4.263162E-03
7.06997E-04 3.92168E-03 3.35578E-03 3.38833E-04 8.35001E-02

"7.1451E-02 7.21441E-03 t

638123456789

8** 9R2.93E+02

'zone 1 is w2 Interior rods; zone 2 is 2r; zone 3 Is h20;
'zone 4 is ua2 edge rods; zone 5 is uc2 facing rods;

‘zone 6 Is ue2-gd203 paison Interior rods;
'zone7 ie ¢ steel; zone 8 is mod ¢ steel; zone 9 Is dit ¢ stee!
g** 36749 22791 0.0 .59538. 50642 .34281 1.6657 2.4331 13748
1&39&35019@35049223505 9223506

9223801 9223804 9223805 9223806

8016 10 11 12 13 14 15 40302

1001 1819640006012&23260000726000082600009
1188 SRO

12** F233.0 .

NITAWL lnputf for uranium enriched to 4.50 weight percent, 2.0 weight percent gadaiinia and 7 volume percent of
interspersed water; . :

'SHIPPING CASK RA-3 10X10 6Gd RODS, 0.07 IM U4.5 Gd2.0
! Gdrodsc(uaeradaroundeentralwater rod

03$ 11 12 13 14 18.1990 20

1$$ 026 5RO 132R0 -1 0

T

288 9223501 9223504 9223505 9223506

9223801 9223804 9223805 9223806

8016 10 11 12 13 14 15 40302

1001 181964000601222326@07250000826&)009
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923501 293.00 2.0 4.2550€-01 0.79449 1.4255E+03 1.0918E-03 1.0
159994 1.6466E+02 1,0 2380510 1.73%2E+02 1.0 1.0
9223504. 293.00 2.0 . 4.2550E-01 0.49179 3.4908E+02 1.0916E-03 1.0
159994 1.8466E+02 1.0 238.0510 1.7382£+021.0 1.0
92235085, 233.00 2.0 ' 4.2550E-01 0.58925 3.4908E+02 1.0916E-03 1.0
159994 1.6466E+02 1.0 238.0510 1.73928+02 1.0 1.0
9223506, 293.00 2.0 4.2550E-01 0.78608 3.5476E+02 1.0896E-03 1.0
159954 1.6841E+02 1.0 238.0510 1.7392E+02 1.0 1.0
9223301. 293,00 20 4.2S50E-01 0.79449 6.8031E+Q1 22874E-021.0
15.9934 7.8579€+00 1.0 235.0440 5.0108£-011.0 1.0
9223804. 293.00 2.0 ' 4.2S50E-01 0.49179 1.6659E+01 22874E-02 1.0
15.9994 7.8579E400 1.0 235.0440 5.0109£-01 1.0 1.0
9223805, 293.00 20 4.2550E-01 0.58928 1.6859E+Q1 22874E02 1.0
18,9994 7.85796+00 1.0 235.0440 5.0109£-01 1.0 1.0
9223806. 293.00 20 4.2550E-01 0.73508 1.6S30E+01 22203E-02 1.0
15.9984 8.0370E+00 1.0 235.0440 5.0109€-01 1.0 1.0
40302. 233,00 1.0 6.3510E-02 0.71227 1.9136E+02 4.2518E-02 1.0
0.0000 0.0000E+00 0.0  0.0000 0.0000E+000.0 1.0
64000. 293.00 0.0 0.0000E+00 0.78608 S5.317CE+Q02 7.0700E-04 1.0
15.9894 2.5240E+02 1.0 233.0510 2.6066E+Q21.0 1.0 .
2600007. 293.00 1.0 2.5400E+00 0.14215 1.1S51E+01 8.3500E-02 1 0
12.0110 22074E-01 1.0 0.0000 0.CCOOE+00 0.0 . 1.0
. 2600008, 293.00 1.0 2.5400E+00 0:18303 1.1851E+01 7.1451E-02 1.0
1.0079 1.9247€01 1.0 120110 22074E-01 1.0 1.0
2600009, 293.00 1.0 2.5400E+00 0.27049 3.0377E+01 7.2144E-03 1.0
1.0079 1.2069E+01 1.0 15.9994 1.5847E+00 1.0 1.0
4** 26R2 93E+02
T :

»

An example folKENO V.a computer Input for uranium enriched to 4.5 weight percent, 2.0 we|ght percent
gadolinia and 7 volume percent of imerspersed wat@r )

SHIPPING CASK RA-3 10X10 0.07 IM; U4.50 Gd200 6 Gd Rods
' no small water cols _ Gd rods clusterad near central water col
READ PARM GEN=103 NPG=300 PLT=YES
TME=570 TBA=20 LIB=41 FLX=YES Xs1=-YES NUB=YES PWT=YES RUN=YES

. END PARM

READ MIXT
"KENOS-TYPE MIXING TABLE XSLIB'NUCLIDES
MX=1
' U(4.50)02 AT 0.98 OF 10.96 = 10.7408 INTERIOH ROD
9223501 1.091628E-03
9223801 2.287414E.02
8016 4.793184E-02
MXx=2
' ZIRCALLOY AT 6.44 G/CC
40302° 4.251812E-02
MIX= 3

' WATER AT 0.9962 G/CC X 7.00E-02 VOL FRACT FOR INTERSPERSED MOD




8016 2335903E-03
1001 4.671806E-03
MiX= 4
' U(4.50)02 AT 0.98 OF 10.96 = 10.7408 EDGE ROD
9223504 1.091628E-03
9223804 2.287414E-02
‘8016 4.793154E-02
MiX= § '
* U(4.50)02 AT 0.98 OF 10.96 = 10.7408 FACING ROD
9223505 1.091628E-03 .
9223805 2.287414E-02
8016 4.793154E-02

- MIX=6

' U(4.50)02 - GA203(2.0) AT 0.98 THEO DENSITY POISON ROD
* UO2 AT (0.98)[(0.980/10.96)}/[(0.980/10.96) +(0.020/7.400)] =0.951247
9223506 |1.059600E-03
9223806 2.220302E-02
8016  4.758573E-02
' G&203 AT (0.98)[(0.020/7.400))/[(0.980/10.96) +{0.020/7.400)} =0.02875254
64000 7.069965E-04
MiX= 7
' CARBON STEEL AT 7.8212 G/CC, 100%
6012 2.921683E-03
2600007 £.350010E-02
MiX= 8
" CARBON STEEL & WATER, 85.57% CS, 14.43% IM

' INTERSPERSED MODERATION VOL FR=(0.1443)(VF OF MATL 3=0.070)=0.010101

8016 3.370708E-04
1001 6.741416E-04 .
' CARBON STEEL AT 0.8557 VOL FR
6012 3.355784E-03
2600008 7 1451035-02
M|X= 8 -
' CARBON STEEL & WATER, 8.64% CS, 91 36% M

' INTERSPERSED MODERATION VOL FR=(0. 9136)(VF OF MATL 3=0.070)=0.063852

8016 . 2134081E-03
1001  4.268162E-03

' GARBON STEEL AT 0.0864 VOL FR
6012 3.388334E-04
2600009 7.214409E-03

RESM
RESM
RESM
RESM
RESM
RESM
RESM
RESM
END MIXT

READ GEOM

456

DOO~NDO SN

DONDN AN
- ok b
oo
(N W]

UNIT 1 |
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COM=" UO2 FUEL YOOX.XX ACTIVE FUEL LENGTH AS OXIDE INTERIOR 02 ROD®
' FUEL LENGTH J00(L)0(+0.355=X00C30CK"; DIAM 0.33504 [na *+0.0005=0.335547"
CYU 11 042550 2P225.58

' CLAD INSIDE DIAM 0.3370 [na '+0.0015=0,3385T*

CYU 01 042799 2P225.58

' CLAD OUTSIDE DIAM (ZRALLOY-2) 0.3870 [na '-0.002=0.3868"

CYU 2.1 049150 2P225.58

' ADD MODERATION WATER AT 0.511024" PITCH

CUBO '3 1 4P0.64900 2P225.58

UNT2

COM=* UO2 FUEL 00X ACTIVE FUEL LENGTH AS OXIDE EDGE UO2 ROD*

* FUEL LENGTH JOOLXX+0.355=X000X00C; DIAM 0.33504 [na *+0.0005=0.33554)
CYLU 41 042550 2P225.58

' CLAD INSIDE DIAM 0.3370 [na '+0.0015=0.3385)

CYU 0.1 042799 2P225.58

* CLAD OUTSIDE DIAM (ZRALLOY-2) 0.3870 [na "-0.002=0.38687"

CYU 21 049150 2P225.58

*  ADD MODERATION WATER AT 0.511024° PITCH

CUBO | 3 1 4P0.64900 2P225.58

UNIT 3.
COM=" UO2 FUEL X00(XX ACT FUEL LNGTH AS OXIDE;EDGE UO2 ROD FACING OTHER UNIT"
' FUEL LENGTH 000X +0.355:00C)00C; DIAM 0.33504 [na '+0.0005=0.33554"
CYL 5 1 042550 2P225.58 .
' CLAD INSIDE DIAM 0.3370 [na '+0.0015=0.3385)
CYLU 01042799 2P22558
*’ CLAD OUTSIDE DIAM (ZRALLOY-2) 0.3870 [na '-0.002=0.3868
CYU 21 049150 2P225.58
' ADD MODERATION WATER AT 0.511024* PITCH
CUBO 3 1 4P0.64900  2P225.58

UNT 4
COM="U02-GD203 FUEL XXX.XX ACT FUEL LNGTH AS OX;INTERIOR POISON U02-GD203 ROD"
' FUEL LENGTH J00(LXX+0.355=300CX00C; DIAM 0.33504 [na '+0.0005=0.33554']"
'CYU 6 1 042550 2P225.58
' CLAD INSIDE DIAM 0.3370 [na '+0.0015=0.3385T"
CYU 0 1 042799 - 2P225.58
' CLAD OUTSIDE DIAM (ZRALLOY-2) 0.3870 [na '-0.002=0.3868°
CYU 2 1049150  2P22558
" ADD MODERATION WATER AT 0.511024* PITCH
CUBO .3 1:4P0.64900 2P225.58

UNIT S

COM=" 10X10 BUNDLE IN LEFT BASKET *

" [(PITCH)(N-1) +(CLAD OD)}/2 = [{1.298*9)+0.983]/2 = 6.3325 CM

' USE (PITCH)(N)/2 = [(1.296*10)/2] = 6.49

ARRAY ‘1 2R-6.49 -225.58

' [(SHELL-SIZE)-(2) (THICKNES)/2 = {[(7)-(2*0.058)]/2} *(2.54} = 8.7381 CM
CUBO 3 1 4P8.7381 2P225.5801

' ADD 0.0588 INCH OF PERFORATED STEEL

CUBO 8 1 4P8.89  2P225.5801
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* COM=" ARRAY OF INNERS *

UNITE - .

COM=" 10X10 BUNDLE IN. RIGHT BASKET *

' [(PITCH)(N-1)+(CLAD OD)}/2 = [(1.298*9)+0.983]/2 = 6.3325 CM

' USE PITCHMN)2 = [(1 zes-w)/z] =649

ARRAY 2 2R-6.49

' |(SHELL SIZE)- (aachmssnrz = {[m (2'00598)]/2}'{254} = 8.7381 CM
CUBO 3'1 4PB7381 2P225.580

* ADD 0.0588 INCH OF PERFORATED STEEL

CUBO 8.1 4P889  2P225.5801

UNIT 7 :
COM:' SPACING & STEEL ANGLE BESIDE BASKET °*
* ANGLE STEEL SMEARED IN 2 INCHES X 3.8891 INCHES VOLUME
' 2 INCHES X (7-3.8891=3.111) INCHES OF WATER DIVIDED INTO 2 PARTS
CUBO 91 2rP254 2P4.9391 2P225.58
' 2 INCHES X 7 INCHES TOTAL SIZE
CuUBO 31 2rP254 2r8.39 2P225.5801

UNIT 8 .

COM=" ANGLES & SPACING BENEATH & ABOVE BASKETS *

© ' ANGLE STEEL SMEARED IN 3.8891 INCHES X 2 INCHES VOLUME
CUBO 9'1 2P49392 2P2.54 2P22558

' 7 INCHES X 2 INCHES TOTAL SIZE

CUBO 3.1 2P8.89  2P254 2P225.5801

UNIT 9 -
COM=" 2X2 INCH MODERATION REGIONS AT CORNERS *
CUBO 3 1 4P2.54 © 2P225.5801

UNT10

COM="1 INNER CONTAINER  *

' 18X 11 X 177.622 INCHES

ARRAY 32286 -13.97 .225.58

' ADD 0.0598 INCH WALLS OF CARBON STEEL
REPL 7 1' 6RO.1519 1

UNIT 11
COM=" INTERSPERSED WATER 'WATER HOLE' "
CUBO 31 4P0.84900 2P225.58

GLOBAL
UNIT 12

' THIS IS MULTI-UNIT ARRAY WITH SPECULAR REFLECTION
' ATTEMPT TO REDUCE COLLISIONS WITH BOUNDARY
‘ARRAY 4 3R0.0

END GEOM .

READ ARRAY .

ARA=1 NUX=10 NUY=10 NUZ=1
' 6 GD RODS IN COL-ROW:64 74 7-5 4-6 4-7 57
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! noSMALL WATER RODS IN COL-ROW 64 4-5 7-5 5-7
FiLL
'COL1 23456782910

2222222222
211111111.3
2111111113
2111144113
211111114113
211411111113
2114411113
2111111113
2111111113
2222222222 ENDFIL

ARA=2 NUX=10 NUY=10 NUZ={
' 6 GD RODS IN COL-ROW 6-4 74 7-5 4-8 4.7 5-7
' N0 SMALL WATER RODS IN COL-ROW 6-4 4-5 7-6 5-7
FLL
COL12345878910

NUBWWLWWLOWWLWLWN
Moo s saaaap
B I A e e i T o ¢ T
NMassldaadp
N—‘—&J_‘*O—*—*M
R R
NNMNMNNNNM
5

2

ARA=3 NUX=4 NUY=3 NUZ=1
FILL
9889

7567 v

9889 ENDFILL

ARA=4 NUX=5 NUY=5 NUZ=1
FILL F10° END FILL

END ARRAY
READ START NST=1 END START
READ BOUNDS ALL=SPECULAR END BOUNDS

READ PLOT .

TTL=" FUEL GASK X.Y SECTION AT Z=10 *

NCH="IZ+OFPSMD' -

'VOID INNER :ZR IMOD OUT FACING POISON STEEL MOD STEEL' DILUTE STEEL
XUL= 00 YUL=28.25 ZUL=10.0

'XLR=46.03 YLA=00 ZLR=10.0

—
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UAX=1.0 . VDN=-1.0 NAX=130 LPI=6 END

TTL=" LEFT HALF .
XUL= 0.0 ' YUL=28.25 ZUL=10.0
XLH=23.02 YLR=0.0 ZLA=10.0 END

TIL=" LOWER RIGHT QUADRANT OF LEFT HALF *
XUL= 0.0 YUL=14.13 ZUL=10.0 .
XLR=11.51 LA=00 ZLR=10.0 END

TTL=" UPPER LEFT QUADRANT OF LEFT HALF °
XUL= 0.0 YUL=28.25 ZUL=10.0

XLR=11.51 " YLFI=14 13 ZLA=10.0

END PLOT

END DATA

END KENO

END :
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1.0  INTRODUCTION

This application is made as an additional supplement to document EMF-1563, "Consolidated

License Application for Siemens Power Corporation Model SP-1 and SP-2 Shipping

Containers,"originally submitted in May 1993, revised in December 1993, and supplemented in
- September and October 1994. The purpose of this application is to add gadolinia-bearing fuel

rods to the allowable contents in Section 5(b)(1) of NRC Certificate of Compliance 9248 and to

add a stainless steel box to house those rods inside the SP 1 and SP-2 shipping containers in
. Section 5(a)

2.0 SUMMARY

This document provides demonstration that the following additions to Section 5 of Certmcate of
Compliance No. 9248 meets the requirements in 10 CFR Part 71.

5(a)(5) . " Gadolinia Rod Container.
A10 géuge stainless steel box with a flanged lid and end closure.

5(b)(1)(vi) = UO, fuel rods with a maximum U-235 enrichment of 5.0 wt.% and a minimum
" gadolinia content of 1.0 wt%. The maximum pellet diameter is 0.5 inch and the
maximum rod length is 169" inches. The rods may be clad with zircaloy, steel,
or aluminum. Rods meeting the above requirements may placed into the
"Gadolinia Rod Container" and shipped in the SP-1 or SP-2 in lieu of one or two
fuel assemblies. Fissile Class | is authorized for shipping Gadolinia Rod
Containers. :

Criticality safety was demonstrated by modeling infinite arrays of unclad fuel rods. The fuel was
5.0% enriched UO, with 0.75 wt.% gadolinia (Gd,O,). The fuel density modeled was 100% of
theoretical. The maximum k-inf calculated with 75% of the minimum specified gadolinia content
is about 0.909. Finite arrays of packages with the spacmgs and structural materials actually in
the packages would be less reactive.

3.0 FISSILE MATERIAL DESCRIPTION

The criticality safety calculations were based on the following very conservative set of conditions
and property assumptions:

a. An infinite array of infinite- Iength fuel rods was modeled. The modeled rods were unclad
and there was no steel in the model.

b. All rods were modeled at a 5.0% enrichment and with 75% of minimum 1.0 wt.% gadollnia
specmed :
c. The spacing and interspersed moderation within the infinite rod array were evaluated to

determine the combination for peak 'k-inf.
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d. The theoretical density of UO, is 10.96 grams per cc. The theoretical density of gadolinia '

is 8.31 grams per cc. When gadolinia is added to UQ,, the theoretical density of the two-
phase mixture or of a solid solution is lower than 10.96 grams per cc. The density
modeled in these calculations is 10.9305 grams per cc which is the estimated theoretlcal
densny for UO, with 0.75 wt % Gd,0,.

4.0 PACKAGING DESCRIPTION
Each SP-1 .énd SP-2 can contain up 1o two  BWR assemblies or two Gadolinia Rod Containers.

The SP-1 and SP-2 are composed of a steel "inner container" and a.wooden "outer container",
The inner containers contain two "baskets" made of 0.0598" thick carbon steel with 0.75" diameter
holés in a 1.75" square pitch pattern. The baskets are nominally 7"x7" in cross section. The two
baskets are placed edge-to-edge in the center of the nominally 18" wide by 11" high steel inner
container (0.0598" carbon steel walls). There is a 2" thick annulus between the basket wall and
the inner contamer wall. In this annulus are six carbon steel angles (2. 8125"x2 8125"x0.125"
nominal).

To demonstrate criticality safety of the package containing Gadolinia Rod Containers, infinite
arrays of close-packed gadolinia rods were modeled. All structural members. and rod cladding
were omltted from the model. ,

5.0 CALCULATION METHODOLOGY AND VALIDATION

The codes, cross sections, and other data from SCALE 4.2 (1) were used. The "CSASIX" optnon
was used with 16, 27, 123, and 218 group cross sections for most calculations. The codes
executed, in sequence, are: DRIVER, CSAS25, BONAMI, NITAWL, and XSDRN.

51  Valldation/Benchmarking

Additional critical experiments (Reference 3) with gadolinium were modeled. The experiments
determined the critical number of UO, fuel rods with gadolinium dissolved in the water between
the rods. The rods were in a triangular-pitched array in a cylindrical vessel with water reflection
on all sides of the approximately cylindrical-shaped rod array. Three rod pitches were used for
.the 14.40 mm OD rods: 22.86mm, 27.94mm, and 33.02mm. The experiments were modeled using
cell-weighted cross sections simulating the unit cell. A cylindrical fuel region with a cross
. sectional area equal to that of the reported critical number of rods was modeled with full water
~ reflection. The cases were replicated with the 16, 27, 123, and 218 group cross section libraries
in SCALE. The calculation results are tabulated and plotted below.

. Ten experiments were modeled: seven contain gadolinium and three are water-only reference
cases. The average and standard deviations of the calculation bias, based only on the seven
cases with gadolinium, are in the followmg table. Bias corrections will not cause calculated k-inf
values to exceed 0.95.




CALCULATION BIAS FOR CASES WITH GADOLINIUM -

Cross Section Calculation Calculation
Library Bias Bias
(Energy Average Standard
Groups) . Deviation

16 0.0001875 0.00774
27 0.010864 0.002430
123 0.013481 0.005322
218 0.011443 0.001899

EMF-1563

Revision 124
- Appendix 6C

Page 8 of 24

—_ T



CRITICAL EXPERIMENTS WITH GADOLINIUM
CALCULATION RESULTS

Experiment | Triangular Gd 16-Group k-eff 27-Group k-eff 123-Group k-eff 218 Group k-eff “
No.-- - Lattice: |Concentration,| R H S R - S
Pitch, Grams/liter Avg. Std.Dev. Avg. Std.Dev. Avg. Std.Dev. Avg. Std.Dev.’
mm
001 22.86 . 0. 0.98242 | 0.00251 | 0.98663 | 0.00291 | 0.98478 | 0.00283 | 0.98083 | 0.00267
009 0.0722 0.9891 0.00274 | 0.99236 | 0.00237 | 0.89762 | 0.00257 | 0.99304 | 0.00265
010 0.145 0.99793 | 0.00248 0.99134 | 0.00252 | 0.99013 | 0.0025 0.9892 0.00232
on 0.213 0.99121 0.00231 0.99164 | 0.00202 | 0.99279 | 0.00259 0.99142 0.00232
012 27.94 0 0.99701 0.00277 0.98487 0.0025 0.98348 | 0.00236 0.99262 0.00231
016 0.0547 0.99769 0.00254 0.98993 | 0.00198 | 0.98402 | 0.00207 0.99018 0.00218
017 0.1169 0.99698 0.00226 0.98301 0.00201 0.98224 0.0023 0.98669 0.00196
018 33.02 ¢) 1.0068 0.00215 0.98841 0.00211 0.98877 | 0.00223 0.98867 0.00235
023 0.0257 1.01088 | 0.00211 | 0.98957 | 0.00223 | 0.98482 | 0.00213 | 0.98843 | 0.00201
024 0.044 1.00728 | 0.00207 | 0.98352 | 0.00177 | 0.98126 | 0.00192 | 0.98415 | 0.00199

¥2 Jo g 9bey
09 xipuaddy
Y21 uolsiasy

£951-4N3
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Caleulated k-eff vs. Gd Concentration
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6.0 CALCULATION RESULTS

6.1 Infinite Arrays of Edge-to-Edge Rods

.Infinite arrays of unclad edge-to-edge rods iin a triangular-pitched array were modeled with fuel

diameters in the range 0.1" to 0.5" and with interspersed water densities in the range 0.1-to 100
volume %. ’

As shown in Table 6.1 and the following plots, the k-inf results with 16 and 123 group cross
sections are hlgher than those with 27 or 218 group cross sections.

With 16 or 123 group cross sections, the peak k-inf was calculated with about 80 to 90 volume%
water between the edge-to-edge rods, which indicates that increased spacings, including a
square pitched arrangement, with full density water would result in a lower k-inf.

With 27 and 21 8 group cross sections, the highest k-inf was calculated with 100 volume % water

.between the edge-to-edge rods, which could mean that increased spacings bétween rods might
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'result in slighﬂy higher k-inf values. However, there appears to be little potential for exceeding

the values calculated with 16/123 group cross sections. Spacing effects were evaluated in later

'

sections. !

The diameter effect is seen to be small but the highest k-inf was calculated with the largest fuel
diameter. '
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TABLE 6.1
Infinite Array of Unclad Rods
5.0% Enriched, 100% TD, 0.75 wt% Gadolinia
Edge-to-edge rods, Triangular Pitch
_ Rod Interspersed ‘ k-inf
| Dianeters X 16-grp | 27-grp | 123-grp. | 218-grp
100 0.902341 0.87838 0.905532 | 0.871947
90 0.90373 0.876979 | 0.905889 | 0.869572
85 0.904165 | 0.876043 | 0.905845 | 0.868088
80 0.904407 | 0874934 | 0.905629 | 0.866382
70 0.904221 0.872153 | 0.904588 | 0.862221
' 60 0,902972 | 0.868531 0.902543 | 0.856882
0.1 " 40 0.896149 | 0.858266 | 0.804008 | 0.841549
30 0.889767 0.85135 0.886343 | 0.830759 .
20 0.880665 | 0.843078 | 0.875085 | 0.817148
10 0.868104 | 0.833419 | 0.858495 | 0.799998
1 0.853174 | 0.823744 | 0.836611 | 0.780924
0.1 0.851473 | 0.822747 | 0.833931 | 0.778812
100 0.903084 | 0.879937 | .0.907193 | 0.873265
90 0.904322 | 0.878287 | 0.807278 | 0.870701
85 0.904691 0.87723 0.907102 ' | 0.869123
80 0904869 | 0.876005 | 0.906756 | 0.867326
70 0.904569 0.873 0.90547 0.862987
' 60 0.903223 | 0.869174 | 0903199 | 0.857482
03 40 0.896257 | 0.858575 | 0.894297 | 0.841863
. 30 0.88983 0.851533 | 0.886502 .| 0.830957
20 0.880696 | 0.843165 | 0.875154 | 0.817252
10 0.868114 | 0833443 | 0.858513 | 0.800031
1 0.853174 | 0823744 | 0836611 | 0.780924
0.1 0.851473 | 0.822747 | 0833931 | 0.778812
100 0903746 | 0.881439 | 0.908798 | 0.874614
90 0.904865 | 0.879574 | 0908643 | 0,871871
85 0.905177 | 0.878409 | 0.908347 | 0.870205
. 80 0.905302 | 0.877077 | 0.907883 | 0.868318
4 70 0.904903 | 0.873865 | 0.906365 .| 0.863803
0.5 60 0:90347 0.869842 | 0.903876 | 0.858129
' 40 0.806368 | 0.858904 | 0.894605 | 0.842207
30 0.889895 | 0.851731 0.886674 | 0.831176
20 0.88073 0.843261 0.87523 0.817367
10 0.868125 | 0.833471 0.858532 | 0.800067
1 0.853174 0.823745 0.836611 0.780925
. 0.1 0.851473 | 0.822747 | 0.833931 0.778812
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.5.0% Enriched Rods with 0.75 wt% Gadolinia

k-inf vs. Interspersed Water Density
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. 6.2 Infinite Arrays of Spaced Rods

Infinite arrays of unclad rods in a triangular-pitched array were modeled with various spacings
" (rod pitches). All cases were modeled with the most reactive fuel diameter (0.5") and with 10
volume % interspersed water. The low water density model was used to make the system less
sensitive to changes in the rod pitch.

The calculation results .are in Table 6.2. The peak k-inf in these cases Is about 0.905-0.807 for

16 and 123 group cross sections, which agrees well with the peak in Table 6.1. The peak with

27 and 218 group cross sections:is about 0.882 and 0.878, respectively, which is only shghtly
, higher than the peaks in Table 6.1.

TABLE 6.2
Infinite Array of Unclad Rods
5.0% Enriched, 100% TD, 0.75 wt% Gadolinia
0.5" Diameter Rods, 10 Volume % Interspersed Water, Triangular Pitch

Rod ' k-inf

Pitch,
inch 16-Grp | 27-Grp | 123-Grp | 218-Grp

l 0.5 ['0.868125| 0.833471 | 0.8568532 | 0.800067 |
0.55 || 0.89167 | 0.853524 | 0.888732 | 0.834125
. 0.6 | 0.902541 | 0.868143 | 0.902394 | 0.856084
. S 0.65 | 0.90466 | 0.877465 | 0.907404 | 0.869538
0.7 | 0.900607 | 0.882038 | 0.907127 | 0.876779
0.8 | 0.879988 | 0.879181 | 0.896181 | 0.87773
0.9 || 0.850797 | 0.863824 | 0.875447 | 0.865624

Addmonal cases with spaced rods with full density water were modeled to verify that the peak
k-mf is as shown in Table 6.2. These addmonal calculation results are in Table 6.3.

: TABLE 6.3
. infinite Array of Unclad Rods .
5.0% Enriched, 100% TD, 0.75 wt% Gadolinia
0.5" Diameter Rods, 100 Volume % Interspersed Water, Triangular Pitch

Rod | ‘ k-inf

Pitch,

Inch’ 16-Grp 27-Grp 123-Grp 218-Grp

050 | 0903746 | 0881439 | 0908798 | 0.87a614

0505 | o08omose | ossore | o0g0se04 | 0.877998

051 | 0892340 | 0882574 | 0903356 | 0879100

0515 | 0884383 | 0880535 | 0898719 | 0.878394

052 || 0875667 | 0877173 | 0.893161 0.676259
@ 053 | 0857389 | 0867453 | 0.880011 0.868775
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5.0% Enriched Rods with 0.75 wt% Gadolinia
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... 80 . INPUT LISTING
The data in Table 6.1 werecalculated using inputs such as that listed below:.

=csasix
inf array of gad rods
hans latt

uo2 1 den= 10 9305 0.9925 293. 92235 5.0 92238 95.0 end
arbm-gdzos 10.9305 201, 0 64000 2 8016 3 1 0.0075 293 end

h2o 2 1.0 293 end

end comp L

’ 0.5" pellet diam, 0. 5"pitch
tria 1.27 1 271 2 end
end

" =csasix

inf array of gad rods

hans latt

uo2 1 den= 10 9305 0.9925 293 92235 5.0 92238 95.0 end
arbm-gd203:10.9305 2 0 1°0 64000 2 8016 3 1 0.0075 293 end

-h20 2 0.9 293 end

end comp
0.5" pellet diam, 0. 5"p|tch
tria 1.27 1.27 1 2end '
end
=csasix :
inf array of gad rods
hans Iatt

u02 1 den=10.9305 0. 9925 293, 92235 5.0 92238 95.0 end”
, arbm-gdzos 10.9305 2 0 1 0 64000 2 8016 3 1.0.0075 293 end

h2o 2 0.85 293 end

end comp :

' 0.5" pellet diam, 0. 5"pitch
tna1271271 2end '
end
- =csasix , .
inf array of gad rods
hans Iatt

uo2 1 den= 10 9305 0.9925 293. 92235 5.0 92238 95.0 end
arbm-gd203 10.9305 2 0 1:0 64000 2 8016 3 1 0. 0075 293 end

h20 20.8 203 end
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end comp
' 0.5" pellet diam, 0.5"pitch
‘tria 1.27 1.27 1 2 end

end

=csasix

inf array of gad rods

hans lait

uo2 1 den=10.9305 0.9925 293, 92235 5.0 92238 95.0 end
arbm-gd203 10.9305 2 0 1 0 64000 2 8016 3 1 0.0075 293 end

h20 2 0.7 293 end

end comp

" 0.5" pellet diam, 0.5"pitch
tria 1.27 1.27 1 2 end

end

-=C8asix

inf array of gad rods

hans latt

uo2 1 den=10.9305 0.9925 293. 92235 5.0 92238 95.0 end
arbm-gd203 10.9305 2 0 1'0 64000 2 8016 3 1 0.0075 293 end

h2o 2 0.6 293 end

‘end comp - _

' 0.5" pellet diam, 0.5"pitch
tria1.271.27 1 2 end

end

. =csasix

inf array of gad rods

hans latt

uo2 1 dén=10.9305 0.9925 293. 92235 5.0 92238 95.0 end
arbm-gd203 10.9305 2 0 1 0 64000 2 8016 3 1 0.0075 293 end

h2o 2 0.4 293 end

end comp

"' 0.5" pellet diam, 0.5"pitch
tria 1.27 1.27 1 2 end

end '

'=csasix

inf array of gad rods

hans latt "

uo2 1 den=10.9305 0.9925 293, 92235 5.0 92238 95.0 end
arbm-gd203:10.9305 2 0 1 0 64000 2 8016 3 1 0.0075 293 end

h2o 2 0.3 293 end
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end comp ,
' 0.5" pellet diam, 0.58"pitch
tria 1.27.1.27 1 2 end

end

=csasix -

inf array of gad rods

hans latt

'u02 1 den=10.9305 0.9925 293, 92235 5.0 92238 95.0 end

arbm-gd203 10.9305 2 0 1 0 64000 2 8016 3 1 0.0075 293 end

'h20 202293 end

end comp - :

’ 0.5" pellet diam, 0.5"pitch

tria 1.27 1.27 1 2 end

end ‘

=csasix -

inf array of gad rods

hans latt

uo2 1 den=10.9305 0.9925 293. 92235 5.0'92238 95.0 end
arbm-gd203.10.9305 2 0 1 0 64000 2 8016 3 1 0.0075 293 end

h2o 2 0.1 283 end

end comp :

' 0.5" pellet diam, 0.5"pitch
tria 1.27 1.27 1 2 end

end ‘

=csasix

inf array of gad rods

hans latt

uo2 1 den¥10.9305 0.9925 283. 92235 5.0- 92238 95.0 end

. arbm-gd203 10.9305 2 0 1 0 64000 2 8016.3 1 0.0075 283 end

~ h20 20.01:293 end

end comp

' 0.5" pellet diam, 0.5"pitch
tria 1.27 1.27 1 2 end

end :

=csasix

inf array of gad rods

hans latt '

uo2 1 den=10.8305 0.9925 283. 92235 5.0 92238 95.0 end
arbm-gd203:10.9305 2 0 1 0 64000 2 8016 3 1 0.0075 298 end

h2o 2 0.001.293 end
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end comp . .
. ' 0.5" peliet diam, 0.5"pitch
tria 1.27 1.27 1 2 end
wrad
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1.0 INTRODUCTION

11 Purf)ose

This document is provided in support of the Revised Supplemental Application To Certificate of

Compliance No. 9248 dated March 1995. In that application, an additional category was

proposed for Section 5(b)(1) of the Certificate. Calculation descriptions and results are provided
- to demonstrate that the additional categories meet all crrhcahty safety requirements in 10 CFR
. Part 71,

1.2 Scope of Analysis

"The existing four categories in Section 5(b)(1) of the Certificate are unchanged. A new fuel
shipment category is added to Section 5(b)(1) for 10x10 assembiies.

1.3 ISum,mary of Conclusions

The followirig new category could be added to the Certificate of Compliance since it meets all
requirements specmed in. 10 CFR Part 71. Shipping shims are authorized in the category

described.
. 5(b)(1)(v) =~ UO, fuel assemblies with maximum U-235 enrichment (wt.%) constraints as
o follows: Perimeter Rods: 4.0%; UO,-Gd,0, ("Gadolinia”") Rods: 5.0%; All other
. ' " Interior' Rods: 4.0% average and no rod shall exceed 5.0%. Each assembly is

composed of a 10x10 array of fuel rods and water rods. A water channel is
required in the central 3x3 rod positions. Any number of water rods in any
arrangement is permitted in addition to the 3x3 water channel. The maximum fuel
dimensions are 5.0" by 5.0" by 174". The maximum pellet diameter is 0.35" and the
minimum clad thickness is 0.018". Each assembly shall include at least twelve rods
with at least 2.0 wt.% gadolinia in all axial regions with enriched pellets. At least
eight of the twelve gadolinia. rods shall be located in'rows 2 and 9 and columns
2 and 9 in a pattern symmetric about one of the assembly diagonals. The nominal
diameter of the gadolinia pellets shall be not less than that of the UO, (non-
gadolinia) pellets. Fissile Class Il is authorized with a Minimum Transport Index of
1.0. Polyethylene shims with a thickness up to 0.1267" may be placed between
rows or columns of rods along the entire length of the assembly. Shims with a
0.1267 inch thickness are equivalent to a maximum allowable polyethylene volume
of 33.93 cubic centimeters per centimeter length per assembly. ( Note: This has
the same hydrogen densny as 40.04 cubic centimeters of water per centimeter
length.) : :

20 PA¢KAGE AND MODEL DESCRIPTION

.Each SP-1 can contain up to two BWR assemblies. The SP-1 is composed of a steel “inner
container" and a wooden "outer container". Most criticality safety calculations are at "damaged"
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_or "accident' conditions where the outer container is assumed to have burned away and the inner

containers are stacked edge-to-edge in an array of at least 250 units (Fissile Class I) or at least
2N (Fissile Class T}, where "N" is the maximum number of packages allowed per shipment. "N"
is defined as 50 divided by the minimum Transport Index. :

The inner containers contain two "baskets" made of 0.0598" thick carbon steel with 0.75" diameter
holes in a 1.75" square pitch pattern. The baskets are nominal 7'x7" in cross section. The two
baskets are placed edge-to-edge in the center of the nominal 18" wide by 11" high steel inner
container (0.0598" carbon steel walls). A 2" thick annulus is between the basket wall and the inner
container wall. In this annulus are six carbon steel angles (2.8125"x2.8125"%0.125" nominal).

All previous calculations for. the SP-1 have demonstrated that peak reactivity with uniform

[interspersed moderation is with low density(typically 10 to 20 volume %) water. With low density

interspersed water, the edge rods in the assembilies are best moderated. It has been found that
the most reactive position for the assemblies is to have both at the outer edges of their baskets,
which allows maximum moderation of the edge rods facing the other assembly in the same

. package. This is the arrangement modeled. in these calculations, unless noted otherwise. .

3.0 ANALYTICAL METHODOLOGY

The codes, cross sections, and other data from SCALE 4.2 (1) and CASMO-3G were used. Al
components were modeled as precisely as. possible in KENO-Va.

The baskets were modeled as carbon steel with moderation-filled holes (not "smeared") and the
angles were closely approximated in volume and geometry using 31 steel segments with a total
steel volume slightly less than the minimum:(nominal minus tolerances). Finite arrays with 30 cm
of water reflection were modeled in KENO-Va. The following figure is a KENO-Va plot for a:typical

‘model.
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SECTION OF ONE INNER CONTAINER
UL XYZ: -2.31DDE+01 2.B3COE+01 [.D00OE+Q0
LR X¥Z 2.3100E+0!1 0.0000E+00 0,C000E+C0 -

CASMO-3G was also.used to calculate k-inf for various fuel types. The steel and moderation were
"smeared" together in the various regions of the CASMO model. The CASMO model also had the
‘assemblies 1o the shifted to the outer edges of their baskets. The arrays modeled were either
infinite or 8x13x1.

" 31  Benchmarking

The SCALE 4.2 system was developed for use by the USNRC and its licensees. Critical
experiments were modeled using the same methodology used in these calculations. The
- benchmark calculations and the methodology for determining the calculation bias and its
uncertainty and for determining the blas-corrected 95% upper limit on k-eff are descrlbed in this
Section.

3.1.1 Calculation of bias and bias uncertainty

The bias and its standard deviation were calculated using the methods described in Reference
4. These methods use standard Analysis of Variance principles. The average over all cases of
the KENO k-eff and its variance (square of standard deviation) are calculated. The average of the
average k-eff (grand average) is weighted by the reciprocal of its variance. The average value of
the variance is taken as the "within class" variance. The variance of the average k-eff data,
weighted as for the grand average, is taken as the "between class" variance. The "within class"
variance is subtracted from the "between class" variance to yield the variance of the class effect.
Since the true value for all cases is assumed to be 1.0 (critical), the class effect (the change in
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average k-eff from case to case) is also the bias and the variance of the class effect is the

variance of the bias. A zero variance of the bias would mean that the bias is constant from case
to case. Standard statistical techniques test the ratio of the "between" and "within" variances. If
this ratio does not exceed the "F" test, it is concluded that the class effect variance is not
significant and it is assigned the value zero. The methods in Reference 4 do not include a test
of significance. The calculated bias is the value to add to the calculation result. Therefore, a
negative bias indicates conservative results. The bias uncertainty is pooled with the KENO
"uncertainty for a given case by taking the square root of the sum of squares. The pooled
uncertainty is multiplied by a factor appropriate for the degrees of freedom (calculated as shown
in Ref. 4) for a one-sided 95% confidence limit. The 95% upper limit is the sum of the KENO k-eff
-plus the bias plus the pooled uncertainty muitiplied by the factor. The one-sided confidence limit
factor is used because only the upper limit is of interest.

. As will be shown in Sections 3.1.2 and 3.1.3, there is no significant difference between the bias
for experiments with and without gadolinium. Therefore, all experiments were combined to
calculate the bias to be applied to these calculation resuits.

The bias and bias uncertainty with 16-group cross sections is -2.4405E-3 + 4.6889E-3 and with
27-group cross sections it is +6.3419E-3 + 4.9757E-3.

~ 3.1.2 PNL Critical Experiments (Reference 2)

The reference 2 experiments involve three flooded clusters of 4.31% enriched rods with variable

spacings between the clusters and with various absorbers between the clusters. The case
numbers referenced below were taken from Reference 2. Brief descriptions of the cases modeled
* follow. These experiments were selected because they were the closest available to the
conditions being modeled. Experiments with stainless steel and zircaloy were selected because
they are in the SP-1 model. Cases with boron were selected to include a strong neutron
absorber; gadolinium was not available in these experiments. Separate expenments with
gadolumum are reported in Section 3.1.3.

Cases 001, 002 and 003 determine the critical size of one cluster. The critical size was
interpolated based on experiments with integral numbers of rods per edge; the critical number
had a fractional number of rods on one edge and either 8, 9, or 10 rods on the other edge.
-These three cases were modeled using cell-weighted cross sections. A suffix "x" on the case
name was used to denote cases modeled with cell-weighted cross sections.-

Case 004 iﬁvolved three 15x8 clusters with no absorber plates.

Cases 007, 008, 013, and 014 involved three cluster with 304L steel absorber plates. Two plate
thicknesses, and. different absorber spacings from the central cluster were tested.

Cases 009, 010R, 011, and 012 are similar to the previous four except that the 304L steel
.contalned either 1.05 or 1 .62% Boron.

Case 031 involved three clusters with BORAL absorber plates.
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Cases 029 and 030 involved three clusters with Zircaloy-4 absorber plates.

The "x" suffix on the case name denotes cell-weighted cross-sections. Suffixes such as "a" are
for explicitly-modeled rods.

The bias and bias uncertainty calculated for these benchmark cases are tabulated below.




REFERENCE 2 CASES
CALCULATION RESULTS

WITH 16-GROUP CROSS SECTIONS

Case ID k-eff
" Avg. Std.Dev.

a-c001x . 1.00355 0.00249
a-c002x | -1.00805 | 0.00257
a-c003x | .1.00845 0.00252
a-c004 11.00435 0.00265

" a-c005a | ‘1.00244 0.00265
a-c005b | '1.00198 | 0.00252
a-c006a | 1.00177 | 0.00253
a-c006b | '1.00443 | 0.00270
a-c007a | '1.00352 | 0.00252
a-c007x 1.00788 0.00253
a-c008a | '0.99798 0.00241
a-c008x | .1.00109 0.00242
a-c00%a | 1.00365 | 0.00221
a-c010a | -0.99854 | 0.00246
a-c011a | 1.00138 | 0.00255
a-c012aa | 1.00329 | 0.00244
a-c013a 0.99712 | 0.00258
a-c013x | .1.01149 0.00227

_ a-c0l4a | ‘0.99991 0.00241
a-c014x | 1.00732 0.00259
a-c029a | :0.99894 | 0.00254
a-c030a | 1.00278 0.00257
a-c031a | :1.00582 | 0.00250
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The bias an bias uncertainty calculated for these 16-group cases are -3.3617E-3 = 2.8457E-3.
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REFERENCE 2 CASES
CALCULATION RESULTS
WITH 27-GROUP CROSS SECTIONS
Case ID k-eff
 Avg. Std.Dev.

b-co01x | 1.00591 | 0.00264
b-c002x | -0.99828 | 0.00274
b-c003x | -1.00268 | 0.00234
b-c004 | 099853 | 0.00266
b-cO05a | 0.98845 | 0.00348
b-cooa | "0.99000 | 0.00247
b-c007a | '1.00394 | 0.00309
b-coo7x | :0.99789 | 0.00256
b-coo8a | .0.98856 | 0.00367
b-coosx | 1.00177 | 0.00268
b-cooga | .0.99293 | 0.00344
b-c010a | '0.99237 | 0.00315
b-cof1a | :0.99493 | 0.00356
b-c012a. [ 1.00104 | 0.00327
b-c013a | 0.99779 | 0.00346
b-coiax | 0.99306 0.0025
b-cO14a | '0.99177 | 0.00343
b-cO14x | '0.99708 0.0024
b-c028a | 0.99366 0.0023
b-c030a | :0.99241 | 0.00259

The bias an bias uncertainty calculated for'these 27-group cases are 3.4601E-3 + 4.0706E-3.
3.1.3 Expériments with Gadolinium (Ref. 3)

Additional critical experiments (Reference 3) with gadolinium were modeled. The experiments

- determined the critical number of UO, fuel rods with gadolinium dissolved in the water
between the rods. The rods were in a triangular-pitched array in a cylindrical vessel with water
reflection on all sides of the approximately cylindrical-shaped rod array. Three rod pitches
were used for the 14,40 mm OD rods; 22.86mm, 27.94mm, and 33.02mm. The experiments
were modeled using cell-weighted cross sections simulating the unit cell, A eylindrical fuel
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region with é cross sectional area equal to that of the reported critical number of rods was
modeled with full water reflection. The cases were replicated with the 16 and 27 group cross
section libraries in SCALE. The calculation results are tabulated and plotted below.

Ten experiments were modeled: seven contain gadolinium and three are water-only reference
cases. The average and standard deviations of the calculation bias, based only on the seven
cases with gadolinium, are in the following table. Comparing these results with those from the
previous section indicates that there Is no significant difference in the bias due to gadolinium.
_ Therefore, the two sets of data will be combined for the final bias calculation.

CALCULATION BIAS FOR CASES WITH GADOLINIUM

Cross Section | Calculation Calculation
Library Bias Bias
(Energy Groups) | -Average Standard
' Deviation
16 0.0001875 0.00774
27 0.010864 0.002430
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CRITICAL EXPERIMENTS WITH GADOLINIUM | l
CALCULATION RESULTS

Experiment Triangular Gd ' 16-Group k-eff 27-Group k-sff - 1
No. | Lattice . | Concentration, : :
o Pitch, Grams/liter Avg. Std.Dev. | Avg. Std.Dev.
mm _
oo 22,86 0 0.98242 0.00251 0.98663 0.00291
009 | 0.0722 0.9891 0.00274 0.99236 0.00237
010 - 0.145 . 099793 - 0.00248 0.99134 0.00252
011 0.213 . 0.99121 0.00231 0.99164 0.00202
_ 012 - 27.94 0 " 0.99701 0.00277 0.98487 0.0025
‘ ' . 016 0.0547 © 0,99769 0.00254 0.98993 0.00198
017 0.1169 0.99698 0.00226 0.98901 0.00201 |
018 33.02 0 ' 1,0068 0.00215 0.98841 0.00211 .
. 023 0.0257 1,01088 0.00211 0.98957 | 0.00223 |
024 ' 0.044 © 100728 0.00207 0.98352 0.00177 '

i
|
i
1
i
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Calculated k-eff (2 Sigma bars shown)

Calculated k-eff vs. Gd Concentration
Critical Experiments with Dissolved Gd
16-Group Cross Sections
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Calculated "k-eff vs. Gd Concentration
. Critical Experiments with Dissolved Gd
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4.0

ANALYSIS

_The new Category proposed for Certificate Section 5(b)(1) is analyzed in this Section. included

~ in this Section are several sensitivity studies showing the effect of various parameters plus
calculations with the most reactive comblnatlon of the various parameters.

The prevnous applications have demonstrated the key parameters affecting the peak k-eff for an
array of SP-1 packages are:

1.

The number of packages in the array. Larger arrays tend to produce higher k-eff values.
In certain cases, Fissile Class Il was specified to allow use of smaller arrays.

The fuel enrichment. Higher enrichments lead to higher k-eff values.

Assembly size ("Envelope"). Larger transverse dimensions tend to increase k-eff. The

-length of the assembly has relatively little effect. Assemblies were modeled with the
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maximum allowable envelope.

4. Interspersed Moderation. For limiting conditions, low density interspersed moderation
produces a higher k-eff than full flooding. Additional evidence of this fact is included in
this application.

5. Number, Arrangement, and Composition of Gadolinia Rods. For a given number of
Gadolinia rods, the most reactive arrangement is to have them clustered together in the
central parts of the assembly. This was demonstrated in the previous two supplemental
applications and it is also seen in comparing cases in this application. The gadolinia
content was modeled at the 75% of the minimum specified value,

6. Water Rods and Water Channels.: Fuel assemblies typically do not have all iattice
locations occupied by fuel rods. The missing locations are called "Water Rods" or "Water
Channels" in cases such as a 2x2 or 3x3 array of water rods at the assembly center.
Water rods and water channels cause lower k-eff relative to assemblies with all locations
occupied by fuel rods. This was' demonstrated in the previous two supplemental
applications and additional evidence is presented in this document.

| 7. Fuel (pellet) diameter: Larger pellet diameters, at least up to about 0.5", lead to higher k-
eff values. This was demonstrated in previous supplemental applications and additional
evidence is presented in this application.

The additional evidence discussed in items 4, 5, 6 and 7 above and additional factors affecting
the k-eff of arrays of SP-1 packages and fuel types in general are discussed below.

4.1 Flooded Conditions

A single SP-1 has its maximum k-eff at flooded conditions and with the assemblies shifted toward
the inner edges of their baskets. The assemblies are well coupled within the package but, for
arrays of edge-to-edge inner containers, the assemblies are effectively decoupled between
packages. Fully flooded arrays of packages {(damaged) were modeled with 5.0% enriched 10x10
. assemblies without gadolinia rods. Infinite arrays are acceptable with zero gadolinia.

In this section, it will be demonstrated that an infinite array of edge-to-edge inner containers is
adequately subcritical at fully flooded conditions and with:

1. Any pellet diameter and any clad thlckness > 0.018". There was no gap between the
pellet and clad in these models.

2. Any ‘comblnatlon of water and polyethylene within the assemblies in any Moderator-to-
Fuel Volume Ratio. This effectively bounds any number of water rods and/or channels in
any arrangement and any number of polyethylene shims in any arrangement.

3. Any .U-285 enrichment up to 5.0% in all rods.
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No gadohnla is included in these calculatlons and none is required to assure safety at
flooded condmons

5, Any -array of packages is acceptable.

4.1.1 CONSERVATIVE XSDRN MODEL kNO STEEL, FLOODED)

A series of calculations with a conservative 1-D model was performed to develop-a family of

curves without the "noise" in Monte Carlo (KENO) calculation results. This simple model was a .

. cylindrical approximation of two infinite-length edge-to-edge assemblies (10" wide by 5" high fuel
region) in a 18" wide by 11" high inner container. The within-assembly moderator was either water
or 100% polyethylene (PE). The between-assembly moderator was always water. The boundary
conditions in XSDRN were set for an infinite array. Pellet diameters in the range 0.20" to 0.50"
were modeled with a 0.018" thick zircaloy clad. The assemblies were modeled as a cell-weighted
mixture with a moderator-to-fuel volume ratio in the range 1.5 to 4.0. This set of calculations was

. replicated with the 16 and 27 group cross section libraries.

* The conservative XSDRN calculation results are tabulated and plotted below. The results are
summarized as follows:

“ 1. Pure polyethylene yields a higher SP-1 k-inf than does water. KENO-Va calculation results
with- the steel in the model are presented later to demonstrate that worst-case
polyethylene moderation is acceptable.

2. . The optimum moderator-to-fuel volume ratio decreases with increasing pellet diameter.

