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Nature of Changes 

Description and Justification 

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

Revised Section 1.2, "This Revision" to discuss the change to 
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. 

For the entry for Figure Number 1. 1 the drawing, EMF-304, 416, is 
superseded by AREVA drawing no. 02-9264132-000 Rev. O and 
Note 5 on this drawing is revised. 

This drawing is superseded by AREVA drawing no. 02-9264132-
000 Rell. 0. and revised to change Note 5. The changed note is to 
provide clarification to 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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On April 7, 1992 the NRC notified AREVA NP that NRC C.ertificate 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 an.d RA-2 containers, respectively. " 

Revision O 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.Oto 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 material 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 assemblies if they are contained in the "Gadolinia Rod Container" or the 5 inch schedule 40 
product container . 

Transnuclear, Inc. 
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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, 
28, 2C, 20, 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 1 O CFR Part 71 and the 
hypothetical accident condition tests and evaluations, in the sequence specified in Appendix 28. 

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 28 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 % 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 lb.) 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 Free Drop 

Four individual drop tests through a distance of 30 feet have been conducted on the RA 
containers in 1966, 197 4, 1978, and 1980. The test packages contained two dummy fuel 
assemblies to simulate the actual weight of a loaded RA inner container (1,865 lb.). 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 

Transnuc/ear, 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. 
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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. 2 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 thfck 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. 

1.5.1.3 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 28 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. 2 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 . 

Transnuc/ear, 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. 2 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 28 for the test 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 1 O inch planks and with bolted-on skids 
of nominal 4 inch x 4 inch wood . 

Transnuc/ear, 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 test 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 enrichment 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 61. 

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 . 

Transnuc/ear, Inc. 
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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, 28, 2C, 20, and 2E. These .1 
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, 28, 2C, 20 and 2E cover structural, 
thermal, and containment evaluations of these containers . 

Transnuc/ear, Inc. 
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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, 28, 2C, 20, 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, 28, 2C, 20, and 2E cover structural, 
thermal, and containment evaluations of these containers . 

Transnuclear, Inc. 
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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, 28, 2C, 20, 
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, 28, 2C, 20, and 2E 
cover structural, thermal, and containment evaluations of these containers . 

Transnuc/ear, Inc. 
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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) . 

Transnuc/ear, Inc. 
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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 

U02 fuel assemblies in a 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 

U02 fuel assemblies in a 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 1 O x 1 O (Category 3) Fuel 

U02 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 1 O 
square array, with a maximum fuel cross-section area of 25.221 in. 2

, 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. % Gd20 3 , 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) 

U02 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 . 

Transnuc/ear, Inc. 
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U02 fuel assemblies with maximum U-235 enrichment (wt.%) constraints as follows: perimeter 
rods: 4.0%; UOrGd20 3 ("gadolinia") Rods: 5.0%; All other interior rods: 4.0% average and no 
rod shall exceed 5. 0%. Each assembly is composed of a 1 Ox1 O 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. 2 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 U02 (non-gadolinia) pellets. 

6.2.6 Additional 10x10 (Category 6) ATRIUM Fuel Assemblies 

U02 fuel assemblies with a maximum U-235 enrichment of 5.0 wt. %. Each assembly is 
composed of a 1 Ox1 O 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. 2 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 Appendix6G . 

6.2.7 .9x9 (Category 7) ATRIUM Fuel Assemblies 

U02 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. 2 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 

U02 fuel assemblies in a 9x9 square array with a maximum fuel cross-section area of 25.0 in. 2
, 

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 
(Gd20 3) 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 

U02 fuel assemblies in a 1 Ox1 O square array with a maximum fuel cross-section area of 25.0 
in. 2 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 

Transnuc/ear, Inc. 
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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 10 rods with a minimum 
nominal content of 2.0 wt. % gadolinia (Gd20 3) 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 61. 

6.2.10 Low Enriched Gadolinia Free 1 Ox10 (Category 10) ATRIUM Fuel Assemblies 

U02 fuel assemblies composed of fuel rods in a 1Ox10 square array with a maximum fuel cross­
section area of 25.0 in. 2 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 

Assembly size 

Assembly array 

Average water/fuel volume ratio (VwNf) 

Pellet to clad radial gap 

Clad thickness 

Pellet diameter 

Water rods 

Assembly-average enrichment 1 

Gd203 requirement 

Value 

5.0 inch x 5.0 inch (maximum) 

7 x 7, 8 x 8, 9 x 9 

1.0 (minimum) 

0.003 inch (minimum) 

0.025 inch (minimum) 

0.555 inch (maximum) 

Any number/any arrangement 

3.3 wt. % U-235 (maximum) 

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 

Assembly size 

Value 

5.0 inch x 5.0 inch (maximum) 

1 U02 rods and U02-Gd20 3 rods may contain several inches of natural enrichment U02 pellets at either or 
both ends of the pellet stack. The assembly-average enrichment limits are for the enriched zone only 
~.e., the assembly-average enrichment does not include the natural uranium at the ends of the pellet 
stack) . 

Transnuclear, Inc. 
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Assembly array 

Average water/fuel volume ratio (VwNf) 

Pellet to clad radial gap 

Clad thickness 

Pellet diameter 

Water rods 

Assembly-average enrichment1 

Gd20 3 requirement 

7 x 7, 8 x 8, 9 x 9 

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 
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• Minimum number of UOrGd20 3 rods is four in non-perimeter locations symmetric about the 
assembly diagonal. 

• UOrGd20 3 rods may contain various Gd20 3 concentrations in the enriched fuel zone but 
the minimum Gd203 concentration in the enriched zone to qualify as one of the four UOr 
Gd203 rods is 2.0 wt. %. 

• The nominal length of the U02-Gd20 3 region shall be equal to or greater than the nominal 
length of the enriched region in the U02 fuel rods. 

• Gd20 3 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 1Ox10 (Category 3) Fuel Assemblies 

Parameter 

Assembly size 

Enrichment of any pellet in assembly 

Enrichment of any pellet in an edge rod 

Maximum average planar enrichment2 

Clad thickness 

Pellet diameter 

Fuel density 

Rod pitch 

UOz-Gd203 rods 

Gd203 content 

Water rods 

Poison rod arrangement 

Fuel rod array in bundle 

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 

10x10 

2 Maximum average planar enrichment: The average enrichment at the axial location yielding the highest 
planar average . 
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Appendix 68, 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 (Category 4) 

U02 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 piaced 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 Fuel Assemblies 

Parameter 

Assembly size 

Enrichment of any pellet in assembly 

Enrichment of any pellet in an edge rod 

Maximum average planar enrichment2 
excluding Gd rods and edge rods 

Clad thickness 

Pellet diameter 

Fuel density 

Rod pitch 

UOrGd203 rods 

Gd203 content 

Water rods 

Poison rod arrangement 

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) 

0.018 inch (minimum) 

0.35 inch (maximum) 

98.0% TD (maximum) 

0.510 inch (nominal) 

12 (minimum) 

2.0± 0.08 wt. % (minimum) 

Center 3 x 3 rods (minimum) 

Symmetrical across the diagonal 

10x10 

Appendix 60, as modified by 6F, describes the criticality analyses for 10 x 1 O fuel assemblies to 
be shipped in· SP-1 or SP-2 containers . 

Transnuclear, Inc. 
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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 

UOrGd203 rods 

Gd203 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) 

10x10 
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Appendix 6E, as modified by 6F, describes the criticality analyses for 1 O x 10 fuel assemblies 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 enrichment3 

Clad thickness 

Pellet diameter 

Fuel density 

Rod pitch 

U02-Gd203 rods 

Gd203 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 (minimum) 

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. 

3 Maximum average planar enrichment: The average enrichment at the axial location yielding the highest 
planar average . 
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6.3.8 Additional 9x9 (Category 8) ATRIUM Fuel Assemblies 

Parameter 

Assembly size 

Assembly array 

Average water/fuel volume ratio (VwNf) 

Pellet to clad radial gap 

Clad thickness 

Pellet diameter 

Water rods 

Assembly-average enrichment 

Gd203 requirement 

Value 

5.0 inch x 5.0 inch (maximum) 

9x9 

1.0 (minimum) 

0.003 inch (minimum) 

0.025 inch (minimum) 

0.555 inch (maximum) 

Center 3x3 rods 

4.0 wt. % U-235 (maximum) 

EMF-1563 
Revision 14 

Page 6-7 

• Minimum number of UOrGd203 rods is four in non-perimeter locations symmetric about 
the assembly diagonal. 

• UOrGd20 3 rods may contain various Gd203 concentrations in the enriched fuel zone but 
the minimum Gd203 concentration in the enriched zone to qualify as one of the four 
UOrGd203 rods is 2.0 wt. %. 

• The nominal length of the UOrGd20 3 region shall be equal to or greater than the 
nominal length of the enriched region in the U02 fuel rods. 

• Gd20 3 is not required in the end regions with natural uranium. 

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

6.3.9 Additional 10x10 (Category 9) ATRIUM Fuel Assemblies 

Parameter 

Assembly size 

Fuel rod array in bundle 

Fuel length 

Enrichment of any pellet in the assembly 

Enrichment of any pellet in an edge rod 

Enrichment of any pellet in one of the four 
corner edge rods 

Enrichment of any pellet in one of the eight 
edge rods immediately adjacent to the four 
corner rods 

Clad thickness 

Transnuc/ear, Inc. 

Value 

5.0 inch x 5.0 inch (maximum) 

10x10 

174 inches (maximum) 

5.0 wt. % U-235 (maximum) 

4.75 wt. % U-235 (maximum) 

3.05 wt. % U-235 (maximum) 

3.55 wt. % U-235 (maximum) 

Not restricted 
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Pellet diameter 

Rod pitch 

Fuel density 

U02 - Gd203 rods 

Gd20 3 content 

Water rods 
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0.30 inch (minimum); 0.3957 inch (maximum) 

0.510 inch (nominal) 

98.0% TD (maximum) 

1 O (minimum) 

2.0 wt. % nominal (minimum) 

Center 3x3 rods (minimum) 

• Each assembly must include a minimum of 1 O rods with a minimum 2.0 wt. % gadolinia 
(Gd20 3) in all axial regions with enriched pellets. 

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

• At least 10 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 10 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 61 describes the criticality analyses for Category 9, 1 Ox1 O fuel assemblies to be 
shipped in SP-1, SP-2 or SP-3 packagings. 

6.3.10 Low Enriched Gadolinia Free 1Ox10 (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 

U02 - Gd203 rods 

Gd203 content 

Water rods 

Value 

5.0 inch x 5.0 inch (maximum) 

10x10 

17 4 inches (maximum) 

2.3 wt. % U-235 (maximum) 

Not restricted 

0.30 inch (minimum); 0.3957 inch (maximum) 

0.51 O inch (nominal) 

98.0% TD (maximum) 

O (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 . 

Transnuc/ear, Inc. 
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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 1 O, 1 Ox1 O 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 U02 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. 

• 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. 

• 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 assemblies, 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. 

I 

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

Transnuc/ear, Inc. 
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• Complete an inspection to assure compliance with loading procedures for the inner SP 
container. 

• Bolt 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. 

7.2 Shipment 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 . 

Transnuc/ear, Inc. 
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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 

• 

• 

• 

• 

• 

• 

• 

• 

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

Cover and end pieces for fit and 
function 

Container dimensions 

Weld integrity, including closure lugs 
and lifting handle placement and 
attachment 

Gasket condition 

Pressure relief valve 

Vendor's certificate of compliance 

Vendor's facility and QC program 

Transnuc/ear, Inc. 

Typical Inspection Method 

Visual 

Visual 

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. 

Visual 

Visual 

Check for presence and proper 
operation 

Review for completeness 

Transnuclear, Inc. QA 
representative inspection 



• 

• 

• 

Safety Analysis Report for Transnuclear, Inc. 
Model SP-1, SP-2 and SP-3 Shipping Containers 

EMF-1563 
Revision 14 

Page 8-2 

8.1.2 SP-1 Outer Containers 

Typical Characteristic Inspected Typical Inspection Method 

• 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 

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 

8.2 Maintenance Program 

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 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. 

8.2.2 SP-1 Outer Container 

• Replace 2x4's if cracks exceed 25% of width or are over 6 inches long. 
• Replace 2x1 O'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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• Replace damaged, heavily corroded, or missing nuts, bolts, nails, and screws. 
Superficial surface rust is allowed on all carbon steel fasteners. 

• Make sure interior is clean and dry. 
• Repaint and remark as necessary . 

Transnuc/ear, Inc. 
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CURRE.NT ENGINEERING EVF>_LUATION OF TP.E RA-SERIES FUEL SEIP?ING 

CONTAINERS 

1.0 INTRODUCTION 

The RA-3 all-wood outer container is a right rectangular 

box with nominal dimensions of 20~ 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 construc~ed of 

nominal 2 inch x 10 inch planks and with bolted-on skids 

of nominal 4 inch x·4 inch wood. The cover is secured 

with thirty 3/8 inch mild steel.bol~s. 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 cl6sed cell faam~d 

polyetpylene, which is impervious to water, and phenolic 

resin impregnated paper honeycomb. 

The RA outer container is used primarily to reduce 

s·hocks 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 CER~IF·ICATE OF COMPLIANCE NO. 4 9 8 6 

LICENSE: ·SNM-1097 
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The wood box is neither des~gned to survive hy~othetical 

accident conditions without significant damage nor to 

prevent all damage to the inner metal container. The· 

inner metal container, itself, is relied on t~ raaintain 

containment, ~~tegrity and nuclear safety in 

hypothetical accident conditions, and its capabi~i:y has 

been demonstrated. 

2.0 PRIOR TEST DROPS 

2.1 RA-1 Container 

2 .1.1 

The General Electric RA-series fuel assembly shipping 

container combination of inner and outer containers has 

been in service since 1966 and designs have evolved to 

present configurations shown in Section 3.0 of this 

application on GE Drawings 769E229, 769E231, and 

769E232 . 

RA-1 Drop Test 

.The initial outer 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 simulated fuel 

assemblies inside the inner container. 

Results of the test indicate that the end of the outer 

wood container completely separated from t~e box upon 

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 Page 

DOCKET: 71-4986 REVISION: 0 2-.;2· 
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produced ... Altho~gh there was some damage to the inner ____ _ 

container, its closure fasteners, and the simulated fuel 

assemblies, the test was concluded a success because t~e 

asse~~lies were wholly contained, fuel r~ds were ~ot 

ruptured, and there was no sig~ificant deformation in 

the metal container. 

2.2 RA-2 Container 

2. 2 ·. i 

The RA-2 inner and RA-3 outer container design revisions 

strengthened both inner and outer containers. The RA-2 .. 
inner containers used higher ~trength 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 container changes 

included: 

• The ~se of '3/8 inch diameter bolts and nuts to secure 

the end panels to the wood box, in addition to the 

nailed construction used in 'the RA-1 design, to 

improve the impact strength of the box. 

• Replacing the honeycomb in the ends of the Gontainer 

with a ·honeycomb having a compressive strength of 290 

psi, which engineering calculations showed to reduce 

the impact velocity to zero. 

RA-2 Drop Test 

The RA-2 inner/RA-3 outer container was drop tested on 

March 24, 1974, (see Appendix A, Photograph 2) with the 

NRC CERTIFICATE OF COMP~IANCE NO. 4986 
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RA-2 inner container m'odifications mentioned above 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 ou~er 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 SJ • This was 

also concluded to demonstrate a successful test. 

RA-3 Container 

The RA-3 outer container was the .same as the con~ainer 

described above. The RA~3 inner container utilized a 

long'er body, and an end cap the .same depth· as the R.;-1. 

ASTM A-354-BD bolt~ were used to secure the end cap. 

These were sub~equently changed to mild steel b.olts . 

2. 3 .1 ' RA-3. Droo Test 

2.3.1.1 RA·-3 Inner Cont"ainer With a Fiberalass Outer Container 

This test was conducted in 1978. 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 container was an exoerimental 

fiberglass desig.n. Its contents were dummy fuel 

assemblies simulating the 8x8 BWR fuel assembly. 

At impact, the end of the fiberglass container, a piece 

approxima.tely two feet long, completely separated from 

NRC. CERTIFICATE OF COMPLIANCE NO. 4986 

LICENSE: S~-1097 

00,CKET: 71-4986 

DATE: 3/17/92 
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the outer cqntainer allowing the inner containe~ to 

impact the unyielding surface, thus abso=bi~g 'nearly all 

the impact energy (see Appendix A, Photogra~ts 6 and 
7) • 

Post test ins~action showed that damage to :he sirnu!a:ed 

fuel assemblies or the inner container was ~ot 

significantly large. Therefore, it was concluded that 

the test_passed the acceptanci criteria df 10 CFR 

71.36(b), which was the regulation in effect at that 

time. 

RA-3 Inner Container Droo Test ·with No Out.e:- Cont.a.:.=:e:-

This test was conducted in 1980. 'The RA-3 inner 

container used mild steel, plated bolts to secure t~e 

cover and the end cap: Other features were identical to 

those previously me'ntioned in this report. It was 

·constructed in acco:rdance with GE Drawing No. 769E23.l, 

Revision 0. 

I.t was free dropped 30 feet, impacting at approximately 

the same altitude as all other tests described. 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 secured the end 
' cap and cover. 

This was was con~luded to have met all acceptance 

criteria of 10 CFR 71.36(b) which was the regulation in 

effect at that time. 

NRC CERTIFICATE OF COMPLIANCE NO. 4986 
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A comprehensive report of this test, along wit~ the 

other three hypothetical accident condition tests, a~c 

photographs of the entire test program was preparec, ~s 

identified and maintained in GE Packaging Engi~eer~ng, 

Design Record File No. ORF A-00-01362, Test No. 2. 

CONCLUSIONS 

The bolted construction of the RA-3 outer container has 

improvect~the impact resistance of the design. This was 

evident by the 1974 RA-2/RA-3 test. 

The RA-3 outer container does not need to mainr.ain 

complete integrity in the drop test. The RA-2/RA-3 tes~ 

in 1974 shows that RA-3 outer with 110 psi cushioning is 

satisfactory. 

The 19a0' RA-3 inner container test also demonstrates 

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

Engineering calculations on the impact limiting 

capabilities of the honeycomb spow that the honeycomb 

can never reduce the impact velocity of th~ inner 

· container to zero since the wooden end of the box will 

·not .dissipate t.lfis amount of energy without damage. It 

was demonstrated by the tests that the hone,ycomb used in 

:the RA outer containers is stronger than the wood box. 

: As ·a result, the minimum honeycomb compressive strength 

··required must be consistent with the load.carrying 

·capabilities of the outer wqod container. 
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Strong bolts are not required in the RA-3 inner 

container since the 1980 tests verified that R.~-3 inners 

with normal mild steel boles will mee~ t~e ccncainer 

requirements. 

The 197 4 RA-2 inner /RA.-3 outer test show·ed 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 ~inirnal (see Appendix A, Photographs 4 and 8) 

and not of sufficient rnag~itude 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 . 
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'fear Cut: er Cont:ainer Inner 

: 

1966 RA-1 
. 
', 

1974 RA-3 .. 
- ' 1978 E:xperimencal 

Fiberglass 

1980 N/A See Not:e (1) 

RA CONTAINER DROP TEST 

Honeycoll'.b 

Cont:ainer Compressive St:rengt:h 

RA-1 75 psi 

RA-2 110 psi 

RA-3 110 psi 

RA-3 N/A See Not:e (1) 

Cove:- aolt:s 

tat:ches 

Lacches 

ASTM A-307 

M~ld s::.eeil 

E:n'd 
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Cap 3o!:s 

tat:ches 

ASTM A-354 

ASTM A-354 

Mild Steel 

Note: (1) Oro~ test: conducted in 1980 was an RA-3 inner cont:ainer only, wi:h no out:er cont:ainer 

overpack 

' 
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Photograph_ No. 1, 1966 FJ..-1.Drop. Test Results 
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Photograph No. 3, 1974 RA-2/RA-3 Drop '!'es;:: 
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Pho~ograph No. 4, 1974 RA-2/RA-3 Drop Test (End Cap Damage) 
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Photograph No. 6, 1978 Drop Test RA-3 Inner/Fiberglass O~ter 

' . 
NRC CERTIFICATE OF COMPLIANCE NO. 4986 

.LICENSE: 

DOCKET: 

SNM-1097 

71-4986 

DATE: 3/17/92 

REVISION: . 0 

Pag.e 



• 

•• 

Photograph No. 7, 1978 Drop Test (End Cap Damage) 
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Pho~ograph No. 8 1974 RA-2/RA-3 Drop Test (end cap) 

EMF-1563 
Revision 12A 
Appendix2A 
Page 17of17 

I .~:~ 
.-----~-. Q _ 

Photograph No. 8, 1974 RA-l/RA~3 Drop Test {End Cap) 
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1.1 :Purp:ise 

--ST ,, L'TY'\"Y1' 
.1:~ !.\.C...t"VL\.!. 

FDR 
HYFOTIIETIC'J.. ...\CCI:-iE·iT CG-OITIO:.i" 'ESTS G? . ..'.~·I 

R\-3 I:0<B. FLB.i SHIPPIXG CD:·IT:\IXER 

EMF-1563 ~°" · 
Revision 12A 
Appendix2B 
Page 4 of43 

:Tue purpose o:f the tests described wo.s to deITD11si:rate that the RJ. inne~ 
.container loaded with t\1/0 simulated fuel assemblies could pass the h~-po­
·t~etical accident condition tests described in 10 CFR 71, Appe~dix 8, 
without the additional protection of the wooden RY,, outer conrn.i::e!'. 

1.2 ·Test Sumnarv 

Hypothetical accident condition tests were conduc"ted on a General. :El·~ct:ric: 
'.~todel R.~-3 fuel. shipping container (inner container only) , in o..ccorcla.11ce 
with 10 CFR 71 "Pac.l<:aging of Radioactive ~!aterials for Transport and 7ra.'1s­
:portation .of Radioac-cive :1Iaterials Under Certain Condition.:;;''. The tests 
consisted.of a free drop tes-c, puncture test, the:mial test and ~n~er 
:inlrErsion test. .The tests were conducted at General Electric Compa.riy Is 

·· :Wilmington Jfanufacturing Cepartrren t faci'li ty on· Januar:J" 29, 1980 and 
'June 18, 1980 .. 

1.3 Pac.~aging Description 

The inner container of the R.:'\.-3 rrx:idel pac.~a.ging is a right rectangular 
IIEtal box consisting of an outer shell arid perforated inner bask::t 
separated by structural angle iron. 

The outer shell is fonrEd of minimum 16-gauge c:u-bon steel plate .•.vi th o..n 
integral welded end of the saroo material. Four angle stiffeners r..n.de of 
ll-gauge carbon steel, a.re welded on approximately .four inch centers to 
the outer surface of the end plate. Approximate dinensions of this inner 
container a.re 11-1/4 inches high, 18-1/8 inches wide,, and 182-7/8 inches 
~ong. 

The inner basket is constructed of 16-gauge.carl::lon steel pl~te w~tn 3/4 
inch perforations on·l-3/4 inch centers. It is riveted to the upper 
edge of the outer shell with 3/16 dia. blind steel rive-cs to fo:r.:i t\vo 
U-shaped channels approximately 6-7/8 inch in cross-sec"tion. The channels 
are lined with la.v-density ethafoam cushioning cet!'Snted .in place '.Vi th 
I)erforations matching the size and locations of those in the L11ner basket. 
To support.the inner basket within the outer shell,: four 2.6G inch x 2.66 
inch angle iron spacers. made of 1/8 inch thick caz-bon st:eel are r..csi tionec 

· longitudinally along the en tire length of the. body. 111e ·:c.,,·er a.."1C. ~!1tl c:::.;::. 
Of the inner container are constructed Similar to the box l:C provide a 
2-inch annulus around the fuel. excepc o..t· the ends, "'men ::he box :..s closed. 
A pressure relief valve ls installed on the end cap. ca[.l<>.b le of ;;;;...ssing 
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2-cfm air nutanaticn.llv m a O.;)-psi pressure cliffor~'nc.-:· be>twc·en i:.h0 out­
side and the inside of the box. A rectangular g,asket of 30' to 53 duro­
~ter hollow rubber ( isop rene or neoprene) p:::uvides a ccir.!9leted s\:'al wi d1 
the cover :ind end cao in ,Jface. Closure of chr.= box is (~ ~ ff~crr·rl l;:: ~-S 
cor.lTBrcial · g:r"Q.de, pl~'Ced, · 3/8 c8.a. r..ild .steel 'ooi 'CS. 

J:'he inne!" container for 'Che. RA-J p:ick::..ging '!!::l.S cnns t:ruc"Ceu i" ::.tco:·::!::-~'1ce 
1.:;i th the following General ~lectric dnt\dngs: 

731EG74 
769E231 

Revision 7 
Revision 0 

· 1.3.1 Test Containers 

R.4..-3 inner container serial number I-'."::004 was sel~cted · t'rDr.i 

inventqry for the tests. It was manufactlL-r-ed by Precision '..!etal 
Products, Wilmington, N'orth Co.rolinn. in Ja.11uary 1980 . 

. 1.3.2 Test Load 

Tue container was loaded with two durrmy fuel assemblies ;:.:1:it •...-c:re 
manufactured in accordance with General Electric Compan~·· s Fuel 
Fabrication Opera-r:ion procedures. 7hey were essen-r:ially i.c.!enticr .. l 
in all respects to production bundles except their rods con-:<lined 
lead· filler rather .than U°'2 pellets. The test bundles were fabr:..­
cated in accordance with G.E. Fuel Production p~cedures. 

1.3.3 Container Packing 

Tb.e two dtmIIIY bundles were packed into the inner container, se!·in.l 
nurrber I-:2004 per Packaging Data Sheet No. PD-016H, excep;:: the 
paragraphs pertaining to the outer wooden cont:l.iner were r.o.t a~pE-

·cable. 

' .2. O ACX!EPTANCE CRITERIA 

The applicable · cr.i teria for acceptruice :ire s:r:ecified in 10 CFR 71. 36(b) . 

lOCFR' 71. 26(b.): A package used for the shi:µn:nt of fissile material 
shall be so designed and constructed and its conten-r:s so limited 

'that if subjecte~ to the hypothetical accident conditions speci­
fied in Appendix B of this part as the Free Drop , Puncture, 
Thermal, and Water Irrm::n-sion conditions, in the sequence listed . 
in Appendix B, the package would be subcri tical. In deterr.rl.!1int; 

. whether this standaxd is satisfied, it shall be assurred -.:hat: 
lOCFR 71.36(b)(l): Tb.e ~issile material "is in the nDst reac-r:ive credible 

configuration consistent with the damaged condition of rhe r,ac.L:~c:-e 
and the chemic~l and physical form of the contents; 

lOCFR 71.36(b)(2): Water rmdera'tion occurs to t.t:ie rrost reactive creC.:!Jle 
: extent consistent with the damaged cond;i. tion of the pack~e and 

the chemic:il and physical form of tlle contents; and 
ioaR 71. 3G(b) ( 3) ; There is reflect.ion by water. on all sides and ::!..S 

· close us is consistent with the drunaged condition of thr: p::tc.~u!;e . 

-2-



•• 

. . 
' 

• 

I, 

I ' 

I. 

EMF-1563 
Revision 12A 
Appendix 28 
Page 6 of43 

3. 0 TESTE~G · 

Tne hyDothetical accictent condition tests were conducted in che sec:uer.-.:e 
spE:ci f:.ed in :~ppenctix B to lCCFR.11. to e'.:aluat:e t:1e abili cy of 1::1e ·p::td~J.£;-e 
-Co wfchst.3.Ilcl Ci..Irr.ulati\·e clam2ge of the four tests. Lhe teso:~~, a..s specif Lee 
i!1. above :::e!l.tioned regulation are as· follows: 

a) ~ree Drop - A free drop thro'ugh a distance of 30 feet onto a flat 
essentially lll1yielding horizontal surface,· striking the surface in 
:a r..osi tion for which maximum darnage is e:-..-pected. 

b) Plll1cture - A free drop through a distance of 40 inches st::.·il·:i'.1£' . 
.in a position for which ma."Xirm.Im damage is e::...-pected, the ;:op e.'.1.d ·Jf 

----

.a verticaJ. .cylindrical mild steel bar rrounted on an esse.'.11:iall:: 
unyielding hm;izontal surface. The bar shall be 6 inches in di:i.r.i2r.:;r, 
\vith 'Che top horizontal and its edge rmmded to a radius of ~ot ::-:ere 
than one-quarter inch., and of such a lenF;th as rn cause :::a"dn.u;: 
damage to the packa.,.,o-e, but not less than 8 inches long. ';:he lor.~ 
.a.xis of the .bar shall be perpendicular. to the un.yielding :1or:i.::0n~::::..l 
surf'ace. 

c) '.Thennal - Exposure to a thermal tes-c in which the heat· ir:;Ju:: to ~~1e 
package is not less than that which would result from e:'\Pcsure of 
the whole pack~o-e to a radiai ton envirorurent of 1, 475°F. for 3n 
minutes with an emiss~ vi ty cceff icienf of 0. 9, assuming the surfaces 
of the package have an abso:rption coefficient of o. 8. T'ne packag: 
shaJ.l not be ccoled. artificially until 3 hoUIS after the test 9eriod 
unless it can be shown that the terrperature on the inside of i:he 
package has begun to fall in less than 3 hours. 

d) Water Imr.ersion (fissile material packages only) - Imr.ersion in water 
:to the extent that all port:ions of the package to be teste.d :t..'"'e 'J..'1der 
at least 3 feet of water for a period of not less than 8 !:ours. 

3,1 Test Procedure 

The t.op edge of end which has the bolted end cap was estab~ishe:·! 
to tJe the surface IIDst vulnerable to produce a failure of the ·. 
closure. "'Ibe con-cainer was oriented such tilll.'C its 1-ctit~de at 
impact was about 25° frcm vertical and would impact a-r: the cover.' 
end cap interface; th.is attitude was maintained through the use 
of guying lines attached to the containers. 

The container was raised b..,- a crane to a 30 foot heigt:.t n.t a.onro:-~­
inlately 25° angle as shown. in Photograph No. 1. The heig~t ;~ 
detennined by a rreasure weighted cord attached to the con miner. 
The quick release rrechani.sm wns activated and tlie cnnrn.ine.,. fi:ll 
free 30 feet (Photograph :'To. 2) impacting at the pr-edete!'li'ir!eC. 
angle and poiri t of irnp:i.ct (see Pho'Cographs :--lo. 3 ?~n,d -t) , on :o a 
flat · ~inforced conc.::e-r:e pad. 

" -..j-
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·• Dair.age was confined to the ir!'.pacted lff8~. 2:cl of thE: con wins:l.· 
1•;as dnma.ged n.nd one of the 14 cover bolts brcke lo :-.se ( P!1i:;1:og-::-ar.hs 
::i'o. 5 and G) : howevF~r, the rerr.aining 13 cm·er ooi ts an.cl t!:(? ..J: c:: 
the end cap held the cover and end cap secu.:"el"· b pl:icc.. ::ts 

evidenced by Photographs Xo. 3, 4 and 5. 

3.1.~ Punctu.-re Test 

Tue container was free dropped through a distrufce of 40 inches. 
striking the top end of a. vertical steel bar rrounced on :.i. rsbforcec! 
concrete pad. (See Photograph ::-.ro. 9). .. The bru· w::i.s fatricat::-J pe!' 
the requirements of 10CFR71 (Appendix B). 

! . 

A vert'ical · drop w1 th t!ie packag·e imp::i.ctini:; on the lG-gaui;<;:- cont::i.ir.er· 
bottan equidistan-c fran both ends W:LS considered the rrost n.Uner::!b::!..e 
orient1tion to punctu...--e. 

• 

• 

Results 

Tue container wns indented as seen in Photographs :;o. 8, 9 ru1d lO. 
but there was no punct:ure. These photographs, as well as )To. · s 13 
and 14 indicate that the container was bO\ved several inches and 
still remained intact. 

After canpletion of the puncture test, the cover :ind end c::i.p were 
rerroved arid a visual inspection of the fuel bundles revealed one 
broken fuel spacer and defonnation of the upper t:ie plate handle, 
Photographs 11 a.11d 12. There was no indication of f.uel rod lllpture 
as was substantiated by the Fuel Quality Cont:rol Engineering report: 

. dated August 11, 1£J80 (see Appendix 1) . 

3.1.3 'IheITTl.al Test 

A Thermal Test of Container No. I-2004 followed the 30 foot free 
drop and puncture tests. The them.al test conduc-ced required expo­
sure to an enviroruran t of 1, 475° minirrn.nn for a period of 30 minutes . 
Since an actual gasoline fire with open flrures provides ti1e rros"t 
realistic rreans of satisfying the requirements of 10CFR71 thermal 
test, this method was chosen for the RA-3 inner cont::i.iner test:. 

Test set-up ns shown in Fig. 1 wn.s used. The g-a.soline and ··.vater 
supplies were located 100 feet frcm the fire pan. A therrr.ocouple 
rrotmted on the closure adjacent to the slight opening of the c6n­
tainer lid rri:>ni tored the flam: temperature using a Honeywell ~-Iodel 
R7353A Dail-0-Troll, Serial No. 7812-3849, which was calibrated · I 
using a West millivolt pot that has traceabil.ity to the National 
Bi.ireau. of Stant.lards. · 

A rectangular, steel fire pit with the container rrcunted 2 feet 
abo\1e the surfo.ce allowed for approximately 2 feet oi fl~t:~):'?S aroc.nd 
all sides of the con't.'.l.iner. By using the open gasoline fir:::, the 
.emissi v.i. tv and absorbtion coefficients were ir. accordance: with ~hose 
specified. in 10CFR71, Appendix B. 

-4-
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3. 1. 3 . 1 T.;;st Proc!?dm-e 

. .\pprc1xi!':~c<::=;l:.r -WO gallons of ·.vater W'?:?.'9 fed irlto :::!:e ..,; -:-­
resu,;,,c:i::; :'..n a ·.vater le\·el of 5 incnes. :\ppr'.Jx:.r::i.<:ely ::,.-, 
gallons cf go..soline were; then ied·inrn -c:1e s-;::e--2l fir'.?;"..':" 
to f·- :-::i a layer of fuel abot.:.t one i:lch de~)") on Lnri ·if ~::·. 
wa -ce :· Sl~: ace . 

. !l.fter i.~1-:1on, (see Photograph ~o. 15~ the fuel 1nd 1.v:ir'::-.:: 
supplies \\~re turned on and mrumall:; cor.. trolled m one 
g:allon per minute of water and 15 GP..! of fuel co r:i.aint::..::.:: 
a fi.re that completely enveloped the R-\-:J in::.er cont::i.ir•:;!·. 
Photographs No. lG through 23 a.re r3l1dcm rbotq5~:tphs rn:.'.·:~·:: 
during the test. The temoerature measured on the surfac~ 
of the test container increased ra~idly to 1, 475°r. (Pho:\:•­
graphs 24, 25 and 2S) and exceeded that throug.~out ~h~ c~s: 
with a rr.axi.r.:um temperature of 1, 6·!0°F. being c:-e::i.c::ed. -:-:'-'=" 
full fire· tesL: continued for 30 minutes, burn.in~ 3•')0 ~:t~~ · .:.­
of fuel during that period. 

Results 

Preliminary visual. inspec'tion after the t.he:mal test sho·.':ec~ 
no significant d~cre to the container, its cover or end c::.:· 
that would affect criticality safety considerations. It ·.':~::-: 
alSo noted that i;he intense heat of tne fire and the we1;:: 
of the dumny bundles straightened the RA cbntaine::- that: 1.':3..5 

bo.ved sever:il in.Cb.es after the puncture test. (Ccr::pa.re P!!ai­
graphs 13 and 14 with Photographs 27 ar.d 28. ) 

Water Imrersion Tesi: 

After the fire test, con t:iiner no. I-2004 with the t\vo ctxrr.y buncU .. L::-:: 
was alla.ved to cool down for the prescribed period of· ti.'7E, o..nd rr:c-:; 
placed in the water i.nnersion pit (see Photographs 29 and 30) u.."1.der 
3-1/2 feet .of water. It remained suhlErged for 8 hours. 

Results 

Water leaked into the cont::i.iner since th.e gasket was consur:Ed d~in;r 
the fire test. The presence of water in the container for 8 hours 
caused no undue affect on safety since criticality analysis took -chi~ 
into account. And fin::i.11;1, the presence of wm:er for 8 hours cai.:.sed 
no darn:lge to the fuel rods, as evidenced by "the Quality Central rero2·. 

:3.1.5 Post Test. Inspection 

Following i.nlrersicn as described, the container was opened a.11d insp2c:. 
ted. There was no Dhysical druna.ge to the rods in the dl:.·11ny bi..Indles. 
as was reported in the Fuel Qu::i.:J..i ty Control "Fn~ineering !"e1;or: d:..:· 1 c: 
August 11, 1980. ( ;\ppen?-L~·: 1) . 

= 
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Hy-r.othetic:::..l accident C')ncli t.ion tesi: Sj:'>t:CU :i.·2u 111 ltJG:it/l, ."ipp:::!1c.:ix D. i1::i. ·:e bt:· .. : 
conc.li.<cted. wi tn~.s:.;ed :J'.--- Qw1li ;:3: Con<:.rol E:..'1;-.i.ne::u ri?1;_; ~u1d h:ive !XLSsc:c.: :.:he a,~ce-~; ::-~:::::.=: 
cri<:eri1. 

The C-eneral Elec-i:ric ~Iode l :l'o. R...\-3 ITB'CD..l inner fuC? l s11.lppi::g con tc. i::Je.: ·.::i tl:. e,::o 
dunr.:y fuel l:Jun.dles h1S tee~1 subjec-i:ed to the hypothetical accident co:1c.i::;..r:-ti.s 
specified in Appendix I3 of 10CFR71: the free Drop, Pun cm.re, Therr.ul . :121d i\"a c:er 
Imr.ersion tests, in the sequence specified by the regulation. 

It is concluded that the R!\.-3 inner contai.r.er has successfull~' pu...ssed tl:e 1ccep­
ta.11ce cri teri1 due to the following-: 

4. 1 .Tue cover and end c.::i.p remained in t~ct. The:?:e was one bolt f::Li lee:- :.:1 <:te 
.cover, bm: 13~bol ts are nx:ire thun ::i.dequare to sectL.""'e :h.::: Cf)\"e:". A:l ~·ou:­
end cap bolts re!'m.ined in tact. Therefore, the com•.:::::::; '.1:ould be con cair.ed 
inside the package. 

-L2 .There were no ruptured fuel rods. Therefore, t:1e fuel ~el le-cs ·.:.·ci.:~d '.'.:le 
contained inside the rods. 

4. 3 There was no. significant deformation to the container exre!uaE~~. "'::l-:.e enct 
c:ip or the inside angle spacers, and ·the basket -chat supports the fuel. 
Even though the container was bowed after the Puncture rest, th£' ~gl:; 
Spacers in the container maintained the spacing required so thar. c:::-i cical­
i ty safety considerations were not affected . 

-6-
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1.0 INI'ROIXJCI'ION 

1.1 · .Purp?se 

FDR 
ffi.1=0TIIETIC;',L ACC!~IF.:·;T ca~ITIO:i r.:::Srs G? .. -\X 

R.~-3 I~B Fl"EL SHIPPIXG CO:·IT:\I::-.1ER 
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:The purpose o:&· the tests described wns to derroustrate that the R...\ inne~ 
:container loaded wi ;:h two simulated fuel assemblies could pass the hrFO­
'thetical accident condition tests described in 10 CTR 71. Append.ix O, 
'without the additional protection of the wooden R.\ outer cont:ii:i.e!'. 

1. 2 · .Test Surrma.rv 

Hypcithetical accident condition tests were conducted on a C-ener::i..: E::.·::ct:ric 
~1odel R..\-3 fuel shipping container (inner con t:iiner only) , in :iccorda.n.ce 
With 10 CFR 71 "Packaging of Radioactive ~Iaterials for Trruispor": and 7ra.'1s­
portation of Ra.dioacti ve :.raterials L"nder Cer-cain Condi t:ions''. The rs-.s-.:s 

.. cons~ted of: a free d.r9p tes-c, puncture test, them.al test and wa-.:er 
· imrersion test. The tests were conducted at C'€neral Electric Cor.manv' s 
\~ilrnington ~ranufacturing Cepartrrent facility on January 29, 1980 ~nd .. 
June 18, 1980. 

1.3 Packaging I:escription 

The inner co~tainer of the Rli.-3 nodel pac..k::aging is a right rectangular 
ril;tal box consisting of an outer shell and ~rforated inner basl;:et: 
separated by structural angle iron. 

' 
The outer shell is fonred of minimum 16-gau~ c:i.rbon steel. plate with an 
integral welded end of the srun: ~terial. Four .angle stiffeners r..:::.de of 
11-gauge carbon steel, are welded on approxima'tely four inch centers to 
t~e outer surface of the end plate. Approximate d:i..rrensions of this in.~er 
container are 11-1/4 inches high, 18-1/8 inches wide,· and 182-7/8 inches 
:long. 

The inner basket is const?\.lcted of 18-gauge carbon steel pl:i.te ;:,.i. th 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. olind· steel .ri':.·ets to for.;i two• 

· U-shaped chruine ls approximately 6-7 / 8 inch in cross-section. The channels 
a:re lined With lo.v-densi ty ethafoam cushioning cemented L"l place w1 th 
perforations matching the size and locations of those in the inner basket. 
T~ support the inner basket within the outer shell,_four 2.6C inch x 2.66 
inch angle iron spacers made of 1/8 inch thick ca.rboh steel are r..ositioned 
lbngi tudinally along the en tire length of the body. Tiie ·:over and end c1p 
of the inner container are consi:ructed similar to the.box tc provide a 

· 2:...inch annulus around the fuel, excepc a.t the ends, when the box is closed. 
A· pressure ·relief ~alve is installed on the end cap. capable of passing 
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: 2-cfrn air autcm .. 1.ticully to :i. O. ;"'i-psi pressure clifJ'er(::nc.-: b0ri.1·<.:en th0 out-
side and the inside of the box. · A rectangular ~8Sket of :::o· w 53 du:-c>-

'. r.:eter hollow rubber ( isop rene or :i.eoprene) p::.'O'.-ices a co~lt-ted seal wi c!1 · 
: the cover and end cap in !>l::..ce. Closure of the ~1ox is •. , [ :c~cr:c·'i :.~:: 2.S 
: corrrrercial grade, plated, 3/8 cia. raild steel 'ooli:s . 

. TI1e inner container for the F..A-3 pac..L::::i..ging •1!~ constructe·...: i·' ::.cc:).::·C:c.1:c..'8 
with the fallowing General Electric dnLwings: 

731E674 - Revision. 7 
769E231 - Revision 0 

:1.3.1 Test Containers 

RA-3. inner container serial number I-201).:1 was selPcted ~·!Y)r.i 
inventqrv for the tests. It was manufactu..-red bv Precision :.'.ec:al 
Products, Wilmington, North Carolina in January 1980. 