‘3. The differences between the peak k-inf for most pellet diameters is relatively small. It is
expected that Monte Carlo results would be unable to discern many of these differences
without extremely farge numbers of histories. The optimum pellet diameter at flooded
.condltlons is about 0.35".
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Case Within- Pellet Moderator Unit SP-1
D Assembly Diam, to Cell ~ k-int
' Moderator inch Fuel k-inf
Volume
Ratio
a-h2020a Water 0.20 2.0 1.47723 0.86495
a-h2020c PE 0.20 2.0 1.50103 0.92599
a-h2025a Water 0.20 25 1.50353 0.88202
a-h2025¢ PE 0.20 25 1.51765 0.94303
a-h2030a Water 0.20 3.0 151588 | 0.89042
a-h2030c PE 0.20 3.0 152216 | 0.95055
a-h2035a Water 0.20 35 1.51961 0.89317
a-h2035¢ ' PE 0.20 3.5 1,52140 0.95303
a-h2040a © Water 0.20 4.0 151948 | 0.89288
a-h2040c PE 0.20 4.0 151502 | 0.95145
a-h2520a Water 0.25 2.0 1.48936 0.87607
a-h2520c PE 0.25 2.0 1.50941 0.93645
a-h2525a Water 0.25 2.5 1.51153 0.89051
a-h25625¢ PE 0.25 25 1.52621 0.95253
a-h2530a ‘Water 0.25 3.0 1.52301 0.89805
a-h2530c " PE- 025" 3.0 153052 | 0.95900
a-h2535a Water 0.25 3.5 152776 | 0.90004
a-h2535¢ PE 025 3.5 152718 0.95929
a-h2540a Water 0.25 4.0 152599 0.89829
a-h2540c . PE 0.25 4.0 1.51880 0.95542
a-h3020a Water 0.30 2.0 1.49838° | 0.88332
a-h3020c PE 0.30 20 151835 | 0.94439
a-h3025a Water 0.30 25 151943 | -0.89653
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Case Within- Pellet Moderator Unit SP-1
D Assembly Diam, to Cell - k-inf -
' Moderator inch Fuel k-inf '
Volume
Ratio

a-h3025¢c ' PE 0.30 25 1.53013 0.95718
a-h3030a Water 0.30 3.0 1.52782 0.90160
a-h3030¢ PE 0.30 3.0 1.53230 0.96174
a-h3035a Water 0.30 3.5 1.52961 0.90197
a-h3035¢c PE 0.30 3.5 1.52739 0.96046
a-h3040a Water 0.30 4.0 1.52656 0.89899
. a-h3040c PE . 0.30 4.0 1.51744 0.95509
a-h3520a Water 0.35 2.0 150361 0.88743
a-h3520¢ PE 0.35 2,0 152314 | 0.94867
a-h3525a Water 0.35 25 1.52421 0.89976
a-h3525¢ PE 0.35 25 1.53459 0.96051
a-h3530a Water 0.35 3.0 153213 0.90393
a-h3530c " PE 0.35 3.0 1.53339 0.96263
a-h3535a Water 0.35 35 153140 0.90254
a-h3535¢ PE 0.35 3.5 150511 0.95894
a-h3540a Water 0.35 4.0 1.52546 0.89766
a-h3540c PE 0.35 4.0 151231 0.95147
a-h4010a Water 0.40 1.0 1.39899 0.82438
a-h4010c .PE 0.40 1.0 1.43607 0.87738
a-h4015a Water 0.40 1.5 1.47279. 0.86825
a-hd015¢ PE 0.40 1.5 149017 | 0.92698
a-h4020a Water 0.40 2.0 © 1.50975 0.89093
a-h4020c . PE 0.40 2.0 1.52638 0.95111
a-h4025a Water 0.40 25 152665 | 0.90098
a-h4025¢ PE 0.40 25 153454 | 0.96056
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Case Within- Pellet Moderator Unit SP-1
iID Assembly Diam, to Cell k-inf
Moderator inch Fuel k-inf
Volume
Ratio
a-h4030a Water 0.40 3.0 153202 | 0.80337
a-h4030¢ PE 0.40 3.0 153185 | 0.96121
a-h4035a Water 0.40 35 153006 | 0.90081
a-h4035¢ PE 0.40 35 1.52160 0.95585
a-h4040a Water 0.40 40 - 1.52265 0.89468
a-h4040c ' PE 0.40 40 1.50641 | . 0.94653
a-h4510a Water 0.45 10 1.40557 | 0.82846
a-h4510c PE 0.45 1.0 1.44229 0.88175
a-h4515a Water 0.45 15 1.47921 0.87176
a-h4515¢c PE 0.45 1.5 1.50448 0.93034
a-h4520a Water 0.45 20 | 151402 | 089290
a-h4520c PE 0.45 20 | 152035 | 095265
a-h4525a Water 0.45 25 1.52925 0.90158
a-h4525¢ PE 0.45 25 1.53470 0.95998
a-h4530a Water 0.45 3.0 1.53227 0.80229
a-h4530c - PE 0.45 3.0 1.52831 0.95806
a-h4535a Water 0.45 35 1.52730. | 0.89778
a-h4535¢ PE 0.45 3.5 151484 | 0.95040
a-hd540a Water 0.45 4.0 151715 | 0.88985
a-h4540c PE 0.45 4.0 1.49687 | 0.93905
a-h5010a Water 0.50 1.0 141164 | 083179
a-h5010c PE 0.50 10 1.44757 | 088513
a-h5015a Water 0.50 . 15 1.48419 0.87414
a-h5015¢ PE 0.50 1.5 1.50889 0.93270
a-h5020a Water 0.50 2.0 151761 0.89406
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Case Within- Pellet Moderator Unit SP-1
D Assembly Diam, to Cell k-inf
: Moderator inch Fuel k-inf
Volume
Ratio
a-h5020c PE 0.50 20 1.53095 0.95294
a-hs5025a Water 0.50 25 1.53034 0.80099
a-h5025¢ PE 0.50 25 . 153330 | 0.95806
a-h5030a Water 0.50 3.0 1.53091 0.89999
a-h5030c PE 0.50 3.0 1.562414 0.95405
a-h5035a Water 0.50 35 1.52370 0.89387
a-h5035¢ © PE 0.50 3.5 1.50780 0.94429
a-h5040a Water 0.50 4.0 1.51128 0.88435
_ a-h5040¢ " PE 0.50 4.0 1.48693 0.93087

. INFINITE ARRAY (3-D) OF EDGED-TO-EDGE INNER CONTAINERS
’ 5.0% ENRICHED, 0.018" THICK CLAD, FULLY FLOODED

CONSERVATIVE XSDRN SP-1 MODEL (NO STEEL)

XSDRN RESULTS WITH 27-GROUP CROSS SECTIONS

Case Within- Pellet | Moderator Unit SP-1
iD Assembly Diam, to Cell k-inf
i Moderator inch Fuel k-inf
' Volume
Ratio

b-h2020a Water 0.20 2.0 1.47339 0.86610
b-h2020c PE 0.20 2.0 1.49595 0.92761
b-h2025a Water 0.20 2.5 1.49808 0.88290
b-h2025¢ PE 0.20 25 1.51245 0.94482
b-h2030a Water 0.20 3.0 151080 : | 0.89140
b-h2030¢ PE 0.20 3.0 151715 0.95246
b-h2035a Water 0.20 35 1.51445 0.89435
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Case Within- Pellet | Moderator Unit SP-1
D’ Assembly Dlam, to Cell k-int
Moderator inch Fuel - k-inf
Volume
Ratio
b-h2035¢ PE 0.20 35 . 1.51441 0.95383
b-h2040a Water 0.20 4.0 151311 0.89345
b-h2040c PE 020 4.0 1.50675 0.95096
b-h2520a | Water 0.25 2.0 1.48533 0.87699
b-h2520c PE 0.25 2.0 1.50630 0.93879
b-h2525a Water 0.25 25 1.50769 0.89179
b-he525¢ PE 0.25 25 1.51989 0.95342
b-h2530a Water 0.25 3.0 1.51751 0.89826
b-h2530¢ PE 0.25 3.0 1.52167 0.95850
b-h2535a Water 0.25 3.5 1.51926 0.89921
b-h2535¢ PE 0.25 35 1.51604 0.95738
b-h2540a Water 0.25 4.0 151556 0.89639
b-h2540c PE 0.25 4.0 150558 . | 0.95215
b-h3020a Water 0.30 2.0 1.49413 0.88393
b-h3020c PE 0.30 2.0 1.51335 0.94556
b-h3025a Water 0.30 25 151414 | 0.89684
b-h3025¢ PE 0.30 25 1.52400 0.95774
b-h3030a Water 0.0 3.0 152153 0.90138
b-H3030c PE 0.30 3.0 1.50078 0.96036
b-h3035a Water 0.30 3.5 1.52082 0.90043
b-h3035¢ PE 0.30 35 1,51420 0.95687
b-h3040a Water 0.30 4.0 151470 0.89578
b-h3040c PE 0.30 4.0 1.50087 0.94938
b-h3520a ‘Water 0.35 2,0 1.50068 0.88834
b-h3520c © PE 0.35 2.0 151803 0.94947
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Cass Within- Pellet | Moderator Unit SP-1
D . Assembly Diam, to Cell k-inf
: Moderator inch Fuel k-inf

Volume

Ratio ,
b-h3525a Water 0.35 25 1.51827 0.89939
b-h3525¢ PE 0.35 25 1.52561 0.95923
b-h3530a Water 0.35 3.0 1.52313 0.80202
b-h3530¢ PE 0.35 3.0 1.52130 0.95943
b-h3535a | Water 0.35 3.5 1.51989 0.89920
b-h3535¢ " PE 0.35 35 1.50968 0.95359
b-h3540a Water 0.35 40 1.51129 0.89275
. b-h3540c PE 0.35 4.0 1.49342 0.94387
b-h4010a Water 0.40 10 1.39258 0.82241
b-h4010c PE 0.40 1.0 1.43084 0.87699
b-h4015a Water 0.40 15 1.46895 0.86820
b-h4015¢ PE 0.40 15 1.49574 0.92817
b-h4020a Water 0.40 2.0 1.50552 - 0.89099
b-h4020c PE 0.40 2.0 1.52087 0.95139
b-h4025a Water 0.40 25 1,52057 0.80016
b-h4025¢ PE 0.40 25 1.52527 0.95870
b-h4030a Water 0.40 3.0 152282 | 0.90089
b-h4030c PE 0.40 3.0 151777 0.95648
b-h4035a Water 0.40 35 151609. | 0.89621
b-h4035¢c PE 0.40 35 1.50304 0.94832
b-h4040a Water. 0.40 4.0 1.50586 0.88797.
b-h4040c PE 0.40 40 1.48379 0.93639
b-h4510a Water 0.45 1.0 1.40009 0.82675
b-ha510c PE 0.45 1.0 1.43780 0.88158
b-h4515a Water 0.45 15 1.47477 0.87127
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Case Within- Pellet | Moderator Unit SP-1
D Assembly Diam, to Cell k-inf
| Moderator inch Fuel k-inf
: Volume
Ratio ,
b-h4515¢ PE 0.45 15 150020 - | 0.93091
b-ha520a Water 0.45 2.0 150896 0.89232
b-h4520c PE 0.45 2.0 1,52221 0.95179
b-h4525a . Water 0.45 25 152138 - | 0.89959
b-h4525¢ PE 0.45 25 1.52331 0.95663
b-h4530a Water 0.45 3.0 1.52094 0.89840
' b-h4530¢c PE 0.45 3.0 151253 0.95197
b-h4535a Water 0.45 3.5 151244 - | 0.89185
b-h4535¢ PE 0.45 35 149461 ' | 0.94149
b-h4540a Water 0.45 4.0 1.49872 0.88182
b-h4540c PE 0.45 4,0 1.47232 0.92739-
b-h5010a Water 0.50 1.0 1.40671 0.83019
. b-h5010c PE 0.50 1.0 1.44381 0.88515
b-h5015a Water 0.50 15 1.47954 0.87337
b-h5015c PE 0.50 15 1.50353 0.93255
'b-h5020a Water 0.50 2.0 1.51124 0.89263
b-h5020¢c PE 0.50 2.0 1.52229 0.95102
b-h5025a Water 0.50 25 1.52094 0.89797
b-h5025¢ PE 0.50 25 1.52000 0.95336
b-h5030a Water 0.50 3.0 151773 0.89484
b-h5030c . PE 0.50 3.0 1.50585 0.94626
b-h5035a Water 0.50 3.5 1.50652 0.88642
b-h5035¢ PE 0.50. 3.5 1.48470 0.93345
b-h5040a Water 0.50 4.0 1.49017 0.87462
b-h5040c PE | 050 4.0 145934 | 091716
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. 41.2 CONSERVATIVE KENO MODEL (NO STEEL, FLOODED)

_Several of the XSDRN model cases were replicated with a conservative KENO model. The KENO
model uses cuboidal geometry types (with cell-weighted cross sections) but no steel is in the
model. Casés with a water-filled channel at the center of the assembly were included in the KENO
cases. The channel was a 1.5" by 1.5" region (30% of assembly dimension). Additional cases with
nine discrete 0.1267" thick polyethylene shims equally spaced across the assembly were also
- included, The calculation results are tabulated and plotted below.

The XSDRN-KENO agreement is judged to be good. Addition of a water-filled channel lowers the
peak k-inf for the 100% polyethylene moderated assembly cases. Water-moderated assemblies
are clearly acceptable even without steel in the model.

CONSERVATIVE KENO SP-1 MODEL (NO STEEL)
'INFINITE ARRAY (3-D) OF EDGED-TO-EDGE INNER CONTAINERS
5.0% ENRICHED, 0.018" THICK CLAD, FULLY FLOODED
KENO-Va RESULTS WITH 16-GROUP CROSS SECTIONS

Case Within- Peliet Mod. KENO
ID Assembly Diam, to k-inf
' Moderator/ inch Fuel
Channel? Vol. Avg. Std.Dev.
. Ratio
a-f2020a - Water/No 0.20 20 | 087876 | 0.00453
212020 . Water/Yes | 020 20 | 088485 | 0.00479
a-$2020c PE/No : 0.20 20 | 0.93063 | 0.00390
a-2020d PE/Yes - 0.20 20 | 003336 | 0.00449
a-2020e Water-Shims/No 0.20 20 | 092717 | 0.00426
a-f2025a Water/No 0.20 25 | 089129 | 0.00451
a-f2025b . Water/Yes ; 0.20 25 | 0.89513 | 0.00385
a-f2025¢ PE/No | 0.20 25 | 0.94557 | 0.00407
a-2025d PE/Yes i 0.20 25 | 093681 | 0.00398
a-12030a Water/No | 0.20 30 | 090086 | 0.00411
a-f2030b Water/Yes 0.20 30 | 089664 | 0.00424
a-£2030c " PE/No . 020 30 | 094008 | 0.00414
a-2030d PE/Yes : 0.20 30 | 093018 | 0.00476
a-f2030e "Water-Shims/No ¢ 0.20 3.0 0.91579 | 0.00458
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" Case Within- Pellet | Mod. KENO

iD Assembly Diam, to k-inf
. Moderator/ inch Fuel . .
Channel? Vol. Avg. Std.Dev.

Ratio

a-2035a Water/No 0.20 35 | 089583 | 0.00382
a-f2035b Water/Yes 0.20 35 | 0.88990 | 0.00418
a-12035¢ PE/No 0.20 385 | 0.94763 | 0.00494
a-12035d PE/Yes 0.20 35 | 092924 | 0.00448
 a-f2035e Water-Shims/No 0.20 35 | 090497 | 0.00402
a-f2040a Water/No 0.20 40 | 0.89580 ‘| 0.00439
a-12040b Water/Yes 0.20 40 | 0.88763 | 0.00441
a-f2040¢ PE/No 0.20 40 | 094291 | 0.00412
af2040d PE/Yes 0.20 40 | 092183 | 0.00391
a-f2040e Water-Shims/No 0.20 40 | 080523 | 0.00429
a-f2520a Water/No 0.25 2.0 0.87997 0.00398
a-2520b Water/Yes 025 | 20 | 088920 | 0.00435
a-2520c PE/No 0.25 20 | 093842 | 0.00444
a-f2520d - PE/Yes 0.25 20 |- 094057 | 0.00429
a-f2520e Water-Shims/No 0.25 2.0 0.92728 0.00471
a-2525a Water/No 0.25 25 | 080276 | 0.00442
a-12525b Water/Yes 0.25 25 | 090054 | 0.00467
a-f2525c PE/No 0.25 25 | 086030 | 0.00500
a-12525d PE/Yes 0.25 25 | 094144 | 0.00494
a-f25250 Water-Shims/No 0.25 25 | 092663 | 0.00367
a-f2530a  Water/No 0.25 3.0 | 088953 | 0.00422
a-f2530b Water/Yes 0.25 30 | 0.89933 | 0.00463
" af2530c PE/No 0.25 30 | 094879 | 0.00460
a-£2530d " PE/Yes 0.25 30 | 094276 | 0.00448
a-25300 Water-Shims/No 0.25 30 | 092537 | 0.00455
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Case Within- Pellet Mod. B KENO
ID " Assembly Diam, to k-inf

Moderator/ inch Fuel
Channel? Vol. Avg. Std.Dev.

' Ratio
a-f2535a - Water/No 0.25 35 0.89364 0.00444
a-12535b - Water/Yes 0.25 35 | 0.89466 | 0.00433
a-f2535¢ PE/No 0.25 3.5 0.95147 | 0.00451
a-12535d PE/Yes 0.25 35 | 093338 | 0.00452
a-f2535¢ Water-Shims/No 0.25 35 | 091106 | 0.00420
a-2540a Water/No 0.25 40 | 089647 | 0.00459
a-2540b Water/Yes 0.25 40 | 0.88704 | 0.00474
' af2540c PE/No 0.25 40 | 094321 | 000496
a-12540d PE/Yes 0.25 40 | 091946 | 0.00479
a-{2540e Water-Shims/No 0.25 4.0 0.90705 0.00476
a-f3020a Water/No 0.30 2.0 | 0.89080 | 0.00420
a-13020b Water/Yes 0.30 2.0 | 089189 | 0.00443
a-f3020c PE/No 0.30 20 | 093445 | 0.00356
a-13020d PE/Yes 0.30 20 | 093180 | 0.00473
a-f3020e Water-Shims/No 030 | 20 | 083166 | 0.00455
a-{3025a Water/No 0.30 25 | 090312 | 0.00431
a-13025b Water/Yes 0.30 25 | 089959 | 0.00467
a-13025¢ PE/No 0.30 25 | 095102 | 0.00407
a-f3025d PE/Yes 0.30 25 | 094908 | 0.00445
a-f3025¢ Water-Shims/No 0.30 25 | 092919 .| 0.00492
a-f3030a Water/No 0.30 3.0 | 090641 | 0.00460
a-3030b Water/Yes 030 | 3.0 | 090528 | 0.00447
a-f3030c PE/No 0.30 3.0 0.94905 | 0.00421
a-f3030d PE/Yes 030 | 30 | 094281 | 0.00450
a-f3030e Water-Shims/No 0.30 30 | 093184 | 0.00433
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. Case Within- , Pellet Mod. KENO

D Assembly Diam, fo k-inf

' . Moderator/ inch Fuel

Channel? Vol. Avg. Std.Dev.

: - Ratio -
a-f3035a Water/No 0.30 35 | 0.80289 | 0.00461
a-f3035b Water/Yes 0.30 3.5 0.89449 0.00419
a-f3035¢ PE/No 0.30 35 | 095040 | 0.00422
a43035d PE/Yes 0.30 35 | 094390 | 0.00482
a-f3035e Water-Shims/No 0.30 35 | 091050 | 0.00431
a-f3040a Water/No 0.30 40 | '0.89012 | 0.00472
a-f3040b ‘Water/Yes 0.30 40 | 0.88006 | 0.00425
a-#3040c PE/No 0.30 40 | 094030 | 0.00476
a-3040d PE/Yes 0.30 4.0 0.91684 | 0.00439
a-3040e Water-Shims/No 030 . | 40 | 0.89556 | 0.00400
a-13520a Water/No 0.35 20 | 088106 | 0.00432
a-f3520b Water/Yes 0.35 20 | 0.89507 | 0.00467
a-13520c PE/No 0.35 20 | 095105 .| 0.00430
a-£3520d PE/Yes 0.35 20 | 093813 | 000417
a-#3520e Water-Shims/No 0.35 20 | 082565 | 0.00490
a3525a Water/No 0.35 25 | 0.89108 | 0.00370
a-13525b Water/Yes 0.35 25 | 0.89634 | 0.00400
a-13525¢ PE/No 0.35 25 | 094660 | 0.00430
a-f3525d PE/Yes 0.35 25 | 094669 | 0.00413
a-135250 Water-Shims/No 0.35 25 | 093796 | 0.00429
a-f3530a Water/No 0.35 30 |- 0.89969 | 0.00457
a-f3530b Water/Yes 0.35 30 | 089847 | 0.00429
a-13530c PE/No 0.35 3.0 | 095890 | 0.00426
a-f3530d PE/Yes 0.35 3.0 0.93678 | 0.00411
a-f3530e Water-Shims/No 0.35 3.0 | 092420 | 0.00457
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' Case Within- Pellet Mod. KENO
ID Assembly Diam, o k-inf
: Moderator/ inch Fuel . -
Channel? Vol. Avg. Std.Dev.

: Ratio
a-f3535a Water/No 0.35 3.5 0.80120 0.00441
a—f35'35b Water/Yes 0.35 3.5 0.88376 0.00453
a—f35350 PE/No 0.35 3.5 0.94897 0.00433 -
a-f35f35d PE/Yes 0.35 3.5 0.92683 0.00427
a-f3535¢ ‘Water-Shims/No 0.35 '35 | 090340 | 0.00417
a-13540a Water/No 0.35 4.0 0.88992 | 0.00429
a-f3540b Water/Yes 0.35 4.0 0.87859 0.00406
a-f3540c PE/No 0.35 4.0 0.94135 0.00433
a-f3540d PE/Yes 0.35 4.0 0.91071 0.00428
a-f3540e Water-Shims/No 0.35 4.0 0.88200 0.00450
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_

k-eff (2 Sigma Bars Shown)
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k~eff (2 Sigma Bars Shown)
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4.1.3 KENO MODEL ;(FLOODED) WITH STEEL INCLUDED

An infinite array (3-D) of flooded edge-to-edge inner containers was modeled with the steel
basket, angles, and shell included. Each package contained two 5" by 5" assemblies shifted
together as closely as possible. The assemblies were simulated by cell-weighted cross sections
based on a-unit cell with a pellet diameter in the range 0.2" to 0.5" and with a moderator-to-fuel
ratio in the range 2.0 to 4.0. Cases with water and 100% polyethylene in the assembly were
modeled. The available volume external to the assemblies was modeled as filled with water. The
‘calculation results are tabulated and plotted below.

The limiting.cases are:
16-Group: - Case "a-g3530c", bias-corrected 95% UL: 0.93068
.27-Group: Case "b-g2525c¢", bias-corrected 95% UL: 0.93306

It is concluded that the package is adequately subcritical in any array at flooded conditions with
.any pellet diameter, any number of water.rods in any arrangement, with or without a water
channel, with or without gadolinia rods, with any arrangement of rods with enrichments up to
5.0%, and with any number of polyethylene shims in any arrangement.

KENO SP-1 MODEL (WITH STEEL)
INFINITE ARRAY (3-D) OF EDGED-TO-EDGE INNER CONTAINERS
5.0% ENRICHED, 0.018" THICK CLAD, FULLY FLOODED
KENO RESULTS WITH 16-GROUP CROSS SECTIONS

Case Within- Pellet Mod. k-eff

ID - Assembly Diam, to

' Moderator inch Fuel
: Vol. Avg. Std.Dev.

Ratio
a-g2020a Water 0.20 2.0 0.83526 0.00452
a-g2020c PE 0.20 2.0 0.88592 0.00415
a-g2025a © Water 0.20 25 0.84504 0.00451
a-g2030a Water 0.20 30" 0.84094 0.00485
a-g2030c PE 0.20 30 .| 0.90552 0.00392
a-g2035a Water 0.20 35 | o0.85281 0.00426
a-g2035¢ PE 0.20 35 0.90434 0.00398
a-g2040a Water 0.20 4.0 0.84752 0.00446
a-g2040c PE 0.20 4.0 0.80370 0.00440

—_—
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Case Within- Pellet Mod. k-eff
ID. Assembly Diam, to
: Moderator inch Fuel
Val. Avg. Std.Dev.
: Ratio

a-g2520a Water 0.25 2.0 0.84519 0.00465
a-g2520c PE 0.25 2.0 090331 | 0.00439
a-g2525a Water 0.25 25 0.85445 0.00415
a-g2525¢ ' PE 0.25 2.5 0.90763 0.00455
a-gd530a Water 0.25 3.0 0.85372 0.00484
a-g2530c PE 0.25 3.0 0.91334 0.00403
a-g2535a Water 0.25 35 0.85586 0.00446
a-g2535¢ PE 0.25 35 0.91780 0.00428
a-g2540a Water 0.25 4.0 0.85437 0.00498
a-g2540c - " PE 0.25 4.0 0.90556 0.00436
a-g3020a Water 0.30 2.0 0.84923 0.00458
a-g3020c PE 0.30 2.0 0.90908 0.00410
a-g3025a Water 0.30 25 0.85126 0.00451
a-g3025¢ ' PE 0.30 2.5 0.80900 0.00378
a-g3030a Water 0.30 30 0.86247 0.00433
a-g3030c PE 0.30 3.0 0.91366 0.00432
a-g3035a Water 0.30 35 0.85584 0.00465
a-g3035¢ PE 0.30 35 0.90524 0.00389
a-g3040a Water 0.30 4.0 0.85556 0.00428
a-g3040c PE 0.30 4.0 0.80460 0.00375
a-g3520a Water 0.35 2.0 0.85702 0.00452
a-g3520c PE 0.35 20. | 091050 0.00459
a-ga525a Water 0.35 2.5 0.85422 0.00431
a-g3525¢c PE 0.35 25 ' 0.91820 0.00521
a-g3530a Water 0.35 3.0 0.85580 0.00397




'EMF-1563
EMF-1563 Revision 12A

Appendix 6D
_Page 42 of 108
Case . Within- Pellet | Mod. keeft
ID: Assembly Diam, to
: Moderator inch Fuel

Vol. Avg. Std.Dev.

Ratio .
a-g3530c . PE 0.35 3.0 0.92188 0.00488
a-g3535a Water 0.35 3.5 0.85595 0.00410
a-g3535¢ PE 0.35 3.5 0.90628 0.00449
a—g3540a Water 0.35 4.0 0.85456 0.00370
a-g3540c : PE 0.35 4.0 0.89620 0.00435

: KENO SP-1 MODEL (WITH STEEL)"
'INFINITE ARRAY (3-D) OF EDGED-TO-EDGE INNER CONTAINERS
5.0% ENRICHED, 0.018" THICK CLAD, FULLY FLOODED
KENO RESULTS WITH 27-GROUP CROSS SECTIONS

Case Within Pellet Mod. k-eff
D Assembly Diam, to ' '
Co Moderator inch Fuel :
' Vol. Avg. Std.Dev.
Ratio
' b-g2020a Water | 020 2.0 0.84106 0.00456
b-g2020c "PE | o020 2.0 0.89691 0.00544
b-g2025a Water 0.20 25 0.84771 0.00418
b-g2025¢ PE 0.20 25 0.90507 0.00451
b-g2030a Water 0.20 3.0 0.85499 0.00387
b-g2030c PE 0.20 3.0 0.91254 0.00483
b-g2035a Water 0.20 3.5 0.86079 0.00418
b-g2035¢ - PE 0.20 3.5 0.91472 0.00437
b-g2040a Water 0.20 4.0 0.85637 0.00409
b-g2040c - PE 0.20 4.0 0.90839 0.00469
' b-g2520a . Water 0.25 2.0 0.85102 0.00399
b-g2520¢ PE 0.25 2.0 0.89825 0.00376
b-g2525a Water | 025 25 0.86299 0.00505
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Case Within Pellet Mod. k-eff
ID Assembly Diam, to
' Moderator inch Fuel

Vol, Avg. Std.Dev.

Ratio
b-g2525¢c PE 0.25 25 0.92508 0.00415
b-g2530a Water 0.25 3.0 0.86711 0.00431
b-g2530c PE 0.25 3.0 0.92091 0.00435
b-g2535a Water 0.25 3.5 0.85632 0.00449
b-g2535¢ PE 0.25 3.5 0.91707 0.00414
b-g2540a Water 0.25 . 40 0.85102 0.00420
b-g2540c PE 0.25 4.0 0.90408 0.00433
b-g3020a Water 0.30 2.0 0.85156 0.00448
b-g3020c PE 0.30 2.0 0.91182 0.00455 °
b-g3025a . Water 0.30 25 0.86442 0.00419
_b-g3025¢ PE 0.30 2.5 0.92380 0:00425
b-g3030a Water 0.30 3.0 0.85735 0.00457
b-g3030c PE 0.30 3.0 0.92194 0.00484
b-g3035a Water 0.30 3.5 0.86472 0.00381
b-g3035¢ PE 0.30 35 0.91602 0.00411
b-g3040a Water 0.30 4.0 085676 | . 0.00444
b-g3040c PE 0.30 4.0 0.91409 0.00462
b-g3520a Water 0.35 20 0.86583 |  0.00412
b-g3530c PE 0.35 2.0 0.91006 0.00458
b-g3525a Water 035 25 0.86063 0.00397
b-g3525¢ PE 0.35 2.5 0.91983 0.00497
b-g3530a Water 0.35 3.0 0.86350 0.00443
b-g3530c PE 0.35 3.0 . 0.91868 0.00423
b-g3535a Water 0.35 3.5 0.85684 0.00402
b-g3535¢ PE 0.35 3.5 0.90675 0.00440
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Case Within Pellet Mod. keoff
D’ Assembly Diam, to
: Moderator inch Fuel
Vol. Avg. Std.Dev.
Ratio
b-g3540a Water '0.35 4.0 0.85076 0.00397
b-g3540c PE 0.35 4.0 0.90292 0.00423
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SP-1 Model with Steel, Water in Assemblies
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k-eff (2 Sigma Bars Shown)

SP-1 Model with Steel, 100% PE in Assemblies
Infinite Array of Flooded Inner Containers
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k-eff (2 Sigmo Bars Shown)
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k—eff (2 Sigma Bars Shown)
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- 4.2 Low‘Density Interspersed Moderation

Unless stated otherwise, all calculation results in this Section are based on the followmg set of
parameters.:

a. All edge rods are 4.0% enriched, all: UO,-Gd,0, rods.are 5.0% enriched and contain 1.5
wt.% Gd,0,, and all other interior rods have an average 4.0% enrichment and a maximum
5.0% enrichment.

b. All assemblies contain the maximum allowable amount of polyethylene shims.

c. All rods contain 0.35" diameter pellets and are clad with 0.018" thick zircaloy. There is no
gap between the pellet and clad.

d. All assemblies are 10x10 type with a 3x3 water channel at the center. The assembly
envelope is 5.0" square. The assemblies are shifted apart to the outer edges of their
baskets.

e Most calculations are for "damaged" conditions. An array of edge-to-edge inner containers
was modeled. Section 4.3 contains results for "normal” conditions W|th the wooden outer
- contalner :

The total PE'vqume modeled (ref. case "a-evk10") is 3.20026E6 cc for 104 packages. which
contain 208 ‘assemblies. The fuel length modeled is 453.39 cm. The shims are full length except
they are not in the 3x3 channel. The PE volume per assembly is 156385.865cc. The PE volume
" per unit length is 33.935 cc/cm. For a quick check, nine shims of dimensions 0.1267" x 5.0"
would occupy 36.78 cc/cm. The 91 rods of 0.386" OD displace 10.6489 cu in/in. Assume that
the 3x3 channel occupies 30% of the 5.0" assembly envelope dimension. The 1.5" square
channel would then occupy 2.25 cu infin, The volume between rods is then 12,1011 cu in/in
which is 78.07 cc/cm. The shims therefore occupy 43.47% of the between-rod volume, excluding
the channel.’ The maximum allowable volume of polyethylene shims per assembly is 33.93 cubic
. centimeters per centimeter length.

The calculated normalized (relative to average) fission rates for a typical 10x10 assembly with
zero water rods and zero gadolinia rods and 8 volume % interspersed water are tabulated below;
the model is an infinite array of edge-to-edge inner containers. It is seen that the corner rods
have the highest fission rates with the edge rods declining with increased distance from the
corner and interior rods declining with increased distance from the corner/edge. The corner rods
have a fission rate about double that of thé central 2x2 array of rods. As the water density is
increased above 8 volume % (peak k-inf for infinite array), the normalized fission rates of the
corner/edge rods increases but the system k-inf declines due to decreased coupling among the’
assemblies. For a finite array such as 13x20x1, the optimum interspersed water density is
typically 8 to 12 volume %. :
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————

~ TYPICAL NORMALIZED FISSION RATES FOR 10X10 ASSEMBLY
: LOW DENSITY INTERSPERSED MODERATION

1.480 | 1.320 | 1.245 | 1206 | 1189 | 1187 | 1.200 | 1.232 | 1.205 | 1.430
1.314 |'1.091 | 1.000 | 955 | 935 | 933 | .947 | .983 | 1.058 | 1.238
1235 | 996 | 887 | 835 | .813 | 810 | 826 | .867 | .956 | 1.148
1194 | 950 | .834 | 775 | .751. | 747 | 764 | 812 | 906 | 1.101
1177 | 930 | .812 | 751 | 724! | 721 740 | 788 | .884 | 1.080
1176 | 930 | 812 | 751 | 724 | 720 | 730 | 788 | .84 | 1.080
1193 | 949 | 833 | 774 | 749 | 746 | 763 | 811 | 905 | 1.100
1233 | .904 | 885 | .833 | .811 | .808 .824 .865 954 | 1.146
1,310 |.1.088 | .997 | 952 | .932: | 930 | 944 | .980 | 1.054 | 1.235

1.484 | 1.315 | 1.240 | 1.201 | 1.184 | 1.182 | 1.195 1227 | 1.289 1.424

421 Sensitivity Study: Gadolinia Rod Locations

. The fission ‘densities tabulated above are instructive regarding the selection of locations of
. gadolinia rods for peak reactivity (most conservative locations). With low density interspersed

moderation conditions, most of the moderation occurs between assemblies; relatively little occurs
within assemblies. This is evidenced by Dancoff factors on the order of 0.90, meaning that
neutrons leaving one rod have a 90% chance of having their next collision in another rod rather
than in the between-rod moderation. As a result, the thermal flux is depressed in the assembly
interior, If a thermal neutron absorber is placed into a region with a depressed thermal flux, the
effectiveness. of the absorber will be reduced. Similarly, if the gadolinia rods are clustered
together in the central parts of the assembly, their effectiveness will be further reduced by the
reduction in thermal flux caused by their companions. The most effective (least conservative)
locations for gadolinia rods are near the corners/edge and spaced apart.

A simple CASMO model was used for a first series of studies on the effect of gadolinia rod
arrangement. The 12 gadolinia rods contained 1.5 wt.% Gd,O, and their uranium was 5.0%
enriched. All other fuel rods were 4.0% enriched which results in a assembly average enrichment
near 4.13%. K '

The CASMO model also contained a water channel in a central 3x3 lattice locations. The various
gadolinia rod arrangements were tested with various channel positions. The CASMO model
includes one assembly with specular reflection at all faces. The left side of the assembly faces
the companion assembly and the right side faces out.

The arrangehents modeled and the calculation results are presented ih the following figures and
table. The most reactive arrangement is "GRAZ', which has all gadolinia rods clustered together
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in the upper right corner. The most reactive position for the 3x3 channel is to be shifted toward

the lower left corner. As will shown, arrangements with the gadolinia rods concentrated on the
left side are less reactive than with them on the right side (facing out). The rod type numbers

these cases, Types 1,2, and 8 are 4.0% enriched and Type 4 (shaded) is 5.0% enriched with

shown in the figures were used for other studies with models with multiple rod enrichments. In -
1.56% gadolinia.

POV OO
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Pattern GRF1
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AII Gad Rods are 5.0% Enriched All other Rods are 4.0% Enriched

Gadolinia Rods contain 1.5 wt.% Gd ,0,

CASMO Model with Maximum Allowable Shims and 10 Vol% Interspersed Water

. | 3X3 CHANNEL POSITION,
GPaadtt:r?:d I g:??::dc: Case D . SAMO Kt
1 2 3 4

GRA.. 12 CAVA | 098154 | 098669 | 098460 | 0.98466
GRB.. 097896 | 098484 | 098197 | 0.98202
GRC.. 12 CAVB | 008045 | 098638 | 098204 | 0.98298
GRD.. 097658 | 098116 | 097761 0.97766
GRE. | 10 CAVC | 096905 097137 | 097068 | 0.97068
GRF.. 10 CAVD | 097211 0.97433 | .097324 | 0.97324
GRG.. 10 CAVE | 087097 | 097160 | 087136 | 0.97141
GRH... 10 CAVF | 095944 | 096174 | 096109 | 0.96108
GRI.. 12 CAVM | 095538 095851 | 095673 | 0.95671
GRJ.. 12 CAVMA | 095330 | 095675 | 095530 | 0.95529
GRK.. 12 | CAYMB | 085197 | 095450 | 095371 | 095372

422 Sensitivity Study: Water Rods and Water Channels

When fuel rods are replaced by "water rods", they are actually much closer to "void rods" at the
typical 8-12 volume % water conditions for peak k-eff. Therefore, the net effect is closer to
removal of fuel with very little added moderation, which causes a decline or no change in k-eff;
i.e., the fuel is "worth" more than the slight addition of local moderation.

The new fuel category requires gadolinia rods. If a fuel rod is replaced with a "water rod", the
gadolinia rods have the following effects:"

1. If the water rod is located close to gadolinia rod(s), the added moderation WI|| mcrease
the effectlveness of the absorber.

2. If gadolinia rods are moved toward the edge/corner to make room for water rods, the k-eff
will tend to decline because of the increased thermal flux near the edge. The gadolinia
rods.become more effective and some of the higher worth fuel rods are replaced with
absorbers.
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3. If gadolinia rods remain clustered in the center and fuel rods near the edge/corner are
replaced with water rods, the k-eff will tend to decline because of the loss of higher worth !
fuel rods. ) ;

CASMO was used to calculate the k-inf for arrays of edge-to-edge inner containers with various
numbers and arrangements of water rods. The model inciuded the maximum allowable amount :
of polyethylene (shims) and 10 volume % interspersed water. This simple model had zero
gadolinia and all fuel was 4.0% enriched. The water rod arrangements (patterns) modeled are
shown in the following figures. As shown in the table following the figures, all cases with water
rods are less reactive than the case with zero water rods. '

Pattern WRA Pattern WRB Pattern WRC
R EE & 0 H 8 W o
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. ALL FUEL IS 4.0% ENRICHED, ZERO GADOLINIA '
CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS AND 10 VOL.% WATER

Water Rod Pattern ~ Case D CASMO k-inf
. WRA . CEWA 1.11618
~“WRB T.11488

- WRC 1.11558
— WRD 1.11584
“WRE 1.11594
WRF 1.11425
WRG :CEWB 1.11389
WRH 1.11370

_ . WRI 1.11347
- WRJ 1.11312
. WRK 1.11251
- WHL 131121
"WRM 1.11383
WRN ' 1.11518
WO CEWA 177357
“WHP T35

Additional wéter rod studies were done for assemblies with gadolinia rods. The gadolinia rod
pattern tested was "GRA2", which was shown to be the most reactive in Section 4.21. As shown
in the table following the figures below, adding a water rod lowers k-inf in all cases.
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, ALL FUEL IS 4.0% ENRICHED, 12 GADOLINIA RODS
CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS AND 10 VOL.% WATER

Pattern .Case ID CASMO k-
inf
GRA2 (REF.) CAVA 0.98669
" WRGA 0.98410
" WRGB 0.98417
WRGC 0.98429
WRGD 0.98489
WRGE 0.98515
WRGF 0.98460
WRGG 0.98500
WRGH 0.98396
WRG! 0.98417
WRGJ | 0.98431
g © WRGK . CAVN 0.98438
| WRGL | 0.98489
WRGM 0.98512
WRGN 0.98473
WRGO 0.98453
WRGP 0.98504
WRGQ 0.98507
WRGR 0.98509
WRGS 0.98507
WRGT 0.98498
WRGU 0.98470
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423 Sen:sitivity Study: Rod Enrichment Arrangement

Assemblies with 12 gadolinia rods in the most reactive arrangement determined in Section 4.2.1
. were modeled with multiple rod enrichments. Edge rods (Type 1) were always 4.0% enriched and
gadolinia rods (Type 4) were always 5.0% enriched. The average enrichment of Types 2 and 3
was 4.0% in all cases. The rod arrangements modeled and the CASMO calculation resuits are
. in the following figures and tables. The highest k-inf calculated is 0.98692 which was for Pattern
"ERC". The k-inf with all Type 2 and 3 rods at 4.0% enriched is 0.98669, which is 0.00023 less
than the highest value. Very small differences such as these could not be detected with KENO.
It is concluded that the .enrichment distribution effect is negligible.
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CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 10 VOL.% WATER

- Case Type | Type Type Type ALL INT. CASMO.
D 4 - 4 2 3 Avg. Avg. k-inf
wt.% Enr. Enr. Enr. Enr. Enr.
Gad
cavg | 15 | 500 | 500 | 29524 | 4130 | 4000 | 0.98540
cavg 1,5 5.00 475 | 32143 | 4130 | 4.000 | 0.98610
cavg 1.5 5.00 450 | 34762 | 4130 | 4.000 | 0.98654
cavg 1.5 5.00 425 | 37381 | 4.130 | 4.000 | 0.98673
cavg: 1.5 5.00 400 | 4.0000 | 4.130 | 4.000 | 0.98669
cavg 1.5 5.00 375 | 4.2619 | 4.130 | 4.000 | 0.98643
cavg- | 15 500 | 350 | 45238 | 4130 | 4.000 | 0.98595
cavg 1.5 5.00 3.25 47857 | 4.130 | 4.000 | 0.98521

PATTERN ERB CALCULATION RESULTS

CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 10 VOL.% WATER

C?Dse: Z{: Type Ty2rJes Type :ngL. Lr:g.. casivo
o Gé d Enr. Enr. . Enr. Enr. . Enr,
cavh 1.5 5.00 500 | 3.2083 | 4130 | 4.000 | 0.98625
cavh’ 15 5.00 475 | 3.4063 | 4130 | 4.000 | 0.98661
“cavh’ 15 |- 5.00 450 | 36042 | 4130 | 4.000 | 0.98680
cavh: 1.5 5.00 4.25 3.8021 4.130 4.000 0.98683
cavh 1.5 5.00 4.00 . 4.0000 4,130 4.000 0.98669
cavh: 1.5 5.00 375 41979 4130 4.000 0.98639
cavhé 1.5 5.00 3.50 4.3958 4,130 4.000 0.98594
cavh: 1.5 5.00 3.25° 4.5938 4130 4.000 0.98531
cavh 15 5.00 3.00° 4.7917 4,130 ' 4,000 0.98447
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CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 10 VOL.% WATER

. Gé d Enr. Enr, - Enr. Enr. Epr.

I cavi | 1.5 5.00 500 | 34643 | 4.130 4,000 | 0.98673
cavi: | 15 | 500 | 475 .| 35982 | 4130 | 4000 | 0.98688
cavi | 15 | 500 | 450:| 37321 | 4130 | 4.000 | 0.98692
cavi | 15 | 500 | 425 | 38661 | 4130 | 4000 | 0.98686
cavi | 15 | 500 | 400 | 40000 | 4130 | 4000 | 0.98669
cavi | 15 | 500 | 375 | 41339 | 4130 | 4000 | 0.98641
cavi | 15 500 | 350 | 42679 | 4130 | 4000 | 0.98601

"cavi | 15 | 500 | 325 | 44018 | 4130 | 4.000 | 0.98552
cavi 15 | 500 | 300 | 45357 | 4130 | 4.000 | 0.98488
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PATTERN ERD CALCULATION RESULTS
CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 10 VOL.% WATER
cos | "7 | e | e | g | AL 0 cucuo
; ,Gé d Enr. Enr. - Enr, Enr. Enr. '
cav .| 15 500 | 500 | 37353 | 4130 | 4000 | 0.98683
caj | 15 .| 500 |. 475 | 38015 | 4130 | 4000 | 0.98687
cavj | 15 | 500 | 450 | 38676 | 4180 | 4.000 | 0.98686
cavj | 1.5 | 500 425 | 3.9338 | 4.130 4,000 | 0.98680 ;
caj | 15 | 500 | 400 | 40000 | 4130 | 4000 | 0.98669
cayj | 15 500 | 375 | 40662 | 4130 | 4.000 | 0.98653
caj | 15 | .500 | 350 | 41324 | 4130 | 4.000 | 0.98630
caj | 1.5 500 | 325 | 41985 | 4130 | 4.000 | 0.98602
cavj | 15 | .500 | 300 | 42647 | 4130 | 4000 | 0.98568




PATTERN ERE CALCULATION RESULTS
CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 10 VOL.% WATER
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Case Zf, e | e | Tpe | e | aw CASMO
: Gé d Enr. Enr. Enr. Enr. Enr,
cak | 15 | 500 | 500 | 3.4074 | 4130 | 4.000 | 0.98497
cak | 15 | 500 | 475 | 35556 | 4130 | 4.000 | 0.98557
cak | 15 | 500 | 450 | 37037 | 4130 | 4.000 | 0.98605-
cavk | 15 | 500 | 425 | 38519 | 4130 | 4000 | 098642
cak | 15 | 500 | 400 | 40000 | 4130 | 4.000 | 0.98669'
cavk | 15 | 500 | 375 | 41482 | 4130 | 4.000 | 0.98685
cavk | 15 | 500 | 350 | 42963 | 4130 | 4.000 | 0.98690
cavk | 15 | 500 | 825 | 44444 | 4130 | 4000 | 0.98682
cavk | 15 | 500 | 800 | 45026 | 4130 | 4.000 | 0.98661
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; 4.2.4 Pellet Diameter Effects

. Unless noted otherwise, all cases were modeled with a 0.35" pellet diameter (0.386" clad OD),
the largest allowable for the new category. KENO calculation results are presented in Section 4.3
to demonstrate that the largest drameter is most reactive with low density interspersed
moderation.

4.2.5 Sensitivity Studies: Assembly Orientation and Position

Various combinations of rod enrichment distributions and assembly orientations were evaluated
in KENO models. In all cases, all gadolinia rods were 5.0% enriched and contained 1,5 wt%
Gd,0,. Also, all edge rods were 4.0% enriched. The average enrichment of internal rods,
excluding gadolinia rods, was 4.0%.

The array modeled was 8x13x1 (104 packages) which exceeds the 100 package minimum at
damaged conditions for Fissile Class Il with a minimum transport index of 1.0. The array was
reflected by 30 cm of full density water at all six faces.

The hrghest- bias-corrected 95% upper limit k-eff for these KENO cases is 0.93607 for case "a-
evk10", which is listed in the "K10 Arrangement" subsection. Certain cases have higher k-eff
values but all such cases are outside the specified limits; the data were included for information
- only. The package is acceptable with the specified quantities of shims and with any interspersed
water density.
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.Arrangement K1

_This arrangement has 12 Type 4 (gadolinia) rods clustered together at one of outward-facing
corners, There are 36 Type 1 (Edge) rods, 22 Type 2 rods, and 21 Type 3 rods. The average
enrichment of Types 2 and 3 is 4.0%. The peak k-eff with Type 2 rods at 5.0%.enriched is slightly
higher but not significantly higher than that with all Type 2 and 3 rods at 4.0% enriched. The 3x3

* water channel is shifted toward the inside of the package. The two assemblies per package are

shown in the following figure and the KENO calculation results are tabulated below the figure.
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ID Water % Gad| Enr. |Enr. | Enr.|Enr. | Enr. Avg. | Std.Dev.

"A-EVAOB | 8.0 | 1.50 | 5.00 [5.00|2.05|4.13]4.00] 104 | 0.92147 | 0.00170 ||
A-EVA10] 10.0 | 1.50 | 5.00 {5.00]2.895}4.13|4.00| 104 | 0.92883 | 0.00182

-EVA12| 12.0 [ 1.50 | 5.00 [5.00]/2.95(4.13(4.00{ 104 | 0.92350 | 0.00167 |
‘A-EVGO6|[ 6.0 { 1.50 | 5.00 [4.00{4.00{4.13{4.00] 104 | 0.91778 | 0.00170
AEVGO8| 8.0 | 1.50 | 5.00 |4.004.00{4.13[4.00| 104 | 0.92796 | 0.00172
A-EVG10[ 10.0| 1.50 | 5.00 [4.00/4.00{4.13|4.00] 104 | 0.92391 | 0.00170

-EVG12[ 12.0 [ 1.50 | 5.00 [4.0014.00{4.13{4.00] 104 |0.92193 | 0.00191
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Arrangemént K2

This arrangement differs from "K1" only in the orientation of the left assembly: lt was rotated 180°.
The peak k-eff is slightly lower than that for "K1“. The two assemblies per package are shown
in the followmg figure and the KENO calculatlon results are tabulated below the figure. .

N SIREEEERRERREEBAEER 11111 1T1]1]{1]1
B AR 1212
27273 T72]2 i
1112133 11213
1{213] 1123
[2[3 17273
1213 11213 1
112121313 1 11212 1
[r2rzi2 2 11212 1
. 1711171 111 i 1
T o S e e o N T SN s
— v ype | Type [Type|Type - -
Clage ‘\l/v‘::iz’, f 4 ; .| 3 |Avg.|Avg.|Array ket
. % Gad| Enr. |Enr.|Enr. | Enr.| Enr. Avg. | Std.Dev. |
A-EVBOB| 8.0 | 1.50 | 5.00 [5.00|2.05|4.13|4.00] 104 | 0.92213 | 0.001862 |
-EVB10| 10.0 | 1.50 | 5.00 [5.00[2.95]4.13[4.00] 104 | 0.82318 | 0.00176
A-EVB12 12.04 1.50 [ 5.00 [5.00]/2.95/4.13[4.00| 104 | 0.91752 | 0.00185
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Arrangement K3

This’ arrangément differs from "K1" only in, the orientation of the 3x3 water channel: It is now
shifted toward the corner with the gadolinia rods. The peak k-eff is slightly lower than that for "K1"
but the difference is not significant. The two assemblies per package are shown in the followmg
figure and the KENO calculation resuits are tabulated below the figure.

T1A 111111 1 1111] [ 11113 ]%
 HEEBBBEEBHE 272
T{2(2(a[3(3(3|2|2[7| [1]2[2]|3

: 112133 (3|3(3(3|2(1| [1]2/3]3
: T3 3|3[2[7]| [1[2/3(3
: 3[312(1 2133

3(3|2[7 513[3(3]3|3[3|2/1

3(2[2(7] [T[2(2|3[3[3[3[2[27

g2|2[2(1| [T(2[(2[2[2(2]2[2|2

i T (T

. o| TypPe | lype|lype ype i off.
C_Iase ://Voa:i:; 4 4 | 2 Avg.|Avg.|Array ~ —
L % Gad| Enr. |Enr. Enr. Enr. [ Enr. vg. td.Dev.

S — SR S S— E—— N SE——
A-EVCO8] 8.0 | 1.50 | 5.00 [5.00{2.95[4.13[4.00] 104 | 0.92135 | 0.00184
-EVC10| 10.0-] 1.50 | 5.00 [5.00{2.95{4.13[4.00] 104 | 0.92615 | 0.00171

A-EVCi2] 12,0 1.50 | 5.00 |5.00{2.95|4.13{4.00} 104 | 0.92100 | 0.00175 |}
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Arrangemént K4

This arrangement differs from "K3" only in the orientation of the right assembly: it was rotated
180°. The peak k-eff is significantly lower than that for arrangement "K1" or "K3". The two
assemblies per package are shown in the following figure and the KENO calculation results are
tabulated below. the figure. : '
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: o] 1ype | Type [Type[Type[ ALLTINT. k-eff
Cste \\/,Vc:i e/‘; 4 4 3 |Avg.|Avg.|Array
B % Gad| Enr. Enr. | Enr. | Enr. Avg. | Std.Dev.
"A-EVDO8 | 8.0 | 1.50 | 5.00 | [2.05]4.13]4.00] 104 | 0.91677 | 0.00182 |
"EVD70( 10.0 | 1.50 | 5.00 5.00{2.95|4.13|4.00| 104 | 0.91781 | 0.00178 .

-EVD12| 12.0.| 1.50 | 5.00 |5.00/2.95[4.13[{4.00| 104 | 0.91623 | 0.00188
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This arrangement differs from "K2" only in the orientation of the right assembly: it was fotated |

180°. The peak k-eff is significantly lower than that for arrangement "K1" but not significantly
different from that for arrangement 'K2", The two assemblies per .package are shown in the
following figure and the. KENO calculation results are tabulated below the figure.
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Case |Volo| 1YPe | Type [Type[Typel ALLTINT. k-eff "

; 4 4 2| 3 |Avg.|Avg.|Array :
D \Watello, Gad| Enr. |Enr:|Enr. |Enr. |Enr. Avg. | Std.Dev.

|TAEVEGS | 8.0 | 1.50 | 5,00 [5.00]2.954.13]4.00] 104 | 0.91500 | 0.00216 ||
AEVETO | 10.0 1.50 | 5.00 |5.00|2.05[4.13]4.00] 104 | 0.92115 | 0.00171
AEVETZ[ 12,0 | 1.50 | 5.00 |5.00|2.95|4.13]4.00] 104 | 0.91602 | 0,00183
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3 Arrangement k6

This arrangement is similar to "K1" and "K2". The left assembly was rotated to placed the
gadolinia rods at the upper-left corner. The peak k-eff is not sngnlflcantly different from that for
arrangement "K1", The two assemblies per package are shown in the following flgure and the
KENO calculation results are.tabulated below the figure.

11111 1111 EREREREREAEREARRRAE

%%g%g ,‘ 575717 SRPAPARA b e

%g%g% 3(2]2]1 11212183
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.3'3 3{21 11213 3|34

2|13[3 312]|1 1123 3/3[2

11212(3[313[3[2]|2]|1 1(2]2[3[3[3[3[2[2]1
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O

Ca Type | Type [Type[Type[ ALLTINT. k-eff

ase |Vol.% -

D Water 4 3 .|Avg. | Array
% Gad| Enr.

Enr. .\ Enr. Avg. Std.Dev.
A-EVF0O8] 80 [ 1.50 | 5.00 2.95[4.1374.00] 104 | 0.92503 | 0.00781
-EVF10[10.0.| 1.50 | 5.00 [5.00{2.95/4.13[4.00[ 104 | 0.92501 | 0.00168

-EVF12{12.0 | 1.50 | 5.00 [5.00{2.954.13{4.00| 104 | 0.92378 | 0.00188
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Arrangement K7

This arrangement is similar to "K&". The left assembly was rotated to placed the gadolinia rods
at the lower-right corner. The peak k-eff is not significantly different from that for arrangement "K5"
but it is significantly lower than that for arrangement "K1". The two assembilies per package are

“shown in the following figure and the KENO calculation results are tabulated below the figure.

1111111717171 (1 17171 1111111
ij212(2)121212(2|2 112]12]12712]2 21211
112]12[3]3(3|3|2]211 112123333 [2]|2]1
11213 337271 11213738 32
11213 33 1 3|3 31211
1123 313 3|3 3{2(1
1(2(33 3 3 312]|1
11223 2121 .
| T[2]2| 2 T 1212|2
111111 1111
Tver o] 1YPE | TyPe [TypefType : k-eff
CiaDse wﬂiﬁ 4 4 2 | 3 |Avg.|Avg.|Array LJ
Tl o, Gad| Enr. |Enr. |Enr. |Enr. |Enr. Avg. | Std.Dev. |
-EVHO8] 8.0 | 1.50 | 5.00 [5.00]2.95[4.173[4.00] 104 | 0.91824 | 0.00166

A-EVH10[10.0 | 1,50 [ 5.00 [5.00{2.95]4.13[4.00] 104 | 0.92004 | 0.00185
A-EVH12| 12.0] 1.50 | 5.00 [5.00[2.95[4.13]|4.00{ 104 | 0.91274 | 0.00171
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Arrangement K8

This-arrangement is similar to "K1" except that there are now 24 Type 2 rods . The two additional
Type 2 rods were placed at the corner with gadolinia rods. The gadolinia rods are now less
tightly clustered than before. The enrichment of Type 3 rods was lowered to maintain the average
of Types 2 and 3 at 4.0%. The assembly orientation is as for arrangement "K1". The peak k-eff
is significantly lower than that for arrangement "K1". The two assemblies per package are shown
in the following figure and the KENO calculation results are tabulated below the figure.

ISEEREAEERRE T{1 111 (1]1]1]7]
IHREHABHBEEE 272
T212[3(3[3(3(2[2[7] [T12[2]3
H1273(3 ajz(1] [112(3(3
33 3T (1123
3 31| [T12]3
; 3[3(3(3(3[2[1] [T[2[3 332
7 3(3r2(a(1| [T1212[3[3[33 2|21
i o221 [T12(2(2(2(z|2l2| 2]
T (T

| ype [Type [Type[Type —

Clase :llvoal';;/; 4 4 | 2 | 3 |Avg.|Avg.|Array
, % Gad| Enr. |Enr.|Enr. | Enr.|Enr. Avg. Std.Dev.
A-EVIo8T 8.0 | 1.50 [5.00 [5.00[2.74]4.13[4.00] 104 [ 0.92230 | 0.00190 |

‘A-EVI10 ] 10.0 | 1.60 | 5.00 |5.00({2.74(4.13
A-EVI12 [ 12.0 [. 1.50 | 5.00 [5.00{2.74(4.13

104 | 0.92283 | 0.00169
104 | 0:91932 | 0.00184
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This arrangement is similar to "K1" except that there are now 19 Type 2 rods . Three Type 2rods
near the corners without gadolinia were converted to Type 3. The enrichment of Type 3 rods was
increased to maintain the average of Types 2 and 3 at 4.0%. The assembly orientation is as for

tabulated below the figure.

T[T [I] [T[T[1]1
1212272121212 [2[7 1212
112133383321 11213
11233 3{2[1 1(2]3
4{3]|3 3i2[1 1273 3
33 312711 112]3 3|34
13 313721 112|383 3132
: 313|121 112[3[313/313]3[2
21221 1122212121212 2]1
TIT[T]1 iR REEERRERERRAE
ype (lype{lype k-eff
4 | 2 Array -
".) Enr. Avg. | Std.Dev. |
“AEVITO 100 | 500 [5.00 ~0.0262T | 0.00797 |

21[4.13[4.00] 104 |

" arrangement "K1". The peak k-eff is not significantly from that for arrangement "K1". The.two
. assemblies per package are shown in the following figure and the'KENO calculation resuits are




Arrangement K10

EMF-1563.

‘EMF-1563

Revision 12A
Appendix 6D
Page 78 of 108

This arrangement is similar to "K1" except that there are now 15 Type 2 rods: five near each of
the corners without gadolinia. The enrichment of Type 3 rods was increased to maintain the

* average of Types 2 and 3 at 4.0%. The assembly orientation is as for arrangement "K1". The peak

k-eff is not significantly from that for arrangement "K1", The two assembilies per package are

~ shown in the: following figure and the KENO calculation results are tabulated below the figure.

In the calcuiation results, other parameters were also tested. These data demonstrate that the
most reactive position for the assemblies is to be shifted apart, the most reactive pellet diameter
is the largest allowable,.decreasing the gadolinia pellet diameter while holding all others at the
largest allowable causes an increase in k-eff, and that the maximum allowable shim quantity is

most reactive.

IR RSN A AN E A AR AR ERE AR AR KR
T[212[2[3(3]2(2[2[1| [T]2]2[2
T(213(3|3(3|3|3|2(1| |[1[2]3]3
T[2[3(3 32 HEEIE 3 1

_ 33 3[3[1| [1[3|3 3 1
: 33 301 [T(3(3 3
, 13|3|3]3|3]2|T| [1]2]3 3[3|2[1
_ TE 33321 [T]2|33|3(3|3(3 27
: i 22|21 [1(2[2{2[3[3|2[2[2]]
H ' T[T [T (T[T [T (713
: ~‘Case  [Assembly DI ;ll;i Vol.% y2p ° yg ° Array == sl
1D Position in. ! Water Enr. ﬂ_ [ Avg. | Std.Dev.
"EVKO8 8.0 |5.00|3.46] 104 | 0.02604 | 0.00160 |
AEVKID 10.0 [5.00|3.46| 104 | 0.93001 | 0.00186
— AEVKIZ2 12.0 [5.00|3.46| 104 | 0.92254 | 0.00167 .
—AEVO08 8.0 |450(3.73] 104 | 0.92756 | 0.00179
A-EVOT10 10.0 |4.50(3.73| 104 | 0.92941 { 0.00158
—AEVO1Z 12,0 [4.50[3.73| 104 | 0.92369 | 0.00183
ATEVP0s** 8.0 |4.50/3.73| 104 | 0.88256 | 0.00168

“AEVPIO** 0.35 [10.0 [450|3.73] 104 | 0.88656 | 0.00176

[TAEVPIZ®FF | Apart 12.0 [4.50(3.73| 104 | 0.88868 | 0,00190
TA-EVP14%% | 14.0.[4.50]3.73] 104 | 0.89036 | 000180
AEVQ06~** 6.0 |4.50|3.73] 260 | 0.95655 | 0.00169
A-EVQ08* 8.0 |450]3.73] 260 | 0.95867 | 0.00177
A-EVQT0*** 10.0 [4.50(3.73| 260 | 0.95556 | 0.00179
A-EVQ12%%* 12.0 |450[3.73| 260 | 0.94985 | 0,00177 |
AEVQTF*** 14.0 |4.50]3.73] 260 | 0.94368 | 0.00176
A-EVS08 8.0 |5.00{3.46| 104 | 0.88363 | 0,00184
AEVSTO 0.30 [70.0 [5.00(3.46| 104 | 0.88303 | 0.00176
AEV5T2 12.0 [5.00(3.46] 104 | 0.87964 | 0.0019




EMF-1563 °

Revision 12A
EMF 1663 . Appendix 6D

Page 79 of 108

| Case  |Assembly ggrrit Vol.% ly2p © Iyap © Array k-eff

ID | | Position in. ' |Water Enr. | Enr. "Avg. | Std.Dev.
A-EV5i14 4,0 15.00[3.46] 104 | 0.87240 | 0.00187
~ A-EVT08 -8.0 |15.00/3.46] 104 | 0.81839 | 0.00191
A-EVT10 0.95 10.0 [5.00(3.46] 104 | 0.81099 | 0.00183
A-EVTi12 7 | 12.0 [5.00[3.46] 104 | 0.87041 | 0.00182
“A-EVTi4 . 14.0 156.0013.46| 104 | 0.80800 | 0.00186
A-EVU08 .8.0 15.00[3.46] 104 | 0.93439 | 0.00187
A-EVU10 0.35* [ 10.0 |5.00(3.46] 104 | 0.93046 | 0.00190
TAEVUIZ | [2.0 [5.00]3.46| 104 | 0.92625 | 0.00181
[ AEVV08 | 8.0 [5.00[3.46] 104 [ 0.89402 | 0.00176
A-EVW10 | Together 10.0 |5.00{3.46| 104 | 0.88610 | 0.00191
A-EW12 0.35 12.0 15.00{3.46] 104 | 0.87489 | 0.00190
A-EVWO08 ' 8.0 |5.00/3.46( 104 | 0.91458 | 0.00196
A-EVW10 | Centered 10.0715.00[3.46[ 104 | 0.976537 | 0.00204

| AEVWI2 | 12.0 {5.00({3.46| 104 [ 0.805071 | 0.00186 |

* Cases “"A‘Evmmma pellets; all other peﬂmm"dlameter

. This is not permntted by.the limits specified. The data are presented for information.

** Cases “A;-EVP..“ had shims about half thé maximum allowable thickness.

*** The "A-EVQ.." cases wnth 18x20x1 arrays exceed the required array size. These data are for
reference onIy

4.3 »Normal Condition Arrays

Normal conditions include the wooden outer container. The outer container wooden parts were
closely modeled based on the data in Drawing EMF-306,416. The outer dimensions of the outer
container are 75.6cm wide by 78.7 cm high by 523.9 cm long. The following KENO plots are’
transverse sections at various locations along the length of the package.
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X~-Y SECTION AT Z=4, 2X4 REGIDN
UL X¥Z: O0.0000E+00 1.5750E+G2 4.000DE+DC

» ,‘ 1.5200E402 '0.CCOCE+00 4.000CE+0C
Aol 17 17

X-Y SECTION AT Z=10, PLYWOOD & 2X4

© UL XYZ: D.0CDOE+0C 'I.8750E+02 1.000DE+01
B

1.5200E+02 O0.COCOE+00 1.00COE+0!
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X~Y SECTION AT Z=18, SKID AT BOTTOM
UL XYZ: D0O.Q000E+0D 1.5750E+Q2 1.5Q00E+01
o R XYZ: 1.5200E+02 0.0CO00E+0Q 1.50Q0E+01
L1 o '
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K=Y SECTION AT Z=0
UL X¥Z: -1.0000E-02 7.8800F+01 2.6000FE+02
7.5600E+01 -1.0000E-02 2.6000E+02
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The calculation results for an infinite array of edge-to-edge packages are tabulated below. The
rod pattern and orientation.of the assemblies in each package are shown in the following figure.
All models included the maximum allowable shims quantity per assembly. The edge rods were
all 4.0% enriched, the gadolinia rods were 5.0% enriched and contained 1.5 wt% Gd,0,, and the
average of :all other internal rods was 4.0% enriched. The most reactive interspersed water
density with shims is zero. The largest bias-corrected 95% upper limit on the k-eff for the infinite
array is 0.84425.

177371 SIEEERE 1771
212121818 1212]2 11212
- {12733 (3[3|3|3[2[T]| [T[2[3 14
. 112313 3|21 1{2[3 & .
%3|3 3[3[1| [T[3]3
' 33 3[3|T] [T]3[3 1 ,
o MtaEs ajz(T| [T[2]3 ' .
. : 321 1{2]3 3
. . 222 T[22
: T [T
A Tuwel Type | Type|Typellype]  keff |
Case Vol.% 4 yf © yzpe y; ©
~ID Water|o, o4l Enr. Enr. | Enr. | Avg. - | Std.Dev. | D.F.| 95% UL
) —ANEVRO0 | 0.0 | T.50 | 5.00 [5.00[3.46] 0.53826 | 0.00172 |35.0]0.54420 |
A-NEVKO1 1.0 1.50 | 5.00 |5.00|3.46| 0.80016 | 0.00171 [37.7| 0.80614 ||

“A-NEVKO5 | 5.0 | 1.50 | 5.00 [5.00{3.46] 0.65199 | 0.00172 |37.8] 0.65798 |
A-NEVK10 | 10.0| 1.50 ] 5.00 [5.00|3.46( 0.53792 | 0.00163 |36.9]0.54386
A-NEVMOO | 0.0 [ 1.50 | 5.00 [4.00({4.00| 0.83806 | 0.00165 |37.1 0.84401
A-NEVMO1 | 1.0 | 1.50 | 5.00 |4.00{4.00| 0.79571 | 0.00162 [36.8[ 0.80165

5.0 REFERENCES

1. NUREG/CR-0200 SCALE A MODULAR CODE_SYSTEM _FOR PERFORMING
STANDARDIZED COMPUTER ANALYSES FOR LICENSING

’ /
2. NUREG/CR-0073: "Critical Separation Between Subcritical Clusters of 4.31 wt% Enriched
UO, Rods in Water with Fixed Neutron Poisons"

3. Lloyd, R.C., Durst, BM and Clayton, E.D.: "Effect of Soluble Neutron Absorbers on
Criticality of Low U-235 Enrlched UO, Lattices”, Nuclear Science and Engineering: 71,

164-1 69 (1979)

4. "Criticality Safety Criteria", ANS Trans, Vol.35, p.278




EMF-1563

’ . : C |  Revision 12A
: EMF-1663 Appendix 6D
. . Page 84 of 108
Appendlx A
Sample Computer Inputs For the Models Used
For This Analysis

+ The model of KENO case ("a=evk10") is listed below.
=csas25
sp-1 with 4.0% enriched 10x10 fuel
hans infh

102 1 0,98 283.0 92235 3.4643 92238 955357 end
o2 2 0.98 2030 92235 3,4643 92238 96,5357 end
uo2 3 0.98 293.0 92235 4.0 92238 96.0 end
02 4 0.98 293.0 92285 4.0 92238 96.0 end
o2 5 0.98 293.0 92235 4.0 92238 96.0 end
Uo2 6 0.98 293.0 92235 4.0 92238 96.0 end

' poison rod with 2% gd203 B |
' td of uo2-gd203 = 10.96 2.65*p/[p+0. 67145%(1-p)], p—wt frac.gd203 , '
' 'p"is 0.02 here, tdis 10.9012 . - Co ‘
' pellet density is 0.98*10.9012=10.6832
' uo2 density is 0.985*10.6832 = 10.5230
’ gd203 density is 0.02*10.6832 = 0.1602 gm/cc

U027 den =10.5230 1.0:293.0 92235 5.00 92238 95.00 end
arbmgd203 0,1602 2 0 1 0 64000 2 8016 3 °
7 1.0 293. end

zircalloy 8 1.0 293.0 end
' water, 10 vol.%
h20 9 0.10 283.0 end

i
' basket steel |
carbonsteel 10 1.0 293.0 end 1
' angle stee] |
carbonsteel 11 1.0 293.0 end
' shelt steel -
carbonsteel 12 1.0 293, 0 end
" reflector water
h2o 13 1.0 293 end _
' palyethylene, 100 vol% . ‘
arbmpe 092201 060121 1001 2
14 1.0 293. end




‘res= 4 cyli 4.6217E-01 dan

' higher enriched rods
uo2 15 0.98: 293.0 92235 5.0 92238 985.0 end

end comp -

more data '

res= 1 cyli 4.2093E-01 dan( 1)= 4.7667E-01

res= 2cyli 4.4836E-01 dan{ 2)= 4.4193E-01

res= 3cyli 4.7632E-01 dan( 3)= 3.2526E-01
( 4)= 3.1789E-01

res= 5 cyli 4.5874E-01 dan( 5)= 3.2938E-01

res= 6 cyli 4.6079E-01 dan( 6)= 3.0899E-01

res= 7 cyli 41701E-01 dan( 7)= 4.7594E-01

res= 15 cyli 4.0242E-01 dan( 15)= 4.7318E-01

end more ' ’

sp-1 with 4.0% enriched 10x10 fuel

read parameters

tme=80 gen=200 npg=600 nsk=0

fix=yes fdn=yes xs1=yes nub=yes pwt-yes

- end parameters

read geom .

" pellet diam: 0.35"
' gap: zero:

' clad thk: 0.018"

' pitch: 0.5127"

unit 1
com="interior rod"

“eyli 11 0.4445 2p226.695

cyli 81 0.49022 2p226.695

" cubo 91 2p0.6510866 2p0.49022 2p226.695

' polyethylene shims between rods
cubo 14 1 4p0.6510866 2p226.695

" unit 2

com= “mtenor rods around water rod"

cyli 21 0.4445 2p226.695

cyli 81 0.49022 2p226.695

cubo 91 2p0.6510866 2p0.49022 2p226.695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 3 ‘
com="edge rod facing up"
cyli 31 0.4445 2p226.695
cyli 810.49022 2p226.695
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" cubo 91 2p0.6510866 0.6510866 -0.40022 2p226.695
' polyethylene shims between rods
cubo 14 1 4p0.6510866 2p226.695

Cunit 4 _

com="edge rod facing down"

cyli 4 1 0.4445 2p226.695

cyli 81 0.49022 2p226.695

cubo 91 2p0.6510866 0.49022 -0.6510866 2p226.695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 5

com="edge rod facing other bundle"

~cyli 51 0.4445 2p226.695

cyli 81 0.49022 2p226.695

cubo 91 2p0.6510866 2p0.49022 2p226.695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 6 .

~ com="edge rod facing out"

cyli 6 1 0.4445 2p226.695

~cyli 81 0.49022- 2p226.695

cubo g1 2p0 6510866 2p0.49022 2p226.695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

‘unit 7 ~

com="uo2-gd203 rod"

cyli 7 1 0.4445 2p226.695

cyli 81 0.49022° 2p226.695

cubo 91 2p0.6510866 2p0.49022 2p226. 695
* polyethylene shims between rods -

cubo 14 1 4p0.6510866 2p226.695

unit 8
com="water'rod"
cubo 91 4p0.651 0866 2p226.695

unit 9 .

com="side bagket element, 0.0598"x1 75"x1 .75" steel with 0.75" dlam hole
xcyl 91 0.9525 0.1519 0.0

cubo 10 1 0.1519 0.0 4p2.2225

unit 10 , : :
com='"side basket element, 0.0598"x1.6902"x1.75" steel with 0.75" diam. hole’
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xcyl 9 1 0.9525 0.1519 0.0
cubo 10 1 0.1519 0.0 2p2.14655 2p2.2225

© unit 11

com='one complete basket side’
* 1x4x102 array of units 10 & 11
array 1 0.0 -8.7381 -226.695

unit 12 ,

. com="top/bottom basket element’

' 1.75"x0.0598"x1.75" steel with 0.75" diam. hole
yeyl 91 0.9525 0.1519 0.0

cubo 10 1 2p2.2225 0.1519 0.0 2p2,2225 .

" unit18

com='"top/bottom basket element’

" 1.6902"x0.0598"x1.75" steel with 0.75" diam. hole’
yeyl 91 0.9525 0.1519 0.0

- cubo 10 1 2p2.14655 0.1519 0.0 2p2.2225

uhit 14

com='one complete basket top/bottom'’
' 4x1x102 array of units 13&14

array 2 -8.7381 0.0 -226.695

unit 15
com="'0,0598" steel at basket corners’
cubo 10'1 0.15619 0.0 0.1519 0.0 2p226.695

unit 16

- com=" spacing & steel angle at x side of basket "
. cubo 91 5,08 0.02p8.89 2p226.695
hole 22 0.15875 0.0 0.0

hole 22 0.47625 -0.3175 0.0

hole 22 0.47625 0.3175 0.0

hole 22 0.79375 0.635 0.0

" hole 22 0.79375 -0.635 0.0

hole 22 1,11125 0.9525 0.0

hole 22 1.11125 -0.9525 0.0

hole 22 1.42875 1.27 0.0

hole 22 1.42875 -1.27 0.0

hole 22 1.74625 1.5875 0.0

hole 22 1.74625 -1.5875 0.0

hole 22 2.06375 1.905 0.0

hole 22 2.06375 -1.805.0.0

hole 22 2.38125 2.2225 0.0

hole 22 2.38125 -2,2225 0.0
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" hole 22 2.69875 2.54 0.0

. hole 22 2.69875 -2.54 0.0
hole 22 3.01625 2.8575 0.0
hole 22 3.01625 -2.8575 0.0
- hole 22 3.33375 3.175 0.0
hole 22 3.33375 -3.175 0.0
hole 22 3.65125 3.4925 0.0
hole 22 3.65125 -3.4925 0.0
hole 22 3.96875 3.81 0.0
hole 22 3.96875 -3.81 0.0
hole 22 4.28625 4.1275 0.0
hole 22 4.28625 -4.1275 0.0
hole 22 4.60375 4.445 0.0
hole 22 4.60375 -4.445 0.0
hole 22 4.92125 4.7625 0.0
hole 22 4.92125 -4.7625 0.0

unit 17

com=" spacing & steel angle at +x side of basket "
cubo 91 0.0 -5.08 2p8.89 2p226.695
hole 22 -0.15875 0.0 0.0
hole 22 -0.47625 -0.3175 0.0
hole 22 -0.47625 0.3175 0.0
hole 22 -0.79375 0.635 0.0

. hole 22 -0.79375 -0.635 0.0
hole 22 -1.111256 0.9525 0.0
hole 22 -1.11125 -0.9525 0.0
hole 22 -1.42875 1.27 0.0
hole 22 -1.42875 -1.27 0.0
hole 22 -1,74625 1.5875 0.0
hole 22 -1.74625 -1.5875 0.0
- hole 22 -2.06375 1.905 0.0
hole 22 -2.06375 -1.905 0.0
hole 22 -2.38125 2.2225 0.0
hole 22 -2,38125 -2.2225 0.0
hole 22 -2.69875 2.54 0.0
hole 22 -2.69875 -2.54 0.0
hole 22 -3.01625 2.8575 0.0
hole 22 -3.01625 -2.8575 0.0
hole 22 -3.33375 3.175 0.0
hole 22 -3.33375-3.175 0.0
hole 22 -3.65125 3.4925 0.0
hole 22 -3.65125 -3.4925 0.0
hole 22 -3.96875 3.81 0.0
hole 22 -3.96875 -3.81 ‘0.0
hole 22 -4.28625 4.1275 0.0
hole 22 -4,28625 -4.1275 0.0
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' hole 22 -4.60375 4.445 0.0
. hole 22 -4,60375 -4.445 0.0

hole 22 -4.92125 4.7625 0.0
hole 22 -4.92125 -4.7625 0.0

unit 18 :
com=" angles & spacing beneath baskets :"
cubo 91 2p8.89 5.08 0.0 2p226.695 ;
hole 21 0.0 0.15875 0.0
hole 21 -0.3175 0.47625 0.0
hole 21 0.3175 0.47625 0.0
hole 21 0.635 0.79375 0.0
hole 21 -0.635 0.79375 0.0
hole 21 0.9525 '1.11125 0.0
hole 21 -0.9525 1.11125 0.0
hole 21 1.27 1.42875 0.0
hole 21 -1.27 1.42875 0.0
hole 21 .1.5875 :1.74625 0.0
‘hole 21 -1.5875 1.74625 0.0
hole 21  1.905 2.06375 0.0
hole 21 -1.905 2.06375 0.0
' . hole 21 2.2225 238125 0.0
, . hole 21 -2.2225 '2.38125 0.0

hole 21 2.54 2.69875 0.0.
hole 21 -2.54 2.69875 0.0
hole 21 2.8575 3.01625 0.0
hole 21 -2.8575 3.01625 0.0
hole 21 3.175 3.33375 0.0
hole 21 -3.175 8.33375 0.0
hole 21  3.4825 3.65125 0.0
hole 21 -3.4925 3.65125 0.0
hole 21 3.81 3.96875 0.0
hole 21 -3.81 3.96875 0.0
hole 21 ~ 4.1275 4.28625 0.0
hole 21 -4.1275 4.28625 0.0
hole 21 4.445 4.60375 0.0
hole 21 -4.445 4.60375 0.0
hole 21  4.7625 4.92125 0.0
“hole 21 -4.7625 4.92125 0.0

unit 19 :

com="angles & spacing above baskets "
cubo 91 2p8.89 0.0 -5.08 2p226.695
hole 21 0.0 -0.15875 0.0

hole 21 -0. 3175 -0.47625 0.0

hole 21 0.3175 -0.47625 0.0

hole 21 0.635 -0.79375 0.0




hole 21 -0.635 -0.79375 0.0
hole 21 0.9525 -1.11125.0.0
hole 21 -0.9525 -1.11125 0.0
hole 21 1.27 -1.42875 0.0

‘hole 21 -1.27 -1.42875 0.0

hole 21 1.56875 -1.74625 0.0
hole 21 -1.5875. -1.74625 0.0

hole 21 1.905 -2.06375 0.0

hole 21 -1.905 -2.06375 0.0
hole 21 2.2225 -2.38125 0.0
hole 21 -2.2225 -2.38125 0.0.

. hole 21 2.54 -2.69875 0.0

hole 21 -2.54 -2.69875 0.0

~ hole 21 2.8575 -3.01625 0.0

hole 21 -2.8575 -3.01625 0.0
hole 21 3.175 -3.33375 0.0
hole 21 -3.175 -3.33375 0.0
hole 21  3.4925 -3.65125 0.0
hole 21 -3.4925 -3.65125 0.0
hole 21  3.81 -3.96875 0.0
hole 21 -3.81 -3.96875 0.0
hole 21  4,1275 -4.28625 0.0
hole 21  -4.1275 -4.28625 0.0
hole 21  4.445 -4.60375 0.0
hole 21 -4.445 -4.60375 0.0
hole 21  4.7625 -4.92125 0.0
hole 21 -4.7625 -4.92125 0.0

unit 20 ;
com="2x2 inch moderation regions at corners "

“ cubo 914p2.54 2p226.695

unit 21

com="part of steel angle"

'’ 0.1652" x 0.125" ’

cubo 11 1 2p0.197104 2p0.15874 2p226.695

unit 22

com="part of steel angle"

’ 0.125" x 0.1552" .
cubo 11 1 2p0.15874 2p0.197104 2p226.695

unit 23

com="left (-x) 10x10 bundle in basket"

' bundle at outer edge, centered vertically
array 3 -8.7381 -6.510866 -226.695

cubo 9 12p8.7381 2p8.7381 2p226.695
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unit 24 :

- com="right 10x10 bundle in basket"

* bundle at outer edge, centered vertically -
array 4 -4.2836334 -6.510866 -226.695
cubo 81 2p8.7381 2p8.7381 2p226.695

unit 25 :
com="complete left basket with bundie"
array 5 2r-8.89 -226.695

unit 26 :
com="complete right basket with bundle"
array 6 2r-8.89 -226.695

unit 27

com="1 inner container .

array 7 -22.86 -13.97 -226.695

" add 0.0598 inch walls of carbon steel
repl 121 6r0.1519 1

unit 28

com="2x2 inch regions at corners "
cubo 91 4p2.54 2p226.695

unit 29
com="higher enriched rods’
cyli 151 0.4445 2p226.695
cyli 81 0.49022 2p226.695
cubo 91 2p0.6510866 2p0.49022 2p226 695
' polyethylene shims between rods
cubo 14 1 4p0.6510866 2p226.695

global

unit 30

com="8x13x1 array of inners "

array 8 -184.0952 -183.56847 -226.695

' add 30 cm water reflector at all 6 faces
repl 13 2 6r3.0 10

end geom
read array
ara=1 nux=1 nuy=4 nuz=102

loop _
9111 231 11021
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10111 143 11021
"~ end loop

ara=2 nux=4 nuy=1 nuz=102

loop

12 231 1111 11021
13 143 111 11021
end loop '

- ' left bundle, poison corner at li
ara=3 nux=10 nuy=10 nuz=1
fill :

04 04 04 04 04 04 04 04 04 04
06 07 07 07 07 07 29 29 29 05
06 07 07 07.01 01 01 01 28 05
06 07 07 02 02 02 02 02 29 05
06 07 01 02 08 08 08 02 01 05
06 07 01 02 08 08 08 02 01 05
06 29 01 02 08 08 08 02 29 05
06 29 01 02 02 02 02 01 29 05
06 2929 29 01 01 29 29 29 05
03 03 03 03 03 03 03 03 03 03
end fill

right bundle, poison corner at ur
ara=4 nux=10 nuy=10 nuz=1
fill :

04 04 04 04 04 04 04 04 04 04
05 29 29 29 01 01 29 29 29 06
052901 02 02 02 02 01 29 06
05 29 02 08 08 08 02 01 29 06
05 01 02 08 08 08 02 01 07 06
05 01 02 08 08 08 02 01 07 06
05 29 02 02 02 02 02 07 07 06
052901 01 01 01 07 07 Q7 06

03 03 03 03 03 03 03 03 03 03
end fill '

- ara=5 nux=3 nuy=3 nuz=1
fill

151415

11 23 11

151415

end fill

ara=6 nux=f3 nuy=3 nuz=1
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fill

1514 15
11 24 11
1514 15
“end fill

ara=7 nux—4 nuy=3 nuz=1

fill ' :

201818 20

16252617

28191928 , . :
end fill - ’ ‘ : i

ara=8 nux=08 nuy=13.nuz=1
fill 127 end fil

end array

read start nst=1 .
' xsm=-45.72 xsp=45.72 ysm=-27.94 ysp=27.94 zsm=-10 2sp=10

end start
' . read bounds all=vacuum end bounds
: read bias id=500 2 11 end bias !
end data |
end

The model for the normal condltion KENO case ("a=nevk00") is listed below.
=csas25 . .
sp-1 with 4.0% enriched 10x10 fuel
hans inth
uo2 1 0.98 293.0 92235 3.4643 92238 96.5357 end
© uo2 2 0.98 293.0 92235 3.4643 92238 96.5.’.}57 end -
uo2 3 0.98 293.0 92235 4.0 92238 96.0 end
uo2 4 0.98 293.0 92235 4.0 92238 96.0 end
uo2 5 0.98 293.0 92235 4,0 92238 96.0 end

uo2 6 0.98 293 0 92235.4.0 92238 96.0 end

. ' poison rod with 1.5% gd203
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' td of uo2-gd203 = 10.96 -2.65*p/[p-+0. 671 45*(1 -p)], p=wt frac.gd203
" "p" is 0.015 here, td is 10.9012

* pellet density is 0.98%10.9012=10.6832

' uo2 density is 0.985%10.6832 = 10,5230

' gd203 density is 0.015*10.6832 = 0.1602 gm/cc :

uo2 7 den=10.5230 1.0 293.0 92235 5.00 92238 95.00 end
arbmgd203'0.1602 2 0 1 0 64000 2 8016 3

7 1.0 293. end

zircalloy 8 1.0 293.0 end
* water, 0 vol.% ,
h20 9 1.0e-15 293.0 end

' basket steel -
carbonsteel: 10 1.0 293.0 end
' angle steel

carbonsteel. 11 1.0 293.0 end
' shell steel

carbonsteel 12 1.0 293.0 end

" douglas fir same composition as oak, dens 0.48-0. 55
- oak 13 den 0.48 1.0 283 end

polyethylene, 100 vol%
arbmpe 082201060121 1001 2
14 1.0 293. 'end

' higher enriched rods
© uo2 15 0.98 293.0 92235 5.0 92238 95.0 end

end comp

more data :

res= 1 cyli 4.1526E-01 dan( 1)= 5.1433E-01
res= 2cyli 4.2949E-01 dan{ 2)= 5.1633E-01
res= 3 cyli 4.6224E-01 dan( 3)= 3.4646E-01
res= 4 cyli' 4.6288E-01 dan( 4)= 3.4454E-01
res= 5cyli 4.8046E-01 dan( 5)= 3.9535E-01
res= 6 cyli 4.5837E-01 dan{ 6)= 3.2355E-01
res= 7cyli 3. 9685E-01 dan( 7)= 5.0663E-01
res= 15 cyli 4.1040E-01 dan( 15) 5.0891E-01
end more ‘
sp-1 with 4.0% enriched 10x10 fuel

read parameters

tme=90 gen=200 npg=600 nsk=0

fix=yes fdn=yes xs1 —yes nub=yes pwt—yes

- end parameters




read geom .

' pellet diam: 0.35"
' gap: zero

' clad thk: 0.018"

' pitch: 0.5127"

unit 1

com="interior rod"

- cyli 11 0.4445 2p226.695

cyli 810.49022 2p226.695

cubo 91 2p0.6510866 2p0.49022 2p226.695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 2 .
- com="interior rods around water rod"
cyli 21 0.4445 2p226.695
cyli 81 0.49022 2p226.695
~ 'cubo 91 2p0. 6510866 2p0.49022 2p226 695
' polyethylene shims between rods
cubo 14 1 4p0.6510866 2p226.695

unit 3 .

com="edge rod facing up"

cyli 3 1 0.4445 2p226.695

cyli 81 0.49022  2p226. 695

' cubo 91 2p0.6510866 0.6510866 -0. 49022 2p226.695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 4

com="edge rod facing down"

cyli 41 0.4445 2p226,695

cyli 81 0.49022 2p226.695

cubo 81 2p0.6510866 0.49022 -0.651 0866 2p226.695
polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 5

com="edge ‘rod facing other bundie"

cyli 51 0.4445 2p226.695

cyli 81 0.49022 2p226.695

cubo 91 2p0.6510866 2p0.49022 2p226 695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695
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unit 6

com="edge rod facing out"

cyli 61 0.4445 2p226.695

cyli 81 0.49022 2p226.695

cubo 81 2p0.6510866 2p0.49022 2p226.695
' polyethylene shims between rods '
cubo 14 1 4p0.6510866 2p226.695

unit 7 ,

com="uo02-gd203 rod"

cyli 71 0.4445 2p226.695

cyli 81 0.49022 2p226.695

cubo™ 91 2p0.6510866 2p0.49022 2p226.695
' polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 8
com="water rod"
cubo 91 4p0 6510866 2p226 695

unit 9

com="side basket element, 0.0598"x1.75"x1.75" steel with 0.75" diam. hole’
xcyl 91 0.9525 0.1519 0.0

" cubo 10 1 0.1519 0.0 4p2.2225

unit 10

com='side basket element, 0.0598"x1.6902"x1.75" steel with 0.75" diam. hole’
xcyl 9 1 0.9525 0.1519 0.0

cubo 10 1 0.1619 0.0 2p2.14655 2p2.2225

unit 11

com='one complete basket side'

" 1x4x102 array of units 10 & 11

array 1 0.0 -8.7381 -226.695 .

unit 12 , '

com="top/bottom basket element’

' 1.75"x0.0598"x1.75" steel with 0.75" diam. hole’
ycyl 91 0.9525 0.1519 0.0

cubo 10 1 2p2.2225 0.1519 0.0 2p2.2225

unit 13

com="top/bottom basket element’ :

' 1.6902"'x0.0598"x1.75" steel with 0.75" dlam hole’
yeyl 9 1 0.9525 0.1519 0.0

- cubo 101 2p2 14655 0.1519 0.0 2p22225
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unit 14

com='one complete basket top/bottom’
> 4x1x102 array of units 13&14

array 2 -8.7381 0.0 -226.695

unit 15 -
. com="0.0598" steel at basket corners’ ,
cubo 10 1 0.1519 0.0 0.1519 0.0 2p226.695

unit 16 :

com="spacing & steel angle at -x side of basket "
cubo 91 5,08 0.0 2p8.89 2p226.695
hole 22 0.15875 0.0 0.0
hole 22 0.47625 -0.3175 0.0
hole 22 0.47625 0.3175 0.0
hole 22 0.79375 0.635 0.0
hole 22 0.79375 -0.635 0.0
hole 22 1.11125 0.9525 0.0
hole 22 1.11125 -0.9525 0.0
hole 22 1.42875 1.27 0.0
hole 22 1.42875 -1.27 0.0
hole 22 1.74625 1.5875 0.0 .
hole 22 1.74625 -1.5875 0.0
hole 22 2.06375 1.905 0.0
hole 22 2.06375 -1.905 0.0
hole 22 2.38125 2.2225 0.0

" hole 22 2.38125 -2.2225 0.0
hole 22 2.69875 2.54 0.0

. hole 22 2.69875 -2.54 0.0
hole 22 3.01625 2.8575 0.0
hole 22 3.01625 -2.8575 0.0
- hole 22 3.33375 3.175 0.0
hole 22 3.33375 -3.175 0.0
hole 22 3.65125 3.4925 0.0
hole 22 3.65125 -3.4925 0.0
hole 22 3.96875 3.81 0.0
hole 22 3.96875 -3.81 0.0
hole 22 4,28625 4.1275 0.0
hole 22 4.28625 -4.1275 0.0
hole 22 4.60375 4.445 0.0
hole 22 4,60375 -4.445: 0.0
hole 22 4.92125 4.7625 0.0
hole 22 4.92125 -4.7625 0.0

unit 17 ,
com="spacing & steel angle at +x side of basket "
cubo 91 0.0 -5.08 2p8.89 2p226.695
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" hole 22 -0.15875 0.0 0.0'

hole 22 -0.47625 -0.3175 0.0
hole 22 -0.47625 0.3175 0.0
hole 22 -0.79375 0.635 0.0
hole 22 -0.79375 -0.635 0.0
hole 22 -1.11125 0.9525 0.0
hole 22 -1.11125 -0.8525 0.0
hole 22 -1.42875 1.27 0.0
hole 22 .-1.42875 -1.27 0.0
hole 22 -1.74625 1.5875 0.0

" hole 22 -1.74625 -1.5875 0.0

hole 22 -2.06375 1.906 0.0
hole 22 -2.06375 -1.905 0.0,
hole 22 -2.38125 2.2225 0.0
hole 22 -2.38125 -2.2225 0.0
hole 22 -2.69875 2.54 0.0
hole 22 -2.69875 -2.54 0.0
hole 22 -3.01625 2.8575 0.0
hole 22 -3.01625 -2.8575 0.0
hole 22 -3.33375 3.175 0.0
hole 22 -3.33375 -3.175 0.0

. hole 22 -3.65125 3.4925 0.0

hole 22 -3.65125 -3.4925 0.0
hole 22 -3.96875 3.81 0.0

hole 22 -3.96875 -3.81 0.0

hole 22 -4.28625 4.1275 0.0
hole 22 -4.28625 -4.1275 0.0
hole 22 -4.60375 4.445 0.0
hole 22 -4.60375 -4.445 0.0
hole 22 -4.92125 4.7625 0.0
hole 22 -4.92125 -4.7625 0.0

uniti18 | o 1
com="angles & spacing beneath baskets "
cubo 91 2p8.89 5.08 0.0 2p226.695

hole 21 '0.0 :0.15875 0.0

hole 21 -0.3175 0.47625 0.0
hole 21 0.3175 0.47625 0.0
hole 21 0.635 0.79375 0.0
hole 21 -0.635 0.79375 0.0
hole 21 0.9525 1.11125 0.0
hole 21 -0.9525 1.11125 0.0
hole 21 1.27 1.42875 0.0

hole 21 -1.27 1.42875 0.0

hole 21 1.5875 1.74625 0.0
hole 21 -1.5875 1.74626 0.0
hole 21 1.905 2.06375- 0.0
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' hole 21 -1.905 2.06375 0.0
hole 21 2.2225 238125 0.0
hole 21 -2.2225 2,38125 0.0
hole 21 2.54 2.69875 0.0
hole 21 -2.54 2.69875 0.0
hole 21 2.8575 3.01625 0.0 , ' ;
hole 21 -2.8575.3.01625 0.0
hole 21 3.175 3.33375 0.0 :
hole 21 -3.175 3.33375 0.0
hole 21  3.4925 3.65125 0.0
hole 21 -3.4925 3.65125 0.0
hole 21 3.81 3.96875.0.0
hole 21 -3.81 3.96875 0.0
hole 21 4.1275 4.28625 0.0
hole 21 -4.1275 4.28625 0.0
hole 21 4.445 4.60375 0.0
hole 21 -4.445 4.60375 0.0
hole 21 4.7625 4.92125 0.0
. hole 21 -4.7625 4,92125 0.0

unit 19

com="angles & spacing above baskets " ,

cubo 91 2p8.89 0.0-5.08 2p226.695 . : !
. hole 21 0.0' -0.15875 0.0 : '
hole 21 -0.3175 -0.47625 0.0
hole 21 0.3175 -0.47625 0.0
hole 21 0.635 -0.79375 0.0 :
hole 21 -0.635 -0.79375 0.0 ' '
hole 21 0.9525 -1.11125 0.0 ‘
hole 21 -0.9525 -1.11125 0.0
hole 21 1.27 -1.42875 0.0
hole 21 -1.27 -1.42875 0.0
hole 21 1.5875 :1.74625 0.0
hole 21 -1.5875 -1.74625 0.0 ) |
hole 21 1.905 -2,06375 0.0 ‘ ;
hole 21 -1,905 2.06375 0.0 ‘
hole 21 2.2225 238125 0.0
hole 21 -2,2225 -2.38125 0.0 |
hole 21 2,54 -2.69875 0.0 . |
hole 21 -2.54 -2.69875 0.0 ' ' i
hole 21 2.8575 -3.01625 0.0 {
hole 21 -2.8575-3.01625 0.0
hole 21 8.175 -3.33375 0.0
hole 21 -3.175 -3.33375 0.0
hole 21  3.4925 -3.65125 0.0
hole 21 -3.4925 -3.65125 0.0
hole 21  3.81 -3.96875 0.0




hole 21 -3.81 -3.86875 0.0
hole 21  4.1275 -4.28625 0.0
hole 21 -4.1275 -4.28625 0.0
hole 21 4.445 -4,60375 0.0
hole 21 -4.445 -4.60375 0.0
. hole 21 4.7625 -4.92125 0.0
hole 21 -4.7625 -4.92125 0.0

unit 20 : _
com="2x2 inch moderation regions at corners "
cubo 91 4p2.54 2p226.695 :

unit 21
com="part of steel angle”
' 0,1552" x 0.125"
cubo 111 2p0 197104 2p0.15874 2p226. 695

unit 22
com="part of steel angle"
7 0.125" x 0.1552"
cubo 11 1 2p0.15874 2p0.197104 2p226 695

unit 23

com="left (-x) 10x10 bundle in basket"

' bundle at outer edge, centered vertically
array 3 -8.7381 -6.510866 -226.695

cubo 91 2p8.7381 2p8.7381 2p226.695 °

© unit 24

com="right 10x10 bundle in basket" :
' bundle at'outer edge, centered vertically -
array 4 -4.2836334 -6.510866 -226.695
cubo 91 2p8.7381 2p8.7381 2p226.695

unit 25 .
com="complete left basket with bundle"
array 5 2r-8.89 -226.695

unit 26 ‘
com="complete right basket with bundle"
array 6 2r-8.89 -226.695 -

unit 27
com="1 inner container "
array 7-22, 86 -13.97 -226.695
" add 0.0598 inch walls of carbon steel
repl 121 6r0 15191
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cubo 9 1 2p32.385 2p30.48 2p261.9375

unit 28
com="2x2 inch regions at corners "
cubo 91 4p2.54 2p226.695

unit29 .
com='higher enriched rods’
cyli . 15 1 0.4445 2p226.695
cyli 81 0.49022 2p226.695
, cubo 81 2p0.6510866 2p0.49022 2p226. 695
' polyethylene shims between rods
~cubo 14 1 4p0.6510866 2p226.695

unit 30
com ‘top’

' plywood only width: 29.75 - 2*3.25 = 23.25"
cubo 13 1 2p29.5275 4.1275 0.0 8.255 0.0
.’ 8825"im
repl 91 4r0.0 97.165 0.0 1
' add stud .

- repl 13 1 4r0.0 8.255 0.0 1
' 86.75" im .

repl 91 4r0.0 93.345 0.0 1
' add stud

repl 13 1 4r0.0 8.255 0.0 1
' 36.75"Iim : .

repl 91 4r0.0 93.345 0.0 1
' add stud

repl 131 4r0.0 8,255 0.0 1
' 36.75" im

repl 91 4r0.0 93.345 0.0 1
" add stud

repl 13 1 4r0.0 8.255 0.0 1
' 38.25"im

repl 91 4r0.0 97.155 0.0 1
' add studs & plywood
repl 13 1 2r8.255 0.0 1.27 8.255 0.0 1

unit 31

com='base’

' space to first skid

“cubo 91 2p377825 8.255 0.0 13. 97 0.0
" 4x4 skid .

repl 131 4r0.0 8.255 0.0 1

' 44.75"im

repl 91 4r0.0 113,665 0.0 1
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' 4x4 skid -
repl 13 1 4r0.0 8.255 0.0 1

’ 44.75"im

repl 91 4r0.0 113.665 0.0 1
' 4x4 skid :
repl 13 1 4r0.0 8.255 0.0 1
’ 44,75" im

" repl 91 4r0.0 113.665 0.0 1

' 4x4 skid -

repl 131 4r0.0 8.255 0.0 1
' 4475"im; ,
repl 91 4r0.0 113.665 0.0 1
' 4x4 skid -

repl 13 1 4r0.0 8.255 0.0 1
' add space at +z

repl 91 4r0.0 13.97 0.0 1

- ' add 1.605" wood at +y
. repl 13 1 2r0.0 4.1275 3r0.0 1

unit 32
com="+x side’

’ plywood only width: 24.00 - 2*3.25 = 17.5"
cubo 13 1 4.1275 0.0 2p22.225 8.255 0.0 .

' 38.25"im’

" repl 91 4r0.097.155 0.0 1
. " add stud

repl 13 1 4r0.0 8.255 0.0 1
' 36.75" im,

- .repl 91 4r0.0 83.345 0.0 1
.’ add stud :

repl 13 1 4r0.0 8.255 0.0 1

’ 36.75" im -
. repl 91 4r0.0 93.345 0.0 1

' add stud

repl 13 1 4r0.0 8.255 0.0 1
' 36.75" im

repl 91 4r0.0 93.345 0.0 1
' add stud :

repl 13 1 4r0.0 8.255 0.0 1
'’ 38.25" im

repl 91 4r0.0 97.155 0.0 1
’ add stud & plywood

repl 13 1 0.0 1.27 2r8.255 8.255 0.0 1

unit 38
com="-x side’

' plywood ohly width: 24.00 - 2*3.25 = 17.5"
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cubo 131 4.1275 0.0 2p22.225 8.255 0.0

' 38.25" im.

repl 91 4r0.0 97.155 0.0 1

' add stud .

repl 13 1 4r0.0 8.255 0.0 1

' 36.75" im.

repl 9 1 4r0.0 93.345 0.0 1

' add stud :

repl 13 1 4r0.0 8.255 0.0 1

' 36.75"im’

repl 91 4r0.0 83.345 0.0 1

’ add stud -

repl 13 1 4r0.0 8.255 0.0 1

'’ .36.75" im -

repl 91 4r0.093.3450.01

' add stud .

repl 13 1 4r0.0 8.255 0.0 1

> 38.25" im:

repl 91 4r0.0 87.155 0.0 1
' add stud & plywood

repl 13 1 1:27 0.0 2r8.255 8.255 0.0 1

unit34
coms='inner container & wood sides’
array 8 3r0.0

unit 35
com='complete -outer container’
array 9 3r0.0

global

unit 36

com="10x10x1 array of inners "
array 10 3r0.0

end geom
read array

ara=1 nux=1 nuy=4 nuz=102
loop ;

9111 231 11021
10111 143 11021
end loop

. -ara=2 nux=4 nuy=1 nuz=102
loop
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12 231 111
13143 111°
end loop

1102 1
11021

' left bundle, poison corner at Il
ara=3 nux=10 nuy=10 nuz=1
fill :

04 04 04 04 04 04 04 04 04 04
06 07 07 07 07 07 29 29 29 05
06 07 07 07 01 01 Of 01 29 05
06 07 07 02 02 02 02 02 29 05
06 07 01 02 08 08 08 02 01 05
06 07 01 02 08 08 08 02 01 05
06 29 01 02 08 08 08 02 29 05
06 29 01 02 02 02 02 01 29 05
06 29 29 29 01 01 29 29 29 05

03 0303 03 03 03 03 03 03 03
end fill '

' right bundle, poison corner at ur
.ara=4 nux=10 nuy=10 nuz=1

fill '

04 0404 04040404040404

- 05292929 01 01 29 29 29 06

- 052901 0202 02 02 01 28 06

05 29 02 08 08 08 02 01 29 06

. 0501 02 08 08 08 02 01 07 06

05 01 02 08 08 08 02 01 07 06
05 29 02 02 02 02 02 07 07 06
05 29 01 01 01 01 07 07 07 06
05 29 29 29 07 07 07 07 07 06
03 03 03 03 03 03 03 03 03 03
end fill
‘ara=5 nux=3 nuy=3 nuz=1
fill :
151415
11 23 11
151415

end fill

ara=6 nux=3 nuy=3 nuz=1
fill L

151415

11 2411

151415 -
end fill




ara=7 nux=4 nuy=3 nuz=1
fill

. 20181820

16 25 26 17
28 1919 28
end fill

ara=8 nux=3 nuy=1 nuz=1
fill 33 27 32 end fill

ara=9 nux= 1nuy 3nuz-—1

~ fill 31 34 30-end fill

ara=10 nux-—10 nuy=10 nuz=1
fill 35 end fill
end array

read start nst=1 end start

read bounds' all=spec end bounds
' read bias id=500 2 11 end bias
end data

end

=csasix
sp-1 with 5.0% enriched 10x10 fuel
hans latt

" external wéter, 100 vol.%
h2o 1 1.0 293.0 end

uo2 2 0.98 293.0 92235 5.0 92238 95.0 end

' polyethyléne in unit cell, 100 vol%
arbmpe 092201 060121 1001 2

+31.0293. end

Zircalloy 4 1.0 293.0 end

end comp '
squa 1.61775 .889023 .98044 4 end

- end

=xsdrn _

" inf array of inners

0$$a32e .

1$$ 22100 1 32282r1 10803r0
289$ -1 -1 4r0 -1e
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3%$0e
' 4%$-1160e
5** 2r1.0e-5.e
t
138612
14$$ 500 1. . .
16** 1.0 - : |
t ; '
33## f1.0 -
t :
35%* 49i0.0 49i10.133134 20.164682
36%$$ 50r1 50r2
312
51$$ 14i1 16
t .
end

A typlcal CASMO case ("cava') is listed below
DIM 10,1
- TIT TFU=283,15 TMO=293.15 BOR=0 * INNERS ONLY
FUE 1 10.7408/4.0 *98%TD, 4.0%ENR ! :
: FUE 2 10.7408/4.0 *98%TD, 4.0%ENR |
: FUE 3 10.7408/4.0 *98%TD, 4.0%ENR : : |
. FUE 4 10.6832/5.00,7301= 1 .5 *88%TD, 5. OO%ENR
VOi, 90.
MOD, .099820/1001=11.19,8000=88.81
MI1 .686305/26000=84.829155 ,6000= 1 .731207 ,1001= 1.503896 ,8000=11.935745 _
MI2 .303433/26000=66.611275 ,6000= 1.359414 ,1001= 3.584080 ,8000=28.445229
MI3 .494868/26000=79.243896 ,6000= 1.617222 ,1001= 2.141640 ,8000= 16.997234.
MI4 6.705978/26000=97.789505 ,6000= 1.995704 ,1001= 024035 ,8000= .190758
MI5 .646048/26000=83.929482 ,6000= 1.712847 ,1001= 1.606623 ,8000=12.751048
MI6 .541578/26000=80.970863 ,6000= 1.652467 ,1001= 1.944449 ,8000=15.446123
COO .465105/1001=13.991474,6000=75. 4371 64, 8000 10.571368
MI7 0.001/8000=100.0 ; : -
* 0.5127" pitch, : . ;
* POD/CID/COD=0.35/0.35/0.386"
PIN 1 0.4445 0.49022/'1’ 'CAN'/A
PIN 2 0.4445 0.49022/2' 'CAN'//
PIN 3 0.4445 0.49022/:3' 'CAN'/M
PIN 4 0.4445 0.49022/'4’ "CAN'// ‘ ' :
PIN 5 0.4445 0.6510/'MOD’ '"MOD'//1 - .~
BWR 10 1.30217 13.0217 0.0 3*0.0 1 :
LPI '
1111111111
1222444441
12238334441
1233555441




1233555341

12833555341

1233333321

1223333221

1222222221

1111111111

/'F’

FST 4.9281,2.54,0.1519,2.54/0.001 /3*5.2319/
'MI1','MI2','MIT'MI3 3*'MI4*,'MIS'/
‘MI7',MI7', M7 MIS', ' MI6',' MI5','MI6’ 'M|5’/
8,4,2,4/1,3*8/

STA

TIT TFU=293, 15 TMO=293.15 BOR=0 * INNERS ONLY
. LPI .

1111111111

1222444441

12283334441

1233333441

1235553341

12355583341

12835553321

1223338221

1222222221

1111111111

- J'F . .

STA . '

TIT TFU= 293 15.TMO=293.15 BOR=0 * INNERS ONLY
LPI

1111111111

1222444441

12233341441

1233333441

1283385558341

1233555341

1233555821

1228833221

1222222221

1111111111

['F

STA

TIT TFU=293.15 TMO=293.15 BOR=0 * INNERS ONLY
LPI

1111111111

1222444441

1223334441

1235553441

12356538341
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.
i
i
I
.

1235553341
1233333321
1223333221
1222222221

1111111111
'/’Fl .

STA
END
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1.0 INTRODUCTION

1.1 Purgl ose

This report' is provided in support of the application dated February 9 19986, to revise
Certificate of Compliance No. 9248. In that application, additional categories were proposed
for Sectlon 5(b}(1) of the Certlflcate Calculatlon descriptions and results are prowded to
| demonstrate that the additional categorles meet all criticality safety requirements in 10 CFR
Part 71.

1.2 choge of Analysis

" The existiné categories in Section 5(b)(1) of the Certificate are unchanged. New fuel shipmerit .

- categories are added to Section 5(b}(1) for 10x10 and 9x9 assemblies.

EMF-1563,.Sup. 1, Rev. 1 demonstrated that the SP-1/SP-2 inner shipping container is

adequately ‘subcritical for any array at full flooded conditions with any pellet diameter, any
number of water rods in any arrangement, with or without a water channel, with or without
gadolinia rods, with any arrangement of rods with enrichments up to 5.0 wt.%, with rod
diameters'Up to .5" and-minimum clad thicléness of .18", and with any number of polyethylene
shims in any arrangement. This report re-confirms this data for assemblies with rod diameters
up to .4" and minimum .clad thickness of 0.015" in addition to demonsttating safety for new

fuel types at low density interspersed moderation.

1.3 Summary of Conclusions

The following new categorles may be added to Certificate of Compllance No. 9248 since they
meet all requwements specn‘led in 10 CFR Part 71. The highest bias corrected 95% upper
limit for keff at, accident conditions for ; the new 10x10 and new 9x9 categories are,
respectively, .9337 and .9136.,
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U0, fuel assemblies with a maximum U-235 enrichment of 5.0 wt.%. Each

assembly is composed of a 10x10 array of fuel rods with a water channel or

water rods located in a central 3x3 array of rods location. Any number of
additional water rods or water channels in any arrangement is permitted. The
maximum fuel dimensions are 5.0" by 5.0" by 174". The maximum pellet
diameter is 0.35" and the minimum clad thickness is 0.018",

Each assembly shall contain at least eight rods with at least 2.0 wt. % gédolinia
in all axial regions with enriched pellets. :

The eight gadolinia rods shall be located in a pattern symmetric about. one of
the assembly diagonals and meet the following constraints.

1. The nominal diameter of the gadolinia pellets shall be not less than that of
the UO, (non-gadolinia) pellets and rods shall be in non-perimeter positions.

: © 2. At least two gadolinia rods shall be in row two and two additional rods shall

5(b){1){viii) :

be in column nine. . :

3. At least two gadolinia rods shall be in rows eight and / or nine and at least
two additional gadolinia rods shall be in columns eight and / or nine. :

4. A unit cell containing a gadolinia rod shall not share a common face with
another gadolinia rod unless those sharing a common face are counted as one
rod. Gadolinia rods may share a common corner without being counted as one
rod.

UO, fuel assemblies with a maximum U-235 enrichment of 5.0 wt.%. Each
assembly is-composed of a 9x9 array of fuel rods with a water channel or water
rods in the center 3x3 rod locations. Any number of additional water rods or
water channels in any arrangement is permitted. The maximum fuel dimensions

':. are 5.0" by 5.0" by 174", The maximum pellet diameter is 0.40" and the

minimum clad thickness is 0.015".

.. Each assembly shall contain at least eight rods with at least 2.0 wt. % gadolinia

in all axial regions with enriched pellets.

The eight gadolinia rods shall be located in a pattern symmetric about one of
the assembly diagonals and meet the following constraints:

1.. The nominal diameter of the gadolinia pellets shall be not less than that of
the U0, (non-gadolinia) pellets and the rods shall be in non-perimeter positions.

2. At least'2 gadolinia rods ‘shall be in rows two and eight and two additional
rods shall be in columns two and eight.
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3. A unit cell containing a gadolinia rod shall not share a common face with
another gadolinia rod unless those sharing a common face are counted' as one

rod. Gadolinia rods may share a common corner without being counted as one
rod.

Fissile Clasé' Il is authorized for both fuel types with a minimum Transport Index of 1.0.
Polyethylene shims are not permitted for .either fuel type.
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2.0 PACKAGE AND MODEL DESCRIPTION

Each SP-1 /SP-2 can contain up to two BWR assemblies. The SP-1/SP-2 ils composed of a steel

"inner container" and a wooden "outer container". Most criticality safety calculations are at

. "damaged": or "accident" conditions where the outer container is assumed to have burned

away and the inner containers are stacked edge-to-edge in an array of at least 250 units
(Fissile Class I) or at least 2N (Fissile Class Il), where "N" is the maximum number of packages

allowed per shipment.:"N" is defined as 50 divided by the Transport Index.

-The inner contalners contain two "baskets" made of 0.06598" thlck carbon steel with 0.75"
diameter holes in a 1.75" square pitch pattern. The baskets are nominally 7"x7" in cross

section. The two baskets are placed edge-to-edge in the center of the nominal 18" wide by

11" high steel inner container (0.0598" carbon steel walls). A 2" thick annulus is between '

the basket wall and the inner container wall In this annulus are six carbon steel angles :

(2.8125"x2.8125"x0.125" nominal).

All préviousé calculations ‘for the SP-1/SP-2 have demonstrated that peak reactivity with
uniform interspersed moderation is with low density (typicaily 10 to 20 volume %) water. With
low density interspersed water, the edge rods in the assemblies are the best moderated. It has
been found;that_ the most reactive position for the assemblies is to have both at the outer
edges of their baskets, which allows maximum moderation of the edge rods facing the other

assembly in the same package. This is the arrangement modeled in-these calculations, unless

" noted otherwise.

The codes, cross sections, and other data from SCALE 4.2 {1) and CASMO-3G (2) were used.

All components were modeled as premsely as possible in KENO Va.

The baskets were modeled as carbon steel with moderation-filled holes (not "smeared") and
the angles were closely. approximated in volume and geometry usmg 31 steel segments with

a total steel- volume slightly less than the mlmmum (nominal minus tolerances}. Finite arrays
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with 30 cm of water reflection were modéled in KENO-Va. The following figure is a KENO-Va
plot for a fypical model. - '

SECTION OF ONE INNER CONTAINER
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CASMO-3G was also used to calculate k-inf for several cases. The steel and moderation were
"smeared" together in the various regions of the CASMO model. The CASMO model also had

the assemblies to the shifted to the outer edges of their baskets. The arrays modeled were
either infinite or 8x13x1.
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3.0 ANALYTICAL METHODQLOGY

3.1 Nuc!ear Analysis

The codes,: cross sections, an‘d other data from SCALE 4.2 were used.

3.1.1 Codes and Databases Used

. Version uju!94a of SCALE 4.2 was used for these calculation.s.

The conﬁpu;éer codes used for this analysis are part of the SCALE 4.2 systeﬁ of codes on the
SPC HP workstation SSLO1. The following codes and cross section libraries are part of the

SCALE 4.2 system of codes placed on the SPC HP workstation SSLO1.

. 3.1.2 Cross Section Preparation

BONAMI and NITAWL were used to prepare case-specific cross sections from the 16 and 27

group master Iibrarieé.
3.1.3 Benchmarking

The SCALE 4.2 system was developed for use by the USNRC and its licensees. Critical
experimenfs .were modeled using the same methodology used in these calculations. The
benchmark calculations and the methodology for determining the calculation bias and its

hncertainty :and for determining the bias-corrected 95 % upper limit on k-eff are described in

this éection.
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3.1.3.1 ‘ Calculation of Bias and Bias Uncertainty

The bias and its standard deviation were célculated using the methods described in Reference
4. These methods use standard analysis of variance principles. The average over all cases of
the KENO k;eff and its vaﬁance (square of standard deviation) are calculated. The average of
the average k-eff (grand average) is weighted by the reciprocal of its variance. The average
value of the; variance ié;taken as the "Withi:h class" variance. The variance of the average k-eff
data, weigr;ted as for the grand average, is taken as the "between class” varianc,le. The
"within clasls".variance is subtracted from the "between class" variance to yield the variance
of the class‘ieffect. Since the true value fo} all cases is assumed to be 1.0 {¢ritical), the class

effect (the gchange in average k-eff from case to case) is also the bias and the variance of the

- class effect is the variance of the bias. A zero variance of the bias would mean that the bias -

is constant from case to case. Standard stétistical techniques test the ratio of the "between”
and "within;' variances. If fhis ratio does not exceed the "F" test, it is concluded that the class
effect variance is not significant and the class effect (bias) is assigned the value zero. The.
methods in Reference 4 do not include a test of significance. The calculated bias is thé value
1o add to the calculation result. Therefore, a negative bias indicates conservative results. The
bias uncenéinty is pooled with the KENO uncertainty for a given case by taking the square
root of the shm of squares. The pooled unc:ertainty is multiplied by a factor appropriate for the
degrees of f;'eedom {calculated as shown in Ref. 4) for a one-sided 95% confidence limit. The
95% upper limit is the. sum of the KENO k-eff plus the bias plus the pooled uncertainty
multiplied by the:factor. The one-sided confidence limit factor is used because only the upper

limit is of interest.

As will be shown in Sections 3.1.3.2 and 3.1.3.3, there is no significant difference between
the bias for experiments with and without gadolinium. Therefore, all experiments were

combined to calculate. the bias to be applied to these calculation results.