1.3.2 Test.Load 

The container w:is load~d with two durrmy fuel assemblies :::w .. t •,1:.:re 
manufactured in accordance with Gen!=ral Elec-cric Co~any's Fuel 
Fabrication Operation procedures. They were essentially icenticr"l 
in all respects to production bundles except their rods· con:D..ined 
lead· filler rather than U°'2 pellets. 1'.he test bu.'1d.les were r;Wr:..­
cated in accordance with G.E. Fuel Production procedures. 

1.3.3 Container Packing 

The two dumiiy bundles were packed into the inne·r container, seri::l.l 
nurrber I-2004 per Packaging Data Sheet ~o. PD-016H, except the 
paragraphs pertaining to the outer wooden container 1.rer"= nor appE-

-cable. 

2. 0 AOCEPrAi~CE CRITERIA 

The applicable criteria for acceptance are specified in 10 CTR 71.36(b). 

:lCCFR 71. 36(b): A package used for the shiµtEnt of fissile material 
shall be so designed and constructed arid its con ten ts so lir.".i ted 
that if subjected to the hypothetical accident conditions speci­
fied in Appendix B of this part as the Free Drop, Puncture, 
The:rma.l, and \'later Irnn:3rsion conditions, in the sequence listed 
in Appendix B, the package would be subcri tical. In deterrx .. !1in~ 
\1/hether this standard is satisfied, it shall be assurred that: 

lOCFR 71. 36(.b) (1): The fissile material is in the rrost reactive c!'9c!ible 
configuration consistent with the damaged condition of the r,ac.ka..,,,c-e 

~ and the chemical and physical form of the contents; 
10CFR 71.36(b)(2): Water rroderation occurs to the most reactive creS..:.ble 

extent consistent with the damaged condition of the pack~e anJ 
the chemic:i.l and physical fonn of the contents; and 

lOCFR 71.36(b)(3): There is reflection by water on all sides and as 
· ·close ns is consistent with the c.lrum.:.<>ed condition of the- p:tc..l\.ai;e . 

-2-
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• 3.0 TESTI~G 

• 

• 

The hy\X]thetical accictent condition tests 1vere ·conducted in che sequer.ce 
specified in :~ppenclix B to 10CFR71. to e~:aluat:e t!1e abili cy of· t:1e p2..d~.i;;~ 
to with.st:md cUITiUl:iti\·e clair..:i.ge of the four tests. ille tesi:s,.a..s s;-ecifieC: 
in above :::entioned regulation are as follows: 

a) Free Drop - A f~ee drop through a distance of 30 feet onto a flat 
,essentially unyielding horiz.ontal surface,· striking the surface in 
. a position for which rnn.."<lrrrurn damage is e::-..LJected. 

b) :Puncture - A free cb:ap· through a distru1ce of 40 inches stril-:i::ib. 
in a position for which ma."'{inrum d.ama.,,,o-e is e;..,1)ected. the top end of 

. a v~rtical cylindrical mild steel bar m:)'unted on an esse?:!tiall:: 
unyielding ho.t;iz.ontaI surface. The bar sho..11 be 6 inches in d.io.r.~::;:::·, 
,with the top horizontal and its edge rmmded to a radius of ~01: ::01"1? 

than one-quarter inch, and of suc!1 a lern;th as :o cause r::LL"dr:1l.J"'.'l 
'damage to the package, but not less than 8 inches lcn;:::. The lor.g 
'axis of the bar shall be perpendiculn.r to t!'le unvielding t1or:::on~D..1. 
surface. 

c) Thermal - Exposure tn a thermal test in which the heat-inpu-:: to :lie 
package is not less than that which would result from e:q:>csure of_ 
the whole packa.,~ to a rad.iai ton envirorurent of 1, 475°F. for 3() 
ininutes with an emis?ivity coefficient of 0.9, assuming the surfacE;s 

· 9f the package have an absorption coefficient of 0. 8. The pack~ 
shall nox be cooled artificially until 3 hours after the test 9eriod 
unless it can be shown that the temperature on th.e inside of the 
package has begun to fall in less than 3 hours. 

d) l~'ater II!llErsion (fissile material packages only) - Imrersion in water 
to the extent that all p6rtions of the package to be tested 3-.."'E? ~~cer 
at least 3 feet of water for a period of not less. than 8 hours .. 

3,1 Test Procedure 

3.1.1 Free Drop 

Tue top edge of end which has the bolted end C3.;,'1 was estn.blisi.:e·:! 
to be the surface rost vulnerable to produce a failure .of the 
closure. "'Tile container was oriented such that its attit~de at 
impact was about 2s0 fran vertical and would L~act at the cover' 
end cap interface; this attitude was rmintained through the use 
of guying lines attached to the containers. 

Tue container W<lS raised by a crane to a 30 foot height at approx­
imately 25° rui~le aS shown in Photograph ~o. 1. Tile height was 
determined by a rreasure weighted cord attached to the container. 
The quick release rrechanisn was activated and the c0nrn.ine .... fi:ll 
free 30 feet (Photograph :'-lo. 2) impacting at the predete!T:"ir:eC. 
angle and poiri t 0£ irnp~_ct (see Ptotographs :;o. · 3 and ..f) , on-:o a · 
flat rP.inforced concreie p8.d . 

-3-
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Darr.age was confined to the i:::pacted a~·eo.. E.'1d of the cont:i.ine:r 
was dnmaged and on~.; of .the 14 cover bolts broke lo ::.se ( Pi1~rng:-a1:hs 
Xo. 5 and G); howev<-~r, the remaining 13 CD~:er. 'ool ts a:1d t!:(o .,j, c~ 
the end cap held the cover and end cap secure 1 v i:i r, !.:i.cc. ::i..s 

evidenced by Photographs Xo. 3, -1 and 5. 

Punctu..-re Test 

The container was free dropped through a distance of "10 inches. 
str:j..king the top end of a verticn.l steel bar mour-.ced on a rei:1forceC. 
concrete pad. (See Photogr::i.ph No. 9).. The bur w::i.s l.'aLncE:.te.J pe:!:" 
the requirements of 10CFR71 (Append.ix B). 

A vert"ical drop w1 th the pack:.ti;e impacting" on the lG-g::i.ug'=' cont:i.i::e!' 
bottan equid.istam; frcrn both ends W.1S considered the r:DSt •,;uJ.r:.e:cX;::_e 
or'ient.'.l.tiori to punctu.,,-e. 

Results 

The container was indented as seen in Photographs :;o. 8, 9 a.."ld .;,.o .. 
but there was no puncture. These photographs, as we 11 as :·;o. · s 12 
and'14 indicate thn.t the container was bowed several inches and 
still remained intact. 

After ccrnpl~tion of the puncture test, the. cover a..11d end c:i.p were 
rem:)Ved and. a visual inspection of the fuel bundles revealed one 
broken fuel spacer and defonnation o~ the upper tie plate handle. 
Photographs 11 and J2. There was no ind.ic:ition of fuel rod rupture 
as was substantiated by the Fuel Quality Control Engi!1eering rer.cn 

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

:3.1.3 'Ihenri.al Test 

A Them.al Test of Container No. I-2004 followed the 30 ioo"t free 
drop and puncture tests. Tue them.al test conduc"ted requi!"ed ex1=0-
sure to an environrrent of 1, 475° minimum for a period of 30 minutes. 
Since an actual gasoline fire with open flrures provides ti1i=; riost 
realistic means of satisfying the requirerrents of 10CFR71 them.al 
test, this method was chosen for the RA-3 irmer contn.iner tes"t. 

Test set-up ri..s s~own in fig. 1 was used. Tue gasoline and 'Nater 
supplies were located 100 feet 1'rorn the fire pan. A therrr.ocouple 
rroi.mted on ·the closure adjacent to the slight' opening of the con­
tainer lid rmni tared the flarre .temperature using a Honeywell ~!odel 
R7353A Dail-0-Troll, Serial No. 7812-3849, which was calibrated 
using a West millivolt pot that has traceability to the ::\::i.tional 
Bureau of Stanuurds. 

A rectangular, steel fire 1}i t wi :h the container m:''-"-"lted '.2 ft.-et 
above the surf::i.ce allowed for approxjmately 2 feet .of fb;;es arot1!".d 
all sides of the con ~.'.liner. By using the open g:l-Sollne fire, the 
emissivity and absorbtion CDefficien ts were in . accordance .with those 
specified in 10CFR71, Append.ix B. 
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3 . 1. 3 . 1 T.~st Pro<.:edm"e 

. .\pproxi!::::i.1:;:,ly -:l:OO gallons of ·.vater ,\.i?!"e :ea ir:.to i:!:e :;i-:: 
resu:i::i.:-:; in a ',\'ater 1evel of 5 incnes. :\p:Jr~x.:.~~:el:: ::,.-. 
p.llcns cf ga..soline werE: then red i::to ;:-::e s'-e-2l :fi!"'.: ;-:.. :­
to f- ::;i a layer of fuel abotlt one i:lch dc=~!J on tnp ·)f :.:: _ 
wate:: sur:ace. 

After ig:ii tion, (see Photograph Xo. 15; the fu-:1 D..nd wac:=..:· 
supplies were tu..T"D.ed on and ll".nnunll:: cor: trolled to one· 
gallon per minute of water and 15 GP..! of fuel cc r::ai.".ltn..::: 
a fire that completel~1 enveloped the F..A-~ in!",er com::ti:-•=r·. 
Photographs No. lG through 23 are randcrn )'1~1otog:::·:i.phs tal-:t:·:-: 
dUJ:ing the test. The ternoerature measured on: the sw·:ac·~ 
'of the test container increased rapidly to 1,-:!75~. (Pho:,:.­
graphs 24, 25 and 2S) and exceeded that througho~c: th~ t~s: 
with a r..axim...lr.'l temperature of l,6·W°F. being !"'2a.ched. 7:cE­
full fire test continued for 30 rrinutes, bun: in~ 500 pi.>-: ... 
of fuel during that period. 

Results 

Preliminary visual inspection after t!'le t:;.err.::i.l i:est s!:o·;:oc: 
no significmrt dar.i.age to the containe:?:", its co1.·er or end c::-.: 
that would affect criticality safety considera;:ions. It ·;:~1::: 
also noted that the intense heat of the fire ~·id the wei;:: 
of the dumny bundles straightened t.he R.\ contair.e!" that: ·::as 
bowed Sever:il faches after the ptm.cture test. (Ccr::pare P!:G'.' 
graphs 13 and 14 with Pho:tographs 27 ar.d 28. ) 

Water IImErsion Test 

After the fire test, com:::i.ine!" no. I-2004 \vi. th the two C:u.r .. y buncl:t.::-:; 
was allowed to cooi down for the prescribed period of ti.r::e, a..."1d r::,::·:: 
placed in the water imrersion pit (see Photogra9hs 29 ar.d 30) t.:."1c:2!" 
3-1/2 feet of water. It remained suJ::::n:erged· for 8 hours. · 

Results 

' 
Water leaked into the c9n t:riner since th.e gasket was consur::ed dt.:.rin;: 
the fire test. The presence of water in the container fer 8 hours 
caused no undue affect on safety since criticality analysis took thi~ 
into account. And fin::i..lly, the presence of water for 8 hou...-s caused 
no dazmge to the fuel rods, as evidenced by the Quality Control ref"'.)!" 

.3.1.5 Post Test. Inspection 

Following imrer-sicn as descrilSed, the contain~r was opened and ir..sp::-'..: 
ted. There was no '.-lhysicul damage to the rods in the dt...-rrny bundles. 
as was reported in the Fuel Qu::i.li ty Control Fngineering. ~nort cl.:i.. -c»c: 
August 11, 1980 ( ,\ppenclix 1) . 

-5-
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I-Ir:x:ithetic~.l accident C1)ndition tesT Sj:it>cii'ied i:l lOcrrt/:!., ,\pp::!1dix !.3, :1::-~·:~ b~·-·~ 
conllt.i.cted, wi tnc=s:"'led :Jy Qtnli .:y Control E.'1;.i.nE:C' ring :1.nd have '.X....Ss.:::<.: ;:he 2.:ce!; :a:::-·:­
·Criteria. 

The General Elec1:ric ~.Iodel :>To. RA-3 rretal inner fuC?l s•:.i'ppi:!g- r.om::-.be!' ·.ii:b i:·.w 
dunr.y fuel bundles bas bee:1 subj(~cted to the hypothetical accident c::o:1c.i:ictls 
spec~fied in Appendix I3 of 10CFR71: the Free Drop, Puncture, Th~!nll, :i.:1d Wate:· 
Inn:ersion tests, in the sequence specified by the regulation. 

It is concluded that the R:\-3 inner container has successfully pn.ssed tte ::t.ccep­
ta.'lce criteri::i. due to the following: 

4.1 :The cover and end cap remained int~ct. Thm.-e was one bolt £::.ill::~ ~.:1 tr.e 
·:cover, but· 13"bol ts are rmre th:in adequate to secure ":h"J cn\·e:::-. A:l :en.:= 

·.end cap bolts re!r'.ained intact. Therefore, che contc: :s would be con:ai::eC: 
·'inside the pac!mge. 

-:! • ~ There were no ruptured fuel rods. Therefore, t~1e tue l pellets ·.::c.t.:..:.d be 
'contained inside the rods. _ 

4. 3 There was no significant defonnation to the container e:\.'"tO::!."Tin.Ey. :l:e r:-nct 
c:ip or the inside angle spacers, and the basket that supports the fuel. 
Even though the container was bowed after the Puncture test, the :::.::~!.,; 
spacers in the container maintained the spacing required so char. c~:~:cal­
ity ~afety considerations were not affected. . 

-6-
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~ l µTI v/MD- ~QCE 

:.~::~ESS• M/C H-39 ;.Ji l mi ngton, N. C. 

sueJEcT• RA ccrHAINER BURN· TEST INSPECTION 

t" 

.... 
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 cleaned prior 
to inspection~ Listed are my observations and comments . 

. !\) RA c6ntai ner had. sonie wrapage of metal, but no rupturing oc~urrea. 

B) All 'ethafoam and lid gaskets were completely destroyed. 

C) Res'i d.ue from p1 as tit fuel rod separators w·as accumulated on 
lower tie plates and the lower eighteen inches of rods. (This 
pr?bably occurred durin.g lifting of RA after test.) 

D} Dummy bundles show no signs of heat releated damage. (End 
plug welds ~nd cladding show no signs of rupturing or heat 
damagr;!.)' 

E) Clad~ing had smoke and carbon residue which should be cleanable, 
no heat defonnities noted. 

My observation is that there was no physical damage to rods in durmny bundles., 
only surface damage (residue, smoke) to bundle components as a resu.lt of ethafoam 
and plastic separators residue.· 

·' 
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ISSUED IN FAA-ANP 'ON-LINE 
· DOCUMENT SYSTBA 
C~x:d-6-0.t/ 

DESIGN AND TEST INFORMATION OF THE PREVIOUSLY 
. DESIGNATED RA-1 INNER AND OUTER CONTAINERS 

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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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 authorization of certificate USA/4986/B()F, it is no 

longer in use . 

NRC CERTIFICATE OF COMPLIANCE NO. 4986 

LICENSE: SNM-1097 DATE: 3/17/92 

DOCKET: 71-4986 REVISION: 0 

Page 

2-Cl 
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~IODEL RA-1 PACKAGE·* 
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The Model RA-1 package consists of a right rectangular ~etal 
inner con t:ainer wit bin a. wooden ou 'C er con "Ca.in er a:ic 

separ<J.ted from the outer container by cushioning ~ater:~~. 

Descriptions of these containers and of the structural 

evaluation thereof are given below. 

Descriotion of RA-1 Inner Container 

· The inner container of the RA-1 model package is a metal box 

·consisting oj an outer shell and perforated inner basket 

·separated by structural angle iron . 

. The outer shell is formed of minimu.m·.·1.6-ga.uge carbon 
' ·steel plate with an integral welded end of the same 

material. Faur angle stiffeners made of 11-gauge ca~bon 

;steel, are welded·on approximately four inch centers 
., 

.to the outer surface of the end plate. Approximate .dimensions 

of this in·ner conta.:i,.n~r are 11 inches high r 18 inches wide,· 

and 174 inches long. 

~he inne~ basket is constructed of 16-gauge carbon steel plate 

with 3/4 inch perforations an l 3/4 inch centers. It is 

.~elded to th'e upper edge of the ou'ter shell to form two t;..:..snaped 

channels approximately 6 7/8 inch square in cross-section. The 

.channels may be lined with low-density ethafoam cushJ,.oning 

~emented in place with perforations matching the size and 

l.ocations cit those in the inner basket. To suppor't the inne!" 

basket within the outer shell, four 3 inch x 3 inch angle 

' iron spacers made of 1/8 inch thick carbon steel are positioned 

iongitudinally along the entire length of the body. 

*~o longer in use. Description included because of 
~eterences in other sections of this consolidated 
·~pplication to analyses per:fonned on this inner container·. 

NRc:cERTIFICATE OF COME'LIANCE NO. 4986 

LICENSE: SNM-1097 DATE: 3/17/92 

DOCKET: 71-4986 REVISION: 0 

Page 

2-C2 

I 

I 
I 

\ 

I 
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The cover arid end cap of the inner contai~er are const~~cted 

similar to the box to provide a 2 inch annulus around :he 

f~el, except at the ends, when the box is closed. A manually 

operable pressure relief valve is installed on the outer shell. 

capable of passing 2-cfm air automatically to a 0.5-psi 

pressure difference between the outside and the inside o: the 

box. A gasket of 1/2 inch thick hollow rubber (isoprene or 

neoprene) provides.a completed sea~ with the cover in.place. 

c1:osure of the box is effected by bolted 'assemblies, la:ches 

( ":Camloc," 3711 series) or equivalem: which are inaccessible 

du~ing transport. 

, • 2 Descriotion o'f RA-1' All-\':ood 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 o:f 1/2 inch plywood, cleated. with nominal 

2 inch x 4 inch studs, and mounted on a 321 inch platfor~ 

constructed with nominal 2 inch x 10 inch planks with bolted 4 

inch x 4 inch skids. In~ernal cushioning consists of 3 

inc·h layers of 3/8 inch cell kraft fiber hqneycomb impregnatea 

with phenolic resin; Three such 3-inch layers are used to 

line the inside of the box at the ends, while one such layer 

is· used for the top, bot'tom, and sides. The remaining inner 

space at the ·ends is filled with expanded polyethylene 

cushioning. Five pads of e.."!panded polye.thylene cushioning, 

three inch in thickness and 12 inches wide, are placed 

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

NRC CERTIFICATE OF COMPLIANCE NO. 4986 

LICENSE: SNM-1097 DATE: 3/17/92 Page 

DOC~ET: 71-4986 REVISION: 0 2-·:3 
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in~ide 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. 

l, 3 Structural Analvsis of RA-1 All-Wood Outer Con1:ainer 

A· complete s~ructural analysis was performed for the all wood 

outer container described on page 2-C3. This analysis w~s 
revfewed and approved by registe~ed professional engineers 

in the State of California, GE r::17022"and ~.!ET. E. #301. The 

analysis demonstrates that the container performs very well 

with respec:t to the tests described in 10 CFR 71. 34(a,). 
' Detailed data of the analyses are given in Table 1, page 

2-C6 . 

1. 4 Structural Evaluation of RA-1 PackaE'e with
1 
All-Wood Outer 

Con'tainer 
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. 

1.4.1 Normal Transport Conditions 

A~ General~ There are no components of the packaging or 

its contents which.are subject to chemical reaction in 

no:nnal transportation environmenl:. The package cannot 

be ope~ed inadvertently, uses no coolant, and has no 

lifting devices or ~iedown attachments. 

NR'C CERTIFICATE OF COMPLIANCE NO. 4986 

LICENSE: SNM-1097 

DOCKET: 71-4986 

DATE: 3/17/92 

REVISION: 0 

.Page 

2-C4 
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B. Thermal: None of (he components·of L:he fuel assemblies 

or the inner mei:al coni:ainer on which containrne'.r:n integri-;:y 
and nuclear safei:y depend are significantly aff eci:ed by 

temperatures wii:hin the r::>..nge of -400 : to 130° F. 

C. · Pressure: The bres;cher valve opens aui:omatically when 

the inner contai~er is subjeci:ed to ~ 0:5 psi pressure 

differential. Therefore, there is. no effect on the 

packaging from an environment of 0.5 atmosphere. 

D. : Vi bra 1: ion: A 3" thi:ck layer of hopeycomb cushioning 

material s~rrounds the inner metal container at the sides. 

top and bottom with an·additional 9" thickness at the 

ends. The ethafoam cushioning is slightly compressed i~ 

final closure and banding of the ou.t.er container and is 

therefore not free to shift during transport. Since the 

bolted assemblies* or latches. on the metal container are 

. pinned, they cannot loosen during n~rmal transport 

· vibration or shock even were s~ch vibration able to 

penetrate the cushio'ning material .. 

E. :Water Snrav & Droo Tesi:s: The co~plete1 package is 

:designed to prateci: the fuel assemblies within the inner 

metal container from ·loss of containmen-c integrity or 

'change in nuclear safe-cy reliability by viri:ue of thick 

:cushioning material surrounding it. The shock absorbing 

·qualities of this material and of the heavy wooden c~ea-cs 

·at the corners, edges and at all joints in the plywood, 

.supplemented by. the inheren-c res~liency of nails and 

·steel bands used in fin al closure of the outer package 

constitute a more than adequate buffer against the 

$ub~ect tests. This conclusion is further supported by 

analysis of high speed moL:ian pici:ures recorded. during 

the 30-feet drop test, described on pa~e 2-C9, in 

•Bolted"(lug) assemblies are features an both the RA-2 ·and 
1 (' . 

NRC:CERTIFICATE· OF COMPLIANCE NO. 4986 

LICENSE: SNM-1097 DATE: 3/17/92 ?age 

DOCKET: 71-4986 ·REVISION: 0 2-CS 
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TABLE 1 

RA-1 .-\.LL WOOD OUTER CONTAINER 

· Pr'o pen: 'I; 

cmrnTRUCTED ~rn.TERIA.:s 

' l ): Frame 
Ultimate Strength 
Compressive S treng't h 
Shear Strength 

- Duc"tility (%) 
Modulus of Elasticity 

... 
2) Panel 

Ultimate Strengi:h 
Compressi·ite Streng'th 
Shear, Normal to 

2 
LOAD CARRYING ABILITY 

1) Frame 
-· Tension 
- Compression 
- Shear 

2) Panels . 
Tension 

- Compression 
- Shear 

FASTENINGS 

1) Late~al Allowance 
Load 5 

Face 

2" x 4" ;·:aod 3 

1,750 psi 
1,-±00 psi 

125 psi 
No value 
1,760,000 psi 

CDX Plyv;ood u. 

2,000 psi 
1,600 psi 

250 psi 

10,500 lbs 
8,750 lbs 

750 lbs 

1,000 lbs 
800 lbs 
1.25 lbs 

20 Penny Nails 
Spaces 9" Apart 

94 lbs 

· EMF-1563 
Revision 12A 
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111Consolidated Application for an N'RC Ceri:ificate of Compliance 
for the General Electric ·RA-Series Packages," General Elec1:ric 
Company, January 28, 1975. 

2 Engineering Report #6-9004-1, "Comparison of GE Outer Shipping 
Container 731E283 with ECC Out er Con-i:ainer 200001," C. H. ~fart in 
and J.:G. Hill, Environmental Con"t:ainer Corporation, ~ovember 11. 1969 

NRC CERTIFICATE OF COMPLIANCE NO. 4986 

~ICENSE: SNM-1097 DATE: 3/17/92 ?c.ge 

. DOCKET: 71-4986 REVISION: 0 2-C6 
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·Timber Construction ~anual, Table 2.13, page 2-44, Industrial 
Douglas Fir 

~Timber Construction Manual, Table 4.10, page 4-~8, Exterior Grade 
Plywood 

5 
The W6od Handbook, U. S. Department of Agriculture, =72, pages 
173 and 182. 

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

Since the package is designed to remain subcr~tical 

assuming~any degree or credible mode of inleakage, it 

was not necessary to subject the package to a water spray 

test. However, as a result of a specific request made 

on 4/13/81 by the NRC, a water sp~~Y test was conducted 

on 9/25/81. The test is documented in the l/14/82 

report.contained in Section 7.0. 

t. P~netration: Tests were conducted in which the flat 

circular end of a v:ert ical steel cylinder 1 1/ 4" in 

diameter weighing 13 pounds was dropped four feet onto 

the center of the 1/2" plywood outer container. N'o 
.• IJ damage resulted after four drop tests. 

G~ Comoression: · Tests were conducted in which six loaded 

packages were stacked. The~e was no visible or measurable 
-damage to the container on the bo·ttom of the s'tack. 

1.4.2 Hypothetical Accident Conditions 

A.: Free Droo:l)Table 2, page2-C9, contains details of the 

30-feet free drop t.est conducted with the RA-1 package 

consisting of the inner me~al container described 

on pag:e 2-C2 and the all-wood oui::er container described 
on oalZ'e 2-C3. 

NRC CERTIFICATE OF COMPLIANCE NO. 4986 

LICENSE: SNM-1097 DATE: 3/17/92 Page 
DOCKET: 71-4986 REVISION: 0 2-C7 

' : 
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The inner r.iet:a.l corit::i..iner of <:he P..A-1 package which 

subjected to 30-feet drop t~sts, is closed with the 

'.'Carnloc" latches."' ' ~1inor damage occurred to several 

latches but :here was no container lid s~paration. 

me~al bolt closure is structurally equivalent to the 

latch. A ccmparison of <:he latch and bolt closure 

indicates that both are welded directly to the metal 

RA-1 container •.vit!':l approximately the same surfac.e area 

--i 
! 

The 

of weld. 

•These latches have been replaced on the RA-2 and RA-3 
inn~r con~ainers, with bolted (lug) assemblies as 
illus~rated in Sections 6.1 and 6.2 and on drawings 
769E23.l' and 769E232, location L-2 . 

NRC CERTIFICATE OF COMPLIANCE NO·· 4 9 8 6 

·LICENSE: $NM-l0·97 

DOCKET: 71-4986 

DATE: 3/17/92 

REVISION: 0 

Page 
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TABLE 2 

DETAILS OF 30-FT FREE DROP TEST CO~DUCTED ON RA-1 PAC:C.AG~ 

Height 

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

Attitude 'of Imnact 

Long axis about 250 from vertical 

Impact Surface of Pa~ka~e 

EMF-1563 
Revision 12A 
Appendix2C 
Page 10of12 

Top. edge of end which has the clamped end cap on the inner package. 
(From a s~ries of drop tests of an earlier prototype, it was clearlv 
established that the end cap and cover edge was the most vulnerable. 
impact attitude. Previous drops also included flat on the cover 
durface and flat on the bottom.) 

Surf ace Struck 

18" thick.concrete pad .. Pad no-c 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 ·reactor fuel 
assembly hardware at both ends. Dummy dimensions - 6" x 6" x 174" 
long, weiihi - 632-lbs each. 

Results 

Damage conf.ined t~· impacted .. a.:i::ea. End 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 late.bed 
but gasketed surface not in contact with shell flange along'one end 
of end c'ap; Subsequent immersion would have permitted water i'eakage 
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 a 5" long 
area at one end of the cover where resulting space averaged ab9ui:: 
one inch: :an insignificant (1%) portion of the tota~ container 
surface. 

NRC CERTIFICATE OF COMPLIANCE NO. 4986 

LICENSE: SNM-1097 DATE: 3/17/92 

DOCKET: 71-4986 REVISION·: 0 
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2) The structural support of the lat ch is a 5/ 16'' st.eel 

bolt. The structural support of the bolted closure 
is a 3 / 8" st eel bo 1 t . 

3) The lugs will be welded on the ?A-1 container ic the 
same number and location as the latches. 

The bol t·ed closure has a Tinnerman, No. C7957-3816-24 

threated cage nut securely fastened to the bottom of the 

bolt assembly. This bolted closure is secured or released 

by using a hand v.irenc.h. 

It is General Electric's view that the bolted closu~e 

assembly represents the same degree of safety as the 

latched assembly. 

B.. Puncture: In view of the fact that the inner me"tal 

container remained firmly within the outer packaging, 

and since the inner package was properly' designed 'tO 

remain subcr·itical with water inleakage such as tha't which 

could result from a puncture, an actual puncture.test 

was not conducted. 

G.' Thermal: An actual thermal test was not conducted but 

the outer pa~kaging and cushioning material was ~ssumed 

to be completely consumed under thermal test conditions. 

However, the remaining inner package is constructed of 

nonco.mbustible material and 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 rti.pture 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 coyer is similarly braced. Previous tests 

of an 18 auge 55-~allon drum in a 'et fuel fire which 

NRC CER~IFICATE OF COMPLIANCE NO. 4986 

LICENSE.: SNM-1097 

·DOCKET: 71-4986 

DATE: 3/17/92 

REVISION: 0 
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exceeded an exposure temperature of 147qO F for more "than 

30 minui::es produced no melting or disi::ori::ion of the outer 

su·rfaces. It is, therefore, concluded that a similar 

thermal tes-c 3.t 14750 F for 30 minu-ces would resul:~ in no 

damage to the ~!ode.l RA-1 inner container or its contents 

more severe that the assumed conditions considered in the 

criticality analysis presented in Seci::ion 8. 

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

subcri tical assuming any degree or credible ~ode of water 

inleakage, it was not necessary to subject the package to ., 

an immersion test . 

NRC CERTIFICATE OF COMPLIANCE NO. 4986 

LI¢ENSE: SNM-1097 

DOCKET: 71-4986 
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' 

ISSUED IN FRA-ANP ON-LINE 
DOCUMENT SYSTEM 

DATE: c2-5-c:J4 

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, H~92 
Consolidated' Application for Certificate of Compliance 4986) 
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APPENDIX D TO SECTION 2.0 
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DES.IGN AND TEST INFORMATION FOR EARLIER VERSIONS OF THE RA-2 

INNER AND OUTER CONTAINERS USED ~OR SHIPPING BWR FUELS . 

NOTE: · The RA-2 outer container has been replaced by the RA-3 

outer container. The RA-2 inner container has been 

modified and re-evaluated . .. 

NRC CERTIFICATE OF COMPLIANCE NO. 4986 ·. 
L'ICENSE: SNM-1097 DATE: 3/17/92 

DOCKET: 71-4986 REVISION: 0 

Page 
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1.0 MODEL RA-2 PACKAGE 
. EMF-1563 
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The model RA-2 package co~sists of a ~ight rectangular met al Page 3 of 5 __ 

inner container within a wooden outer container and separated 

from: the outer containe!' by cushioning material. Descriptions 

of these containers and of the structural evaluation thereof 
are .given below. 

1.1 D~scriction of the RA-2 Inner Container. 

l.2 

The :inner cont·ainer fo·r the model RA-.2 package is identical 

to that .described on page 2-C2 for the model RA-1 package. 
with the followi~g exceptions: 

o ~he RA-2 inner container is longer (179 1/8 inches in 

length) to a,ccommodate fuel assemblies, by redesigning 

the end cap. 

o. ASTY A-3077A bolts used to fasten the RA-1 end cap are 

replaced by stronger ASTM A-354-BD bolts for the RA-2: 

The inner container is constructed in accordance with the 

following General ELectric Drawing: 

o 769E232 - Revisio~ 2 

Section 6.l eontains a copy of this drawing . 

Descriotion of RA-2 All-Wood Outer Containerx 

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

faced with l/8 inch steel sheet replacing the 3 inch 

thick etbafoam pad at each end of the box. 

The.purpose of the chang~ is to elon~ate the ca~ity o! tbe 

outer container to accommodate the longer inner container. 

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

NRC ·cER.'l'IFICATE OF COMPLIANCE NO. 4986 

LICENSE: SNM-1097 

DOCKET: .. 71-4986 

DATE: 3/17/92 

REVISION: 0 
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1.3 .1 

.St~uc~ural E~aluation 

The RA-2 package evalua t'ion is based on assessment of the 
' ' 

EMF-1563 
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effect of differen~es from the Sub-~odel R~-1 desigti _on the 

results of the 30-ft free fall to which an ·RA-1 prototype 

wa~ subjected in 1966. In that test, described on page 

2-C9, the end of the outer box separated fro~ the body, 
exposing the end of the inner container, but with the inner 

container still in position in ~he outer container. The ~nd 

cap, although not undamaged, was in place and latched such 

that the fuel assemblies remained securely retained in the 

as-$hipped 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 desc:-ibed 

belo'w. 

Cush'ioning 

The outer cont'ainer 'of the RA-1 package bas three 3" layers o: 

3/8" cell phenolic resin impregnated kraft fl.her honeycomb · 

with an' impact resistance ·o~ 75--psi and a 3" layer of et ha.:.. 

foam.at each end. In the outer container for the RA-2 
package, the honeycomb impact resistance is increased to 

*290-psi by the use of heav·ier weight paper. For the out e:r 

container, the ethafoam (3" thick pads at each ·end) 

used 'in the RA-1 i's replaced by a sheet of 1/2" plywood 

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

resistance inherent in the RA-1 end cushioning brought to 

*This evaluation has been reassessed. See Appendix A to this Chapter, 

especially sec~ions 2.2, 2.2.1, and 3.3. 
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light the fact that the:ethafoam pad has only minor energy Appendix2D ; 

: . . h . . h . h t h . 1 . Page 5 of 5 ·1 .absorption ~trengt . in ~ e ypo. ~t~ca accident condition.' ·--_. 
·and was designed primarily to minimize shock and vibration in 

normal transport. Further, it was discovered that only the 

area of honeycomb cushioning equivalent to the end cap area 

was utilized in the RA-1 arrangement. 

To correct this deficiency~ a load spreading steel plate 

1/8" x 15" x 20" he~d in position by a 1/2" plywood sheet; 

is• substituted for the ethafoam pad.· By this arrangement, 

the inner metal container weighing a total of 1865 pounds, 

an~ contents, as loaded with two assemblies, would result in 

a :300 square inch ·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. 

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

more than adeqhateli pr~tects the inner container against 

loss of the fuel assemblies even without the further box 

strengthening d~scribed below. 

·1~3.2 Joint Strength for Inner Containers· 

ASTM A-307 Grade A-type bolts are authorized as an alternative 

to :the latching mechanism used on the RA-1 drop-tested proto­

type. The RA-2 inner container is equipped with stronger 

-bolts - ASTM A-345-BD - at the end cap lug positions. 

St.ress cal cu lat ions for .the RA-2 with the longer end cap 

clqsed 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 A to this.Chapter, 
'e.xpeciall\· sections 2.2, 2.2.1, and 3.3. 
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APPENDIX E TO SECTION 2.0 

TEST REPORT FOR 

WATER SPRAY OF RA-2/RA-3 

FUEL SHIPPING CONTAINER 
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TEST REPORT 

FOR 

WATER SPR!\Y OF RA.- 2/RI\- 3 FUEL SHIPP I:>!G CONT.4-I~'ER ., 

In accordance with criteria for compliance with 10 CFR 71. 35 

BY 

JOHN'A. ZIDAK 

MANA.GER 

Packaging Engineering 

General Electric Co. 
Nuclear Energy Traffic Operation 

San Jose, California 

DATE ISSUED : .Januanr U. 1982 
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TEST REPORT 

FOR 

\v"ATER SPR..\Y OF RA- 2/R.\- 3 FUEL SHIPPI\G CO>,T:U:--rER 

EMF-1563 
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1.0 INTRODUCTION 

1. 1 ,PURPOSE 

. The purpose of the test described, was to detennine the effect::: 
of, and take ipto account for NRC Certificate of Compliance 

··application, the water spray test specified in 10 CFR Part il, 
.Appendix A - Nonnal conditions of Transport. 

:rest was requested in a letter from ~RC dated April 13, 1931, 
· relative to application for rene,·:al of :me Certificate cf .Corr;plia::ce 

No. 4986. 

1.2 TEST DESCRIPTION 

A representative RA-2/RA-3 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 der.ianding, 11ere 
those specified in proposed revised 10 CFR: il, Appendix A, paragraph 
6, which reads as follows:l 

A water spray that simulates exposure to rainfall of .approximately 
5 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 constI1.1ction, 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. 

i. 2 • 1 TESf 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, ~uclear Safety Engineering. and· 
Licensing and Compliance Audits . 

1 ·Proposed requirements:1-iere published in the Federal Register, on 8/17r9, 
at FR -i...+ -+;8:2.34. 
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CO~TAI\ERS USED 
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Inner contain.er model R-\.-2, serial nrnnber I-0888 and Outer 
container model R-\-3, serial \o. R.22.31 \·:ere selecc:ed rrc!:'. 
im·entory for the test (see :figure 1). 

TI>fE, LOCHIO\ . .l..\D E\YIRC\:'.[E.\T 

The test 11-~,5 conducted on Se:nember 25, 1Sl81 J.t Ccntc:.iner 
Products Corporation, 23rd. Street, \\"ilmington \ .C. bet',,·ee;i 
the hours of l:DO p.m. and 4:00 p.m. It \\·as held outdoors, 
the 1v·eather was stmny, temperature approximatel;.· SO"F 11·i t;.i 
a slight bree:e, about S miles per hour. 

1. 3 P.-\CKAGI).[G DESCRIPTI001 

.The R~-2 and R.:\-3 packagings are right rectangular boxes consist:ng 
of a wooden outer container approximat.ely 20~'' long b;.· 30" ~,:ide b~: 
31" high, and a smaller steel inner container. TI1e outer box is 
.lined with cushioning material that supports and locates the iru1e!· 
container. The cushioning material is closed cell foamed pol:·eth;·le:.e 
(2.2 lb per cubic foot density) h'hich is imperdous to 1,·ater, and, 

·water-resistant phenolic resin-impregnated, paper honeycomb. Closu!"e 
of outer container is accomplished by thirty 3/S" diar.ieter bolts. 
The metal inner container has 1.,:ater tight, gasketed closure's that 
are secured by .3/8" diameter bolts. Total packaging 1.;eight is 
approximately 1400 potm.ds. 

1.4 TEST SET-UP 

Spray test equipment consisted of a rectangular manifold pipe 21 feet 
long and 6 feet wide. 2A noz:les were utili:ed, 10 no::les on each 
s.ide, and 2 on each end (see figure 2). The no::les 1.-ere motmted 
-+ feet above the ground and were angled downward at ..is~. Tnree 
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 dry· inside 
and all component parts were present and undamaged. Criteria same 
as for production packaging (see appendix 1). 

TEST PROCEDURE 

Tne dry package was centered under the spray fixture and the water 
turned on (see figure 3). The outer container was sprayed 1v"i th water 
for one hour. (This is double the time duration of.one half hour; 
currently required by lOCFR 71.) Spray 1.,:ater collected iri the three 
cylindrical receptacles was measured to be 2-3/S inches, 3 inches, anci 
-J.-.7 /8 inches, depending on location during the spra~· period. The me2surec 
1.vater level exceeded the proposed requireme:it of : inches iJer hour. (Re:::::-!·e::ce 

.proposed rule published 3/17r9, 4-1- Federal Register 13:'.3-i.) Tne entire 
exposed surface of the package except the bottom 1.;as kept wet during ::-.e 
one ·hour test period, as required by lOCFR -1 Appendix A. 

- l -
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During the test it was noted that the water spray impinging on 
the container was hea\·ier than on the three cvlindrical recentacles . 
.-\lso, \·:ater pooled on the cover between the cleat:::, to· a depth o"f 
1/.+ inch, and drained a1.,·ay through slots in the cleats provideC. :or 
this purpose see lf igure ..i). 

3.0 POST TEST I~SPECTIO~ 

Upon completion of the test, the bolts and steel straps were removed f:-cm 
the o·uter container and the cover removed. A small arnmmt of water (less 
than. 2. 0 fluid ounces) was scattered on the length of the polyethylene shr0ud 
that covers the inner container (see figure Sand 6). The inner container 
was removed .and the following observations were recorded: 

(a) The phenoiic-irnpregnated paper honeycomb and polyethylene 'foam 
impact limiting material was dry in both ends (see figure~). 

(b) ·Tue metal and wood plates at both ends were dry. 

(c) The north side (as oriented during test) showed water inlea~age. 
However, less than 3% of the visible honeycomb was d.amp (see 
figure 8). Damp area pattern was essentially vertical. Foar:;ed 
polyethylene parts were not damp to touch. 

(d) The south side showed 1~ater leakage, with about 6% of the 
visible honeycomb being damp to touch (see. figure 9, 10, 
and 11). ·Again, damp area· pattern was vertical. Plastic . 
parts were not damp to touch. 

(e) 

(f). 

(g) 

On the bottom, 2 of 5 plastic cushioning pads had drops of 
standing water, estimated in total to be less than 1 ounce. 
The other 3 1..;ere dry. 

' 
On the bottom, about 10% of the visible phenolic honeycomb ·.~·as 
damp to touch (see figure 11). Damp areas corresponded generally 
to daIUP areas on adjacent sides of container, described earlier. 
In crevices at edges of honeycomb, some moisture was observed 
on the wood bottom. Visible i\•-ater was limited to a few droos·. All 
pieces of plastic and honeycomb cushioning were checked and.it 
was detennined that none had· come loose, indicating that adhesfres 
had not· functionally weakened where water had touched them. 

After removal of the inner container, its cover and end cap 
were removed, 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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The aonlicable acceptance criteria for meeting the requirer.ients oi 
10 CFR. :i. 35: 

(a) l(l CR -l.35(a)(l_1 requires that there i1·ill be ;--,o :·ele:-,se cf 
radioacti\·e material from the containment \·essel under r.cr.:1.::tl 
conditions of transport. 

(b) 10 CFR :i. 35 (a) (2) requires the effecth-eness of the pa..::bge 
1..-ill not be subst.::intially reduced under normal conditions c.i 
transport. 

(c) 10 CFR 7"1. 35 (b) (2) requires the geometric fom oi the l='3ck~~ge 
contents would not be substantially altered under norm.'.ll c•.:mdi t:·:>L~ 
of transport. 

In addition the effectiveness of the ir.ipact limiters Kill not be sub­
stantially reduced over the short or long tenn, Jue to the effects 
Nater spray test. 

5.0 CONCLUSIO>IS 

The General Electric fuel shipping container model :\o. R.\-2/R..\-3 has 
successfully passed a water spray test that is more severe than that 
required by 10 CFR il paragraph 35. In addition, there was no subst.:tntial 
reduction in the effectiveness of the plastic and paper honeycomb impact 
limiters-. As concluded- from the following: · 

s·.·1 Reliance is placed on the inner metal container to prevent release or 
radioactive material. Wetting the wood outer container does·not 
cont!ibute 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 cushions 
on cormnercial aircraft; 

5. 3; The phenolic resin-impregnated, paper honeycomb is resistant to 11·ater. 
Vendor test have shown that it retains 50% of its compress in~ strength 
after a 24 hour water soak test. (Per Hexcel Cornoration reoort ~o. 
LSR932114 dated January ·.11, 1980, appendix 2.) After the water spra;: 
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. This is a relatively insignificant perce~­
tage of the total, considering that after even 2~ hours of soaking 
in water, the material retains good compression qualities. Therefore, 
the maximum reduction in strength is 1-1/2% for one side, 3% :or the 
·other, and 5% for the bottom. It is, therefore, concluded that the 
wetting encountered in the water spray test has no detrimental long-teo 
ef feet on impactlirni ting capabilities·. 

5.-J. Reliance is placed on the inner metal contaiDer to protect the geo~et~i~ 
form of the package contents. Since the wood container 11·oulC no: be 
substantially weakened by being wet, it 1.;ould not contribute sllbst:un ::::.:::: 
to any weakening of the inner container . 



• 
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;,, ;, Packaging is designed to be Kater-.resistant, not water-proof .. 
The outer ..::ontainer, made of nailed and bolted wood and pl;.1~·ood, 
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.is strong and resilient. It is water-resistant, due to its covering 
of ;Jaint· and seabnt, but is not impervious to water. \"o !<:asket :.s -
t'.ised, and some inleabge of h'ater is nossible, and e'.·en cJ.ntici'Ja:ed, 
on occasion. \\'ater accumulation on the top of the container is quickl:: 
drained off through slots in the .. cleats provided for this purpose. 

3.6 Maintenance inspections assure that only undamaged containers are 
t.i.sed; ~loreover, as required in :-./RC regulations 10 CFR -i. 5-+. rcut ine 
detenninations·prior to each use of a package, each container 1s 
inspected to ascertain that it (including, specifically, t)1e pape1· c:..nd 
plastic parts) has not been significantly damaged, either by possible 
long-tenn effects of water or by physical actiyity such as possible 
careless handling. All containers which are ascertain.ed to ha\·e 
received significant damage are reworked and further inspected prior 
to use·. Containers which do not meet the criteria after re\1·ork are 

... removed from service. 

.... Continued usage e::-...-perience demonstrates that containers may become i·:et 
when stored empty at either reactor sites or the \\ND site, or when 
t.ransported empty without tarpaulin protection. However i1·hile t:ie 
d.esign life of the outer container is considered to he five years, 
a~tual life is longer. 

5.8 Empty containers are inspected prior to use, as described earlier. 
After containers have been.pa.eked with fuel btmdles, they are stored 
op.ly l.IIlder cover and are transported either in cove.red. vehicles: or under 
t~rpaulin protection. Therefore, the btmdles afe delivered to reactor 
sites in containers whose quality is tmdiminished from the condition 
existing when inspected both before and after packing . 

--- ;,-
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.. : ~~ 4 !:1GIG~l '·1ANt.;F,!.C.-'.K.!:~G DE;: . .:.1:-:.~E\:- APP):\DL\ 1 
; .. C.L i'"~u?.IC.U!Q'I .).Jil.L!TY CO'.llRCL - i'!·'O 

;~ .. ).JEC: S_{i1_ ()~ t B 

. _.:.;' 

:J~' jR. y,J LO.~Q~;;G S1Jf;CLES [~~-ro LL:::ER c:·::ML';£:;, 
-::::'.:..·: I~1~tE?. ~~~'i7Al 1 :E.~ ~·J~ THE f~-it..1-C:~:.';G~ 

·:. l Comoleteu :ra·/e fer present, no c!ar.;Jge c: 
contt:ine,~. 

. , 

~ . .l 

'lo ·1isiole 1naic<itions of wdter in tne 
::on~aine". Chee;; with hand for dampness. 

':.:i~ta.iner interi:Jr and cover for rust ·:Jr 
c::N:r oar-:i cl es that would affect ::uncle 
cleanliness. ;.~11 paint must >.:e jry co ;;:ie 
toucn. 

:FiC:R LOADING 3UNDLE !tlTO !NilER CGi'ITA[::E.=l, ·:!-!E!::< 
=?)R THE FOLLu:.lliiG: . 

t; . .1,:ic;;1° ;.,,. "? acrep.Ub.le.finaLinsoec.:~ .. ,,"!1hp· 
~~· .ie ,..idec. Af.+-character-istics a.f 
s tan1;:1 1-10. _ ~e ii s iil I e aR GI coR;p~~. 

::.!.. ,;..,, i'i£i9'e ..43,,..aga, Co~ttA-9-le :iumbe~. 

(;. 3 

{j. 3 

:i .4 

.; .5 

:; .s 

6.6 

La 1 rlcdn"m ~oii:: '~ :;;ec11re 

1\s-58rt. 1:· ?ro~ei.Jy lg ace~~- trmer cont.3iner 
(padd·l'!fJTti~m ;'"ro?e·s; ·upper-and··~:; .• ~ 
woollen blo·rs, etc,) .. i1e Fc~miitE'l"Tai. 

PJ.i.s.ti.c...llag....co.es...~-~·<HHl-beyond ends of 
oull41-e-dfl-d-:-eAds of bag ai::e lef;....~ (not 
taped or seaied). 

M:eF e11d pl ace Is secured·,ITo v1s1ble gap 
be.tli1eeA 1.1~peP tie ~ht~~ bl(liCk. 

Check rubber ciasket around lid dnd =nd cac; 
for looseness· and smoothness. · 

After the lid fs secured, verify that all 
bolts are i:i place and tight. Cover and 
end cap gaskets ti gnt (check with . 015" 
feeler gage). 

°'Falfl~er safe :eai&--ar.e. . ..a.U.i.;ted:·-R~ seel 
~M-t-n lJ1111le rs •. -

#----~-----· ~-------~· & 
~----------Time ___ _ 

6.7 .2 .... 1~~.,.._ .... ; ... c'c ~1 r:urrc-~_r-3.~r-~ =i?':~e.J.on i:ne 
~~~. lnner ..... :tairier .. ,.: :.:~1r·. 

s. '! 

~ 1 L .. u.~e , .. : -:De ;-:.r g ~xi:::::: :~,1 t :"""e'J... ...~ ~~ ::J:-· ::~ ~ s 
~~~~dct10n ~~5 ~a~n (B~O~e~. 

Plas~~c cc·.er secure. 2re::ner ·1~i .. : ~o: 
obsuuccea, ·1er·: fy vJi-:e '.s oo~rat::in~cl;. 

/ 
T'.~!S?E·:IOR {'. ':t-t>-1,,\- :.=.-:-: (" <1/;i 

,;--
ac:::or.£ L:2:tljU!G r~;;;£R" c:~li1\!~I£"'. :·::-·J ·)~-:-:~ ::::7:.'":E!"';, 
CHECi< FOF? Ti-'E FOLLOW:.'l.J: 

7 .1. Outer ::on ta !ner is s·01 i .:1 :.1-aJ:;nou: 3;. :Jr"a··s, 
lids, sides, etc. Cc:;ipie..:::d ;;rave't!" :lres.:nt. 
:10 water acG .. mulation in :ie c:m..:ai•::•. =a~i<1n\ 
absorhers (fillers; corn?·:: ~yoe, !": ir. :r.e · 
proper pcsitiJn as rec;uire::. ;;o c;c,1~~ .1s 
ciissi•1g. ::.: dcc:;:nula;:i:rn of rorei.j!'l :::a~eriai . 

.. \f'TER LOAD!1'!G :(A l~IT8 ·..iou'orn co;;7~[.'IE,, ~::£:.\ =o~ 
FOL~OW tliG: 
:J. l lnner and outer.i:onta~n~r nur..tie,.s :::a:c:;, 

iJ. l Plasi:ic ::over not .:lar.:ac;:=c • 
8.1 "-A re~ting level on all suooorts in ·~ooden 

container. 

8,2 ~ q1:1~e'P fl.: 3u~1cs ;rd ·:nner .:::r.tainl'!r ::-ari:e·: 
nn out:: container. 

8.2 All other labeling except that required~/ t~is 
inspe.::t'ian has been removed. 

AFTER ;.JQOOEN CONTAINER :~AS SEEN BOLTED .:.NG 3A:Wf::'.:, 
CHECI< FOR iHE FOLLOW Iil!l: 

9.1 Cover fastened sec:1rely with al I r..eul str:'!::!~ and 
bo 1 ts in p 1 ~ce as req ui red • 

9.1.-·~~e ~lie tJ·~-s,.re St!als .. e·~ ~+~ 
g... ,./ h . , ' .,....-<es Pu s_a:. !e 1 , 1 .. 1 nou:oers. 

Time Share Entry---------

·.~Fter comoletion of the insp~ctions required i11 <:!ach sectiJn. sigr. .•nc date the i::r.ecklis~ at ~Ile iccat~·jr. 
, "'.lV1de1 ~u inaic.ate· thar. 1ou have; completed cr.e requi1·ec ir.sce•;::1011;. ~ri'.! ~ouna no conditions 'Ju~side -:;f ::.e 

1 i ty l i mi ts . 

• ") C-241. 
:i'"''· 18. 
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CRITICALITY SAFETY ANALYSIS FOR FUEL TYPES 61 AND G2 
AND FOR OUTER CONTAINER PADDING EFFECTS . 

INTRODUCTION 
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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 is also demonstrated for any 
honeycomb/ethafo~m thickness in the outer contain~r. 

Fuel assemblies typically have one or more "water rods" in locations that' 
could contain a fuel .rod. .The existing wording in ·section S(b)(l) of the 
Certifkate 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. 

Attachme·nt 3 contains additional data on water rod effects. 

METHODS: 

K-inf (keff) calculations were pe~formed using transport theory codes XSDRNPM 
(1-D) ana CASMO (2-D) and with the Monte.Carlo code KENO-Va (3-0). CASMO was 
used for several calculations. in a· broad-based sensitivity study. SCALE codes . 
(BONAM I,· NITA'WL,· XSDRNPM and ~ENO.-Va) were· used to· rep·l icate selected: CASMO 
cases.· . 

MODEL DESCRIPTION 

Package 

An infiriite array of infinite length inner containers was modeled to 
-conservatively demonstrate criticality safety at normal conditions and at 
hypothetical accident conditions: Each p~ckage contained two identical 
assembli~s with an infinite fuel length. · · 

Since the package is symmetric about the plane midway between the two 
contained assembl i ~s, 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 
modeled in KENO. 

The steel parts modeled are: 

• ·Two edge-to-edge 11 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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• T;he· outer she 11 of the inner container was mode 1 ed as O. 0598 inch thick 
'.~arbon steel (100 vol%). 

• The annulus between the basket and the shell contains six angles of 0.125 
foch thick carbon steel. For the left half (CASMO) model, three angles 
were included: one each above, below, and to the left of the assembly. 

·These angles were repres~nted as "smearedn steel in the moderation 
occupying the annul us. Other ca lcul at i ans with a more exp l i cit model i ng 
of the geometry of the steel angles yielded re~ults not significantly 
different from the "smeared steel" model. Since peak ·reactivity occurs 
w:ith low density interspersed moderation, neutrons have relatively lon'g 
mean-free path lengths and would be expected to interact with all steel 
fn the system. Therefore, the smeared steel model is adequate. 

The sieel 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 (lid, 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 th.e mass of the removable end is subtracted ta 
yield .a 575 pound :weight. Since the actual system contains .considerably more 
steel than that modeled, the model results are conservative. 

The ba$ket 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 pf symmetry was at the right edge of the left bas~et. 

. I 
I 

. I 
' 

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

All volume not occ:upied by rods or steel was filled with uniform density 
water. 

FUEL MODELS 

Three ;assembly types (7x7, 8x8 ·and 9x9) were modeled with a fixed 5.0 11 xS.0 11 

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 
conditjons. With low density interspersed moderation, the d6minant effect is 
increasing k-inf with increasing pellet diameter. At these conditions, the 
between-assembly mod~ration is worth more than within-assembly moderation; 
i.e., :the Vw/Vf effect is relatively small and the perimeter rods in an 
assembly are much be.~ter moderated and much more reactive than interior rods' -
in the· assembly . 
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The ·pellet diameters and the rod .pitches used are listed in Table 1. In all 
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 
Vw/Vf . Dia./Pitch {in) Dia./Pitch fin) Dia./Pitch {in) 

1.0 0.5550/0.7315 0.4801/0.6317 . 0. 4221/0. 5652 
1.5 0.5049/0.7399 0.4363/0.6440 0.3835/0.5701 
2.0 0.4668/0.7462 a. 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 0.3906/0.7589 0.3369/0.6582 0.2957/0.5810 
4.0 0.3726/0.761~. 0.3213/0.6604 0.2820/0.5828 

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

Assembly Size = PIT * (N-1) + 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 GI FUEL 

All rods were 3.3 .Pe.rc:ent enriched· U04. at 95 percent TD {10.412 gm/cc:). There 
was no ~d203 in the model. All locations in the 7x7, 8x8 or 9x9 assembly were 
occupied :oy fuel .rods. The CASM0-3 results with various interspersed water 
densities are in Table 2 . 
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• The peak reactivity is with the largest pellet diameter; i.e., the·7x7 
assembly with the· Vw/Vf ratio.of 1.0. 

' . 
• Thi~ fuel type is adequately subcritical in a Fissile Class I package. · 

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· incre•sing k-inf with increasing pellet diameter. 

Figure ~ s~ows water density effects for the 7x7 assembly . 
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The specified Gd203 requirement is at least four rods with at least 2.0 wt% 
Gd203. · The four rods shall be .symmetric about the assembly diagonal in non­
perimeter locations. The cases ~odeled contained only four U02-Gd203 (poison) 
rods · in the 7x7, 8x8 and 9x9 as sernb 1 i es. The poi son rod arrangements mode 1 ed 
are: 

7x7:Bundle 
u u u u u u u 
u p u u u p u 
u u u (J u u u 
u u u u u u·u 
U·tl U U U U U 
u p u u, u p u 
U U U U· U U U 

7x7 Bundle 
u u u l) u u u 
u u p u u u u 
u p u u u.u u 
u u u u u u u 
u u u U'U P u 
U U U U.P U U 
u u u u u u u 

7x7 Bundle 
u u u u u u u 
UUUPUlJU 
u u u u u u u 
u p u u u p u 
uuuu·uuu 
u u u p u u u 
uuuu,uuu 

' 

ARRANGEMENT A 

8x8 Bundle 
u u u u u u u u 
U P-U U U U P U 
u u u u u u u u 
u u u u u u u u 
u u u u u u u u 
u u u u u u u u 
U P U U U U P _U 
u u u u u u u u 

ARRANGEMENT B 

8x8 Bundle 
u u u u u u u u 
u u p u u u u u 

·u P u u ·u u u u 
u 0 u u u u u u 
u u u u u u u u 
u u u u u u p u 
u u u u u p u u 
u u u u u u u u 

ARRANGEMENT C 

8x8 Bundle 
u u u· u u u u u 
u u u· P u u u u 
u u u u u u u u 

· u P u u u·u u u 
U U . U: U U U P U. 
u u u u u u u u 
u u u u p u u u 
u u u u u u u u 

9x9 Bundle . 
u u u u u u u u u 
u p u u u u u ~ u 
u u u u u u u u u 
u u u u u u u u u 
u u u u u u u u u 
u u u u u u u·u u 
u u u u u u u u u 
u p u u u u u p u 
u u u u u u u u u 

9x9 Bundle 
.uuuuuuuuu 
. u u p u u u u u u 
u p u u u u ~ u .u 

. u u u u u u u u u 
u u u u u u u u·u 
u u u u u u u u.u 
u u u u u u u p u 
u u u u u up u.u 
u u u u u u u u u 

9x9 Bundle 
u u u u u u u u.u 
u u u p u u u u u 
u u u u u u u u .u 
u p u u u u u u u 
u u u u u u u u u 
u u u u u u u p u 
u u u· u u u u u u 
u u u u u p u u u 
u u u u u u u.u v 
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9x9 Bundle 
u u u u u u u u u 
u u u u p u u u u 
u u u u u u u u u 
u u~ u u u u u u 
u p u u u u u p u 
u u u u u u u u u 
u u u.u u u u u u 
u u u u p u u u u 
u u u u u u u u u 

The CASMO results for type G2 fuel in various arrangements are in Table 3. 

Water: 
Density 
(Vol%). 1.0 

4 0.9019 
6 ' 0.9324 
8 ; 0.9417 

10 : 0.9400 

6 ' 0.9331 
a 0.9427 

10 : a. 9411 
100'' 0.7073 

8 0.9328 

TAB~E 3 

K-INF.OATA FOR EDGE-EDGE INNER CONTAINERS 
TY PE G2 FUEL AT 4. 0% ENRICHMENT · 

CASM0-3 RESULTS 

Vw Vf 
. 1.5 2.0 2.5 3.0 

7x7 Assembly 1 Poison Rod Arrangement B 

0.9003· o.~954 0.8884 0.8802 
0. 925.9 0.9169 0.9063 0.8949 
0.9316 0.9198 0.9069 0.8932 
0.9274 0.9136 0.8988 0.8843 

·. 7x7 Assembly: Poison Rod Arrangement C 

0.9265 0.9174. 0.9066 0.8950 
0.9324 0.9204 0.9073 0.8934 
0.9284 0.9143 0.8994 0.8846 
0.7206 0.7228 0.7191 

· 8x8 Assembly, Poison Rod Arrangement A 

0.9245 0.9142 0.9025 0.8901 

3.5 4.0 

0.8710 0.8612 
0.8827 0.8703 
0.8795 0.8659 
0.8697 0.8553 

· ·o.8827 0. 8701 
0.8795 0.8658 
0.8698 0.8552 

0.8773 0.8650 
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Water " 
Density . 
(Vol%) . 

6 
8 . 

10 
12 

.6 
8 

10 

6 
8 

10 

6 
8 

.10 

6 
8 

IO 

1.0 

0.9354 . 
0.9446 
0.9424 
0.9338 

0.9368 
0.9463 
0.9444 

0.9370 
0.9462 
0.9440 

0.9384 
0.9480'• 
0.9461 

0.9389 
0.9486 
0:9468 

TABLE 3 (Cont.d) 

Vw Vf 
LS 2~0 2.5 3.0 

8x8 Assembly. Poison Rod Arrangement B 

0.9301 
0.9358 
0.9312 
0.9210 

0.9221 
0.9248 
0.9184 
0.9068 

0.9122 
0.9125 
0.9043 
0.8923 

0.9012 
0.8994 
0.8904 
0.8776 

· 8x8 Assembly, Poison Rod Arrangement C 

0.9312 
0.9371 
0.9328 

0.9229 
0.9259 
0.9896 

0.9127 
0.9132 

·o.9052 

0.9015 
0.8998 
0.8909 

· 9x9 Assembly. Poison Rod Arrangement B 

0.9325 
0.9382 
0.9336 

0.9250 
0.9279 
0.9213. 

o.9156 
0.9160 
0.9081 

0.9049 
0.9034 
0.8944 

9x9 Assembly. Poison Rod Arrangement C 

0.9397 0.9290 0.9168 0.9039 

9x9 Assembly. Poison Rod Arrangement D 

0.9403 0.9296 0.9172 0.9043 

3.5 

0.8894 
0.8864 
0.8763 
0.8631 

0.8895 
0.8866 
0.8765 

0.8935 
0.8906 
0.8805 

0.8909 

0 .• 8911 

4~0 

0.8774 
0.8731 
0.8623 
0.8490 

0. 8773 
0.8730 
0.8623 

0.8818 
0. 8775 
0.8652 

0.8776 

0. 877.8 

The Table 2 results indicate that the peak reacti.vity condition for type G2 
fuel with arrangements A-D is: 

• A 9x9 assembly with a Vw/Vf of 1.0. 
• Poi~on rod Arra~gement D. 
• About 8 volume percent interspersed water . 

. i 
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In contrast to the unpoisoned type Gl results which showed that the assembly 
with the largest. pellet diameter (7x7, Vw/Vf=l.O) was most reactive, the 
poisoned assembly results indicate that the 9x9 assembly is most reactive. A 
probable reason is that, for a : fixed number of poi son rods (four here), the 
fractipnal. poison rod content i~ 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 all: 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 Gd203 becomes a more 
effective poison with increasing moderation. As we move tile poison-rods away 
from th~ corner rods, we gain full benefit from ~orner moderation and decrease 
the po~son. effecti~eness. 

This· is actually a very .conservative model due to assuming that all rods are 
at 'the as·sembly-average enrichment. Actual assemblies wi-11 bave ·multiple 
enrichments with the lower enrichments on the perimeter and the higher 
e·nrichments foside· 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 fcir new fuel 
~ill be in the range 1.10 to 1.20. As enrichments are increased, the new fu~l 
reactivity is controlled by increased amounts of burnable poison (Gd203). 

Based 'on the results in Tabie. 31 additional poison rod arrangements were 
modeled. These arrangements were based on the premise that. moving the poison. 
rods toward the assembly intel'ior would result in higher reactivities. The 
arrangements are: 

7x7 Bundle 9x9 Bundle 9x9 Sundle 
Arrangement C2 Arrangement D2 Arrangement D3 

u u u u u u u u u U U U U U U U U.U 
u u u u u u u u u u u u u u u u u u u u u u u u u 
u u u u u u u u u u u p u u u u u u u u u u u u u 
u u u· P u u u u u u u u u u u u u u u u p u u u u 
UUPUPUU U U P.U U UP U U u u u p u p u u u 
u u u p u u u u u u u u u u u u u u u u p u u u u 
u u u u u u u u u u u p u u u u U U U U U U U U·U 
u u u u u u u u u u u u u u u u u u u u u u u u·u 

u u u u u u u u u u u u u u u u u u 
·The k-i·nf results are in Table 4. 

I 

'' 
'' 

-: 
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Water 
Density. 
(Vol%) 

8 

8 
100 

8 . 
100 . 

1.0 

0.9588 

0.9602 
0.7201 

TABLE 4 

K-INF DATA FOR EDGE-EDGE INNER CONTAINERS 
·TYPE G2 FUEL AT 4.0% ENRICHMENT 

CASM0-3 RESULTS 

. w Vf 
1.5 2~0 2.5 3.0 

7x7 Arrangement C2 

0.9484 0.9359 0.9222 0.9076 

9x9 ~rraagement D~ 

0.9512 0.9397 0. 9266· 0.9129 
0.7336 0.7370 

~ 9x9 Arrangement 03 

3.5 

0.8931 

0.8991 

0.9676 ' 
0.7258 

0.9591 
0.7393 

0.9477 
0.7427 

0.9346 0.9208 0.9068 

4.0 

0.8787 

0:8851 

0.8926 

The Table 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 corner/edge fuel rods. As. described earlier, poison 
effectiveness is decreased in regions with depressed thermal flux. Having the 
poison r~ds in the center of the assembly and close together is expected and 
observed:to be the most reactive a~rangement. 

An infinite array .of edge-to-edge inner containers will ·be ad~quately 
subcr.itic·a1 with optimum interspersed moderation and with generic fuel types 
Gl and G2. An infinite array of ~dge-to-edge packages with the wooden outer 
container. present will be bounded by the results for inner containers. 

' 
KENO-Va RESULTS 

Selected CASMO cases were replicated using KENO-Va and other codes/cross 
sections: from the SCALE-3 ·system.. The Criticality Safety Analysis Sequence 
(CSAS) r6utines were.used to calculate atom densities but the CSAS calculated 
escape cross section input into BONAM! array 9**.was not used for the reasons 
detailed· below. · · 

l:he CSAS. routines provide inputs for BONAM! and NITAWL. . When 16-group. cross 
sections are used, as they were here, the self-shi·elding corrections for U-235 
and U-23~. are done by BONAMI. The ISSOPT option in BONAM! set by CSAS is for 
a homogerieous system: Appropriate "extratt cross sections may be entered into 

.. 
' 
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BONAM! array 9**. The sig-esc calculated by CSAS for a rod arr.ay 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 othe~ media ~ith a similar total eras~ section, this is 
a good approximation. 

For 1 ow density interspersed moderation, . this 3x3 mode 1 can 1 ead to 
conservative errors: non-

The Dancoff factor for the: 3x3 ar,ray is too· 1 ow .. because the centra 1 
~od ne~trons may actually encounter more than eight other rods. 

T:he calculated sig-escape wi 11 be too high for the same reason. 

If this sig-escape is used in BONAM!, the resulting cross sections 
will be non-conservative; ,i.e., the k-inf (keff) results obtained 

·will tend to ·be lower than actual. 

It fs noted that the low 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 

.. i.ncreased, the non-con~ervative· errors. are re.duced/e·liminated .. 

Other~, including code custodians (Lester Petrie) at RSIC have been informed. 

Notes on self-shielding calculations follow. 

• 

• 

• 

. . 

Dan~off factors and sig-escapes were calculated using a Monte Carlo model 
of infinite and finite rod arrays. · ' 

The results ·obtained with BONAM! using ISSOPT equal 2 (unclad) or 9 
(Flad) agree ~ell with the infinite lattice Monte Carlo results .. 

If self-shielding corrections are based on an infinite array of rods, the 
results wi 11 be very conservativ~ because the perimeter rods are better 
moderated (they have higher Sig-escapes) than the interior rods; i.e., 
ths infinite lattice model ·contains only interior rods while the actual 
a~.sembly is about 40 (9x9) to 49 (7x7) percent perimeter rods. 

KENO models used three UOz rod types and, as applicable, one U02-Gd203 
rqd type. The three UOz rod types are interior (non-perimeter) rods, 
edge rods facing the compan~on assembly, and the rods on the other three 
edges of the assembly. The Monte Carlo derived sig-esc was used in 
BONAM! array 9** with ISSOPT = 0. 

. i 

I 

I 
I 
I 
I 

-1 
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.RESULTS ,FOR TYPE GI BUNDLES 

7XZ Assembly. Vw/Vf = 1.0. 10% Water Density 

k-inf m 0.9563 ± 0.0035 (KENO-Va) 

k-inf = 0.9623 (CASMO) (From Table· 2) 

ANF-88-120, Rev 
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The macrp. sig-esc values useq in BONAM~ for the interior, edge-out and ~dge-in 
(facing other assembly) rods are 0.2321, 0.4059 and 0.3529. 

8x8 Assembly, Vw/Vf "' 1.0. 103 Water Density 

k-inf = 0.9521 ± 0.0032 (KENO-Va) 
' ' 

k-inf = ~.9577 (CASMO) 

The macro sig-esc values used in BONAM! for the interior, edge-out and edge-in 
(facing other assemblyf rods are Oi2531, 0.4409 and 0.3680. 

KENO-Va RESULTS FOR TYPE G2 BUNDLES 9X9 ASSEMBLY, POISON ROD ARRANGEMENT 03 

Results with 10 percent water density: 

• l6-9roup cross sections: 0.9640 ± 0.0032 

• 123.group cross sections: 0.9610 ±0.0039 

• 27.group cross sections: 0.9514 ± 0.0037 

As is often obser.ved, the 27-group cross section results are biased 1 ow by 
.. about O. 01. 

The results with eight percent water density: 

• 16-group cross sections: 0.9611 ± 0.0032 

• CASMO: 0.9676 (Table 4) 

The CASMO-KENO agreemen~ is very good. 

Typical 'inputs to BONAM!, NITAWL, KENO-.Va and CASMO are in Attachment 4. 

OUTER CONTAINER PADDING EFFECTS 

Infinite·arrays of undamaged packages were modeled to demonstrate that reduced 
amounts of honeycomb/ethafoam in the outer container cannot lead to 
criticality. The outer container cross sectional area is about 29.75 inches 
wide by about 27.~5 inches tall ~ithout the spacing of the nominal 4x4 skids 
at the bottom. 

~ith th~:skid spacing, the package~ are on about 29.75~x30.75tt centers . 

, I 
I 
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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. All volume not occupied by wood, fuel, or the steel of 
the inner container was filled with low density water.. The most reactive 
unpoison~d. fuel type (7x7, Vw/Vf=l.0) was modeled inside the package. 
Accordi'ng to the results presented, the most reactive type G2 file l ( 9x9 
arrangement D~) will yield very similar results. The KENO-Va model is 
identical 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 Density (Vol%) 

0 
0.5 
1 
2 

k-inf 

0.9627 ± 0.0037 
0.9555 ± 0.0030 
0.9432 ± 0.0038. 
0.9125 "± 0.0034 

" 
All 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 resul~ 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 a.nY 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 low density water.. These 
results are useful for comparison to the k-i nf results for edge-edge inner 
contain~rs· and also to determine the optimum interspersed water dens.ity. 

i 
I 
! 
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TABLE 6 

INNER CONTAINERS ON 29.75 11 X 29.75"·CENTERS 
WATER-ONLY BETWEEN CONTAINERS IN INFINITE ARRAY · 

KENO-Va RESULTS 

Water Density f Vol%l 

1 
1.5 
.2 
2.5 
3 . 

k-jnf 

0.9264 ± 0.0030 
0.9563 ± 0.0033 
0.9469 ± 0.0036 
0.9425 ± 0.0035 
0.9254 ± 0.0035 

The above data i ndi. cate that the peak reactivity for the· norma 1 array is 
bounded 'by the k-inf for edge-edge inner containers. Also, the above data 
indicate that the package wi 11 be subcrit i ca 1 in any array with optimum 
interspersed moderat·i on; . i.e., the outer container is not needed fo.r 
critical;;ty safety for all ·fuel types bounded by the reactivities of generic 
types Gl and G2: 

I 

' . ' 
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ATIACHMEHT 3 

WATER ROD EFFECTS 
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Additiotjal data are·presented supporting the allowance of any number of water 
.rods in any·arrangement. All 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 on.ly; water roqs were not explicitly 

.modeled :but the moderation 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 1 i near function of. Vw/Vf. 

k-inf = Slope * (P~llet Diameter) + Intercept 

Multi~l~ linear regression yields· the following for 10 percent water density. . . 
Slope = -3.8614E-.2 + 6.1499E-2 * Vw/Vf 

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

The ·slope increases with Vw/Vf while the intercept decreases with increasing 
Vw/Vf. This is obvious from visual examination of Figure 5. 

. 
The desi.red function of pellet diameter (in inches) (POD) and Vw/Vf (VWVF) is: 

k-'inf = p.9873 -3.8614E-2 *POD - 3.8088E-2 * VWVF + 6.1499E-2 '* (POD* 'VWVF). 

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

For a 0~555 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 diameter pellet. with 10 percent 
dense water are listed in Table 7. 

r 
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TABLE 7 

. INFINITE ARRAY {INNERS-ONLY) RESULTS 
BASED ON REGRESSION EQUATION 

0.555 INCH PELLET DIAMETER, 10 PERCENT DENSE WATER 

-Vw/Vf k-inf 

1.0 0.9619 
2.0 0.9579 
3.0 0.9540 
4.0 0.9500 

The above data at the maximum (most reactive) pellet 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 7:x7 assembly {10 percent water) with a 0 .. 555 
inch pellet diameter but with explicit modeling of wa:ter rods as 100 vol% 

. moder.at i,on (no cl ad} . 

The rods arrangements and'~he k-inf (CASMO} are given below. The arrangements 
for the left bundle in the package is Jhown. 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 
moderatipn was preferentially added to the right half of the left assembly. 

"" The arr•ngement of the right bund~e is the mirror image of that of t~e left 
bundle. 

ARRANGEM.ENT El 

F. F F F F F F ' 
F F F F F F F 
FFFF'FFF 

'FFFWFFF 
FFFF:FFF 
FFFF'FFF 
F F F F F F F 

Vw/Vf = .1. 0461 
k-inf ~· :o.9625 

ARRANGEMENT E2 

F F F F F F F 
F F F F F F F 
FF F F'F FF 
F F F F W F F 
F F F F F F F 
F F F F F F F 
F F F F F F F 

Vw/Vf = 1. 0461 
k-inf = 0.9626 

ARRANGEMENT £3 

F F F F F F F 
F F F F F F F 
F F F F F F F 
F F F F ·F W F 
F F F F F' F F 
F F F F F F F 
F F F F F F F 

Vw/Vf = 1. 0461 
k-inf = 0.9625 
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ARRANGEMENT E4 ARRANGEMENT ES 

F F·F FF F.F F F F F F F F 
F F F F F F F F F F F F F F 
F F F F F F F F F F F F F F 
FF F:w·w FF F F F W F F F 
F F F F· F F F F F F F W F F 
F F F F F F F F F F F F F F 
F F F F F F F F F F F F F F 

Vw/Vf .. 1. 0941 Vw/Vf • 1. 0941 
k-inf ,;,.0.9628 k-inf • 0.9627 

ARRANGEMENT'E7 ARRANGEMENT ES 
: 

F F·F FF FF F F F F F F F 
F F F F F F F F F F F F F F 
F F W F W F F F F W W W F F 
F F:F F F F.F F F W W W F F 
F F W F. W F F F F W W W F F 
F F F F F F F F F F F F F F 
F F F F F F F F F F F F F F 

Vw/Vf ~ L 1966 Vw/Vf = 1. 4977 
k-inf ·-;: 0.9622 k-inf = 0.9610 
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ARRANGEMENT E6 

F F F F F F F 
F F F F F F F 
F F F F F F F 
F F F W W W F 
F F F F F F F 
F F F F F F F 
F F F F F F F 

Vw/Vf = 1 .. 1443 
k-inf = 0.9628 

ARRANGEMENT E9 

F F F'F F F F 
F F F F F F F 
F F F W W W F 
F F F W W W F 
F F F W W W F 
F F F F F F F 
F F F F F F F 

Vw/Vf .. 1. 4977 
·k-inf = 0.9614 

The highest k-inf ·value is 0.9628 as compared to the 0.9623 value with z'ero 
water rods (Vw/Vf = 1.0). This :0.0005 difference is trivial. For the first 
few wa~er 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 model 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 Reactive Type Gl .As.~embly (7x7, Vw/Vf=l.O) 
I RA-3 WITH 3 .3 ' 
oss 16·is 18 17 
1$$ 0 3 9 2Rl O 
2** 1.0-5 E 
T . 
3$$ 3Rl 3R2 3R3 
4$$ 92235 92238 8016 2Q3 
5** 7.16071E-04 2.24538E-02 R.64598E-02 2Q3 
6$$ I 2 3 
7** I 2.3 
8** F2.93E+02 

. 9** 0.2276 0.4095 0.3566 
' 10$$ 92501 92801 8016 92502 92802 801602 92503 92803 801603 

11$$ FO · . · 
T 

NITAWL Input for Most Reactive Type Gl Assembly (7x7, Vw/Vf=l.O) 
I RA-3 w ITH 3 • 3 . 
0$$ 6·7 8 11 18 19 9 0 20 

1$$ 0 11 SRO 0 2RO ·-1 0 T . 
2$$ 1192501 92503 ·1192801 92803 8016 

. 1001 40302 26000 6012 
4** F2.·93E+02 
T . 
KENO-Va Input for Most Reactive Type Gl Assembly (7x7, Vw/Vfml.O) 
7x7 BU~DLE IN RA..,3, 3. 3 . 

READ PARAMETERS 
TME=290.0 GEN=83 NPG=300 LIB=41 TBA=3.0 
FLX=YES FDN=YES XSl=YES NUB=YES PWT=YES 
PLT=YES , 
END PARAMETERS 
READ MIXT SCT=l 
MIX .. 1 . 
I U02 PELLET, 3.3 

92501 7.760713E-04 
92801 2.245383E-02 
8016 4.645982E-02 

MIX= 2 
I U02 PELLET' 3. 3 . 

92502 7.760713£-04 
92802 2.145383£-02 
8016 4.645982E-02 
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MIX=3 
I U02 PELLET, 3.3 

92503 7.760713E-04 
92803, 2.245383E-02 
8016 4.645982E·02 

MIXm4 . 
I SMEARED ZR CLAD 
'. PODjC.ID,COD• 0.555 11 ~0.561",0.611 11 

I VOL FRACT ZR ,. 0.'8975 

23 

., AT DENS "' 0.8975 * 4.2518E-2 "' 3.8157E-2 
.. 40302 3.8157E-02 

MIX=S · 
I WATER, 10 VOL% 

8015· 3.337967E-03 
1001 6.675933£-03 

MIX=6 . 
I CARBON STEEL, 100 

6012 3.921682Ea03 
. 26000 ~.350009£-02 

MIX:a7 
I CARBON STEEL, 85.57 
5 0.1443 
6 0.8557 
M.IX::i8. . 
' CARBON STEEL, 8. 64 VOL . . 
' 2.75" X 0.125" THICK ANGLE IN 3.8891" X 2.0" AREA 

.5 0.9136 
6 0.0864 
RESM 3:3 1 2 3 
END MIXT 
READ GEOMET!iY 
UNIT 1 . 
COM=~ INTERIOR U02 ROD 
CYLI 1 1 0.70485 2P225.58 

'CYLI 4 1 0.77597 2P225.58 
CUBO 5 1 4P0.929 2P225.58 
UNIT 2 
COM=" EDGE U02 ROD II 

'CYLI 2 1 0.70485 2P225.58 
CYLI 4 1 0.77597 2P225.58 
CUBO 5 1 4P0.929 2P225.58 . 
UNIT 3 

" 

COM=" EDGE ROD FACING OTHER BUNDLE 
CYLI 3 1 0.70485 2P225.58 
CYLI 4. 1 .Q.77597 2P225.58 
CUBO S 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 

II 

I ~oo·o.oosgs INCH OF PERFORATED STEEL 
CUBO ? 1 4P8.89' 2P225.58 

II 
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UNIT 5 
COM=" . 7X7 BUNDLE IN RIGHT BASKET 
ARRAY. 2 ·2R-6. 503 -225. 58 
CUBO 5. '1 4·p9. 7381 2P225. 58 

24 

II 

' ADD o·;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 2?4.9391 2P225.58 
CUBO . 5 :1 2P2.54 2P8.89 2?225.58 
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 
CUBO 5.J 4P2.54 2?225.58 . 
UNIT 9 : 
COM=" l .INNER CONTAINER II 

ARRAY 3 :-22 .. 86 -13.97 -225.58 
' ADD.0.0598 INCH WALLS 
REPL 6 1 6RO~ 1519· 1 
GLOBAL · 
UNIT 10 

II 

II 

II 

· COM=" ARRAY OF INNERS n . 

' THIS IS MULTI-UNIT ARRAY WITH SPECULAR REFLECTION 
' ATTEMPT TO REDUCE COLLISIONS WITH BOUNDARY 
ARRAY 4 3RO .. 0 
END GEOMETRY 
READ ARRAY 
ARA=l NUX=7 NUY~7 NUZ•l 
FILL . 
2 2 2 2 2 2 2 
2 l 1' 1 l 1 3 
2 l 1 1 l l 3 
211·1·113 
2 l 1 1 l l 3 
2 1 1 1 1 1 3 
2 2 2 2 2 2 2 

END FILL 
ARA=2 NUX=7 NUY=7 NUZ=l 
FILL . ' I 

2 2 2 2 2 2 2 
3 1 1 l i 1 2 
3 ·I l· l 1 1 2 
3. 1' 1 1 1. 1 2 
3 1. 1. 1 l 1 2 
3 1 1 1 1 1 2 
2222222· 

END FI LL 
ARA=3 NUX=4 NUY=3 NUZ=l 

! 
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FILL : 
8 7 7 8 
6 4 5 6 
8 7 7 8 
END FILL 
ARA=4 NUX=S NUY•S NUZ=l 
FILL F9 END FILL 
END ARRAY 
'READ START 
NST:al 
END START 
READ BOUNDS 
ALL=SPECULAR 
END BOUNDS 
READ PLOT 
TIL=" XY SECTION 'AT ZmlO CM 
NCH=" 123Z.SBA11 

• 
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II 

XUL=O.O XLR=46.03 YUL=28.25 YLR=O.O ZUL=lO:O ZLR=lO.O 
UAX=l.O VDN•-1.0 NAX=l20 LPI~6 ENO 
TTL"'" :LEFT HALF 11 

NCHa 11 123Z~SBA" 
XULmO.~ XLR•23.02 YUlm28.25 YLR=O.O ZUL~lO.O ZLR•lO.O 
UAX•i.O VDN•-1.0 NAX=120 LPI=6 END 
TIL= 11 LOWER RT QUADRANT OF LET HALF • II 

. NCH=" 123Z.SBA"· 
XUL=O.O XLR=ll.51 YUL•l4.13 YLR=O.O ZUL•lO.O ZLR=lO.O 
UAX=l.O VDN=-1.0 NAX=120 LPI=6 END 
TIL=" UPPER LEFT QUADRANT OF LET HALF 

·NCH=" 1;23Z.SBA" . 
II 

XUL=O.O XLR=ll.51 YUL=28.25 YLR=1'4.13 ZUL=lO.O ZLR=lO.O 
UAX=l.O.VDN=-1.0 NAX=120 LPI=6 ENO 
END PLOT . 
END DATA 

KENO=Va Model for Most Reactive Type G2 As.sembly 
· 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 XSl=YES NUB=YES P~T=YES 
PLT=NO , 
END PARAMETERS 
READ M lXT SCT = 1 
MIX= 1 . . 
I U02 'PELLET, 4.0 

92501 9.4068E~04 
92801 2.2291E-02 

8-016 · 4.6464E-02 
.MIX= 2 . 

U02 :PELLET, 4. 0 
92502 9.4068E-04 
92·ao2 2.2291£-.02 

8.016 4.6464E-02 
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MIX=3 
I U02 PELLET, 4.0 

92503 9.4068E-04 
- 92803 2.2291E.:02 

8016 4.6464E-02 
MIX=4 · . 

26 

I U02-G0203 PELLET, 4.0 GD203, 10.331 GM/CC 
92504 9.147386E-04 
'92804 2.167629E-02 

8016 4.621194E-02 
64d00 6.865846E-04 

MIX=5 
I SMEARED ZR CLAD 
I POD,CID,COD= 0.4221",0.4281",0.4781" 
I VOL FRACT'ZR = 0.8988 
I AT DENS = 0.8988 * 4.2518E-2 = 3.8215E-2 

, 40302 .3.8215E-02 . 
MIX=6 · · 
I WATER, 8 VOL% 

8016 2.6704-3 
1001 5.3408-3 

MIX=7 
I CARBON STEEL, 100· 

6012 3.921682E-03 
26000 B.350009E-02 

MIX=8 . . • 
I CARBON STEEL, '85.57 
6 0.1443 
7 0.8557 
MIX~9· . : . 

. ' CARBON STEEL, 8.64 VOL 
I 2.75 11 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:s" INTERIOR U02 ROD 
CYLI 1 'l 0.5361 2P225.58 
CYLI 5 :1 0.6072 2P225.58 
CUBO 6.1 4P0.71785 2P225.58 
UNIT 2 
COM=" EDGE U02· ROD ·" 
CYLI 2 ·1 0.5361 2P225.58 
CYLI 5 :I 0.6072 2P225.58 
CUBO 6 :I 4P0.71785 2P225.58 
UNIT 3 ·. . . 

II 

COM=" EDGE ROD FACING OTHER BUNDLt 
CYlI 3 1 0.5361 2P225.58 
CYLI 5 1 0.6072 2P225.58 
CUBO 6 'f 4PO. 71785 2P225. 58 

II 
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UNIT 4 
COM=" : U02-GD203 ROD II 

CYLI 4 1 0.5361 2P225.58 
CYLI 5 1 0.6072 2P225.58 
CUBO 6 1 ~P0.71785 2P225.58 
UNIT 5 · 
COM .. n · 9X9 BUNDLE IN LEFT BASKET 
ARRAY 1 2R-6.46065 ·225.58 
CUBO 6 1 4P8.7381 2P225.58 . 