The bias and bias uncertainty with 16-group cross sections is -2.4405E-3 + 4,6889E-3 and
with 27-grogp cross sections it is +6.3419E-3 + 4.9757E-3.
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3.1.3.2 .PNL Critical Experiments (Reference 4)

The Reference 4 experiments involve three flooded clusters of 4.31% enriched rods with
variable spécings between the clusters and with various absorbers between'the clusters. The
case numbérs referenced below were taken from Reference 4. Brief descriptions of the cases
modeled follow. These experiments were selected because they were the closest available to
the qonditiéns being modeled. Experiments with stainless steel and zircaloy were selected
because they are in the SP-1/SP-2 model. Cases with boron were selected to include a strong

neutron absorber; gadolinium was not available in these experiments, Separate experiments

~ with gadolinium are reported in Section 3.1.3.3.

Cases 001,;002, and 003 determine the critical size of one cluster. The critical size was
interpolated based on experiments with integral numbers of rods per edge; the critical number
had a fractional number of rods on one edge and either 8, 9, or 10°rods on the other edge. '

These three cases were modeled using cell-weighted cross sections.

Case 004 involved three 15x8 clusters with no absorber plates.

!

. Cases 007, 008, 013, and 014 involved three clusters with 304L steel absorber plates. Two

plate thicknesses and different absorber spacings from the central cluster were tested.

Cases 009, 010R, 011, and 012 are similar to the previous four except that the 304L steel
contained either 1.05 or 1.62% Boron. '

Case 031 in\/o]ved three clusters with BORAL absorber plates.
Cases 029 and 030 involved three clusters with Zircaloy-4 absorber plates.

The "x" suffix on the case name denotes cell-weighted cross-sections. Suffixes such as "a"

are for explicitly modeled rods.




The bias and bias uncertainty calculated for these benchmark cases are tabulated below.

The bias and;bias uncertainty calculated for these 16-group cases are -3.3617E-3 + 2.8457E-
‘3.

Table 1 Reference 4 Cases
Calculation Results
With 16-Group Cross Sections
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Case D k-eff

~ Avg. Std.Dev,

a-c001x - 1.00355 0.00249

a-c002x ©1.00905 0.00257

a-c003x 1 1.00845 0.00252
a-c004 11.00435 0.00265

a-c005a 11.00244 0.00265 °

a-c005b -1.00198 0.00252
a-c006a {1.00177 0.00253
a-c006b -1.00443 0.00270
a-c007a 1.00352 0.00252

a-c007x 1100788 0.00253
a-c008a 0.99798 0.00241
a-c008x 1.00109 0.00242
a-c00%a 1.00365 0.00221
a-c010a 0.99854 0.00246
a-c011a 1.00138 0.00255
a-c012aa 1.00329 0.00244
a-c013a 0.99712 0.00258
a-c013x 1.01149 0.00227
a-c014a 0.99991 0.00241
a-c014x 1.00732 0.00259
a-c028a 0.99894 0.00254
a-c030a 1.00278 0.00257
a-c031a 1.00582 0.00250
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Table 2 Reference 4 Cases
Calculation Results
With 27-Group Cross Sections

Case ID : k-eff
¢« Avg. Std.Dev.
b-c001x - 1.00591 0.00264
b-c002x ;0.99828 0.00274
b-cO03x '1.00268 0.00234
b-c004 '0.99853 0.00266
b-c005a '0.98845 0.00348
b-c006a :0.99000 0.00247 |
b-c007a 11.00394 0.00309
b-c007x 0.99789 0.00256
b-c008a :0.98856 0.00367
b-cO08x 1.00177 0.00268
b-c009a 10.99293 0.00344
b-c010a 0.99237 0.00315
b-cO11a 0.99493 0.00356
b-c012a 1.00104 0.00327
b-c013a 0.99779 0.00346
b-c013x 0.99306 0.0025
b-cO14a 0.99177 0.00343
. | bco14x 0.99708 0.0024
b-c029a 0.99366 0.0023
b-c030a 0.99241 0.00259

The bias and bias uncertainty calculated for these 27-group cases are 3.4601E-3 +
4.0706E-3. : :

.3.1.3.3 Exgeriments‘with Gadoliniun"; (Ref. 5)

Additional critical experiments (Reference 5) with gadolinium were modeled. The
experiments determined the critical numbe:r of UO, fuel rods with gadolinium dissolved in

the water between the rods. The rods were in a triangular-pitched array in a cylindrical
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vessel with water reflection on all sides of the approximately cylindrical-shaped rod: array.
Three rod pltches were used for the 14,40 mm OD rods: 22.86mm, 27.94mm, and
33.02mm. The expenments were modeled using cell-welghted cross sections 5|mulat|ng

~ the unit cell. A cylmdncat fuel region with a cross sectional area equal to that of the
reported cntlcal number of rods was modeled with full water reflection. The cases were
replicated Wlth the 16, 27, 123, and 218 group cross section libraries in SCALE. The

calculation results are in Table 4 and ploﬁted below.

Ten experirriments were-modeled: seven contain gadolinium and three are water-only-
reference cases. The average and standard deviations of the calculation bias, based only
'on the seven cases with gadolinium, are |n Table 3. Comparing these results with those
from the previous section indicates that there is no significant difference in the bias due to

gadolinium.-,The‘revfore, the two sets of data will be combined for the final bias calculation.

Table 3 Calculation Bjas for Cases with Gadolinium

Cross Section Célculation Calculation
Library ' Bias Bias

{Energy Groups) Average Standard

'- Deviation

16 0.0001875 0.00774

. 27 0.010864 0.002430
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Experiment Triangular | Gd 16-Group k-eff 27-Group k-eff
No. Lattice Concentration, ) .
Pitch, Grams/liter Avg. Std.Dev. . Avg: Std.Dev.
mm

001 22.86 0 0.98242 0.00251 0.98663 0.00291°
008 0.0722 i 0.9891 0.00274 0.99236 0.00237
010 0.145 0.99793 0.00248 0.99134 0.00252
011 0.213 0.99121 0.00231 0.99164 0.00202
012 27.94 0 0.99701 0.00277 0.98487 0.0025
016 0.0547 +0.99769 0.00254 0.88993 0.00198
017 0.1169 1 0.99698 0.002286 0.98901 0.00201

© 018 33.02 0 . 1.0068 0.00215 0.98841 0.00211
023 0.0257 '1.01088 0.00211 0.98957 0.00223
024 0.044 1.00728 0.00207 0.98352 0.00177
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Calculated k-eff (2 Sigma ‘bars shown)

Calculated k-eff vs. Gd Concentration
Critical Experiments with Dissolved Gd
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Calculated k-eff vs. Gd Concentration
; Critical Experiments with Dissolved ‘Gd
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Calculated k-eff (2 Sigma bars shown)

Calculated k-eff vs. Gd Concentration
Critical Experiments with Dissolved Gd
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Calculated k-eff (2 Sigma bors shown)

10.976

Calculated k-eff vs. Gd Concentration
Critical Experiments with Dissolved Gd

1.000

0.998}-

0.996
0.994
0.992
0.990
0.988
0.986
0.984
0.982:
0.980
oa7s

0974

]

ZIIB—GrIouo C]ross Slectionls

1

Lattice Pitch (mm)

® 2286
A 37.94
X 33.02

I 2 l l l l I

~4

—

-0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22

Gd Concentration, grams/liter




'EMF-1563
Revision 12A
Appendix 6E

Page 25 of 83

4,0 ANALYSIS

" The new categories proposed for Certificate Section 5(b)(1) are analyzed in this section.
Included in fchis section are several sensitivilty studies showing the effect of various parameters

plus calculations with the most reactive combination of the various parameters.

The previodé applications have demonstrated the key parameters affecting the peak k-eff for
an array of SP-1/SP-2 packages are (see EMF-1563, Sup. 1, Rev. 1):
1. The number of packages in the array. Larger arrays tend to produce higher k-eff values.

In certain cases, Fissile Class Il was specified to allow use of smaller arrays.
2. The fuel enrichment. Higher enrichments lead to higher k-eff values.

3. Assembly size ("Ehvelope"). Larger transverse dimensions tend to increase k-eff. The
length of the assembly has relatively little effect. Assemblies were modeled with the

maximum allowable envelope.

4, Interspersed moderation. For limiting conditions, low density interspersed moderation
produces a higher k-eff than full flooding. Additional evidence of this fact is included

in this application.

5. Numlbier, arrangement, and composition of gadolinia rods. For. a given number of
gado]inia rods, the most re.active arrangement is to have them clustergd together in the
central parts of the assembly. This' was demonstrated in the previous two supplemental
applications and it is also seen in comparing cases in this application. The gadolinia

content was modeled at 75% of the minimum specified value.
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Water rods and .Water channels. '.Fuel assemblies typically do not have all lattice
locations occupied by fuel rods. The missing locations are called "Water Rods" or

"Water Channels” in cases such as a 2x2 or 3x3 array of water rods at the assembly

.center. Water rods and water channels cause lower k-eff refative to assemblies with

all locations occupied by fuel rods at low density interspersed moderation. This was
demonstrated in the previous two supplemental applications and additional evidence

is presented in this document.
Fuel '(pellet) diameter. Larger pellet diameters, at least up to about 0.5", lead to'higher
k-eff values. This was demonstrated in previous supplemental applications and

additional evidence is presented in this application.

Flooded Conditions

EMF-1 563, Sup. 1,Rev. 1 .demonstrated tHat damaged containers at flooded conditions were

safe. in an ir_\finite array fér all pellet diampters, 0.18" thick clad, and any amount of poly

provided enrichment is limited to 5.0 wt. % and the lattice envelope is up to 5.0" x 5.0". This

section will confirm this conclusion is also valid for pellet diameters less than 0.40" and clad

thicknesses :of at least 0.015". Ajs previonly shown in EMF-1563, Sup. 1, Rev. 1, asingle

SP-1/SP-2 hés its maximum k-eff at flooded ‘conditions and with the assemblies shifted toward

the inner edées of their baskets. The assemblies are well coupied within the package but, for

érrays of edge-to-edge inner containers, the assemblies are effecti\)ely decoupled between

packages. Fully flooded arrays of packages (damaged) were modeled with 5.0% enriched

"assemblies without gadolinia rods. Infinite arrays are acceptable with zero gadolinia at flooded

conditions. '
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4.1.1 Conservative XSDRN Model (No Steel, Flooded) '

A repeated calculation of case a-h4025¢ from EMF-1563, Sup. 1, Rev. 1 with a0.015" thick
Iclad. This case had the highest k-inf of all 0.4" diameter pellet cases using 16 groub cross
sections. The resulting k-inf is .96436 which is a net increase of .0038. This model is a
conservativé 1-D model that does not include any structural steel. This simple model was a
cylindrical approximation of two infinite-length edge-to-edge assemblies (10" wide by 5" high
fuel region) in a'18" wide by 11" high inn!'er container. 4The within-assembly moderator was
either water or 100% polyethylene (PE). The between-assembly moderator was always water.
The boundary conditions in XSDRN were set for an infinite array. The pellet diameter of 0.40"
was modeléd with a 0.015" thick zircaloy clad. The assemblies were modeled as a cell-
weighted mixture with a moderator-to-fuel volume ratio of 2.5. This set of calculations was

replicated with the 16 and 27 group cros's section libraries.
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' The conseryative XSDRN calculation-resqlts are in Table 5.

Table 5 Conservative XSDRN SP-1/SP-2 Model (No Steel)
Infinite Array (3-D) of Edge-to-Edge Inner Containers
5.0% Enriched, 0.015" Thick Clad, Fully Flooded
XSDRN-'Results with 16-Group and 27-Group Cross Sections

Case Within- Pellet Moderator Unit SP-1/SP-2
D Assembly Diam, to Cell k-inf
. Moderator inch Fuel k-inf ‘
Volume
Ratio

16 Group Cross Sections

a-h4025a Water 0.40 2.5 1.52812 .90467
a-h4025¢ PE 0.40 2.5 1.53558 .96436

' - 27 Groub Cross Sections
" ' b-h4025a Water 0.40 2.5 1.52163 .90368
b-h4025¢ PE 0.40 2.5 1.52577 .96222

4.1.2 Conservative KENO Model {No Ste'lel‘ Flooded)

The XSDRN'model cases were replicated with a conservative KENO model. The KENO
model uses Euboidal geometry types (with cell-weighted cross sections) but no steel is in
the model. A case with a water-filled channel at the center of the assembly was included
.in the KENO cases. The channel was a 1.':5" by 1.5" region {30% of assembly dimeﬁsion).
‘An additional cases with discrete 0.1267" thick polyethylene shims equally spaced across

the assembly was also included. The calqulation results are in Table 6,

The XSDRN-iI;(ENO agreement is judged to be good. Water-moderated assemblies are

clearly acceptable even without steel in the model.
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Infinite Array (3-D) of Edge-to Edge Inner Containers
5.0% Enriched, 0.015" Thick Clad, Fully Flooded

KENO-Va Results with 16-Group and 27-Group Cross Sections
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4.1.3 KENO Model (Flooded) With Steel Included

Case Within- Pellet Mod. KENO
ID. Assembly Diam, to k-inf
: Moderator inch ‘Fuel
' . Vol. Avg. Std.Dev.
Ratio
j 16 Group Cross Sections
a-f4025¢ PE/No 0.40 2.5 0.96626 | 0.00436
a-f4023d PE/Yes 0.40 2.5 0.94337 | 0.00444
a-f4025e Water-Shims/No 0.40 2.5 ‘0.93330 0.00443
27 Group Cross Sections
b-f4025C PE/No 0.40 2.5 i0.94963 | 0.00430
b-f4025d PE/Yes 0.40 2.5 0.94096 | 0.00417
b-f4025d Water-Shims/No 0.40 . 2.6 0.93242 | 0.00383

. An infinite array (3-D) of flooded edge-to-edge inner containers was modeled with the steel

basket, angles, and shell included. Each package contained two 5" by 5" assemblies shifted

together as closely as possible. The assemblies were simulated by cell-weighted cross sections

based on a unit cell with a pellet diameter of 0.40" and with a moderator-to-fuel ratio of 2.5.

100% polyethylene for moderator in the unit cell was used in the model. The available volume

external to 'c:he assemblies was modeled as filled with water. The calculation results are in

" Table 7.

i
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Table 7 KENO Sﬁ-1/SP—2 Model (With Steel)
" Infinite Array (3-D) of Edge-to-Edge Inner Containers
5.0% Enriched, 0.015" Thick Clad, Fully Flooded
KENO Results with 16-Group and 27-Group Cross Sections
Case Within- ' | Pellet | Mod. k-eff
ID . Assembly Diam, to
Moderator inch Fuel
Vol. Avg. Std.Dev.
Ratio '
16 Group Cross Sections
a-g4025¢c PE 0.40 2.5 0.92088 0.00433
’ _ 27 Group Cross Sections
b-g4025¢ PE 0.40 2.5 0.92472 0.00415

It is concluded that the package is adequately subcritical in any array at flooded conditions
with any pé!let diameter, any number of water rods in any arrangement, with or without a
water channel, with or without gadolinia rods, with any arrangement of rods with enrichments

up to 5.0%, and with any number of poIYethylene shims in any arrangement.
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4.2 Low _Density Interspersed Moderation

" Unless stated otherwise, all calculations in this section are based on the 16-groub cross
sections. The calculations in section 4.1 as well as those documented in EMF-1563, Sup. 1,

Rev. 1 demonstrate that the 16-group cross sections produce a higher Kefs than the 27-group

cross sections.

4.2.1 Sensitivity Study: Pellet Diameter ‘and Water Rods and Water Channels

. Previous analyses have shown that arrays of SP-1/SP-2 inner shipping containers at low
density moderation are more reactive with larger pellet diameters. When.fuelrods are replaced
by "water rods", they are actually much closer to "void rods" at the typical 8-12 volume %

water conditions for peak k-eff. Therefore; the net effect is closer to removal of fuel with very

little added moderation, which causes a decline or no change in k-eff; i.e., the fuel is "worth"

more than the slight addition of local moderation.

Consistent \:Nith the model used previously in EMF-1563, Sup. 1, Rev. 1 for 10x10 assemblies,
the model used for 9x9 assembilies in this supplement is an infinite array of inner containers
with 10 vplume % interspersed water and polyethylene shims equivalent to 43.47 vol. % of
the between rod volume. The rods in the modeled assembly contain zero gadolinia and

enriched to'4.0 wt.% u-235. Pellet diaméters of .30, .35, and .40 inches were evaluated.

The water rod arrangements (patterns) modeled are shown in the following figures. As shown

in Table 8, all cases with water rods are less reactive than the case with zero water.rods.
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. Table 8 Water Rod and Pellet Diameter
Sensitivity CASMO Model with Shims and 10 Vol. % Water
All Fuel is 4.0% Enriched, Zero Gadolinia
Water Rod ‘Case I.D. , CASMO K-inf - .
Pattern . .30" Pellet .35" Pellet 40" Pellet
WRA d.podxx where xx| 1.097139 1.11669 1.11865
WRB- is 10 times the 1.08276 1.11150 1.11661
WRC. pellet diameter in 1.07217 1.10575 1.11503
WRD inches. 1.08377 1.11267 1.11786
WRE . 1.07266 1.10638 1.11633

4.2.2 Seneitivity to Pellet Diameter and Interspersed Moderators

To confirm the conclusion made in Section 4.2.1 that increasing pellet diameter increaéee Ko
and to find the optimum vol. % interspersed moderator, a series of calculations using
' KENO.Va were completed. The fuel assemblies modeled here had no polyethylene shims, no
gadolinia, aﬁd no water rods. The bundle; enrichment was 5.0 wt. % U-235 except for the
exterior rods: which were 4 wt. %. The bundles were moved apart. EMF-1563, Sup. 1, Rev.
1 showed that this was the worst orientation. Various pellet diameters were evaluated. The
results of this evaluation are listed in Tabie 9.

Table 9 Sensitivity to K-eff to Pellet Diameter
and Interspersed Moderator

[T Case I.D. | Vol. % Water ._ Kyt £ @ .

: 25" Pellet -35" Pellet 40" Pellet
a-xx.01. 1 50971  .00181|.60246 % .00187|.63839 % .00175
a-xx.03 3 66125 % .00177|.74158 £ .00181|.76260 * .00184
a.xx-05 5 76433 * .00186(.83752 £ .00176|.85439 * .00168
a-xx.07. 7 81774 % .00204|.89112 + .00184|.80678 % .00178
a-xx.09 9 85350 % .00190|.93189  .00196|.04408 % .00178
a-xx. 171 17 85513 % .00187.94169 £ .00191 |
a-xx.12. T2 j 96837 = .00183
a-xx. 13, T3 850914 * .00216(.95370 * .00208|.96511 £ .00184
a-xXX. 14 . 4 , 96436 * .00200
axx.15, . 15 BB540 + .00181(.94840 % .00192.96917  .00191
axx.16_ | 6 . 96708 = .00184
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4.2.3 Sensitivity Study: Gadolinia Rod Locations

EMF-1563, Sup. 1, Rev. 1 documents the calculated normalized (relative to average) fission
rates for a tiypical 10x10 assembly with no water rods and no gadolinia rods and 8 volume %
intérspersea water. These normalized fission rates are listed in Table 10. The model is an
infinite array. of edge-to-edge inner containers. It is seen that the corner rods have the highest
fission rates with the edge rods declining with increased distance from the corner and interior
rods declining with increased distance fro:'m the corner/edge. The corner rods have afission
rate about double that of the central 2x2 array of rods. As the water density is increased
above 8 volume % (peak k-inf for infinite array), the normali;ed fission rates ‘of the
corner/edge rods increases but the system k-inf declines due to décreased coupling amohg
assemblie's.l For a finite array such as 13x20x1, the optimum interspersed_ water density is

typically 8 to 12 volume %. The conclusions made from the results listed below are directly

applicable to 9x9 assembilies.

Table 10 Typical Normalized Fission Rates for 10x10 Assembly
Low Density Interspersed Moderation

1489 | 1.320 | 1.245 | 1.206 | 1.189 | 1.187 | 1.200 | 1.232 | 1.295 | 1.430
1.314 | 1.001 | 1.000 | 955 | 935 | 933 | 947 | .983 | 1.058 | 1.238
1235 | 996 | .887 | .835 | .813. | .810 | .826 | .867 | .956 | 1.148
1194 | 950 | 834 | 775 | 7511 | 747 | 764 | 812 | .e08 | 1.101
1177 | 930 | .812 | 751 | .724' | 721 | 740 | .788 | .884 | 1.080
1176 | 880 | .812 | .751 724 | 720 | 739 | .788 | .884 | 1.080
1193 | 949 | .833 | .774 | .749. | .746 | .763 | .811 | .05 | 1.100
1233 | 994 | .885 | 833 | .811. | .08 | 824 | 865 | .954 | 1.146
1310 | 1.088 | .997 | 952 | .932' | .930 | .944 | .980 | 1.054 | 1.235
1.484 | 1315 | 1.240 | 1.201 | 1.184 | 1.182 | 1.195 | 1.227 | 1.289 | 1.424

The fission densities in Table 10 are instructive regarding the selection of locations of gadolinia

rods for peak reactivity '(most conservative locations). With low density interspersed
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moderation conditions, most of the moderation occurs between assemblies; relatively little
occurs within assemblies. This is evidenced by; Dancoff factors on the order of 0.90, meaning
that neutrons leaving one rod have a 90 %: chance of having their next collision in another rod
rather than in the between-rod moderation. As a result, the thermal flux is depressed in the
assembly interior. If a thermal neutron ébsorber is placed into a region with a depressed
thermal flux, the effectiveness of the absorber will be reduced. Similarly, if the gadolinia rods
are clust‘ere!‘d together in the central parts of the assembly, their effectiveness will be further
reduced by the reduction in thermal fiux caused by their companions. The new fuel category

require gadblinié rods. If a fuel rod is repla#ed with a "water rod”, the gadolinia rods have the
following effects:

1. if the water rod is located close to gadolinia rod{s), the added moderation will increase
the effectiveness of the absorber. !

2. If gaaolinia rods. are moved toward the edge/corner to maké room for water rods, the
' k-eff will tend to decline because of the increased thermal flux near the edge. The

gaddlinia- rods become more effective and some of the higher worth fuel rods are
replaced with absorbers.

3. If gadolinia rods remain clustered in the center and fuel rods near the edge/corner are

replabed with water rods, the k-eff will tend to decline because of the loss of higher
worth fuel rods.

Additional discussion on gadolinia rod Iocations is included in sections 4.2.4 and 4.2.5.
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4.2.4 10x10 Assemblies with All Rods Enriched to 5 wt. % and Eight Gadolinia Rods at 1.5
wt. '.% Gd,03

EMF—1563,: Sup. 1, Rev. 1 concluded the most reactive arrangement of gadolinia rods in a

10x10 'assémbly is to have all gadolinia rods clustered together in the upper right corner and

with the water channel in the central 3x3 cells that are shifted to the right and up one row and

column. The same simple CASMO model used previously was used here to'evaluate the most

reactive gadolin_ia rod arrangement for 10x10 assemblies that meet the following restrictions:

o At least two gadolinia rods are in row two and at least two additional gadolinia

rods are in column nhine.

additional gadolinia rods are in columns eight and/or nine.

A unit cell containing a gadolinia rod shall not share a common face with
another gadolinia rod. i.e. they may have a common corner but not a common
side unless the rods with a common side are considered one rod.

Only six gadolinia rods containing 1.5 wt.% Gd,04 were modeled in most cases even though
eight are specified at a minimum of 2.0 wt.% Gd,04. All fuel rods were also 5.0% enriched.

The arrangei'nents modeled are shown in the following figures. Theresults are listed in Table.
11. '

. " At least two gadolinia rods are in rows eight and/or nine and at least two
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Table 11 Gadolinia Rod Arrangement Studies
Six Gadolinia Rods, ‘All Rods, are 5.0% Enriched,
: Gadolinia Rods contain 1.5 wt.% Gd,04
' CASMO Model with Various Amounts of Interspersed Water
o | K-inf
Gad Rod Pattern Case Id : o/
| 14 Vol. % 15 Vol. % 10 wt.% +
: poly shims
ta 1.00822 1.01026 1.07946
b 1.00577 100769 1.07619
tc 1.00837 1.01045 1.07961
td’ 1.00571 1.00760 1.07620
te. 1.01195 1.10388 1.08072
tg 1.00557 1.00769 1.07832
th - 8GDxx 1.0391 1.00593 1.07638
where xx is
ti the Vol. % 1.00587 1.00800 1.07861
' Int d .
1 Nodo>? | 1.00395 1.00594 1,07650
tk 1.00987 1.01189 1.07965
tl 1' .00812 1.00984 1.07793
tm. .99813 1.00015 1.06769
tn 1.005603 1.00711 1.079568
to 1.00971 1.01174 1.07982
tp 1.01081 1.07738

1.00898
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KENO.Va was used to model an array of 104 inner shipping containers. The array was
) 8x13x1. The most reactive rod arrangement found using CASMO was used. The effect of
various amounts of interspersed moderator on k. was evaluated. The results are in Table 12.
The highest bias corrected 95% upper limit for k. for assemblies without polyethylené shims
is .9337 for case t6.16. ,
' Table 12 Gadolinia Rod Arrangement Studies
Eight Gadolinia Rods; All Rods are 56.0% Enriched,
, Gadolinia Rods contain 1.5 wt.% Gd,04
KENO-Va Model with Various Amounts of Interspersed Water
- : K-eff
Case ID Moderator Vol. %
j Average K-eff o
t6.10p 10+ poly 1.01211 00174
t6.11. 11 91378 .00185
’ 16.12 12 .91903 00171
' . 16.13 13 .92333 00179
= 16.14 14 92123 00188
16.15. 15 92232 .00191
t6.16 16 .92544 .00186
16.17 17 92169 .00197

Assembly Orientation

' To evaluate the possible effects of assembly orientation, several cases for fuel pattern tb at

various Vol. % interspersed moderator were repeated with one of the fuel bundles in the inner

container rotated 180 degrees. The results of this evaluation are listed in Table 13.
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Table 13 Sensitivity of K-eff to 10x10 Assembly Orientation
Case ID Vol. % Moderatpr K-eff o

tb.12r180 12 91912 .00243

tb.13r180 13 92511 .00252 -

tb.14r180 14 92244 .00242 -

These data imply that the orientation of these types of assemblies in the shipping container

will not ha\(e a significant impact on k-eff, but will shift the point of optimum interspersed
moderation:
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-4,2.5 9x9 Assembhes with All Other Rods Enrlched to 5.0 Wt. % and Eight Gadolinia_Rods
at 1. 5 wt. % Gd»Og.

EMF-1663,:Sup. 1, Rev..1 concluded the most reactive arrangement of gadolinia rods in a

10x10 assembly is to have all gadolinia rods clustered together in the upper right corner. A
_ simple CASMO model was used to confifm this type of rod arrangement is also the most
reactive for 9x9 assemblies. The water channel is in the center 3x3 cells. The rod

arrangemenits evaluated are shown in the figures below and results are listed in Table 14.
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Table 14 Gadolinia Rod Arrangement Studies
Eight Gadolinia Rods, All Rods are 5.0% Enriched,
Gadolinia Rods contain 1.5 wt.% Gd,04
CASMO Model with Various Amounts of Interspersed Water
K-inf
Gad Rod ' '
Pattern .| case D 12% 13% 14% 15% cy1 °+V°c'>'|
, i Water Water Water Water o -+ poly
: . shims
N1 : 1.07986 | 1.08245 | 1.08512 1.08771 1.16982
N2 .96510 . .96685 .96867 .97042 1.02799
N3 : 97120 97310 .97498 979678 1.03579
N3a I . 97336 97314 97698 97877 1.03669
N3p | d-8GDxx.out | gg4q8 | ogBg2 | .96750 | .96914 | 1.02277
where xx is
N4 the Vol. % 96571 96752 .96941 97122 1.03014
i d
N5 '"te\:\f:tzrrs e 97478 | .97631 | .97787 | .97939 | 1.03193
NbBa - .97683 - 97990 1.03264
NBb - 97676 - .97859 1.02948
N6 97250 | .97425 | .97606 .97782 | 1.03481
N7 .97027 97200 97377 .97550 1 .031 86
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KENO.Va was used to model an array 6f 104 inner shipping cqntainers. The array was
13x13x1. The most reactive rod arrangement found using CASMO was used. The effect of
‘various amounts of interspersed moderator on ks Was evaluated. The results are in Table 15.
The highes"é bias corrected 95% upper limit for ks for assemblies without polyethylene shims
is .91360 .f:or case a-3a.1b. '

Table 15 K-eff for Rod Patterns 3A, 5, and 5A
at Various Amounts of Interspersed Water

. Case ID Rod Pattern Vbl. % Water as K-eff
Co Interspersed
; Moderator | Average d

a-3a.11 ST 89078 .00154
a-3a.12 , 12 .89799 .00182
a-3a.13 . 13 .89700 .00178
a-3a.14 14 .89664 .00177
a-3a.15 15 .90532 00173
a-3a.16 16 .90424 00186
a5.13 | 13 | .89104 .00190
a5.14 14 88916 | .00174
a-5.15 5 .15 89322 .00160
a-5.16 16 | .88673 .00159 -
a-5.10p 10+ poly shims | .97402 | .,00183
a-5a.12 - 12 89102 | .00173
a-5a.13 ' 13 .89028 | . .00180
a-5a.14 14 .89085 .00187
a-5b.15 >3 1B | .89061 .00186
a-52.16 ~ .18 88961 00164
a-5a.10p " 10+ poly shims .97854 .00188
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- Assembly Orientation

To evaluate the possible effects of assembly orientation, several cases for fuel patterns 3aand
ba at various Vol. % interspersed moderator were repeated with one of the fuel bundles in the

inner ‘container rotated 180 degrees. The results of this evaluation are listed in Table 18.

'Table 16 Sensitivity of K-eff to 9x9 Assembly Orientation

Case ID Vol. % Moderatbr K-eff o
a-3a.12r180 12 90168 ' .00257
a-3a.13r180 13 80470 00239
a-3a.14r180 14 .90230 00274
a-3a.15r180 15 89958 00286

a-5.14r180 14 88917 .00260
a-5.15r180 15 89464 00261
a-5.16r180 16 88397 00264
a-5a.13r180 13 .89093 . .00278
a-5a.14r180 14 89020 00251
a-5a.15r180 15 89429 ~ .00253
a-5a.16r180 16 89416 00270

These data imply that the orientation of these types of assembilies in the shipping container
will not have a significant impact on k-eff, but will shift the point of optimum interspersed

moderation.
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4.3 Normal Condition_Arrays

Normal condmons include the wooden outer container. The outer container wooden parts were
closely modeled based on the data in Drawing EMF-306,416. The outer dimensions of the -
_ outer container are 75.6¢cm wide by 78.7 cm high by 523.9 c¢cm long. The following KENO

plots are transverse sections at various locations along the length of the package.
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X-Y SECTION AT Z=15, SKID AT BOTTOM
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X~-Y SECTION AT Z=0(
2.6000E+02

-1.0000E-02 7.8800E+01

UL XYZ:
LR XYZ:

-1.0000E-02 2.6000E+02

7.5600E+01

KEY: O E R IO RTFERIEN
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: The calculation results for an infinite array-of edge-to-edge packages are in- Table 17. The rod
patterns and orientation of the assemblies in each package are shown in sections 4.2.4 and
4.2.5. '

The mostreactive interspersed water density for both assembly types is zero. The largest bias-

corrected 95% upper limit on k-eff for the infinite array is 0.9150.

Table 17 K-eff for Infinite Arrays of SP-1/SP-2
. Containers at Normal Conditions

' Vol.% -eff

ClaDs ? Rod Pattern Interspersed oett
. Moaderator . Avg. Std.Dev.

. 0 67498 00174 |

a-n3a.00b 33 :.b .84803 .00170
a-n3a.010 . 1 .82883 .00159
a-n3a.015 1.5 .80380 .00175
a-nt6 "0 90673 00172
a-nt6.005 b .88406 00164
a-nt6.010 t6 1 .86140 © ,00179
a-nt6.015 . 1.6 .83264 00161
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Appendix A

“Sample computer inputs used for this analysis:

The model of inner shipping containers KENO case ("a-3a.15") js listed below.

=csas25

sp-1 with 5. O% enriched 9x9 fuel except exterior rods 5.0%
hans infh

r

uo2 10.98 293.0 92235 3.4643 92238 96, 5357 end
uo2 1 0.98 293.0 92235 5.0 92238 95.0 end,

I3

uo2 2 0.98 293.0 92235 3.4643 92238 96.5357 end
uo2 2 0.98 293.0 92235 5.0 9223895.0 end"

" uo2 30.98 293 092235 4.0 92238 96.0 end
uo2 3 0.98 293.0 92235 5.0 92238 95.0 end

uo2 4 0.98 293.0 92235 5.0 92238 95.0 end

uc2 5 0.98 293.0 92235 5.0 92238 95.0 end

_ uo2 6 0.98 293.0 82235 5.0 92238 85.0 end

poison rod with 2% gd203

e td of uo2- gd203 = 10.96 -2.65*p/[p+0. 67145*(1 -p)l, p=wt frac.gd203

' "p"is 0.02 here, tdis 10.9012

pellet density is 0.98%10.9012=10.6832

uo2 density is 0.985%10.6832 = 10.5230
gd203 density is 0.02*10,6832 = 0.1602 gm/cc

" uo2 7 den=10.5230 1.0 293.0 92235 5.00 92238 95.00 end

arbmgd203 0. 16022010 64000 28016 3
7 1.0 293. end

zZjrcalloy 8 1.0 293.0 end

" water, 1'5 vol.%
h20 9 0.15 293.0 end

" basket steel

carbonsteel 10'1.0 293.0 end
’ angle steel '
carbonsteel 11 1.0 293.0 end
* shell steel

carbonsteel 12 1.0 293.0 end
" reflector water

h2o 13 1.0 293 end

" polyethylene, 100 vol%
arbmpe 0.82201 0601211001 2
14 1.0 283. end

" higher enriched rods
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uo2 15 0.98 293.0 92235 5.0 92238 95.0 end

end comp
more data .
res= 1cyli 3.8729E-01 dan{ 1)= 6.8905E-01
res= 2cyli 4.6924E-01 dan{ 2)= 6.3178E-01
res= 3cyli 5.4268E-01 dan{ 3)= 4.1004E-01
res= 4 cyli 5.5080E-01 dan{ 4)= 4.0273E-01
res= 5 cyli 5,.3948E-01 dan( B)= 4,6477E-01
res= 6 cyli 5.3770E-01 dan(. 6)= 4.6765E-01
res= 7cyli 4.3370E-01 dan{ 7)= 6.1057E-01
“end more
sp-1 with 6.0% enriched 9x9 fuel except 4.0% edge rods
read parameters
tme =90 gen =200 npg =600 nsk=0
fiIx=yes fdn=yes xs1.=yes nub=yes pwt=yes
run=vyes plt=yes
end parameters
read geom !

" pellet diam: 0.40"
" gap: zero |

" clad thk: 0.015"

! pitch: 0.5696"

. . unit1

com = "interior rod"

cyli 11 0.5080 2p226.695
ceyli 81 0.54810 2p226.695

cubo 91 2p0.723428 2p0.54610 2p226.695

" polyethylene shims between rods

’ cubo 14 1 4p0.7234280 2p226.695

’ use |d water inplace of shims ;
cubo 91 4p0.7234280 2p226.695 '

unit 2

com = "interior rods around water rod"

cyli 2 10.5080 2p226.695

cyli 8 10.54610 2p226.695

cubo 91 2p0.7234280 2p0.564610 2p226.695
" polyethylene shims between rods

' cubo 14 1 4p0.7234280 2p226.695

’

’

use Id water inplace of shims
cubo 9 1 4p0.7234280 2p226.695

unit 3 f
com ="edge rod facing up"
cyli 3 1 0.5080 2p226.695 ) :
cyli 8 10.54610 2p226.695 - ' '
cubo 91 2p0.7234280 0.7234280 -0.54610 2p226.695
v " polysthylene shims between rods , .
. . " cubo 14 1 4p0.7234280 2p226.695 . |



’

v

use Id water in place of shims
cubc 9 1 4p0.7234280 2p226.695

unit 4

com = "edge rod facing down"

cyli 4 10.5080 2p226.695

cyli 8 1 0.54610 2p226.695

cubo 91 2p0.7234280 0.54610 -0.7234280 2p226.695
’ polyethylene shims between rods

" cubo 14 1 4p0.7234280 2p226.695

’

’

use id water. in place of shims
cubo 9 1 4p0,7234280 2p226.695

unit 5 ‘

com="edge rod facing other bundle"

cyli 51 0.5080 2p226.695

" cyli 810.54610 2p226.695

cubo 91 2p0.7234280 2p0.54610 2p226.695
" polyethyiene, shims between rods

' cubo 14 1 4p0.7234280 2p226.695

’

use Id water in pléce of shims
cubo 9 1 4p0.7234280 2p226.695

unit 6

com ="edge rad facing out"

cyli 6 1 0.56080 2p226.695

cyli 8 10.54610 2p226.695

cubo 91 2p0.7234280 2p0.54610 2p226.695
’ polyethylene'shims between rods

" cubo 14 1 4p0.7234280 2p226.695

’

use Id water in place of shims
cubo 9 1 4p0.7234280 2p226.695

unit 7 )
" com="u02-gd203 rod"
cyli 7 10,5080 2p226.695
cyli 81 0.54610 2p226.695
cubo 81 2p0.7234280 2p0.54610 2p226.695
" polyethylene shims between rods
‘cubo 14 1 4p0.7284280 2p226.695
" use Id water in place of shims
' cubo 91 4p0.7234280 2p226.695

unit 8
com ="water rqd"
cubo 8 1 4p0.7234280 2p226.695

unit 9
com ='side basket element, 0.0598"x1.75"x1.75" steel with 0.75" diam, hole’
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xcyl 9 1 0.8525 0.1519 0.0
cubo 10 1 0.1519 0.0 4p2.2225

unit 10

com="side basket element, 0.0598"x1.6902"x1.75" steel with 0.75" diam. hole’
xecyl 8 1 0.9525 0.1519 0.0

cubo 10 1 0.1519 0.0 2p2.14655 2p2.2225

unit 11

com="one complete basket side’
" 1x4x102 array of units 10 & 11
array 1 0,0 -8,7381 -226.695 -

unit 12

com ="top/bottom basket element’

' 1.75"x0.0698"x1.75" steel with 0.75" diam. hole’ |
yeyl 9 1 0.9526 0.1519 0.0

cubo 10 1 2p2.2225 0.1519 0.0 2p2.2225

unit 13

. com="top/bottom basket element’

' 1.6902"x0.0598"x1.75" steel with 0.75" diam. hole
ycyl 9 1 0. 952_5 0.1519 0.0

cubo 10 1 2p2.14655 0.1519 0.0 2p2.2225

unit 14
com=‘one complete basket top/bottom’
' 4x1x102 array of units 13&14
array 2 -8.7381 0.0 -226.695

unit 15 . ‘
com ="0.0598" .steel at basket corners’
cubo 101 0.1519 0.0 0.1519 0.0 2p226.695

unit 16

com=" spacing & steel angle at -x side of basket "
cubo 91 5.08 0.0 2p8.89 2p226.685
" hole 22 0.15875 0.0 0.0°

hole 22 0.47625 -0.3175 0.0

hole 22 0.47625 0.3175 0.0

hole 22 0.79375 0.635 0.0

hole 22 0.79375 -0.635 0.0

hole 22 1.11125 0.9525 0.0

hole 22 1.11125 -0.9525 0.0

hole 22 1.42875 1.27 0.0

hole 22 1.42875 -1.27 0.0

hole 22 1.74625 1.5875 0.0

hole 22 1.74625 -1.5875 0.0

hole 22 2.06375 1.905 0.0

hole 22 2.06375-1.905 0.0

“hole 22 2.38125 2.2225 0.0

hole 22 2.38125 -2.2225 0.0

hole 22 2.69875 2.54 0.0

hole 22 2.69875 -2.564 0.0




hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22

unit 17
com="
cubo 9
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
" hole 22
hole 22
hole 22
hole 22
hole 22
. hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
‘ hole 22
- hole 22
hole 22

unit 18

com=" angles & spacing beneath baskets "
cubo 91 2p8.89 5.08 0.0 2p226.695

hole 21

3.01625 2.8575 0.0
3.01625 -2.85756 0.0
3.33375 3.175 0.0

3.33375 -3.1756 0.0

3.65125 3.4925 0.0
3.65125 -3.4925 0.0.
3.96875 3.81 0.0
3.96875 -3.81 0.0
4.28625 4.1275 0.0
4.28625 -4.1275 0.0
4.60375 4.445 0.0
4.60375 -4.445 0.0
4.92125 4.7625 0.0 .
4.92125 -4.7625 0.0

spacing & steel angle at +x side of basket "
1 0.0 -5.08 2p8.89 2p226.695

-0.15875 0.0 0.0
-0.47625 -0.3175 0.0
-0.47625 0.3175 0.0
-0.79375 0.635 0.0
-0.79375 -0.635 0.0
-1.11125 0.9525 0.0
-1.11125 -0.9525 0.0
-1.42875 1.27 0.0
-1.42875 -1.27 0.0
-1.74625 1.5875 0.0
-1.74625 -1.5875 0.0
-2.06375 1.905 0.0
-2.06375 -1.905 0.0
-2.38125 2.2225 0.0

-2.38126 -2.2225 0.0

-2.69875 2.54 0.0
-2.69875 -2.54 0.0
-3.01625 2.8575 0.0
-3.01625 -2.8575 0.0
-3.33375 3.175 0.0
-3.33375 -3.175 0.0
-3.65125 3.4925 0.0

-3.65125 -3.4925 0.0,

-3.96875 3.81 0.0
-3.96875 -3.81 0.0
-4.28625 4.1275 0.0

-4.28625 -4.1275 0.0.

-4.60375 4.445 0.0
-4.60375 -4.445 0.0
-4.92125 4.7625 0.0
-4.92125 -4.7625 0.0

0.0 0.15875 0.0
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hole 21 -0.3175 0.47625 0.0
hole 21 0.3175 0.47625 0.0
hole 21 0.635 0.79375 0.0
hole 21 -0.635 0.79375 0.0
hole 21 0.9525 1.11125 0.0
hole 21 -0.9525 1.11125 0.0
hole 21 1.27 1.42875 0.0
hole 21 -1.27- 1.42875 0.0
hole 21 1.5875 1.74625 0.0
hole 21 -1.5875 1.74625 0.0
hole 21 1.905 2.06375 0.0
hole 21 -1.905. 2.06375 0.0 .
hole 21 2.2225 2.38125 0.0
hole 21 -2.2225 2.38125 0.0
hole 21 2.54 2.69875 0.0
hole 21 -2.54 2.69875 0.0
hole 21 2.8575 3.01625 0.0
hole 21 -2,8575 3.01625 0.0
hole 21 3.175 3.33375 0.0
hole 21 -3.175 3.33375 0.0
hole 21 3.4925 3.65125 0.0
hole 21 -3.4926 .3.65125 0.0
hole 21 3.81 3.96875 0.0
hale 21 -3.81 3.96875 0.0
hole 21  4.1275 4.28625 0.0
hole 21 -4.1275 4.28625.0.0
hole 21 4.445 4.60375 0.0
hole 21 -4.445 4.60375 0.0
hole 21 4.7625 4.92125 0.0
hole 21 -4.7625 4.92125 0.0

unit 19

com="angles & spacing above baskets "
* cubo 91 2pB.89 0.0-5.0B 2p226.695

hole 21 0.0 -0.15875 0.0
hole 21 -0.3176 -0.47625 0.0
" hole 21 0.3175 -0.47625 0.0
hole 21 0.635 -0.79375 0.0
hole 21 -0.635 -0.79375 0.0
hole 21 0.8525 -1.11125 0.0
hole 21 -0.9526 -1.111256 0.0
" hole 21 1.27 -1.42875 0.0
hole 21 -1.27 .-1.42875 0.0
hole 21 1.6875 -1.74625 0.0
hole 21 -1.6875 -1.74625 0.0
hole 21 1.906 -2.06375 0.0
_hole 21 -1.905 -2.06375 0.0
hole 21 2.2225 -2.38125 0.0
hole 21 -2.2225 -2.38125 0.C
hole 21 2.54-2.69875 0.0
hole 21 -2.54-2.69875 0.0
hole 21 2.8575 -3.01625 0.0
hole 21 -2.8575 -3.01625 0.0
“hole 21 3.175 -3.33376 0.0
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hole 21 -3.175 -3.33375 0.0
hole 21  3.4925 -3.65125 0.0
hole 21 -3.4925 -3.65125 0.0
hole 21 3.81-3.96875 0.0
hole 21 -3.81-3.96875 0.0
hole 21 4.1275 -4.28625.0.0
hole 21 -4,1275 -4.28625 0.0
‘hole 21 4.445 -4.60375 0.0
hole 21 -4.445 -4.60375 0.0
hole 21  4.7625 -4.92125 0.0
hole 21 -4,7625 -4.92125 0.0

unit 20 ) .
com=" 2x2 inch moderation regions at corners "
cubo 9 14p2,64 2p226.695

- unit 21

com = "part of steel angle"
’ 0.15652" x 0.125"
cubo 11 1 2p0.197104 2p0.156874 2p226.695

unit 22 )

com = "part of steel angle”

'’ 0.125" x 0.1552"

cubo 11 1 2p0:15874 2p0.197104 2p226.695

unit 23

" com ="[eft {-x)- 10x10 bundle in basket"

’ bundle at outer edge, centered vertically

" array 3-8.7381 -6.510866 -226.695
(;ubo 91 2p8.7381 2p8.7381 2p226.695

unit 24 ) .

com = "right 10x10 bundle in.basket"”

* bundle at outer edge, centered vertically

array 4 -4.2836334 -6.510866 -226.695
-cubo 9 1 2p8.7381 2p8.7381 2p226.695

unit 25 .
com ="complete left basket with bundle”
array 5 2r-8.89:-226.695

unit 26, .
com = "complete right basket with bundie”
array 6 2r-8.89-226.695

unit 27

com=" 1 inner container
array 7 -22.86-13.97 -226.695

" add 0.0598 inch walls of carbon steel
repl 12 16r0.1519 1

unit 28
com =" 2x2 inch regions at corners "
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cubo 9 14p2.54 2p226.695

unit 29 :

com ="higher enriched rods’ .

cyli 15 1 0.4445 2p226.695

cyli 8 10.49022 2p226.695

cubo 91 2p0.6510866 2p0.49022 2p226.695
" polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

-global

unit 30

com=" 8x13x1 array of inners "

array 8 -184.0952.-183.5847 -226.695
" add 30 cm water reflector at all 6 faces
repl 13 2 6r3.0 10

end geom
read array

ara=1 nux=1 nuy=4 nuz=102
loop

9111 231 11021
10111 143 11021

end loop

ara=2 nux=4 nuy=1 nuz=102
loop

12231 111 1
13143 111 1
end loop

102
102

1
1

* left bundle, poison corner at Il
ara=3 nux=09 nuy=09 nuz=1
fitt . .
04 04 04 04 04 04 04 04 04
05 07 01 07 01 01 01 07 06
05 01 0202 02 020201 06
05 07 02 08 08 08 02 07 06
05 01 02 08 08 08 02 01 06
05 01 02 08 08 08 02 01 06
05 01 02 02 02 0202 01 06
05 07 01 07 01 01 01 01 06
03 03 03 03 03 03 03 03 03
end fiil

’

right bundle, ‘poison corner at ur
ara=4 nux=09 nuy =09 nuz=1
fill :

04 04 04 04 04 04 04 04 04

05 07 01 01 0:1 07 01 07 06

05 01 0202 02 02 02 01 06
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05 07 02 08 08 08 02 07 06
05 01 02 08 08 08 02 01 06
05 01 02 08 08 08 02 01 06
05 01 02 02 02 02 02 01 06
05 01 01 01 01 07 01 07 06
03 03 03 03 03 03 03 03 03
end fill

ara=b nux=3 nuy=3 nuz=1 ,
fill '
1514 15

1123 11

1514 15

end fill

ara=6 nux=3 nuy=3 nuz=1
fill

15 14 15 :

1124 11 '

15 14 15

end fill

ara=7 nux= 4nuy 3 nuz=1
fill

2018 18 20 .-

1625 26 17

28 19 19 28
. end fill '

ara=8 nux=08.nuy=13 nuz=1
fill f27 end fill

end array

read start nst=1

' xsm=-45.72 xsp=45.72 ysm=-27.94 ysp=27.94 zsm=-10 zsp=10
end start ’

read bounds 'alll=vacuum end bounds
read bias id=500 2 11 end bias

. read plot
ttl=" yx section of single storage location "
nch=" xx"d>g: .$$$*x"
xul=-10,0 xIr=10.0 yul=10.0 ylr=-10.0 zul=0.0 2Ir=0.0
uax=1.0 vdn=-1.0 nax=120 Ipi=10 end
ttl=" yx section of single storage location "
nch=" xx*d>g: .$§35*x" : ‘
xul=-40.0 xlIr=40.0 yul=40.0 ylr=-40.0 zul=0.0 zIr=0.0
uax=1.0 vdn=-1.0 nax=120 Ipi=10 end

ttl=" yx sectmn of two bundles in inner contalner "
nch=" 123456789%abcde"
xul=-10.0 xIr=10.0 yul=10.0 ylr=-10.0 zul=1.0 zir=1.0
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=" yx section of two bundles in inner container "

nch=" 123456789abcde"
xul=-25.0 xir=26.0 yul=15.0 yIr=-15.0 zul= 1 0zr=1.0
uax=1.0 vdn=-1.0 nax=140 Ipi=10 end
ttl=" yx section of left bundle in inner container " .
xul=-5.0 xIr=55.0 yul=10.0 ylr=-10.0 zul=1.0 zIr=1.0
uax= 1.0 vdn=-1.0 nax=140 Ipi=10 end

ttl=" yx section of left bundle in inner container "
nch=" 123456789abcde"
xul=-20.0 xIr=0.0 yul=10.0 ylr=-10.0 zul=1. O zIr—1 0
uax=1.0 vdn=-1.0 nax=140 Ipi=10 end

ttl=" yx section of risght bundle in inner container "
nch=" 123456789abcde" o
xul=0.0 xir=20.0 yul=10.0 ylr=-10.0 2ul=1.0zlr=1.0
uax=1.0 vdn=-1.0 nax= 140 Ipi=10 end :
end plot ;

end data
gnd

The model for the nominal condition KENO case {"a- n3a") is listed below. '

=csas25

sp-1 with 5.0% enriched 9x9 fuel except exterior rods 5.0%
hans infh

' uo2 1 0.98 293.0 92235 3.4643 92238 96. 5357 end
uo2 1 0,98 293 092235 5.0 92238 95.0 end

’ uo2 2 0.98 293.0 92235 3.4643 92238 96.5357 end
uo2 2 0.98 293.0 92235 5.0 92238 95.0 end -

" uo2 30.98 293.0'92235 4.0 92238 96.0 end
uo2 3 0.98 293.0 92235 5.0 92238 95.0 end

uo2 4 0.98 293.0 92235 5.0 92238 95.0 end

uo2 5 0,98 293.0 92235 5.0 92238 95.0 end

uo2 6 0.98 293.0 92235 5.0 92238 95.0 end

poison rod with 2% gd203

td of uo2-gd203 = 10.96 -2.65*p/[p +0. 67145*(1-p)] p=wt frac.gd203
"p" is 0.02 here, td is 10.9012

pellet density' is 0.98*10.9012=10.6832
uo2 density is 0.985%*10.6832 = 10.5230

N N s .

~
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 gd203 density is 0.02*10.6832 = 0.1602 gm/cc

uo2 7 den=10.5230 1.0 293.0 92235 5.00 92238 95.00 end
arbmgd203 0.1602201 0 64000 280163

7 1.0 293. end

zircalloy 8 1.0.293.0 end

" water, 0 vol.%
h20 9 1.e-15 293.0 end

‘ basket steel

carbonsteel 10 1.0 293.0 end
‘ angle steel |

carbonsteel 11 1.0 293.0 end
* shell steel

carbonsteel 12 1.0 293.0 end

. |
" douglas fir, Same composition as oak, dens=0.48-0.55
oak 13 den=0.48 1.0 293 end

" polyethylene, 100 vol%
arbmpe 0.922.01 06012 11001 2
14 1.0 293, end

' higher enriched rods
uo2 15 0.98 293.0 92235 5.0 92238 95.0 end

end comp f . f
more data j

res= 1 cyli 3.6257E-01 dan{ 1}= 7.4052E-01

res= 2cyli 4.5228E-01 dan{ 2)= 6.8442E-01

res= 3cyli 5.6262E-01 dan( 3)= 4.5534E-01

res= 4 cyli 5.7306E-01 dan{ 4)= 4.5112E-01

.res= 5 cyli 5.6324E-01 dan( '5)= 4.9582E-01

res= 6 cyli 5.4917E-01 dan( 6)= 4.9697E-01

res= 7cyli 3. 4934E-O1 dan{ 7)= 7.3961E-01

end more

sp-1 with 5.0% enriched 9x9 fue! except 4.0% edge rods
read parameters

tme =90 gen =200 npg=600 nsk=0 ' '
" fix=yes fdn=yes xs1=yes nub=yes pwt=yes

run=yes plt=yes

end parameters

read geom

‘ pellet diam: 0.40"
! gap: zero

‘ clad thk: 0.015"
’ pitch: 0.5696"

unit 1 .
com = "interior rod" .
cyli 11 0.5080 2p226.695




cyli 8 10.564610 2p226.695
cubo 91 2p0.723428 2p0.54610 2p226.695
" polyethylene shims between rods
' cubo 14 1 4p0.7234280 2p226.695
" use Id water inplace of shims
cubo 9 1 4p0.7234280 2p226.695

unit 2 _

com = "interior rods around water rod"
cyli 21 0.5080 2p226.695

cyli 8 10.54610 2p226.695

cubo 91 2p0.7234280 2p0.54610 2p226.695 :

r

polyethyiene shims between rods
" cubo 14 1 4p0.7234280 2p226.695

[4

2

use Id water inpléce of shims
cubo 9 1 4p0.7234280 2p226.695

unit 3

com = "edge rod facing up"
cyli 3 10.5080 2p226.695
cyli 8 10.54610 2p226.695

cubo 91 2p0.7234280 0.7234280 -0.54610 2p226 695

4

polyethylene shims between rods
" cubo 14 1 4p0.7234280 2p226.695-

’

’

use Id water.in place of shims
cubo 9 1 4p0.7234280 2p226.695

unit 4 )

com="edge rod facing down"
cyli 4 1 0.5080 2p226.695
cyli 8 10.54610 2p226.695 °

cubo 91 2p0.7234280 0.54610 -0.7234280 2p226 695

‘ polyethylene shims between rods
' cubo 141 4p0.7234280 2p226.695
* use I|d water in place of shims

cubo 9 1 4p0.7234280 2p226.695

unit 5

com="edge rod facing other bundle"

cyli 51 0.5080 2p226.695

cyli 8 10.54610 2p226.695

cubo 91 2p0.7234280 2p0.54610 2p226.695
" polyethylene shims between rods

' cubo 14 1 4p0.7234280 2p226.695

?