27 

II 

' ADD 0.00598 INCH OF PERFORATED STEEL 
CUBO 8 1 4P8.89 2P225.58 
UNIT 6' . 
COM=" · 9X9 BUNDLE IN RIGHT BA.SKET 
ARRAY 2 2R-6.46-65 -225.58 
CUBO 6 1 4P8.7381 2P225.58 

II 

' ADD .O. 00598 INCH OF PERFORATED STEEL 
CUBO B 1 4P8.89 2P225.58 
UNIT 7 
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 a: 
COM•" ANGLES & SPACING BENEATH &·ABOVE BASKETS 
CUBO · 9 1 2P4.9392· 2P2.54 2P225.58 
CUBO. 6· 1 '2pa:a9 2P2:54·2P225.58, . 
UNIT g· . 
COM="2X2 INCH MODERATION REGIONS' AT CORNERS 
CUBO 6 1 4P2.54 2P225.58 
UNIT 10 
COM=" i INNER CONTAINER 
ARRAY 3 -22.86 -13.97 -225.58 
I ADD o .. 0598 INCH WALLS 
REPL 7 1 6R0.1519 1 
GLOBAL. 
UNIT 11 
COM="ARRAV' OF INNERS 
ARRAY 4 3RO.O . 
END GEOMETRY 
READ ARRAY 
ARA=l NUX=9 NUY=9 NUZ=l 
FILL 
2 2 2 2· 2 2 2 2 2 
211r11113 
2 1 1 i: 1 1 1 1 3 
2 1 1 1 4 1 1 1 3 
2 1 1 4. 1 4 1 1 3 

. 2 1 1 1 4 1 1 1 3 
2 1 . 1 . t 1 1 1 1 3 
2 1 1 1 1 1 1 1 3 
2 2 2 2 2 2 2 2 2 

END FILL 
ARA~2.NUX=9 NUY=9 NUZ=l 

" 

II 

II 

II 

II 
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FILL 
2 2 2 2 ·2 2 2 2 2 
3 1 1 1 :1 1 1 l 2 
3 1 1 1 l 1·1 1 2 
3111-4,1112 
3 l 1 4:1 4 l 1 2 
3 l 1 l 4 1 l l 2 
3 l 1 l :1 l 1 1 2 
3 l 1 1 :} 1 l 1 2 
2 2 2 2 2 2 2 2 2 

END FILL 
ARA=3 NUX=4'NUY=3 NUZ=l 
FILL ' 
9 8 8 9 
7 5 6 7 
9 8 8 9 
END FILL . 
ARA=4 NUXaS'NUY=S·NUZ=l 
FILL ·FlQ·END FILL 
END ARRAY 
READ START 
NST=l 
END START 
READ BOUNDS 
ALL=SPECULAR 
END BOUNDS 
END DATA 

28 

EMF-1563 
Revision 12A 
Appendix6A 
Page 30 of 31 

ANF-88-120, Revision O 



• 

• 

EMF-1563 
Revision 12A 

. Appendix 6A 
s ..•....• : .•. : : : : : : : : : : : AMAAAllllAllIDXAllllAAM77777777~~~~~~~~~~~~~UllllllillUi:mUUllll~~~~~~~~~~'. Page 31 of 31 
S, , ..... , • , , , , , ; ..... , • , AAAAAAAAAAAAAAAAAAAAAAAAAA,., •.••• , , , , , , , , ••• , , , AAAAMAAAAAAAAAAAAAAAAAAAA, , , , • , , , , , • , , , , •. ;. ··- . ----
S •••••••••••••••••••• ~ •• A"""A""""'"""""AM"""""""""· ••••••• .,on .•.•.•..•. AAAA"""""""""""""""""1 ANF 88 120 Revis; on o S •• , , , , • , , , • , , •• , ••••••• AAAAAAAAMAAAAAAAAAAMAAM •• , , :, •• , '.:I , , , , , , , , • , MAMAAAAAAAAAAAAMAAJ - - , 
S •• , ••• , .... , ...... , ••• , AAAAAMAAAAAAAMAAAAAAAAAA • ., , :, ,. .. , , ••• ,. .. , • , AAAMAAAAAAAAAAAAAAAAAAAAA, •• , , , .. , , , , , , , , , , • , , , • 
S, , •• , , , , , , , , , .... , , • , , .• AAAAAMAMAAAAMAMAAAAAAA,., .... ,. , , ,·, , , , , , •••• MA.MAAAAAAAAAAAAAAAAAAAAA. , • , , , , , , , , , • , , , , , , , , , , 
S. , • , ••• , , , ....... , • , •• , AAMAAAAAAAAAAAAAAAAAAAAAA, , , ............. , •• , • AAAAAAAAAAAAAAAAAAAAAAAAAA •• , , • , •••• , ...... , , , , , , 
S, , , , , •• , • , • , , • ; •.••••••• AAAMMA.MAAAAAMAAMAAAM,., _., , , , , • i, . , , , ..... AA.AAAAMAAAAAMAAAAAAAMAA ••• , • , , , , i, , . , , , . , .. , , . 

I:::::::::::::!:::::::::::::::::::::::::::::::::::::::::::::: :1:::::::::::::::::::::: :·::::::::::::::::::::: :1::::::::::::: 
S •'' •••••• • • •• B. '.' •. :.• . .; .. u.•. •i·. •ui· uu.· .:..u.•· •.U.i·· •• ... I ...... i.:..:..1.• .:..:..1.5. u.:..:.• uu ... .:.· u.u.. • ......... B.', ', ••• , .. .. 
s ............. a ......... 2 •. 2"'"·" 2. "'" • """" ""'"'·""' ...... a .••••. """· ""' ""'"''. '""" 22,, '""'" .222 ...... e ......•..•.•. s ........ ., .. .,s ...... 2~~z.222 •• 2 2 .. 22 .2222.2222.222 ...... a ...... 222.222 .2222.222 .. 222 •• 222.2222 •••••• e •.••.....•.•• 
SAAAAAAAMAA""B ....... u.:.· .. 1.,. iii .. iii. i Ill' ii !i. u:1• ..... , 8, .... , •. •i .

11 
.
1
.

1 
....... • ... 

1
. •i .. , . u ....... SAAAAAAAAAAAAA 

SAAAAAAAAAAAAAB., .. t, 2.:.:.:.11 '· .z • , .•• .1 ...... I.,.,. • .13.1 • I •. 111.111•. I I • , II, :z, .. 2, •• ,., BAAAAAAAAAAAAA 
SAAAAAAMAAMAB ...... 222 •• U 1. .111 •• 111 •• 1 1. Zll .lU, ...... 8 ..... , .33 • 1 .111 •• 111 •• 111 •• Ill., 222 ••• ,., 8AAAAAAAAAAAAA 
SAAAAAAAAAAAAAS ••••••• z. ... z. •t. zi. •1 z .. I. "II'. ·iz· ....... a •••••••. z •• ii 1· •• 2 .... 2 •••. 2 .... 21. ,.,,2 ••••••• BAAAAAAAAAAAAA 
SAAAAAAAAAAAAAB,, •••• 2222.ILI~ 11 ,, II. 11 • I • 3sl •••••• a ........ 33.1. l.1111.111,,L11,,11 ,,,22 •••••• BAAAAAAAAAAAAA 
SAAAAAAAAAAAAAB", .. ,, 122 •• l ll., 111 .. 111 •• 11l.z11i. ll. ', ..... I ...... , l3Z, 211 •• Zll .. 111. .111.. 111, ,i2Z.,,,., SAAAAAAAAAAAAA 
SAAAAAAAAAAAAAB •••••• izz ••• L.4.ili;iZZ •• i2zi·1zz,.iz ••••••• a ••••••• 2z,.i2z •• i2z ••• 2z.1·!·•4fL1·· z ••••••• BAAAAAAAAAAAAA 
SAAAAAMAAAAAA& ...... 222.lllu I, Ul. 11. 11. l .1 ...... 1 ...... .1U.1. Ill. 111.1112 I lu L ,, 22 ...... BllAAAAAAAAAAAA 
SAAAAAAMAAAMB.,, ••• 22 •• Ztl "l" "tlZ .. 11 .. II .. 3 ....... I ....... ll ... 11 .. 11 •• Zl I. .111 .. 112 .. 22 .... ,.UAAAAAAAAAAA~ 
SAAMAAAAAAAAAi ...... 2 .. 2 Z U, 1 • 11 , l , U ...... 1 ...... 33 , 11 • II .. IZ 2U. ZL .. 22 ....... BAAAAAAAAAAAAA 
SAAAAAAAAAAAAA8; ••••• 2~22.111il111.l 11.1111.1l1i.~33i ••••••••••••• i33i.i11i.l111.l11ii111zz111.2222 •••••• BAAAAAAAAAAAAA 
SAAAAAAAAAAAAAa •••••• J2 .. zu .. uz.. •. · 1· .. ,I ... n ....... a ....... 33 ••• 11 •• ·11 ... u .. zu. ·f I .. 22i •••••• a1on11AMAAAAAA 
SAAAAAAAAAA.AAAl,',,,,,,22 .Zll 111. '• 1 , , ll ...... 1 ...... 3l • 11 ,, 1 .d • 111 • 2 ...... aAAAAAAAAAAAM 
SAAAAAAAAAAAAA8.,. ... 222Z.111U111. i 11. h i.1 11.~ ll',, .. ,.I, ..... b i. lt}i. l li .11lzt111U111.22~2 •• ,,. ,8AAAAMAAAAAAA 
SAAAAAAAAAAAA.Aa,.,. ... 22 .. LZ .. 1 .. ..z .. Z .. z ....... I....... • Z •• Z .. 1 •• I .. z .. 2? ...... BAAAAAAAAAAAAA 
s ............. a ...... 1:.2 •• ~22u222.Jh • .,2 t . .,22a..tl2 ........ a ...... Jlt ·122 ... l 2 •• z2~i.222442h • .,22z ...... a ........ , .. .. s •............ a •••••• 2~2:._22,,222.,222.,222.,22,,222,, ••••• 1 •••••• ,222. 22,.2222.222 .222,,222.,222 •••••• a ••••••••••••• s ............. a.· ...... '· ... z .... z .... z .... z ........ z ................. z ........ z .... z .... z .... z •... z ...... ·I· ........... . 
~:::::: : : : : : : : I:.:::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :I:::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : a: : : : : : : : : : : : : 
~:::::::::::::~iiiiiiiaaieaeiiaaaiiiiiiiiiiiaiiiiiiiii6iiiiiliiiiiiiiiiiiiiiiieiiiaiaaaaiaaaaaaiaaaaiieaael::.::::::::::: 
S, , , • , •••• , • , •• , ... , .... AAAAAAMAAAAAMAAAAAAAAAAA. ,. • , , , ....... ,. ,. , , , AAAAAAAA.AAAAAAAAAAAAAAAAAA. , ••••• , ••••• , • , ; , ... , , 
S. , , ... , ...... , ,: ••• , •••• MAAAAAAAAAAAAAAJ.AAMAAA.AA,. , • '• • , ,. • • • , ., ...... AAAMAAAAAAAAAAAAAAAAAAAAA, .. , , , ... , , , • , •• , , • , , , , 
S •••••••••••••• : •••••••• AAAAAAAAAAAAAAAAMAAAMAAA,,,,,,,,,,,,, •• ,, •••• AAAA>.AAAAAAAAAAAAAAAAAAAAA ••••••••.•• ,,,,,,,,,,., 

~: :: ::: : : : : : : : :::::::: :: :~~!~~~!~~~!::: ::::::: ::: : : : ::::: :~~!!~!!!!!!!~!!!~!!t :: : : : : : : : : : : :: : : : : : : : : 
t::::::::::::::::::::: J::~r.~~m!rJ::: :.: : : : : : : : : : : : : : : : :~~~~~~~~!~!!~!!t:::::::::::::::::::::: - . 

. KENO-Va PLOT· OF INNER CONTAINER MODEL 
KEY: 1,2,3 a U02 PELLET, Z • Zr CLAD, . 3 MODERATION, 

S ~STEEL SHELL, B 3 BASKET, A~ SMEARED BASKET-MODERATION 

DETAIL OF LEFT HA~F OF MODEL 
:(FINNER DETAIL WOULD SHOW ENT~RE BASKET) 

sssssssssssssssssssssssssssssssssssssssssssssssssssss~ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 
S. , . , • , , , • , .. , .. , , .. , ... , ••• , ... , .... ,. , .. ;, , ... AAAAAAAAltAAA.AAA.AAAAAAAAAAAAAAAAAMAAAAAAAAAAAAAAAAAA •• , , , , •• , , , • , ••• , • , , 
S, , • , , •• , , , •• , , ••• , , • , , , , • , • , , .. , , , ,. , .... , ..... AAA.AAMAAAAAAMAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA .• , , , , , • , • , • , .•••• , , 
S. , •• , •• , • , •• , , • , , , • , , , •• , • , , , ,. , .... ,. • , ... , ... AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA, .••• , ••• , • , •••••• , , , 
S. , , , , • , • , , •• , , .. , .. , , , , , • , , , ..... , .. , .... , • , ... AAAAAAAAAU AU•AAAAAAAAAAAAAAAMAAAAAAAAAAAAAAAAAAAA, ••• , , , •• , , , •• , • , , • , 
S. , , , ... , ••• , • , ••• , , .... , ••••• , , , · .... , .... , ..... AAAAAMAAAAAAAAA.AAA.AAAAAAAAAAAAMAAAAAAAAAA>.AAAAAAAA , • , , •• , • , • , , , , , , , , • , 
s ............. " ..... ' .......................... AAAAAMAAAAA.AAA.AAAAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAA .•••••••••••••••.••• 
S. , , , ... ., , •• , ....... , .... , •• , , , , • ,. .... ,. ,. ., , • AAAAA.AA.AJ.AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAM.AAAAAAAliAAA, • , , • , , • ; , , •• , , • , •• , 
S ....... , • , • , • , ; , ....... ., , , , , .... , ,, ,, ,. , .... , , AAUAAAAUAAAAAAA.AAA.A>.AAAAAAAAAMAAAAAAAAAliAAAAAAAAA, • , , , , , , , • , , •• , , : ••• 
S. , .. , • , • , , • , , , , , • , , , • , , , , , • , , , , .... ,. ., ,. ,. .... , AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAliAAAAAAAAAAAAMAAAAA, • , , , , , , , , , , • , •• , , •. 
S ............. , , , , • , .. , , .. , • , , .. ,. , • ,. ... ., ,. , .. AAAAAMAMAAAAAAAAAAAAAAAAAAAAAAAAAMAAAAAAAAAAAAAAA, , , , , • , , , • , • , , • , , , • , 
S, , , , .. , , • , , , , , , , .. , , , , , •• , • , , , , ,, ... , , .... , , ,. , AAAAAAAAAAAAMAAAAAMAAAAAAAAAAAAAAAAliAAAAAAAAAAAAAA, , , , • , , , • , • , , , , • , , , , 

. s ................................. · .............. AAAAAAMAAAA.AAAAAAAAAAAAMAAAAAAAAAAAAAAAAAAAAAAAAAA .••.•••••••••••••••• 
S • • .... , , , , , , , , ............. , ..... , •• , ...... , • , • AAAMAA'AAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA, ••••• , , , •• , •• , ••• , , 
S . , •• , , , , , , , , , , , ... , ..... , •• , • , .... ,. ..... ., ,. , , AMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA, •• , , , , • , , • , •. , • , , , • 
S, , • , , , • , , , , •• , , ........... , • , , , • , .... , ... ,. , ... AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA, , , , , , . , .' •••. , , , , , •• 

l·:::::::: · l" ·: · :1.:: ··:::JI.::: lll: :: : :. :: : : ~ rnilllii@1J1tp~[·~·0'8 : l:: · H ·:: l l H 
. s ........................... a ••••••••••••• H222ti •• ~a22ut ... HH2,. ... z222ii,. ... 222222 .... 22222 ...... 222222 .••••••.•••••.• s ........................... a ............. ~22222 .... 222222 • ,222222 ..... 222222, •• 2222222z ... 22222 ••• 12222222 ••••••••••••• 

S ••••••• , ••••••••••••••••••• i, ... ,, ...... 2222222 • , 2222222%. •2222222 •• 22222222 •• 2222222? .Z2222222Z. 22222222 •••• , .• , .••• , 
s., ....... I ................. B ............. 222222 .. 2222222 ... 2222221 ... 222222Z •• Z222222 ... 2222222 ••• 222222? ............ . 
SA11AAAAAAA11AAAMAAAAAAAAAAAAS , • , ............ 2ZZ, ..... ZZZ ....... ZZ2 •• , .... ZZZ ... , •• ZZ Z ....... ?Z 2 •••••• , 22 Z •••••••••.•••• , 
SAAAAAAAAAAAAAAAAAAAAAAAAMAS ••••••••••••• j ................ i 1·1·1 • ..... Ii I 't ........ ' I" .. · 1 • .................................... . 
SAAAAAAAAAAAAAAAA'AAAAAAAAAAAB, •• ,, •••••• '• '""""i"' . 1 'i'l' 1 ,,.

1
'1111 i' •• l 1112

1 
.. '11111• ... Z3~33~ ... , .. ,, ••• , •• 

SAAAAAAAAAAAAAAAAAAAAAAAA4AA8,.,,.,,,,,, ,, 12222 , ·111·1111 , l '11 '" 11 It II •• 1111111 •• Lll 111 l.. f3l33333 .. ,, ......... 
SAA4AAAAAAAAAAAAAAAAAAAAA4AAl,,,,,,,,,,,,2 2222 ,, llll, l i" 111111 .. 1111111 •• 1111111., 33333;lJ,,,,,,,,,,,,. 
SAAAAAAAAAAAAAAAAAAAAAAAAAAAI ............. 2222. ,. ••• , , .I •• , , I 11,, .ZllllU ••• 333333,,,,,,,.,, •.•• 
SAAAAAAA~AAAAAAAAAAAAAAAAAAAS, ••• , , , • , , •• , •• ~~ •••• , • , , :u , •. , • • .• •, .. · · · · · • t · · • • • • • • u • • • • • · • • i · • • • • • · • • · · • · ' • • • ' · ' ' ' ' ' ' · 
SAAAAAAAioAAAAAAAAAAAAAAAAAAAB I••,.,.,,, •• , u u· .. •j i"'i i' •.,;I! 'i' • .... -' i j .. • •j '"'' l" .. 'I' • · • • " • "z" i' • .·'' ' '' ''' '' 
SAAAAAAAAAAAAAA4AAAAAAAAAAAA8,, ••• ,,,,,., •'' "'"'.' ·I I i· •' I l". ! 1111 ... ' IL 11 i' •' 1111•" J:JJl3J3 , , , • , .••.•.•• 
SAAAAAliAAAAAAAAAAAUAAAA4"-AAB,,,,,,,,,,. "222222,,. I 11·1111 , '1111111.. 1111111. . L 111111 • '111 ll I I.. 3333 333., , .. , , • , , , , , 
SAAAAAAAAAAAA/lAAAliAAAAAAA"-AAB •• ,,.,,, .... Z2222222, .111 111 , .1111111 •• Zl 111111., LI 1111ll •• 1111111.. 23J33333,.,.,,., .•. ,. 
SAAAAAAAAAAAAAAAA,,,AAAAAAA4AAB, .... , ....... 222222 .... 1111lZ.,,Zl1111,.,, Zll 111 .. , .111112,,, Zlll 11 .• ,. 233333 ........... ,,. 
SAAAAAAAAAAAAAAAAAAAAAAAAAAAB, • , •••• , , ••• , • ~~.:.z. , , .. • , .. • .. • • .. • • i •" .. • .. ,,·! • .. " "z ·.., .. • ' " · · · • .. " · · u i' " ' " ' " ' " " ' 
SAAAAAAAAAAAAAAAAAAAAAAAAAAAI,,.,,, •• ,.,,. • ~ u,, zj '1•. i .... i' '' j" , ! z, '. l,, 'i l u

1 
..... 212 .... · ... Z •~ · • • :· .. • ........ 

· !AAAAAAAAAAAAAAAAAAAAAAAAAAAB ...... , ..... .:.' 22"., 1111 .. , I 1111 , .. 11111 • " 1111 .. , 1111111 •, z333333'., .•..•.•• , • , 
SAAAAAAAAAAAAAAAAAAAAAAAA4AAB ... ,, ..... , "2222222,, llllll 1% ... 1111111., 1111lIll.,111111ll.•ll1111 I•. 3333333, •• , •.•... ,,. 
SAAAAAAAAAAAAAAAAAAAAAAAA"AAB ••• , ........ 22222222, :11111 llZ •• 111f111.. Zl 111111 •• 111111 lZ •• 1111111.. 23333333, .......... ,. 
SAAAAAAAAAAAAAAAAAMAAAAA"AAI,,,.,,, ... , •• Z2222Z., •• Zlll I.,,,, 11 II,,, .Ziii U,,, .21111.,, •• 11111 •• ,. ZllllZ., •• ,.;., ••• ,. 

~!:!!!:!~!~!:!~!!!:!!::!!~:!: : : : : : : : : : : : : .. 1222 .. : : . iii u: : : : : ill u: : : . : iii i : . : : : : i ii :t: : : : : ii iii : : : : : ii j3 : : : : : : : : : : : : : : : 
. SAAAAAAAAAAAAAAAA'AAAAAAAA4AA8, .. .,,., .. ,, Z22222lZ •• ill 1111 4 , . 11111Il..Zl11111 Z .. Zl ll-111. •. 1111111.. 233 33332. , ... , , •....• 

SAAAAAAAAAAAAAltAM,,.AAAAAAAAA8,,,,,,,, ... , 22222222, , 1111111" Zll ll 111.. 11111111.. 11111112. 211111112. 333 33333. , • , , , •..• , •. 
~AAAAAAAA,.AAAAAAUAAAAAAAAAAB,.,,, , • , ... , 22222222, , 1111111., , 1111111.. Z 11111 IZ. , Zll 1111, •• 1111111 •• 23333332. , , , , •.. , ...• 