'

use |d water in place of shims
cubo 9 1 4p0.7234280 2p226.695

unit 6 .
com="edge rod-facing out" -
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cyli 61 0.5080 2p226.695

cyli 8 10.54610 2p226.695.

cubo 91 2p0.7234280 2p0.54610 2p226.695 |
" polyethylene shims between rods

" cubo 14 1 4p0.7234280 2p226.695

’

I

use |d water in place of shims
cubo 91 4p0 7234280 2p226.695

umt 7

com = "u02-gd263 rod"

cyli 7 1 0.5080 2p226.695

cyli 8 10.54610 2p226.695

cubo 91 2p0.7234280 2p0.54610 2p226.695
" polyethylene shims between rods

" cubo 14 1 4p0. 7234280 2p226.695

’

4

use Id waterf in place of shims
cubo 91 4p0.723_4280 2p226.695

unit 8 )
com ="water rod"
cubo 9 1 4p0.7234280 2p226.695

unit 9
com='side basket element, 0.0598"x1.75"x1.75" steel with 0.75" diam. hole’
xecyl 9 10,9525 0,1519 0.0

. cubo 10 1 0.1519 0.0 4p2.2225

unit 10

com = ‘side basket element, 0.0598"x1.6902"x1. 75" steel with 0.75" diam. hole’
xcyl 9 1 0.9525 0.1519 0.0

cubo 10 1 0.1519 0.0 2p2.14655 2p2.2225

unit 11

com="one complete basket side’
" 1x4x102 array of units 10 & 11
array 1 0.0 -8.7381.-226.695

unit 12 -
com ="top/bottom basket element’

"’ 1.75"x0.0598"x1.75" steel with 0.75" diam. hole"

ycyl 9 1 0.9525 0.1519 0.0
cubo 10 1 2p2.2225 0.1519 0.0 2p2.2225

unlt 13

- com= "top/bottom basket element’

" 1.6902"x0.0698"x1.75" steel with 0.75" diam. hole

. yeyl 91 0.9525 0.1519 0.0

cubo 10 1 2p2:.14655 0.1519 0.0 2p2.2225

unit 14
com='one complete basket top/bottom’
' 4x1x102 array of units 13&14
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array 2 -8.7381 0.0 -226.695
| H

unit16 , |

com='0.0698" steel at basket corners’

cubo 10 1 0.1519 0.0 0.1519.0.0 2p226.695

unit 16 : .
com=" spacing & steel angle at -x side of basket ".
cubo 91 5.08 0.0 2p8.89 2p226.695

hole 22 0.158750.0 0.0

hole 22 0.47625 -0.3175 0.0

hole 22 0.47625 '0.3175 0.0

hole 22 0.79375 0.635 0.0

hole 22 0.79375 -0.635 0.0 .

hole 22 1.11125 0.9525 0.0

hole 22 1.11125 -0.9525 0.0

hole 22 1.42875 1.27 0.0

hole 22 1.42875 -1.27 0.0

hole 22 1.74625 1.5875 0.0

hole 22 1.74625 -1.5875 0.0

hole 22 2.06375 1.805 0.0

hole 22 2.06375 -1.905 0.0

hole 22 2.38125 2.2225 0.0

hole 22 2.38125 -2,2225 0.0

" hole 22 2.69875 2.54 0.0

hole 22 2.69875 -2.54 0.0

hole 22 3.01625 2.8575 0.0

hole 22 3.01625 -2.8575 0.0

- hole 22 3.33375 3.175 0.0

hole 22 3.33375-3.175 0.0

hole 22 3.65125 3.4925 0.0

hole 22 3.65125 -3.4925 0.0 : ;
hole 22 3,96875 3.81 0.0 ‘ 5
hole 22 3.96875 -3.81 0.0 : :

hole 22 4.28625 4.1275 0.0 ! ' |
hole 22 4.28625 -4.1275 0.0 !
hole 22 4.60375 4.445 0.0 '

hole 22 4.60375.-4.445 0.0
hole 22 4.92125 4.7625 0.0
hole 22 4.82125 -4.7625 0.0

unit 17 : :
com=" spacing & steel angle at +x side of basket ™
"cubo 91 0.0 -5.08 2p8.89 2p226.695

hole 22 -0.15875 0.0 0.0

hole 22 -0.47625 -0.3175 0.0

hole 22 -0.47625 0.3175 Q.0

hole 22 -0.79375 0.6350.0 .

hole 22 -0.79375 -0.635 0.0

hole 22 -1.11125 0,9525 0.0 .

hole 22 -1.11125 -0.8525 0.0

hole 22 -1.42875 1.27 0.0

hole 22 -1.42875 -1.27 0.0

hole'22 -1.74625 1.5875 0.0




hole 22 -1.74625 -1.5875 0.0
hole 22 -2.06375 1.905 0.0
hole 22 -2.06375 -1.905 0.0
hole 22 -2.38125 '2.2225 0.0
hole 22 -2.381.25 -2.2226 0.0
hole 22 -2.69875 2.54 0.0
hole 22 -2.69875 -2.54 0.0
hole 22 -3.01625 2.8575 0.0
hole 22 -3.01625 -2.8575 0.0
hole 22 -3.33375 3.175 0.0
hole 22 -3.33375 -3.175 0.0
hole 22 -3.65125 3.4925 0.0
hole 22 -3.65125 -3.4925 .0.0
hole 22 -3.96875 3.81 0.0
hole 22 -3.96875 -3.81 0.0
hole 22 -4.28625 4.1275 0.0
hole 22 -4.28625 -4.1275 0.0
hole 22 -4.60375 4.445 0.0
hole 22 -4.60375 -4.445 0.0

. hole 22 -4.92125 4.7625 0.0

hole 22 -4.92125 -4.7625 0.0

unit 18 ;

. com=" angles' & spacing beneath baskets "

cubo 91 2p8.89 5.08 0.0 2p226.695
hole 21 0.0 0.15875 0.0
hole 21 -0.3175 0.47625 0.0
hole 21 0.3175 0.47625 0.0
hole 21 0.635 0.79375 0.0
hole 21 -0.635 0.79375 0.0
hole 21 0.9525 1.11125 0.0
hole 21-0.9526 1.11125 0.0
hole 21 1.27 11.42875 0.0
hole 21 -1.27 1.42875 0.0
hole 21 1.5875 1.74625 0.0
hole 21 -1.6875 1.74625 0.0
hole 21 1.905 '2.06375 0.0
hole 21 -1.905 .2.06375 0.0
hole 21 2.2225 2.38125 0.0
hole 21 -2.2225 2.38125 0.0
hole 21 2,54 2.69875 0.0
hole 21 -2.54 2.69875 0.0
hole.21 2.8575 3.01625 0.0
hole 21 -2.8575 3.01625 0.0
hole 21 3.175 3.33375 0.0
hole 21 -3.175 3.33375 0.0
hole 21  3.4925 3.65125 0.0
hole 21 -3.4925 3.65125 0.0.
hole 21 3.81'3.96875 0.0
hole 21 -3.81 3.96875 0.0
hole 21  4.1275 4.28625 0.0
hole 21 -4.1275 4.28625 0.0
hole 21 4.445 4,60375 0.0
hole 21 -4.445 4.60375 0.0
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hole 21 4.7625 4.92125 0.0
hole 21 -4,7625 4.92125 0.0

unit 19

com="angles & spacing above.baskets "
cubo 91 2p8.89 0.0-5.0B 2p226.695
hole 21 0.0 <0.16875 0.0

hole 21 -0.3175 -0.47625 0.0

‘hole 21 0.3175 -0.47625 .0.0

hole 21 0.635 -0.79375 0.0
hole 21 -0.635 -0.79375 0.0
hole 21 0.9525 -1.11125 0.0
hole 21 -0.9525 -1.11125 .0.0
hole 21 1.27 -1.42875 0.0

hole 21 -1.27 -1.42875 0.0

hole 21 1.6876 -1.74625 0.0
hole 21 -1.5875 -1.74625 0.0
hole 21 1.905 -2.06375 0.0
hole 21 -1.905 -2.06375 0.0
hole 21 2.2225 -2.38125 0.0
hole 21 -2.2225 -2.38125 0.0
hole 21 2.54-2.69875 0.0

hole 21 -2.54'-2.69875 0.0

hole 21 2.8575 -3.01625 0.0

- hole 21 -2.8575 -3.01625 0.0-

hole 21 3.175'-3.33375 0.0
hole 21 -3.175 -3.33375 0.0
hole 21  3.4925 -3.65125 0.0
hole 21 -3.4925 -3.65125 0.0

. hole 21  3.81 -3.96875 0.0

hole 21 -3.81 -3.96875 0.0

hole 21 - 4.1275 -4.28625 0.0

hole 21 -4,1275 -4.28625 0.0
hole 21 4.445 -4,60375 0.0

hole 21 -4.445 -4.60375 0.0

hole 21 -4.7625 -4.92125 0.0
hole 21 "-4.7625 -4.92125 0.0 '

unit 20
com=" 2x2 inch moderation regions at carners "
cubo 9 1 4p2.54 2p226.695

unit 21

com = "part of steel angle"

' 0.1562" x 0.125"

cubo 111 2p0.197104 2p0.15874 2p226.695

unit 22

com ="part of steel angle"

' 0.125" x 0.1652"

cubo 111 2p0.156874 2p0.197104 2p226.695

unit 23
com ="left (-x} 10x10 bundle in basket"
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* bundie at otfjter edge, centered vertically
array 3 -8.7381 -6.510B66 -226.695
cubo 9 1 2p8.7381 2p8.7381 2p226.695

unit 24 .

com="right 10x10 bundie in basket"

" bundle at outer edge, centered vertically
array 4 -4.2836334 -6.510866 -226.695
cubo 91 2pq.7381 2p8.7381 2p226.695

unit 25 '
com="complste left basket with bundle"
array 5 2r-8.89 -226.695

unit 26 :
com="complete right basket with bundle”
array 6 2r-8.89 -226.695

unit 27

" com=" 1 inner container "

array 7-22.86-13.97 -226.695

' add 0.0598 inch walls of carbon steel

repl 12 1 6r0.1519 1

cubo 91 2p32.385 2p30.48 2p261.9375
unit 28 o .

com=" 2x2 inch regions at corners "

cubo 9 14p2.54 2p226.695

unit 29

. com="higher enriched rods’

cyli 15 1 0.4445 2p226.695

cyli 810.49022 2p226.695

cubo 91 2p0.6510866 2p0.49022 2p226.695
" polyethylene shims between rods

cubo 14 1 4p0.6510866 2p226.695

unit 30

com="top’

" plywood only width: 29.75 - 2%3.25 = 23.25"
cubo 131 2p29.5275 4.1275 0.0 8.255 0.0
© 38.25" im :

repl 91 4r0.097.155 0.0 1

' add stud X

repl 13 1 4r0.0.8.255 0.0 1

‘ 36.75" im

repl 9 1 4r0.0 93.345 0.0 1

" add stud

repl 13 1 4r0.0 8.255 0.0 1

’ 36.78"im "

repl 9 1 4r0.0 93.345 0.0 1

" add stud,

.repl 131 4r0.0 8.255 0.0 1
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! 36.75" im -

repl 91 4r0.0.93.345 0.0 1

’ add stud

repl 13 1 4r0.0 8.255 0.0 1

" 38.25" im

repl 9 14r0.097.155 0.0 1

" add studs & plywood

repl 13 1 2r8.255 0.0 1.27 8.255 0.0 1
unit 31

com="base’

" space to first skid

cubo 8 1 2p37.7825 8.255 0.0 13.97 0.0
" 4x4 skid :
repl 13 1 4r0.0 8.255 0.0 1

' 44.75" im

repl 9 1 4r0.0 113.665 0.0 1

. " 4x4 skid

. repl 13 1 410.0 8.255 0.0 1

‘ 44.75" im

repl 9 1 4r0.0 113.665 0.0 1

' 4x4 skid

repl 13 1 4r0.0 8.255 0.0 1

' 44.75" im '

repl 91 4r0.0,113.665 0.0 1

" 4x4 skid

repl 13 1 4r0.0 8,255 0.0'1

" 44.75" im

repl 91 4r0.0.113.665 0.0 1

' 4x4 skid

repl 13 1 4r0.0 8.255 0.0 1

! add space at +z

repl 9 14r0.0.13.97 0.0 1

' add 1.605" wood at +y

repl 13 1 2r0.0 4.1275 3r0.0 1

unit 32

com='+x side’ )

" plywood only ‘width: 24.00 - 2*3.25 = 17.5"
cubo 13 14,1275 0.0 2p22.225 8.255 0.0
’ 38.25" im :

repl 91 4r0.0 97.155 0.0 1

‘ add stud . .

repl 13 1 4r0.0 8,255 0.0 1

' 36.75"im |,

repl 9 14r0.0 93.345 0.0 1

‘ add stud X

repl 13 1 4r0.08.255 0.0 1

' 36.75"im .

repl 9 1 4r0.0 93.345 0.0 1

' add stud : .

repl 13 1 4r0.0 8.255 0.0 1

' 36.75" im

repl- 9 1 4r0.0 93.345 0.0 1
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' add stud

repl 13 1 4r0.0 8.255 0.0 1

' 38.25" im

repl 91 4r0.0 97.155 0.0 1

" add stud & plywood

repl 13 1 0.0_1.27 2r8.255 8.255 0.0 1

unit 33

com="-x side"

’ plywood only width: 24.00 - 2*3.26 = 17.5"
cubo 13 1 4.1275 0.0 2p22.225 8.255 0.0
’ 38.26" im

repl 9 1 4r0.0 97.1550.0 1

’ add stud

repl 13 1 4r0.0 8.255 0.0 1

' 36.75"im -

repl 9 1 4r0.0 93.345 0.0 1

' add stud " ¢ .

repl 13 1 4r0.0 8.255 0.0 1

’* 36.75" im '

repl 91 4r0,0 93.345 0.0 1

" add stud

repl 13 1 4r0,0 8.255 0.0 1

' 36.75" im

repl 91 4r0.0 93.345 0.0 1

" add stud .

repl 13 1 4r0.0 8.255 0.0 1

- ' 38.26" im

repl 9 14r0.0.97.1550.0 1
’ add stud & plywood
repl 131 1.27 0.0 2r8.255 8.255 0.0 1

unit 34 .
com =‘inner container & wood sides’
array 8 3r0.0

unit 35
com ='complete outer container’
array 9 3r0.0

global

. unit 36

com=" 10x10x1 array of inners "
array 10 3r0.0

end geom
read array

ara=1 nux=1 puy=4 nuz=102

.loop

9111 231 11021
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10 111 143 11021
end loop

ara=2 nux=4 nuy=1 nuz=102

loop

12 231 111.11021
13 143 111 11021
end loop !

’ left bundle, poison corner at Il
ara=3 nux=09 nuy=09 nuz=1
fill

04 04 04 04 04 04 04 04 04
05 07 01 07 01 01 01 07 06
05 01 02 02 02 02 02 01 06
05 07 02 08 08 08 02 07 06
05 01 02 08 08 08 02 01 06
05 01 02 08 08 08 02 01 06
05 01 02 02 02 02 02 01 0B
05 07 01 07 01 01 01 01 06
03 03 03 03 03 03 03 03 03
end fill 5

" right bundle,.poison corner at ur
ara=4 nux=09.nuy =09 nuz="1
fill

04 04 04 04 04 04 04 04 04
05 07 01 01 01-07 01 07 06
06 01 02 02 0202 02 01 06
05 07 02 08 08.08 02 07 06
05 01 02 08 08 08 02 01 06
05 01 02 08 08 08 02 01 06
05 01 02 02 0202 02 01 06
05010101 0107010706
03 03 03 03 03 03 03 03 03
end fill = .

ara=b nux=3 nuy=3 nuz=1
fill

1514 15

1123 11

1514 156

end fill

ara=6 nux=3 nuy=3 nuz=1
fill

151415

1124 11

16 14 15

end fill

ara=7 nux=4 nuy=3 nuz=1
fill '
201818 20




' h20 3 1.0 293.0 end

16 25 26 17
28191928
end fil!

ara=8 nux=é-nuy=1 nuz=1
fill 33 27 32 end fill

ara=9 nux=1i nuy=3 nuz=1
fill 31 34 30 end fill

ara=10 nux=10 nuy=10 nuz=1
fill f35 end fill:
end array ‘

read start nst=1 end start
read bounds all=spec end bounds
"* read bias [d=500 2 11 end bias

. end data

end

The model for XSDRN case {*a-h4026a") at flooded conditions is listed below.

=esasix .
sp-1 with 5.0% enriched 10x10 fuel
hans |att

" external watér, 100 vol.%
h20 1 1.0 293.0 end

uo2 2 0.98 293,0 92235 5.0 92238 95.0 end

’

water in unit,cell

zircalloy 4 1.0 293.0 end
end comp ’
" pod .4" clad .015" vw/vf=2.5 pitch=1.726326 crh
squa 1.726326 1.0160 2 3 1.09220 4 end

end 5

=xsdrn

‘ inf array of inners ' '
08$a32e

16822100 13228 2r1 1080 3r0
2%%-1-14r0-1¢

3%306e
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" 4%$-11608e

5** 2r1.0e-5 e

: ,

1388 12

14$$ 500 1

16** 1.0

t

33## 1.0

t

35%* 49i0.0 49i10.133134 20.164682
365$ 50r1 50r2 '
39%8$12 '
t

end

A typical CASMO case ("d.Bgd15") is listed below.

DIM 8,1 :
TIT TFU=293.16 TMO =293.15 BOR=0 * INNERS ONLY
FUE 1 10.7408/5.0-*98%TD, 5.0%ENR

. FUE2 10.7408/5.0 *98%TD, 5.0%ENR
-FUE 3 10.7408/5.0 *98%TD, 5.0%ENR

FUE 4 10.6832/5.00,7301 =1.5 *98%TD, 5..00%ENVR

' VOI, 90.

MOD, .149730/1001=11.19,8000=88.81

MI1 .686305/26000=84.829155 ,6000= 1.731207 ,1001= 1.503896 ,8000=11,835745
MI2 .303433/26000=66.611275 ,6000= 1.359414 ,1001= 3.584080 ,8000=28.445229
MI3 .494868/26000=79.243896 ,6000= 1.617222 ,1001 = 2.141640 ,8000=16.997234
Mi4 6.705978/26000=97.789505 ,6000 = 1.995704 ,1001= 024035 .8000= ,190758
MI5 .646048/26000=83.929482 ,6000= 1.712847 ,1001= 1.606623 ,8000=12.751048
MI6 .541578/26000=80.970863 ,6000= 1.652467 ,1001= 1.944449 ,8000=15.446123
* COO .465105/1001 =13.991474,6000=75.437164,8000=10.571368

C0O0, .149730/1001=11.19,8000=288.81

MI7 0.001/8000=100.0

* 0.5127" pitch, -

* POD/CID/COD =0.40/0.40/0.436"

PIN 1 0.5080 0.55372/'1" ‘CAN‘//1

PIN 2 0.5080°0.55372/'2’ ‘CAN’//1

PIN 3 0.5080 0.55372/'3' ‘CAN’//1

PIN 4 0.5080 0.55372/'4' 'CAN'//1

PIN 6 0.5080 0.7234/'MOD’ ‘MOD'//1

BWR 9 1.446856 13.0217 0.0 3%0.0 1

-~ LPI
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123333321
122222221
111111111
/'F’ :

FST 4.9281,2.54,0.1519,2.54/0.001,3*5.2319/
‘MIT,"MI27,'MIT, MIS’, 3% MI4Y,'MIBY/
‘MI7,'MI7 "MI7’ ' MIB,“MIB’,'MIS’,’MI6’,'MI5’/

8,4,2,4/1,3*8/
STA .
TIT,* + TRY #2
* RES,,0.0
LST,2*1

LPI
T11111111
142242241
123333321
123555321
1435553141
123555321
123333321
142242241
111111111
IIFI

STA

TIT,* + TRY #3

. * RES,0.0
LST,2*1 ;
LP| !
111111111
. 142224241
123333421
123655341
123555321
123555321
124333321
142222241
111111111
I'F

STA ‘
TIT,* + TRY #3a
* RES,0.0
LST,2*1

LPI .
1111111179
142224241
123333421
143555341
123555321
123555321
123333321
122224241
111111111
/lFl

STA
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TIT,* + TRY #3b
* RES,0.0
LST,2*1

LPI

TT1111111°

142224241
123333421
123555341
143555321
123555321
123333421
122224241
111111111
/IFI .
STA :
TIT,* + TRY #4

* RES,0.0
LST,2*1

LPI
111111111
142224241
123333321
143555341
123555321
1235565321
123333321
142224241
11

/IFI

STA

TIT,*+ TRY #5
* RES,0.0 *

< LST,2*1

LPi :
111111111
142222241
123343421
143555321
123555421
1235565321
123333321
122224241
1771111111
I'F

STA

TIT,* + TRY #5a
* RES,0.0
LST,2*1

LPI ,
111111111
142222241
123343321
143555321
1283555421
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123555321
123333421
122224241
111111111
['F’ ;
STA

TIT,* + TRY #5b
* RES,0.0
LST,2*1

LPI :
111111111
142222241
123343321
1435556321
123555421
123555321
123343321
122224241
T11111111
/'F

. 8TA

TIT,* + TRY #6
* RES,0.0
LST,2*1 -

LPL. ,
111111111
122224241
123333321
. 123555321
123555341
143555321
123333341
142242421
1117111111
I'F ‘
STA :
TIT,* + TRY #7
* RES,0.0
LST,2*1

LPI
111111111
122224241
124333321
123556321
123556321
143555341
123333321
142224241
111111111
IE

STA :
TIT,* + TRY #8

* RES,0.0
LST,2#*1
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1 6. Critipélity Evaluation
"_% 6.1 Introduction and Surnmary
> ‘
6.1.1 Introduction
' 23 This supplemental Criticality Safety Evaluation (CSE) for the SP-1 and Sp-2 shipping

containers improves the CSE’s provided in References 1 through 3 by justifying the use of
the SP-1 and.SP-2 inner containers with reduced spacing dimensions (see Section 6.3.1)

f Section 6.2 details the methodologies used for the criticality analysis. Component

- description and analysis are provided in Section 6.3. Section 8.4 contains the Quality
Assurance (QA) review. Section 6.5 providas sample input listings. Section 6.5
documents the references.

bl 6.1.2 Summarv
3
1

This CSE shows that shipping SP-1 and SP-2 inner containers with the materials and
transport indices provided in the current shipping certificate (Reference B) is justified if a
space of at least 1.9375" (1-15/16") exists between the channel and the outer steel shell
(this space is bccupied/established by angle steel; previous analyses used 2”).

6.2  Analysis Methodology

6.2.1 Nuclear Analysis Methodoloayv

Monte Carlo téchniques were used in this analysis. The sensitivity of pellet diameter, peilet
pitch, interspersed moderator, and placement of the fuel assemblies within SP-1 and SP-2
inner containers were evaluated.

6.2.2 Computer Codes and.Databases Used -

The following codes and cross section libraries are part of the SCALE 4.2 system of codes
(Reference 4) placed on the SPC HP workstation SSLO1.

: . ; . o ) _ |
1 Siemens Power Carporation - Nuclear Divisien . ;
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791176+ Jun 22 19594 11:36:41 00000l.a {XSDRN)

545416 Feb 21 1994 10:25:06 o0o002.a (NITAWL)

£16744° Feb 21 1994 10:14:38 o00008.a (BONAMI)

1054280 Jun 22 1994 11:46:27 ©00009.a (KENO.Va)

112000+ Feb 23 1994 15:16:47 albdata.bin

4255216 + Feb 23 1994 14:40:21 pxs123.bin (123 group master cross section

library)

362140 ~Feb 25 1994.16:54:21 pxsl6.bin (16 group master cross segtion
library) '

9020936 Feb 23 1994 14:53:45 pxs218.bin (218 group master cross section
library)

824404  Feb 23 1994 14:38:03 pxs27.bin (27 group master cross section
iibrary) . ’

94400 , Feb 23 1894 15:12:03 stdcomp.bin (standard comp. library)
44812 . Feb 23 1994 15:14:40 wtdata:.bin

287 Jul 7 1994.09:35:35 csas2S-

2295 Jul 7 1994 17:07:41 drva

6.2.3 Cross Section Preparation

BONAMI and NITAWL adjust the crass section data for the specific problem (e.g., perform
resonance self-shielding corrections). The Hansen-Roach 16-energy group cross sections

available in SCALE were used for all calculations. .

6.2.4 Benchmarking

The SCALE 4.2 system of codes was developed for use by the USNRC and its licensees.
SPC benchmar.king of SCALE 4.2 on HP Workstations includes critical experiments of
4.31% enriched assemblies from NUREG/CR-0073 (Reference 5) which were modeled
using the same:methodology used in these calculations. The benchmark data used for this
CSE includes the same data used to support previous revisions to Certificate of Compliance

9248. A bias estimate based on 23 pooled cases was calculated from the 16-group data in

Table 12 of Reference 10 and is -0.00321 + 0.00261. Negative bias indicates
conservative results.

6.3 Companent Description and Analysis

6.3.1 Reducedz Dimensions of SP-1 and SP-2 Inner Containers

The dimensions. of the SP-1 and SP-2 inner containers are shown on drawings EMF-
304,416 and EMF-308,257, respectively. In previous analyses, the SP-1 and SP-2 inner
containers were modeled with a 2" space between the channel and the outer steel shell
(this space is occupied/established by angle steel). The calculations of this section justify
the use of a 1-15/16" space, instead of 2”. This change in dimension only affects the
calculations for damaged conditions, as the outer container provides the container spacing -
for undamaged conditions. The types and forms of fuel categories listed in the SP-1/SP-2
Certificate of Compliance (Reference €) are evaluated below.

Siemens Power Corporation - Nuclear Division
(
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The KENO rn';odels used in this section are consistent with those used previously for the
respective material types.with one exception, i.e., the inner container spacing, discussed
above. ' '

6.3.1.1 Fuele Category 1
The following fuel description is listed under 5(b){1)(i) of Reference 6:

“U0, fuel assemblies in a 7x7, an 8x8, or a 9x9 square array with a maximum fuel
.cross-section area of 25 square inches, maximum fuel length of 174 inches and
maximum average enrichment of 3.3 w/o U-235. Minimum zircaloy clad thickness
is 0.025 inches; maximum pellet diameter is 0.585 inches. Any number of water
rods in any arrangement are permitted.”

The original calculations for this material type were performed by General Electric. In order
to perform calculations supporting the reduced inner container dimensions, as discussed -
above, the caicuiations from Section 6.3.1.2, below, were modified and used here. The
following changes were made to the Section 6.3.1.2 input decks:

* Reduced the ¥5U enrichment from 4.0 to 3.3 wt%
» Replaced the Gd,0, rods with 3.3 wt% enriched UO, rods

¢ Reduced the array size from infinite to 13x20x1 (260 containers)

A sensitivity study was performed for interspersed moderator and the reduced inner
container dimensions, as discussed above. The results of these calculations are provided in
Table 6.1 and presented graphically in Figure 6.1. As shown, the peak reactivity for both
the old dimensions and the new dimensions occurs at 12 vol% interspersed moderator.

The reduced dimensions result in a Ak, of +0.00507 at peak interspersed moderator. The
results show sufficient margin to 0.95 to support a Transport Index of 0.4 (125
containers). ' "

Siemens Power Corporation - Nuclear Division
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‘ Table 6.1 Container Spacing and Interspersed Moderator (IM) Sensitivity Study for Fuel

Category 1 Inside SP-1/SP-2 Inner Containers, 13x20x1 Array (260 containers), Damagea
Conditjons '- : : |
File Name {droa-) Vol% IM | o Kot + 20 P
. ’ 2" Spacing around.Channel Steel ' . 1‘
sp1.¢1.010 10 0.89276 0.00290 - 0.89856 |
sp1.c1.011 ' 11 " 0.89750 0.00265 0.90280
sp1.¢1.072 : 12 ' 0.90216 0.00257 0.90718
sp1.c1.013 13 " 0.89881 0.00262 l 0.90405
sp1.c1.014 _ 14 | 0.89107 0.00224 |  0.89555 £z
1-15/16" Spacing.around Channel Steel =
sp1.c1.s2,010 .10 © 0.89350 0.00290 0.89930
sp1.c1.52.011 oon 0.90288 0.00276 |  ©.90838
sp1.c1.52.0712 12 ' 0.90789 0.00218 0.97225 :
sp1.c1.52.013 13 . 0.90547 0.00268 10.91085 :'
sp1.c1.s2.014.. 14 090177 0.00264 0.90705 o

Siemens Power Corparation - Nuctear Divisicn
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Fuel Category 1 - Original vs. New Spacing - IM Study

t 0.930

., 0.325

' 0.8920

+ 0.915

0.910

0.905

. . ' —&— 2° Ongimnat Soacing
§-- , - —~ ®— 1-15/16" Spacing

, 0.895" [

. D.s00

keff + 2 slﬁm_a

- 0.890

' 0,885

. 0.880

0875

' 0.870

3 9 10 11 12 13 14 15

Vol%: Interspersed Modsrator

Figure 6.1 Container Spacing and Interspersed: Moderator Sensitivity Study for Fuel Category 1
Inside SP-1/SP-2 Inner Cantainer, 13x20x1 Array (260 containers), Damaged Conditions

{ o !

Siemens Power Carporation - Nuclear Division
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6.3.1.2 Fuel Category 2
The following: fuel.description is listed under 5(b)(1)(ii) of Reference 6:

“(JO, fuel assemblies in a 7x7, an 8x8, or a 9x9 square array with a maximum fuel
length of 174 inches, and a maximum, average enrichment between 3.3 and 4.0 w/o
U-235.. The maximum pellet diameter:is 0.555 inch, and the minimum clad
thickness is 0.025 inch. Any number of water rods in'any arrangement is -
permitted, including part length rods. ‘Each assembly contains at least 4 rods with,
nominal 2 weight percent Gd,0,, which are in non-perimeter.locations and are
symmetric about the diagonal.” ‘

The original calculations for this material type are found in Appendix 6A of Reference 7.
The Reference 7 calculations are unavailable from permanent storage, so the listing of the
most reactive case was retyped and rerun. The most reactive case from Reference 7 is for
a 9x9 assembly (type G2) with a k,y of 0.9611 = 0.0032 (see page 6-A18 of Reference 7).
The retyped version of this calculation yielded a ki, of 0.96200 = 0.003086. This ensures
that the correct case was found and input correctly. Note that the Reference 7
calculations are for an infinite array of containers.

" Next, a sensitivity study was:performed for interspersed moderator and the reduced inner
container dimensions, as discussed above. The resulits of these calculations are provided in
Table 6.2 and presented graphically in Figure 6.2, As shown, the peak reactivity for both
the old and new dimensions occurs at 9 vol% linterspersed moderator. The reduced
dimensions resuit in a Ak, of +0.00320 at peak interspersed moderator.

The peak cases {both old and new dimensions) were rerun with 260 containers in a
13x20x1 array. The results are summarized below and show a Ak,, of +0.00204 between
the reactivities ‘calculated for the 13x20x1 arrays with the old and new dimensions.

248494 May 19 ‘.5:59::55 1998 /ssl01b/t3517/SP1/CAT2/drva-spl.g2.009.260 .90362 00378 .30%90 -91314
248563 May 19 15:08:25 1998 /8s101b/t3517/521/CAT2/droa-spl.g2.52.009.260 .90508 .00405 .91184 .91318

The maximum reactivity for the 13x20x1 array of 0.91318 has a sufficient margln to 0.85
to support a transport index.of 0.4 {125 containers).

Siemens Power Corporation - Nuclear Division
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L , / 3 .

. Tabie 6.2 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel

, . Category 2 Inside SP-1/SP-2 Inner Containers, Infinite Array, Damaged Conditions

* File Name (droa-) Vol% IM Kt 1. o Ket + 20
i 2" Spacing z::round Channel Steel

sp1.2.007 | 7 [ o.95103 0.00318 0.95739

splig2 8 | 0.96200 0.00306 : 0.96812

sp1.92.009 9  0.96376 0.00330 0.97036

sp1.92:0010 10 | o611 0.00337 .|  0.96785

sp1.92.011" 11 | o.95583 0.00327 |  0.96247

, sp1.g2.012 12 | 0.95280 0.00362 | o0.96004

1-15/167 Spacing arocund Channel Stael

sp1.92.52.007 7 | o.es201 0.00318 |  0.95837

sp1.92.52.008 ' 8 0.96354 0.00313 0.96980

5p1.92.52.009 ‘ 9 . 0.96674 0.00347  0.97356

$p1.92.52.010 10 | 0.96650 - 0.00344 0.97338

sp1.92.s2.011 | 1 1< 0.96169 0.00311 - 0.96791

sp1.92.52:012 ‘ 12 | 0.85505 : 0.00354 0.96213

Siemens Power Corporation - Nuclear Division
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Model SP-1 and SP-2 Shipping Containers '

Fuel Category 2 - Original vs. New Spacing - IM Study

0.985

0.s80

0.975

+—— 2 Originat Spacing

0.970 : x - —

Kinf 2vslgmu

- — @— 1-15/16" Spacing

0.965

0.960

0.955
6 ' 7 8 9 10 11

Vol% Intersparsad Modarator

13

Figure 6.2 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel
Category 2 Inside SP-1/SP-2 Inner Containers, Infinite Array, Damaged Conditions

Siemens Power Corparation - Nuctéar Division
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6.3.1.3 FueliCategory 3
The following fuel description is listed under.5 (b}(1)(iii} of Reference 6:

= “U0, fuel assemblies with a maximum U-235 enrichment of 5.0 percent by weight,

and a max:mum average U-235 enrichment of 4.0 percent by weight. Each fuel
assembly is made up of fuel rods in a.10 x 10 square array, with a maximum fuel .
cross section of 5.022 inches square, a nominal pitch of 0.511 inch, and a
maximum fuel length of 174 inches. The maximum peliet diameter is 0.3356 inch,
the minimum clad thickness.is 0.0225 inch, and the maximum U-235 enrichment in
any edge rod is 4.0 percent by weight. Each assembiy contains at least 6 rods with
nominal 2 weight percent Gd,0,, which are symmetric about the diagonal, and each
assembly contains at least 4 water rods in the 4 central rod positions.”

The original calculations for this material type are found in Appendix 68 of Reference 7.
The Reference 7 calculations are unavaiiable from permanent storage, so the listing of the
most reactive case was retyped and rerun. The most reactive case from Reference 7
yielded a k., of 0.9675. (see page 6-B25 of Reference 7). The retyped version of this
calculation yielded a ki Of 0.96743 = 0.00283. This ensures that the correct case was
found and input correctly. Note that the Reference 7 calculations are for an infinite array
of containers.!

Next, a sensitivity study was performed for interspersed moderator and the reduced inner .
container dimensions, as discussed above. The results of these calculations are provided in
Table 6.3 and presented graphically in Figure 6.3. As shown, the peak reactivity for both
the old and new dimensions occurs at 8 vol% interspersed moderator. The reduced
dimensions result in a Ak;,, of +0.00506 at peak interspersed moderator.

The peak cases (both oid énd new dimensions) were rerun with 260 confainers ina
13x20x1 array. The results are summarized below and show a Ak, of +0.00416 between
the reactivities calculated for the 13x20x1 arrays with the old and new dimensions.

261636 May 19 1d:49:23 1998 /sgloj_h/c'lS‘7/SP‘..’CAT3/d:‘=a-l!pl.:3.'308.250 .88981 .40320 .89515  .3se2:
261694 May 19 16:13:39 1998 /sslolb/23517/SPL/CATI/drea-spl.c3.s2.008.360  .39361 003317  .39926 30037

The maximum reactivity for the 13x20x1 array of 0.90037 has a sufficient margin to 0.95
to support a Transport Index of 0.4 (125 cont;iners). :

Siemens Power Carporation - Nuclear Division
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Table 6.3 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel .
Category' 3 Inside SP-1/SP-2 Inner Containers, Infinite Array, Damaged Conditions .

!

File Name (droa-) VoI% IM - | Key *0 c Ky~ 20
2~ Spacing araund Channel Steel
sp1.c3.005 5 ' 0.94681 © 0.00236 0.95153
sp1.c3.006 6 0.95859 0.00259 0.96377
sp1.3.007 7 ' 0.96235 0.00314 0.96863
sp1.c3.008 8 . 0.96743 0.00293 0.97329
sp1.c3.009 9 0.96594 0.00294 0.97182
: 1-15/16" Spacing around Channel.Stesl |
sp1.c3.52.005 "5 0.94994, 0.00249 0.95492
sp1.c3.52.006 6 0.96068 0.00240 0.96548
sp1.c3.52.007 7 0.96964 0.00295 0.97554
sp1.3.52.008 8 0.97313 0.00267 0.97835
sp.c3.52.009 9 0.96700 0.00271 0.97242

Siemens Power Corporation - Nuclear Division
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Fiel Catagory 3 - Original vs. New Spacing - IM Study

-2
.-
- ‘.'\\_ a
- —3
-
o —e—— 2" Ongmna! Spacing
R e — ®— 1-15/16" Spacing
- ’
.
H

5 6 7 8 9 10

Voi% Interspersed quantor

Figure 6.3 Coﬁtainer Spacing and Interspersed Moderator Sensitivity Study for Fuel
Category 3 Inside SP-1/SP-2 Inner Containers,. Infinite Array, Damaged Conditions
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~ , -

6.3.1.4 Fuel Cateqorv 4

The following fuel descriptidn is listed under 5(b){1){iv) of Reference 6:

“U0, fuel rods with a maximum U-235 enrichment of 5.0 percent by weight, and a
minimum Gd,0, content of 1.0 percent by weight. The rods may be clad with
zircaloy, steel or aluminum. The rods have a maximum fuel pellet diameter of 0.5
inch, and a maximum fuel length of 169 inches.”

The calculations for this material type in Reference 3 show that this material is infinitely

subcritical. Therefore, no new calculations are required to justify use of the SP-1/SP-2
container with reduced inner container dimensions for this material type.

6.3.1.5 Fuel Cateagorv 5

The following fuel description is listed under 5{b){1){v) of Reference &:

“UQ; fuel assemblies composed of fuel rods in a 10 x 10 square array, with a
maximum fuel cross section of 5.0 inches square, and a maximum fuel length of
174 inches. The maximum U-235 enrichment is 5.0 weight percent, the maximum
U-235 enrichment for all edge rods is 4.0 weight percent, and the maximum average
enrichment, excluding perimeter rods and rods containing gadalinia (Gd,0,), is 4.0
weight percent U-235. The maximum fpellet diameter is 0.35 inch, and the
“minimum ciad thickness is 0.018 inch. Each assembly must have a water channel
in the central 3 x 3 rod positions. Any. number of additional water rods in any
arrangement is perrmitted, including part length rods. Each aséembly must include &t
least tweive rods with minimum nominal content of 2.0 weight percent gadolinia
(Gd,0;), in a pattern symmetric about one of the assembly diagonals. At least eight
of the twelve gadolinia rods must be Iojcated in rows 2 and 9, and in columns 2 and
9 of the assembly.”

The original c;a:lculatioﬁs for tfhis material type are found in Reference 8. The most reactive
case from Reference 8 yielded a k,, of 0.93001 = 0.00186 (10 vol% interspersed
moderator; case drda-evk10;.page 73).

The most reactive case from Reference 8 was retrieved from tape and modified to reduce :
the inner container spacing, as described above. A sensitivity study was performed for
interspersed moderator and the reduced inner Fontainer dimensions. The resuits of these
calculations are.provided in Table 6.4 and compared graphically to the Reference 8 resuits )
in Figure 6.4. As shown, the peak reactivity for both the old and new dimensions occurs
at 10 vol% .interspersed moderator. The reduced dimensions resuits in a Akyy Of
+0.00499 at peak interspersed moderator. The peak k. {0.93528 = 0.00172) for the
reduced dimensions and 104 containers has adequate margin to 0.95 to justify retention of
a Transport index of 1.0 for this material type.

1

Siemens Power Corporation - Nuclear Division
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Table 6.4 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel
Category 5 Inside SP-1/SP-2 Inner Containers, 8x13x1 Array (104 containers), Damaged

v Conditions :
£ File Name (droa-}] . Vol% IM : Kett o ky + 20
b 2* Spacing around Channel Steel (Results from Page 73 of Reference 8) ‘
Fiad evk08 : 8 ' 0.92694 0.00168 0.93032
i k10 70 0.93007 0.00186 0.93373
evkl2 12 0.92254 0.00181 0.92616
: 1-15/16" Spacing around Channel Steel
evk10.52.008 8 |" 093017 0.00181 0.93379
, evk10.52.009 , 9 |. o0.83280 0.00177 0.93634
evk10.52.010 10 | 0.93528 0.00772 0.93872
evk10.52.011 11 | 0.83156 0.00180 0.33516
evk10.52,012 - 12 l

i 0.82862 0.00163 : 0.93288

] Siemens Power Corparation - Nuclear Division
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Fuel Category 5 - Original vs. New Spacing - M Study . i
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Figure.6.4 Cantainer Spacing and Interspersed Moderator Sensitivity Study for Fuel Category 5
Inside SP-1/SP-2 Inner Containers, 8x13x1 Array (104 containers), Damaged Conditions
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6.3.1.6 Fuel Cateqorv 6

The following fuel description is listed under 5(b){1){vi) of Reference 6:

“UOQ, fuel assemblies composed of fuel rods in a 10 x 10 square array, with a
maximum fuel cross section of 5.0 inches square, and a maximum fuel length of
174 inches. The maximum U-235 enrichment is 5.0 weight percent. The maximum

" pellet diameter is 0.35 inch, and the minimum clad thickness is 0.018 inch. Each
assembly must have a water channel in the central 3 x 3 rod positions. Any number
of additional water rods in any arrangement is permitted, including part length rods.
Each éssembly must include at least eight rods with minimum nominal gadolinia
(Gd,05) content of 2.0 weight percent in all axial regions with enriched pellets.
Additional gadolinia rod specifications are included in supplement dated April 30,
1986."

The original’ calcutations for this material type are found in Reference 9. The most reactive
case from Reference 9 yielded a k, of 0.92544 = 0.00186 (16 vol% interspersed
moderatar; case drda-t6.16; page 35). -

‘The most reactive case from Reference 9 was retrieved from tape and modified to reduce

the inner container spacing, as described above. A sensitivity study was performed for
interspersed moderator and the reduced inner container dimensions. The resuits of these
calculations are provided in Table 6.5 and compared graphically to the Reference 9 results
in Figure 6.5." As shown, the peak reactivity for both the oid and new dimensions occurs
at 16 vol% interspersed moderator. The reduced dimensions resuit in a Ak, of +0.00494

‘ at peak intersbersed moderator. The peak kg, (0.93016 + 0.00197) for the reduced

dimensions and 104 containers has adequate margin to 0.95 to justify retention of a
Transport Index of 1.0 for this material type. - :

Siemens Power Corporauon - Nugiear Diviston
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Table G.S:Container Spacing and Interspersed Moderator Sensitivity Study for Fuel

Category 6 Inside SP-1/SP-2 Inner Con

tainers, 8x13x1 Array {104 containers), Damaged

Conditions
File Name {droa-) CUVRI%IAM LT ke, T o ke + 20
27 Spacing around Channel Steei {Results from Page 35 of Reference 9)
t6.15 15 0.92232 0.00191 0.92614
. t6.16 76. 0.92544 0.00786 0.92916
16.17. 17 0.92189 0.00197 0.92563
1-15/16" Spacing around Channel Steel
t6.16.015 15 0.92788 0.00174 0.93136
16.16.016 16 0.930176 0.00197 0.93410
t6.16.017 17 0.92708 0.00183 0.93074
t6.16.018 18 0.92418 0.00197 0.92813

Siemens Power Corﬁqration - Nuclear Division
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Fuel Catagory 6 - Qriginal vs. New Spacing - IM Study
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Figure 6.5 Ct::ntainer Spacing and Interspersed Moderator Sensitivity Study for Fuel Category 6
Inside SP-1/SP-2 Inner Containers, 8x13x1 Array (104 containers), Damaged Conditions
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6.3.1.7 Fuel Cateqory 7 ' . ' -

The following fuel description is listed under 5(b){1){vii) of Reference 6: : : f

“UO, fuel assemblies . composed of fuel rods in a 8 x 8 square array, with a
maximum fuel cross section of 5.0 inches square, and a maximum fuel length of
174 inches. The maximum U-235 enrichment is 5.0 weight percent. The maximum
pellet diameter is 0.40 inch, and the minimum clad thickness is 0.015 inch. Each
assembly must have a water channel in the centrai 3 x 3 rod positions. Any number
of additionai water rods in any arrangement is permitted, including part length rods.
Each assembly must include at least eight rods with minimum nominal gadolinia
(Gd,0,) content of 2.0 weight percent 'in ail axial regions with enriched pellets.

Additional gadolinia rod .specifications are included in supplement dated April 30
1996

The original calculations for this material type are found in Reference 8. The most reactive
case from Reference 9 yielded a k., of 0.90532 + 0.00173 (15 vol% interspersed
moderator; case drda-3a.15; page 41).

The most reactive case from Reference 9 was-retrieved from tape and modified to reduce
the inner container spacing, as described above. A sensitivity study was performed for
interspersed moderator and the reduced inner container dimensions. The results of these
calculations are provided in Table 6.6 and compared graphically to the Reference 9 resuits
in Figure 6.6. As shown, the peak reactivity shifts from 15 vol% interspersed moderator :
for the old dlmensmns 10 14 vol% |nterspersed moderator for the new dimensions. The
reduced dimensions result in a Ak, of +0. 00795 at peak interspersed moderator. The
peak Koy (0.91283 + 0.00195) for the reduced dimensions and 104 containers has
adequate margm to 0.95 to justify retention of -a Transport Index of 1.0.for this material
type.

R
RO

......
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Category 7 Inside SP-1/SP-2 Inner Con

Table 6.6 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel
tainers, 8x13x1 Array (104 containers), Damaged

Conditions
File. Name (droa-) Vol% IM | c ke + 20
‘2" Spacirig around Channel Steel (Resultsfrom Page 41 of Reference 9)

3a:14 14 0.89664 , 0.00177 080018 |

3a.75 15 0.90532 0.00773 0.90878

3a.16 18 0.90424 0.00186 0.90796

: 1-15/16" Spacing around Channal Steel

' 3a.15.013 13 [ o.e1079 0.00186 0.91451 l
3a.15.074 14 0.97283 0.00795 0.97673 |
. 3a:15.015 15 |, os1075 0.00183 0.91441 |

3a:15.016 18 0.90857 0.00182 0.81321
17 0.80689 0.00178 0.91045 |

3a.15.017 °

Siemens Power Corporation - Nuciear Divisicn
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Figure 6.6 Container Spacing and Interspersed Maderator Sensitivity Study for Fuel Category 7
Inside SP-1/SP-2 Inner Containers, 8x13x1 Arfay {104 containers), Damaged Conditions
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6.4 QA Review Description
1) Methodology used in this CSE is clearly defined and was verified to be applicable.

The calculation methods including details on cross section preparation, atom
densities assumed, and geometry medels were reviewed and determined to be
adequate Each of these items was vermed to be conservative.

2) Assumptions were reviewed for reaso'nableness and applicability to this analysis.

3) Modeling was reviewed and determined to conservatively model the actual system. '
A listing of .one or more of the most reactive cases is included in the CSE.

4) Refererjced sources were reviewed for appiicability to this CSE.
5) Input ioformation was checked against referenced sources.
6) Input for computer colculatlons were checked for agreement with values in the CSE
text.
7) Hand caiculations were independently. checked. |
8)- Kett for.worst case accident conditions is specifically stated in the text. |
‘ ' i

6.5 Samplé .Campute} Inputs

1) Case "drda-sp1.c1.s2.012": Caiegory 1 Material {see Reference 8) in SP-1
Inner Container, 12 vol% Interspersed Moderator, 13x20x1 Array {260 Containers),
Damaged Conditions -

=csas2s : ‘
model for category 1 assembly
hans infhom

' mixture 1

' interior uc2 pellets, 3.3 wt¥ u23s
u-235 1 0.0 §.163852e~04 293 end '
u-238 1 0.0 2.36239e-32 293-end

IS} 1 0.0 4.89015e-02 293 end

a
P
~
rt
c
"
i

' edge uo2 pellets, 3.3 wey ulls

.0 B.16852e-94 293 end
0 2.36335e-02 293 -end
0 4.89015e-02 293 end

' mixture 3

' edge uol pellets.facing other bundle, 3.3 wt¥ ulll
u-235 2 0.9 3.168532e-04 293 end
u-238 3 0.0 2.363392-d7 293 end
° I 0,2.4.39025e-02 293 end

E)
[
a
4

{
o
ol
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' gd-uo2 pellets, 4 wtYy u235, 4 wty gd
' u~235 4 0.0 9.4068e-04 293 end

' u-238 4 0.0 2.2291e-02 293 e;ld
"o 4 0.0 4.6464e-02 293 end

' agd 4 0.0 6.865846e-04 293 end
' mixture 5°

'  smeared zr clad

' pod, cid, cod = 0.4221", 0.4281", 0.4781"
' vol fraét zr'= 0.8988

! at dens = 0.8988 * 4.2518-2 = 3.8218e-02
zircalloy 5 0.0 3.8215e-02 293 end

' mixture 6

' 12 vol% incerspersed moderator
o 6 0.0 4,0056e-03 293 end

h 6 0.0 8.0112e-03 293 end
'omixTure 7

' carbon steel, 100 vol¥

¢ 7 0.0 3.921682e-03 233 end
f2 7 0.0 8.350009e-02 293 end

' mixzure 8
carbon steel, 85.57 volYy gmeared with 12 volt h2o
8 0.0 3.355783e-03 293 end
0 7.145103e-~02 293 end
.0.5.7801e-04 293 end
0 1.1560e-03 293 end

o m @
o oo

c
£
o
h

' mixture 9

carbon steel, i8.64 vol¥

9 0.0 3.38B8333e-04 253 end -
9 0.0 7.21440B8e-03 293 end
9 0.0 3.6595e=-03 233 end

'9 0.0 7.3190e-03 293 end

e

a ma

mixture 10

' water for reflector

© 10 0.0 3.344e-02 293 end
h 10 0.0 §.68%e-02 293 end

end comp
more data
res= 1 cyli, 3.9493E-01 danl 1)= 7.9334E-02
ress 2 cyli 6.2643E-01 dan{ 2)= 4.8377E-01
res= 3 cyli. 5.9010E-01 dan{ 3)= S5.660SE-01
end more ' )
model for category 1 assembly
read paramecers !
tme=60.0 gen=103 npg=500
flx=yes fdn=yes xsl=yes nubayes pwtayes
runayes plt=yes
end parameters
read geometIy

unxt 1

com=" .interior uo2 rod "
cyli 2 1 0.5361 2p225.38
cyli 5 1 0.6072 '2p225.58
cubo & 1 4p0.71785 2p225.58
unit 2

com=" edge uol ¥od *

cyli 2 1 0.5361 2p235.38
cyli 5 1 0,607 2p225.58
cupo & 1 4p0.71785 2pI25.58
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urirt 3
cem=" edge rod facing other bundle "

cyli 3 1 0.5361 2p225.58
! cyld 5 1 0.6072 2p225.58
v cubo € 1 4p0.71785 2p225.58
' unit 4 ' ‘
‘ com=" uo2-gd203 zrod *
Voeylio o4 2 OI.S::GI 2p235.58
tevln 531 0.5072 2p225.58
''cubo 6§ 1 4p0.7178% 2p225.53
3 uniz § k
o com=" 9x2 bundle in left basker

array 1 2r-5.46063 -225.58

cubo § 1 4p8.7381 2p225.58:

' add 0.00598 inch of perZoratad steel

cubo 8 1 4p8.89 2p225.58

ulic § .

czm=" 9x9 bundle in right basket "

array 2 2r-£.46065 -225.58

cubo 6 1 4p8.7381 2p225.58

' add 0.00598 inch of perforated steel

cuto 8 : 4p8.89 2Ipl25.58

unic 7 : .

com=" spacing & steel angle beside basket
cubo 9 1 2p2.46063 2p4.9391 2p235.38

cubo 6 1 2p2.46063 2p8.89 2p225.58

unic 8 : .

cem=" angles & spacing beneath & above baskecs "

cebo 8 1 2p4.9392 2p2.46063 29325.38

cube 6 1 2p8.35 2p2.460€3 2p225.58

unz H o

com="1 15/1§ x i 15/16 inch moderation regions at’ corners "

cubo 6 1 4pZ,46063 2p225.58 .
uniz 10

com=" 1 inner céntainer "

array 3 -23.86 ~-.3.97 -225.E8

' add 0.0538 inch walls '
ol 7 L 6r0.15i9 1

)

com=*arrav of inners =

array 4 3r%.0

rapl 10 2 §x3.0 10

end geomecxy

read array '

aras=s1l nux=5 nuy=9 nus=l
!

221222222
2111111113
2211111113

DA A U A S A
L T N | k|

[ W R W I WRR I )

Ta
-
-
-
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31111112172
311111112
222222222

' ara=3 nuxs4 nuy=3 nuz=1

W0 -1\

end £ii1 '

aras4 nuxX=13 nuy=20 nuzs=i
£il1 £10 end £33

end array

read starc .

nst=1 '

end stars

read bcunds

allz=vacuum

end bounds

read bias
id=500 2 1z
end bias

r2ad plot
1

ttl=" xy section of bottom left ccntainer !

xul=0 Tyul=28.2438 zul=10
x1lr=46.0238 ylr=0 zlr=10
uax=i vdn=-1 naxs150 1lpi=10

=' xy section of 5xS5 array '

| yul=141.219  zul=10

=230.112 vlr=0 zlr=10

uax=1 vdn=-1 nax=150 lpi=10

g
TR
u
=3

end data.
end

2) Case "drda-t6.16.01 6”: Category 6 Material (see Reference 6) in SP-1 Inner
Container, 16 vol% Interspersed Moderator, 8x13x1 Array (104 Containers),

Damaged Conditions

=C3asas '
sp-1 with 5.0% enriched 10x10 fuel
hans ' infh -

uol 1 0.38 293.0 92235 5.0 92238 95.5  end

ucs 2 0.98 293.0 92335 5.0 92238 95.0 end

uol 3. 0.98 293.0 92235 5.0 52239 95.0 end

uel 4 0.98 293.0 92235 5.0 92238 95.9 end

W
Q

wol .98 293.0 32235 5.0 22238 35.0 end
WOl 5 0,93 283.0 91235 5.0 92238 95.0 and

Poisen rod with 2% gd2ol

Siemens Power Corporation - Nuclear Division
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' td of uo2-gd203 = 10.96 -2.65*p/ [p+0.67145+ (2-p)], p=wt frac.gd2o3
' "p" is 0.02 here, td is 10.9012 -

' pellet density is 0.98*10.5012=10.6832

' uo2 density is 0.985%10.6832 = 10.5230

' gd2o03 density is 0.02*10.6832 = 0.1502 gm/cc

uo2 7 den=10.5230 1.0 223.0 92235 5.00 92238 95.00 end

arbmgd203 0.1602 2 0 1 0 64000 2 8016 3

7 1.0 293. end: ’

' watex, 15 vol.¥
h20 9 0.16 293.0 end

' basket steel

carscnsteel 10 1.0 293.0 end
T ' angle steel

' cartonsteel 11:'1.0 293.0 end
' shell steel:

carzensteel 12:1.0 2931.0 end
' reflector water

h2o 13 1.0 293 end

'~ polyethylene, 100 volt
artmpe 0.392 2 0 1 0 012
14 1.0 293. end

[¥]
'™
o
o-
I
1

"' higher enriched rods
uo2 15 0.98-293.0 92235 5.0 92238 95.0 end

end comp-

more data

res= 1 cyli !3.32572-01 dan(  1)= 7.2144Z-01

res= 2 cyli 4.07738-01 dan(, 2)= §.§051E-01 .

ress 3 cyli 4.38052-01 dan{ 3)= 4.3406E-01 . .

res= 4 cyli 4.9935E-01 dan{ 4)= 4.3695E-01 ' , : ;
res= 5 cyli 4.831SE-01 dan{ S5j= 4.7915E-01 . |
zes= 6 cyli 4.8334E-01 dan( 6)= 4.8263E-01 |
res= 7 cyli 3.28113-01 dan{ 7)= 7.3696E-01

end moxre . '

sp-1 with 4.0% enriched 10x10 fuel
read parameters

tme=90 gen=200 npg=600 nsk=0 )

flx=yes fdn=yes xslsves nub=yes pwt=ves )

Tun=yes plt=yes

end parameters

read geom

' pellet diam:, 0,35"
' gap: zero

' clad thk: 0.018"

' piteh: 0.51:7“

unic L
ccm="interior rod”
cvly 1 0.4445 2p226.655

R
cyli 8 1 0.49022 2p226.435

cubo 9 1 2p0.6510866 2p0.49022 2pIl5.595
' polvethvlene. shims between rods

' cubo 14 1 4p0.6510866 2p2l5.59%

‘ use ld water;in place of shims

cuno 8 1 4p0.6510866 2pll6.835

com="11T2rLor rods arsund water Tad!
1 0.4445 Ip2zs§.598

Siemens Power Corporauon - Nuclear Division




cuko 9 1 4p0.6510866 2p226.695

unic 4

com="edge rod facing down®"

CYli 4 1 0.4445 2p226.635

cyli 8 1 0.45022 2p226.695

cubc 9 1 .2p0.6510866 0.49022 -0.6510866 2p226.6395

1

cubo 2 1 4p0.6510866 2p226.655

unis § , :
com="edge rod facing other sundle*

€71l 5 1 0.4445 2p226.695 ’

cyli 8 1 0.49022 2p226.695

cubo 9 1 2p0.6510866 2p0.49022 2p226.695

cubo 9 1 4p0.6510866 2p226.655

unic §

com="edge rod facing out"” o |
cYli 6 1 0.4445 2p226.655 " S |
cyli 8 1 0.49022 2p226.69% o
cubo 9 1 2p0.6510866 2p0.43022 2p226.695

cubo 9 1 4p0.6510866 2p226.639%8

i
cubo 3 1 4p0.6510866 2p226.695 ‘ ) :

uniz 3 -

cem="adge rod facing up"

cyli 3 1 0.4445 2p236.695

€vil 8 1 0.45022 2p226.695

cubo 9 1 2p0.é510866’ 0.6510866 ~0.49022 2p226.695

EMF-1563
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cyli 8 1 0.49022 2p226.635
cubo 9 1 2p0.6510866 2p0.49022 2p226.595

polyethylene shins betwean rods

cubo 14 1 4p0.6510866 2p226.695 s

use ld water.in place of shims . '

polyethylene shims betwsen rods :
cubo 14 1 400.6510866 2p226.695
use ld water 'in place of shims !

pol'yethylene shims between rods
cubo 14 2 4p0:5510866 2p226.695
use ld water in place of shims

pPolyethylene shims betwesn rods
Cubo 14 1 4p0.6510B6§ 2p226.695
use 1ld water in place of shims

polyethylene shims betwesn rocds -
cuba 14 1 4p0.6510866 2p226.695 ‘
use 14 water in place of shims

unit 7

com="uo2-gd203 rod* ) ) e
eyli 7 1 0.4445 2p226.695 . . P
cvli’ 8 1 0.49022  2p226.685 :

cubo 9 1 2p0.65;.0856 2p0.4902Z 2pI26.69S

uniz 2 ‘ Lo

com='side basket elemenz, 0.0538"x1.75"xl1.7S" greel with 0.75" diam.
xeyl 9 1 0.9525 0.1519 0.0

cubc 10 1 0.1519 0.0 4p2.222

Siemens Power Corporation - Nuclear Division

unic 3
com="water rod"
cubo 9 1 4p0.6310866 2p226.835

polyethylena shims between rods
cubo 14 1 4p0.6510866 2p226.695 e
use ld water in place of shims :

‘cubo 9 1 4p0.65108662p226.535 a.
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unit 10 . . _ ‘
com='side basker element, 0.0598"x1.6502"x1.75" steel with 0.75" diam. hols"’
xeyl 9 1 0.9525.0.‘1515 c.0
cubo 10 1 0.1519 0.0 2p2.14635 2p2.2225

unit 11 . ,
tom='one complete basker side’ . |

1x4x102 array of umizs 10 & 1°
arzay 1 0.0 -8.7381 -236.505 |
unit 12 . '.
com='top/bottom basket element '

. ' 1.75"x0.0598"x1.75" sreel with 0.75" . diam. holie'
o 7eyl 9 1 0.9525 0.151¢2 0.0 '
Cubo 10 1 2p2.2225 0,151 0.0 2p2.2228

unse 13
com='top/bottom basket element '

' 1.6902"x0.0598"x1.75" sreel wizh 0.75" diam. hole'
veyl ¢ 1 0.9525 0.1513 9.0

cubo 10 1 2p2.14655 0.2519 0.0 2p2.2228

e
(14

1
14 o ' , |
" com='one complete hasket top/bottom’
' 4X1x102 array.of umits 13&14
array 2 -8.7381 0.0 -226.695

unic 15 .
cem='0.0598" steel at hasket corners’
cubo 1

0 1 0.1519 0.0 0.1519 0.0 2p226.5695

unit' 16 ' : :
cem=" gpacing & :steel angle at -x side of baskec . ' ' |
cubo 9 1 4,92126 0.0 2p8.89 2p226.69%
hole 22 0.15875 0.0 0.0

hole 22 0.47625 -0.3175 6.0 |
hole 22 0.47625 0.3175 0.0 |
hole 22 0.7937% .35 0.0

hcie 22 0.79375 -0.635 0.0

hele 22 1.11325 0.9825 g.¢

hole 22 1.11125 -0.e525 0.0

hole 22 1.42875: 1.27 0.0

hole 22 1.42875' -1.27 0.9

hole 22  1.74625° 1.5875 0.0

hole 22 1.74625; -1.5375 0.0

hole 22 2.08375 1.905 0.0

hole 22 2.06375 -1.90% 0.9

hole 22 2.38125° 2.2225 0.0

hole 22 2.38125,-2.2225 0.0

hole 22 2.69875 2.54 9.0

hoi= 22 2.69875.-2.54 q.0

hole 22 3.01625: 2.3575 0.0

Role 2z 3.01625.-2.8575 0.0

hele 22 3.33375. 3.175 0.0

hole 22 3.33375'-3.175 0.0

hoie 22 3.65125 3.4925 0.5

hole I 3.65125 -3.4935 ¢.0 .
hole 22 3.96¢875 3.31 0.0 !
hole 221 3.96875 -3.81 0.0 ! :
hole 22 4.28625 % 4.2275 2.9 |
hole 22 4.28625 -4.227%5 0.9 |
hole 22 4.60375 4.445 0.9

hole 22 4 -4.445 9.0

.60375 !