· ,,.AAAliAAAAAAAAAAAAAAAAAAMAAB, .. ,,, ...... , .Z222 •• , .. ZlllZ.,, .. Zll IZ ••.•. 2111. .•• , .11 lZ .. , .. ZI l IZ,.,,. Z333.,,,.,.,., .•••• 

~~~!!::!!:::~~~~!:!::~~:!~:: :: : : ::::::: ··tH:Zzz:: ::Hili: ·:: · illli: :: ·ziiiiZ:: ::ziiii: :: :: iiiii·::::i:iliH:::::::::::::: 
SA'4AAAAAAAAAAAAAA/\AAAAAAAAAA8, .. ,,,., .... Z222222Z. , 1111111i,•!111111.. i 1111111. .11111112. i 1111111. . 23333333 .•••••••.•.•• 
~AAMAAAAAAAAAAAAAAAAAAAAAAAB •• , •• , .... , , 22222222., 11111112. d 111111., 11111111. , 11111112. 1111111 Z. 23333333 ..•.........• 
SAAAAAAAAAAAAAAAUAAAAAAAAAAB,,.,.,,,,,,., 2222222 •• Zl 11111., .1111111 ••• 1111 llZ., Zll 1111. •• 1111111 ••. 3333332, •• ,,,,, ••... 
SAAAAAAAAAAAAAAAAMAAAAAA4AA8 .............. zzzz ...... 212 ... ,.,. z 2 ...... 2212 .... ,. 2 IZZ ..... , 212 •.••.. ZZ3Z ............. .. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~R::::::::::::·z22222· :::22222z:::z22222·:::z22222·:: ·22222z:::222222·::·z22222: ::::: :::::::: 
S ••• , ••••••• , • , • .' ••.•••••••• B •••• ; , , • "., • Z2222222,, 22222222, .z222222l •• Z2222222 •• 22222222. 

2
222222:2. • Z2222222 •••• , •.•••. , , s .............. ; ............ 8 ............ 22222222 •. 22222222. 2222222 •• 22222222 •. 22222222. 2222222 •• 22222222 ............ . 

S .. "" ••• , .... , • .••. , , ...... , S .... , ........ 222222. , , 2222222 ••• 2222222 ••• 222222 ... 2222222.,. Z222~2Z ••• 2222222 ••• ,, •.•••••• 

·; 



{•';;l' 

,• .. ~ 
·.:1 ... 

~· .. ·~ 

I •• 

• 

Appendix 68 

ISSUED IN FRA-ANP ON-UNE 
DOCUMENT SVSj4, 

DATE: o2-6-0 

EMF-1563 
. Revision 12A 

Appendix 68 
Page 1of38 

SIEMENS POWER CORPORATION - NUCLEAR DIVISION 
CRITICALITY SAFETY ANALYSIS FOR SHIPMENT OF SPC 1OX10 - 88 

FUEL ASSEMBLIES IN THE SP-1 SHIPPING CONTAINER 

' . : 

·I 
i 
' 
I 

. 1 

' I 
; 



I. 
I 

• 

• 

• 

Sierriens Power Corporation 

CRmCAUTY SAFETY ANALYSIS 

FOR SHIPMENT OF SPC 1 OX1 Q.88 

EMF-1563 
Revision 12A 
Appendix6B 
Page 2 of38 

EMF-92-104 
Revision 2 

Issue Date: 2/2/93 

FUEL ASSEMBLIES IN niE SP·1 SHIPPING CONTAINER 

Prepared by: Date: 2/t f r:s 
' 

· Date: 'Z /1 / ~.) 
I 

Date: 

Ing 



I . 

• 

•• 

• 

·/ 

TABLE OF CONTENTS 

EMF-1563 
Revision 12A 
.Appendix 68 
.Page 3 of 38 

EMF-92-104 
Revision 2 

Page i 

Section Page 

1.0 

2.0 

3.0 

4.0 

s.o 

5.1 

. 5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 

7.0 

a.a 

INTRODUCTJQN , • • • • • • • • • • e • • • 1 1 1 o 1 • • ,a 1 1 1 11 a 11 1 1 1 1 1 1 1 , 1 1 1 • 1 , 1 , , 
1 1 

, 
1 

, 
1 

1 

SUMMARY 

METHODS 

I I I I I I I I I I I I I I I I I I I I I Cl I I I I I I I I I I I I I I I I If I I I I I I I I I I I 1 I I I 

I I I I I I I I I I I I ol I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I <II a I l't t I I I I 

MODEL DESCRIPTION ••.••...•••...•.•.........•............•...... 

. ANALYSIS ....•....... : ....••••••...••...•••.•.•.................. 

· E~ect of Interspersed Moderation ..............•.. ._ ................... . 

Effect of Poison Rod Positions ....................................... . 

·e~~ of (nterspersed Moderation, .Cross Sections and Enrichment· .......... · .. . 

E~ect of Water .Rods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Effect of Fuel AsSembly Spacing ........................ ; ............. . 

· Effect Of Outer Container and Spacing ...................•............. 

3 

4 

6 

7 

a 

10 

13 

16 

17 

Eff~ of Poison Content in Poison Rods . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . 20 
. 

The Effect of Fuel· Pellet Diameter ................................... · .. 
' 20 

Discussion of Results . . . . . . . . . • • .. . . . . . . . . . . . . . . .................... . 21 

METHODS VALIDATION ................. • .•...•• ; ...•.................. 22 

REFERENCES ....•..........•............•....................... . 24 

COMPUTER INPUT LISTINGS ....................................... . 25 



• 

I 
I : 

I . 

! .• 

I. 

'' 

: .• 

TABLE 1 

TABLE2 

TABLE 3 

TABLE 4 

TABLE 5 

UST OF TABLES 

· -EM.F-1563 
Revision 12A 
Appendix68 
Page 4 of 38 
·~---

EMF-92-104 
Revision 2 

Page ii 

REFERENCE.FUEL BUNDLE PARAMETERS . • . . . . . • . • • • .. • . . . . • . . • . • 2 

REFERENCE FUEL BUNDLE PARAMETERS . . . . . . • . . . . . . . . . . . • . . . . . 6 

K-INF OF 1OX10 FUEL ASSEMBLIES 9 POISON RODS, . 
4.5 WT.% 235u I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I' I I I I I I <II I I I I I I I a 

K-INF OF 1 OX1 O ASSEMBLIES 6 POISON RODS, 235 . . 
4.5 WT.% U.............................................. 10 

REACTIVITY OF ARRANGE~ENT PO . • • . • • • • • • . • • . • . . . . • . • . . . . . . . 11 
. ' 

TABLE 6 K-INF OF 10X10 ASSEMBLIES AT VARIOUS URANIUM ENRICHMENTS 
. 6 POISON ROOS AND 7 VOL% WATER ......•..••............ ·. . . 12 

TABLE 7 K·INF OF 1OX10 ASSEMBLIES WITH VARIOUS WATER ROOS 
4.5 WT.% U, 10 VOL% WATER AND NO POISON . : . . . . . . . . . . . . . . . . . 15 

TABl.E 8 K-INF OF 1OX10 ASSEMBLl!:S WITH VA.RIOUS WATER ROOS 
4.5 WT.% U, 100 VOL% WATER AND NO POISON . . . . . . . . . • . . . . . . . . 16 

TABLE 9 EFFECT OF SPACJNG OF FUEL BUNDLES • . • . . . . . . . . . . . . . . . . . . . . 17 

TABLE 10 EFFECT OF OUTER COITTAINER PRESENCE ANO SPACING . . . . . . . . . . 19 

TABLE 11 · K-INFINITY FOR VARIOUS PELLET DIAMETERS . . . . . . . . . . . . . . . . . . . . 20 

TABLE 12. BENCHMARK CALCULATION RESULTS KENO-Va WITH 16 
GROUP CROSS SECTIONS ........•.....••................•. ~ . 23 



i . 

•• . ' 

•• 

• 

UST OF FIGURES 

.EMF-1563 
· Revision 12A 
· Appendix 68 

Page 5 of 38 

EMF-92-104 
Revision 2 

Page iii 

FIGURE 1: 1 OX1 O ASSEMBLY WITH 9 POISON ROOS . " ...•..•.......•• , . . . . . . • . 7 ,. 

FIGURE 2· ARRANGEMENTS OF 6 POISON RODS .................. , . . . . . . . . . . . 9 

FIGURE 3' EFFECT OF URANIUM ENRICHMENT ON REAq-TIVITY .............. '· . · 1.2 

FIGURE 4' ARRANGEMENTS OF WATER ROOS IN 1OX10 ASSEMBLY . . . . . . . . . . . . . 13 

. l 



• 

•• 

Supplemental·Appllcation To Certificate of Compliance No. 9248 

CRmCAUTY SAFETY ANALYSIS 
. FOR SHIPMENT OF SPC 1 OX1 G-88 

FUEL ASSEMBLIES IN TiiE SP·1 SHIPPING CONTAINER 
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The objective Is to conservatively demon.strata that the subject generic fuel type meets the 

criticality s'atety requirements of 1 O CFR Part 71 for a Fissile Class I -package. Criticality safety 

is also demonstrated for any honeycomb/ethafoam thickness In the outer cont~iner. Shipping 

shims inside the.fuel assembly are not allowed. 

2.0 SUMMARY 

The results.of the calculations Indicated that an unlimited number of SP-1 Shipping Containers 

c.ont~ining: two 1 Ox1 o assemblies side-by-side each subject to the constraints ·of Table 1 wili' not 

exceed 0.95 at the 95 percent confidence level. 
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TABLE 1 REFERENCE FUEL BUNDLE PARAMETERS 

Parameter Value 

· Edge ~f Outer Square Determined by 5.022 Maximum 
Peripheral Fuel Rods· Onch} 

Enrichment of Arr{ Pellet In Assembly (wt. 5.0 Maximum 
'%) 

Enrichment of any· Pellet In an Edge Rod 4.0 Maximum 
. (wt.%) 

Maximum Average. Planar Enrichment (wt. 4.0 Maximum 
%)* ' . 

Clad Thickness (Inch) 0.0225 Minimum 

Pellet Diameter (inch) 0.3356. Maximum 
.. 

· Fuel Density (% TD) 98.0 Maximum 

· Rod Pitch (Inch) 0.511 Nominal 

U02-0~03 Rods 6.0 Minimum 

G~O~ Content (~ %) 2.0+0.08 

~ater Rods Center 4 Rods Minimum 

Poison Rod Arrangement SymmetricaJ Across the Diagonal 

Fuel Rod Array in Bundle 10x10 

* Maximum Average Planar Enrichment: The average enrichment at the axial location 
yielding the ·highest planar average . 
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The analysis includes the effect of interspersed moderation, the placement of poison rods, the 

effect of the number of water rods and Uranium enrichment on the reactivity of the SP-1 Shipping 

Container. This analysis used CASMO, a two dimensional transport code, for parametric 

evaluations 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 arid more co·nservative. 

3.0 METHODS 

K-infinite calculations _~~re _performed u.sing transport theory code CASM0-30. K-effective 

calculations were· performed using the Monte-Carlo code KENO-Va. CASMO was used for 

several calculations In a broad-b~ed sensitivity study. SCALE codes (BONAM!, NITAWL, 

XSORNPM, and KENO-Va) were used to repli~te selected CASMO cases. 
. . 

The Criticality Safety Analysis Sequence (CSAS) routines were used to calcu.late atorn densities 

but 'the CsAS calculated escape cross section input into BONAMl 9** was not used for the 

reasons detailed below. 

· The CSAS routines provide inputs for BONAM! and NITAWL When 16-group cross sections are 

used, as they were for ~ost cases here, the self-shielding corrections for 235u and 238u 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 BONAM! array 9°. The sig-escape 

calculated by CSAS for a rod array is that for the center ro~ in a 3x3 array w~ the assumption 

that the c~nter rod neutrons encounter only the other eight rods in the 3x3 array. For .arrays 

flooded with water or 0th.er media with a similar total cross section, this is a good approximation. 

. . 
For low density Interspersed mo~eration, .this 3x3 mode! can lead to non-conservative errors:. 

• The Dancoff factor for the 3x3 array Is too .1ow 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 slg-escape Is used In BONAM!, the resulting cross sections will be non­

c:Cnservatlve; I.e., the k-lnf (kaff) results obtained will tend to be lower than actual. 

• It Is noted that the low Oancoff 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 ~ge-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/eliminated. 

To avoid such non-<X>nservatlsms and to be consistent with the methods described in ANF-88-

120,- Rev, O ~Supplemental Appllcatlon to Certificate of Compliance No. 4986", self-shielding 

calculations were made as follows: 

• 

• 

Oancofffactors and slg-escapes were calculated using a Monte Carlo model of an infinite . . 
· ·array of fuel assemblies in SP-1 Inner containers. 

~NO models used three U02 rod types and, as applrcable, one U0
2
-Gd

2
0

3 
rod type . 

Th.e three U02 rod types are interior (non-perimeter) rods, edge rods facing the 
' . -

cempanion assembly, and the rods on the other three edges qt the assembly. The Monte· 

c:arto derived· slg-escape for each rod type was us~d in BONAMI array 9** with ISSOPT 

= 0. 

4.0 MODEL DESCRIPTION-
. . 

The mo~el used for the SP-1 is ldentic;af to the model used in ANF-88-120 "Supplemental . . 
Application to Certificate of Compliance· No. 4986. • An Infinite array of infinite length inner 

containers was modeled to conservatively demonstrate criticality safety at normal conditions and 

at hypotryetical accident conditions. Each package contained two identical assemblies with an 

infinite fuel length. 

Since the p~ckage 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 ass·emblies side-by-side (left-right) was 

I 
, I 

I 
-! 
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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 parts modeled are: 

• Two edge-to-edge •baskets• of0.0598 Inch thick carbon steel with 0.~5 inch diameter 

h.oles In a 1.75 Inch square pitch pattern. Accordingly, the basket was modeled as 85.57 

vol% carbon steel and 14.43 vol% moderation. 

• The .outer shell of the Inner container was modeled as 0.0598 inch thick carbon steel (100 , 
vol%). 

• The. annulus between the. basket and the shell contains six angles of 0.125 inch thick 

C8TQon steel. For the left half, (CASMO) model, three angles were included: one each 

above, below, 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 yiel_ded results not significantly 
.. . . 

diff~rent 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 f3xp~ed to interact with all $teel 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 1 n;s i~ch 
length. The measured weights of the three inner container components (lid, removable end, lllain 

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 consi~erably more steel than that, modeled, the model results are conservative. 

The basket outer dimensions were 7.0"x.7.0- (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. 

. i 
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The annulus was. 2.0 inches thick. Therefore, the inner dimensions of the shell of the Inner ' I 
container. are 18 lnche~ wide by 11 Inches high. With the 0.0598 inch thick shell, the outer 

: . 
dlmenslc?ns are about 18.12 lnches wide by 11.12 Inches high. All volume not occupied by rods 

or steel was filled with ~niform density water. 

5.0 ANALYSIS 

The fuel ·bundle modeled is a 1Ox10-SB assembly. The center four rod positions of the bundle . 
are occupied by a single large water rod. Reference Fuel ·Bundle Parameters for the models are 

listed In Table 2. 

TABLE 2 REFERENCE FUEL BUNDLE PARAMETERS 

Parameter Vatue Used· 

' 
Average. Enrichm,ent (%) ·Varied 

Clad Outer Diameter (inch) 0.387 

Clad Inside Diameter (Inch) ! 0.337 

Pellet Diameter (Inch) 0.335 

Fu.el Density (% TO) ' 98.0 

Rod Pttch (inch) 0.511 

U02-Gd20 3 Rods 
I 

Varied 

~~03 Content (wt.%) 2.0 

Watt?r Rods Varied 

Fuel Rod Array in Bundle 10x10 

The major assumptions made in· this analysis reflect the fuel composition typical of SNP 1Ox10-88 
' ' ' 

assemblies. They include: 

• The fuel bundle is symmetrical a~ross the diagonal and has the physical characteristics 

listed in Table 1. 
: ' 

The system was at room temperature. 

' ' 
i 
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Interspersed moderator (water) W8$ uniformly dispersed in the system around the fuel 

r~s and between fuel assemblies .. 

Th~ holes In the steel basket were homogenized Into the basket. 

The ends of the fuel rods were not modeled • 

The fuel bundle arrays are spectraJly 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 gadollnia content is at least 2.0 weight percent In at least six rods . 

Effect of Interspersed Moderation 

CASMO w~ used to determine the effect C?f various amounts of moderation on an infinite array 

of inner s:P-1 shipping containers containing 10x10 fuel assemblies. The purpose of the 

calculations was to determine the. density ·(volume percent) of interspersed moderation which 

resulted In 'the highest reactivity. A dl~play, of the rod a_rra11gem_ent is shown in_ Figure 1 and the 

calculatlonSI results are given in Table 3. 

FIGURE 1 . 10X10 ASSEMBLY WITH 9 POISON RODS 

·1 l l 1 1 l 1 1 1 l 
l l.l 2 1 l 2 1 1 l Where 1 = fuel rod 
1 l 1 1 l 1 1 1 l l 2 = poison rod 
l 2 1 1 1· 0 l ;J. 2 1 0 = water rod 
1 l l 0 w w l l l l w = central water rod 
l l l l. w w 0 l l l 
l 2 l l 0 l 2 1 2 l 
1 1 1 1 1 1 l 1 l l 
l 1 1 2 1 1 2· 1 l 1 
1 1 1 1 1 1 l 1 l l I 

I . I 
I 

I 
'! 
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TABLE 3 K-INF OF 1OX10 FUEL ASSEMBLIES 
9 POISON ROOS, 4.5 WT.% 235U 

Caseidentfflcatfon % Int. Mod. k·lnf 

CASMO 

ra3-97 3 0.87229 

ra3-95 5 0.90270 

ra3-93 7 0.90821 

ra3-90 10 0.89719 

ra3-SO 20 0.88208 

KENO V.a 

kSoa-cask-b.1 o 10 0.9056:t.0027 

I 
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The results show that the highest reactivity was obtained when the interspersed moderation was 

at 7 volume percent. A confirmatory run made with the KENO V.a code was 0.9056 as compared 
I , · I 

with 0.8972 from the results of the CASMO calculations. 

5.2 Effect of Poison Rod Positions 

CASMO was also used to determine the effect of the positions of poison rods on an infinite array 

of 1 Ox1 o. fuel assemblies In an SP-1 inner cont.ainer. Five arrangements of six poison rods 

around a. central water rod are shown in: Figure 2. The results of the calculations are ·given in 

Table 4. : These models assumed 4.5 ~eight percent 235U and 3 yolume percent water as 

lnt~rspersed moderator. A 7 volume perc~nt water was repeated for arrangement PO which had 

indicated. the highest calculated reactivity due to poison rod placement. 

-· 
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FIGURE 2 ARRANGEMENTS OF 6 POISON RODS 
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TABLE 4 K-4NF OF 1OX10 ASSEMBLIES 
8 POISON RODS, 4.5 WT.% 235u 

Case Identification % Int. Mod. Arrangement k-lnf 
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;:;;i;;====-===-======-=-======:;;;==;;:a-.i;;m;;;;;;;;;::;;;;;:;;;;;;;;;;;;;;;;;1 
ra3-t1 3 PA 0.89285 

-------+------------...----~----~+-----~--~1 
ra3-t3 3 PB 0.89598 

-------+------------+-~--------~+------------ii 
ra3-t4 ·. 3 PC 0.90166 

--~---+------------+-~----------+------------ii 
ra3-tS 3 PD 0.90526 ------...... ----~----...... ~----~----+--~------~I 

ra3-t5.07 7 PO · 0.96471 
-------+------------+-~--------~+---------~1 

ra3-t6 3 PE 0.90370 

These calculations indicate that the highest reactivity for low interspersed moderation occurs 

when the poison rods are near the center of the assembly (arrangement PO). This arrangement 

is most reactive because the most reaCtive (best moderated) rods in the assemblies are the 

comer ·rods and because the G~03 : becomes a more effe~ive 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 result agrees with the results •in 

ANF-88-12<J2. 

5.3 Effect of Interspersed Moderation. Cross Sections and Enrichment 

The effects of interspersed moderation· •.. enrichment. and Cross Section Ubraty selection were 

examined· for ·arrangement PD. This is adually a very conservative model due to assuming that 

all rods are at the Maximum Planar Enn~rnenl Actual assemblie_s will have multiple enrichments 

with th~ : lower enrichments on the perimeter and the higher enrichments inside where less 

moderation ls available. This Is required to assure approximately equal powers for the rods in 

the operating assembly. 

The sc4LE system of computer codes was used for this evaluation. Cross sections were· 

prepared by BONAM! and NrTAWL KENO V.a was used to model system. The results of these 
·. 

calculations agreed well with the CASMO calculations .and .are listed in !able 5. 
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The KENO V.a calculations confirm the reactivity of an infinite array of assemblles placed in the 

Inner SP-1 shipping container was highest at 7 volume percent interspersed moderato:r. The 

KENO V.a result was 0.9691 :!: .0028 (1 a) as compared to 0.9647 obtained by CASMO. 

TABLE 5 REACTIVTTY OF ARRANGEMENT PD 

235u Cross 
Case Identification Enrichment % Int. Mod. Sections · k-tnf±1 a 

.. 
a-cask-c.03 4.5 3 16 group 0.90124±.0023 

-
a-cask-c.07 4.5 7 16 group 0.9691 :!:.0028 

a-cask-c.1 O 4.5 10 16 group 0.9651.±.0030 

a:-cask-c.12 4.5 12 16 group 0.9554±.0035 

a-c8sk-c1 .o 4.5 100 16 group 0. 7347 ±.0040 

a.:CSSk-ci.07 4.0 7 11) group o.~319±.0021 

a-cask-c.07 4.5 7 16 group 0;9691 ±.0028 

27-cas-c.07 4.5 7 27 group 0.9552± .0031 

The ~lculated reactivity of the system using 27 group . cross sections was less than the 

corresponding .calculation using 1'~ group cross sections, 0.9552 and 0.9691, respectively. This 

agrees with previous results documented ANF-88-120. 

The results also indleate that the k-inf for 4.S weight percent enrichment is subcritical but exceeds 
' 

.95. The reactivity is less than 0.95 for 4.0 weight percent enrichment. The effect of varying the 

uranium enrichment on k-lnf Is shown In Figure 3 and tabulated in Table 6. 
. I 

i 
; 
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FIGURE 3 EFFECT OF URANIUM ENRICHMENT ·oN REACTIVllY 
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TABLE 6 K·INF OF 10X10 ASSEMBLIES AT VARIOUS URANIUM ENRICHMENTS 
6 POISON RODS AND 7 VOL.% WATER 

Caaeldentiflcatlon · U Enrichment Wt. % k·lnf 

• 1 
400-tS.07 4.00 0.93145 

425-tS.07 4.25 0.94862 

430-:tS.07 4.30 0.95192 

ra3-t5.07 4.50 0.96471' 

KENO V.a k-inf+2o 
kSoa~k-d.07 4.00 0.93734 

. kSoa..cask-c.07 4.50 0.97464 
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The effect ~f the pr•sence of water rods on an Infinite array 1 Ox1 o fuel assen:iblles placed In the 

inner SP-1 :shipping container wai determined by using CASMO. These cases assume 4.5 wt.% 
235-u, 10 ~ol.% water, ~d no pol~on rods. The arrays are shown In Figure 3·and the results of 

tti.e calcul~tlons are given In Table 7. 

FIGURE 4 ARRANGEMENTS OF WATER RODS IN 1 OX1 O ASSEMBLY 
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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 . 

Ca&eldentlflcatJoo Arrangement k-lnf 

egad WA 1.00574 

Ogad-2w WB 1.00530 

Ogad-4w WC 1.00482 

Ogd-4wd WC I 1,00220 

Ogd-4wd1 WE 1.00404 

Ogad-4ws WF 1.00507 

Ogad-6Ws WG 1.00457 

Ogad-Sws WH 1.00392 

Ogd10ws WI 1.00301 
.. 

Ogad12ws WJ 1.00207 

These results snow that for low density interspersed moderator ther_e Is a reduction in reactivity 
' 

when the number of water ro~s increases. Water reds placed nearer th~. perimeter of the 

asseml;>ly decreased the reactivity cf the system more than those located near the center. The 

most reactive arrangement is when small water reds are not included in the assembly. · 

The results listed in Table. B show that replacing fuel rods with water rods at full flooding causes 
' . 

a small change.in reactivity, comparable to the differences between CASMO and KENO. In all 

~es, k-inf .Is well below ,0.95. The removal 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 two, four, and six water rods. The reduction in fuel appears to be dominant for eight 

·water rods. Thi~ shows that the fully flooded containers are safely subcritlcal without any poison 

· rods. However, poison rods are needed to remain subcritical at optimum moderation . 

I 
I 
' 
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TABLE 8 K-INF OF 10X10 ASSEMBLIES WITH VARIOUS WATER ROOS 
. 4.5 WT.% U, 100 VOL.% WATCR AND NO POISON 

Case Identification . Arrangement k-lnf 

Ogadfw WA 0.9238. 

Ogad-2Wfw WB 0.9249 

Ogd-4wfw WC 0.9254 

Ogd-4wsfw WF 0.9246 

Ogad-6sf WG 0.9226 

C>gad-awsf WH 0.9204 

5.5 Effect. of Fuel Assembly Spacing 

I The effed of moving the fuel assemblies normally centered In 'the SP-1 inner containt;ir toward 

. I 

I 
I 
I 
I 
I 
I 
I 
I 

'and ap8:f1 from one another was evaluated using KENO-V.a. The results in·Table 9:show an 

Increase ·in k-inf when the bundles. are· moved apart and·~ decrease when the bundles are 
. . . 

brought ·closer together. An Infinite array of 4.0 wt.% bundles under certain conditions· exceeds 

a k-eff of 0.95. The results ll~ed In Table 9 show that 260 SP-1 inner shipping contai.ners in a 

13 wide·x 20 high array are not~ optimum moderation at 7-8 vol.% as they are in an infinite 

array. 1)le 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-eff for this condition to be 0.9120 ± .0023. 

' I 
I 
I 

I 
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TABLE 9 EFFECT o.= SPACING OF FUEL BUNDLES 

Case Identification Description Moderation 
I 

Vol.% Water 

An infinite array of containers 

e.07 Bundles inside the basket are as 7 
close as design permits. Bundle 
enrichment is 4.5 wt.% U-235. 
Pellet 0·1ameter I~ 0.3356 inches 

c.07 As above with the bundles 7 
centered (Standard) 

f .. 07 As above with the bundles as far 7 
apart as design permits 

g~apart As above with Bundle enrichment 8 
4.0 wt.% U-235 .-

A 13 wide by 20 high array of containers 

a-13x20ap Bundles Inside the basket are as a 
far apart as design permits. 

: ·Bundle enrichment is 4.0 wt.% U-
235. Pellet Diameter Is 0.3356 
inches. The array i~ reflected by 
30 cm. ~f full density water. 

a-13x20ap15 As above . 15 

a-13X20ap20 . As above 20 

a-13x20ap30 As above 30 

5.6 . Effect Of Outer Container and Spacing 
. ' 
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k-eff 

.9420:: .0032 

.9691 :: .0028 

.980~ :: .0026 

.9533:: .0030 

: 

.8659 :: .0028 

0.9006 
,.±.0028 

0.9008 
::.0024 

0.8722-± 
.0026 

KENO-V.a was used to model Infinite array~ of undamaged packages to demonstrate that 
. . 

reduced af?lounts of honeycomb/ethafo~ in the outer container cannot lead to criticality.· The 

inner cont~iners_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 fuel assemblies with 4.5 wt% 235u and 

arrangement. PD. 

;. 

Cases with and without the container wood are_ Included. The wood was assumed to have a 

density of o. 75 glee and to be 0.5 Inch thick on the top and two sides and 3 5/B Inch thick on 

the botto~. All volume not occupied by:wood, fuel, or.the steel of the inner container was filled 

with low density water. The results are given in Table 1 O . 
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TABLE 10 EFFECT OF OUTER CONTAINER PRESENCE AND SPAC ING 

Run No. 
ksoa-caa.- Int. Mod% k·lnf:t1 a k·lnf+2o 

Without Wood 

h.010 1.0 .9484±.0024 .9532 

h.015 1.5 .9617±.0032 .9680 

h.o2o 2.0 .9566±.0029 .9625 

h.025 2.5 :9475±.0021 .9537 

: h.030 3.0 .9268±.0032 .9332 
: 

Wrth WoOd 

I.COO 0.0 .8962±.0030 .9023 

i.005 0.5 .8850±.0033 .8915 

1.010 1.0 .8563±.0031 .8625 
" 

i.~ 2.0 .8119±.0034 .8187 

• I 

All of the results are subcritical and they indicate that adding moderation such as honeycomb, 
. . 

ethafoam, and additional wood to the plyWood only model would result in reduce 

Therefore, the honeyCQmb/ethafoam in the .outer container is not needed for critica 

for cushioning during the hypothetical accident conditions. Accordingly, there i 

d reactivities. 

llty safety nor 

s not adverse 

. safety effect by allowing any honeycomb/ethafoam thickness nor by allowing unli mited cutouts 

of these pads. 

The data lri Table 10 also indicate that the peak reactivity for the normal array is bo 

k-lnf for edge-edge inner containers. There Is no statistically significant difference 

for the close-packed array of Inner containers and the outer containers without th 

models are at optimum moderation with the H/U ratio essentially constant . 

unded by the 

between k-inf 

ewood: Both 

' 

I 
! 
; 

' 

I 

' ' 

i 

I 

I 

i 
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s. 7 Effect of Polson Content in Poison Rods 
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Casmo was used to examine the sensiijvity of reactivity on G~03 content in the poison rods. 

When G~03 was reduced from a nominal 2.0 wt.% to 1.95 _wt.% for case 400-tS.07. reactivity 

Increased from o.93145to .93186, an increase of .00041. When G~03 was reduced to 1.5 wt.% 

for this ease reactivity Increased to .93596, an Increase of .00451 o. These results indicate that 

assembiles with allowable variations in G~03 will remain subcritieal by a substantial margin. 
' ' ' 

5.8 The Effect_ of Fuel Pellet Diameter_ 

CASMO: was used to examine the sensttlvity of k-inf to pelle~ diameter at various amounts of 

moderation In and between the fuel assemblies. The -models used in this study use fuel 

arrangement. PO, shown in figure 2. The U-235 enrichment was 4.5 wt.%. l?ie results are listed 

in .table ~ 1 and clearly show that reducing pellet diame~er causegJ a decrease in k~nf. 

TABLE-11 ·K-INFINtrY FOR VARIOUS PELI.ET DIAMETERS 

: 
K-lnf for K°"nf for K-inf for K·inf· for 

Vol.% Pellet OD Pellet OD Pellet 00 Pellet OD -
Water 0.3350" 0.3300"' 0.3250" 0.3200· 

6 ·0.9631 0.9589 0.9590 0.9567 
" 

7 0.9672 0.9628 0.9625 0.9599 

e 0.9675 0.9629 o.9622 0.9594 

9 0.9655 0.9608 0.9598 0.9566 

ro 0.9619 0.9571 0.9557 0.9524 

100 0.7348 0.7322 0.7339 0.7331 

I . 
I The mmdmum pellet. diameter Including manufacturing tolerances will be less than 0.3356 inches. 

I At optim·um moderation CASMO calculates k~nf to be 0.9682 for 4.5 wt.% ~nriched bundles. 

I Reduci~ enrichment to 4.0 wt.% reduces k-inf to 0.9352. Adding a .001 inch gap further reduces 
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. I k-inf to 0.9350. A Keno-Va model of the no gap case at 4.0 wt.% U-235 produces a k-eff of 

I o.9341 ± .0023. 

1 · 5.9 Discussion of Results 

The greatest ~eactivity for the system ·occurred with Interspersed moderation at about 7 volume 

· percent. Calculations by both CASMO and KENO-V.a computer codes supporte? this 
. . 

conclusion: : A variation in the position of the six poison rods showed that the most reactive 

configuratiQn 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 

.. neutrons n~ar the outer rows of the assemblies which mad~ the neutron poison more effective 

In those positions. 

The CASMO calculations at optimum moderation indicated that the highest reactivity occurred 

with no small water rods: ·The~e calculations also indicate ~at the reactivity decreased when the 

water rods were placed nearer the perimeter of the assembly and when ttie nu~b~r of water rods 

was increaaed. 

KENO-V.a. demonstrated that for the worst credible arrangement and an uranium enrichment of 

4.0 Wt.% the caleulated k-eff of an infinite system while the fuel' assemblies are centered in the 

basket is 0,.9341 ±.0023. The worst credlble arrangement for 260 SP-1 inner containers .is a 
' . 

. 13><?0 array with the fuel assemblies shifted· to the outer region of the basket and 1 a vol% water 
. . . 

. as an lnte~spersed moderator. K-eff + 2 o for this arrangement and condition is 0.9166. ~ 

Therefore· the requirem'nts for a fissile cl~ 1 package are met . 
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Supplemental benchmarking was performed using experimental data from 15 critical mass 

experin:ten~. The experiments selected are described in References 3 and 4. The data are , 

Included in. table 11. The ·methods In reference 5 were used to calculate the weig~ted average 

k-eff and the standard deviation of the bias. 

Weighted average k-eff: 1.0035 

Blas Standard Deviation: 0.00368 

The weig~ of each k-eff value is proportional to the reciprocal of its variance. 

These results demonstrate the average k-effective reported _by KENO + 2ayields a k-eff at a 

conservative 95% confidence level . 
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TABLE 12 BENCHMARK CALCULATION RESULTS 
KENO·V• Wmt 16 GROUP CROSS SECTIONS . 

Case Number 

2378 
2384 
2388 
2420 
2396 
2402 
2411 
·2407 
241°4 

9 
10 
11 
12 
3f 

Calculated k-eff 

Reference 3 Experiments 

1.00395 :!: 0.00376 
1.00037 :t: 0.00306 
0.99886 ± 0.00341 
1.00038 :t 0.00367 
0.99443 :!: 0.00360. 
1.00694 ± 0.00283 
1.01223 ± 0.00286 

- 1.00647 ± 0.00332 
1.00967 :t 0.00327 

_Reference 4 EXperiments 

1.00092 :!: 0.00487 
1.00181 :!:0.00412 
0.99786 ± 0.00413 
0.99885 ± 0.00487 
1.00442 ± 0.00421 

~--------------

EMF-1563 
Revision 12A 
Appendix68 
Page 28 of38 

EMF-92-104 
Revision 2 
. Page 23 



• 
7.0 

1. 

2. 

3. 

4. 

5. 

• 

• 

REFERENCES 

EMF-1563 
Revision 12A 
Appendix6B 
Page 2~ of 38 

EMF-92-104 
Revision 2 

Page 24 

Smith, M.H., •Principal Fuel Design Parameters Gundremmingen .c. 1 Ox10-88 Lead · 
AsSemblies,• ANF-91-017(P), March 29, 1991. 

Gerrald, LO., •supplemental Application to Certificate of Compliance No. 4986,• ANF-88-
120, July, 1988. · · · 

Bal~n. M.N., et.al., •critical Experiments Supporting Close Proximity Water Storage of 
Power ~eactor Fuel•, BAW-1484-7, July 1979. · 

Bierman, S.R., Durst, B.M., and Clayton, E.O., •critical Separation Between SubcritlcaJ 
Clusters cf 4.31 % Enriched U02 Rods in Water With Fixed Neutron Poisons•, NU REG/CR· 
0073, M~y 1978. . 

Marshall, W., Clemson, P.O., Walker, G., •criticality Safety Criteria•, ANS Trans, 35, 278 
(1980) • 



• 

• 

• 

8.0 COMPUTER INPUT LISTINGS 

. EMF~1563 
Revision 12A 
Appehdix 68 
Page .30 of 38 

EMF-92-104 
Revision 2 

Page 25 

The folloWing is an example of typical computer input for the BONAM!, NrrAWL AND KE~O V.a 
computer codes. 

BONAMI Input.for uranium enriched to 4.5 weight percent, gadollnla at 2:0 weight percent and 7 volume percent of 
Interspersed water: · · · 

'SHIPPING CASK RA-310X10 6Gd RODS, 0.07 IM U4.5 Gd2.0 
· • Gd rods clustered around central water col 

0$$ 16 15 18 17 
1$$ 0 9 26 2R1 0 
2** 1.0E.o3 1.35 
T : 
3$$ 1 4 5 6 1 4 5 6 1 3 4 5 '6 8 9 2 3 8 9 6 7 8 9 7 8 
9 : ' 
4$$·4R92235 4R92238 7R.aJ16 -40302 3R-1001 -64000 3R-6012 
3R-26000 . 
s•• 3R1.09163E-43 1.0596E-03 3R2.28741E-02 2.2203E-02 
4.79315E.Q2 2.335903E.o3 2R4.79315E-02 4.75857E.Q2 3.370708E-04 
2.134081E-04 4.25181E-02 4.671806E-03 6.741416E-04 4.268162E-03 
7.06997E-04 3.92168E.o3 3;35578E-03 3.38833E-04 8.35001E-G2 

'7.1451E-02 7.21441E-o3 . 
' 6$$'123456789 

a- 9R2.93E+02 
'zone 1 la uo2 Interior rods; zone 2 la zr; zone 3 la h2o; 
'zone 4 II uo2 edge rads; zone 5 la uo2 facing rods; 
'zone 6 II U02-gd2o3 polsori lntartor rods; 
'zone ·7 Is c .steel; zone 8 II mod c steel; zone 9 Is dll c steel 
9- .36749 2.2791 o.o .59538 .. 50642 .34281 1.6657 2.4331 .13749 

10$$ 9223501' 9223504 9223505 9223506 
9223801 9223804 9223ao5 9223806 
8016 10 11 12' 13 14 15 40302 ' 
1001 18 19 64000.6012 22 23 2600007 2600008 2600009 

11$$ 9RO 
12** F293.0 
·r 

NrrAWL Input· for uranium enriChed to 4.50 weight percent, 2.0 ~ht percent gadolinla and 7 volume percent of 
Interspersed water: 

' 
'SHIPPING CASK RA-3 10X10 6Gd ROOS, 0.07 IM U4.5 Gd2.0 
' Gd rods clUstered around central water rod 
0$$11 12 13 14 18.19 9 0 20 
1$$ 0 26 SRO 13 2RO -1 0 
T . 
2S$ 9223501 9223504 922350!! 9223506 
9223801 9223804 9223805 9223806 
8016 10 11 12 13 14 15 40302 
1001 18 19 640oo 6012 22 23 2600007 2600008 2600009 

'i 
i 

' 
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'': 

·3-
9Z23501. 293.00 2.0 4.2SSOE-01 0.79449 1.'4255E+03 Ul916E-03 1.0 
15.9994 1.6466E+021.0 238.0510 1.7392E+02 1.0 1.0 

9:223504. 293.00 2.0 . 4.2550E-01 0.49179 3.4908E+02 1.0916E-03 1.0 
.15.9994 1.6466E+021.0 238.0510 1.7392E+02 1.0 1.0 
9223505. '293,00 2.0. 4.2SSOE-01 0.58925 3.4908E+02 1.0916E-03 1.0 
15 .... 1.&466E+021.0 238.0510 1.7392E+02 1.0 1.0 

9223S06. 293.00 2.0 4.2550E-01 0.78608 3.5476E+02 1.0596E--03 1.0 
15.9994 1.6841E+021.D 238.0510 1.7392E+02 1.0 1.0 

9223801. 293.00 2.0 4.2550E..01 0.79449 6.S031E+01 2.2874E-02 1.0 
15.9994 7.8579E+OO 1.0 235.0440 5.0109E-01 1.0 1.0 

9223804. 293.00 2.0 : 4.2550E-01 0.49179 1.Ei659E+01 2.2874E-02 1.0 
15.9994 7.8579E+OO 1.0 235.0440 5.0109E-01 1.0 1.0 

9223805. 293.00 2.0 4.25SOE-01 0.58925 1.66S9E+01 2.2874E-02 1.0 
15.9994 7.8579E+OO 1.0 235.0440 5.0109E-01 1.0 1.0 

9223806. 293.00 2.0 4.2550E-01 0.78608 1.6930E+01 2.2203E-02 1.0 
15.9994 8.0370E+OO 1.0 235.04-iC> 5.0109E-01 1.0 1.0 

40302. 293.0o 1.0 8.3510E.Q2 0.71ZZ7 1.9136E+02 4.2518E-02 1.0 
0.0000 o.oocoe+oo o.o 0.0000 o.ooooe+oo o.o 1.0 

640oo. 293.oo·a.o O.OOOOE+OO 0.78608 5.3170E+02 7.0700E-04 1.0 
15.9994 2.5240E+02 1.0 238.0510 2.6066E+02 1.0 1.0 

2600007. 293.001.0 2.$400E+.000.14215 1.1551E+01 8.3500E-021.0 
12.0110 2.2074E-01 1.0 0.0000 O.OOOOE+OO 0.0 . 1.0 

2600008. 293.00 1.0 2.5400E+OO 0:18303 1.1851E+01 7.1451E-02 1.0 
· 1.0079 1.9247E-Ot ta· 12.0110 2.2074E-01 1.0 1.0 

2600009. 293.00 1.0 2.5400E+OO 0.27049 3.0377E+01 7.2144E-03 1.0 
1.0079 1.2069E+011.0 15.9994 1.5847E+OO 1.0 1.0 

4- 26R2.93E+02 
T 
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An 8lC811'1ple foiKENO V.a computer Input tor uranium enriched to 4.5 weight percent, 2.0 weight percent 
gadollnla ~ i volume percent of !ntefSP81'Sed Water: · · ' 

SHIPPING CASK RA-3 10X10 0.07 !M; U4.50 Gd2..00 6 Gd Rods 
' no sm811 water COis Gd rods clustered near central water col 

. ' 

READ PARM GEN•t03 NPG=300 PLT.,.-YES 
TME:a570 TBA•2.0 UB=-41 FlX=YES XS1=-YES NUB=YES F'WT=YES RUN=YES 

END PARM 

READ MIXT 
'KENOS-1YPE MIXING TABLE XSUB'NUCUOES 
MIX• 1 : 
' U(4.50)02 AT 0.98 OF 10.96 a 10.7408 INTE~IOR ROD 

9223591 1.091628E-03 
9223801 2.287414E.Q2 
8016 . 4.i'93154E-02. 

MIX=2 
I ZIRCALL.OY AT 6.44 G/CC 

40302· 4.2518126-02 
MIX= 3 · 
' WATER AT 0.9982 G/Cc x· 7.00E-02 VOL FRACT FOR INTERSPERSED MOD 

i 
. I 
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8016 2.335903E.Q3 
1001 4.671806E.Q3 

MIX= 4 
' U(4.50)02 AT 0.98 OF 10.Se • 10.7408 EDGE ROD 

922315()4. 1.091628E.Q3 
m3804 2.287414E.Q2 
8016 4.793154E.Q2 

MIX• 5 
' U(4.50)02 AT 0.98 OF 10.96 • 10.7408 FACING ROD 

9223505 1.091628E.Q3 . ' 
9223805 '2.287414E.Q2 
8016 4.7931S4E-02 

MIX= 6 
' U(4.50)02 - Gd203(2.0) AT 0.98 THEO DENSITY ,POISON ROD 
' U02 AT (0.98)((0.980/10.96))/((0.980/10.96)+(0.020/7.400})•0.951247 

9223506 : 1.059600E.Q3 
9223806 2.220302E.Q2 
8()16 4.7S8573E-02 

I Gd2o3 AT (0.98)[(0.020/7~400})/[(0.980/10.96)+(0.020!7.400)1=0.02875254 
64000 7.06996SE-04 

MIX= 7 
I CARBON Sf.EEL AT 7.8212 G/CC, 100% 

6012 3.921683E.Q3 
· 2600007 B.3S001oe-02 

MIX= 8 ', . . 
I CARBON STEEL & WATER, 85.57% cs, 14.43%.IM 
' INTERSPERSED MODERATION VOL FR=(0.1443)~ OF MAit 3=0.070)=0.010101 

8016 3.370708E-04 
1001 6.7414~6E..()4 

I CARBON STEEL:AT 0.8SS7 VOL FR 
6012 3 .• ~-03 

2600008 7,.145103E.Q2 
MIX= 9 . 
I CARBON sTEEL & WATER, 8.64% cs, 91.36% IM 
' INTERSPERSED MODERATION VOL FR=(0.9136)~· OF MAit 3=0.070)=0.063952 

8016 . 2.134081E.Q3 . 
1001 4.268162E.Q3 

I CARBON STEEL AT 0.0864 VOL FR 
6012 3.388334E..()4 

2600009 7.214409E.Q3 

RESM 1 4 1 4 S 6 
I RESM212 

RESM444156 
RESM 5 4· 5 1 4 6 
RESM 6 4 6 1 4 5 
RESM717 
RESM 8 1 8 
RESM 9 1 9 
ENO MIXT , 
R&tp GEOM 

UNIT 1 
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COM=" U02 FUEL XXX.XX ACTIVE FUEL LENGTH AS OXIDE INTERIOR l:J02 ROO" 
' FUEL LENGTH XXX.XX+0.3S5:11XXX.XXX-; DIAM 0.33504 [na '+0.0005=0.335541" 
cvu 1 · 1 o.~ 2P225.58 
• CLAD INslDE DIAM 0.3370 [na '+0.0015•0.33851" 
CM.I 0 · 1 0.'12799 2P225.58 . 
' Cl.AD OUTSl!JE DIAM (ZFIAU.OY-2) 0.3870 [na '-0.002-0.38681" 
CM.I 2 ·1 0.'48150 2PZ25.58 
I ADD MODERATION WATER AT 0.511024" PITCH 
CUBO ·3 ·1 4P0.64900 ~.58 

UNIT.2 , 
COM:m" U02 FUEL XXX.XX ACTIVE FUEL LENGTH M OXIDE EDGE U02 ROD" 
' FUEL LENGTH XXX.XX+0.35S::sXXX.XXX-; DIAM 0.33504 (na '+0.0005=0.33554']" c.vu . 4 · 1 0.42550 2P225.58 . 
• CLAD INSIDE DIAM 0.3370 [na '+0.0015•0.33851" 
CVU 0 -1 O.G799 2P225.58 
' CLAD OUTSIDE DIAM (ZRALLOY-2) 0.3870 [na '-0.002=0.38681" 
CYU 2 · 1 0.49150 2P225.58 
I ADD MODERATION WATER AT 0.511024" PITCH 
CUBO . 3 1 4P0.64SOO 2P225.58 

UNJT3. .. . 
COM=' U02 FUEL XXX.XX Acr FUEL LNGTH AS OXIOE;EOGE U02 ROO FACING OTHER UNIT" 
' FUEL LENGTH XXX.XX+0.35S:m)OOCJOOC; DIAM 0.33504 [na '+0.0005=0.335541" 
CYU 5 1 O.~ 2P225.58 
• CLAD INSIDE DIAM 0:3370 [na '+0.0015=0.33851" 
CYU 0 1 0;42799 2?225.58 
' ·Cl.AD OUTSIDE DIAM (ZRALLOY-2) 0.3870 [na '-0.002=0.38681" 
cvu 2 '"1 0.-49150 2P225.58 
I ADD MODERATION WATER AT 0.511024' PITCH 
CUBO · 3 1 . 4P0.64900 . 2P225.S8 

UNIT 4 . . , 
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COM="U02-GD~ FUEL XXX.XX Acr FUEL LNGTH M OX;INTERIOR POISON U02-G0203 ROO' 
' FUEL LENGTH XXX.XX+0.35S=XXXJOOC"; DIAM 0.33504 [na '+0.0005=0.33554']' 

· CYU 6 1 0.42569 2P225.58 . 
' CLAD INSIDE DIAM 0.3370 [na '+0.0015=-0.33851' 
CYLJ, 0 1 . 0:42799 2P225.S8 
• . Cl.AD OUTSIDE DIAM (ZRALLOY-2) o.3870 [na • -0.002=0.38681' 
CYU 2 1 0.49150 . 2P225.S8 .. 
I ADD MODERATION WATER AT 0.511024" PITCH 
CUBO . 3 1 • 4P0.64900 2P225.58 

'. 
UNIT 5 : 

COM=" 10X10 BUNDLE IN LEFT BASKET 
,. [(PITCH).CN·1)+(CWl 00)]/2"" [(1.298*9)+0.983)/2 = 6.3325 CM 
· use WITCH)(N)/2 = [(1.298*10>121 = s.49 
ARRAY : 1 2A-6.49 ~225.58 , 
I [(SHEU.·SIZE)-(2)(THICKNES)]/2 = {[(7)-(2*0.0598)]/2}*{2.54} = 8.7381 CM 
CUBO 3 1 4PB. 7381 2P225.5801 
' ADO O.Os9a INCH OF PERFORATED STEEL 
CUBO 8 1 4P8.89 2P225.5801 

': : 
' 



•• 

• 

• 

UNITS 
COM=' 10X10 BUNDLE IN. RIGHT BASKET 
I [(PITCH}(N·1)+(ctAO OD)]/2 • [(1.298*9)+0.983J/2 = 6.3325 CM 
I USE (PITCH}(N)/2 c: [(1.~10)12) :Ill 6.49 
ARRAY 2 2R~.49 -225.58 
I [(SHELL SIZE)-(2)(THICl<NES)]/2. {[(7)-(2*0.0598)J/2}*{2.S4} :n 8.7381 CM 
CUBO 3· 1 4PB.7381 . 2P225.S801 
I ADO 0.0598 INCH OF PERFORATED STEEL 
CUBO 8. 1 4P8.89 2P225.5801 

UNIT7 
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 DMDEO INTO 2 PARTS 
CUBO 9 · 1 2P2.54 2P4.9391 2P225.58 -
I 2 INCHES x 7 INCHES TOTAL SIZE 
CUBO 3 · 1 2P2.54 2P8.89 2P22S.5801 

UNIT 8 .. 
COM=' ANGLES & SPACING BENEATH & ABOVE BASKETS 
' ANGLE STEEL SMEARED IN 3.8891 INCHES X 2 INCHES VOLUME 
CUBO 9 . 1 2P4.9392 . 2P2.54 2P225.58 
' 7 INCHES X 2 INCHES TOT AL SIZE 
CUBO 3 . 1 2P8.89 2P2.54 2?225.5801 

UNIT9 
COMc:' 2X2 INCH MODERA'TlON REGIONS AT CORNERS ' 
CUBO 3 1 4P2.54 · 2P225.5801 

UNIT·10 
COM=' 1 INNER CONTAINER 
' 18 X 11X177.622 INCHES 
ARRAY 3 · -22.86 -13.97 ·225.58 
' AOC 0.0598 INCH WALLS OF CARBON STEEL 
REPL 7 1· 6R0.1S19 1 

UNIT 11 
COM=' INTERSPERSED WATER WATER HOLE •. 
CUBO . 3 : 1 4P0.64900 2P22S.58 

GLOBAL 
UNIT 12 

COM•' AR.RAY OF INNERS 
' THIS IS MULTI-UNIT ARRAY WITH SPECULAR REFLECTION 
' Al7EMPT TO REDUCE COWSIONS WITH BOUNDARY 
·ARRAY 4 .3RO.O . 

END GEOM. 

REAO ARRAY. 

ARA=1 NUX=10 NUY=10 NUZ=1 
' 6 GO RODS IN COL-ROW:6-4 7~ 7-5 ~ 4-7 5-7 
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'nciSMAi.L WATER RODS IN COL-ROW 6-4 4-5 7-6 5-7 
FILL 
'COL 1 2 3 4 5 6 7 8 9 10 

2 2 2,2 2 2 2 ~ 2 2 
2 1 1 1 1 1 1 1 1 ,3 
2111111113 
2 , 1 1 1 4 4 1 1 3 
2 1 ' 1 11 11 4 1 1 3 
2 , 1 4 11 11 1 1 1 3 
2 1 1 4 4 1 1 1 1·3 
2111111113 
211111111·3 
222222222·2 ENOFILL 

ARA=2 NUX=10 NUY=10 NUZ=1 
I 6 GO RODS IN COL-ROW 6-4 7-4 7-5 4-6 4-7 5-7 
'no s·MALL WATER ROOS IN COL-ROW 6-4 +S 7-6 5-7 
FILL · ; 

'COL 1 2 3 4 S 6 7 8 9 10 

2 2 2.2 2 2 2 2 2.2 
3 1 1 1 ·1 1 1 1 1 2 
311111111·2 
3 1 1 1 1 4 4 1 1 2 
3 1 1 1 11 11 4 1 1. 2 
3 1 1 4 11 11 1 1 1 2 
3114411112 
3111111112 
3 1 1 1 '1 1 1 1 1 '2 
2. 2 ~ 2 2 2 2 2 2 2 ENO FILL 

AAA=3 'NUX=4 NUY=3 NUZ=1 
FIU. 
9889 
·7 5 67 
9889 ENOFILL 

AAA=4 NUX=5 NUY=5 NUZ=1 
FILL F10 · ENO FILL 

ENO ARAAY 

READ START NST=1 ENO START 

READ BOUNDS AU.:mSPECULAR ENO BOUNDS 

READ PLOT 
TIL=' .FUEL CASK X-Y SECTION AT Z=10 I 

NCH='.IZ+OFPSMO' 

.. 

'VOID INNER :ZR !MOD OUT FACING POISON STEEL MOO STEEL" DILUTE STEEL 
XUl• 0.0 YUL=28.25 ZUL=10.0 

· XLR=46.1?3 YlR= 0.0 ZLR=10.0 
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UAX=1.0 VDN=·1.0 NAX=130 LPl=6 END 

'm=• LEFT- HALF 
XUL::s 0.0 · YUL=28.25 ZUL=10.0 
XLA=23.02 VLR:m 0.0 ZLR=10.D END 

TTL=" LOWER RIGHT QUADRANT' OF LEFT HALF • 
XULm 0.0 YUL•14.13 .ZULm10.0 
XLA=11.51 VLR= 0.0 ZLR=1D.O END 

TTL=" UPPER LEFT QUADRANT OF LEFT HALF • 
XUL"" 0.0 YUL=28.25 ZUL=10.0 
XLR=11.51 . VLR=14."13 ZLR=10.0 
END PLOT 
END CATA 
END KENO 

END 
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KENO-Va PLOT' OF INNER CONTAINER MODEL 
KEY: 1,2,3 a U02'PELLET, Z •Zr CLAD, . •MODERATION, 

S • STEEL SHELL, B • BASKET, A • SMEARED BASKET-MODERATION 

DETAIL OF 'LEFT HALF OF MODEL 
(FIN~ER DETAIL WOULD SHOW ENTIRE BA~KET) 
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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,"9riginally 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 con~ents 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 containe'rs in 

. Section 5(a). 

2.0 SU~MARY 

This docum:ent provides demonstration that the following additions to Section 5 of Certificate of 
Compliance No .. 9248 meets the requirements in 1 O CFR Part 71. · 

5(a)(5) Gadolinia Rod Container. 

A 1 O gauge stainless steel box with a flanged lid and end closure. 

5(b)(1 )(vi) U02 fuel rods with a maximum U-235 enrichment of 5.o 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 I 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 U02 with 0.75 wt.% gadolinia (Gd20 3). 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 spacings and structural materials actually in 
the packages would be less reactive. 

3.0 FIS~ILE 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-length 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 .o wt.% gadollnla 
specified. · 

c. The spacing and interspersed moderation within the infinite rod array were evaluated to 
determine the combination·for p'eak'k-inf . 



• 

•• 

• 

d. 

4.0 

EMF-15·6·3 
Revision 12A 
Appendix6C 
Page 7 of 24 

---·----
The theoretical density of U02 is 10.96 grams per cc. The.theoretical density of gadolinia 
Is 8.31 grams per cc. When gadolini.a is added to U02, the theoretical density of the two­
phase mixture or of a solid solution is lower than 1 0.96 grams per cc. The density 
modeled in these calculations is· 10.9305 grams per cc which is the estimated theoretical 
density fi;lr U02 with 0.75 wt.% Gd20 3 • 

PACKAGING D~SCRIPTION 

Each SP-1.and SP-2 can contain up to 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 "ba~kets" made of 0.0598" thick carbon steel with 0.75" diameter 
holes in a 1.75" square pitch pattern. The b.askets are nominally 7"x7" in cross section. The.two 
baskets are plaqed 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 container wall. In this annulµs 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. Alf structural members. and rod cladding 
were omitt~d 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" option 
was used with 16, 27, 123, and 218 group cross sections for most calculations. The codes 
executed, in sequence, are: DRIVER, CSA$25, BONAMI, NITAWL, and XSDRN. 

' ' 

5.1 Valldat.ion/Benchmarking 

Additional critical experiments (Reference 3) with gadolinium were modeled. The experiments 
determined the critical number of U02 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 following table. Bias corrections will not cause calculated k-inf 
values to e~ceed 0.95 . 
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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 ·o.001899 

EMF-1563 
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Experiment Triangular 

No~--· Lattice 
PitctJ, 
mm 

001 22.86. 

009 

010 

011 

012 27.94 

016 

017 

018 33.02 

023 

024 

Gd 

• 
CRITICAL EXPERIMENTS WITH GADOLINIUM 

CALCULATION RESULTS 

16-Group k-eff 27-Group k-eff 
Concentration, - . - - - ... -·· ·-

-- -

Grams/liter Avg. Std.Dev. Avg. Std.Dev. 

o_ 0.98242 0.00251 0.98663 0.00291 

0.0722 0.9891 0.00274 0.99236 0:00237 

0.145 0.99793 0.00248 0.99134 0.00252 

0.213 0.99121 0.00231 0.99164 0.00202 

0 0.99701 0.00277 0.98487 0.0025 

0.0547 0.99769 0.00254 0.98993 0.00198 

0.1169 0.99698 0.00226 0.98901 0.00201 

0 1.0068 0.00215 0.98841 0.00211 

0.0257 1.01088 0.00211 0.98957 0.00223 

0.044 1.00728 0.00207 0.98352 0.00177 

·- . 

123-Group k-eff 218 Group k-eff 
··- - - . - ·- - - - - - - - --

Avg. Std.Dev. Avg. Std.Dev; 

0.98478 0.00283 0.98083 0.00267 

0.99762 0.00257· 0.99304 0.00265 

0.99013 0.0025 0.9892 0.00232 

0.99279 0.00259 0.99142 0.00232 

0.98348 0.00236 0.99262 0.00231 

0.98402 0.00207 0.99019 0.00219 
0.98224 0.0023 0.98669 0.00196 

0.98877 0.00223 0.98967 0.00235 

0.98482 0.00213 0.98843 0.00201 

0.98126 0.00192 0.98415 0.00199 

. - - - - ------------- - ·- - -- -- - ---·-· - ---· . 
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Lattice Pit1;h (M rt1} 
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6.0 CALC::ULATION RESULTS 

6.1 Infinite Arrays of Edge-to-Edge Rods 

Infinite arrays of unclad edge-to-edge rods 'in 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 higher than those with 27 or 218 group cross sections. 

I , 

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 B.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 between rods. might 

. I 

.I 
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result in slightly 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 diamet~r 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 

Interspersed k-inf 
Water, 16-grp 27-grp 123-grp. ·Vol.% 

100 0.902341 0.87838 0.905532 

90 0.90373 0.876979 0.905889 

85 0;904165 0.876043 0.905845 

80 0.904407 0.874934 0.905629' 

70 0.904221 0.872153 0.904588' 

60 0.902972 0.868531 0.902543 
' 40 0:896149 0.858266 0.894008 

30 0:009767 0.85135 0.886343 

20 0.880665 0.843078 0.875085 

10 0.868104 0.833419 0.858495 

1 0.853174 0.823744 0.836611 

0.1 0.851473 0.822747 0.833931 

100 0.903084 0.879937 :0.907193 

90 0.904322 0.878287 0.907278 

85 0.904691 0.87723 0.907102' 

80 0.,904869 0.876005 0.906756 

70 0.904569 0.873 0.90547 

60 0.903223 0.869174 0.903199 

40 0.896257 0.858575 0.894297 

'30 0.88983 0.851533 0.886502' 

20 0.880696 0.843165 0.875154 

10 0.868114 0.833443 0.858513 

1 o.~53174 0.823744 0.836611 

0.1 0.851473 0.822747 0.833931 

100 0.903746 0.881439 Q.908798 

90 0.904865 0.879574 0.908643 

85 0.905177 0.878409 0.908347 

: 80 0.905302 0.877077 0.907883 

70 0.904903 0.873865 0.906365 ' 

60 Oi90347 0.869842 0.903876 

40 0.896368 0.858904 0.894605 

30 0.889895 0.851731 0.886674 

20 0.88073 0.843261 0.87523 

10 0.868125 0.833471 0.858532 

1 0.853174 0.823745 0.836611 

' 0.1 0.851473 0.822747 0.833931 

: 
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218-grp 
0.871947 

0.869572 

0.868088 

0.866382 

0.86~1 

0.856882 

0.841549 

0.830759 

0.817148 

0.799998 

0.780924 

0.778812 

0.873265 

0.870701 

0.869123 

0.867326 

0.862987 

0.857482 

0.841863 

0.830957 

0.817252 

0.800031 

0.780924 

0.778812 

0.874614 

0.871871 

0.870205 

0.868318 

0.863803 

0.858129 

0.842207 

0.831176 

0.817367 

0.800067 

0.780925 

0.778812 
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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 1 o 
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-lnf in these cases Is about 0.905-0.907 for 
16 and 123 group cross sections, which agrees well with the peak in Table 6.1. The peak with 
27 and 21 ~ group cross sections· is about 0.882 and 0.878, respectively, which is only slightly 
higher than the peaks in Table 6.1 . 

TABLE 6.2 
Infinite Array of Unclad Rods 

5.0% Enriched, 1 ~0% TD, 0.75 wt% Gadollnla 
0.5" Diameter Rods, 1 O Volume % Interspersed Water, Triangular Pitch 

Rod k-inf 
Pitch, 

16-Grp 27-Grp 123-Grp 218-Grp inch 
0.5 . 0.868125 0 .. 833471 0.858532 0.800067 

0.55 0.89167 o.~53524 0.888732 0.834125 
0.6 0.902541 0.868143 0.902394 0.856084 

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 

Additional qases with spaced rods with full density water were modeled to verify that the peak 
k-inf is as shown in Table 6.2. These additional calculation results are in Table 6.3. 

TABLE 6.3 
Infinite Array of Unclad Rods . 

5.0% Enriched, 109% TD, o. 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 

0.50 0.903746 0.881439 0.908798 0.874614 

0.505 0.898959 0.882972 0.906804 0.877998 

0.51 0.892340 0.882574 0.903356 0.879100 

0.515 0.884383 0.880535) 0.898719 0.878394 

0.52 0.875667 'o.0n113 0.893161 0.876259 

0,53 I 0.857389 0.867453 0.880011 0.868775 

I 
.1 

i 
I 

. I 

i 
! 
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. . 8.0 INPUT Ll$TING · 

The data in. Table 6.1 were· calculated using inputs such. as that listed below: 

=csasix 
inf array ~f gad rods 
hanslatt 

uo21 den=10.9305 0.992Q 293. 92235._5.0 92238 95.0 e.nd 
arbm:.gd2o3· 10.9305 2 o 1 ::o 64000 2 8016 3 1 0.0075 293 erid 
' ' I I o : 

h2o 21.0 293 end · 

end.comp : 
' 0.511 pellet cliam, 0.5"pltch 
trla 1.27 1.27 1' 2 end 
erid · 
=psaslx 
inf array of gad rods 
hanslatt 

uo21 den=10.9305 0.9925 293. 92235'5.0 92238 95.0 end 
arbm~gd2o3 .10.9305 2 o 1 ··o 64000 2 8016 3 1 0.0075 293 ~nd 

·. h2o ~ 0.9 293 end 

end comp . 
' 0.511 pellet diam, 0.511pitch 
tria 1.27 1.27 .1 2· end · 
end 
=csasix : . 
inf array of gad rods 
hanslatt 

~02 1' den=10.9305 0.992~ 293. 92235 5.0 92238 95.0 end· 
arbm~gd2o3 :10.9305 2 .o .1 ·o 64000 2 8016 3 1 .0.0075 293 end 

h2o 2 0.85 293 end 

end comp· 
' 0.511 pellet diam, 0.5"pltch 
tria 1 .27 1.27 .1 2: end 
end 
=csasix . 
inf array of gad rods ' 
hanslatt 

" 
•'I 

uo2 .1 den=10.9$05 0.9925. 293: 92235 5.0 9223~ 95.0 end.: ' 
arbm-gd2o3 ·10.9305 2 o 1 !o 64000 2 aq16 3 1 0.0075 ·293 end 

• h2o 2 0.8 293 end 

EMF-1563 
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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 
hanslatt 

uo21 den=:10.9305 0.9925 293. 92235 5.0 92238 95.0 end 
arbm-gd2o3 1 0.9305 2 O 1 o 64000 2 8016 3 1 0.0075 293 end 

h2o 2 o. 7 293 end 

end comp 
. ' 0.5" p~llet 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-gd2o3' 10.9305 2 O 1 · O 64000 2 8016 3 1 0.0075 293 end 

h2o 2 0.6 293 end 

'end comp . . 
' 0.5" pellet.diam, 0.5"pitch 
tria 1.27 1.27 1 2 end 
end 

. =qsasix 
inf array of gad rods 
hans latt 

uo2 1 den=10.9305 0.9925 293. 92235 5.0 92238 95.0 end 
arbm-gd2o3· 10.9305 2 O 1 O 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· · 

uo21 den=10.9305 0.9925 293. 92235 5.0 92238 95.0 end 
~rbm-gd2o3: 10.9305 2 o 1 O 64000 2 8016 3 1 0.0075 293 end 

• h2o 2 0.3 293 end 

EMF-15°63 . 
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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 
hanslatt 

uo21 den~10.9305 0.9925 293. 92235 5.0 92238 95.0 end 
arbm-gd2o~ 10.9305 2 o 1 o 64000 2 8016. 3 1 0.0075 293 end 

h2o 2 0.2 293 end 

end comp : · 
' 0.5" pellet diam, 0.5"pitch 
trla.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-gd2o3 .10.9305 2 O 1 O 64000 2 8016 3 1 0.0075 293 end 

: 

h2o 2 0.1 293 end 

end comp ; 
' 0.5" pelle( di.am, 0.5"pitch 
tria 1 .27 1 .27 .1 · 2 end 
end 
=csasix . 
inf array of g,ad rods 
hanslatt 

uo2 1 den=10.9305 0.9925 293. 92235 5.0· 92238 95.0 end 
arbm-gd2o~ .10.9305 2 O 1 O 64000 2 8016 3 1 0.0075 293 end 

h2o 2 0.01 :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=:10.9305 .0.9925 293. 92235 5.0 92238 95.0 end 
arbm-gd2o3 :10.9305 2 .o 1 o 64000 2 8016 3 1 0.0075 293 end 

• h2o 2 0.001. 293 end 
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~nd comp , 
o.5" pellet d' tria 1.27 1 21' iam, O.S"pitch . 1 2 . ~d end . 

EMF-1563 
Revision 12A 
Appendix 6C 
Page 24 of 24 

I 
I 
I 

I I 

I 



:;-.-,, 
'·' ~ •• ·I . ' . 
... ; .. ~ 

Appendix 60 

ISSUED IN FRA-ANP ON-LINE 
DOCUMENT SYSTEM 

D.e.TE;_Q)_: 6 -0 q 

SIEMENS POWER CORPORATION SUPPLEMENTAL 
. APPLICATION TO ADD 10X10 FUEL ASSEMBLIES TO 

CERTIFICATE OF COMPLIANCE 9248 

EMF-1563 
Revision 12A 
Appendix6D 
Page 1 of 108 



i 1 
:.;:.} 

. ,.-:·~ 
•.'I 'I 

•{.". 

Sup.plem·ental License Application For 
Siemens Power Corporation 

EMF-1563 
· Revision 12A 

Appendix 60 
Page 2of108 

EMF-1563, Sup. 1 
Revision 1 

Mod~I SP-1 and SP-2 Shipping Containers 

Certification of Compliance No. 9248 
·oacket. No. 71-9248 



• 

• 

• 

Siemerys Power Corporation 

SUPPLEMENTAL LICENSE APPLICATION 
FOR 

SIEMENS POWER CORPORATION 
MODEL SP-1 AND SP-2 

SHIPPING CONTAINERS 

Certificate of Compliance No. 9248 
Docket No. 71-9248 

Siemens Power Corporation 
Nuclear Division 

Richland, WA 

EMF-1563 
Revision 12A 

EMF-1563 Appendix 6D 
. Page 3 of 108 

Issue Date: 3/14/95 

'• ....__ 



• 

Prepared by: 

Accepted by: 

•• 
Concurred by: 

Approved by: 

• 

.·EMF-1563 
Revision 12A 

EMF-1563 Appendix 6D 
Page 4of108 

Issue Date: 3/lfflo-

SUPPLEMENTAL LICENSE APPLICATION 
FOR 

SIEMENS POWER CORPORATION 
MODEL SP-1 AND SP-2 SHIPPING CONTAINERS 

Certificate of .Compliance No. 9248 
Docket No. 71-9248 

d r, taff Engineer, Licensing 
Regulatory Complianpe 

cf{L,1.~A~ 
R. L Feuerbacher, Manager 
Materials and Scheduling 

3ho/4r 
Date 

3-/1rh~ 
Date 

Ma/7'.f 
Date· · 

~lao/'ts 
• 

Date 

I 

.i 
I 

' i 
I 



• 

• 

• 

-EMF-1563 
EMF-1563 Revision 12A 

Appendix6D 
Page 5 of 108 

SUPPLEMENTAL LICENSE APPLICATION 
; FOR 

··--------. ----· --

SIEMENS POWER CORPORATION 
MODEL SP-1 AND SP-2 SHIPPING CONTAINERS 

Certificate of. Compliance No. 9248 
Docket No. 71-9248 

TABLE·OF CONTENTS 
SECTION 

. 1.0 INTRODUCTION ................................................. . 
1.1 · Purpose .................................................. . 
1.2 Scope of Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '. . . 
1.3 . Summary of Conclusions ........................ · ............. . 

· 2.0 PAC,KAGE AND M.ODEL DESCRIPTION ....... : ....................... . 

3.0 ANALYTICAL METHODOLOGY ..................................... · .. . 
3.1 Benchmarking .......... · ...................... ' ............. . 

4.0 ANALYSIS ............................... : ....................... . 
4.1 ·Flooded Conditions ........................................ . 
4.2 : Low Density Interspersed Moderation .......................... . 

· 4.3 : Normal Condition Arrays ............................. : '. ..... . 

.5.0 REFERENCES 
O I I•• 0 I 0 • O I I 0 I I I I I IO 0 I I 0 I I I I 0 o 0 I 0 0 I I Io I I Io I I 0 IO O O 0 I 

1 
1 
1 
1 

1 

2 
3 

11 
12 
44 
74 

78 

I 
. I 

I 



• 

• 

• 

1.0 

1.1 

INTRODUCTION 

Purpose 
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Thi~ docum·ent is provided in support of the Revised Supplemental Application To Certif.icate 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 criticality safety requirements in 1 o 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 c~tegory is added to Section 5(b)(1) for 10x10 assemblies. 

1.3 Summary of Conclusions 

The followil')g new category could be added to the Certificate of Compliance since it meets all 
requirements specified in. 1 O CFR Part 71. Shipping shims are authorized in the category 
described. ,, 

5(b)(1)(v) U02 fuel assemblies with maximum U-235 enrichment (wt.%) constraints as 
follows: Perimeter Rods: 4.0%; U02-Gd2Q3 ("Gadolinia") Rods: 5.0%; All other 
Interior· Rods: 4.0% average and no rod shall exceed 5.0%. Each assembly is 
composed of a 1 Ox1 o 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 c~annel. The maxim~m fuel 
dimensions are 5.011 by 5.0 11 by 17411

• The maximum pellet diameter is 0.3511 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 U02 (non­
gadolinia) pellets .. Fissile Cla~s II is authorized with a Minimum Transport Index of 
1.0. Polyethylene shims with a thickness up to 0.126711 may be placed between 
rows or columns of rods along the entire length of the assembly. Shims with a 
0.1267 inch thickness are eq~ivalent to a maximum allowable polyethylene volume 
of 33.93 cubic centimeters per centimeter length per assembly. ( Note: This has 
the same hydrogen density ·as 40.04 cubic centimeters of water per centimeter 
length.) 

2.0 PACKAGE AND MODEL DESCRIPTION 

·Each SP-1 ·can contain up to two BWR a~semblies. The SP-1 is composed of a steel "inner 
container" and a wooden "outer container" .. Most criticality safety calculations are at "damaged" 

· 1 

I 
I 
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. ·or "accident:' conditions where the outer container is assumed to have burned away and the inner 
containers ~re stacked edge-to-edge in an ,array of at least 250 units (Fissile Class I} or at least 
2N (Fissile Class II}, 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 0.0598nthick carbon steel with. 0.75" diameter 
holes in a 1'.7511 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"x0.125" nominal}. 

All previous calculations for. the SP-1 have demonstrated that peak reactivity with uniform 
. interspersed moderation is with low density :(typically 1 Oto 20 volume %} water. With low density 
interspersed water, the edge rods in the assemblies are best moderated. It has been fou,nd that 
the most reactiv~ 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 CASM0-3G were used. All 
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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CASM0-3G .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 to the shifted to the outer edges of their baskets. The arrays modeled were either 
infinite or Bx13x1 . 

3.1 Benchmarking 

The SCALE 4.2' system was developed for use by the ·usNRC and its licensees. ·critical 
experiments were modeled using the sa~e methodology used in these .calculations. The 
benchmark . calculations and the methodology for determining the calculation bias and its 
uncertainty and for determining the bias-corrected 95% upper limit on k-eff are· described 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 stahdard 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 v.alue 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 

. I 
I 
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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 11between 11 and 11within 11 variances. If 
this ratio does not exceed the 11F11 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 
·un~ertainty is mtdtiplied 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 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 3.1.2 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 results~ 

' ' 

The bias and bias uncertainty with 16-group cross sections is -2.4405E.:.3 ± 4.6889E-3 and with 
27-group cross ~actions it. is +6.3419E-3 ± 4.9757E-3. 

3.1.2 PNL CritJcal 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 bel.owwere 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 experiments with 
gadolinium 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 ~ither 8, 9, or 1 O 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 -~actions.· 

Case 004 involved three 15x8 clusters with no absorber plates. 

Cases 007, 008, 013, and 0_14 involved thr~e cluster with 304L steel absorber plates. Two plate 
thicknesses: and. different absorber spacings from the central cluster were tested. 

Cases 009,, 01 OR, 011, and 012 are similar to the previous four exc.ept that the 304L steel 
. contained either' 1.05 or 1.62% Boron. 

Case 031 Involved three clusters with BORAL absorber pla~es . 
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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 an·d bias uncertainty calculated for these benchmark cases are tabulated below. 

. : 
I 
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REFERENCE 2 CASES 
CALCULATION RESULTS 

WITH 16-GROUP CROSS SECTIONS 
Case ID k-eff 

Avg. Std.Dev. 
a-c001x : 1.0Q355 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 ·1.001n 0.00253 

a-c006b · 1.00443 . 0.00270 

a-c007a 1.00352 0.00252 

a-c007x 1.00788 0.00253 

a-c008a :o.99798 0.00241 

a-c008x : 1.00109 0.00242 

a-c009a 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-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-GRO.UP CROSS SECTIONS 
Case ID k-eff 

Avg. Std.Dev. 

b-c001x '1.00591 0.00264 

b-c002x . 0.99828 0.00274 

b-c003x '1.00268 0.00234 

b-c004 0.99853 0.00266 

b-c00,5a 0.98845 0.00348 

b-c006a :0.99000 0.00247 

b-c007a '1.00394 0.00309 

b-c007x :0.99789 0.00256 

b-c008a .0.98856 0.00367 

b-c008x 1.00177 0.00268 

b-c009a .0.99293 0.00344 

b-c010a . :o.99237 0.00315 

b-c011a :0.99493 0.00356 

b-c012a. 1.00104 0.00327 

b-c013a 0.99779 0.00346 

b-c013x 0.99306 0.0025 

b-c014a :o.99177 0.00343 

b-c014x ·o.99708 0.0024 

b-c029a 0.99366 0:0023 

b-c030a :0.99241 0.00259 

EMF-1563 
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The bias an; bias uncertainty calculated for'these 27-group cases are 3.4601 E-3 ± 4.0796E-3 . 

. 3.1.3 Experiments with Gadoiinium (Ref. 3) 

Additional critical experiments (Reference ~) with gadolinium were modeled. The experiments 
determined the critical number of uo2 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 fbr the 14.40 mm OD rods: 22.86mm, 27.94mm, and 33.02mm. The experiments 
were modeled using cell-~eighted cross sections simulating the unit. cell. A cylindrical fuel 
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region with a cross sectional area equal to that of the reported critical number of rods vvas 
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 ~verage 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 
Library 

(Energy Groups) 

16 

27 

Calculation 
Bias 

Average 

0.0001875 

p.010864 

Calculation 
Bias 

Standard 
Deviation 

0.00774 

0.002430 

' 
i 
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Experiment 
No. 

: 

001 

009 

010 

011 

• 012 

016 : 

Oi7 

018 

. 023 

024 

• 
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Triangular Gd 16-Group k-eff 27-Group k-eff · 
Lattice Concentration, 
Pitch, Grams/liter Avg. Std.Dev. Avg. Std.Dev. 
mm 

22.86 0 0.98242 0.00251 0.98663 0.00291 

0.0722 0.9891 0.00274 0.99236 0.00237 

0.145 0.99793 0.00248 0.99134 0.00252 

0.213 0.99121 0.00231 0.99164 0.00202 

27.94 0 0.99701 0.00277 0.98487 0.0025 

0.0547 0.99769 0.00254 0.98993 0.00198 

0.1169 0~99698 0.00226 0.98901 0.00201 

33,02 0 1.0068 0.00215 0.98841 0.00211 

0.0257 1.01088 0.00211 0.98957 0.00223 

0.044 1.00728 0.00207 0.98352 0.00177 
-
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Critical Exp.erirrients with Dissolved Gd 
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o.q78'--~-'--~-'-~~'--~-'--~-'-~--''--~-'-~-'-~--''--~-'-~-'-~--' 

-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, gra"'s/liter 

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 combination of the various parameters. 

The previous applications have demonstrated the key parameters affecting the peak k-eff for an 
array of SP-.f packages are: · 

1. The number of packages in the array. Larger arrays tend to produce higher k-eff values. 
In certain cases, Fis~ile Class II was specified to allow use of smaller arrays. 

2. The fuel enrichment. Higher enrichments lead to higher k-eff values. 

3. 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 

. i 
I 
I 
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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 
Gadolini~ 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 
appljcations 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 lattice 
locations occupied by fuel rods. The missing locations are called 'Water Rods" or "Water 
Chan.nels11 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 
evid~nce 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 ~rrays 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 asse.mblies 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 1 Ox1 O 

. assemblies without gadolinia rods. Infinite arrays are acceptable with zero gadolinia. 

In this secticm, it will be demonstrated that an infinite array of edge-to-edge inner conta.iners is 
adequately subcritical at fully flooded conditions and with: 

1. Any. pellet diameter and any clad thickness ~ 0.01811
• There: was no gap between the 

pellet and clad in these models. 

2. Any ,combination of water al'1d 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-235 enrichme.nt up to 5.0% in all rods . 

I 
I 
i 
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4. No gadolinia is included in these calculations and none is required to assure s~fety at 
flooded conditions. · 

5. Any :array of packages is acceptable. 

4.1.1 CONSERVATIVE XSDRN MODEL (NO 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 m9del was a 

. cylindrical approximation of two infinite-length edge-to-edge assemblies (1 O" wide by 5" high fi.Jel 
region) in a 18" wide by 11" high inner container. The within-assembly moderator was either water 
or 100% polyethylene (PE). The between-a~sembly 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 modele.d 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 ~ith the 16 and 27 group cross ~ection 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 large numbers of histories. The optimum pellet diameter at flooded 
.conditions is about 0.35". · 
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. CONSERVATIVE XSDRN SP-1 MODEL (NO STEEl:.) 
: INFINITE ARRAY (3·D) OF EDGED-TO-EDGE INNER CONTAINERS 
. 5.0% ENRICHED, 0.01 S". THICK CLAD, FULLY FLOODED 
1

• XSDRN RESULTS WITH 16-GROUP CROSS SECTIONS 

Case Within- Pellet Moderator Unit sp:..1 
ID: Assembly o·iam, to Cell k-inf 

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 2.5 1.50353 0.88202 

a-h2025c PE 0.20 2.5 1.51765 0.94303 

a-h2030a Water Q.20 3.0 1.51588. 0.89042 

a-h2030c PE 0.20 3.0 1.52216 0.95055 

a-h2035a Water 0.20 3.5 1.51961 0.89317 

a-h2035c : PE 0.20 3.5 1.52140 0.95303 

a-h2040a Water 0.20 4.0 1.51948· 0.89288 

a-h2040c PE 0.20 4.0 1.51592 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-h2525c PE 0.25 2.5 1.52621 0.95253 

a-h2530a .water d.25 3.0 1.52391 0.89805 
' 

a-h25SOc PE- Q.25 3.0 1.53052 0.95900 
' 

a-h2535a Water 0.25 3.5 1.52776 0.90004 

a-h25~5c PE 0.25 3.5 1.52718 0.95929 

a-h2540a Water 0.25 4.0 1.52599 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-h30~0c PE 0.30 2.0 1.51835 0.94439 

a-h3025a Water 0.30 2.5 ·1.51943 ·0.89653 
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Ca~e Within- Pellet 

10· Assembly Diam, 
: 

Moderator ihch 

a-h3025c PE 0.30 

a-h3030a Water 0.30 

a-h3030c PE 0.30 

a-h3035a .Water 0.30 

a-h3035c PE 0.30 

a-h3040a Water 0.30 

' a-h3040c PE. 0.30 

a-h3520a Water 0.35 

a-h3520c PE 0.35 

a-h3525a .Water 0.35 

•• a-h3525c PE 0.35 

a-h3530a Water 0.35 

a-h3530c PE 0.35 

a-h3535a Water 0.35 

a-h3535c PE 0.35 
' 

a-h3540a Water 0.35 

a-h35~0c .PE 0.35 

a-h4010a Water 0.40 

a-h40,0c .PE 0.40 

a-h4015a Water 0.40 

a-h4015c PE 0.40 

a-h4020a Water 0.40 

a-h4020c ·PE 0.40 

a-h40~5a Water 0.40 

a-h4025c PE 0.40 

• 

Moderator 
to 

Fuel 
Volume 

Ratio 

·2.s 

3.0 

3.0 

3.5 

3.5 
: 

4.0 

4.0 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

1.0 

1.0 

1.5 

1.5 

2.0 

2.0 

2.5 

2.5 
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Unit SP.-1 
Cell k-inf · 
k-inf 

1.53013 0.95718 

1.52782 0.90160 

1.53230 0.96174 

1.52961 0.90197 

1.52739 0.96046 

1.52656 0.89899 

1.51744 0.95509 

1.50361 0.8874~ 

1.52314 0.94867 

1.52421 0.89976 

1.53459 0.96051 

1.53213 0.90393 

1.53339 0.96263 

1.53140 0.90254 

1.52511 0.95894 

1.52546 0.89766 

1.51231 0.95147 

1.39899 0.82438 

1.43607 o.8nsa 

.1.47279. 0.86825 

1.49917 0.92698 

. 1.50975 0.89093 

1.52638 0.95111 

1.52665 0.90098 

1.53454 0.96056 

. I 
' 
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Case Within- Pellet 

ID Assembly Diam, 
Moderator inch 

a-h4030a Water 0.40 

a-h403oc PE 0.40 

a-h4035a Water b.40 

a-h4035c PE 0.40 

a-h4040a Water 0.40 

a-h4040c . PE b.40 

a-h4510a Water 0.45 

a-h4510c PE 0.45 

a-h4515a Water 0.45 

a-h45~5c PE 0.45 

•• a-h4520a Water 0.45 

a-h4520c PE 0.45 

a-h4525a Water 0.45 

a-h4525c PE 0.45 

a-h4530a Water 0.45 

a-h4530c ··PE 0.45 

a-h4535a Water 0.45 

a-h45~5c PE 0.45 

a-h4540a Water 0.45 

a-h4540c PE Q.45 

a-h5010a Water 0.50 

a-h5010c PE 0.50 

a-h5015a Water d.50. 

a-h5015c PE 0.50 

a-h5020a Water 0.50 

• 

Moderator 
to 

Fuel 
Volume 

Ratio 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

1.0 

1.0 

1.5 

1.5 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

1.0 

1.0 

1.5 

1.5 

2.0 
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Unit SP-1 
Cell k-inf 
k-inf 

1.53202 0.90337 

1.53185 - 0.96121 

1.53006 0.90081 

1.52160 0.95585 

1.52265 0.89468 

1.50641 0.94653 

1.40557 0.82846 

1.44229 0.88175 

1.47921 0.87176 

1.50448 0.93034 

1.51402 0.89290 

·1.52935 0.95265 

1.52925 0.90158 

1.53470 0.95~98 

1.53227 0.90229 

1.52831 0.95806 

1.52730. 0.89778 

1.51484 0.95040 

1.51715 0.88985 

1.49687' 0.93905 

1.41164 0.83179 

1.44757 0.88513 

1.48419 0.87414 

1.50889 0.93270 

1.51761 0.89406 
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Case 
ID 

a-h5020c 

a-h5025a 
: 

a-h5025c 

a-h5030a 

a-h5030c 

a-h5035a 

a-h50S5c 
: 

a-h5040a 

a-h5040c 

Within- Pellet 
Assembly Diam, 
Moderator inch 

PE 0.50 

Water 0.50 

PE 0.50 
: 

,Water 0.50 

PE 0.50 

Water 0.50 

· PE 0.50 

Water Q.50 

PE 0.50 

Moderator 
to 

Fuel 
Volume 

Ratio 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 
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Unit SP-1 
Cell k-inf 
k-inf 

1.53095 0.95294 

1.53034 0.90099 

1.53330 0.95806 

1.53091 0.89999 

1.52414 0.95405 

1.52370 0.89387 

1.50780 0.94429 

1.51128 0.88435 

1.48693 0.93087 

CONSERVATIVE XSDRN SP-1 MODEL (NO STEEL) 
. INFINITE ARRAY (3-D) OF EDGED-TO-EDGE INNER ·CONTAINERS 

5.0% ENRICHED, 0.0181~ THICK CLAD, FULLY FLOODED 
XSDRN RESULTS WITH 27-GROUP CROSS SECTIONS 

Case . Within- Pellet Moderator Unit SP-1 
ID Assembly Diam, to Cell k-inf 

; Moderator inch Fuel k-inf 
Volume 

Ratio 

b-h202pa ·water 0.20 2.0 1.47339 0.86610 

b-h2020c PE 0.20 2.0 1'.49595 0.92761 

b-h202.5a Water 0.20 2.5 1.49808 0.88290 

b-h2025c PE 0.20 2.5 1.51245 0.94482 

b-h2030a Water 0.20 3.0 1.51030 : 0.89140 

b-h2030c PE 0.20 3.0 ·1.51715 0.95246 

b-h2035a Water 0.20 3.5 1.51445 0.89435 
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Case Within- Pellet 

10· Assembly Diam, 
Moderator inc~ 

b-h2035c PE 0.20 

b-h2040a Water 0.20 

b-h2040c PE 0.20 

b-h2520a 
: 

Water 0.25 

b-h2520c PE 0.25 

b-h2525a Water 0.25 

b-h25~5c PE 0.25 

b-h253Qa Water 0.25 

b-h25~0c PE 0.25 

b-h2535a Water 0.25 

:e b-h2535c PE 0.25 

b-h2540a Water 0.25 

b-h25~Qc. PE 0.25 

b-h30~0a Water 0.30 

b-h30~0c PE 0.30 

b-h3025a Water 0.30 

b-h3025c PE 0.30 

b-h3030a Water 0.30 

b-h3030c PE 0.30 

b-h3035a ·Water 0.30 

b-h3035c PE .0.30 

b-h3040a Water 0.30 

b-h3040c PE 0.30 

b-h3520a Water 0.35 

b-h3520c PE 0.35 

Moderator 
to 

Fuel · 
Volume 

Ratio 

3.5 

4.0 

4.0 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

2.0 

2.0 
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Unit SP-1 
Cell k-inf 
k-inf 

1.51441 0.95383 

1.51311 0.89345 

1.50675 0.95096 

1.48533 0.87699 

1.50630 0.93879 

1.50769 0.89179 

1.51989 0.95342 

1.51751 0.89826 

1.52167 0.95850 

1.51926 0.89921. 

1.51604 0.957~8 

1.51556 0.89639 

1.50558 0.95215 

1.49413 0.88393 

1.51335 0.94556 

. 1.51414 0.89684 

1.52400 0.95774 

1.52153 0.90138 

1.52278 0.96036 

1.52082 0.90043 

1.51420 0.95687 

1.51470 0.89578 

1.50087 0.94938 

1.50068 0.88834 

1.51803 0.94947 

' . ' 

; 

I 

I 
· 1 

! 
I 



• 
case Within- Pellet 

ID: Assembly Diam, 
: Moderator inch 

: 

' 

b-h3525a Water 0.35 

b-h3525c PE 0.35 

b-h3530a Water 0.35 

b-h3530c PE 0.35 

b-h3535a . Water 0.35 

b-h3535,c PE 0.35 

b-h3540a Water 0.35 

· b-h3540c PE 0.35 

b-h401pa Water 0.40 

b-h4010c PE 0.40 

b-h4015a Water 0.40 

b-h4015c PE 0.40 

b-h4020a Water 0.40 

b-h4020c PE 0.40 

b-h4025a Water 0.40 

b-h4025c PE 0.40 

b-h4030a Water 0.40 

b-h403Pc PE 0.40 
' 

b-h4035a Water 0.40 

b-h4035c PE 0.40 

b-h4040a Water 0.40 

b-h4040c PE 0.40 

b-h451!)a .water 0.45 

b-h4510c PE 0.45 

b-h4515,a Water 0.45 

• 

Moderator 
to 

Fuel 
Volume 

Ratio 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

1.Q 

1.0 

1.5 

1.5 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

,4.0 

4.0 

1.0 

1.0 

1.5 
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Unit SP-1 
Cell k-inf 
k-inf 

1.51827 0.89939 

1.52561 0.95923 

1.52313 0.90202 

1.52130 0.95943 

1.51989 0.89920 

1.50968 0.95359 

1.51129 0.89275 

1.49342 0.94387 

1.39258 0.82241 

1.43084 0.87699 

1.46895 0.86~20 

1.49574 0.92817 

1.50552 0.89099 

1.52087 0.95139 

1.52057 0.90016 

1.52527 0.95870 

1.52282 0.90089 

1.51777 0.95648 

1.51699' 0.89621 

1.50304 0.94832 

1.50586 0.88797. 

1.48379 0.93639 

1.40009 0.82675 

1.43780 0.881-58 

1.47477 0.87127 



• 
Case Within- Pellet 

ID Assembly Diam, 
I Moderator inch 

b-h4515c PE 0.45 

b-h4520a Water 0.45 

b-h4520c PE 0.45 

b-h4525a . Water 0.45 

b-h4525c PE 0.45 

b-h4530a Water 0.45 

· b-h4530c PE 0.45 

b-h4535a Water 0.45 

b-h4535c PE 0.45 

b-h4540a Water 0.45 

• .b-h454Qc PE 0.45 

b-h5010a Water 0.50 

. b-h501Qc PE 0.50 

b-h5015a Water 0.50 

b-h501$c PE 0.50: 

b-h5020a Water · 0.50. 

b-h5020c PE 0;50 

b-h5025a Water a.so: 

b-h5025c PE 0.50 

b-h5030a Water 0.50 

b-h5030c . PE 0.50 

b-h5035a Water a.so: 

b-h5035c PE 0.50: 

b-h5040a Water a.so· 

b-h5040c PE 0.50 

• 

EMF-1563 

Moderator Unit 
to Cell 

Fuel k-inf 
Volume 

Ratio 

1.5 1.50020 

2.0 1.50896 

2.0 1.52221 

2.5 1.52138 

2.5 1.52331 

3.0 1.52094 

3.0 1.51253 

3.5 1.51244 

3.5 1.49461 

4.0 1.49872 

4.0 1.47232 

1.0 1.40671 

1.0 1.44381 

1.5 1.47954 

1.5 1.50353 

2.0 1.51124 

2.0 1.52229 

2.5 1.52094 

2.5 1.52000 

3.0 1.51ns 

3.0 1.50585 

3.5 1.50652 

3.5 1.48470 

4.0 1.49017 

4.0 1.45934 
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SP-1 
k-inf 

0.93091 

0.89232 

0.951-79 

0.89959 

0.95663 

0.89840 

0.95197 

0.89185· 

0.94149 

0.88182 

0.92739· 

0.83019 

0.88515 

0.87337 

0.93255 

0.89263 

0.95102 

0.89797 

0.95336 

0.89484 

0.94626 

0.88642 

0.93345 

0.87462 

0.91716 

. i 

. ! . 
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Several of the XSDRN model cases were replicated with a conservative KENO model. The KENO 
· model uses' cub9idal geometry types (with cell-weighted cross sections) but ·no steel is in the 
model. Cases 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 discret~ 0.1267" thic~ polyethylene shims equally spaced across the assembly were also 
included. Tt:ie 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 ass~mblies 
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- Pellet Mod. KENO 
lb Assembly Diam, to k-inf 

Moderator/ inch Fuel 
Channel? Vol. Avg. Std.Dev. 

Ratio 

a-f2o2oa ·Water/No 0.20 2.0 0.87876 0.00453 

a-f20~0b. Water/Yes 0.20 2.0 0.88485 0.00479 

a-f2020c PE/No 0.20 2.0 0.93063 0.00390 

a-f2020d PE/Yes 0.20 2.0 0.93336 0.00449 

a-f2020e Water-Shims/No 0.20 2.0 0.92717 0.00426 

a-f2025a Water/No 0.20 2.5 0.89129 0.00451 

a-f2025b . Water/Yes 0.20 2.5 0.89513 0.00385 

a-f2025c PE/No 0.20 2.5 0.94557 0.00407 

a-f2025d PE/Yes 0.20 2.5 0.93681 0.00398 
: 

a-f2030a Water/No 0.20 3.0 0.90086 0.00411 

a-f2030b Water/Yes 0.20 3.0 0.89664 0.00424 
. ' 

a-f2030c PE/No 0.20 3.0 0.94008 0.00414 

a-f2030d PE/Yes 0.20 3.0 0.93018 0.00476 

a-f2030e ·water-Shims/No ' 0.20 3.0 0.91579 0.00458 



• .. 
Case Within-

ID Assembly 
. Moderator/ 

Channel? 

a-f2035a Water/No 
'. 

a-f2035b Water/Yes 

a-f2035c PE/No 

a-f2035d PE/Yes 

a-f20~5e Water-Shims/No 

a-f2040a Water/No 

a-f2040b Water/Yes 

a-f2040c PE/No 

a-f2040d · PE/Yes 

a-f2040e Water-Shims/No 

•• a-f2520a Water/No 

a-f2520b Water/Yes 

a-f2520c PE/No 

a-f2520d · PE/Yes I 

a-f25goe Water-Shims/No I 

a-f2525a Water/No 

a-f2525b Water/Yes 

a-f2525c PE/No 

a-f2525d PE/Yes 
' 

a-f2525e Water-Shims/No 

a-f2530a ·Water/No 

a-f2530b Water/Yes 

a-f2530c PE/No 
' 

a-f2530d PE/Yes 

a-f2530e Water-Shims/No 

• 

Pellet Mod. 
Diam, to 
inch Fuel 

Vol. 
Ratio 

0.20 3.5 

0.20 3.5 

0.20 3.5 

0.20 3.5 

0.20 3.5 

0.20 4.0 

0.20 4.0 

0.20 4.0 

0.20 4.0 

0.20 4.0 

0.25 2.0 

0.25 2.0 

0.25 2.0 

0.25 2.0 

0.25 2.0 

0.25 2.5 

0.25 2.5 

0.25 2.5 

0.25 2.5 

0.25 2.5 

0.25 3.0 

0.25 3.0 

0.25 3.0 

0.25 3.0 

0.25 3.0 
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KENO 
k-inf 

Avg. Std.Dev. 

0.89583 0.00382 

0.88990 0.00418 

0.94763 0.00494 

0.92924 0.00448 

0.90497 0.00402. 

0.89580 . 0.00439 

0.88763 0.00441 

0.94291. 0.00412 

0.92183 0.00391 

0.90523 0.00429 

0.87997 0.00398 

0.88920 0.00435 

0.93842 0.00444 

. 0.94057 0.00429 

0.92728 0.00471 

0.90276 0.00442 

0.90054 0.00467 

0.96030 0.00500 

0.94144 0.00494 

0.92663 0.00367 

0.88953 0.00422 

0.89933 0.00463 

0.94879 0.00460 

0.94276 0.00448 

0.92537 0.00455 



• 
Case Within-

ID ·Assembly 
Moderator/ 
Channel? 

a-f2535a · Water/No 

a-f2535b · Water/Yes 

a-f2S35c PE/No 

a-f25~5d PE/Yes 

a-f25$5e Water-Shims/No 

a-f2540a Water/No 

a-f2540b Water/Yes 

a-f2540c PE/No 

a-f2540d PE/Yes 

a-f2540e Water-Shims/No 

••• a-f3020a Water/No 

a-f3020b Water/Yes 

a-f3020c PE/No 

a-f3020d PE/Yes 

a-f3020e Water-Shims/No · 

a-f3025a Water/No 

a-f3025b Water/Yes 

a-f3025c PE/No 

a-f3025d PE/Yes 

a-f3025e Water-Shims/No 

a-f3030a Water/No 

a-f3030b Water/Yes 

a-f3030c PE/No 

a-f3030d PE/Yes 

a-f3030e Water-Shims/No 

•• 

Pellet Mod. 
Diam, to 
inch Fuel 

Vol. 
Ratio 

0.25 3.5 

0.25 3.5 

0.25 3.5 

0.25 3.5 

0.25 3.5 

0.25 4.0 

0.25 4.0 

0.25 4.0 

0.25 4.0 

0.25 4.0 

0.30 2.0 

0.30 2.0 

0.30 2.0 

0.30 2.0 

0.30 2.0 

0.30 2.5 

0.30 2.5 

0.30 2.5 

0.30 2.5 

0.30 2.5 

0.30 3.0 

0.30 3.0 

0.30 3.0 

0.30 3.0 

0.30 3.0 
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KENO 
k-inf 

Avg. Std.Dev. 

0.89364 0.00444 

0.89466 0.00433 

0.95147 0.00451 

0.93338 0.00452 

0.91106 0.00420 

0.89647 0.00459 

0.88704 0.00474 

0.94321 0.00496 

0.91946 0.00479 

0.90705 0.00476 

0.89060 0.00420 

0.89189 0.00443 

0.93445 0.00356 

0.93180 0.00473 

0.93166 0.00455 

0.90312 0.00431 

0.89959 0.00467 

0.95102' 0.00407 

0.94908 0.00445 

0.92919 ' 0.00492 

0.90641 0.00460 

0.90528 0.00447 

0.94905 0.00421 

0.94281 0.00450 

0.93184 0.00433 



:• 
.Case Within- ' 

ID Assembly 
. Moderator/ 

Channel? 
: 

a-f3035a Water/No 

a-f3035b Water/Yes 

a-f3035c PE/No 

a-f3035d PE/Yes 

a-f3035e Water-Shims/No 

a-f3040a Water/No 

a-f3040b ·water/Yes 

a-f3040c PE/No 
: 

a-f3040d PE/Yes 
' 

a-f3040e Water-Shims/No :. a-f3520a Water/No 

a-f3S20b Water/Yes 

a-f3~20c PE/No 

a-f3520d PE/Yes 

a-f3520e Water-Shims/No 

a-f3~25a Water/No 

a-f3525b Water/Yes 

a-f3525c PE/No 

a-f3525d PE/Yes ! 

a-f3525e Water-Shims/No 

a-f3530a Water/No 

a~f3530b Water/Yes 

a-f3530c PE/No 

a-f3530d PE/Yes 

a-f3530e Water-Shims/No 

• 

Pellet Mod. 
Diam, to 
inch Fuel 

Vol. 
Ratio 

0.30 3.5 

0.30 3.5 

0.30 3.5 

0.30 3.5 

0.30 3.5 

0.30 4.0 

0.30 4.0 

0.30 4.0 

0.30 4.0 

0.30. 4.0 

0.35 2.0 

0.35 2.0 

0.35 2.0 

0.35 2.0 

0.35 2.0 

0.35 2.5 

0.35 2.5 

0.35 2.5 

0.35 2.5 

0.35 2.5 

0.35 3.0 

0.35 3_.0 

0.35 3.0 

0.35 3.0 

0.35 3.0 

EMF-1563 
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KENO 
k-inf 

Avg. Std.Dev. 

0.89289 0.00461 

0.89449 0.00419 

0.95040 0.00422 

0.94390 0.00482 

0.91050 0.00431 

'0.89012 0.00472 

0.88006 0.00425 

0.94030 0.00476 

0.91684 0.00439 

0.89556 0.00400 

0.89106 0.00432 

0.89507 0.00467 

0.95105 ' 0.00430 

0.93813 0.00417 

0.92565 0.00490 

0.89108 0.00370 

0.89634 0.00400 

0.94660 0.00430 

0.94669 0.00413 

0.93796 0.00429 

. 0.89969 0.00457 

o.~9847 0.00429 

0.95890 0.00426 

0.93678 0;00411 

0.92420 0.00457 

·I 

I 



• 
Case Within-

ID Assembly 
Moderator/ 
Channel? 

: 

a-f3535a Water/No 

~-t3535b Water/Yes 

a-f3S35c PE/No 

a-f35$5d PE/Yes 

a-f3535e . Water-Shims/No 

a-f3540a Water/No 

a-f3540b Water/Yes 

a-f3540c PE/No 

a-f3540d PE/Yes 

a-f3540e Water-Shims/No 

•• 

• 

Pellet Mod. 
Diam, to 
inch Fuel 

Vol. 
Ratio 

0.35 3.5 

0.35 3.5 

0.35 3.5 

0.35 3.5 

0.35 . 3.5 

0.35 4.0 

0.35 4.0 

0.35 4.0 

0.35 4.0 

0.35 4.0 
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KENO 
k-inf 

Avg. Std.Dev. 

0.90120 0.00441 

0.88376 0.00453 

0.94897 0.00433 . 

0.92683 0.00427 

0.90340 0.00417 

0.88992 0.00429 

0.87859 0.00406 

0.94135 0.00433 

0.91071 0.00428 

0.88200 0.00450 
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Conservative XENO SP-1 Model (No Steel) 
Infinite Array of Flooded Inner Containers 
5.0x Enriched, 0.018" Thk Clad, Zero Gap 
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Conservative KENO SP-1 Model (No Steel), 100% PE in Assef'l'lbly 
Infinite Array of Flooded Inner Containers 
5.0x- Enriched, 0.018" Thk Clad, Zero Gap 
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Conservative KENO SP-1 Model (No Steel), 100% PE in AsseMbly 
Infinite Array of Flooded Inner Containers 
5.0x Enriched, 0.018" Thk Clad, Zero Gap 

o.qso~~..--~-.-8~~lli·~~·U.e.tl,--1;Q.Qf:t.ru:r......4.UixLY~~w:ic2.0neL,...~---..~---

o.qs5 

O.Cl40 

O.Cl35 

o.q·36 

o.q2s 

O.Cl20 

O.Cl15 

o.c:ilo 

o.qos 

o.qoo 
1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 

Moderator-to-Fuel Voluf'Y'le Ratio 

16-Group Cross Section Results 



• 
,,.... 
c: ::. 
0 

..r:: 
lf) 

~ 
0 

CD 

0 
E 
Cl 

iii 
N ...... 
...... ...... 
CV 
I 

.:::t. 

•• 

• 

EMF-1563 
EMF-1563 Revision 12A 

Appendix 60 
Page 39 of 108 

Conservative KENO SP-1 Model (No Steel), Nine 0. 1267" Shirris per Assembly 
Infinite Array of Flooded Inner Containers 
5.0x .Enrich~d, a.at 8" Thk Clad, Zero Gop 
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4.1.3 KE~O MODEL ,(FLOODED) WITH STEEL INCLUDED 
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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 511 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 0.211 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: 

-27-Group: 

Case "a-g3530c", bias-corrected 95% UL: 0.93068 

Case 11b-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 diam_eter, 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% ~NRICHED, 0.01811 THICK CLAD, FULLY FLOODED 
KENO RESULTS WITH :1 &-GROUP CROSS SECTIONS · 

Cas·e 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 2.5 0.84504 0.0045'1 

a-g2030a Water 0.20 3.0 . 0.84094 0.00485 

a-g20~0c PE 0.20 3.0 0.90552 0.00392 

a-g2035a Water 0.20 3.5 0.85281 0.00426 

a-g2035c PE Q.20 3.5 0.90434 0.00398 

a-g2040a Water 0.20 4.0 0.84752 0.00446 

a-g2040c PE 0.20 4.0 0.90370 0.00440 



• 
Case Within- Pellet 

ID. Assembly Diam, 
Moderator ihch 

a-g2520a Water 0.25 

a-g2520c PE 0.25 

a-g2525a Water 0.25 

a-g2525c PE Q.25 

a-g2530a Water 0.25 

a-g2530c PE 0.25 

a-g2535a Water 0.25 

a-g2535c PE 0.25 

a-g2540a Water 0.25 

a-g2540c . PE Q.25 

• a-g3020a Water 0.30 

a-g3020c PE 0.30 

a-g3025a Water 0.30 

a-g3025c . PE 0.30 

a-g3030a Water 0.30 

~-g3030c PE 0.30 

a-g3035a Water 0.30 

a-g3035c PE 0'.30 

a-g3040a Water 0~30 

a-g3040c PE 6~30 

a-g3520a Water 0~35 

a-g3520c PE 0~35 

a-g3525a. Water 0.35 

a-g3525c PE 0.35 

a-g3530a Water 0.35 

•• 

Mod. 
to 

Fuel 
Vol. 
Ratio 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

2.0 

2.0 

2.5 

2.5 

3.0 
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k-eff 

Avg. Std.Dev. 

0.84519 0.00465 

0.90331 0.00439 

0.85445 0.00415 

0.90763 0.00455 

0.85372 0.00484 

0.91334 0.00403 

0.85586 0.00446 

0.91780 0.00428 

0.85437 0.00498 

0.90556 0.00436 

0.84923 0.00458 

0.90908 0.00410 

0.85126 0.00451 

0.90900 0.00378 

0.86247 0:00433 

0.91366 0.00432 

0.85584 0.0046!) 

0.90524 0.00389 

0.85556 0.00428 

0.90460 0.00375 

0.85702 0.00452 

0.91050 0.00459 

0.85422 0.00431 

0.91820 0.00521 

0.85580 0.00397 

I 

I 
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Case 
ID: 

' 

a-g3530c 

a-g3535a 

a~g3535c 

a-g3540a 

a-g3540c 

Within- P~llet 
A~sembly Diam, 

.Moderator inch 

. PE 0.35 

Water 0.35 

PE 0.35 

Water 0.35 

PE 0,.35 

Mod. 
to 

Fuel 
Vol. 

Ratio 

3.0 

3.5 

3.5 

4.0 

4.0 
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k-eff 

Avg. Std.Dev. 

0.92188 0.00488 

0.85595 0.00410 

0.90628 0.00449 

0.85456 0.00370 

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 RES UL TS WITH 27-GROUP CROSS SECTIONS 

Case .Within Pellet Mod. k-eff 
ID· Assembly Diam, to 

Moderator incli Fuel 
Vol. Avg. Std.Dev.· 

Ratio 

b-9202,oa Water 0.20 2.0 0.84106 0.00456 

b-g202.0c PE 0.20 2.0 0.89691 0.00544 

b-g2025a Water 0.20 2.5 0.84771 0.00418 
' 

b-g2025c PE 0.20 2.5 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-g2035c PE 0.20 3.5 0.91472 0.00437 

b-g2040a Water 0.20 4.0 0.85637 0.00409 

b-g204bc PE 0.20 4.0 0.90839 0.00469 

.b-g2520a . Water 0.25 2.0 0.85102 0.00399 

b-g252pc PE 0.25 2.0 0.89825 0.00376 

b-g2525a Water 0.25 2:s 0.86299 .0.00505 



• 
Case Within Pellet 

ID' Assembly Diam, 
Moderator inch 

b-g2525c PE 0.25 

b-g2530a Water 0.25 

b-g2530c PE 0.25 

b-g2535a Water 0.25 

b-g2535c PE 0.25 

b-g2540a 
., 

Water 0.25 

b-g2s40c PE 0.25 

b-g3020a Water 0.30 

b-g3020c PE 0.30 

b-g3025a ·Water 0.30 

•• . b-g3025c PE 0.30 

b-g3030a Water 0.30 

b-g3030c PE 0.30 

b-g3035a Water. 0.30 

b-g3035c PE 0.30 
: 

b-g3040a Water 0.30 

b-g3040c PE 0.30 

b-g3520a Water 0.35 

b-g3520c PE 0.35 

b-g3525a Water 0.35 

b-g3525C PE 0.35 

b-g3530a Water 0.35 

b-g3530c PE 0.35 

b-g3535a Water 0.35 

b-g3535c PE 0.35 

•• 

Mod. 
to 

Fuel 
Vol. 
Ratio 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

4.0 

4.0 

2.0 

2.0 

2.5 

2.5 

3.0 

3.0 

3.5 

3.5 

-
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k-eff 

Avg. Std.Dev. 

0.92508 0.00415 

0.86711 0.00431 

0.92091 0.00435 

0.85632 0.00449 

0.91707 0.00414 

0.85102 0.00420 

0.90408 0.00433 

0.85156 0.00448 

0.91182 0.00455. 

0.86442 0.00419 

0.92380 0;00425 

0.85735 0.004!;>7 

0.92194 0.00484 

0.86472 0.00381 

0.91602 0.00411 

0.85676 . 0.00444 

0.91409 0.00462 

0.86583 0.00412 

0.91006 0.00458 

0.86063 0.00397 

0.91983 0.00497· 

0.8.6350 0.00443 

0.91868 0.00423 

0.85684 0.00402 

0.90675 0.00440 
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: 

: 

c ase 
10: 

: 

: 

540a b-g3 

b-g35 40c 

: 

: 

: 

; 

: 

Within Pellet 
Assembly Diam, 
Moderator inch 

Water '0.35 

PE 0.35 

: 

: 
: i 
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Mod. k-eff I 
I 

to ! 

Fuel 
Vol: Avg. Std.Dev. 
Ratio 

4.0 0.85076 0.00397 

4.0 0.90292 0.00423 
: 

' 

' 
I 

l 

l 

' 

i 

I 
I 
I 

: 

i 
I 

I 
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Unless stated otherwise, all calculation results in this Section are based on the following set of 
parameters-: 

a. All edge rods are 4.0% enriched, all: U02-Gd2Q3 rods.are 5.0% enriched and contain 1.5 
wt.% Gd20 3 , 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 pqlyethylene. shims. 

c. All rods contain 0.35" diameter pellets and are clad with 0.018" thick zircaloy. There is no 
gap between the p~llet and clad: · 

d. All assemblies are 1 Ox1 o 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 tnod~led .. Section 4.3 contains results for "normal" conditions with the wooden outer 

' conta,ner. 

The total PE·volume 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 15385.865cc. The PE volume 

· per unit lenQth 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.d" assembly envelope dimension. The 1.5" square 
channel would then occupy 2.25 cu in/in. 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 1 Ox1 a assembly with 
zero water rods and zero gadolinia rods and 8 volume % interspersed water are tabulated below; 
the model i~ ;:in 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 fissiqn 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 normalized fission rates of the 
corner/edge· rods incr.eases 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 

1.320 1.245 1.206 1.189 1:187 1.200 1.232 1.295 1.430 

:1.091 1.000 .955 .935 .933 .947 .983 1.058 1.238 

.996 .887 .835 .813 .810 .826 .867 .956 1.148 

.950 .834 .775 .751. .747 .764 .812 .906 1.101 

.. 930 .812 .751 .724: .721 .740 .788 .884 1.080 

'.930 .812 .751 .724· .720 .739 .788 .884 1.080 

·.949 .833• .n4 .749 .746 .763 .811 .905 1.100 
I 

: .994 .BBS .833 .811 .808 .824 .865 .954 1.146 

;1.088 .997 .952 .932· .930 .944 .980 1.054 1.235 

1.31'5 1.240 1.201 1.184 1.182 1.195 1.227 1.289 1.424 

4.21 Sen~itivity Study: Gadolinia Rod ~ocations 

The fission ·densities tabulated above are instructive regarding the selection of locations of 
gadollnia 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 ther-mal 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.% Gd2Q3 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%. 

The CASMQ 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 spepular reflection at all faces: The left side of the assembly faces 
the companion assembly and the right side faces out. 

The arrangements modeled and the calculation results are presented in the following figures and 
table. The most reactive arrangement is "GRA2", 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 wit~ them c)n the right side {facing out). The rod type numbers 
shown in the figures were used for other studies with models with multiple rod enrichments. In 
these cases, Types 1 ,2, and 3 are 4.0% enriched and Type 4 {shaded) is 5.0% enriched with 
1.5% gadolinia. · 

Pattern GRA1 Pattern GRA2 ·Pattern GRA3 

(j) CD (j) <D ·<D <D <D <D © <D <D (j) <D <D 'CD (j) (j) (j); © (j) (j) (j) <D (j) (j) <D (j) (j) <D (j) 

(j) @ ® ® ~*' ~* <~: (#- :~':- (j) <D @ ® ® ;:~> '* «;: {fl~·· CD (j) @ ® ® ~~) %' <t: :•i;ji: $» CD 
<D @ ® @ @ @ :l;: ·:iif.: l'*!i: (j) <D @ ® @ @ @ $: ".t. '~;: CD <D @ @ @ @ @ ~~! ii{:: :!!i~ CD 
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Gadollnia Rod Arrangement Studies 
.All Gad Rods are 5.0% Enriched, All other Rods are 4.0% Enriched 

. Gadollnia Rods contain 1.5 wt.% Gd2Q3 
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CASMO Model with. Maximum Allowable Shims and 1 o Vol% Interspersed Water 

3X3 CHANNEL POSITION, 
Gad Rod· Number of 

Case ID CASMO k-inf 
Pattern 'Gad Rods 

1 2 3 4 

GRA .. 12 CAVA 0.98154 0.98669 0.98460 0.98466 

GAB .. 0.97896 0.98484 0.98197 0.98202 

GRC· .. 12 CAVB 0.98045 0.98638 0.98294 0.98298 

GAD .. 
'' 0.97658 0.98116 0.97761 o.9n66 

GAE .. 10 CAVC 0.96905 0.97137 0.97068 0.97068 

GAF .. 10 CAVD 0.97211 0.97433 '0.97324 0.97324 

GRG .. 10 CAVE 0.97097 0.97160 0.97136 0.97141 

GRH ... 10 CAVF 0.95944 0.96174 0.96109 0.96108 

GRI .. 12 CAVM 0.95538 0.95851 0.95673 0.95671 

GRJ .. 12 CAVMA 0.95339 0.95675 0.95530 0.95529 

GRK .. 12 CAVMB 0.95197 0.95450 0.95371 0.95372 

4.22 Sensitivity Study: ~ater 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 fdr 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 ~ddition of local moderation. 

The new fuel category requires gadolinia rods. If a fuel rod is replaced with a ''water r~d", 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 effect.iveness 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 included the maximum allowable amount 
of polyethylene (shims) and 1 o volume % interspersed water. This simple model had zero 
gadolinia and all fuel was 4.0% enriched. The water rod arrangemE!nts (patterns) modeled are 
shown in .the. following figures. As shown in the table following the figures, all cases with water 
rods are les~ reactive than the case with zero water rods. · 

Pattern WRA Pattern WRB Pattern WRC 

~~· (-:;;: ~» <:l:~ . ;>-'*~ ·:$~~ @ ·~1~ ~:~f.: ~~~;. ~fil::· ©if;:: ::.: .. '" :{::~~ ~~~~ oij~ :$l*. 4~:: ~:~:~: :§)::· ::r:~) ~)§: :~~"::· ~~r:~: =~~~": -=~=~= :!!!!::: ::§~ t::-
~~*: '*=):· @.: :.~j::: ~~* @~ ·~~ ~~ :[::!~· ~*: {~~ ~:~ :~r::: ~~:;: '~:: :~~ ·$ @l: t:;:r:-:. :it~ ~:~® -=~:):;. 11?= :: .. ~~ -:§(:: ~~= .. ~~~ :l~!~ :~~ ~~~-= 
~~~ 4~· :i1:;. :~~?.~ ~~.:: -t:~ ~*~ ·(;:: f:~ ~m~· ~i~· ~:1~:- =t::- ::;~) (::: o::fil~ ·® ~f:r:~ ::~r... ~$:- ~11:? ·::J~;. :®~ ::.~J ~~ -:®= -1~ ·~~ &· ~~t. 

$· ~§: t~ ~~ ' :@'s ·f}: ~~::· ® ~t- :§.;::. :®:- e ~::- (~ .~;[~: @: ~:~:: .:.sq~ ~~~: :?~:- ~::~· e~ ~t· •:*3: ~?,:- il:i>. ~*-:; -#) f$1~ :®> 
~~~ (l~:· :::fu";: if.~ : ~1~ ~:[::: ·:§~: ::::I::: ~~~;:. ~~~ . &~~; '~ ~) ~:~ : ~~,. * ~"*= ® ~!l:':· §~:. :(~~~ ~~· :;~~ ~1~: ~~ :f:~ ·t~ i:~ :tf.· t~ 
f:::- ~r$: (:t==· :=*~ ~::: ~J: ~~~: ·:~~?. :tf:!: ::1:~-:. ®:- .:::~~ {::~ @ 1 ~:I=~ ·=~?: @:: 1::~ ~~~*= :~~:=- &.:~:· ·~~a· ~t==· ::~:~ ~~ ·~!$= ~1::: {!~: :::lm- · ® 

Pattern WRD Pattern WRE Pattern WRF 

~i::- :;f::::- ~~ ~@; ' *~~~ -:?~: ~r:= ·~(::: ' :~~ ::m::- t?· :~:~::=: ~i~::- ==~=~ ~~:: -=~:: ·:~~~ ~$~: :1:?,1:: ::~:. ~i:~~· ·~=!~ ~~:~· :~~~ ®~ .:@; ~~(:~ (~ ~~oz. =-?.~ 
($= ·:~.:i~· ~~ ~~::;~ · ~~*: ~~~:: -::;~:= ~~ro: ~~~ =::i~ ~:::::- .::~.::- ::@: ~:1:=: ~=~~= =1=: ·(i.= ~~~1= ~~f~· ~*~ :;:;~· ·::!:i;. =:~*= :::§$ :tl~ :~:.:=:: -::"t,:: :~~~~ :~it:-

(:~ ·~~::- ~P:1~· ::-::2 $.~: ·~t ·1~ ·t~ ::®- (-§_%· ~r~~· ·~'*-· :*~ ~~~:: t~~ ->:t ·® ~*f.. $.~· tl ~~ ~~~· ~:~~ t~Tu: .. &:: a .::;~:: ~*~ ~~ 
®· ~fill=- $ ::i~ ' ®: .:@: ·®~ <$.) ;:~ ~!~· ~~;.. ·@· t.~:- ~i~ :;t,:: ·*.$": ·~~": 1$ ~ft :*1~· :@!· * ~!?· ::J~ $: i~:: i~~ (~~ :&t ~* 
~~ ·~~ . ~; $~ . ~:: ~~ -::;~~ ~if:~~ . ~~~· ~.$: W:: <:~:· ~f. ::~:· ~~:#: :;;~)1 -$~ -.~ ~;~::- *1*: f~:: .:~t;) t;l:~= ~~ ~i: =-~** "~~:: :~~~ @:. f:W: 

$ ~~~.; $~:· ~~:: . :*f:· * f:;-£:: ·::?.~ ~:!t:: :t!::- ~i§:· ~§~ ~~ -=~:: ,:;r.. ·:®: :f,:..: $ ~~~: :@:· :$~:· (~~~ ~~~ ~*!~ ~~:J .;$'* :§i::: -:::~~ ~~l:: ~j-
t1I§: ~~· t:t :1.~ . ~t- ~i~ -:§~ =*~~ $~ .. · :$.1: m ~?:i~· • :=.:l: ~~~ :.t:~ -==~:~ ~;: t::1::- 1$· :t:~ ·:~~> :5~r:: ~:~ ~r- ~J;;: ·::?.~= ~~1~ • · ~m: 
~~:;. ~:is. :f:l::- @: · ~~ 4.:1~ ~~* -:::;:;: ~~r:= :::;~;.. $~· ~~*' =m~:- :::~.:: ®:: ·~~~:= ;::~:~ ·~:~~ :~: ~~:::. :§1::- ;:~%~ $1::- * $.i*:~ 1*: :~:1~: ·$.~=1~ ~:r~ * 



•• 

•• 

• 

Pattern. WAG Pattern WAH 

EMF-1563 

Pattern WAI 

EMF-1563 
Revision 12A 
Appendix 60 
Page 58 of 108 