Siemens Power Corporation - Nuclear Division
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unit 17 ——= g

com=" spacing & steel angle’'at +x side of basket "
cubo 91 0.0 -4.92126 2p8.89 2p226.695

hole 22 -0.15875 6.0 0.0 '

hole 22 -0.47625 -40.3175
hole 22 -0.47625 0.327%
hole 22  -0.79375 0.535
hole 22 -0.79375 -0.53%
hole 22 -1.11i25 o0.9525
hole 22 -1.11125 -0.3525 0.0
hole 22 . -1.42875 1.27 0.0
hole 22 -1.42875 -1.27 0.0

O o0 o oan

hole 22 ~1.74625 1.5875 0.0 b

hole 22 -1.74625 -~1.5375 0.9
hole 22 -2.06375 1.305 0.0 ’
hole 22 -2.06375 -1.305 0.0
hole 22 -2.38125 2.2735 0.9
hole 22 -2.381235 -2.2225 p.¢g
hole 22 -2.69875 2.54 0.0
hele 22 -2.69875 -2.5{ 0.0
hole 22 -3.01625 2.8575 9.0
hole 22 -3.01625 -2.2575 o.g
hele 22 -3.333%s 3.1 0.0

hole 22 -3.331375 -3.175 o0.¢
hole 22 -3.635125 3.4925 0.9
hole 22 -3.65125 -1.4825 gq.¢
hole 22 -3.96875 3.81 0.0
hole 22 -3.96875 -3.81 0.5

hole 22 -4.28625 4.1278 0.0
hole 22 -4.28625 -4.1275 .0
hole 22 -4.60375 4.445 0.0

hole 22 -4.60375 -4.445 0.9

unit 18 o

eem=" angles & spacing keneath baskets
cubo 9 1 2p8.89 4.92326 0.0 2p226.69¢
hole 21 0.0 0.15875 9.0

"hole 21 -0.3175 : 0.47625 0.4

hole 21 0.3175 0.47625 0.0

hole 21 0.635 0.7937% 0.0

hole 21 -0.635 0.79375 o¢.0

hole 21 0.9525 .1.12125 0.0

hole 21 -0.8525 "1.11175 o0.¢g

hole 21 1.27 1.42875 0.0

hole 21 -1.27 1.42875 o.g

o

hole 21 1.5875 "1.74625 0.0
hole 21 -1.5875 ;1.74625 0.0
hole 21 1.905 2.06375 0.0
hole 21 -1.905 2.06375 0.0
hole 21 2.2225 2.38135 0.0
hole 21 -2.2225 2.3813¢ ¢.g

hole 21 -2.54 2.69875 0.0
hole 21 -2.54 2.59875 5.0
hole 21 2.8575 3.01625 o¢.0
hole 21" -2.8575:3.01625 0.0
hole 21 3,175 3.3337% 0.0
hole 21 -3,175.3.23375 0.0
hole 21 3.4925 3.6512% 0.0
hole 21  -3.4925 13.§5135 0.0
hole 22 3.91 3.96875 0.0
hele 212 -3,81 3.96875 3.9
hole -1 4.1275 4.28625 0.0
hole 21 -4.1275 4.28635 0.9
hole 21  4.445 4.50375 7.0
hele 21 -4.445 | 4.63575 0.0
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unit 15

cubo 9 1 2p8.
hole 21 0.0 '-
hole 21 -0.3175
hols 21 0.3175
hole 21 0.635
hole 21 -0,635

Model SP-1 and SP-2 Shipping Containers

.com="angles & spacing above baskets
89 0.0 -4.92126 2p226.695

0.15875 0.0
-0.47625 G©.
-0.47625 0.

-0.79375 0.0
-0.79375 0.0

0
0

hole 21 0.9525 -1.11125 0.9
hole 21 -0,9525 -1.12125 0.0
hole 21 1:27 ' -1.42875 0.0
hole 21 -1.27 -1.42875 0.0
hole 21 1.5875- -1.7462f 0.0
hole 21 -1.5875 -1.74625 0.)
hole 21 1.905 -2.0637% 0.0
hole 21 -1.905  -2.06375 0.0
hole 21 2.2225 -2.38135 0.3
. hole 21 -2,2225 -2.38125 0.0
hole 21  2.54 -2.6987% 0.0
hole 21 -2.54°-2.6587% 0.0
hole 22 2.8575 -3.01625 0.0
hole 21 -2.8575 -3.01625 0.0
hole 21  3.175 -3.33375 0.0
hole Z:  -3.175 -3.33175 0.0
hole 21 3.4925 -3.55125 0.0.
hele 21  -3.4925 -3.65125 0.0
hole 21 3.81 -3.96875 0.0°
hole 21  -3.81 -3.96875 0.0
hole 21 4.1575 -4.28625 0.0
hole 21 -4.1275 -4.28625 0.0
fole 21 4.445 -4.80375 0.0
hole 21 . -4.445 -4.60375 0.0
uniz 20

com=" 1 15/16 x .1 15/16 inch moderation regions at corners "
Cuco . 9 I 4p2.46063 20226.695

unit 21

com="part of steel angle® D
* 0.1552" x 0.125" .

cubo 11 1 2p0.197104 2p0.15874 2p226.695

unit 22 :

com="part of steel angle*

' 0.125" x Q.1552"

cubo 11 1 2p0.15374 2p0.197104 2p226.695

unit 23

com="left (-x) 10x10 bundle in baskez"

' bundle at outer edge, cesntered verzzcally
array 3 -8.7381 -5.510866 -226.695

cubo 9 1 2p8.7381 2p§.7181 . 2p226.525

unit 24 )

cam="right 10x10 bundle in baskecr"”

' bundle at outer edge, centereq verzically
array 4 -4,2836334 -5.510868 -228.685

cubo 9 1 2p8.7381 2p8.7381 2pll6.635

enat 25
com="ccmplete left basket with Sundla*

arzay S 2r-8.89 -226.69%

unic 16

Siemens Power Corporation - Nuclear Division
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[

cm="complete right basket with bundle"

,array 6 2r-g.g89 -226.695

unic 27 '
ccm=" 1 inner container * .
array 7 -22.86 ~13.97 -226.695
' add 0.0598 ipe

repl 12 1 6r0i1is519 1

uniz 28

com=" 1 15/1¢ X 1 15/16 inch moderati
Cubo 2 1 4p2.46063 2p226.695
uniz 29 )

ccm='higher enriched rods!

Cyii 15 1 0.4445 2p226.695
cyli 81 0.49022 2p226.695
cubo

cuko

9 1 2p0.6510868 2p0.49022 2p226.695
polyethylene shims bectween rods
14 1 4p0.6510866 2p22¢.655

global

un

com=" 8x13xl array
arzay 8 -184.0952 -183.5847 -226.653%
reflector at all § faces

add 30 cm watexr

30

repl 13 2 6x3.0 ;10

-end geom

read array

ara=l nuxs=3 nuy=4 nus=102

loeop '

g 111 2 3.1 11021
0 1112 143 11021
end loeop

ara=2 nux=4 nuy=1 nus==102

loop

2 231 111’11_021
13 14 3 111511021
end loop

right bundle, ‘Poison corner at 11

3ras3 nux=10 nuy=10 puz=

£i1
03
05
a5
a5
Qs
05
0S8
05
Qs
04

k]
a1
01
01
01
01
07
01
01
04

03 03 03 03 03 03 a3 03
01 01 o1 01 07 01 01 06
01 01 01 01 01 07 01 0s
02 01 02 02 02 02 07 08

01 02 08 08.08 02 01 06 .

01 02 08 08 08 02 01 06
01 02 08 08'08 02 01 06
07 02 02 02°02 02 01 06
01 07 01 01:01 01 01 06
04 04 04 0404 04 04 04

end i1l

araxg

&1~

04 04
06 91
as 01

Siemens Power Corporation - Nuclear Division

left bundla, poison corner at ur

nuxX=10 nuy=10 nuz=l

04 04 04 04 04 04 04 04
01 07 01 01 01 01 01 as
07 01 01 91 01 01 01 o0s

Page 35 of 37°
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'06 07 02 02 02 62 02 01 01 05

06 01 02 08 08 08 02 01 01 0S
06 01 02 08 08 08 02 01 Q1 0S
06 01 02 08 08 08 02 C1 07 05
06 01 02 02 02 02 02 07 01 0S
06 01 01 01 01 01 07 01 01 0%
03 03 03 03 03 03 03 03 03 03
end £ii1 c

ara=5 nux=3 nuy=3 nuz=i
i1l :

15 14 15

11 23 11

1Z 14 13

end £illi

ara=6 nuxal nuy=3 nuz=l
il ’

15 14 15

1l 24 12

15 14 15

end fill

ara=7 nux=4 nuy=3 nuz=i
P A '

20 18 18 20
16 25 26 17
28.19 19 28
end £il}

ara=8 nux=08 nuy=13 npuz=1
£i11 £27 end f£ili

end array

re2ad start nsc=l
' X5M=-45.72 X3p=45.72 ysm=~27.94 ysp=27.94 zsma-10 Isp=10
end starc

read bounds alf=vacuum end bounds
read bias id=500 2 11 end bias

read plot o

ttl=" yx section of ‘single storage location
neh=" xx*d>g: ..$55*x" .

Xul=-10.0 x1r=10.0 yul=10.0 ylr=-10.0 zul=0.0 zlr=0.0
uax=1.0 vdn=-1.0 nax=120 lpi=10 end

ttl=" yx section of single storage location "
nch=" xx*dsg: ,$ss*x"

Xul=-40.0 x1r=40.0 yul=40.0 ylr=-40.0 zul=0.0 zlr=0.0
uax=1.0 vdn=-1.0 nax=120 lpi=10 end

i=" yx sect:on of two bundles in inner con:alge: "
ach=" 123456789abcde” ‘
1=-10.0 xlr=10.0 yul=10.0 ylr=-10.0 zul=l.0: = x=1.0
ttl=" yx secton of Ewo bundles in inner ccntainer
nch=" 123456789ahcde ’
Xul=-25.0 x1r=25.0 yul=15.0 ylr=-15.0 zul=1.0, =lr=1.9
uax=1.0 vdna-1.0 nax=140 lpi=10 end
ttl=" yx section of lsft bundle :n inner container "
xul=-5.0 %1r=55.0 vul=10.0 ylr=-10.9 =zulsi.0 ;lr:l.o
uax=1.0 vdn=-1.0 nax=140 lpi=10 end
ttl=" vx section of left bundle in inner container *
nch=" 12345§789abede*
¥l=-20.0 xlr=0.0 : yui=i0.0 ylr=-10.) zul=1.d zlr=i.g

"
Siemens Power Corparation - Nuclear Division
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uax=1.0 vdn=+1.0 nax=140 lpi=10 end
ttl=" yx section of risght bundle in innex contaxner "
nch=" 123456789abcde”

xul=0.0 %x1r=20.0 yul=10.0 ylr=-10.0 ..ul=1.0.zlr=1.0
uax=1.0 vdn=-1.0 nax=140 lpi=10 end

end plot :

end data

end

8.6 References
1) SPC Crmcahty Safety' Analysis BFQ-SP1.1, SP-1 SHIPPING CONTAINER.

2) SPC Criticality Safety Analysis BFQ-SP1.2, SP-1 SUPPLEMENTAL APPLICATION.

3) "~ SPC Cntxcahty Safety Analysis BFQ- SP1 3, SP-1 SHIPMENTS WITH GADOLINIA
ROD CONTAINER. - :

4) SCALE Standardized Computer Analyses for Licensing: Evaluation, NUREG/CR-2000
ORNL/NUREG/CSD-2, Volumes 1, 2, and 3.

5) Critical Separation Between Subcritical Clusters of 4.31 wt% Enriched UO, Rods in
" Water with Fixed Neutron Poisons, NUREG/CR-0073.

6) Certificate USA/9248/AF, Revision 11, SP-1 and SP-2 Shipping Certificate

7)‘ : EMF-1583, Revisioﬁ 1, Consolidated License Application for Siemens Power

Corporation Model SP-1 and SP-2 Shigging Containers, December 1993. ,

8) EMF—1563 Suppiement 1, Rews:on 1, Supplemental License Application for
Slemens ‘Power Corporation Model SP-1 and SP-2 Shipping Containers, March 1995.

8) EMF-1 563, Supplement 4, Sugglemental License Application for Siemens Power .

Corporation Mode} SP-1 and SP-2 Shipping Containers, February 1996. - '

10) EMF-94-175, "Validation and Verification of KENO.Va" by R. E. Coen, Siemens Power
Corpaoration - Nuclear Division, 2101 Horn Rapids Road, Richland, WA 988352.
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April 18, 1996

JBE:96:031 -

U.S. Nuclear Regulatory Commission
Attn: Mr. C. R.-Chappell, Section Leader
‘Cask Certification Section

Spent Fuel'Project Office: NMSS
Washington, D.C. 20555

Dear Mr. Chappell:—

Subject:  Application to Amend Certificate of Compliance 8248 \

Per'my recent telephone conversation with Nancy Osgood o7 your staff, Siemens Power
Corporation (SPC) requests the following wording changes for clarification in Certificate of
Compliance 9248 when it is next revised:

in 5(b)(1 )(iii} the statement, “Any number of water rods in any arrangement are
permltted " Should be changed 1o, ”Any number of water rods in any arrangement is
perrmtted including part length rods.”

In 5{b)(1)(vi) the statement, “Any number of additional water rods 'in anv arrangement
are permitted” should be changed to, “Any number of additional water rods in any
arrang'ement is permirted, including part length rods.”

In the revision applied for on February S, 1896, in S(b){(1){vii) and 5 (b){1)}(viii) the
statement, in the. first paragraphs, "Any number of additional water rods or water
channels in any arrangement is permitted” should be changed to “Any number of
additional warter rods or water channels in any arrangement is permltted including part
fength rods.”

If you need fdrther information on this request, please call me at 509-375-8663.

Very truly yours,

James B. Edgar
Staff Engineer, Licensing

pm

Siemens Power Corporation

Nugtear Division ‘ :2101 Horn Rapios Roaa Ten £09) 375.3100
Sngineenng & Manuiacsunng 20 2ox 20 rax:  308i 375-8402
' Jiervans, V= 29322-0730 :
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., JBE:96:034

U.S. Nuciear Reguiatory Commission
Attn: Mr. C. R: Chappell, Section Leader
Cask Certification Section -

Spent Fuel Project. Office: NMSS
Washington, D.C. 20555

Dear Mr. Chappell
' : Subject -Apphcatlon to Amend Certificate of Compliance 3248

Per my telephone conversation today with Nancy Osgood of your staff, this application
supplements Siemens Power Corporation’s (SPC’s) application dated February 8, 1998, SPC
requests an amendment of -Certificate of Compiiance 8248 to add fuel assambly Types
5(b){1){vii) and 5(b){1){viii) as described beiow:

April 30, 1996

5(b{1)tvii) - UO-, fuel assemblies with a maximum U-235 enrichment of 5.0 wt.%. Each
assembly is composed of a 10x10 array of fuel rods' with a water channel or water rods

" in a central. 3x3 rod location. Any number of additional water rods or warter channe‘s in
any. arrangement is permitted, including part length rods. The maximum fue! ‘dimensions
are 5.0" by 5.0” by 174". The maximurn pellet diameter is C.35" and the minimum clad
thickness is 0.018".. Each assembly shall include at least eight rods with at least 2.0
wt.% gadolinia in all axial regions with enriched pellets.

The eight gadolinia rods shall be iocated in a pattern symmetric about one of the
assembly diagonals and meet the following constraints:

4 1. The nominal diameter of the gadolinia pellets shall be not less than that of the
' UO, (non-gadoiinia) pellets and the rods shall be in non-perimeter positions.

2. ‘At least two gadolinia rods shall be in row 2 and two addition;al rods shall be in
" column 2.
1 ‘ 3. At least two gadolinia rods shall be in rows 8 and/or 9 and at least two additional

gadolinia rods shall be in columns 8 and/or 9.

e ' 4, A unit cell containing a gadolinia rod shall not share a common face with another
gadolinia rod unless those sharing a common face are counted as one rod; i.e.,
gadolinia rods may share a common corner.

5(bi(1 H!iii! UO; fuel assemblies with a maximum U-235 enrichment of 5.0 wt.%. Each

: assembly is composed of a 9x€ array of fuel rods with a water channel or water rods in
. Slemens Power Corporatlon

) Nuceear Division 2101 Horr Racics Read -

Snoineering & Manuiactuning 2.0 Box 130
1- . R =t "'1!315 WA 99252 01-—5

vel,  1509) 275-8100
Fax. 13091 375-8402

———
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-4R| 30, 1996

the center 3x3 rod locations. Any number of additional water rods of water channels in

any arrangement is permitted, including part length rods. The maximum fuel dimensions

are 5.0” by 5.0” by 174". The maximum peliet diameter is 0.40” and the minimum clad

thickness'is 0.015”. Each assembiy shall include at least eight rods wrth at least 2 ]
wt.% gadolinia in all axial regions with enriched pellets.

-The elght'gadohma rods shall be located in a pattern symmetric about one of the
assembly diagonals and meet the following constraints:

1. The nominal diameter of the gadolinia peliets shail be not less than that of the
" UO, (non-gadolinia) ‘pellets and the rods shall be in non perimeter paositions.

2. At least two gadolinia rods shall be in rows 2 and 8 and two additional rods shall
be in columns 2 and 8.

3. A.unit cell containing a gadolinia rod shall not have share a common face with

- ariother gadolinia rod uniess those sharing 2 common face are counted as one rod;

i.e., gadolinia rods may share a common corner.

The assemblies will be loaded and unioaded and the containers handled; maintained and shipped
in accordance with Sections 7 and 8 of SPC's “Consolidated License Appiication for Siemens
Power Corporation Model SP-1 and SP-2 Shipping Containers”, document EMF-1563. -

SPC has a contractual commitment to deliver a reload of assembiies of the design described. in
5(b}1 (viii) beginning in early June of this year. We would, therefore, appreciate an expedited
review to permit these shipments.

If | can provide further information to facilitate your reviev\),' please call me at (508) 375-8663.

Very truly yours,

74,

Staff Engineer,: Licensing

pm

_ EMF-1563
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| SIEMENS POWER CORPORATION SUPPLEMENTAL
APPLICATION TO ADD THE SP-3 INNER CONTAINER
TO CERTIFICATE OF COMPLIANCE 9248

*This Appendix 6H replaces that provided with revision 9 of EMF-1563 submitted

April 12, 1999.
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Criticality Evaluation

1. Introduction and Summary

1.1 Introduction

Section 2 of this evaluation details the methodologies used for the criticality analysis.
Component description and analysis are provided in Section 3. Section 4 contains the Quahty
Assurance (QA) review. Section 5 documents the references.
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2. Analysis Methodology

2.1 Nuclear Analysis Methodology
Monte Carlo techniques were used in this analysis. The sensitivity of pellet diameter, pellet
pitch, Znd interspersed moderator within the SP-3 inner container were evaluated.

2.2 Computer Codes and Databases Used
The follovsfing codes and cross section libraries are part of the SCALE 4.2 system of codes
(Reference 4) placed on the SPC HP workstation SSLO1.

791176 Jun 22 1994 11:36:41 o0o000l.a (XSDRN)
545416 Feb 21 1994 10:25:06 000002.a (NITAWL)
516744 Feb 21 1994 10:14:38 000008.a (BONAMI)
1094280 Jun 22 1994 11:46:27 o000009.a (KENO.Va)
112000 Feb 23 1994 15:16:47 albdata.bin
4256216 Feb 23 1994 14:40:21 pxsl23.bin (123 group master cross section
) library)
362140 Feb 25 1994 16:54:21 pxsl6.bin (16 group master cross section library)
9020996 Feb 23 1994 14:53:45 pxs218.bin (218 group master cross section
: library)
824404 Feb 23 1994 14:38:03 pxs27.bin (27 group master cross section library)
94400 Feb 23 1994 15:12:03 stdcomp.bin (standard comp. library)
44812 Feb 23 1994 15:14:40 wtdata.bin
287 Jul 7 1994 09:35:35 csas25
2295 Jul ‘7 1994 17:07:41 drva

2.3 Cré_ss Section Preparation

The Hansen-Roach 16-energy group cross sections available in SCALE were used for all .
calculations. BONAMI and NITAWL adjust the master formaf cross section data for the specific
problem cross sections (e.g., perform resonance self-shielding corrections).

24  Benchmarking K .

~ The SCALE 4.2 system of codes was developed for use by the USNRC and its licensees. SPC

benchmarking of SCALE 4.2 on HP Workstations includes critical experiments of 4.31%

_enriched assemblies from NUREG/CR-0073 (Reference 5) which were modeled using the same

methodoloéy used in these calculations. A bias estimate based on 23 pooled cases was
calculated from the 16-group data in Table 12 of Reference 10 and is -0.00321 % 0.00261. ‘
Negative bias indicates conservative results.

T
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3. - Component Description and Analysis

3.1 Reduced Dimensions of SP-3 Inner Container

The dim'er:lsions of the SP-3 inner container are shown on drawing EMF-309,818. In previous
analyses, the SP-1 inner container (drawing EMF-304,416) was modeled with a 1-15/16” space
between the channel and the outer stes] bdx (space occupied by angle steel). The calculations
of this section justify the use of a 1-5/8” space, instead of 1-15/16". This change in dimension
only affecfs the calculations for damaged conditions, as the outer container provides the
container épacing
6880

evaluated below.

foru

&

The KENO models used in this section are consistent with those used previously for the
respective material types with one exception, i.e., the inner container spacing, discussed above.
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4.
1)

2)
3)

4

5)
6)
7)

8)

1)
2)
3)

4)

5)

6)
7

8)

9)

' CONTAINER.

QA Review Description

Methodology used in this CSE is cléarly defined and was verified to be applicable.  The
calculation methods including details on cross section preparation, atom densities -
assumed, and geometry models were reviewed and determined to be adequate. Each

of these items was verified to be conservative.

Assumptions were reviewed for reasonableness and applicability to this analysis.

Mddeling was reviewed and determined to conservatively model the actual system. A
listing of one or more of the most reactive cases is included in the CSE.

Referenced sources were reviewed for applicability to this CSE.

Input information was checked against referenced sources.

Inbut for computer calculations were checked for agreement with values in the CSE text.
Hafnd calculations were independen'tly checked.

Kert for worst case accident conditions is specifically stated in the text.

References
SPC Criticality Safety Analysis BFQ-SP1.1, SP-1 SHIPPING CONTAINER.

SPC Criticality Safety Analysis BFQ-SP1.2, SP-1 SUPPLEMENTAL APPLICATION.

SPC Criticality Safety Analysis BFQ-SP1.3, SP-1 SHIPMENTS WITH GADOLINIA ROD

SCALE Standardized Computer Analyses for Licensing Evaluation, NUREG/CR—2000
ORNL/NUREG/CSD-2, Volumes 1, 2, and 3.

Critical Separation Between Subcritical Clusters of 4.31 wt% Enriched UO, Rods in
Water with Fixed Neutron Poisons, NUREG/CR-0073.

Certificate USA/9248/AF, Revision 13, SP-1 and SP-2 Shigging Certificate

EMF-1563, Revision 1, Consolidated License Application for Siemens Power
Corporation Model SP-1 and SP-2 Shipping Containers, December 1993.

EMF-1 563, Supplement 1, Revision 1, Supplemental License Application for Siemens
Power Corporation Model SP-1 and.SP-2 Shipping Containers, March 1995.

EMF-1 563, Supplement 4, Supplemental License Application for Siemens Power

" Corporation Model SP-1 and SP-2 Shipping Containers, February 1996.
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Criticality Evaluation

1. Introduction and Summary

1.1 Introduction

This Criticality Safety Evaluation (CSE) provides the criticality safety basis for shipping ATRIUM™-
10 fuel assemblies with shipping shims in the SP-1/2/3 packaging.

Section 2 details the methodologies used for the criticality safety analysis. Component description
and analysis are provided in Section 3. Section 4 contains the Quality Assurance (QA) review and
comment resolution. Section 5 documents the references. Sample computer inputs are provided in
Appendix A.

1.2 Sﬁmmary

This CSE shows that sufficient margin to safety exists for SP-1/2/3 packagings when they contain
the following payload type and transport index:

Payload Description: “UO, fuel assemblies composed of fuel rods in a 10x10 square array, with
a maximum fuel cross section of 6.0 inches square, and a maximum fuel length of 174 inches.
The maximum U-235 enrichment is 5.0 weight percent, the maximum U-235 enrichment for all
" edge Tods is 4.75 weight percent, the maximum U-235 enrichment for the four (4) corner edge

rods is 3.05 weight percent, and the maximum U-235 enrichment for the eight (8) edge rods
immediately adjacent to the four corner edge rods is 3.55 weight percent. The pellet diameteris .

~ between 0.30 and 0.3957 inch. Each assembly must have a water channel in a central- 3x3
position. Any number of additional water rods in any arrangement is permitted, including part
length rods. Each assembly must include at least ten rods with a minimum nominal content of
2.0 weight percent gadolinia (Gd,O;) in all axial regions with enriched pellets, and in a pattern
symmetric about one of the assembly diagonals. At least ten gadolinia rods must be located in
rows 2 and 9, and in columns 2 and 9 of the assembly and cannot be immediately adjacent to
another one of the ten gadolinia rods; however, diagonally adjacent is permitted. Polyethylene
(PE) shipping shims may be inserted between the rods within the fuel assemblies described
above up to a maximum vofume fraction (VF) of 0.14 averaged over the void volume of the
assembly. An additional upper tie plate (UTP) shipping shim may be added between the UTP
and the fueled region. This UTP shim may consist of a maximum of 345 g plastic or plastic
composite.” '

Transport Index: TI=1.0
A summary of the resuilts in this CSE is provided in Table 1.
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Table 1.Summary.of Criticality Safety Evaluation for ATRIUMTM-10 Fuel Assemblies with-Shipping o
Shims in the SP-1/2/3 Packaging

ATRIUM™-10 Fuel Assemblies with PE Shipping Shims (see detailed payload description fisted in Section 1.2) i -
Single SP-3 Inner Package, Assemblies Moved as Close as Physically 0.75413 0.00323 -0.00321" 0.76059

Possible within Inner Packaging, Asymmetric Gd203 Rods in
Assemblies are Toward Qutside of Inner Packaging, 0.35" Diameter
Pellets, 0.14 VF PE® as Shipping Shims, Fully Flooded, All Rods 5.0
wt% #*U (see Section 3.1.2)

Undamaged Spacing, 256 SP-1/2/3 Inner/Quter Packages (16 Wide x 0.81454 0.00248 -0.00321™" 0.81950
16 High), Assemblies as Far Apart as Physically Possible within Inner
Packaging; Asymmetric Gd203 Rods inthe Assemblies in Each Group
of Two Vertically Adjacent Inner Packages Facing Towards the Inside of
the Group, 0.3957” Diameter Pellets, 0.14 VF PE within Inner
Packaging as Shipping Shims, 13 vol% Interspersed Moderator, 1 vol%
PE between Inner and Outer Packages (see Section 3.1.3)

Damaged Spacing, 404 SP-3 Inner Packages (8 Wide x 13 High), 093508
Assemblies as Far Apart as Physically Possible within Inner Packaging,
Asymmetric Gd203 Rods in the Assemblies in Each Group of Two
Vertically Adjacent Inner Packages Facing Towards the Inside of the
Group, 0.3957" Diameter Pellets, 0.14 VF PE@ as Shipping Shims, 13
vol% Interspersed Moderator (see Section 3.1.4)

(1)

-0.00321% 0:9405%

Note that as discussed in Section 2.4, the bias is negative (conservative), so it is not included in the results as presented in
Table 1.

@ Under severe accident conditions, the UTP shim may increase the PE VF between the fuel rods from 0.14 to 0.151.
Calculations in Section 3 show that this increase in the PE VF within the void volume produces statistically identical results.
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2. Analysis Methodology

2.1 chlear Analysis Methodology

Monte Carlo techniques were used in this analysis. The following sensitivities were evaluated in
this CSE:

» Assembly rotation (for asymmetric loading of Gd,O; rods) and placement within the inner
packaging

* VF PE as shipping shims
e Pellet diameter
. Edge rod #°U enrichment
¢ Interspersed moderator
e UO, theoretical density (TD)
2.2 Cdmputer Codes and Databases Used

The followmg codes and cross section libraries are part of the SCALE 4.2 system of codes
(Reference 1).

791176 Jun 22 1994 11:36:41 00000l.a (XSDRN)

545416 Feb 21 1994 10:25:06 000002.a (NITAWL)

516744 Feb 21 1994 10:14:38 000008.a (BONAMI)

10%4280 Jun 22 1994 11:46:27 000009.a (KENO.Va)

112000 Feb 23 1994 15:16:47 albdata.bin

4256216 Feb 23 1994 14:40:21 pxs123.bin (123 group master cross section library)
362140 Feb 25 1994 16:54:21 pxsl6.bin (16 group master cross section library)
9020996 Feb 23 1994 14:53:45 pxs218.bin (218 group master cross section library)
824404 -Feb 23 1994 14:38:03 pxs27.bin (27 group master cross section library)

94400 Feb 23 1994 15:12:03 stdcomp.bin (standard comp. library)
44812 Feb 23 1994 15:14:40 wtdata.bin

287 Jul 7 1994 09:35:35 csas25s

2285 Jul 7 1994 17:07:41 drva

2.3  Cross Section Preparation

BONAMI and NITAWL adjust the cross section data for the specific problem (e.g., perform
resonance self-shielding corrections). The Hansen-Roach 16-energy group cross sections
available in SCALE were used for all calculatlons

2.4  Benchmarking

The bias and its standard deviation are calculated using the methods described in Reference 4.
These methods use standard analysis of variance principles.

k. is the value of keri that results from the calculation of benchmark experiments using a partlcular

* calculation method. This value represents a combination of theoretical techniques and numerical

data. The value for k. is the weighted average (grand average) of the average k. values for a




EMF-1563

3 Revision 12A
Supplemental License Application for FRA-ANP Appendix 6l
Model SP-3 Shipping Container ~Page50f72

series of Benchmark cases that are applicable to the system being modeled. Each individual
benchmark case is weighted by the inverse of the k.« variance (square of standard deviation).

The average value of the variance is taken as the “within class” variance. The variance of the
average Koi data, weighted as for the grand average, is taken as the “between class” variance.
Since the true value for all benchmark cases is assumed to be 1.0 (critical), the class effect (the
change in average ko from case to case) is also the bias and the variance of the class effect is the
variance of the bias. '

The calculatlon bias, Ak, is therefore calculated as 1-Ak.. A negative bias indicates conservative
calculation results.

The SCALE 4.2 system of codes was developed for use by the USNRC and its licensees. SPC
benchmarking of SCALE 4.2 on HP Workstations includes critical experiments of 4.31% enriched
assemblies from NUREG/CR-0073 (Reference 2) which were modeled using the same
methodology used in these calculations.

The critical experiments used for the benchmarking activities in this application are the same as
those SPC has used to support licensing of other bundle packaging (SP1, SP-2, SP-3, NT-lV, and
51032). These cases were chosen because they have been validated by the international
community, include bundles spaced various distances apart with neutron absorbing materials
between the bundles, and the average energy group causing fission is similar to that observed in
the calculatlons to support this license application.

A bias estimate based on 23 pooled cases was calculated from the 16-group data in Table 12 of
Reference 3 and is -0.00321 £ 0.00261. Again, a negative bias indicates conservative results. The
benchmark data used to calculate this bias is provided in Table 2.
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. Table 2 Benchmark Data Used for Determination of Calculation Bias for
the SP-1/2/3 Package Analysis

a-c001x . 1.00355 0.00249
a-c002x 1.00905 0.00257
a-c003x 1.00845 0.00252
a-c004 1.00435 0.00265
a-c005a 1.00244 0.00265
a-c005b 1.00198 0.00252
a-c006a 1.00188 0.00236
a-c006b 0.99954 0.00237
a-c007a 1.00425 0.00247
a-c007x 1.00788 0.00253
a-c008a - 1.00148 0.00231
a-c008x . 1.00109 0.00242
a-c00%a’ 1.00062 0.00233
| a-c010a 1.00481 0.00239
a-c011a . 1.00356 0.00275
a-c012a ' 1.00063 0.00244
a-c013a 1.00142 0.00240
a-c013x 1.01149 - 0.00227
a-c014a 0.99991 0.00241
a-c014x 1.00732 0.00259
a-c029a 0.99956 0.00242
a-c030a 1.00278 0.00257
a-c031a 0.99736 0.00239
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3. Compbnent Description and Analysis

The dlmenS|ons of the SP-1 outer packaging are shown on drawing EMF-306,272. The SP-1 outer
packagmg may contain either an SP-1, SP-2, or SP-3 inner packaging. The dimensions of these
inner packagings are shown on drawings EMF-304,416; EMF-308 257; and EMF—309 818
respectively.

Since the stnnger height of the SP-3 inner packaglng is the smallest (most conservatlve) of the SP-
1/2/3 inner packagings, the SP-3 inner packaging is used in the computer models in this CSE. The
calculations of this section address placing ATRIUM™-10 fuel assemblies with PE shipping shims

. into the SP-3 inner packaging. Calculations are also provided for these packages inside the SP-1
outer packaging.

3.1 Payload Type 1 (A TRIUMT""-10 with PE Shipping Shims)

The followmg material is provnded as a new.category of fuel fo be shipped in the SP-1/2/3 -
packagmg

“UOZ fuel assemblies composed of fuel rods in a 10x10 square array, with a maximum fue!
cross section of 5.0 inches square, and a maximum fuel length of 174 inches. The
maximum U-235 enrichment is 5.0 weight percent, the maximum U-235 enrichment for all
edge rods is 4.75 weight percent, the maximum U-235 enrichment for the four (4) corner
edge rods is 3.05 weight percent, and the maximum U-235 enrichment for the eight (8) edge
rods immediately adjacent to the four corner edge rods is 3.55 weight percent. The pellet
diameter is between 0.30 and 0.3957 inch. Each assembly must have a water channel in a
central 3x3 position. Any number of additional water rods in any arrangement is permitted,
including part length rods. Each assembly must include at least ten rods with a minimum
nominal content of 2.0 weight percent gadolinia (Gd,O,) in all axiai regions with enriched
pellets, and in a pattern symmetric about one of the assembly diagonals. At least ten '
gadolinia rods must be located in rows 2 and 9, and in columns 2 and 9 of the assembly and
cannot be immediately adjacent to another one of the ten gadolinia rods; however,
diagonally adjacent is permitted. PE shipping shims may be inserted between the rods
within the fuel assemblies described above up to a maximum VF of 0.14 averaged over the
void volume of the assembly An additional UTP shipping shim may be added between the
UTP and the fueled region. This UTP shim may consist of a maximum of 345 g plastic or
plastic composite.”

3.1.1 Computer Model Description

The SP-1/2/3 inner packaging and SP-1 outer packaging are modeled exactly as they were
modeled in Reference 7, which was prepared for the previous submittal (EMF-1563 Appendix 6H).

" The only difference between the computer models of Reference 7 and this CSE is the payload type.

This CSE provides an analysis of ATRIUM™-10 fuel assemblies with PE shipping shims as the

payload.

A comparison of the actual and modeled ATRIUM™-10 fuel assembly parameters and PE shipping
shim loading is included in Table 3.
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Reference 8 provides results of an analysis that investigated various placements of the ten GdzOg
rods in rows 2 and 9 and columns 2 and 9 of the ATRIUM™-10 fuel assembly. Figure 1 shows the
Gd.0; rod placement that provides the most reactive assembly (Reference 8).

According to Reference 6, the Taipower fuel assemblies are shipped with PE shipping shims placed
between the fuel rods. The normal PE shim loading is shown in Table 3 (1213.8 g PE; 32 @ 5.194
g each and 152 @ 6.892 g each). A conservative mass of PE shims (maximum number of shims
which will fit into an ATRIUM™-10 fuel assembly along the length of the assembly) is 4493 g PE
(122 @ 5.5 g each and 546 @ 7.0 g each). If this mass is homogenized over a volume of 34,783
cm?, the effective PE density is 0.129 g/cm®. The TD of PE is 0.92. Therefore, under normal
conditions, the VF of PE between the fuel rods of an assembly would be (0.129 g/cm®)/(0.92 g/icm®)
or 0.14. The model assumes a PE VF of at least 0.14 for all conditions. The normal PE loading is -
approximately 0.035 g/em®, 3.7 times less than the amount included in the computer model.

The volume available to the PE shims is calculated as follows:

Assembly 'Envelope: 9*1.2954 + 1.00508 = 12.66368 cm; Cross sectional area = 160.37 cm?
Channel Envelope:  3.50012 cm; Cross sectional area = 12.25 cm*
Area of 91 Rods:  91*1(0.4445)* = 56.49 cm?

Area of Shims per cm Length = 160.37 — 12.25 — 56.49 = 91 .63 cm?
Volume Available to Shims = 91.63 cm*379.603 cm = 34,783 cm®

An additional shipping shim option is to place a PE fork-shaped shim between the UTP and the
shoulder of the.upper end caps. This shim js to prevent the fuel rods from sliding axially toward the
upper tie plate. Under normal (undamaged) conditions, this shim will remain outside the active fuel
region of the assemblies. However, under damaged conditions, the shim could conceivably migrate
(melt or break) into the active fuel region of the assemblies. Therefore, Sections 3.1.2 (Analysis of
a Single Package) and.3.1.4 (Analysis of Array of Damaged Packages) provide additional
calculations, which increase the PE content within the assemblies to include the extra shim.
According to Reference 9, the upper tie plate shim has a maximum volume of 375 ¢m® and may be
constructed of plastic or plastic composite. ‘At a PE density of 0.92 g/cm’, this shim has a maximum
mass of 345 g. . As previously discussed, the volume within the assemblies available to the PE
shims is 34,783 cm’. The total maximum PE mass within each assembly (including the shims
between the rods and the upper tie plate shim) is 4,838 g. Therefore, the PE density averaged over
the volume available is 0.139 g/cm® and the effective VF is (0.139 g/cm®)/(0.92 g/cm’) or 0.151.

Pads of ethafoam are also used within the inner packaging, but outside of the fuel assemblies.
Under severe accident conditions, it is conceivable that a small amount of ethafoam could migrate

- between the fuel rods. However, due to its low density, the ethafoam is bounded by varying the

intersperseéd moderator (water) between the fuel rods from dry to fully flooded. Since the upper tie
plate shim is PE (a much higher density plastic), it is included in the model for damaged conditions.
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Table 3 Comparison.of Nominal vs. Modeled Conditions

lle

ot
;.

*0.307, 0.325", 0.35",

include dish or land taper
which is minimally 1.16%)

. The most reactive cases
.are run with 98% TD

Diameter 0.3413" : Reference 5 Page 5
0.375", and 0.3957"
. Density 95.85 + 1.5%TD (does not "Most cases use 96% TD | Reference 10

25) Enrichment

4 corner'rods < 3.05 wt%

B edge rods immediately
adjacent to corner rods <
3.55 wt%

Remainder of edge rods <
4.75 wt%

Remainder of rods < 5.00
wt%

; Maximum stated
i enrichments

'Some additional cases
,use edge rod
.enrichment of 5.00 wt%

Pending Certificate of Compliance

e

0.3480"

Cladding and gap is

Reference 5 Page 4

149.45”

Cladding ID

Cladding oD 0.3957" _conservatively omitted
Pellet-Clad Gap 0.00335"

Active Fuel Length

'177.62205"

o5

(N Y s

Rod Pitch

0.510"

Reference 5 Page 3

Water Channel
Outer Dimension

1.378" square

Center 3x3 rods

Reference 5 Page 6

Reference 8)

Number of Fuel 91 9 Reference 5 Page 3

Rods

Number of Rods with | 10 Minimum in Rows 2 & 9 Minimum Nominal Pending Certificate of Compliance
GdzOs and Columns 2 & 9 (Placement per .

Gdz0s Content

Total Number-of
Shims Between the
Fuel Rods

2.0 wt%

1.5 wt%

Pending Certificate of Compliance

E:Shipping: Shims'

32 @ 5.194 g each,
<152 @ 6.892 g each
VF < 0.04

122 @ 5.5 g each
546 @ 7.0 g each

Modeled as VF = 0.14 in
space between rods for
normal case

Reference 6

Upper Tie Plate
Shim

1 @ <375 cnt (<345 g PE)
VF ~ 0.01

1@3459

VF ~ 0.01 in addition to
other shims (damaged
conditions)

Reference 9
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Figure 1 Gd;O; Rod Placement which Produces Most Reactive
Assembly (Reference 8)
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3.1.2 Analysis of a Single Package with Payload 1 (ATRIUM™-10 with PE Shipping Shims)

A single SP-3 inner package was modeled to show that the k. limits are met for all normal and
hypothetical accident conditions. The assemblies within the SP-3 inner packaging are ATRIUM™-
10 desngn as specified in Table 3.

First, since the most reactive Gd,O; rod placement per Reference 8 is asymmetric within the
assembly (see Figure 1), a sensitivity study was performed to determine the most reactive
assembly rotation within the inner packaging. The following two assembly rotations were
investigated:

1. Asymmetric Gd,Os rods in each assembly facing towards the inside of the inner packaging
(Figure 2)

2. Asymmetric Gd,O; rods in each assembly facing towards the outside of the inner packagihg
(Figure 3)

For this study, the assemblies were each centered horizontally and vertically within their respective
channels. A pellet diameter of 0.3957” (corresponding to the actual clad OD) was used, as well as
a PE VF of 0.14 as shims between the fuel rods. Interspersed moderator was varied from dry to
fully flooded. The resuits of this study are provided in Table 4 and Table 5. The case with the
asymmetric Gd,O3 rods in each assembly facing towards the outside of the inner packaging and
fully flooded conditions provided the peak reactivity (K,=0.72089, including 2c) in this sensitivity
study.

Next, the assemblies were moved honzontally within their respective inner packaglng, SO that they
were

1. As ;close as physically possible within the inner packaging (Figure 4)
2. Asfarapartas physicglly possible within the inner packaging (Figure 5)

The most reactive Gd,Oj3 rod arrangement from the previous sensitivity study (asymmetric Gd203

- rods in each assembly facing towards the outside of the inner packaging) was used. Again, a pellet -
. diameter of 0.3957” was used, as well as a PE VF of 0,14 as shims between the fuel rods. .

Interspersed moderator was varied from dry to fully flooded. The results of this study are provided
in Table 6 and Table 7. The case with the assemblies as close as physically possible within the .
inner packaging and fully flooded conditions resulted in the peak reactlvlty (ke=0.73524, including
20) in this sensmvnty study.

An additional sensitivity study was performed using a PE VF of 0.28 as shims between the fuel
rods. This represents more than twice the amount of PE shims that will fit between the rods and 7.4
times the amount of PE shims that is called for in the parts list. For this study, 0.3957" diameter
pellets were used. The asymmetric Gd,O; rods in each assembly were rotated such that they face
towards the outside of the inner packaging. The assemblies are located horizontally as close as
physically possible within the inner packaging. Interspersed moderator was again varied from dry
to fully flooded. The results of this study are provided in Table 8. Fully flooded conditions resulted
in the peak reactivity (k,=0.73772, including 20), which is less than one standard deviation higher
than the same conditions with a PE VF of 0.14 (see Table 6). This study bounds any migration of
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the upper :tie plate shim into the active fuel region of the assemblies. Since the Ak at peak:
interspersed moderator conditions was less than one standard deviation higher than the same
conditions with-a PE VF of 0.14, the remaining calculations in this section were performed with a PE
VF of 0.14.

Next, the most reactive arrangement from the previous sensitivity studies with.0.14 VF PE -
(asymmetric Gd,O; rods in each assembly facing towards the outside of the inner packaging and
the assemblies as close as physically possible within the inner packaging) was modified to reduce
the pellet diameter to 0.35". Again, a PE VF of 0.14 was used as shims between the fuel rods.
Interspersed moderator was again varied from dry to fully flooded. The resulits of this study are
provided in Table 9. Again, fully flooded conditions resulted in the peak reactivity (kex=0.74572,
including 20), which is approximately 10.5 mk higher than the same conditions with larger rods
(0.3957" dlameter see Table 6).

Since, in the previous sensitivity study, the reactivity increased for smaller rods, an additional
sensitivity study was performed to investigate the reactivity effect of various pellet diameters.
Additional pellet diameters of 0.3”, 0.325", and 0.375" were used with fully flooded conditions. All
other conditions are identical to the previous sensitivity study. The results are provided in Table 10
and show that for a single package and pellet diameters from 0.30” to 0.3957", the peak reactivity
occurs with 0.35” pellets.

The most reactive case from Table 10 (drda-d1a.gout.i.100) was modified to discretely model the .
shipping shims as shown in drawing EMF-310,001. A cross-sectional image of this model is
provided in Figure 6. The shim thickness in this model was set such that the total mass of PE in an
inner package equaled that used in case drda-d1a.gout.i.100. The results are summarized below
and show that the maximum kg, including 26, is 0.74502. This is approximately 0.2 standard
deviations less than the result from the Table 10 calculation, which smears the shipping shim PE
throughout the void volume of the assembly. Therefore, it is adequate to smear the shipping shim

PE throughout the void volume of the assembly.

388105 Sep 14 05:06:01 2000 droa-dlaDSR.gout.i.1l00 .73806 .00348 -74387 .74502

Next, a sensmwty study was performed which increased the enrichment of all edge rods to 5.0 wt%
25, so that all rods in the assemblies are 5.0 wt% 2*°U. All other conditions are identical to those
described above, i.e. asymmetric Gd,0; rods in each assembly facing towards the outside of the
inner packaging, the assemblies as close as physically possible within the inner packaging, pellet
diameter of 0.35", PE VF of 0.14 as shims between the fuel rods, and interspersed moderator
varied from dry to fully flooded. The results of this study are provided in Table 11. Again, fully
flooded conditions resulted in the peak reactivity (k.+=0.76028, lncludlng 20) in this sensitivity study.

The most reactive case from the previous sensitivity study (see Table 11) was reran with a 98%
UO, TD (increased from 96%). The results are summarized below and show that the maximum ke,
including 20, is 0.76059, slightly higher but statlstlcally identical (~0.10) to the most reactive case in
Table 11.