~~~· ~l~! ~~~:· •:t,~: · ~~;; -=-~*= :~r::: .:-:~~ ~*~: ~~1::- =:1:1~· =*l ~I~.. ;::~~: ~~~· .:~:?- ~~::: ·::l~~ :::~:1~ ~1t ~~~::· =~:~~ ::~~::· ·~~:: :@:: .·~:~: ~~:~ <f: ~~:~ ~i:i::· 

~:~. <:;$:· ~:: :§~:: :;:!~:: ~~~-: ·~:1~ ~~~ ::~~: ~=l=~~ :i;i:§. ·::~l~· *t~: ~~:i:~ : ·~1:~~ ~if:::: ·::1:1:: :~:i:~ ::1:1::. ~}J~ ~~::~ (~) :~1~:: :~:~:: ::;1~:: :*~= ~~~: .;~~ :{~:·. :~;~ 

Pattern WAJ Pattern WRK Pattern WRL 

Pattern WRM Pattern WRN . Pattern WAO 



• 

• 

• 

Pattern WRP 

m-= (:~.. ::~t- ·~~~;. ~~ ::.;::~ ~~~ ~~fy~ ~~$- :~~· 

~,._ ® =• ::i: · r:~· -=~~~ :m~:: -::~~ ~=i ~i:~· 

®· ijl @:- ;~~~ ~ ..-:~~ :;~ ~:~~ ?:i:~~ ::;:;~ 

=f* ~::- ~~~: t:::= : ~~ ?,~:~ 1~~ ~~ ~~:- :"~~l~ 

:@ <§~ & :t:~~: @.~ '<:13 fo ·~~ *'' @> 

WATER ROD SENSITIVITY STUDY CASES 

EMF-1563 

EMF
_
1563 

· Revision 12A 
Appendix6D 
Page 59 of 108 

. ALL FUEL IS 4.0% ENRICHED, ZERO GADOUNIA 
CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS AND 10 VOL.% WATER 

:CEWB 

CEWA 

Additional water rod studies were done for assemblies with gadolinia rods. The gadolinia rod 
pattern tested was "GRA2'', which was showh to be the most reactive in Section 4.21. As shown 
in the table f~llowing the figures below, adding a water rod lowers k-inf in all· cases . 
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CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS AND 10 VOL.% WATER 

Pattern :Case ID 
CASMO k-

inf 

RA2 (REF.) GAV;.. 0.98669 

WRGA 0.98410 
.. 

WRGB 0.98417 

WRGC 0.98429 

WRGD 0.98489 

WAGE 0.98515 

WRGF 0.98460 

WRGG 0.98500 

WRGH 0.98396 

WRGI 0.98417 

WRGJ 0.98431 
' 

WRGK : CAVN 0.98438 
: 

WRGL 0.98489 

WRGM 0.98512 

WRGN 0.98473 

WAGO 0.98453 

WAGP 0.98504 

WRGQ 0.98507 

WRGR 0.98509 

WAGS ' 0.98507 

WRGT ' 0.98498 

WAGU 0.98470 
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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 ro.ds (Type 4) were always 5.0% ~nriched. The average enrichment of Types 2 and 3 
was 4.0% in ,all cases. The rod arrangements modeled and the CASMO calculation results 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: 
ID 4 4 2· 3 Avg. Avg. k-inf 

; wt.% Enr. Enr.· Enr. Enr. Enr. 
Gad 

cavg 1.5 5.00 5.00. 2.9524 4.130 4.000 0.98540 

cavg 1,5 5.00 4.75 3.2143 4.130 4.000 0.98610 

cavg 1.5 5.00 4.50 3.4762 4.130 4.000 0.98654 

cavg 1.5 5.00 4.25: 3.7381 4.130 4.000 0.98673 

cavg: 1.5 5.00 4.00 4.0000 4.130 4.000 0.98669 

cavg 1.5 5.00 3.75 4.2619 4.130 4.000 0.98643 
: 

cavg· 1.5 5.00 3.50 4.5238 4.130 4.000 0.98595 

cavg 1.5 5.00 3.25 4.7857 4.130 4.000 0.98521 

PATTERN ERB CALCULATION RESULTS 
CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 1 O VOL.% WATER 

Type 
Type Type: Type ALL INT. 

Case 4 CASMO 
ID: wt.% 4 2 3 Avg. Avg. 

k-inf 
' . Gad 

Enr. Enr .. Enr. Enr. . Enr. 
. ' 

cavh 1.5 5.00 5.00 3.2083 4.130 4.000 0.98625 

cavh· 1.5 5.00 4.75. 3.4063 4.130 4.000 0.98661" 

cavh· 1.5 . 5.00 4.50 3.6042 4.130 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 3.75: 4.1979 4.130 4.000 0.98639 

cavh: 1.5 5.00 3.50: 4.3958 4.130 4.000 0.98594 

cavh: 1.5 5.00 3.25. 4.5938 4.130 4.000 0.98531 

cavh 1.5 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 

. ' : 
Type Type Type Type ALL INT. 

Case' 4 4 2 3 Avg. Avg·. CASMO 
ID wt.% k-inf .. 

Gad 
Enr. Enr. Enr. Enr. Enr. 

ca vi 
' 

1.5 5.00 5.00 3.4643 4.130 4.000 0.98673 

ca vi : 1.5 5.00 4.75 : 3.5982 4.130 4.000 0.98688 

ca vi 1.5 5.00 4.50 
' 

3.7321 4.130 4.000. 0.98692 

ca vi 1.5 5.00 4.25 3.8661 4.130 4.000 0.98686 

ca vi 1.5 5.00 4.00 4.0000 4.130 4.000 0.98669 

ca vi 1.5 5.00 3.75 4.1339 4.130 4.000 0.98641 

ca vi 1.5 5.00 3.50 4.2679 4.130 4.000. 0.98601 

ca vi 1.5 5.00 3.25 4.4018 4.130 4.000. 0.98552 

ca vi 1.5 5.00 3.00 4.5357 4.130 4.000 0.98488 

I 
. ! 
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CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 10 VOL.% WATER 
' 

Type Type Type! Type ALL INT. 
Case.· 4 CASMO 

ID wt.% 4 2 3 Avg. Avg. 
k-inf 

Gad Enr. Enr. · Enr. Enr. Enr. 

cavj 1.5 5.00 5.00 3.7353 4.130 4.000 0.98683 

cavj 1.5 5.00 4.75 3.8015 4.130 4.000 0.98687 

cavj 1.5 5.00 4.50 3.8676 4.130 4.000 0.98686 
'' ' 

cavj 1.5 5.00 4.25 3.9338 4.130 4.000 0.98680 

cavj 1.5 5.00 4.00 4.0000 4.130 4.000 0.98669 

cayj 1.5 5.00 3.75 4.0662 4.130 4.000 0.98653 

cavj 1.5 ·5.00 3.50 4.1324 4.130 4.000 0.98630 

cavj 1.5 5.00 3.25 4.1985. 4.130 4.000 0.98602 

cavj 1.5 .5.00' 3.00 4.2647 4.130 4.000 0.98568 
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CASMO MODEL WITH MAXIMUM ALLOWABLE SHIMS PLUS 1 O VOL.% WATER 

Type Type Type· Type ALL INT. 
Ca~e 4 CASMO 

ID: wt.% 4 2 3 Avg. Avg. 
k-inf 

Gad Enr. Enr. Enr. Enr. Enr. 

I 

cavk 1.5 5.00 5.oo: 3.4074 4.130 4.000 . 0.98497 

cavk 1.5 5.00 4.75· 3;5556 4.130 4.000 . 0.98557 

cavk. 1.5 5.00 4.50: 3.7037 4.130 4.000 0.98605. 
: 

cavk · 1.5 5.00 4.25; 3.8519 4.130 4.000 0.98642 
.. 

cavk. 1.5 5.00 4.00 4.0000 4.130 4.000 0.98669: 

cavk· 1.5 5.00 3.75. 4.1482 4.130 4.000 0.98685 
' cavk 1.5 5.00 3.50 4.2963 4.130 4.000 0.98690 

cavk• 1.5 5.00 3.25: 4.4444 4.130 4.000 0.98682 

cavk 1.5 5.00 3.00 4.5926 4.130 4.000 0.98661 

i 

' i 
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Unless noted otherwise, all cases were modeled with a 0.3511 pellet diameter (0.38611 clad OD), 
the largest allowable.forthe new category. KENO calculation results are presented in Section 4.3 
to demonstrate that the · largest diameter is most reactive with low density interspersed 
moderation.' 

4.2.5 Semiitivity 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% 
Gd20 3• Also, all edge rods were 4.0% enriched. The average enrichment of internal rods, 
excluding gadolinia rods, was 4.0%. 

The array modeled was Bx13x1 (104 packages) which exceeds the 1 oo package minimum at 
damaged conditions for Fissile Class II with a minimum transport index of 1.0. The array was 
reflected by ~o cm of full density water at all six faces. 

The highest'. bias-corrected 95% upper limit k-eff for these KENO cases is 0.93607 for case "a­
evk1 O", which is listed in the "K1 O 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 sp:ecified quantities of shims and with any interspersed 
water density. · 
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. This arrangement has 12 Type 4 (gadolinia) rods clustered together at one of outward-facing 
corners. There are 36 Type 1 (Edge) rods,i 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 th~ following figure and the KENO calculation results are tabulated below the figure . 

I 

. I 
I 
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This arrangement differs from 11K1 11 only in the orientation of the left assembly: it was rotated 180°. 
The peak k-eff is slightly·lower than that fo:r 11K1". The two assemblies per package are shown 
in the followlng figure and the KENO calcu.lation results are tabulated below the figure .. 

Case 
ID 

. l 

! 
I . i 
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This arrangement 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 11 

but the difference is not significant. The two assemblies per packag~ are shown in the following 
figure and the KENO calculation results are tabulated below the figure. 

( , , ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 1. 

:122222~221 1222·····1 
12.23333221 122333uw;::::1.nm;1 
1233333321 1233 ·4f.P!~t1 

::-:·:·:·:·: :·:·:·:-=~· 

1:;!)3 3321 1233 3!fr~P 
1 ~3 3321 1233 ~-1 .::::m:. ..... :::::~;.:::: 

· 1 ~l~~ Ill 3 3 2 1 1 2 3 a a a 3 .3 2 1 
1••9333221 1223333221 .. ;.:.:.:-:·.·:·.·:-:·:·::· ... ·:·:-:· 
1 ••••• 2221 1222222221 
1 1 1 1 1 1 1 1 1 1 , 1 1 1 1 1 , 1 , 1 

Ciase Vol.% 
.rype 1ype ype Type Jl LL II' I. k-eff 
.4 4 2! 3 Avg. Avg. Array 

ID Water 
%Gad Enr. Enr: Enr. Enr. Enr. Avg.· Std.Dev. 

A-l::.YG08 B.O 1.50 5.00 5.00 2.95 4.13 4.00 104 0.9~135 O.Ou184 
A-EVG10 10.0· 1.50 5.00 5.00 2.95 4.13 4.UU 104 0.92615 0.00171 
A-l:.Vvl2 12.0 1.50 5.00 5.00 2.95 4.13 4.00 104 0.92100 0.00175 

' 
. I 

I 

i 
i 

i 
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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. · 

1 1 1 .1 1 1 1 1 1 1 1 , , 1 1 1 1 1 1 1 
1222222221 1222222221 
1 2 :2 3 3 3 3 2 2 1 1 2 2 3 3 3 3 2 2 .l 
1233333321 1233333321 
1~;~;3 3321 1!ff:j3 3321. 
1.3 3321 183 3321 
1.~.:.: ... = .. =•.·.: ... J 3321 1M~ 3321 :=e& .- . -. ~:~~:: -~:::t~~ 

1 1ifr.iff'Hi% 3 3 3 2 2 1 mi... .. ·--· · 3 a 
2
3 2

2 
2
2 

1
1 1 1!1'' 1(1/ 1¥1 ::;t,:: ~!ff!! 2 2 2 1 

1 1 1 .1 ., 1 1 1 1 1 \ 1 1 1 1 

ype ype I ype ALL IN I . k-eff 
4 2: 3 Avg. Avg. Array1=====r=====;1 

Enr. Enr. Enr. Enr. Enr. Avg. Std.Dev. 

Case Vol.% ly:e 

ID Water % Gad 

A-EVD08 8.0 1.50 5.00 5.00 2.95 4.13 4.00 104 0.916ff 0,UUl 82 
A-EVU1 O 10.0 1.50 5.00 5.00 2.95 4.13 4.00 104 0.91781 0.00178 ' 
A-c. '.U12 12.0· 1.50 5.00 5.0Q 2.95 4.13 4.00 104 0.91623 0.00188 

. I 
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This arrangement differs from "K2" only in the orientation of the right assembly: it was rotated 
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 fig.ure and the. KENO calculation results are tabulated below the figure. 

1 1 
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This arrangement is similar to "K1" and ·~1<211 • The left assembly was rotated to placed the 
gadolinia rods at the upper-left corner. The peak k-eff is not significantly different from 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. 

Case Vol.% 
ype 

lD Wate:r 4 
%Gad Enr. Std.Dev. 

8 8.0 1.50 5.00 .00 8 
0 10.0. 1.50 5.00 0.00 68 
2 12.0 1.50 5.00 0.00 88 



• 

• 

•• 

Arrangeme.nt K7 

EMF-1563 

EMF-1 S63 Revision 12A 
Appendix 6D 
Page 75 of 108 

This arrangement is similar to "KS". The left assembly was rotated to placed the gadolinia rods 
at the lower~right co

0

rner. The peak k-eff is n<llt significantly different from that for arrangement "KS" 
but it 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. 

1 1 ·1 1 1 1 1 1 1 1 
1. 2 2 2 2 2 2 2 2 1 
1 2 2 3 3 3 3 2 2 1 
1 2 3 3 3 2 1 
123 33\iffl)l 
123 33~1)1 

123 3 3 3 3J$d!f,!1 

1 2 2 3 3 3 \!11"'311111 1 
1 2 2 2 l~ff: 1ili LJ. ,.,. ....... LJ T 
1 1 1 1 1 1 l 1 1 1 

1 1 1 1 1 1 1 1 1 1 
1222222221 
1223333221 
1233 321 
1M~i33 321 

.... :.·:::.::: . 

1:~:gnsma 3 3 3 3 21 
1 ilitHRVil~ a 3 3 2 2 1 
1 dt~ ::a:: ::;m it:: ·:;m: 2 2 2 , 
1 1 1 1 1 1 1 1 1 1· 

C~se ' Vol.% Ty4pe l y4pe ype 1Type ALL '" I . 
2 3 Avg. Avg. Array 

ID Water o10 Gad E E E E E 1c nr. nr. nr. nr. nr. 
A-t:. nOB 8.0 1.50 5.00 5.00 2.95 4.13 4.00 104 0.91 624 0.00166 
A-E)IH1 O 10.0 1.50 5.00 S.00 2.95 4. 1 ~ 4.00 104 0.92004 0.00185 
A-t:VH12 12.0 1 .50 5.00 S.00 2.9S 4.13 4.00 104 0.91274 0.00171 

I 

. I 
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This arrangement is similar to "K1" except t~at there are now 24 Type 2 rods . The two additional 
Type 2 rods: were placed at the corner with gadolinla rods. The gadolinia rods are now less 
tightly clust~red 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 p~ckage are shown 
in the following 1igure and the KENO calculation results are tabulated below the figure. 

Case 
ID 

A-EV108 
A-l=V:11 O 
A-EVl12 

, , , , , 1 , 1 1 , 

, 2 2 2.2 2 2 2 2 1 

1 2 2 3 3 3 3 2 2 1 
:1233 321 
.lf.~33 321 
1;1Hta a 2 1 

:1:1:ttH~f3 3 3 3 321 
1 ;1,~· ~ :i:!Hffl: 3 3 2 2 1 
·1 2 ~Ii\ ~·~ !!#ti:: 2 2 2 1 
1 1 1 1 1 1 1 1 1 1 

Vol.% 
1ype lype lype ype 

Water :4 4 2 3 
%Gad Enr. Enr. :Enr. 

B.O 1.50 5.00 5.00 2.74 
10.0 1.50 5.00 5.00 2.74 
12.0 . 1.50 5.00 5.00 2.74 

1111111111 

, 2 2 2 :;«:: ;a; 1~1:1 :~•~ 2 1 
122 3 a;a.n112:~m11 
123sssat1am:1 
1 2 a a;:g;;;,~1 
123 33iJt.:1 
123 3321 
1223333221 
1222222221 
1 1 1 1 1 1 1 1 1 1 

AL.. I \11. k-eff 
Avg. Avg. Array 
Enr. Enr. Avg. Std.Dev. 

4.13 4.UU 104 0.92230 0.00190 
4.13 4.00 104 0.92283 0.00169 
4.13 4.00 104 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 2 rods 
nearthe corners without gadolinia were coriverted 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 
arrangement "K1". The peak k-eff is not significantly from that for arrangement "K1". The.two 
assemblies per package are shown in the fpllowing figure and the.KENO calculation results are 
tabulated below ·the figure. 

r.=,;:::;:::;1~1::;::.:::;::;:::11:;::;:::1;::::;::::;1::::;::::;:1 ::;:::::;::;:::11:;::::;==;::::;:1::::;:::;::1 "i"'i"'T=11;::::;::::;1=;=;::1::;:f::;::i::;=l::;=l;=l;=;FF=i=iJ; 

1222222221 122~8L J 
1 2 3 3 3 3 3 ~ 2 1 1 2 3 3 3 3 ::: ... ::: . 
1233 321 123333~Lw1 
1.33 ~21 123 33.1 

·lfil~)33 321 123 33\1~!1 
. 1 RJ!i!f.;( 3 s a 3 a 2 1 1 2 s s s 2 1 
1lJJ!l,,U$i333s2·1 1233333321 
1 ••••• 2221 1 222222221 
1 1 1 1 1 1 1 1 1 ;1 1 1 1 1 1 1 1 , 1 1 

j ·A-EVJ1 o I 1 o.o I ·1.so I s.oo 1s.0013.2114.13 I 4.oo I 104 I o.92621 I 0.00191 I · 

Case Vol.% Ty4pe ype . yp~ lype ; LL II\ l. k-eff 
4 2 · 3 Avg. Avg. Array l=====:;====ll 1 ~ Water % Gad Enr. Enr'. Enr. Enr. Enr. Avg. I Std.Dev. '' 

! 
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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 assemblies 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 ~o be shifted apart, the most reactive pellet diameter 
is the largestallowable,.decreasing the gadolinia pellet diameter while holding a!I others at the 
largest allowable causes an increase in k-eff, and that the maximum allowable shim quantity is 
most reactiv.e . 

'·case 
:. ID 

0.35 

0.30 

I 

·I 
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i Case 
ID 

11---.-...-..-=---i 

e et 
Assembly Diam, 
Position in. 

Together 

Centered 
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k-eff 

** Cases "A-EVP .. " had shims about half the maximum allowable thickness . 

***The "A-EVQ .. " cases with 13x20x1 arrays exceed the required array size. These data are for 
reference only. · · · 

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 ou~er 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 se:ctions at various locations alo11g the length of the package . 
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X-Y SECTION AT Z=4, 2X4 REGION 
UL XYZ: O.OODDE+OD 1.5750E+02 4-.00DDE+DO 
LR XYl: 1.5200E+02 O.OOOOE+OO 4.0000E+OO 

KEY;~ci:IDJDNllilJ 

X-Y SECTION AT Z=·10, PLYWOOD & 2X4 
· UL XYl: O.OOOOE+OO '1.5750E+02 1.000DE+OI 

LR XYl: 1.5200E+02 O.OOOOE+OO 1.0000E+OI 
KEY;CiM!iii&ire~m•11ne 

EMF-1563 
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X-Y SECTION AT z..;15, SKID AT BOTIOM 
UL XYZ: O.OOOOE+OO 1.5750E+02 1.5000E+01 
LR XYZ: 1.5200E+02 O.OOOOE+OO 1.5000E+OI 

KEY;~9llBWd · 
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UL XYZ: -1.0000E-02 7.8800E+01 2.6000E+02 
LR XYl: 7.5600E+01 -1 .OOOOE-02 2.6000E+02 

KEY;clmllfiBB~1mmam11m . 
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The calculation results for an infinite array pf 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 contain·ed 1.5 wt% Gd20 3, 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 . 
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Appendix A 
Sample Computer Inputs For the Models Used 

For This Analy~is 
' 

The model of KENO case ("a=evk1 O"} is listed below. 
=csas2S ' 
sp-1 with 4.9% enriched 1 Ox1 O fuel 
hans infh · 

uo2 1 0.98 293.0 92235 3.4643 92238 96.5357 end 

uo2 2 0.98 293.0 92235 3.4643 92238 96.5357 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 

Lio2 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 ro~ .with 2% gd2o3 

EMF-1563 

' td of uo2-gd2o3 = 10.96 -2.65*p/[p+0.67145*(1-p}], p=wt frac.gd2o3 
' "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 . 
' gd2o3 density is 0.02*1 Q.6832 = 0.1602 gm/cc 

· uo2 7 den=10.5230 1.0:293.0 92235 5.00 92238 95:00 end 
arbmgd2o3 b, 1602 2 O 1 O 64000 2 8016 3 ; 
7 1.0 293. end 

zircalloy 8 1.p 293.0 end 

' water, 1 O vol.% 
h2o 9 0.1 O 293.0 end 

' .basket steel 
carbonsteel ~ O 1.0 293.0 end 
'. angle stee! 
carbonsteel 11 1.0 293.0 .end 
' shell steel · 
carbonsteel ~ 2 1.0 29~.o end 
' reflector water 
h2o 13 1.0 293 end 
' polyethylene, 1 00 vol% 
arbmpe 0.92 2 O 1 o 60121 1001 2 
141.0 293. end 

EMF-1563 
· Revision 12A 
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' higher enr.iched rods 
uo2 15 0.98, 293.0 92235 5.0 92238 95.0 end 

end comp : 
more data · 
res= 1 cyli 4.2093E-01 dan( 1} = 4. 7667E-01 
res= 2 cyl! 4.4836E-01 dan( 2}= 4.4193E-01 
res= 3 cyli 4.7632E-01 dan( 3)= 3.2526E-01 

· res= 4 cyli 4.6217E-01 qan( 4) = 3.1789E-01 
res= 5 cyli 4.5874E-0:1 dan( 5}= 3.2938E-01 
res= 6 cyli 4.6079E-0.1. dan( 6) = 3.0899E-01 
res= 7 cyli 4.1701 E-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=90 geri=200 npg:::;:600 nsk=O 
flx=yes fdn=yes xs1 =yes nub=yes pwt=yes 
end parameJers 
read geom: 

' pellet diam: 0.3511 

gap: zero: 
' clad thk: 0.01811 

' pitch: .9.s12111 

unit 1 
com= 11interior rod" 
cyli 1 1 0.4445 2p226.695' 
cyli 0·1 0.49022 2p226.695 
cube 9 1 2p0.6510866 2p0.49022 2p226.695 
' polyethylene shims between rods 
cube 14 1 4p0.6510866 2p226.695 

unit 2 
com="interic;>r rods around watenod" 
cyli 2 1 0.4445 2p226.695 
cyli 8 1 0.49022 2p426.695 
cubo 9 1 2p0.6510866. 2p0.49022 2p22~.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 a 1 0.49022 2p226.695 

EMF-1563 
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cubo 9 1 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 down11 

cyli 4 1 0.4445 2p226.695 
cyli 8 1 0.49022. 2p226.695 
cube 9 1 · 2p0.6510866 0.49022 -0.6510869 2p226.695 
' polyethylene shims between rods · 
cubo 14 1 4p0.6510866 2p226.695 

unit 5 
com="edge rod facing other bundle" 
cyli 5 1 0.4445 2p226.695 
cyli 8 1 0.49022 2p226.695 
cubo. 9 1 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 8 1 0.49922 · 2p226.695 . 

cubo 9 1 2p0.6510866 2p0.49022 2p226.695 
' polyethylene shims between rods 
cubo 14 1 4pO.f?510866 2p226.695 

·unit 7 
com="uo2-gd2o3 rod" 
cyli 7 1 0.4445 2p226.695 
cyli 8 1 0.49022' 2p226 .. 695 
cubo 9 ~ 2p0.6510866. 2p0.49022 2p226.695 
' polyethylen.e shims between rods 
cubo 14 1 4p0.6510866 2p226.695 

unit 8 
com="water: rod" 
cubo 9 1 4p0.6510866 2p226.695 

unit 9 ; 
com='side basket element, 0.0598"x1 .75"x1..75" steel with 0.75" diam. hole' 
xcyl 9 1 0.9S25 0.1519 o.o 
cubo 1 O 1 0~1519 0.0 4p2.2225 

unit 10 : 
com='side ~asket element, 0.0598"x1 .6902"x1 .7511 steel with 0.75" diam. hole' 

------~ 
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xcyl 9 1 0.9525 0.1519 o.o 
cubo 10 1 0.151.9 0.0 2p2.14655 2p2.2225 

unit 11 
com='one complete basket side' 
' 1x4x102 array of units 1 o & 11 
array 1 o.o -8.7381 -226.695 

unit 12 , 
com='top/bottom basket element' 
' 1.75"x0.0598"x1 .7511 steel with 0.75" diam. hole' 
ycyl 9 1 o.9525 o.1519 o.o 
cubo 1 o 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 0.9525 0.1519 o.o 
cubo 1 O 1 2p2.14655 0.·1519 0.0 2p2.2225 

uhit 14 
com='one complete basket top/bottom' 
I 4x1x102 array of units 13& 14 
array 2 -8.7381 o.o -226.695 

unit 15 
com='0.0598" steel at basket corners' 
cubo 1o·1 o .. 1519 o.o 0.1519 o.o· 2p226.695 

unit 16 
com=" spacing &. steel angle at -x side of casket " 
cubo 9 1 5.08 o.o 2p8;89 2p226.695 
hole 22 0.15875 o.o o.o 
hole 22 0.47625 -0.3175 o.o 
hole 22 0.47625 0.3175 o.o 
hole 22 0.79375 0.635 0.0 
hole 22 O. 79375 -0.635 o.o 
hole 22 1.11125 0.9525 o.o 
hole 22 1.11 ·125 -0.9525 0.0 
hole 22 1.42875 1.27 o.o 
hole 22 1.42875 -1 .27 o.o 
hole 22 1.74625 1.5875 0.0 
hole 22 1.74625 -1.5875 0.0 
hole 22 2.06375 1.905 o.o 
hole 22 2.06375 -1.905·0.0 
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 o.o 
hole 22 2.69875 -2.54 o.o 
hole 22 3.01625 2.8575 o.o 
hole 22 3.01625 -2.8575 o.o 
hole 22 3.33375 3.175 0.0 
hole 22 3.33375 -3.175 o.o 
hole 22 3.65125 3.4925 o.o 
hole 22 3.65125 -3.4925 0.0 
hole 22 3.96875 3.81 o.o 
hole 22 3.96875 -3.81 o.o 
hole 22 4.28'625 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 4.9~125 4.7625 o.o 
hole 22 4.92125 -4.7625 o.o 

unit 17 
com=" spacing & steel angle at +x side of .basket" 
cubo 9 1 · 0.0 -5.08 2p8.89 2p226.695 
hole 22 -0.15875 o.o o~o 
hole 22 -0,47625 -0.3175 0.0 
hole 22 -0.47625 0.3175 0.0 
hole 22 -o.79375 o:s35 o.o 