357440 Oct 18 08:48:37 2000 droa-tablell.98 .75413 .00323 .75952 76059

As shown Eabo_ve, all cases for a single SP-3 inner package yielded reactivities much less than

- 0.95.
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Figure 2 Assembly Rotation with Asymmetric Gd,O; Rods Facing
Towards Inside of Inner Packaging
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Figure 3 Assembly Rotation with Asymmetric Gd.O; Rods Facing
Towards Outside of Inner Packaging
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Table 4 Single SP-3 inner Package, Assemblies Centered in Channels, Asymmetric Gd,O3 Rods in
Assemblies are Toward Inside of Inner Packaging, 0.3957” Diameter Pellets, 0.14 VF PE

. 29 S
d1.gin.c.000 0 0.34803 0.00266 0.35335
|| d1.gin.c.001 1 0.34397 0.00262 0.34921
d1.gin.c.003 3 0.34563 0.00255 0.35073
d1.gin.c.005 5 0.34629 0.00244 0.35117
d1.gin.c.007 7 0.35201 0.00297 0.35795
d1.gin.c.010, 10 0.35568 0.00238 0.36044,
d1.gin.c.015, 15 0.37439 0.00222 0.37883
d1.gin.c.020. 20 0.39464 0.00224 0.39912
d1.gin.c.030 30 0.44554 0.00288 0.45130,
d1.gin.c.040; 40 0.49876 0.00280 0.50436
d1.gin.c.050- 50 0.53914 0.00289 0.54492
d1.gin.c.060 60 0.58359 0.00310 0.58979
d1.gin.c.070, 70 0.61530 0.00281 0.62092
d1.gin.c.080 80 0.64775 0.00355 0.65485
d1.gin.c.090’ 90 0.67351 0.00286 0.67923.
d1.gin.c.100 100 0.70451 0.00311 0.71073.
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Table 5 Single SP-3 Inner Package, Assemblies Centered in Channels, Asymmetric Gd,O3 Rods in
Assembilies are Toward Outside of Inner Packaging, 0.3957” Diameter Pellets, 0.14 VF PE

g il

d1.gout.c.000 0 0.34759 0.00252 0.35263
d1.gout.c.001 1 0.34334 0.00280 0.34894
d1.gout.c.003 3 0.34774 0.00287 0.35348
d1.gout.c.005 5 0.35203 0.00252 0.35707
d1.gout.c.007 7 0.35351 0.00260 0.35871
d1.gout.c.010 10 0.35474 0.00254 0.35982
d1.gout.c.015 15 0.37696 0.00257 0.38210
d1.gout.c.020 20 0.39556 0.00265 0.40086
d1.gout.c.030 30 0.45090 0.00258 0.45606'
d1.gout.c.040 40 0.49840 0.00252 0.50344
d1.gout.c.050 50 0.54523 0.00273 0.55069
d1.gout.c.060 60 0.59099 0.00277 0.59653
d1.gout.c.070 70 0.62516 0.00313 0.63142
d1.gout.c.080 80 0.65990 0.00323 0.66636
d1.gout.c.090 90 0.68844 0.00352 0.69548

1 d1.gout.c.100 100 0.71413 0.00338 0.72089
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' Figure 5 Assemblies Moved as Far Apart as Physically Possible within

inner Packaging
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Table 6 Single SP-3 Inner Package, Assemblies Moved as Close as Physically Possible within
Inner Packaging, Asymmetric Gd,O3; Rods in Assemblies are Toward Outside of Inner Packaging,
0.3957" Diameter Pellets, 0.14 VF PE

.d1.gout.i.000 0 0.34259 0.00271 0.34801
d1.gout.i.001 1 0.33890 0.00241 0.34372 .
d1.gout.i.003 3 0.34457 0.00231 0.34919
d1.gouti.005 5 0.34598 0.00250 0.35098,
d1.gout.1.007 7 0.34599 0.00266 0.35131
d1.gout.i.010 10 0.35787 0.00231 0.36249
d1.gout.i.015 15 0.36886 0.00240 0.37366
d1.gout.i.020 20 0.38776 0.00237 0.39250
d1.gout.i.030 . 30 0.44089 0.00265 0.44619
d1.gout.i.040 40 0.49256 0.00305 0.49866
d1.gouti.050 50 0.54001 0.00321 0.54643
d1.gout.i.060 60 0.58479 0.00279 0.59037
d1.gout.i.070 70 0.62792 0.00338 0.63468
d1.gouti.080 80 0.66302 0.00272 0.66846-
d1.gout.i.090 90 0.70108 0.00376 0.70860
d1.gout.i.100 100 0.72918 0.00303 0.73524
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Table 7 Single SP-3 Inner Package, Assemblies Moved as Far Apart as Physically Possible within
Inner Packaging, Asymmetric Gd.O; Rods in Assemblies are Toward Outside of Inner Packaging,
0.3957" Diameter Pellets, 0.14 VF PE

d1.gout.0.000 0 0.34638 0.00216 0.35068
d1.gout.0.001 0.34747 0.00247 0.35241
d1.gout.0.003 3 0.35152 0.00255 0.35662
d1.gout.0.005 5 0.34843 0.00231 0.35308
d1.gout.0.007 7 0.35681 0.00275 0.36231
~d1.gout.0.010 10 0.36141 0.00252 0.36645
d1.gout.0.015 15 0.38704 0.00249 0.39202
d1.gout.0.020 20 0.40466 0.00252 0.40970
d1.gout.0.030 30 0.44985 0.00253 0.45491
d1.gout.0.040 40 0.48696 0.00278 0.49252
d1.gout.0.050 50 0.52553 0.00270 0.53093
d1.gout.0.060 60 0.55415 0.00311 0.56037
d1 .gout.o.07.0 70 0.58196 0.00277 0.58750
d1.gout.0.080 80 0.60583 0.00304 0.61191,
d1.gout.0.090 90 0.62597 0.00307 0.63211
d1.gout.0.100 100 0.65008 0.00296 0.65600.
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Table 8 Single SP-3 Inner Package, Assemblies Moved as Close as Physically Possible within
Inner Packaglng, Asymmetric Gd,O; Rods in Assemblies are Toward Outside of Inner Packaging,
0.3957" Diameter Pellets, 0.28 VF PE

e sibel S R eI SRR eI L AR T ks 15 ¥l e B ) X E
41P. gout .000 0 0.37358 0.00225 0. 37808
d1P.gout..001 1 0.37317 0.00276 0.37869
d1P.gout.i.003 3 0.37564 0.00264 0.38092
d1P.gout..005 5 0.37762 0.00274 0.38310
d1P.gout..007 7 0.38375 0.00252 0.38879
d1P.gout.i.010 10 0.39079 0.00258 0.39595
d1P.gout.i.015 15 0.40557 0.00265 0.41087
d1P.gout.i.020 20 0.42934 0.00269 0.43472
d1P.gout.i.030 30 0.47345 0.00252 0.47849
d1P.gout..040 40 0.52457 0.00298 0.53053
d1P.gout.i.050 50 0.56828 0.00258 0.57344
d1P.gout.i.060 60 0.60188 0.00301 0.60790
d1P.gout.i.070 70 0.64770 0.00336 0.65442
d1P.gout.i.080 80 0.67838 0.00307 0.68452
d1P.gout.i.090 90 0.70905 0.00287 0.71479
d1P.gout.i.100 100 0.73174 0.00299 0.73772
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Table 9 Single SP-3 Inner Package, Assemblies Moved as Close as Physically Possible within
Inner Packaging, Asymmetric Gd,O3 Rods in Assemblies are Toward Outside of Inner Packaging,
0.35" Diameter Pellets, 0.14 VF PE

d1a.gout.i.000 0 0.31607 ~0.00240 0.32087
d1a.gout.i.001 1 0.31712 0.00255 0.32222
d1a.gout.i.003 3 0.31145 0.00220 0.31585
d1a.gout.i.005 5 0.31920 0.00241 0.32402
d1a.gout.i.007 7 0.32138 0.00220 0.32578
d1a.gout.i.010 10 0.33355 0.00241 0.33837
d1a.gout.i.015 15 0.35040 0.00238 0.35516
d1a.gout.i.020 20 0.37842 0.00260 0.38362
d1a.gout.i.030 30 0.42381 0.00261 0.42903
"d1a.gout.i.040 40 0.48858 0.00302 0.49462
d1a.gout.i.050 50 0.54453 0.00272 0.54997.
d1a.gout.i.060 60 0.58865 0.00331 0.59527
d1a.gout.i.070 70 0.63132 0.00301 0.63734
d1a.gout.i.080 80 0.66702 0.00307 0.67316
dta.gout.i.090 90 0.70798 0.00299 0.71396
d1a.gout.i.100 100 0.73904 0.00334 0.74572
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Table 10 Single SP-3 Inner Package, Assemblies Moved as Close as Physically Possible within
Inner Packaging, Asymmetric Gd,Os Rods in Assemblies are Toward Outside of Inner Packaging,
- Various Diameter Pellets, 0.14 VF PE, Fully Flooded Conditions

slenamondiod- e o S ol e {4 J T | poRE e Oy Yi
d10300.100. 0.300 " 072798 0.00336 0.73470 |
d10325.100 0.325 0.73517 0.00274 0.74065
d1a.gout.i.100 0.350 0.73904 0.00334 0.74572
d10375.100 . 0.375 073410 0.00324 0.74058
d1.gout.i.100 0.3975 0.72918 0.00303 0.73524
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Figure 6 Discrete Model of PE Shims
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Table 1‘i Single SP-3 Inner Package, Assemblies Moved as Close as Physically Possible within
Inner Packaging, Asymmetric Gd,O3; Rods in Assemblies are Toward Outside of Inner Packaging,
, 0:35” Diameter Pellets, 0.14 VF PE, All Rods 5.0 wt% **°U

d1aE.gout.i.000 0 . 032519 0.00255 0.33029
d1aE.gout.i.001 1 ' 0.32635 0.00238 0.33111
d1aE.gout.i.003 3 0.32574 0.00241 0.33056-
d1aE.gout.i.b05 5 0.32941 0.00257 0.33455
d1aE.gout.i.007 7 0.33525 ' 0.00222 . 0.33969
d1aE.gout.i.Q1O 10 0.34679 ) 0.00279 0.35237
d1a’E.gout.i.:O-15 16 0.36086 0.00218 0.36522
d1aE.gout.i.020 20 . 0.38738 0.00242 0.39222
d1aE.gout.i.030 30 © 044312 0.00257 0.44826
d1aE.gout.i.040 40 0.50066 - 0.00281 0.50628
d1aE.gout.i.050 ' 50 0.65570 0.00285 0.56140
d1aE.gout.i.060 ' 60 ' 0.60254 0.00284 0.60822
d1aE.gout.i.070 o 70 0.64405 0.00366 0.65137'
d1aE.gout.i.080 80 0.68267 0.00259 0.68785
d1aE.gout.i.090 90 - 072017 0.00339 0.72695
d1aE.gout.i.100 100 © 075376 0.00326 . 0.76028
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3.1.3 Analysis of Array of Undamaged Packages (Normal Conditions) with Payload 1 (ATRIUM™-
10 with PE Shipping Shims)

For undamaged conditions, SP-1 outer packaging provides additional spacing between thé inner
packagings. As previously stated, the packaging dimensions used in this analysis are identical to
those used in Reference 7, which was prepared for the previous submittal (EMF—1563 Appendix
6H).

Again, of the SP-1/2/3 inner packagings, the SP-3 inner packaging is used in all models, since it
has the smallest stringer height (most conservative). The assemblies within the SP-3 inner
packaging are ATRIUM™-10 design as specified in Table 3.

The cases from Table 22 and Table 23 represent the most reactive cases for credible accident
conditions. Specifically, the assemblies are as far apart as physically possible within the inner
packaging and the asymmetric Gd.O, rods-in the assemblies in each group of two vertically
adjacent inner packaging face towards the inside of the group (see Figure 13). A PE VF of 0.14 is
used as shims between the fuel rods and interspersed moderator within the inner packaging is at 13
vol%. The most reactive cases from Table 22 (case d112.gin.0.013) and Table 23 (case
d112a.gin.0.013) were modified fo represent undamaged conditions by increasing the package
spacing to account for SP-1 outer packaging. The space between the inner packages was filled
with low density PE to simulate the ethafoam filling. The PE density was varied until the peak
reactivity was located. Pellet diameters of 0.3957" and 0.35” were studied, along with an array of
packages 16 wide x 16 high x 1 long (256 packages). The results of this study are provided in
Table 12 and Table 13. Since the system reactivity was maximized by varying the contributing
factors in the calculations of Section 3.1.4, the peak reactivity occurred in both sets of cases with
only 1 vol% PE between the inner packages. In these cases, the larger pellet diameter (0.3957")
produced a higher peak reactivity (kei=0. 81384 including 2¢), which is well below 0.95.

The most reactive case from the previous sensmwty study (see Table 12) was reran with a' 98%
Uo, TD (increased from 96%). The results are summarized below and show that the maximum ke,
including 2o, is 0.81950, higher than the most reactive case in Table 12.

393478 Oct 17 16:25:43 2000 droa-tablel4.98 .81454 .00248 .81868 .81950

‘The calculations in this section demonstrate that the reactivity of an array of 256 SP-3 inner

packages, each contained within an SP-1 outer packaging, remains below the 0.95 limit, provided a
payload of ATRIUM™-10 fuel assemblies meeting the specifications listed in Table 3 are met. For
normal (undamaged) conditions, an array of 5N packages (where N is the desired number of
packages to be shipped at one time) must be shown to yield ko < 0.95. Therefore, the calculations
of this section show that 256/5 or 51 SP-3 packages may be shipped at one time with the payload
described herein.
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Table 12 256 SP-1/2/3 Inner/Outer Packages (16 Wide x 16 High), Undamaged Spacing,
Assemblies as Far Apart as Physically Possible within Inner Packaging, Asymmetric Gd,O; Rods in
the Assemblies in Each Group of Two Vertically Adjacent Inner Packages Facing Towards the
Inside. of the Group, 0.3957" Diameter. Pellets, 0.14 VF PE within-Inner Packages, 13 vol%

. Interspersed Moderator, Various vol% PE between Inner and Outer Packages .

BranRait Ao 2 SHHRR T ¢ 0 & AR i
u256.013.pe000 0 0.80127 0.00260 0.80647.
u256.013.pe001 1 0.80810 0.00287 0.81384
u256.013.pe003 3 0.79973 0.00268 0.80509
u256.013.pe005 5 0.77434 0.00292 0.78018

Table 13 256 SP-1/2/3 Inner/Outer Packages (16 Wide x 16 High), Undamaged Spacing,
Assemblies as Far Apart as Physically Possible within Inner Packaging, Asymmetric Gd,O; Rods in
the Assemblies in Each Group of Two Vertically Adjacent Inner Packages Facing Towards the
Inside of the Group, 0.35" Diameter Pellets, 0.14 VF PE within Inner Packages, 13 vol%

- Interspersed Moderator, Various vol% PE between Inner and Outer Packages :

g g}%

u256a.013.pe000

i

0.00312

u256a.013.pe005

0 0.78078 0.78702
u256a.013.pe001 1 0.78456 0.00248 0.78952
u256a.013.pe003 3 0.76862 0.00266 0.77394
5 0.74535 0.00269 0.75073
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| 3.1.4 Analvsns of Array of Damaged Packaqes (Accident Conditions) wnth Payload 1 (ATRIUM™-

“assembly rotation within the inner packaging in an infinite array. The following four assembly

10 with PE Shippinhg Shims)

For damaged conditions, the outer packaging is assumed to burn away so that the inner packages
contact one another. Also, water is assumed to leak into the inner packages As previously stated,
the packaging dimensions used in this analysis are identical to those.used in Reference 7, which
was prepared for the previous submittal (EMF-1563 Appendix 6H).

Also as previously stated, the dimensions of the SP-3 inner packaging are used in ‘all models, since
it has the smallest strlnger height (most conservative). The assemblies within the SP-3 inner
packaging are ATRIUM™-10 design as specified in Table 3.

First, sincé the most reactive Gd,O; rod placement per Reference 8 is asymmetric within the
assembly (see Figure 1), a sensitivity study was performed to determine the most reactive

rotations were investigated:

1. Asymmetric Gd;O; rods in each assembly facing towards the inside and bottom of the inner
packaging (Figure 7)

2. Asymmetric Gd,O; rods in each assembly facing towards the outside and bottom of the inner

packaging (Figure 8)

3. Asymmetnc Gd,0; rods in the assemblies in each group of two vertically adjacent inner
packages facing towards the inside of the group (Figure 9)

4. Asymmetric Gd,0O; rods in the assemblies in each group of two vertically adjacent inner
packages facing towards the outside of the group (Figure 10)

For this study, the assemblies were each centered horizontally and vertically within their respective
channels. . A pellet diameter of 0.3957” (corresponding to the actual clad OD) was used, as well as
a PE VF of 0.14 as shims between the fuel rods. For the first set of cases, interspersed moderator

region were studied in the remaining sets. The results of th|s study are provided in Table 14
through Table 17. At optimum interspersed moderation, arrangements 1 and 3 (Figure 7 and
Figure 9) yielded statistically identical results. The same is true of arrangements 2 and 4 (Figure 8
and Figure 10). However, arrangement 3 (Figure 9; asymmetric Gd,O; Rods in the assemblies in
each group of two vertically adjacent inner packages facing towards the inside of the group) at 7
vol% interspersed moderator produced the highest reactivity (kev=1.01423, including 2c) in this

_ sensitivity study.

Next, the assemblies were moved horizontally within their respective inner packaging in conjunction
with the most reactive assembly rotations. The following three sets of cases were studied:

1. Assemblies as close as physically possible within the'inner packaging and asymmetric
Gd,0O; rods in the assemblies in each group of two vertically adjacent inner packages facing
towards the outside of the group (Figure 11) :
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2. Assemblies as close as physically possible within the inner packaging and asymmétric
Gd,0, rods in the assemblies in each group of two vertically adjacent inner packages facing
towards the inside of the group (Figure 12)

3. A§semblies as far apart as physically possible within the inner packaging and asymmetric
Gd,0, rods in the assemblies in each group of two vertically adjacent inner packages facmg
towards the inside of the group (Figure 13)

Again, an infinite array. of SP-3 inner packages were used, as well as a pellet diameter of 0.3957"
and a PE VF of 0.14 as shims between the fuel rods. Dry, fully flooded, and the peak mterspersed
moderator region were studied, as in the previous sensitivity study. The results of this study are
provided in'Table 18 through Table 20. The case with the assemblies as far apart as physically
possible within the inner packaging, asymmetric Gd,O; rods in the assemblies in each group of two
vertically adjacent inner packages facing towards the inside of the group, and 8 vol% interspersed
moderator resulted in the peak reactivity (kex=1.01900, including 2¢) in this sensitivity study.

The most reactive case from the previous sensitivity study was repeated with 0.35” diameter pellets.

~ The results of this study are provided in Table 21. The peak reactivity (k.w=1.00852, including 20)

oceurs at 7 vol% interspersed moderator. These results show that in a large array of packages and
low density. interspersed moderator, assemblies with larger diameter pellets are more reactive than
those with smaller diameter pellets.

The most reactive case from the previous sensitivity studies (assemblies as far apart as physically
possible within the inner packaging and asymmetric Gd,O; rods in the assemblies in each group of
two vertically adjacent inner packages facing towards the inside of the group) was repeated with an
array of inner packages 8 wide x 14 high x 1 long (112 packages). Pellet diameters of 0.3957" and
0.35" were studied. Again, a PE VF of 0.14 as shims between the fuel rods and dry, fully flooded,
and the péak interspersed moderator region were studied, as in the previous sensitivity studies.
The results of this study are provided in Table 22 and Table 23. In both sets of cases, the peak
reactivity occurred with 13 vol% interspersed moderator. In these cases, the larger pellet diameter
(0.3957") produced a higher peak reactivity: (k.x=0.94634, including 2c), which is below 0.95.

The 0.3957” diameter pellet case from the previous sensitivity study was modified to increase the
PE VF to 0.152 to account for the accident condition where all of the upper tie plate shim (345 g
PE) migrates to the space between the fuel rods within the assemblies. The results are provided in
Table 24. The peak interspersed moderator shifted from 13 vol% to 12 vol%.. However, the peak
ke« from these two studies are statistically identical (differ by approximately 0.25c). Compare these
results to those in Section 3.1.2 where an increase in PE VF from 0.14 to0 0.28 resulted in an
increase in the peak ko of less than one standard deviation. As discussed in Section 3.1.2, since
the Ak at peak interspersed moderator conditions was within one standard deviation of that at the
same conditions with a PE VF of 0.14, the remaining calculations in this section were performed
with a PE VF of 0.14.

The most reactive case in Table 22 was reran with a 98% UO, TD (increased from 96%). The
results are summarized below and show that the maximum k., including 2, is 0.94784, slightly
higher but statistically identical (~0.6c) to the most reactive case in Table 22.

380248 Oct:lB 07:51:40 2000 droa-table24.98 .94242 .00271 .94695 .94784
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PRIRIZHLTET L R 92335509002 781 15152889
The calculations in this section demonstrate that the reactivity of an array of 112 SP-3 packages at
credible damaged conditions remains below the 0.95 limit, provided a payload of ATRIUM™-10 fuel
assemblies meeting the specifications listed in Table 3 are met. For accident (damaged)
conditions, an array of 2N packages (where N is the desired number of packages to be shipped at
one time) must be shown-to yield k. < 0.85. Therefore, the calculations of this section show that

112/2 or 56 SP-3 packages may be shipped at one time w ibed herein. Furthe

L=
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Figure 7 Assembly Rotation with Asymmetric Gd,0; Rods in Each
Assembly Facing Towards the Inside and Bottom of the Inner
- Packaging
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Figure 8 Assembly Rotation with Asymmetric Gd,O; Rods in Each
Assembly Facing Towards the Outside and Bottom of the Inner
- Packaging
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Figure 9 Assembly Rotation with Asymmetric Gd,0, Rods in the
- Assemblies in Each Group of Two Vertically Adjacent Inner Packages
Facing Towards the Inside of the Group
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Figure 10 Assembly Rotation with Asymmetric Gd,0, Rods in the
Assemblies in Each Group of Two Vertically Adjacent Inner Packages
Facing Towards the Outside of the Group
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Table 14 Infinite Array of SP-3 Inner Packages, Assemblies Centered in Channels, Asymmetric
Gd203 Rods in Each Assembly Facing Towards the Inside and Bottom of the Inner Packaging,
0.3957" Diameter Pellets, 0.14 VF PE

s “ -)( i . »»;q e Ttk ya
dinf.gaid.c.000 0 0.92323 0.00181 0.92685
dinf.gaid.c.001 1 0.94699 0.00193 0.95085
dinf.gaid.c.003 3 0.98123 0.00183 0.98489
dinf.gaid.c.005 5 0.99967 0.00186 1.0033¢
dinf.gaid.c.006 6 1.00265 0.00188 1.00641
dinf.gaid.c.007 7’ 1.01025 0.00190 1.01405
dinf.gaid.c.008 8 1.00657 0.00183 1.01043
dinf.gaid.c.009 9 1.00501 0.00241 1.00983
dinf.gaid.c.010 10 1.00394 0.00217 1.00828
dinf.gaid.c.011 11 1.00192 0.00259 1.00710
dinf.gaid.c.012 12 0.99742 0.00229 1.00200
dinf.gaid.c.013 13 0.08882 0.00236 0.99354
dinf.gaid.c.014 14 0.989486 0.00287 0.99520
dinf.gaid.c.015 15 0.98496 0.00247 0.98990
dinf.gaid.c.020 20 0.95308 0.00264 0.95836'
dinf.gaid.c.030 30 0.88224 0.00286 0.88796-
dinf.gaid.c.040 40 0.82924 0.00296 0.83516
dinf.gaid.c.050 50 0.79270 0.00281 0.79832
dinf.gaid.c.060 60 0.77535 0.00279 0.78093
dinf.gaid.c.070 70 0.76404 0.00276 0.76956
dinf.gaid.c.080 80 0.75932 0.00322 0.76576
dinf.gaid.c.080 90 0.75432 0.00311 0.76054
dinf.gaid.c.100 100 0.75971 0.00319 0.76609
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Table 15 Infinite Array of SP-3 Inner Packages, Assemblies Centered in Channels, Asymmetric
Gd,04 Rods in Each Assembly Facing Towards the Outside and Bottom of the Inner Packaging,
0.3957" Diameter Pellets, 0.14 VF PE

dinf.gaod.c.000 0 0.92424 0.00165 0.92754
dinf.gaod.c.001 ' 1 0.94487 0.00190 0.94867
dinf.gaod.c.003 3 0.98327 0.00201 0.98729
dinf.gaod.c.005 5 0.99553 0.00196 0.99945
dinf.gaod.c.006 6 0.99787 0.00223 1.00233
"dinf.gaod.c.007 7 1.00351 0.00208 1.00767
dinf.gaod.c.dOS 8 1.00517 0.00207 1.00931
dinf.gaod.c.009 9 1.00629 0.00225 1.07079
dinf.gaod.c.010 10 1.00246 0.00250 1.00746
dinf.gacd.c.011 11 1.00046 0.00242 1.00530
dinf.gaod.c.012 12 0.99507 0.00256 1.00019:
dinf.gaod.c.013 13 0.88759 0.00221 0.99201
dinf.gaod.c.014 14 0.98204 0.00253 0.98710
dinf.gaod.c.015 15 0.97558 0.00230 0.98018.
dinf.gaod.c.020 20 0.94668 0.00265 0.95198’
dinf.gaod.c.100 100 0.76648 0.00310 0.77268
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Table 16 Infinite Array of SP-3 Inner Packages, Assemblies Centered in Channels, Asymmetric
Gd,03 Rods in the Assemblies in Each Group of Two Vertically Adjacent Inner Packages Facing
Towards the Inside of the Group, 0.3957" Diameter Pellets, 0.14 VF PE

dinf.gin.c.000 0 0.91819 0.92155
dinf.gin.c.001 1 0.94700 0.00157 0.95014
dinf.gin.c.003 3 0.98014 0.00187 0.98388
dinf.gin.c.005 5 0.99650 0.00198 1.00046
dinf.gin.c.006 6 1.00441 0.00208 1.00857
dinf.gin.c.007 7 1.01029 0.00197 1.01423
dinf.gin.c.008 8 1.00601 0.00225 1.01051
dinf.gin.c.009 9 1.00429 0.00213 1.00855
dinf.gin.c.010 10 1.00568 0.00226 1.01020
dinf.gin.c.011 11 1.00249 0.00238 1.00725
dinf.gin.c.012 12 0.99487 0.00222 0.99931
dinf.gin.c.013 13 0.98789 0.00248 0.99285
din.gin.c.014 14 0.98459 0.00253 -0.98965"
dinf.gin.c.015 15 0.98040 0.00246 0.98532
dinf.gin.c.020 20 0.95008 0.00246 . 0.95500
dinf.gin.c.100 100 0.75750 0.00316 0.76382:
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Table 17 Infinite Array of SP-3 Inner Packages, Assemblies Centered in Channels, Asymmetric
Gd,0; Rods in the Assemblies in Each Group of Two Vertically Adjacent Inner Packages Facing
Towards.the Outside of the Group, 0.3957” Diameter Pellets, 0.14 VF PE

hsen! basnim e Nogers i i A e

dinf.gout.c.000 0 ' 0.92009 0.00168 0.92345
dinf.gout.c.001 1 0.94614 0.00222 0.95058
dinf.gout.c.003 3 ~ 0.98264 0.00201 0.98666
dinf.gout.c.005 5 ' 0.99750 0.00211 - 1.00172
dinf.gout.c.006 6 ' 1.00265 0.00232 ' 1.00729
dinf.gout.c.007 ' 7 ©1.00422 . 0.00210 1.00842
dinf.gout.c.008 8 1.00332 0.00203 1.00738
dinf.gout.c.009 9 1.00633 . 0.00218 " 1.01069
dinf.gout.c.010 10 " 0.99957 0.00227 1.00411
dinf.gout.c.011 1" 0.99697 0.00202 1.00101
dinf.gout.c.012 12 0.99408 0.00233 0.99874
dinf.gout.c.013 : 13 . 0.99039 0.00259 ' 0.99557
dinf.gout.c.014 14 ©0.98530 0.00263 0.93056
dinf.gout.c.015 15 ' 0.96907 0.00239 0.97385
dinf.gout.c.020 20 0.94723 0.00242 0.95207.
dinf.gout.c.100 100 0.77638 0.00332 . 0.78302
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Figure 11 Assemblies as Close as Physically Possible within Inner
Packaging and Asymmetric Gd,0; Rods in the Assemblies in Each
Group of Two Vertically Adjacent Inner Packages Facing Towards the
Outside of the Group
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Figure 12 Assemblies as Close as Physically Possible within Inner
Packaging and Asymmetric Gd,0O; Rods in the Assemblies in Each
Group of Two Vertically Adjacent Inner Packages Facing Towards the

- Inside of the Group
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. Model SP-3 Shipping Container

. Figure 13 - Assemblies as Far.Apart as Physically Possible within Inner
. Packaging and Asymmetric Gd,O; Rods in the Assemblies in Each
Group of Two Vertically Adjacent Inner Packages Facing Towards the
Inside of the Group
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Table 18 Infinite Array of SP-3 Inner Packéges, Assemblies as Close as Physically Possible within
Inner Packaging, Asymmetric Gd,O3 Rods in the Assemblies in Each Group of Two Vertically
Adjacent Inner Packages Facing Towards the Outside of the Group, 0.3957” Diameter Pellets, 0.14

VF PE
0 0.92285 0.00163 092611 |
dinf.gout.i.001 1 0.94633 . 0.00155 0.94943
dinf.gout..003 3 0.97010 0.00177 0.97364
dinf.gout.i.005 5 . 0.98161 0.00183 0.98527
dinf.gout.i.006 6 . 0.98611 0.00218 0.99047
dinf.gout.i.007 7 0.98110 0.00206 0.98522
dinf.gout..008 8 0.97736 0.00215 0.98166
dinf.gout.i.009 9 0.97445 0.00245 097935
dinf.gout..010 10 0.97364 0.00235 0.97834.
dinf.gout..011 11 0.96551 0.00248 0.97047
dinf.gout..012 12 . 0.95505 0.00260 0.96025
dinf.gout..013 13 © 094978 0.00216 0.95410
dinf.gout1.014 14  0.94445 0.00245 - 0.94935
dinf.gout.i.015 15 . 0.94069 0.00228 0.94525
dinf.gout.1.020 : 20 " 0.89590 0.00271 0.90132"
dinf.gout.i.100 100 0.77836 0.00343 0.78522
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Table 19 Infinite Array of SP-3 Inner Packages, Assemblies as Close as Physically Possible within
Inner Packaging, Asymmetric Gd.O; Rods in the Assemblies in Each Group of Two Vertically
Adjacent Inner Packages Facing Towards the Inside of the Group, 0.3957" Diameter Pellets, 0.14
VF PE

&3

dinf.gin.i.000 0 0.92523 0.00163 0.92849
dinf.gin.i.001 1 0.94837 0.00198 0.95233:
dinf.gin.i.003 3 0.97876 0.00209 0.98294'
dinf.gin.i.005 5 0.98673 0.00213 0.99099
dinf.gin.i.006 6 0.98894 0.00216 0.99326
dinf.gin.i.007 7 0.99107 0.00206 0.99519
dinf.gin.i.008 - 8 0.98939 0.00220 0.99379
dinf.gin.i.009 9 0.98154 0.00204 0.98562"
dinf.gin.i.010 10 0.98022 0.00252 0.98526'
dinf.gin.i.011. 11 0.97373 0.00245 0.97863
dinf.gin.i.012 12 0.96553 0.00280 0.97113
dinf.gin.i.013 13 0.95736 0.00225 0.96186:
dinf.gin.i.014 14 0.95353 0.00260 0.95873"
dinf.gin.i.015 15 0.94179 0.00259 0.94697
dinf.gin.i.020 20 0.90522 0.00301 0.91124
dinf.gin.i.100 100 0.77375 0.00339 0.78053
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Table 20 Infinite Array of SP-3 Inner Packages, Assemblies as Far Apart as Physically Possible
within Inner Packaging, Asymmetric Gd,O3 Rods in the Assemblies in Each Group of Two Vertically
Adjacent Inner Packages Facing Towards the Inside of the Group, 0.3957" Diameter Pellets, 0.14

VF PE :

1% E@x

dinf.gin.0.000 0 0.92342 0.00175 0.92692
dinf.gin.0.001 1 0.94465 0.00165 0.94795
dinf.gin.0.003 3 0.98368 0.00210 0.98788
dinf.gin.0.005 5 1.00329 0.00208 1.00745
dinf.gin.0.006 6 1.00689 0.00186 1.01061
dinf.gin.0.007 7 1.00911 0.00198 1.01307
dinf.gin.0.008 8 1.01488 0.00206 1.01900
dinf.gin.0.009 9 1.01294 0.00218 1.01730.
dinf.gin.0.010 10 1.01241 0.00239 1.01719
dinf.gin.0.011 11 1.01139 0.00248 1.01635
dinf.gin.0.012 12 1.01062 0.00227 1.01516
dinf.gin.0.013 13 1.00426 0.00237 1.00900
dinf.gin.0.014 14 0.99882 0.00234 1.00350
dinf.gin.0.015 15 0.99208 0.00227 0.99662
dinf.gin.0.020 20 0.96620 0.00261 0.97142
dinf.gin.0.100 100 0.73189 0.00298 0.73785
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Table 21 Infinite Array of SP-3 Inner Packages, Assemblies as Far Apart as Physically Possible
within Inner Packaging, Asymmetric Gd.O3; Rods in the Assemblies in Each Group of Two Vertically
Adjacent Inner Packages Facing Towards the Inside of the Group, 0.35” Diameter Pellets, 0.14 VF

PE
i i Mod P e | T e
dinfa.gin.0.000 0  0.93601 0.00182 0.93965
dinfa.gin.0.001 1 095844 0.00204 0.96252
dinfa.gin.0.003 3 0.98718 0.00214 0.99146
dinfa.gin.0.005 5 1.00056 0.00216 1.00488
dinfa.gin.0.006 6 1.00266 0.00231 1.00728
dinfa.gin.o.007 7 1.00500 0.00226 1.00952
dinfa.gin.o.008 8 1.00372 0.00268 1.00808
dinfa.gin.0.009 9 0.99917 0.00231 1.00379
dinfa.gin.0.010 10 0.99534 0.00206 0.99946
dinfa.gin.0.011 11 0.99324 0.00240 0.99804
dinfa.gin.0.012 12 0.98843 0.00244 0.99331
dinfa.gin.0.013 13 0.98192 0.00268 0.98728
dinfa.gin.o.014 14 0.98071 0.00281 ' 0.98633
dinfa.gin.o.O:‘IS 15 0.97225 0.00266 0.97757
dinfa.gin.0.020 20 " 0.94173 0.00292 0.94757
dinfa.gin.0.100 100 - 0.72278 0.00315 0.72908
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Table 22 112 SP-3 Inner Packages (8 Wide x 14 High), Assemblies as Far Apart as Physically
Possible within Inner Packaging, Asymmetric Gd,O; Rods in the Assemblies in Each Group of Two
Vertically Adjacent Inner Packages Facing Towards the Inside of the Group, 0.3957” Diameter
Pellets, 0.14 VF PE

2.gin.0.000 0 0.73316 0.00237 0.73789
d112.gin.0.001 1 0.77394 0.00246 0.77886
d112.gin.0.003 3 083914 0.00241 0.84396
d112.gin.0.005 5 0.88059 0.00259 0.88577
d112.gin.0.006 6 0.89472 0.00241 0.89954
d112.gin.0.007 7 0.90996 0.00248 0.81492
d112.gin.0.008 8 0.91947 0.00278 0.92503
d112.gin.0.009 9 0.92806 0.00237 0.93280
d112.gin.0.010 10 0.93178 0.00276 0.93730
d112.gin.0.011 11 . 0.93350 ’ 0.00270 0.93890
d112.gin.0.012 12 " 0.93638 0.00273 0.94184
d1 12.gi_n.o.013 13 0.94134 0.00250 0.94634
d112.gin.0.014 14 0.93746 0.00257 0.24260
d112.gin.c.015 15 0.83109 . 0.00295 0.93699
d112.gin.0.020 20 0.91940 0.00279 0.92498
d112.gin.0.100 100 < 0.73110 0.00354 0.73818
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Table 23 112 SP-3 inner Packages (8 Wide x 14 High), Assemblies as Far Apart as Physically
Possible within Inner Packaging, Asymmetric Gd,O; Rods in the Assemblies in Each Group of Two
Vertlcally Adjacent Inner Packages Facing :Towards the Inside of the Group, 0.35" Diameter Pellets,

0.14 VF PE

. || d112a.gin.0.000 0 ©0.72927 0.00252° 0.73431
d112a.gin.0.001 : 1 076529 0.00228 0.76985
d112a.gin.o.003 3 082126 0.00256 0.82638
d112a.gin.0.005 5 0.86408 0.00260 0.86928
d112a.gin.0.006 6 0.87822 0.00279 . 0.88380.
d112a.gin.0.007 7 | 0.88682 0.00236 0.89154
d112a.gin.0.008 8 0.89857 0.00272 0.90401
d112a.gin.0.009 9 0.90166 0.00296 0.90758
d112a.gin.0.010 10 0.90884 0.00249 0.91382
d112a.gin.0.011 11 0.90866 0.00251 0.91368
d112a.gin.0.012 12 . 0.91260 0.00271 0.91802°
d112a.gin.o0.013 13 0.91596 0.00234 0.92064
d112a.gin.0.014 14 0.91333 0.00273 0.91879,
d112a.gin.0.015 15 © 0.90806 0.00253 0.91312
d112a.gin.0.020 20 ~ 0.88571 0.00293 0.89157
d112a.9in.0.100 100 0.71794 0.00311 0.72416
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Table 24 112 SP-3 Inner Packages (8 Wide x 14 High), Assemblies as Far Apart as Physically
Possible within Inner Packaging, Asymmetric Gd,O3 Rods in the Assemblies in Each Group of Two
Vertically Adjacent Inner Packages Facing Towards the Inside of the Group, 0.3957” Diameter

Pellets, 0.152 VF PE

d112PS gin.0.000 0 r 0.74824 0.00248 0.75320
d112PS.gin.0.001 1 0.78211 0.00248 0.78707
d112PS.gin.o0.003 3 0.84317 0.00225 0.84767
d1 12PS.gin.p.005 5 0.88074 0.00270 0.88614
d112PS.gin.0.006 ] 0.89791 0.00280 0.90351,
d112P8S.gin.c.007 7 0.90794 0.00269 0.91332
d112P8S.gin.0.008 8 0.92254 0.00264 0.92782
d112P8.gin.0.009 9 0.92537 0.00276 0.93089
d112P8S.gin.0.010 10 0.93228 0.00281 0.93790
d11 2PS.gin.6.01 1 11 0.93473 0.00275 0.94023
d112PS.gin.o.012 12 0.94048 0.00261 0.94570
d112P$.gin.0.013 13 0.93828 0.00250 0.94328
d112PS‘.gin.o.O14 14 0.93512 0.00313 0.94138
d112PS.gin.0.015 15 0.93594 0.00296 0.94186
d112PS.gin.0.020 20 . 0.92188 0.00266 0.92720
d112PS.gin.o.100 100 072353 0.00276 0.72905
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3.1.5 Calculation of Transport Index (T1) with Payload 1 (ATRIUM™-10 with PE Shipping Shims)

The Tl for criticality safety is set such that five times the allowed number of packages at

undamaged conditions and two times the allowed number of packages at damaged conditions must
have a k. less than 0.95. Note that as discussed in Section 2.4, the bias is negative
(conservative), so it is not included in the results as presented below.

Damaged Conditions

Array size'= 8xi8x1 = T0& (N=52) Maximum kg = 0194054
Undamaqéd Conditions
Array size = 16x16x1 = 256 (N=51) Maximum ks = 0.81950-

Using the smaller of the N values above and rounding to the highest tenth, the Tl is calculated
below:

TI=50/51=1.0
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4. QA Review Description

1)

2
3)

4)
5)
6)
7)
8)
9

4.1

Methodology used in this CSE is clearly defined and was verified to be applicable. :
Agreement is indicated by a check mark in the CSE text. The calculation methods including
details on cross section preparation, atom densities assumed, and geometry models were
reviewed and determined to be adequate. Each of these items was verified to be
conservative.

Assumptions were reviewed for reasonableness and applicability to this analysis.
Agreement is indicated by a check mark in the CSE text.

Modeling was reviewed and determined to conservatively model the actual system. A listing
of one or more of the most reactive cases is included in the CSE.

Referenced sources were reviewed for applicability to this CSE.

lngut information was checked agaittst referenced sources.

lnput for computer calculations were checked for agreement with values in the CSE text.
Ha‘ﬁd calculations were independently checked. |

Keff for worst case accident conditions is specifically stated in the text.

Comments are provided below and are referenced in the CSE text as QA-N, where N is the

. correspondmg comment number.

QA Review Comments and Resolution

All comments were editorial in nature and were incorporated into the body of the text.

4.2

Listing of Archived Computer Filés

The computer input listings for this analysis’ ‘have been archived on the DMS system under the
following dlrectones

/crltsafety/CSA/SHl PPING/SP-1/SP-1-DATA/SP1.6/...

Listings of the most reactive cases are provided in Appendix A.
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1

2)

3)

4)

5)

6)

7)

8)

9)

References

SCALE Standardized Computer Analyses for Licensing Evaluation, NUREG/CR-2000
ORNL/NUREG/CSD-Z Volumes 1, 2, and 3.

Cr|t|cal Separation Between Subgcritical,Clusters of 4.31 wt% Enriched UO, Rods in Water with
Fixed Neutron Poisons, NUREG/CR-0073.

EMF-94-175, "Validation and Verification of KENO.Va" by R. E. Coen, Siemens Power
Corporation - Nuclear Division, 2101 Hom Rapids Road, Richland, WA 99352.

UCRL-53369, Nuclear Criticality Safety Experiments, Calculations, and Analyses - 19580 1982:
Compilation of Papers from the Transactions of the American Nuclear Society, Volume 2:
Summaries, Lawrence Livermore Natlonal Laboratory, W. Marshall, et al, “Criticality Safety
Criteria,” pp.687-688.

EMF-2418(P) Revision 0, Principal Reload Fuel Design Parameters Kuosheng Unit 1 Fabrication
- Batch KS1-F13 ATRIUMT""—1O July 2000.

KJW:00: 014, Shipping Shim Mass forATRlUMTM-10 K. J. Wahlquist to C. D. Manning, June 21,
2000

CSE BFQ-SP1.5 Revision 2, SP-1 Shlpplnq Container Supplemental Cntlcallty Safety
Evaluation, C. D. Manning, Siemens Power Corporation, 7/20/1999.

RF:00:012, CASMO-4 Analysis of the Kuosheng and Chinshan ATRIUM™-10 Reload Fuel Design
for the SP-1 Shipping Containers, R. Fundak to J. M. Deist, September 20, 2000.

JKS:00:033, Upper Tie Plate Shipping Shim for Taipower ATRIUM™-10 Fuel Shipments; J. K.
Schuette to J. M. Deist, June 13, 2000.

10) EMF-CS-1121, Characteristics Specification, Kuosheng Unit 1 KS1-F13 ATRIUM™-10, Siemens

Power Corporation.
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APPENDIX A SAMPLE COMPUTER INPUTS
Case “drda-table11.98”: Single SP-3 Inner Package, Assemblies Moved as Close as

Physically Possible within Inner Packaging, Asymmetric Gd,O,
Rods in Assemblies are Toward Outside of Inner Packaging,
0.35" Diameter Pellets, 0.14 VF PE as Shipping Shims, Fully
Flooded . :

=ggsas25s
atrium-10 in spl shipping container
hans infhom

' mixture 1
' interior rods not immed. adj. to water channel, no gdz2o3, 5 wt% u235
uo2 1 0.98 293 52235 5.0 92238 95.0 end

' mixture 2
' interior rods immed. adj. to water channel, no gd2o3, 5 wt% u235
uo2 2 0.98/ 293 92235 5.0 92238 95.0 end

' mixture 3 .
' interior rods, 1.5 wt%-gd203, 5 wt% u235
' td of wo2-gd203 = 10.96-2.65%p/ [p+0.67145* (1-p}], p = wt fraction gd2o3
' p is 0.015 here, so td of uo2-gd2o3 is 10.90123 g/cc
! pellets are 0.98 td, so 0.98*10.90123 =.10.68321 g/ce
' gd203 density is 0.015*10.68321 = 0.16025
uo2 3 den=10.68321 1.0 293 92235 5.0 92238 95.0 end
arbmgd203 0.16025 2 0 1 0 64000 2
: . 8016 3 3 1.0 293 end

' mixture 4
' corner rods facing other bundle, 5 wt% u235
uo2 4 0.98' 293 92235 5.00 92238 95.00 end

' mixture 5 - not used

' smeared:zr clad '
' pod, cid, cod = 0.4221", 0.4281", 0.4781"
' vol fract zr = 0.8988 ;
! at dens = 0.8988 * 4.2518-2 = 3.B8215e-02
zircalloy 5.0.0 3.8215e-02 293 end

' mixture 6
' interspersed moderator
h2o 6 1.00,293 end

' mixture 7

' carbon steel, 100 vol%:

¢ 7 0.0 3,921682e-03 293 end _
fe 7 0.0 B.350009e-02 293 end

' mixture 8

' carbon steel, 85.57 vol% smeared with 10 vol% h2o
8 0.0 3:3557B3e—03 293 end

0 7.145103e-02 2353 end

0 4.8167e-04 293 end

0 9.6335e~04 293 end

e 8 0.
8 0.
8 0.

0 mha

' mixture 9 - not used

' carbon steel, 8.64 vol%

9 0.0 3.388333e-04 293 end
9 0.0 7.214408e-03 293 end
9 0.0 3.0496e-03 293 end

9 0.0 6.0992e-03 293 end
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' mixture 10
' watex for reflector
h2o0 10 1.00 293 end

' mixture 11
' pe and interspersed water
! vE pe = 0.14
' water at full density is (1-.14) = .86 g/cc
h2o 11 den=0.86 1.00 293 end
arbmepe 0.92 2 0 11 60121
1001 2 11 0.14 end
' mixture 12 .
' corner rods not facing other bundle, 5 wt% u235
uo2 12 0.98 293 92235 5.00 92238 95.00 end

' mixture 13
' rods immed. adj. to corner rod, facing other bundle, 5 wt% u235
uo2 13 0.98 293 92235 5.00 92238 35.00 end

' mixture 14
' rods immed. adj. to corner rod, not facing other bundle, 5 wt% u235
uo2 14 0.98°'293 92235 5,00 92238 95.00 end

' mixture 15 .
' balance of edge rods facing other bundle, 5 wt% u235
uo2 15 0.98 293 92235 5.00 92238 95.00 end

' mixture 16 )
' balance:of edge rocds not facing other bundle, 5 wt¥% u235
uo2 16 0.98 293 92235 5.00 92238 95.00 end

end comp
more data
res= 1 cyli 4.3004E-01 dan{ 1)= 2.9485E-01
res= 2 cyli 4.4115E-01 dan( 2)= 2.0949E-01
res= 3 cyli 4.2363E-01 dan{ 3)= 2.3202E-01
res= 4 cyli 4.3B96E-01 dan( 4)= 1.8340E-01
res= 12 chi 4.2580E-01 dan( 12)= 1.3547E-01
res= 13 cyli 4.4412E-01 dan( 13)= 2.9408E-01
res= 14 cyli 4.6283E-01 dan( 14)= 2.1325E-01
res= 15 cyli 4.2695E-01 dan{ 15)= 2.7553E-01
res= 16 cyli 4.4358E-01 dan{ 16)= 2.0248E-01

end more
atrium-10 in spl shipping container
read parameters
tme=90.0 gen=103 npg=500
flx=yes fdn=yes xsl=yes nub=yes pwt=yes
run=yes plt=yes '
end parameters
read geometry

unit 5

com=" 10x10 bundle in left basket "
array 1 -4.2151 -6.477 -225.58

cubo 6 1: 4p8.7381 2p225.58

' add 0.00598 inch of perforated steel
cubo 8 1 4p8.89 2p225.58

unit 6

com=" '10x10 bundle in right basket "
array 2 -8.7381 -6.477 -225.58

cubo 6 1 4p8.7381 2p225.58

' add 0.00598 inch of perforated steel
cubo 8 1 4p8.89 2p225.58

unit 9 .
com="1 5/8 x 1 5/8 inch moderation regions at corners
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cubo 6 1 4p2.06375 2p225.58

global

unit 10

com=" 1 inner container "
array 3 ~21.9075 -13.97 -225.58
' add 0.0598 inch walls

repl 7 1,6r0.1519 1

repl 10 2 6x3.0 10

unit 11

com="array:of inners
array 4 3r0.0

repl 10 2 6r3.0 10

unit 16

com=" gpacing & steel angle at -x side of basket *
cubo 6 1 4.12750 0.0 2p8.89 2p225.58
hole 22 -0.15875 0.0 0.0
hole 22 0.47625 -0.3175 0.0
hole 22 0.47625 0.3175 0.0
hole 22 0.79375 0.635 0.0
hole 22 0.79375 -0.635 0.0
hole 22 1.11125 0.9525 0.0
hole 22 1.11125 -0.9525 0.0
hole 22 1.42875 1.27 0.0
hole 22 1.42875 -1.27 0:0
hole 22 1.74625 1.5875 0.0
hole 22 1.74625 -1.5875 0.0
hole 22 2.06375 1.905 0.0
hole 22 2.06375 -1.905 0.0
hole 22 2.38125 2.2225 0.0
hole 22 2.38125 -2.2225 0.0
hole 22 2.69875 2.54 0.0
hole 22 2.69875 -2.54 0.0
hole 22 3.,01625 2.8575 0.0
hole 22 3,01625 -2.8575 0.0
hole 22 3.33375 3.175 0.0
hole 22 3:.3337S -3.175 0.0
hole 22 3.65125 3.4525 0.0
hole 22 3:.65125 -3.4925 0.0
hole 22 3.96875 3.81 0.0
hole 22 3.96875 -3.81 0.0

unit 17 .

com=" spacing & steel angle at +x side of basket "
cubo 6 1 '0.0 -4.12750 2p8.89 2p225.58

hole 22 -0.15875 0.0 0.0

hole 22 -0.47625 -0.3175 0.0
hole 22 -0.47625 0.3175 0.0
hole 22 -0.79375 0.635 0.0
hole 22 -0.7%375 -0.635 0.0
hole 22 -1.11125 0.9525 0.0

hole 22 -1.11125 -0.9525 0.0
hole 22 -1.42875 1.27 0.0
hole 22 -1.42875 -1.27 0.0
hole 22 -1.74625 1.5875 0.0
hole 22 -1.,74625 ~1.5875 0.0
hole 22 =-2.06375 1.505 0.0
hole 22 -2.06375 ~1.905 0.0
hole 22 -2.38125 2.2225 0.0
hole 22 -2.38125 -2,2225 0.0
hole 22 -2.69875 2.54 0.0
hole 22 -2.69875 -2.54 0.0
hole 22 -3.01625 2.8575 0.0
hole 22 -3.01625 -2.8575 0.0
hole 22 -3,33375 3.175 0.0
hole 22 -3.33375 -3.175 0.0
hole 22 -3.65125 3.4925 0.0
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hole 22 -3.65125 -3.45925 0.0
hole 22 -3.96875 3.81 0.0
hole 22 -3.96875 -3.81 0.0

unit 18

com=" angles & spacing beneath baskets "
cubo 6 1 2p8.89 4.12750 0.0 2p225.58
hole 21 0.0 0.15875 0.0
hole 21 -0.3175 0.47625 0.0
hole 21 0.3175 0.47625 0.0
hole 21 '0.635 0.79375 0.0
hole 21 -0.635 0.79375 0.0
hole 21 0.9525 1.11125 0.
hole 21 -0.9525 1.11125 0.
hole 21 1.27 1.42875 0.0
hole 21 -1.27 1.42875 0.0 .
hole 21 1.5875 1.74625 0.0 :
hole 21 -1.5875 1.74625 0.0

hole 21 1.905 2.06375 O.

hole 21 -1.905 2.06375 O.
hole 21 2.2225 2.38125 0.0
hole 21 -2.2225 2.38125 0.0

hole 21 2.54 2.69875 0.0 :
hole 21 -2.54 2.69875 0.0

hole 21 2.8575 3.01625 0.0

hole 21 -2.8575 3.01625 0.0

hole 21 :3.175 3.33375 0.0

hole 21  -3.175 3.33375 0.0

hole 21  +3.4925 3.65125 0.0

hole 21  -3.4925 3.65125 0.0

hole 21 3.81 3.96875 0.0

hole 21  -3.81 3.96875 0.0

0
0

0
0

unit 19

com="angles & spacing above baskets
cubo 6 1 .2p8.89 0.0 -4.12750 2p225.58
hole 21 0.0 -0.15875 0.0
hole 21 -0:3175 -0.47625 O.
hole 21 0.3175 -0.47625 0.
hole 21 0.635 -0.79375 0.0
hole 21 -0.635 -0.79375 .0.0

0
0

hole 21 0.9525 ~1.11125 0.0
hole 21 -0.9525 ~1.11125 0.0

hole 21 1:27 -1.42875 0.0

hole 21 -1:27 -1.42875 0.0

hole 21 1.5875 -1.74625 0.0

hole 21 -1:5875 ~1.74625 0.0

hole 21 1:905 -2.06375 0.0

hole 21 -1,905 -2.06375 0.0 ;

hole 21 2:2225 -2.38125 0.0 :
hole 21 -2.2225 -2.38125 0.0 :
hole 21 2.54 -2.69875 0.0 :
hole 21 -2.54 -2.69875 0.0 i
hole 21 2i8575 -3.01625 0.0 !
hole 21 -2.8575 -3.01625 0.0 '
hole 21 3.175 -3.33375 0.0 . i
hole 21 -3.175 -3.33375 0.0 : i
hole 21 3.4925 ~3.65125 0.0
hole 21  -3.4925 -3.65125 0.0
hole 21  3.81 -3.96875 0.0
hole 21 .-3.81 -3.96875 0.0

unit 21

com="part of steel angle in horiz sections of stringer"
' 0.1552"'x 0.125"

cubo 7 1 2p0.197104 2p0.15874 2p225.58

unit 22 : . :
com="part of steel angle in vert sections of stringer’
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' 0.125" x 0.1552"
cubo 7 1 2p0.15874 2p0.

unit 101
com=" interior rods not

cyli 1 1 0.44450 2p225.
cubo 11 1 4p0.6447 2p225.

unit 102

197104 2p225.58

immed. adj. to water channel, no gd2o3, 5 wt% u235 "
58
58

com=" interior rods immed. adj. to water channel, no gd203, 5 wt% u235 "

cyli 2 1 0.44450 2p2325.
cubo 11 1 4p0.6447 2p225.

unit 103
com=" interior rods, 1.5

cyli 3 1 0.44450 2p225.
cubo 11 1 4p0.6447 2p225.

unit 104
com=" corner rods facing

cyli 4 1 0.44450 2p225,
cubo 11 1 4p0.6447 2p225.

unit 105

58
58

wt% gd2o03, 5 wt% u23s
58
58

other bundle, 3.05,wt% u235 *
58
58

com=" corner rods not facing other bundle, 3.05 wt$% u235 "

cyli 12 1 0.44450 2p225.
cubo 11 1 4p0.6447 2p225.

unit 106
com=" rods.immed adj. to
eyli 13 1 0.44450 2p225

cubo 11 1 4p0.6447 2p225.

unit 107
com=" rods immed adj. to

cyli 14 1 0.44450 2p225.
cubo 11 1 4p0.6447 2p225.

unit 108

58
58

corner rod, facing .other bundle, 3.55 wt% u235 "
.58
58

cornexr rod, not facing other bundle, 3.55 wt% u235 "
58
58

com=" balance of edge rods facing other bundle, 4.75 wt% u235 "

cyli 15 1 0.44450 2p225.
cubo 11 1 4p0.6447 2p225.

unit 108

58
58

com=" balance of edge rods not facing other bundle, 4.75 wt% u235 "

cyli 16 1 0.44450 2p225.

cubo 11 1 4p0.6447 2p225,

unit 110
com=" water rod "

cubo 6 1 4p0.6447 2p225.

end geometry
read array'

' arraf 1 is bundle in 1

58 ‘
58 ;

58

eft basket

ara=1l nux=10 nuy=10 nuz=1

£ill

105 107 109 109 109 109
107 101 103 101 103 101
109 103 101 101 102 102
109 101 101 102 110 110
109 103 101 102 110 110
109 102 101 102 110 110
109 101 101 101 102 102
109 103 101 101 101 101
107 101 103 101 101 103
105 207 109 109 109 109

109 109 107 104
101 101 101 106
102 101 101 108
110 102 101 108
110 102 101 108
110 102 103 108
102 101 101 108
101 101 103 108
101 103 101 106
109 109 107 104
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end

£ill

' arxay 2 is bundle
ara=2 nux=10 nuy=10
fill

104
106
108
108
108
108
108
lo8
106
104
end

107
101
101
101
101
103
101
103
101
107
£i11

109
101
101
102
102
102
101
101
103
109

109
101
102
110
110
110
102
101
101
109

109
101
102
110
110
110
102
101
103
109

in right basket
nuz=1

109
103
102
1lo0
110
110
102
101
101
109

ara=3 nux=4 nuy=3 nuz=1
' array 3 is 1 inner container

£ill
9 18 18 9
16 5 6 17
g9 19 19 9
end £ill

' array 4 is an array of inner containers
ara=4 nux=8 nuy=13 nuz=1

£i11 £10 end fill

end array .

read start

nst=

1

end start

read bounds
all=vacuum
end bounds

read bias '
1id=500 2
end bias

read plot '
]

ttl=' xy section of one inner container '

11

109
101
101
102
102
102
101
101
101
109

xul=-22.0594 vyul=12.2169
xlr=22.05594
uax=1 '

ttl=' xy section of one inner container plus reflector

xul=-54
xlr=54
uax=1

ttl=' xz section of ome inner container plus reflector '

xul=-54
X1lr=54
uax=1

1

end plot'

end data

end

ylr=-14.1219

vdn=-1

yul=44

ylr=-46

vdn=-1

yul=-5.8323

ylr=5.8323

wdn=1

109
103
101
101
101
101
101
101
103
109

zul=
zlr=10
nax=2150

zul=
zlr=10
nax=150

Zul=-258
Zlr=258
nax=150

107
101
103
101
103
101
101
103
10l
107

10

10

105

107

109
109
109
109
109
109
107
105

1pi=lQ

1pi=10

1pi=10
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Case “drda-table14.98”: Undamaged Spacing, 256 SP-1/2/3 Inner/Outer Packages

(16 Wide x 16 High), Assemblies as Far Apart as Physically
Possible within Inner Packaging, Asymmetric Gd,O; Rods in
the Assemblies in Each Group of Two Vertically Adjacent Inner
Packages Facing Towards the Inside of the Group, 0.3957"
Diameter Pellets, 0.14 VF PE within Inner Packages as
Shipping Shims, 13 vol% Interspersed Moderator, 1 vol% PE
between Inner and Outer Packages

=csag2s
atrium-10, in spl shipping container
hans infhom

' mixture 1
' interior rods not immed. adj. to water channel, no gd2o3, 5 wt% u235 1
uwo2 1 0.98 2593 92235 5.0 92238 95.0 end

' mixture 2
' interior rods immed. adj. to water channel, no gd2o3, 5 wt% u235
uo2 2 0.98 293 92235 5.0 92238 95.0 end

! mixture 3

' interior rods, 1.5 wt% gd203, 5 wt% u235 .
! td of uo2-gd203 = 10.96-2.65*p/ [p+0.67145*(1-p}], p = wt fraction gd2o3
' p is 0.015 here, so td of uo2-gd203 is 10.90123 g/cc
' pellets are 0.98 td, o 0.98%10.90123 ='10.68321 g/cc
' gd203 density is 0.015+10.68321 = 0.16025
uo2 3 den=10.68321 1.0 293 92235 5.0 92238 95.0 end
arbmgd203 0.16025 2 0 1 0 64000 2

' 8016 3 3 1.0 253 .end

' mixture 4
' corner rods facing other bundle, 3.05 wt% u23s
uo2 4 0.98 293 92235 3.05 92238 96.95 end

' mixture 5 - not used

' smeared.zx clad

' pod, cid, cod = 0.4221", 0.4281", 0.4781"
' wvol fract zr = 0.8988

' at deng = 0.8988 * 4.2518-2 = 3.8215e-02
zircalloy 5 0.0 3.8215e-02 293 end ,

' mixture 6 ;
' interspersed moderator
h2o 6 0.13 293 end

' mixture 7

' carbon steel, 100 vol%

c 7 0.0 3:921682e-03 293 end
fe 7 0.0 8.350009e-02 293 end

' mixture 8

' carbon steel, 85.57 vol% smeared with 10 vol% h2o
8 0.0 3:355783e~03 293 end

8 0.0 7.145103e-02 293 end
8 0.0 4.8167e-04 293 end

8 0.0 9.6335e-04 293 end

! mixture 9 - not used

' carbon steel, 8.64 vol%

9 0.0 3.388333e-04 293 end
9 0.0 7.224408e~03 293 end
S 0.0 3.0496e-03 293 end

9 0.0 6.Q992&—03 293 end
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' mixture 10
' water for reflector
h2o0 10 1.00 293 end

' mixture 11
' pe and interspersed water .
! vE pe = 0.14 . \
! water at full density is (1-.14) = .86 g/cc
h2o 11 den=0.86 0.13 293 end . !
arbmepe 0.92 2 0 11 6012 1

1001 2 11 0.14 end

' mixture 12
' corner rods not facing other bundle, 3.05 wt% u235
wo2 12 0.9§ 293 92235 3.05 92238 96.95 end

' mixture i3
' rods immed. adj. to corner rod, facing other bundle, 3.55 wt% u235
uo2 13 0.98 293 92235 3.55 92238 96.45 end

' mixture 14
' rods immed. adj. to cornmer rod, not facing other bundle, 3.55 wt% u235
uo2 14 0.98 293 92235 3,55 92238 96.45 end

! mixture 15
' balance:of. edge rods facing other bundle, 4.75 wt% u235 :
uo2 15 0. 98 293 92235 4. 75 92238 95.25 end -

' mixture 16
' balance of edge rods not facing other bundle, 5 wt% u235
uo2 16 0.98 293 92235 5.00 92238 95.00 end

|
|
' mixture 17 l
' pe as interspersed moderator for ethafoam
arbmepe 0.92 2 0 1 1 6012 1
1001 2 17 0.01 end ‘
|
end comp |
more data |

res= 1 cyli 3,9693E-01 dan( 1)= 7.1095E-01
res= 2 cyli 4.9947E-01 dan{ 2)= 6.3439E-01
res= 3 cyli 3.8942E-01 dan{ 3)= 7.1464E-01
res= 4 cyli 6.1041E-01 dan{ 4)= 2.9373E-01
res= 12 cyli 6.2199E-01 dan{ 12)= 3.0272E-01
res= 13 cyli 5.0252E-01 dan{ 13)= 4.8509E-01
res= 14 cyli 5.0306E-01 dan{ 14)= 4.8213E-01
res= 15 cyli 5.4301E-01 dan{ 15)= 5.0055E-01
res= 16 cyli 5.6070E-01 'dan{ 16)= 4.7538E-01

end more

atrium-10 in spl shipping container

read parameters i
tme=90.0 gen=103 npg=500 : !
flx=yes' fdn=yes xsl=yes nub=yes pwt=yes : '
run=yes plt=yes

end parameters

read geometry

unit 5 :

com=" 10x10 bundle in left basket (top 1nner) "
array 1 -8.7381 -6.477 -225.58

cubo 6 1. 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1' 4p8.89% 2p225.58

unit 6

com=" 10x10 bundle in right basket /(top 1nner) u
array 2 -4.2151 -6.477 -225.58

cubo 6 1 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel
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cubo 8 1 4p8.89 2p225.58

unit 7

com=" 10x10 bundle in left basket (bottom imner) "
array 5 -8.7381 -6.477 -225.58

cubo 6 -1 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1 4p8.89 2p225.58

unit 8

com=" 10x10 bundle in right basket (bottom inner) "
array 6 -4.2151 -6.477 -225.58

cubo 6 1. 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1- 4p8.89 2p225.58

unit 9 .
com="1 5/8 x 1 5/8 inch moderation regions at corners "
cubo 6 1 4p2.06375 2p225.58

unit 10

com=" 1 ihmner + outer container (top) "

array 3 -21,8075 ~13.97 -225.58

' add 0.0598 inch walls

repl 7 1 6r0.1519 1

' add exterior wood box (outer container)

' use low density pe here and box size of 24" x 24" x 206"
cubo 17 1 4p30.48 2p261.62

unit 11

com="axrray'of 2 inners + outers (top & bottom) "
array 8 3r0.0 ‘
'repl 10 2-6x3.0 10

unit 12 , '

com=" 1 inner + outer container (bottom) "

array 7 '+21.9075 -13.97 -225.58

' add 0.0598 inch walls

repl 7 1.6x0.1519 1

' add exterior wood box (outer container)

' use low density pe here and box size of 24" x 24" x 206"
cubo 17 1 4p30.48 2p261.62

global

unit 13

com="large array of inmers *
array 9 3r0.0 '
repl 10 2 6r3.0 10

unit 16

com=" spacing & steel angle at -x side of basket *
cubo 6 1 4.12750 0.0 2p8.89 2p225.58 :

hole 22 0.15875 0.0 0.0 N
hole 22 0.47625 -0.3175 0.0

hole 22 0.47625 0.3175 0.0

hole 22 0.79375 0.635 0.0

hole 22 0.79375 -0.635 0.0
hole 22 1:11125 0.9525 0.0
hole 22 1.11125 -0.9525 0.0
hole 22 1.42875 1.27 0.0
hole 22 1.42875 -1.27 0.0
hole 22 1.74625 1.5875 0.0
hole 22 1.74625 -1.5875 0.0
hole 22 2.,06375 1.905 0.0
hole 22 2:06375 -1.905 0.0
hole 22 2.38125 2.2225 0.0
hole 22 2.38125 -2,2225 0.0
hole 22 2.69875 2.54 0.0

hole 22 2:69875 -2.54 0.0
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hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22

unit 17

com=" spacing & steel angle at +x side of basket "

cubo 6 1 .0.0 -4.12750 2p8.89 2p225.58

hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22
hole 22

unit 18

com=" angles & spacing beneath baskets
cubo 6 1 :2p8.89 4.12750 0.0 2p225.58

hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21

“hole 21

hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21
hole 21

unit 19

com="angles & gpacing above baskets

01625 2.8575 0.0
.01625 -2.8575 0.
.33375 3.175 0.0
.33375 -3.175 0.0
.65125 3.4925 0.0
3'.65125 -3.4925 0
3.96875 3.81 0.0
3.96875 -3.81 0.0

W W www

~-0.15875 0.0 0.0

0

.0

-0.47625 -0.3175'0.0
-0.47625 0.3175'0.0
+0.79375 0.635 0.0
-0.79375 -0.635 0.0
-1.11125 0.9525'0.0
-1.11125 -0.9525 0.0
-1.42875 1.27 0.0
~1.42875 -1.27 0.0
-1.74625 1.5875 0.0
~1.74625 -1.5875 0.0
-2.06375 1.905 0.0
-2.06375 -1.905 0.0
-2.38125 2.2225 0.0
-2.38125 -2.2225 0.0
-2.69875 2.54 0.0
-2.69875 -2.54 0.0

-3.01625 2.8575 0.0

-3.01625 -2.8575 0.0
-3.33375 3.175 0.0
-3.33375 -3.175 0.0
-3.65125 3.4925 0.0
-3,65125 -3.4925 0.0
-3.96875 3.81 0.0
~-3,96875 -3.81 0.0

0.0 0.15875 0.0
-0.3175 0.47625 0.0
0.3175 0.47625 0.0
0,635 0.79375 0.0
-0.635 0.79375 0.0
0.9525 1.11125 0.0
-0:9525 1.11125 0.0
1.27 1.42875 0.0
-1.27 1.42875 0.0
1.5875 1.74625 0.0
-1.5875 1.74625 0.0

1.905 2.06375 .

0.0
-1.905 2.06375 0.0

2.2225 2.38125 O.
0.

-2.2225 2.38125

2.54 2.69875 0.0
-2.54 2.69875 0.0
2.8575 3.01625 0.0
-2.8575 3.01625 0.0

3.175 3.33375 0.0

-3.175 3.33375 O.

'3.4925 3.65125 O.

0
0

0
0

~3.4925 3.65125 0.0

.3.81 3.96875 0.0
-3.81 3.56875 0.0
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cubo 6 1. 2p8.89 0.0 -4.12750 2p225.58
hole 21 0.0 -0.15875 0.0

hole 21 -0.3175 ~-0.47625 0.0

hole 21 0.3175 -0.47625 0.0

hole 21 0.635 -0.79375 0.0
hole 21 -0.635 -0.79375 0.0
hole 21 0.9525 -1.11125 0.0
hole 21 -0.9525 -1.11125 0.0
hole 21 1.27 -1.42875 0.0

hole 21 -1.27 -1.42875 0.0

hole 21 1.5875 -1.74625 0.0
hole 21 -1.5875 -1.74625 0.0

hole 21 1.905 -2.06375 0.0
hole 21 -1.905 -2.06375 0.0
hole 21 2.2225 -2.38125
hole 21 -2.2225 -2.38125
hole 21 2.54 -2.69875 0.0
hole 21 -2.54 -2.69875 0.0
hole 21 2.8575 -3.01625 0.0
hole 21 -2.8575 -3.,01625 0.0
hole 21  3.175 -3.33375 0.0
hole 21 -3.175 -3.33375 0.0
hole 21 3.4925 -3.65125 0.0
hole 21  -3.4925 -3.65125 0.0
hole 21 - 3.81 -3.96875 0.0
hole 21  -3.81 -3.96875 0.0

0.0
0.0

unit 21 .

com="part of steel angle in horiz sections of stringer"
' 0.1552" x 0.125"

cubo 7 1 2p0.197104 2p0.15874 2p225.58

unit 22

com="part of steel angle in vert sections of stringexr"
' 0.125" x 0.1l552"

cubo 7 1 2p0.15874 2p0.197104 2p225.58

unit 101

com=" interior rods not immed. adj. to water channel, no gd2o03, 5 wt$% u235 "

cyli 1 1 0.50254 2p225.58
cubo 11 1 4p0.6447 2p225.58

unit 102

com=" interior rods immed. adj. to water channel, no gd2o03, 5 wt% u235 "

cyli 2 1 0.50254 2p225.58
cubo 11 1 4p0.6447 2p225.58

unit 103

com=" interior rods, 1.5 wt% gd2o3, 5 wt$% u235 "
cyli 3 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 104

com=" coxrner rods facing other bundle, 3.05 wt% u235 "
cyli 4 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 10S

com=" cornér rods not facing other bundle, 3.05 wt% u235 "
cyli 12 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 106

com=" rods immed adj. to coxner rod, facing other bundle, 3.55 wt% u235 *

cyli 13 1 0.50254 2p225.58
cubo 11 1 4p0.6447 2p225.58

unit 107

com=" rods-immed adj. to corner rod, not facing other bundle, 3.55 wt% u235 ¥
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cyli 14 1 9.50254 2p225.58
cubo 11 1 4p0.6447 2p225.58

unit 108

com=" balance of edge rods facing other bundle, 4.75 wt% u235 "
cyli 15 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 109

com=" balance of edge rods not facing other;bundle, 4.75 wt% u235 "
cyli 16 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 110
com=" water rod "
cubo 6 1 4p0.6447 2p225.58

end geometry
read array.

' array 1 is bundle in left basket (top inner)

ara=l nux=10 nuy=10 nuz=1 '

£ill '

105 107 109 109 109 109 109 109 107 104

107 101 103 101 103 101 101 103 101 106

105 103 101 101 101 101 101 101 103 108

109 101 101 102 102 102 101 101 101 108

109 103 102 110 110 110 102 101 101 108

109 101 102-110 110 110 102 101 103 108

109 101 102 110 110 110 102 101 101 108

109 101 101 102 102 102 101 101 103 108 . ’
107 101 101.101 101 103 101 103 101 106 ' |
105 107 109 109 109 109 109 109 107 104 ’
end fill

! array 2 is bundle in right basket (top inner)
ara=2 nux=10 nuy=10 nuz=1 !
£il1

104 107 109 109 109 109 109 109 107 105

106 101 103 101 101 103 101 103 101 107

108 103 101 101 101 101 101 101 103 109

108 101 101 101 102 102 102 101 101 109, ,
108 101 101 102 110 110 110 102 103 109 ’
108 103 101 102 110 110 110 102 101 109

108 101 101 102 110 110 110 102 101 109

108 103 101 101 102 102 102 101 101 109

106 101 103 101 103 101 101 101 101 107

104 107 109 103 103 109 109 109 107 105

end fill

' array 3 is 1 inner container (top inner) . .
ara=3 nux=4 nuy=3 nuz=1 .
£i11 .
9 18 18 9
16 5 6 17
91919 9
end fill

' array 4 is an array of inner containers
ara=4 nux=8 nuy=13 nuz=1
£ill £10 end f£ill

' array 5 is bundle in left basket (bottom inner)
ara=5 nux=10 nuy=10 nuz=1

£i11

105 107 109.109.109 109 109 109 107 104

107 101 101 101 101 103 101 103 101 106

109 101 101 102-102 102 101 101 103 108 ' :
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109 101 102 110 110 110 102 1ol 101 108
105 101 102 110 110 110 102 101 103 108
109 103 102 110 110 110 102 101 101 108
109 101 101 102 102 102 101 101 101 108
109 103 101 101 101 101 101 101 103 108
107 101 103 101 103 101 101 103 101 106
105 107 109 109 109 109 109 109 107 104
end £ill

' array 6 is bundle in right basket (bottom'irmer)
ara=6 nux=10 nuy=10 nuz=1 '
£ill

104 107 109 109 109 109 109 109 107 105

106 101 103 101 103 101 101 101 101 107

108 103 101 101 102 102 102 101 101 109

108 101 101 102 110 110 110 102 101 109

108 103 101 102 110 110 110 102 101 109

108 101 101 102 110 110 110 102 103 109

108 101 101 101 102 102 102 101 101 109

108 103 101 101 101 101 101 101 103 109

106 101 103 101 101 103 101 103 101 107

104 107 109 109 109 109 109 109 107 105

end £ill

' array 7 is 1 inner container (bottom inner)
ara=7 nux=4 nuy=3 nuz=1
£i11
918 18 9
16 7 8 17
9 19 19 9
end fill

' array 8 is 2 inner + outer containers (top & bottom)
ara=8 nux=1 nuy=2 nuz=1
£i1l 12 10  end £fill

' array 9 is array of 256 (16x16x1l) containers
ara=9 nux=16 nuy=8 nuz=1l
£il1l f11 end fill

end array

read start

nst=1

end start

read bounds

all=vacuum

end bounds

read bias
id=500 2: 11

end bias

read plot
1

ttl=' xy section of two inner containers '

xul=0 : yul=52.6776 Zul=10

xlr=44.1188 ylr=0 zlr=10 ;

uax=1 ! vdn=-1 nax=150 lpi=10 end
'

ttl=' xy section of entire array '

xul=-32 ' yul=401 Zul=10

x1r=385 ylr=-32 zlr=10

uax=1 - vdn=-1 nax=150 lpi=10 end
1

ttl=' xz section of one inner container '
xul=0 yul=7.1882 zul=0
x1lr=44.1188 ylr=7.1882 21r=452




Supplemental Llcense Apphcatlon for FRA ANP

Model SP-3 Shipping Container

EMF-1563
Revision 12A
Appendix 6!
Page 65 of 72

uax=1 : wdn=1 nax=150 lpi=10
]

ttl=' xz section of entire array '

xul=-32 ., yul=7.1882 zul=-32

x1r=385 ylr=7.1882 zlr=484

uax=1 : wdn=1 nax=150 1lpi=10
t C—
" end plot

end data

end

end

end
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Case “drda-table24.98": Damaged Spacing, 112 SP-3 Inner Packages (8 Wide x 14

High), Assemblies as Far Apart as Physically Possible within -
[nner Packaging, Asymmetric Gd,O; Rods in the Assemblies
in Each Group of Two Vertically Adjacent Inner Packages
Facing Towards the Inside of the Group, 0.3957" Diameter
Pellets, 0.14 VF PE as Shipping Shims, 13 vol% Interspersed
Moderator

=csas25
atrium-10 in spl shipping container
hans infhom

' mixture 1 .
' interior rods not immed. adj. to water channel, no gd2o3, 5 wt% u235
uo2 1 0.98 293 92235 5.0 92238 95.0 end

' mixture 2
' interior rods 1mmed adj. to water channel, no gd203, 5 wt% u23s
uo2 2 0.98;293 92235 5.0 92238 95.0 end

' mixture 3
' interior rods, 1.5 wt% gd2o3, 5 wt% u235
" td of 102-gd203 = 10.96-2.65*p/ [p+0.67145*(1-p)], p = wt fraction gd2o3
' p is 0.015 here, so td of uo2-gd2o3 is 10.90123 g/cc
' . pellets are. 0.98 td, so 0.98%10.90123 = 10.68321 g/cc
! gd2o3 density is 0.015*10.68321 = 0.16025
uo2 3 den=10.68321 1.0 293 92235 5.0 92238 95 0 end
arbmgd2o03 0.16025 2 0 1 0 64000 2
8016 3 3 1.0 293 end

!
' mixture 4
' corner rods facing other bundle, 3.05 wt% u235
uo2 4 0.98 293 92235 3.05 92238 96.95 end

' mixture 5 - not used

' smeared zr clad )

' peod, cid, cod = 0.4221", 0.4281", 0.4781"
' vol fract zr = 0.B988

' at dens = 0.8988 * 4.2518-2 = 3.8215e-02
zircalloy 5 0.0 3.8215e-02 293 end '

' mixture 6
' interspersed moderator
h2o 6 0.13:293 end

' mixture 7

'  carbon steel, 100 vol%

c 7 0.0 3.921682e-03 293 end
fe 7 0.0 B.350009e-02 293 end

' mixture 8

carbon steel, 85.57 vol% smeared with 10 vol% h2o
8 0.0 3.355783e-03 293 end

8 0.0 7.145103e-02 293 end

8 0.0 4.8167e~04 293 end

8 0.0 9.6335e-04 293 end

)
c
fe
o
h

! mixture 9 - not used -

' carbon steel, 8.64 vol%

c 9 0.0 3.388333e-04 293 end
fe 9 0. 0 7.214408e-03 293 'end
o 9 0. 3ﬂ0496e 03 293 end

h 9 0.0 6.0992e-03 293 end

' mixture 10

' water for reflector
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h2o 10 1.00 293 end

' mixture 11
' pe and interspersed water
' vE pe =0.14 :
'  water at full density is (1-.14) = .86 g/cc
h20 11 den=0.86 0.13 293 end
arbmepe 0.92 2 0 1 1 6012 1
1001 2 11 0.14 end

' mixture 12
' corner rods not facing other bundle, 3.05 wt% u235s
uo2 12 0.98 293 92235 3.05 92238 96.95 end

' mixture 13
' rods immed. adj. to corner rod, facing other bundle, 3.55 wt% u235
uo2 13 0.98 293 92235 3.55 92238 96.45 end

! mixture 14 ,
' rods immed. adj. to corner rod, not faciﬁg other bundle, 3.55 wt% u235
uo2 14 0.98 293 92235 3,55 92238 96.45 end

' mixture 15

' balance of edge rods facing other bundle, 4.75 wt% u235
uo2 15 0.9? 293 92235 4.75 92238 95.25 end |

' mixture 16 .

' balance of edge rods not facing other bundle, 4.75 wt% u235
uo2 16 0.98 293 92235 4.75 92238 95.25 end

end comp
more data
res= 1 cyli
res= 2 cyli
res= 3.cyli
res= 4 cyli
res= 12 cyli
res= 13 cyli
res= 14 cyli
res= 15 cyli
res= 16 cyli
end more
atrium-10 in spl shipping container
read parameters
tme=90.0 gen=103 npg=500
flx=yes: fdn=yes xsl=yes nub=yes pwt=yes
run=yes, plt=yes
end parameters
read geometry

.0208E-01 dan( 1)=
.9742E-01 dan( 2)=
.6730E-01 dan( 3)= 7.2001E-01
.8128E-0L dan( 4)= 3.1823E-401

7.1142E-01
6
7
3
.6362E-01 dan( 12)= 3.0332E-01
4
4
4
4

.3618E-01

.5527E-01 dan{ 13)= 4.5415E-01
.1895E-01 .dan( 14)= 4.7205E-01
.5759E-01 dan( 15)= 4.9719E-01
.6282E-01 dan( 16)= 4.7439E-01

[0 IS T T T VIR AN

unit 5

com=" 10x10 bundle in left basket (top inner) "
array 1 -8.738l -6.477 -225.58

cubo 6 1. 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1 4p8.B9 2p225.58

unit 6 .

com=" 10x10 bundle in right basket (top inmer) "
array 2 -4.2151 -6.477 -225.58

cubo 6 1 .4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1 4p8.89 2p225.58

unit 7

com=" 10x10 bundle in left basket (bottom inner)
array 5 -8.7381 -6.477 -225.58

cubo 6 1. 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel
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cubo 8 1 4p8.89 2p225.58

unit 8

com=" 10x10 bundle in right basket (bottom inner) "
array 6 -4.2151 -6.477 -225.58

cubo 6 1 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1 4p8.89 2p225.58

unit 9

com="1 5/8 x 1 5/8 inch moderation regions at corners "
cubo 6 1 4p2.06375 2p225.58

unit 10 .

com=" 1 lnner container (top) "
array 3 -21.9075 -13.97 -225.58
' add 0.0598 inch walls

repl 7 1 6x0.1519 1

unit 11

com="array. of 2 inners (top & bottom) "
array 8 3x0.0

'repl 10 2 6r3.0 10

unit 12

com=" 1 inner -container (bottom) " \
array 7 -21.9075 -13.97 -225.58

' add 0.0598 inch walls

repl 7 1 6r0.1519 1

global

unit 13

com="large array of inners "
array 9 3x0.0

repl 10 2 6x3.0 10

unit 16

com=" spacing & steel angle at -x side of basket "
cubo 6 1 .4.12750 0.0 .2p8.89 2p225.58 :
hole 22 ~0.15875 0.0 0:0
hole 22 0.47625 -0.3175 0.0
hole 22 0.47625 0.3175 0.0
hole 22 0.79375 0.635 0.0
hole 22 0.79375 -0.635 0.0
hole 22 1.11125 0.9525 0.0
hole 22 "1.11125 -0.9525 0.0
hole 22 1.42875 1.27 0.0
hole 22 1.42875 -1.27 0.0
hole 22 1.74625 1.5875 0.0
hole 22 1.74625 -1.5875 0.0
hole 22 2.06375 1.905'0.0
hole 22 2.06375 -1.905 0.0
hole 22 2.38125 2.2225 0.0
hole 22 2.38125 -2.2225 0.0
hole 22 2.69875 2.54 0.0
hole 22 2.69875 -2.54 0.0
hole 22 3.01625 2.8575 0.0
hole 22 3.01625 -2.8575 '0.0
hole 22 3.33375 3.175 0.0
hole 22 3.33375 -3.175 0.0
hole 22 3.65125 3.4925 0.0
hole 22 3.65125 -3.4925 0.0
hole 22 3.96875 3.81 0.0
hole 22 3.96875 -3.81 0.0

unit 17 I

com=" spacing & steel angle at +x side of basket "
cubo 6 1 :0.0 -4.12750 2p8.89 2p225.58

hole 22 -0.15875 0.0 0.0
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hole 22 -0.47625 -0.3175 0.0
hole 22 -0.47625 0.3175 0.0
hole 22  -0.79375 0.635 0.0
hole 22 -0.79375 -0.635' 0.0
hole 22 -1.11125 0.9525 0.0
hole 22 -1.11125 - -0.9525 0.0
hole 22 ~1.42875 1.27 0.0
hole 22 . -1.42875 -~1.27 0.0
hole 22 -1.74625 1.5875 0.0
hole 22 -1.74625 -1.5875 0.0
hole 22 + -2.06375 1,905 0.0
hole 22 -2.06375 -1.905 0.0
hole 22 -2.38125 2.2225 0.0
hole 22 -2.38125 -2.2225 0.0
hole 22 -2.69875 2.54 0.0
hole 22 -2.69875 -2.54 0.0
hole 22 -3.01625 2.8575 0.0

hole 22 -3.01625 -2.8575 0.0 .
hole 22 -3.33375 3.175 0.0 i
hole 22 -3.33375 -3.175 0.0 '
hole 22 -3.65125 3.4925 0.0

hole 22 -3.65125 -3.4925 0.0

hole 22 -3.96875 3.81 0.0

hole 22 -3.96875 -3.81 0.0

unit 18
com=" angles & spacing.beneath baskets "
cubo 6 1 2p8.89 4.12750:0.0 2p225.58
hole 21 0.0 '0.15875 0.0
hole 21 -0.3175 0.47625 0.0
hole 21 0.3175 0.47625 0.0
hole 21 0.635 0.79375
hole 21 -0.635 0.79375
hole 21 0.9525 1.11125 0
hole 21 -0.9525 1.11125 0
hole 21 1.27 1.42875 0.0
hole 21 -1.27 1.42875 0.0
0
0.

0.0
0.0

hole 21 1.5875 1.74625
hole 21 -1.5875 1.74625
hole 21 1.905 2.06375 0.0
hole 21 -1.905 2.06375 0.0
hole 21 2.2225 2.38125 0.0
hole 21 -2.2225 2.38125 0.0
hole 21 2.54 2.69875 0.0
hole 21 -2.54 2.69875 0.0
hole 21 2.8575 3.01625 0.0
hole 21 -2.8575 3.01625 0.0
hole 21  3.175 3.33375 0.0
hole 21  -3.175 3.33375 0.0
hole 21  *3.4925 3.65125 0.0
hole 21  -3.4925 3.65125 0.0
hole 21 ' 3.81 3.96875 0.0
hole 21  -3.81 3.96875 0.0

unit 219

com="angles & spacing above baskets
cubo 6 1 '2p8.89 0.0 -4.12750 2p225.58
hole 21 0.0 -0.15875 0.0

hole 21 -0.3175 -0.47625 0.0

hole 21 0.3175 -0.47625 0.0

hole 21 0.635 -0.79375 0.0
hole 21 -0.635 -0.79375 0.0
hole 21 0.9525 -1.11125 0.0
hole 21 -0,9525 ~-1.11125 0.0
hole 21 1.27 -1.42875 0.0

hole 21 -1:27 -1.42875 0.0

hole 21 1.5875 -1.74625 0.0
hole 21 -1i5875 ~1.74625 0.0

hole 21 1.905 -2.06375 0.0
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hole 21 -1.905 -2.06375 0.0
hole 21 2.2225 -2.38125 0.0
hole 21 -2.2225 -2.38125 0.0
hole 21 2.54 -2.69875 0.0
hole 21 -2.54 -2.69875 0.0
hole 21 2.8575 -3.01625 0.0
hole 21 -2.8575 -3.01625'0.0
hole 21  3.175 -3.33375 0.0
hole 21  -3.175 -3.33375 0.0
hole 21 - 3.4925 -3.65125 0.0
hole 21  -3.4925 -3.65125 0.0
hole 21 - 3.81 -3.96875 0.0
hole 21  -3.81 -3.96875 0.0

unit 21

com="part of steel angle in horiz sections of stringer"
' 0.1552" x 0.125"

cubo 7 1 2p0.197104 2p0.15874 2p225.58

unit 22

com="part of steel angle in vert sections of stringer"
' 0.125" x 0.1552"

cubo 7 1 2p0.15874 2p0.197104 2p225.58

unit 101

com=" interior rods not immed. adj. to water channel, no gd203, 5 wt$% u235
cyli 1 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 102

com=" interior rods immed. adj. to water channel, no gd2o3, 5 wt% u235 "
cyli 2 1 0.50254 2p225.58 :

cubo 11 1 590.6447 2p225.58

unit 103

com=" interior rods, 1.5 wt% gd203, 5 wt% u235 "
cyli 3 1 0.50254 2p225.58 '
cubo 11 1 4p0.6447 2p225.58

unit 104
com=" corner rods facing other bundle, 3.05 ;wkt% u235 "
cyli 4 1 0.50254 2p225.58

‘cubo 11 1 4p0.6447 2p225.58

unit 105

com=" cormer rods not facing other bundle, 3.05 wt% u235 "
cyli 12 1 0.50254 2p225.58 ;

cubo 11 1 4p0.6447 2p225.58 .
i

unit 166 . ‘

com=" rods immed adj. to corner rod, facing:other bundle, 3.55 wt% u235 "
cyli 13 1 0.50254 2p225.58

Cubo 11 1 4p0.6447 2p225.58

unit 107

com=" rods!immed adj. to corner rod, not facing other bundle, 3.55 wt% u235 "
cyli 14 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 108

com=" balance of edge rods facing other bundle, 4.75 wt% u235 "
cyli 15 1 0.50254 2p225.58

cubo 11 1 4p0.6447 2p225.58

unit 109 .
com=" balance of edge rods not facing other bundle, 4.75 wt$% u235 *
cyli 16 1 0.50254 2p225.58
cubo 11 1 4p0.6447 2p225.58
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unit
com=

110

" water rod "
cubo 6 1 4p0.6447 2p225.58

end geometry

read array,

' array 1 is bundle
ara=1 nux=10 nuy=10
£ill '

105
107
109
109
109
109
109
109
107
105
end

107
101
103
101
103
101
101
101
101
107
£i11

109
103
101
101
102
102
102.
101
101,
109

109
101
101
102
110
110
110
102
101
109

109
103
101
102
110
110
110
102
101
109

' array 2 is bundle
ara=2 nux=10 nuy=10
£ill '

104
106
108
108
108
108
108
108
106
104

.end

107
10l
103
101
1ol
103
101
103
101
107
£ill

109
103
101
101
101
101,
101
101
103
109

109
101
101
101
102
102
102
101
101
109

109
101
101
102
110
110
110
102
103
109

in left basket (top inner)

nuz=

109
101
101
102
110
110
110
102
103
109

1

109
101
101
101
102
102
102
101
101
109

109
103
101
101
101
101
101
101
103
109

107
101
103
101
101
103
101
103
101
107

in right basket
nuz=1

109
103
101
102
110
110
110
102
101
109

109
101
101
102
110
110
110
102
101
109

108
103
101
101
102
102
102
101
101
109

107
101
103
101
103
101
101
101
10l
107

' array 3 is 1 inner container (top
ara=3 nux=4 nuy=3 nuz=1

£ill
918 18 &
16 5 6 17
91919 9
end £ill

104 '
106 :
108 . ’
108 |
108 i
108 ‘

108
108 |
106

104

(top inﬂer)

105 '
107 '
109 '
109

109 !

109

109

109

107

105

inner)

' array 4 is an array of imner containers
ara=4 nux=8 nuy=13 nuz=1
fill £10 end £ill

' array 5 is bundle
ara=5 nux=10 nuy=10
£ill '

105
107
109
109
109
109
109
109
107
105
end

107
101
101
101
101
103
101
103
101
107
£ill

109
101
101
102
102
102
101
101
103
109,

109
101
102
110
110
110
102
101

101

109

109
101
102
110
110
110
102
101
103
109

' array 6 is bundle
ara=6 nux=10 nuy=10

£ill

104 107 109 109 109

in left
nuz=1

109
103
102
110
110
110
102
101
lor
109

109
101
101
102
102
102
101
101
101
109

basket (bottom inner)

109
103
101
101
101
101
101
101
103
109

107
101
103
101
103
101
101
103
101
107

in right basket
nuz=1

109 108 105 107

104
106
108
108
108
108
108
108
106
104

(bottom inner)

105




Supplemental License Application for FRA-ANP

EMF-1563
Revision 12A
Appendix 6l
Page 72 of 72

Model SP-3 Shipping Container

106 101 103 101 2103 101 101 101 101 107
108 103 101 101 102 102 102 101 101 109
108 101 101 102 110 110 210 102 101 109
108 103 101 102 110 110 110 102 101 109
108 101 101 102 110 110 110 102 103 109
108 101 101.101 102 102 102 101 101 109
108 103 101 101 101 101 101 101 103 109
106 101 103 101 101 103 101 103 101 107
104 107 109 109;109 109 109 109 107 105
end £ill !

' array 7 is 1 inner container (bottom inner)
ara=7 nux=4 nuy=3 nuz=1

£ill .
g 18 18 9

16 7 8 17
91919 9

end £ill

' array 8 is 2 inner containers (top & bottoém)
ara=8 nux=1 nuy=2 nuz=1
£ill 12 10 end fill

' array 9 is array of 112 (8x14x1l) containers
ara=9% nux=8 nuy=7 nuz=1
f£ill £11 end £ill

end array

read start:
nst=1 ’
end start

read bounds
all=vacuum
end bounds

read bias
id=500 2- 11
end bias
read plot
]
ttl=' xy section of two inner containers '
xul=0 . yul=52.6776 zul=10
xlr=44,1188 ylr=0 zlr=10
uax=1 vdn=-1 nax=150 1lpi=10" end
J . . H
ttl=' xy section of entire array !
xul=-32 ’ yul=401 zul=10
x1lr=385 ylr=-32 zlr=10
uax=1 vdns=-1 nax=150 lpi=10- end
1
ttl=' xz section of one inner container °
xul=0 - yul=7.1882 : 2zul=0
x1r=44.1188  ylr=7.1882 21lr=452
uax=1 . wdn=1 nax=150 lpi=10. end
1
ttl=' xz section of entire array '
xul=-32 ', yul=7.1882 zul=-32
x1r=385 ylr=7.1882 zlr=484
uax=1 ¢ wdn=1 nax=150 1lpi=10. end
1
end plot
end data
end
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Appendix 6J

FRAMATOME ANP SUPPLEMENTAL APPLICATION TO CERTIFICATE OF COMPLIANCE 9248

TO ADD THE CRITICALITY SAFETY ANALYSIS FOR ATRIUM™-10 FUEL ASSEMBLIES WITH

2.3 WEIGHT PERCENT U?* MAXIMUM ENRICHMENT AND NO GADOLINIA RODS TO THE SP-
1/2/3 PACKAGES

Framatome ANP, Inc.
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Criticality Evaluation

1. Introduction

This Criticality Safety Evaluation (CSE) provides the criticality safety basis for shipping ATRIUM™-
10 fuel assemblies with a maximum U™ enrichment with no gadolinia (Gd,0,) containing rods. The
CSE is the same one that was submitted and approved by the NRC in the letter amendment
submittal dated October 23, 2002 (Reference 3). That submittal was for a one time letter
amendment for one particular customer. In the mean time other customers have demonstrated a
need for the same type of low enriched, no poison fuel to replace multiple burned fuel assemblies
due to fuel failures. Therefore FANP would like the fuel description analyzed in this appendix
permanently to the certificate.

2. Evaluation

Previously burned fuel assemblies are significantly less reactive than fresh fuel, and as a result in
order to match the necessary physics criteria of the operating core, replacement fuel must be
comprised of lower maximum and assembly average enrichments. In addition, since the fuel
assemblies are replacing previously burned fuel assemblies, gadolinia poison, typically used for
reactivity hold down at the beginning of a cycle, is not necessary. The CSE shows that sufficient
margin to safety exists for SP-1/2/3 packagings that contain fuel assemblies enriched to maximum
of 2.3 w/o U*® but containing no gadolinia rods.

The following calculations will demonstrate that the reduction in fresh fuel enrichment is sufficient to
offset the removal of the neutron poison gadolinia material. The analysis used in Appendix 61 was
essentially repeated using the same general methodology to calculate the nuclear safety margin for
the worst case conditions, using reduced enrichments and no burnable poison content. The
evaluation considers a single undamaged flooded container with full water reflection, an array of
undamaged reflected packages, and an array of damaged packages with various amounts of
interspersed moderator and full water reflection. The previous revision of the SAR (EMF-1563
Revision 11) contains 9 categories of allowable contents. The new category 10 is essentially a
modification of the category 9 ATRIUM™ 10x10 fuel design.

With the exception of the two parameters mentioned (enrichment and poison), the contents in this
Appendix are the same as those in Appendix 61 and Section 5.(b)(1)(ix) of the C of C.:

UO, fuel assemblies composed of fuel rods in a 10 x 10 square array, with a maximum fuel
cross section of 5.0 inches square, and a maximum fuel length of 174 inches. The
maximum U*® enrichment is 2.3 weight percent. The pellet diameter is between 0.30 and
0.3957 inch. Each assembly must have a water channel in a central 3 x 3 position. Any
number of additional water rods in any arrangement is permitted, including part length rods.
Polyethylene shipping shims may be inserted between the fuel rods. An additional upper tie
plate (UTP) shipping shim may be added between the UTP and the fueled region. This UTP
shim may consist of a maximum of 345 g plastic or plastic composite.

Reference 1 involved a transmittal to the NRC which updated Table 1 of the initial submittal
(Reference 2) in accordance with concerns that were raised during the NRC review. Reference 1
also identified the most reactive isolated reflected undamaged package reactivity to be Keff =
0.75413 + 0.00323. By maintaining all parameters the same and simply removing the gadolinia
rods and making all fuel rods equal to the maximum rod enrichment of 2.3 w/o U**, the reactivity
decreased to Keff = 0.72278 + 0.00335. The same calculation was repeated where enrichment in

Framatome ANP, Inc.
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each rod was set at 1.9 w/o which represents the assembly average. The resulting multiplication
factor was calculated to be Keff = 0.68706 + 0.00296.

The second set of calculations involved determination of the effect of the reduced enrichment(s) on
an undamaged array of packages. Again the evaluation involved a comparison to the data
previously approved and presented in Reference 1. The original reactivity listed in Table 1 of
Reference 1 was Keff = 0.81454 £ 0.00248. The reductions in reactivity based on the changes in
enrichment and the removal of burnable poisons were Keff = 0.77748 + 0.00291 and Keff = 0.73442
+ 0.00260 for 2.3 w/0 and 1.9 w/o enrichments, respectively.

Again, referencing the transmittal listed in Reference 1, the accident mode of transportation was
evaluated by examining the effects of reducing the enrichments to 2.3 w/o and again to 1.9 w/o and
removing the burnable poison material from the previously determined worst case accident
situation. The same methodology was employed as in the isolated and the undamaged array
calculations. The reduction(s) in the enrichment and removal of poisons resulted in reductions in
the maximum reactivity of Keff = 0.90901 £ 0.00279 and Keff = 0.85100 + 0.00230 for each of the
two lower enrichments. This is relative to the existing values of 0.93506 + 0.00274. The revised
input deck is provided in Figure 2.

In order to demonstrate that the conditions resulting in the maximum reactivity did not change due
to the reduction in enrichment or exclusion of poison material, the worst case accident case was
evaluated over the entire range of interspersed moderator, from 1% to a full flooded condition.
Figure 1 demonstrates the system is well behaved as evidenced by the consistency in the curves.
For comparisons to the previously transmitted values, Table 1 contains reactivity values for both the
existing licensed conditions, and those proposed in this appendix.

Reference: 1 Letter, Framatome ANP to NRC, Mr. Hansen, March 21, 2001
“Certificate of Compliance Amendment Request (Framatome ANP Richland, Inc.
Docket 71-9248; Revision 11 of EMF-1563", PCR:01:009.

Reference: 2  Letter, Framatome ANP to NRC, Mr. Hansen, November 17, 2000
“Certificate of Compliance Amendment Request (Framatome ANP Richland, Inc.
Docket 71-9248; Revision 11 of EMF-1563", PCR:01:008.

Reference: 3  Letter, Framatome ANP to NRC, Mr. Monninger, October 23, 2002

“Request for a Letter Amendment to the Certificate of Compliance No. 71-9248 for
the SP-1 Shipping Package”, EHSLR-02-038.

Framatome ANP, Inc.




EMF-1563

Consolidated License Application for FANP ) Revision 12A
Model SP-1, SP-2 and SP-3 Shipping Containers Page 6J-4
. Table 1
: Update to Table 1 in Ref.1

Comparative listing of Reactivity Changes

ATRIUM™.-10 Fuel Assemblies with PE Shipping Shims (see detailed payload description listed in Section 1.2)

Single SP-3 Inner Package, Assemblies Moved as Close as Physically Base =0.75413 0.00323 | -0.00321" 0.76059
Possible within Inner Packaging, Asymmetric Gd2Os Rods in 2.3 wio = 0.72278
Assemblies are Toward Outside of Inner Packaging, 0.35" Diameter - -
Pellets, 0.14 VF PE® as Shipping Shims, Fully Flooded, All Reds 5.0 1.9 wio = 0.68706
wt% ?°U (see Section 3.1.2)

Undamaged Spacing, 256 SP-1/2/3 inner/Outer Packages (16 Wide x Base =0.81454 | 0.00248 | -0.00321") | 0.81950
16 High), Assemblies as Far Apart as Physically Possibie within Inner 2.3 wio = 0.77748
Packaging, Asymmetric Gd20z Rods in the Assemblies in Each Group -3 wio = 0.
of Two Vedtically Adjacent Inner Packages Facing Towards the Inside of | 1.9 w/o = 0.73442
the Group, 0.3957” Diameter Pellets, 0.14 VF PE within Inner
Packaging as Shipping Shims, 13 vol% Interspersed Moderator, 1 vol%
PE between Inner and Outer Packages (see Section 3.1.3)

|

|

|

|

| Damaged Spacing, 104 SP-3 Inner Packages (8 Wide x 13 High), Base =0.93506 | 0.00274 | -0.00321" | 0.94054
Assemblies as Far Apart as Physically Possible within Inner Packaging, 2.3 wlo = 0.90901 :

|

|

\

|

Asymmetric Gd20O3 Rods in the Assemblies in Each Group of Two
Vertically Adjacent Inner Packages Facing Towards the Inside of the 1.9 wlo = 0.85100
Group, 0.3957" Diameter Pellets, 0.14 VF PE® as Shipping Shims, 13
vol% Interspersed Moderator (see Section 3.1.4)

. M Note that as discussed in Section2.4 the bias is negative (conservative), so it is not included in the results as presented in
Table 1.

@ Under severe accident conditions, the UTP shim may increase the PE VF between the fuel rods from 0.14 to 0.151.

Calculations in Section 3 show that this increase in the PE VF within the void volume produces statistically identical resuits.

Framatome ANP, inc.
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. Figure 1

Comparison of Reactivity for Reduced Enrichment,
No Burnable Poison(s) vs. Base Case

1.00000 I T
m 8x13x1 Array Peak Rod 5.0 wt% U-
0.95000 235, with Gad (Current Limiting Case
' L
N I 4 8x13x1 Array All Rods 2.3 wi% U-235,
0.90000 A No Gad
n A I
e & 8x13x1 Array All Rods 1.9 wt% U-235,
0.85000 v No Gad
A ¢ A
‘i 0.80000
F [ |
L T 3 ¢ A
0.75000 T |
¢ J‘ I s g ¥
A A A
0.70000 N *
4 e ¢ ¢
. 0.65000 g—
0.60000
0 10 20 30 40 50 €0 70 80 80 100
interspersed Moderator (%)
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Figure 2
SCALE Input Deck
Accident Mode Array of Packages
(Changes to Ref 1 input are marked in Column) -

=csas25 N
atrium-10 in spl shipping container
hans infhom

' mixture 1
' interior rods not immed. adj. to water channel, no gd203, 2.3 wt% u235
uo2 1 0.98 293 92235 2.3 92238 97.7 end

' mixture 2
' interior rods immed. adj. to water channel, no gd203, 2.3 wt% u235
uo2 2 0.98 293 92235 2.3 92238 97.7 end

' mixture 3
' interior rods, 2.3 wt% u235

uo2 3 0.98 293 92235 2.3 92238 97.7 end

' mixture 4
' corner rods facing other bundle, 2.30 wt% u235
uo2 4 0.98 293 92235 2,30 92238 97.70 end

' mixture 5 - not used

' smeared zr clad ’

' pod, cid, cod = 0.4221", 0.4281", 0.4781"
' wvol fract zr = 0.8988

' at dens = 0.8988 * 4,2518~-2 = 3.8215e-02
zircalloy 5 0.0 3.8215e-02 293 end

' mixture 6

' interspersed moderator
h2o0 6 0.13 293 end

' mixture 7

' carbon steel, 100 vol$%

c 7 0.0 3.921682e~-03 293 end
fe 7 0.0 8.350009e-02 293 end
' mixture 8

' carbon steel, 85.57 vol% smeared with 10 vol% h2o
8 0.0 3.355783e-03 293 end

8 0.0 7.145103e-02 293 end

8 0.0 4.8167e~04 293 end

8 0.0 9.6335e-04 293 end

e

00 H O

mixture 9 - not used
carbon steel, 8.64 vol%
c 9 0.0 3.388333e-04 293 end

fe 9 0.0 7.214408e-03 293 end
o 9 0.0 3.0496e-03 293 end
h 9 0.0 6.0992e-03 293 end

Framatome ANP, Inc.
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mixture 10
' water for reflector
h2o0 10 1.00 293 end

' mixture 11
' pe and interspersed water
! vEi pe = 0.14
! water at full density is
h2o 11 den=0.86 0.13 293 end
arbmepe 0.92 2 0 1 1 6012 1

1001 2 11 0.14 end

(1-.14) = .86 g/cc

' mixture 12
' corner rods not facing other bundle, 2.30 wt% u235
uo2 12 0.98 293 82235 2.30 92238 97.70 end

' mixture 13
' rods immed. adj. to corner rod, facing other bundle, 2.30 wt% u235
uo2 13 0.98 293 92235 2,30 92238 97.70 end

' mixture 14
' rods immed. adj. to corner rod, not facing other bundle,
uo2 14 0.98 293 92235 2.30 92238 97.70 end

2.30 wt% u235

' mixture 15
' balance of edge rods facing other bundle, 2.30 wt% u235
uo2 15 0.98 293 92235 2.30 92238 97.70 end

' mixture 16
' balance of edge rods not facing other bundle, 2.30 wt% u235
uo2 16 0.98 293 92235 2.30 '92238 97.70 end

end comp
more data
res= 1 cyli 3.9373E-01 dan( 1)= 7.1462E-01
res= 2 cyli 4.9179E-01 dan{ 2)= 6.3800E-01
res= 3 cyli 3.7646E-01 dan( 3)= 7.1738E-01
res= 4 cyli 5.4253E-01 dan( 4)= 3.2492E-01
res= 12 cyli 5.7437E-01 dan( 12)= 2.9006E-01
res= 13 cyli 4.9373E-01 dan( 13)= 4.7915E-01
res= 14 cyli 5.1981E-01 dan( 14)= 4.6880E-01
res= 15 cyli 5.6427E-01 dan( 15)= 4.9128E-01
res= 16 cyli 5.6151E-01 dan( 16)= 4.7466E-01
end more ' :
atrium-10 in spl shipping container
read parameters
tme=90.0 gen=103 npg=500
flx=yes fdn=yes xsl=yes nub=yes pwt=yes
run=yes plt=yes

end parameters
read geometry

unit 5

com=" 10x10 bundle in left basket
array 1 -8.7381 -6.477 -225.58
cubo 6 1 4p8.738B1 2p225.58

' add 0.0598 inch of perforated steel

(top inner) "

Framatome ANP, Inc.
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.cubo 8 1 4pB8.89 2p225.58

unit 6

com=" 10x10 bundle in right basket (top inner) ."
array 2 -—4.2151 -6.477 -225.58

cubo 6 1 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1 4p8.89 2p225.58

unit 7

com=" 10x10 bundle in left basket (bottom inner) "
array 5 -8.7381 -6.477 -225.58

cubo 6 1 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1 4p8.89 2p225.58

unit 8 _

com=" 10x10 bundle in right basket (bottom inner) "
array 6 -4.2151 -6.477 -225.58

cubo 6 1 4p8.7381 2p225.58

' add 0.0598 inch of perforated steel

cubo 8 1 4p8.89 2p225.58

unit 9
com="1 5/8 x 1 5/8 inch moderation regions at corners
cubo 6 1 4p2.06375 2p225.58

unit 10

com=" 1 inner container (top) "
array 3 -21.9075 -13.97 -225.58
' add 0.0598 inch walls

repl 7 1 6x0.1518 1

unit 11

com="array of 2 inners (top & bottom) "
array 8 3r0.0

'repl 10 2 6r3.0 10

unit 12

com=" 1 inner container (bottom) "
array 7 -21.9075 -13.97 -225.58

' add 0.0598 inch walls

repl 7 1 6r0.1519 1

unit 13
com="8x12 array of inners "
array 9 3r0.0

unit 14
com="8x1 array of inners "
array 10 3r0.0

global

unit 15

com="8x13 array of inners "
array 11 3x0.0

repl 10 2 6r3.0 10

Framatome ANP, Inc.
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.hole 22 -3.96875 -3.81 0.0

unit 18

com=" angles & spacing beneath baskets "

cubo 6 1 2p8.89 4.12750 0.0 2p225.58

hole 21 0.0 0.15875 0.0

hole 21 -0.3175 0.47625 0.0

hole 21 0.3175 0.47625 0.0

hole 21 0.635 0.79375 0.0

hole 21 -0.635 0.79375 0.0

hole 21 0.9525 1.11125 0.0

hole 21 -0.9525 1.11125 0.0

hole 21 1.27 1.42875 0.0

hole 21 -1.27 1.42875 0.0
0.0
0.0

hole 21 1.5875 1.74625
hole 21 -1.5875 1.74625 .
hole 21 1.805 2.06375 0.0
hole 21 -1.905 2.06375 0.C
hole 21 2.2225 2.38125 0.0
hole 21 -2.2225 2.38125 0.0
hole 21 2.54 2.69875 0.0
hole 21 =~2.54 2.69875 0.0
hole 21 2.8575 3.01625 0.0
hole 21 -2.8575 3.01625 0.0
hole 21 3.175 3.33375 0.0
hole 21 -3.175 3.33375 0.0
hole 21 3.4925 3.65125 0.0
hole 21 -3.4925 3.65125 0.0
hole 21 3.81 3.96875 0.0
‘hole 21 -3.81 3.96875 0.0

unit 19

com="angles & spacing above baskets "
cubo 6 1 2p8.89 0.0 -4.12750 2p225.58
hole 21 0.0 -0.15875 0.0

hole 21 -0.3175 -0.47625 0.0

hole 21 0.3175 -0.47625 0.0

hole 21 0.635 -0.78375 0.0
hole 21 -0.635 =0.79375 0.0
hole 21 0.9525 -1.11125 0.0
hole 21 -0.9525 -1.11125 0.0
hole 21 1.27 -1.42875 0.0

hole 21 -1.27 -1.42875 0.0

hole 21 1.5875 -1.74625 0.0
hole 21 -1.5875 =-1.74625 0.0

hole 21 1.805 -2.06375 0.0
hole 21 -1.805 =2.06375 0.0
hole 21 2.2225 -2.38125 0.0
hole 21 -2.2225 -2.38125 0.0
hole 21 2.54 -2.69875 0.0
hole 21 -2.54 -2.69875 0.0
hole 21 2.8575 -3.01625 0.0
hole 21 -2.8575 -3.01625 0.0
hole 21  3.175 -3.33375 0.0
hole 21 =3.175 -3.33375 0.0
hole 21 3.4925 -3.65125 0.0
hole 21  -3.4925 -3.65125 0.0
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3.81 -3.96875
-3.81 -3.96875

hole
hole

21
21

unit 21

com="part of steel angle
' 0.1552™ x 0.125"

cubo 7 1 2p0.197104 2p0.

unit 22

com="part of steel angle
' 0.125" x 0.1552"

cubo

unit 101

com=" interior rods not immed.

cyli 1 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 102

com=" interior rods immed. adj.

cyli 2 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 103

com=" interior rods, 1.5
cyli 3 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 104

com=" corner rods facing
cyli 4 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 105

com=" corner rods not facing other bundle,

cyli 12 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 106

com=" rods immed adj. to
cyli 13 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 107

com=" rods immed adj. to
cyli 14 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 108

com=" balance of edge rods facing other bundle,

cyli 15 1 0.50254 2p225.
cubo 11 1 4p0.6447 2p225.

unit 109

com=" balance of edge rods not facing other bundle,

cyli 16 1 0.50254 '2p225.
cubo 11 1 4p0.6447 2p225.

Framatome ANP, Inc.

0.0
0.0

in horiz sections of stringer”

15874 2p225.58

in vert sections of stringer"”

7 1 2p0.15874 2p0.197104 2p225.58

adj. to water channel, no gd2o03, 5 wt% u235 "
58

58

to water channel, no gd203, 5 wt% u235 "
58

58

wt% gd203, 5 wt% u235 "
58
58

other bundle, 3.05 wt% u235
58

58

3.05 wt% u235 "
58
58

corner rod, facing other bundle,
58
58

3.55 wt% u235 "

corner rod, not facing other bundle, 3.55 wt$ u235 "
58
58

"

4.75 wt% u235
58
58

4.75 wt% u235 "
58
58
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.unit 110

con=" water rod "
cubo 6 1 4p0.6447 2p225.58

end geometry
read array

' array 1 is bundle in left basket (top inner)
ara=1 nux=10 nuy=10 nuz=1

£ill )

105 107 109 109 109 109 109 109 107 104
107 101 103 101 103 101 101 103 101 106
109 103 101 101 101 101 101 101 103 108
109 101 101 102 102 102 101 101 101 108
109 103 102 110 110 110 102 101 101 108
109 101 102 110 110 110 102 101 103 108
109 101 102 110 110 110 102 101 101 108
109 101 101 102 102 102 101 101 103 108
107 101 101 101 101 103 101 103 101 106
105 107 109 109 109 109 109 109 107 104
end fill

' array 2 is bundle in right basket (top inner)
ara=2 nux=10 nuy=10 nuz=1l
fill
104 107 109 109 109 109 109 109 107 105
106 101 103 101 101 103 101 103 101 107
.108 103 101 101 101 101 101 101 103 109
108 101 101 101 102 102 102 101 101 109
108 101 101 102 110 110 110 102 103 109
108 103 101 102 110 110 110 102 101 109
108 101 101 102 110 110 110 102 101 109
108 103 101 101 102 102 102 101 101 10S
106 101 103 101 103 101 101 101 101 107
104 107 109 109 109 1098 109 109 107 105
end £ill

' array 3 is 1 inner container (top inner)
ara=3 nux=4 nuy=3 nuz=l

£ill
918 18 S
16 5 6 17
8 1919 ¢
end fill

' array 4 is an array of inner containers

ara=4 nux=8 nuy=13 nuz=1
£ill £10 end fill

' array 5 is bundle in left basket (bottom inner)
ara=5 nux=10 nuy=10 nuz=1

fill

105 107 109 109 109
107 101 101 101 101
109 101 101 102 102

108 109 109 107 104
103 101 103 101 106
102 101 101 103 108
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.109 101 102 110 110 110 102 101 101 108

109 101 102 110 110 110 102 101 103 108
109 103 102 110 110 110 102 101 101 108
109 101 101 102 102 102 101 101 101 108
109 103 101 101 101 101 101 101 103 108
107 101 103 101 103 101 101 103 101 106
105 107 109 109 109 109 109 109 107 104
end fill

' array 6 is bundle in right basket (bottom inner)
ara=6 nux=10 nuy=10 nuz=1

fill

104 107 109 109 108 109 108 109 107 105
106 101 103 101 103 101 101 101 101 107
108 103 101 101 102 102 102 101 101 109
108 101 101 102 110 110 110 102 101 109
108 103 101 102 110 110 110 102 101 109
108 101 101 102 110 110 110 102 103 109
108 101 101 101 102 102 102 101 101 109
108 103 101 101 101 101 101 101 103 109
106 101 103 101 101 103 101 103 101 107
104 107 109 109 109 109 109 109 107 105
end fill

' array 7 is 1 inner container (bottom inner)
ara=7 nux=4 nuy=3 nuz=1

£ill
9 18 18 9
16 7 8 17

‘I’ 919 19 9
end £ill

' array 8 is 2 inner containers {(top & bottom)
ara=8 nux=1 nuy=2 nuz=1
f£fill 12 10 end fill

' array 9 is array of 96 (8x12xl) containers
ara=9% nux=8 nuy=6 nuz=1
£i1l £11 end £ill

' array 10 is array of 8 (8x1xl) containers
ara=10 nux=8 nuy=1l nuz=l

f£fill £12 end f£ill

' array 11 is array of 104 (8x13x1l) containers
ara=1ll nux=1 nuy=2 nuz=l

£ill 13 14 end fill

end array

read start
nst=1
end start

read bounds
all=vacuum
end bounds
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‘ read bias

id=500 2 11

end bias

read plot

)

ttl=' xy section of two inner containers '
xul=0 yul=52.6776 zul=10
x1lr=44.1188 ylr=0 z1lr=10

uax=1 vdn=-1 nax=150 1pi=10
] .

ttl=' xy section of entire array '

xul=-32 yul=401 zul=10

x1r=385 ylr=-32 zlr=10

uax=1 vdn=-1 nax=150 1lpi=10

L}
ttl=' xz section of one inner container '

xul=0 yul=7.1882 zul=0
x1r=44.1188 ylr=7.1882 zlr=452

uax=1 wdn=1 nax=150 1pi=10
1

ttl=' xz section of entire array '

xul=-32 yul=7.1882 zul=-32

x1r=385 ylr=7.1882 zlr=484

uax=1 wdn=1 nax=150 1pi=10
t

end plot

end data

end
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end

end

end

end