• hole 22 -0. 79375 -0.635 0.0 
hole 22 -1.11125 0.9525 o.o 
hole 22 -1.1' 1125 -0.9525 o.o 
hole 22 -1.42875 1.27 o.o 
hole 22 -1.42875 -1.27 o.o 
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 o.o 
hole 22 -2.38125 2.2225 o.o 
hole 22 -2.38125 -2.2225 ,o.o 
hole 22 -2.69875 2.54 0.0 
hole 22 -2.69875 -2.54 0.0 
hole 22 -3.01625 2.8575 o.o 
hole 22 -3.01625 -2.8575 :o.o 
hole 22 -3.33375 3.175 0.0 
hole 22 -3.33375 -3.175 o.o 
hole 22 -3.65125 3.4925 o.o · 
hole 22 -3.65125 -3.4925 .o.o 
hole 22 -3.96875 3.81 0.0 
hole 22 -3.96875 -3.81 ·O.O 
hole 22 -4.28625 4.1275 0.0 
hole 22 -4.28625 -4.1275 .o.o 
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hole 22 -4.60375 4.445 o.o 
hole 22 -4.60375 -4.445 o.o 
hole 22 -4.92125 4.7625 0.0 
hole 22 -4.92125 -4. 7625 o.o 

unit 18 : 
com=" angles &. spacing beneath baskets:" 
cube 9 1 2p8.89 5.08 0.0 2p226.695 
hole 21 0.0 0.15875 0.0 
hole 21 -0.3175 . 0.47625 o.o 
hole 21 0.3175 0.47625 o.o 
hole 21 0.635 0.79375 o.o 
hole 21 -0.635 0.79375 0.0 
hole 21 0.9525 · 1.11125 C.O 
hole 21 -0.9525 1.11125 0.0 
hole 21 1.27 1 .42875 :o.o 
hole 21 -1.27 1 .42875 0.0 
hole 21 .1.5~75 : 1.74625 0.0 
·hole 21 -1.5!375 1.74625 0.0 
hole 21 . 1.905 2.06375 o.o 
hole 21 -1.905 2.06375 o~o 
hole 21 2.2225 2.38125 o.b 
hole 21 -2.2225 2.38125 o.o 
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.~575 .3.01625 o.o 
hole 21 3.175 3.33375 0.0 
hole 21 -.3.175 3.33375 o.o 
hole 21 3.4925 3.65125 0.0 
hole 21 -3.4925 3.65125 0.0 
hole 21 3.81 3.96875 o.o 
hole 21 -3.81 3.96875 0.0 
h.ole 21 4.1275 4.28625 0.0 
hole 21 -4.1275 4.28625 o.o 
hole 21 4.445 4.60375 0.0 
hole 21 -4.445 4.60375 0.0 
hole 21 4.7625 4.92125 o.o 

· hole 21 -4.7625 4.92125 o.o 

unit 19 
com="angles & spacing above baskets " 
cube 9 1 2p8.89 0.0 -5.0B 2p226.695 
hole 21 o.o. ·-0.15875 o.o 
hole 21 -0.3175 -0.47625 o.o 
hole 21 0.3115 ·-0.47625 0.0 
hole 21 0.635 -0.79375 0.0 
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hole 21 -0.635 -0.79375 o.o 
hole 21 0.9525 -1.11125. 0.0 
hole 21 -0.9525 -1.11125 0.0 
hole 21 1.27 -1 .42875 o.o 

. hole .21 -1.27 -1.42875 0.0 
hole 21 1.5875 -1.74625 o.o 
hoJe 21 -1.5875_ -1.74625 0.0 
hole 21 1 ·.905 -2.06375 o.o 
hole .21 -1.90.5 -2:06375 o.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 o.o 
hole 21 -3.175 -3.33375 o.o 
hole 21 3:4925 -3.65125 o.o 
hole 21 -3.4925 -3.65125 0.0 
hole 21 3.'81 -3.96875 o.o 
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 o:o 
hole 21 -4.445 -4.60375 o.o 
hole 21 4.7625 -4.92125 0.0 
hole 21 -4.7625 -4.92125 0.0 

unit 20 
com=" 2x2 i'nch moderation regions at corners" 

· cube 9 1 4p2.54 2p226.695 

unit 21 
com="part of steel angle" 
' 0.1552" x 0.125" 
cubo 11 1 ~p0.1971 04 2p0.1587 4 2p226.695 

unit 22 
com="part of steel angle" 
' o.12511 x 0:155211 

cube 11 1 2p0.1587 4 2p0~ 1971 04 2p226.6~5 

unit 23 
com="left (-x) 1 Ox1 o bundle in basket11 

' bundle at outer edge, centered vertically 
array 3 -8.7381 -6.510866 -226.695 
cubo 9 1 2p8.7381 2p8.7381 2p226.695 
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unit 24 . 
com= 11right 1 Ox1 O bundle in basket" 
' bundle at outer edge,· centered vertically . 
array 4 -4.2B36334 -6.510866 -226.695 · 
cubo. 9 1 2p8.7381 2p8.7381 2p226.695 

unit 25 , 
com= 11complete left basket with bundle" 
array 5 2r-8.~9 -226.695' 

unit 26 . 
com="complete right basket with bundle" 
array 6 2r-8.8,9 -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 Sr0.1519 1 

unit 28 
com=" 2x2 inch regions at corners 11 

cubo 9 1 4p2.54 2p226.695 

unit 29 
com='higher·enriched rods' 
cyli 15 1 0.4445 2p226.695 
cyli 8 1 0.49022. 2p226.695 
cubo 9 1 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 11 

array 8-184.0952 -183.5847 -226.695 
' add 30 cm water reflector at all 6 faces 
repl 13 2 6r3.o 10 

end geom 

read array ' 

~ra=1 nux=1· nuy=4 nuz:::;102 
loop 
9 1 1 1 2 3 1 1 1 02 1 

" i 

EMF-1563 

EMF~1563 
Revision 12A 
Appendix 6D 
Page 91 of 108 



• 

•• 

•• 

' 
10 ·1 1 1 1 4 3 1 102 1 
end loop 

ara=2 nux=4 nuy=1 nuz=102 
loop 
12 231 1·11 11021 
13 1 4 3 1 · 1 1 1 1 02 1 
end loop ; 

' left bundle, poison corner at II 
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 01 01 oi 01 01 01 01 29 o5 
06 07 07 02 02 02 02 02 29 05 
06 0101 02 00·00 00 02 01 05 
06 01 01 o2 00 00 00 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 03 03 03 03 03 03 03 03 03 
end fill 

'' 

' right bundle, poison corner at ur 
ara=4 nux=1 o nuy=1 o nuz=1 
fill 
04 04 04 04 ()4 04 04 04 04 04 
05 29 29 29 01 01 29 29 29 06 
05 29 01 02 02 02 02 01 29 06 
05 29 02 OB 08 08 02 01 29 06 
05 01 02 08 08 08 02 01 07 06 
05 01 02 oa 00 00 02 01 01 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 2311 
151415 
end fill 

ara=6 nux~3 nuy=3 nuz=1 
'' 
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fill 
15 1415 
11 24 11 
15 1415 
end fill 

ara=7 nux=4 nuy=3 nuz=1 
fill 
20181820· 
16 25 26 17. 
28 1919 28, 
end fill 

ara=8 nux=:OB nuy=13.nuz=1 
fill 127 end fin 

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 all=vacuum end bounds 
read bias id:=500 2 11 end bias 

end data 
end 

EMF-1563 

The model for the normal condition KENO case ("a=nevkOO") is listed below. 
=~~~ : . 
sp-1 with 4.0% enriched 1 Ox1 o fuel 
hans infh 

uo2 1 0.98 293.0 92235 3.4643 92238 96.5357 end 

uo2 2 0.98 293.0 92235 3.4643 92238 96.5357 end 

uo2 3 0.98 293.0 92235 4.0 92238 96.0 end 

uo2 4 0.98 293.0 92235 4.b 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% :gd2o3 
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' td of uo2-gd2o3 = 10.96 -2.65*p/[p+0.67145*(1.-p)], p=wt frac.gd2o3 
' "p" is a.ors here, td is 10.9012 : 
' pellet density is 0.98*10.9012=10.6832 . 
' uo2 density is. 0.985*1 o .. 6832 = 10.5230 : 
' gd2o3 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 o 1· o 64000 2 8016 3: 
7 1..0 293. end 

zircalloy 8 r.o 293.0 end 

' water, O vol.% · 
h2o 9 1.0e-15 293.0 end 

' basket steel 
carbonsteef 1 O 1.0 293.0 end 
' angle steel 
carbonsteel: 11 to 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, 1 oo vol% 
arbmpe 0.9~ 2 O 1 O 6012 1 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 

i 

res= ·1 cy(i 4.1526E-01 dan( 1)= 5.1433E-01 
res= 2 cyli 4.2949E-01 dan( 2) = 5.1633E-01 
res= 3 cyli 4.q224E-01 dan( 3)= 3.4646E-01 
res= 4 cyli · 4.6288E-01 dan( 4)= 3.4454E-01 
res= 5 cyli 4.8046E-01 dan( 5) = 3.9535E-01 
res= 6 cyli 4.~837E-01 dan( 6) = 3.2355E-01 
res= 7 cyli 3.96B5E-01 dan( 7)= 5.0663E-01 
res= 15 cy'li 4.1040E-01 dan( 15)= 5.0891E-01 

end more · 
sp-1 with 4.0% enriched 1 Ox1 O fuel 
read parameters 
tme=90 gen=200 npg::6oo nsk=O 
flx=yes fdn=yes xs1 =yes nub=yes pwt=yes 
end parameters 



• read geom: 

• pellet diam: o.35" 
gap: zero 

' clad thk: 0.018" 
I pitch: 0,5127" 

unit 1 
com ="interior rod" 

; 
. ' 

cyli 1 1 0.4445 ?p226.695 
cyli 81 0.49022 2p226.695 
cube 9 1 2p0.6510866 2p0.49022 2p226.~95 
' polyethylene shims between rods 
cube 14 1 4p0.6510866 2p226.695 

unit 2 
· com ="interior rods around water rod" 
cyli 21 0.4445 2p226.695 
cyli 8 1 0.49022: 2p226.695 

· ·cubo 9 1 2p0.651 0866 2p0.49022 2p226.695 
' polyethylene shims between rods 
cube 14 1 4p0.6510866 2p226.695 

• unit3 

• 

com="edge:~od facing up" 
cyli 3 1 0.4445 2p226.695. 
cyli 8 1 0.49922 · 2p22q.695 

· cube 9 1 2p0.6510866 0.6510866 -0.49022 2p226.695 
' polyethylene shims between rods 
cube 14 1 ~p0.6510866 2p226.695 

unit 4 
com="edge·rod facing down" 
cyli 4 1 0.4445 2p226.695 
cyli 8 1 0.49022 2p226.695 
cubo 9 1 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 5 1 0.4445 2p226.695 
cyli 8 1 0.49022 2p226.695 
cubo 9 1 2p0.6510869 2p0.49022 2p226.695 
' polyethylene shims between rods · 
cubo 14 1 4p0.6510866 2p226.695 
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unit 6 
com= 11edge. rod facing out" 
cyli 6 1 0.4445 2p226.695 
cyli 81 0.49022· 2p226.695 
cubo 9 1 2p0.6510866 2p0.49022 2p226.695 
' polyethylene s.hims between rods 
cube 14 1 4p0.6510866 2p226.695 

unit 7 
com= 11uo2-gd2o3 rod" 
cyli 7 1 0.4445 2p226.695. 
cyli 81 0.49022 2p226.695 
cube' 9 1 2p0.q510866 2p0.49022 2p226.695 
' polyethylene shims between rods 
cube 14 1 4p0.6510866 2p226.695 

unit 8 
com ="water rod" 
cube 9 1 4p~.6510866 2p226.695 

'unit 9 

. EMF-1563 
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com='side basket element, 0.059811x1 .7511x1 .75" steel with 0.75" diam. hole' 
xcyl 9 1 0.9525 0.1519 a.a' 
cube 1 O 1 0.1519 0.0 4p2.2225 

unit 10 
com='side basket element, 0.059811x1 .6902"x1 .75" steel with 0.75" diam. hole' 
xcyl 9 1 0.,9525 0.1519 o.o 
cube 10 1 Q.1519 o.o 2p2.14655 2p2.2225. 

unit 1 i 
com='one complete basket side' 
' 1 x4x1 02 array of units 1 O & 11 
array 1 o.o -: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 
cube 1 O 1 2p2.2225 0.1519 0.0 2p2.2225 

unit 13 
com='top/b9ttom basket element' 
' 1.6902"x0.0598"x1 .75" steel with 0.75" diam. hole' 
ycyl 9 1 0.'9525 0.151.9 0.0 
cube 1 O 1 2p2.14655 0.1519 0.0 2p2.2225 
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unit 14 
com='one complete basket top/bottom' 
' 4x1 x1 02 array of units 13& 14 
array 2 -8.7~81 o.o -226.695 

unit 15 · 
com='0.0598" steel at basket corners' . 
cubo 1 O 1 0.1519 0.0 0;1519 0.0 2p226.695 

un'it 16 
com=" spacing & steel angle at -x side of t;>asket " 
cubo 9 1 5.08 0.0 2pS.89 2p226.695 
hole 22 0.15875 0.0 o.ci 
hole 22 0.47625 -0.3175 0.0 
hole 22 0.47625 0.3175 o.o 
hole 22 0.79375 0.635 o.o 
hole 22 o. 79375 -0.635 o.o 
hole 22 1 .11125 0.9525 o.o 
hole 22 1.1n25 -0.9525 0.0 
hole 22 1.42875 1 .27 0.0 
hole 22 1.42875 -1.27 0.0 
hole 22 1. 7 4625 1 .5875 o.o . 
hole 22 1.74625 -1.5875 o.o 
hole 22 2.06375 1 ·.905 o.o 
hole 22 2.06375 -1.905· 0.0 
hole 22 2.38125 2.2225 0.0 
hole 22 2.38125 -2.222~ 0.0 
hole 22 2.6S875 2.54 0.0 
hole 22· 2.69875 -2.54 o.o 
hole 22 3.01625 2.8575 o.o 
hole 22 3.01625 -2.8575 o.o 
hole 22 3.33375 3.175 0.0 
hole 22 3.33375 -3.175 0.0 
hole 22 3.65125 3.4.925 0.0 
hole 22 3.65125 -3.4925 o.o 
hole 22 3.96875 3.81 0.0 
hole 22 3.96875 -3.81 0.0 
hole 22 4.28625 4.1275 o.o 
hole 22 4.28625 -4.1275 0.0 
hole 22 4.60375 4.445 o.o 
hole 22 4.60375 -4.445: 0.0 
hole 22 4.92125 4.7625 o.o 
hole 22 4.92125 -4. 7625 0.0 

unit 17 , 
com=" spacing & steel .angle at +x side of basket" 
cubo 9 1 q.o -5.08 2p8.89 2p226.695 · 
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hole.22 -a.15875 a.a a.a: 
hole 22 -a.47625 -a.3175 0.0 
hole 22 -0.47625 a.3175 0.0 
hole 22 -0;79375 a.635 a.o 
hole 22 -a.79375 -a.635 a.o 
hole 22 -1.11125 -0.9525 0.0 
hole 22 -1.11125 -a.9525 o.o 
hole 22 -1.42875 1.27 o.a 
hole 22 .-1.42875 -1.27 o.o 
hole 22 -1.('4625 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 o~o 
hole 22 -2.38125 2.2225 0.0 
hole 22 -2.38125 -2.2225 0.0 
hole 22 -2.69875 2.54 o.o 
hole 22 -2.69875 -2.54 o.o· 
hole 22 -3.01625 2.857p o.o 
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 O.O 
hole 22 -4.28625 4.1275 0.0 
hole 22 -4.28625 -4.1275 0.0 
hole 22 -4.~0375 4.445 o.a 
hole 22 -4.60375 -4.445 0.0 
hole 22 -4.92125 4.7625 0.0 
hole 22 -4.92125 -4.7625 o.o· 

. unit 18 . . . 
com=" angles & spacing beneath baskets ;11 

cube 9 1 2p8.89 5.08 0.0 2p226.695 
hole 21 o.o =a.15875 o.o 
hole 21 -0.3175 0.47625 o.o 
hole 21 0.3175 0.47625 0.0 
h.ole 21 a.635 a.79375 a.o 
hole 21 -a.635 a.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 o.o 
hole 21 -1.27 1.42875 0.0· 
hole 21 1.58'75 1.74625 0.0 
hole 21 -1.5875 1.74625 0.0 
hole 21 1.905 2.06375· o~o 
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hole 21 -1.905 2.06375 o:o 
hole 21 2.2225 2.38125 o.o 
hole 21 -2.2225 2.38125 .o.o 
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 

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 0.0 
3:4925 3.65125 0.0 

-3.4925 3.65125 0.0 
3.81 3.96875 .o.o 

-3.81 3~96875 0.0 
4.1275 4.28625 ·o.o 

-4 .. t275 4.28625 0.0 
' ' 

4.445 4.60375 0.0 
-4:445 4.60375 0.0 
4.7625 4.92125 0.0 

-4 .. 7625 4.92125 0.0 

com="angles & spacing above baskets " 
cube 9 1 2p8.89 0.0 -5.08 2p226.695 
hole 21 o.o: -0.15875 o.o 
hole 21 -0.3175 -0.47625 o.o 
hole 21 0.31.?5 -0.47625 o.o 
hole 21 0.635 -0.79375 o.o 
hole 21 -0.635 -0.79375 0.0 
hole 21 0.95.25 -1.11125 o.o 
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 o.o 
hole 21 1.9b5 -2.06375 o.o 
hole 21 -1.905 -2.06375 0.0 
hole 21 2.2225 -2.38125 o.o 
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 o.o 
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' o.o 
hole 21 -3.4925 -3.65125 0.0 
hole 21 3.81 -3.96875 0.0 
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hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 

unit 20 

-3.81 -3.96875 0.0 
4 .. 1275 -4.28625 0.0 
-4~ 1275 -4.28625 0.0 
4.445 ~4.60375 0.0 
-4.445 -4.60375· 0.0 
4. 7625 -4.92125 0.0 
~4.7625 -4.92125 0.0 

com=" 2x2 inch moderation regions at corners II 

cubo 9 1 4p2.54 2p226.695 

·unit 21 
com="part of steel angle" 
I 0,1552"x'0,125" 
·cube 11 12p0.1971042p0.15874 2p226.695 

unit 22 
com ="part of steel angle" 
, 0.125" x 0.1552" 
cube 11 1 2p0.1587 4 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 ' 
cube 9 1 2p8.7381 2p8.7381 2p226.695 

unit 24 
com="right ·1 Ox1 O bundle .in basket" 
' bundle at·outer edge, centered vertically. 
array 4 -4.2836334 ~6.510866 -226.695 
cube 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 bundle" 
array 6 2r-8.89 -226.695 

unit 27 
com=" 1 inner container " 
array 7 -22:as -13.97 -226.695 
'add o.o59a·inch walls of carbon steel 
repl ·121 6f0.1519 1 
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cubo 9 1 2p32.385 2p30.48 2p261.9375 

unit 28 
com= 11 2x2 inch regions at corners 11 

cubo 9 1 4p2.54 2p226.695 

unit 29 . 
com='higher enriched rods' 
cyli . 15 1 0.4445: 2p226.695 
cyli 8 1 0.49022. 2p22fi.695 

. cubo 9 1 2p0.651 0866 2p0.49022 2p226.695 
' polyethylene shims between rods · 
cube 14 1 ~p0.6510866.2p226.695 

unit 30 
com='top' 

' . ' 

'plywood only width: 29.75 - 2*3.25 = 23.2511 

cubo 13 1 2p29.5275 4.1275 0.0 B.255 0.0 
I 38,2511 im , 
repl 9 1. 4rO.O 97.155 o.o 1 
' add stud • 
·repl 13 1 4r0.0 8.255 o.o 1 
I 36,75" im • 
repl 9 1 4r0.0 93.345 0.0 1 
' add stud 
repl 13 1 4r0.0 8.255 o.o 1 
' 36.75" im : . 
repl 9 1 4r~.o 93.345 o.o 1 
' add stud 
repl 13 1 4r0.0 8.255 0.0 1 
I 36.7511 im 
repl 9 1 4rO.O 93.345 o.o 1 
•· add stud · 
repl 13 1 4~0.0 8.255 o.o 1 
I 38.2511 im 
repl 9 1 4r0.0 97.155 o.o 1 
' add studs & plywood 
repl 13 1 2r8.255 o.o 1.2i B.255 o.o 1 

unit 31 · , 
com='base•; 
' space to first skid 
cubo 9 1 2p37.7825 8.255 0.0 13.97 0.0 
' 4x4 skid · 
repl 13 1 4rO.O 8.255 0.0 1 
I 44,7511 im: 
repl 9 1 4rd.o 113.665 o.o 1 
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' 4x4 skid · 
repl 13 1 4rO.O 8.255 o.o 1 
I 44.75" iin 
repl 9 1 4rO:O 113.665 0.0 1 
' 4x4 skid · 
repl 13 1 4r0.0 8.255 0.0 1 
' 44.75" im 
repl 9 1 4rO.O 113.665 o.o 1 
' 4x4 skid · 
repl 13 1 4r0.0 8.255 o.o 1 
I 44,7511 im ; , 
repl 9 1 4r0.0 113.665 o.o 1 
' 4x4 skid : · 
repl 13 1 4r0.0 8.255 o.o 1 
' add space at +z 
repl 9 1· 4rd.o 13.97 o.o 1 
' add 1 .60~". 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" 
cube 13 1 ~.1275 o.o 2p22.225 8.255 o.o . 
I 38,25" im 
repl 9 1 4r0.0 97.155 o.o 1 
' add stud: 
repl 13 1 4r0.0 8.255 o.o 1 
I 36,75" im, 

.. repl 9 1 4rO.O 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 o.o 1 
' add stud 
repl 13 1 4r0.0 8.255 o.o 1 
I 36,75" im 
repl 9 1 4r0.0 93.345 0.0 1 
' add stud: 
repl 13 1 4r0.0 8.255 o.o 1 
I 38,25" im 
repl 9 1 4r0.0 97.155 o.o 1 
' add stud & plywood 
repl 13 1 0.0 1.27 2r8.255 8.255 o.o 1 

unit 33 
com='-x side' 
I plywood only width: 24.00 - 2*3,25 ~ 17.511 
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cubo 13 1 4.1275 0.0 2p22.225 8.255 a.a 
I 38.25" im. 
repl 9 1 4r0.0 97.155 a.o 1 
' add stud. 
repl 13 1 4r0.0 8.255 a.o 1 
I 36,7511 im~ 

repl 9 1 4r0.0 93.345 a.o 1 
' add stud: 
repl 13 1 4rO.O 8.255 0.0 1 
I 36,75" im, 
repl 9 1 4r0.0 93.345 o.o 1 
' add stud· 
repl 13 1 4r0.0 8.255 0.0 1 
'.36.75" im 
·repl 9 1 4r0.0 93.345 o.a 1 
' add stud, 
repl 13 1 4r0.0 8.255 o.o 1 
' 38.2511 im; 
repl 9 1 4r0.0 97.155 0.0 1 
' ·add stud & plywood 
repl 13 1 1 ~27 o.o 2ra.2ss 8.255 a.a 1 

unit 34 . 
com='iriner container & wood sides' 
array 8 3r0.0 

unit 35 
com='complete outer container' 
array 9 3ro.q 

global 
unit 36 
com=" 10x1.0x1 array of inners 11 

·array 1 o 3rb.o 

end geom 

read array 

ara=1 nux=1 nuy=4 nuz=102 
loop · 
9 1 1 1 2 3 1 1 102 1 
1a111 14311021 
endloop : 

. ·ara..;2 nux=4 nuy=1 nuz=102 
loop 
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12 2 3 1 1. 1 1 1 102 1 
13 1 4 3 1 1 1. 1 1021 
end loop 

' left bundle, poison corner at II 
ara=3 nux=1 O nuy=1 Q nuz=1 
fill 
04 04 04 o4 04 04 04 04 04 04 
06 07 07 07 07 07 29 29 29 05 
06 07 07 07 01 01 01 01 29 05 
06 07 07 02 02 02 02 02 29 05 
06 01 01 04 :00 00 00 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 03 03 03 .03 03 03 03 03 03 
end fill 

' right bundle, poison corner at ur 
. ara=4 nux=1 O nuy=1 o nuz=1 
fill 
04 04 04 04 04 04 04 04 04 04 
05 29 29 29 01 01 29 29 29 06 
05 29 01 02 02 02 02 01 29 06 
05 29 02 oe oa 00 02 01 29 06 
05 01 02 as 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 2311 
15 1415 
end fill 

. . . 
ara=6 nux=3 nuy=3 nuz=1 
fill . 

151415' 
11 24'11 
151415· 
end fill 
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ara=7 nux=;=4 nuy=3 nuz=1 
fill 
2018182() 
16 252617 
2819192~ 
end fill 

ara=8 nux=3 nuy=1 nuz=1 
fill 33 27 32 end fill 

ara=9 nux=:=1 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 :id =500 2 11 end bias 
end data 
end 

' EMF-1563 
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The model for XSDRN case ("a=h3530c") at flooded conditions is listed below. 
=csasix 
sp-1 with 5.0% ~nriched 1 Ox1 O fuel 
hans latt ; 

' 

•· external water, 100 vol.% 
h2o 1 1 .o 293.0 end 

uo2 2 0.98 293.0 92235 5.0 92238 95.0 end 

• polyethylene in unit cell, 100 vol% 
arbmpe 0.92 2 O 1 O 6012 1 1001 2 
3 1.0 293. end 

zircalloy 4 1 ~o 293.0 end 

end comp 
squa 1.61775 .8890 2 3 .98044 4 end . 
end 
=xsdrn . 
• inf array of inners 
O$$a32e: · . 
1 $$ 2 2 1oo·1 3 2 2 8 2r1 1 o so 3ro 
2$$ -1 -1 4ro·-1 e 
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3$$0e . 
. . I 4$$ -1 16' 0 e 

5** 2r1 .Oe-5.e 
t 
13$$12: 
14$$ 500 1. 
15** f1 .0 . 

t ' 
33## f1.0 : 
t 

35** 49i0.0 49i10.133134 20.164682 
36$$ 50r1 50r2 
39$$ 1 2 
51$$ 14i1 16 
t 
end 

A typical CASMO case ("cava"} is listed below. 
DIM 10,1 ' 
TIT TFU=293.15 TM0=293.15 BOR=O * 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 *98%TD, 5.00%ENR 
VOi, 90. 
MOD, .099820/1001 =11.19,8000=88.81 
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Ml1 .686305/26000=84.829155 ,6000= 1.731207 ,1001 = 1.503896 ,8000=11.935745 . 
Ml2 .303433/26000=66.611275 ,6000= 1.359414 , 1001 = 3.584080 ,8000=28.445229 
Ml3 .494868/26000=79.243896 ,6000= 1.617222 ,1001 = 2.141640 ,8000=16.997234. 
Ml4 6.705978/26000=97.789505 ,6000= 1.995704 ,1001 = .024035 ,8000= '.190758 
MIS .646048/26000=83.929482 ,6000= 1.712847 ,1001= 1.606623 ,8000=12.751048 · 
MIS .541578/26000=80.970863 ,6000= 1.652467 ,1001= 1.944449 ,8000=15.446123 
coo .465105/1001=13.991474,6000=75.437164,8000=10.571368 ' . 
Ml7 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'/11 
PIN 2 0.4445 0.49022/'2' 'CAN'//1 
PIN 3 0.4445 OA9022t3' 'CAN'//1 
PIN 4 0.4445 OA9022/'4' ''CAN'//1 
PIN 5 0.4445 0.6510/'MOD' 'MOD'/11 
BWR 1 O 1.30217 13.0217 0.0 3*0.0 1 
LPI 
1 1 1 1 1 1 1 1 1 1 
1 2 2 2 4 4 4:4 4 1 
1223334441 
1233555441 
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1233555341 
1233555341 
1233333321 
1223333221 
1222222221 
1 1 1 1 1 1 1 1 1 1 
/'F' . 
FST 4.9281,2.54,0.1519;2.54/0.001,3*5.2319/ 
'Ml1 ','Ml2','Ml1 ','Ml3',3*'Ml4','Ml3'/ 
'Ml7','Ml7','Ml7','Ml5','Ml6','Ml5','Ml6','Ml5'/ : 
B,4,2,4/1,3*8/ · 
STA . 
TITTFU=293.15 TM0=293.15 BOR=O * INNERS ONLY 
LPI , 
1 1 1 1 1 1 1·1 1 1 
1 2 2 2 4 4 4'4 4 1 
1 2 2 3 3 3 4.4 4 1 
1 2 3 3 3 3 3:4 4 1 
1 2 3 5 5 5 3· 3 4 1 

' .1 2 3 5 5 5 3'3 4 1 
1 2 3 5 5 5 3. 3 2 1 
1223333221 
122222·2221 
1 1 1 1 1 1 i 1 1 1 

. /'F' . 
STA 
TITTFU=293.15.TM0=293.15 BOR=O * INNERS ONLY 
LPI 
1 1 1 1 1 1 1 1 1·1 
1 2 2 2 4 4 4'4 4 1 
1 2 2 3 3 3 4;4 4 1 
1 2 3 3 3 3 3:4 41 
123355f?341 
1233555341 
1 2 3 3 5 5 5.3 2 1. 
122333~221 
1222222221 
1 1 1 1 1 1 1 1 1 1 
/'F' .. 
STA 
TIT TFU=29S.15 TM0=293.15 BOR=O * INNERS ONLY 
LPI 
1 1 1 1 1 1 1 .1 1·1 
1 2 2 2 4 4'4'4 4 1 
1 2 2 3 3 3 4 .4 4· 1 
123555344..1 

·1235553341 
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1235553341 
1233333321 
1223333221 
1222222221 
1 1 1 1 1 1 ~· 1 1 1 
/'F' 
STA 
END 
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1.0 INTRODUCTION 

1.1 Purpose 
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This report is provided in support of the application dated February 9, 1996, to revise 
' . 

Certificate of Compliance No. 9248. In that application, additional categories were proposed 

for Section 5{b}(1) of the Certificate. Ca.lculation descriptions and results are provided to 

demonstrate that the additional categories meet all criticality safety requirements in 1 O CFR 

Part 71. 

1 . 2 Scope of Analysis 

The existing categories in Section 5(b)(1) o.f the Certificate are unchanged. New fuel shipment 

categories are .added to Section 5(b){1) for 1Ox10 and 9x9 asser:nblies . 

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 ~ater rods in any arrangement, with or without a wat~r channel, with or without 

gadolinia ro'ds, with any arrangement of 'rods with enrichments up to 5.0 wt.%, with rod 

diameters up to .. 5" and minimum clad thickness of .18 ", and with any number of polyethylene 

shims in any arrangeme.nt. This report re-confirms this data for assemblies with rod diame~ers 

up to .4" and minimum .clad thickness of 0.015" in addition to demonstrating safety f9r new 

fuel types at low density interspersed motjeration. 

1 .3 Summary of Conclusions 

The followin~ new categories may be added to Certificate of .compliance No. 9248 since they 

meet all requirements specified in 10 CFR Part 71. The highest bias corrected 95 % upper 

limit for k
9
ff at, accident' conditions for 1 the. new 1Ox10 and new 9x9 categories are, 

respectively, .9337 and .9136 . 

'' i 
I 
I 
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U02 fuel assemblies with a maximum U-235 enrichment of 5.0 wt.%. Each 
assembly is composed of a 1Ox'.10 array of fuel rods with a water channel or. 
water rods located in a central 3x3 array of rods location. Any number of 
apditional 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. % 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 U02 (n9n-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 
be in column nine. 

3. At least two gadolinia rods shall be in rows eight and I or nine and at least 
two additional gadolinia rods shall be in columns eight and I 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. 

5(b)(1 )(viii): U02 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 1.ocations. 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 U02 (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 shaU 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 Class II is authorized for both fuel types with a minimum Transport Index of 1 .0. 

Polyethylen'e shims are not permitted for .either fuel type . 

. ! 
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Each SP-1 /SP-2 can contain up to two BWR assemblies. The SP-1 /SP-2 is composed of a steel 

"inner container" and a wooden "outer container". Most criticality safety calculations are at 

"damaged": or "accident" conditions whe,re 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 II), where "N" is the maximum number of packages 

allowed per shipment.: "N" is defined as 50 divided by the 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 nominally 7"x7" in cross 

section. The two baskets are placed edgS:-to-edge in the center of the nominal 18" wide by 

11" high ~teal inner container ·(0.0598" 9arbon steel walls). A 2" thick annulus is between 

the basket wall and the inner container wall. In this annulus are six car.ban steel angles 

(2.8125"x2.8125"x0.125" nominal). 

All previouE! calculations :for the SP-1 /SP-2 have demonstrated that pea.k reactivity with 

uniform inte.rspersed moderation is with low density (typically 10 to 20 volume %) water. With 

low density 'interspersed water, the edge rods in the assemblies are the best moderated·. It has 

been found! tha~ 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 ~rrangement modeled in-these calculations, unless 

· noted otherwise. 

The codes·, 9ross sections, and other data from SCALE 4.2 (1) and CASM0-3G (2) were used. 

All components were modeled as precisely as possible in KENO-Va. 

The bas~ets were modeled as carbon steel with moderation-filled holes (not "smeared") and 

the angles were closely. approximated in volume and geometry using 3.1 steel segments with 
' 

a total steel ~volume slightly less than the "!'inimum (nominal minus toleranc·es). Finite arrays 



• 

• 

• 

EMF-1563 
Revision 12A 
Appendix 6E 
Page ,13 of 83 

with 30 cm of water reflection were mod~led in KENO-Va. The following figure is a KENO-Va 

plot for a typical model. · 

SECTION OF ,ONE INNER CONTAINER 
UL XYZ: -2.J 1 DDE+Ol 2.8300E+O 1 O.OOOOE+OO 
LR XYZ: 2.31 OOE+01 O.OOOOE+OO O.OOOOE+OO 

KEY :cJWWWqllitllDll1.3 

..•••.•.•.• , .. ········:··'.···· ' ••.•..•.•.•..• ..•... , •.....••. 
• ••••••••••••••• ••••••••••••• ·······•:••····· ···········•:••• ••••••••••••••• •:•·•'••········ 

CASM0-3G 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 METHODOLOGY 

3.1 Nuclear Analysis 

The codes,: cross sections, and other data from SCALE 4.211) were used. 

3.1.1 Codes and Databases Used 

Version uju,94a of SCALE 4.2 was used for these calculations. 
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The computer codes useq for this analysis are part of the SCALE 4.2 system of codes on the 

SPC HP workstation SSLO 1 . The following codes and cross section libraries are part of the 

SCALE 4.2 system of codes placed on the SPC HP workstation SSL01. 

• 3. 1 .2 Cross Section Preparation 

• 

BONAM I anq NIT AWL were used to prepare case-specific cross sections from the 16 and 27 

group master libraries. 

3.1.3 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 bias-corrected 95 % upper limit on k-eff are described in 

this section . 
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The bias and its standard deviation were calculated using the methods described in Reference 
I ' ' ' • 

4. These methods use standard analysis qf variance principles. The average over all cases of 
' . 

the KENO k-!:!ff and its variance (square of standard deviation) are·calculated. The average of 

the averag~ k-eff (grand average) is weigf:lted 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" varianc.e. The 
I ' I 

"within class".variance is subtracted from.the "between class" variar:ice to yield the variance 

of the class
1

effect. Since the true value for all cases is assumed to be 1.0 (critical), th!:! class 

effect (the c;hange 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 const~nt from case to case. Standard statistical techniques test t~e 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 the class effect (bias) is assigned the value zero. The 

methods in Reference .4 do not include a t~st 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 KE.NO uncertainty for a given case by taking the square 

root of the s~m of squares. The pooled unc~rtainty 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-etf 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 with~ut gadolinium. Therefore, all experiments were 

combined to calculate. the bias to be applied to these calculation results. 

The bias anq bias uncer~ainty 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 . 
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The Reference 4 exper!ments involve three flooded clusters of 4.31 % enriched rods with 

variable spcicings between the clusters and with various absorbers between the clusters. The 
'' 

case numl:!ers 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 conditions 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 Sectii:>n ~.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 1 o·rods on the other edge . 

These three cases were modeled using cell-weighted cross sections. 

' 
' 

Case 004' irivolv.ed three 15x8 clusters whh no absorber plates. 

· Cases 007, :ooa, 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, 01 OR, 011, and 012 are similar to the previous four except that the 304L steel 

contained either 1.05 or 1.62% Boron. 

Case 031 invo)ved three clusters with BORAL absorber plates. 

Cases 029 and 030 involved three cluster.s 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 . 

I 
. I 
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The bias and bias uncertainty calculated for these benchmark. cases are tabulated below. 

Table 1 Reference 4 Cases 
Calculation Results 

With 16-Group Cross Sections 

Case ID k-eff 

Avg. Std.Dev. 

a-c001 x ' 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 : 1.00177 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-c009a· 1.00365 0.00221 

a-c01 Oa 0.99854 0.00246 

a-c011 a '1.00138 0.00255 

a-c012aa :1.00329 0.00244 

a-c013a ·o.99712 0.00258 

a-c013x :1.01149 0.00227 

a-c014a 0.99991 0.00241 

a-c014x '1.00732 0.00259 

a-c029a 0.99894 0.00254 

a-c030a 1.00278 0.00257 

a-c031 a 1.00582 0.00250 

The bias and:bias uncertainty calculated for these 16-group cases are-3.3617E-3 ± 2.8457E-
3 . 
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Table 2 Reference 4 Cases 
Calculation Results 

With 27-Group Cross Sections 

Case ID k-eff 

' Avg. Std.Dev. 

b-c001 x : 1.00591 0.00264 

b-c002x ; 0.99828 0.00274 

b-c003x . 1.00268 0.00234 

b-c004 0.99853 0.00266 

b-c005a 0.98845 0.00348 

b-c006a :0.99000 0.00247 

b-c007a ', .00394 0.00309 

b-c007x 0.99789 0.00256 

b-c008a .0.98856 0.00367 

b-c008x 1.00177 0.00268 

b-c0'09a :0.99293 0.00344 

b-c010a 0.99237 0.00315 

b-c011 a '0.99493 0.00356 

b-c012a 1.00104 .0.00327 

b-c013a 0.99779 0.00346 

b-c013x 0.99306 0.0025 

b-c014a Q.99177 0.00343 

b-c014x ().99708 0.0024 

b-c029a 0.99366 0.0023 

b-c030a 0.99241 0.00259 
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The bias and bias uncertainty calculated for these 27-group cases are 3.4601 E-3 ± 
4.0706E-3. : 

.3.1.3.3 Experiments with Gadolinium (Ref. 5) 

Additional critical experiments (Reference 5) with gadolinium were modeled. The 

experiments ,determined the critical number of U02 fuel rods with gadolinium dissolved in 

the water be~ween the rods. The rods wer~ 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 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 cei.I. A cylindricat fuel region with a cross sectional area equal to that of the 

reported cr!~ical 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. T~e 

calculation results are in Table 4 and plotted below. 

Ten experiments were·modeled: seven contain gadolinium and three are water-only· 
' ' 

reference ca.ses. The average and standard deviations of the calculation bias, based only 
' . 

on the seven cases with gadolinium, are !n Table 3. Comparing these res.ults 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 . 

Table·3 Calculation B,ias 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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Experiment 

No. 

001 

009 

010 

011 

012 

016 

017 

018 

023 

024 

•• 
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Table 4 Critical Experiments with Gadolinium 
Calculation Results 
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'--· ---· 

Triangular Gd 16-Group k-eff 27-Group k-eff 
Lattice Concentration, 
Pitch, Grams/liter Avg. Std.Dev. Avg; Std.Dev. 
mm 

22.86 0 0.98242 0.00251 0.98663 0.00291 

0.0722 : 0.9891 0.00274 0.99236 0.00237 

0.145 0.99793 0.00248 0.99134 0.00~52 

0.213 0.99121 0.00231 0.99164 0.00202 

27.94 0 0.99701 0.00277 0.98487 0.0025 

0.0547 '0.99769 0.00254 0.98993 0.00198 

0.1169 : 0.99698 0.00226 0.98901 0.00201 

33.02 0 ; 1.0068 0.00215 0.98841 0.00211 

0.0257 '1.01088 0.00211 0.98957 0.00-?23 

0.044 1.00728 0.00207 0.98352 0.00177 
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The new categories proposed for Certifibate Section 5(b)(1) are analyzed in this section. 
, , I 

Included in this section are several sensitivity studies showing the effect of various parameters 

plus calculations with the most reactive combination of the various parameters. 

The previous applications have demonstr~ted the key parameters affecting the peak k-eff for 

an array ot'SP-1 /SP-2 packages are (see EMF-1563, Sup. 1, Rev. 1 ): 

1. 1:he number of packages in the array. Larger arrays tend to produce higher k-eff values. 

In certain cases, Fissile Class II was specified to allow use of smaller arrays. 

2. The fuel enrichment. Higher enrichments lead to higher k-eff values . 

3. Assembly size ('!Envelope"). Larger transverse dimensions tend to increase k-eff. The 

length of the asse111bly has relatively little effec~. Assemblies were modeled with the 

maxfmum 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. Num~:er, arrangement, and composition of gadolinia rods. For. a given num.ber of 

gado~inia rods, the most reactive arr.angement is to have them clustered together in the 

cent~al parts of the assembly. This' was d~monstrated in the previous two supplemental 

appli~atio.ns and it is also ~een in comparing cases in this application. The gadolinia 

content was modeled at 75% of the minimum specified value . 

, I 
I 
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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 

. cent~r. Water rods and water channels cause lower ·k-eff relative to assemblies with 

all locations ocpupied by fuel rods ·at low density interspersed moderation. This was 

demonstrated in the previous two ~upplemental 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 

addi~ional evidence is presented in this application. 

4.1 Flooded Conditions 

. . . 
EMF-1563, Sup. 1, Rev: 1 demonstrated that damaged containers at flooded conditions were 

safe. in an infinite array for all pellet diam:eters, 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" an·d clad 

thicknesses .of at least 0.015". As previously shown in EMF-1563, Sup. 1, Rev. 1, a ·Single 

SP-1 /SP-2 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 inn.er containers, the assemblies are effectively 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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A repeated calculation of case a-h4025c from EMF-1563, Sup. 1, Rev. 1 with a 0.015" thick 

clad. This case had the highest k-inf of all 0.4" diameter pellet cases using 16 group cross 

sections. The resulting k-inf is .96436 which is a net increase of .0038 .. This model is a 

conservative 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 (1 O" 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. The pellet diameter of, 0.40" 

was model~d with a 0.0.15" thick zircalqy 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 cross section libraries . 

. I, 
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The conseryative XSDRN calculation. results are in Table 5. 

Cas.e 
ID: 

: 

a-h4025a 

a-h4025c 
' 

b-h4025a 

b-h4025c 

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 

Within- Pellet Moderator Unit 
Assembly Diam, to Cell 
Moderator inch Fuel k-inf 

Volume 
Ratio 

16 Group Cross Sections 

Water OAO 2.5 1.52812 

PE 0'..40 2.5 1.53558 

27 Group Cross Sections 

Water 0.40 2.5 1.52163 

PE OAO 2.5 1.52577 

4.1.2 Conservative KENO Model (No Steel, Flooded) 

SP-1/SP-2 
k-inf 

.90467 

.96436 

.90368 

.96222 

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. '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 dimension). 

An additional cases with discrete 0.1267" thick polyethylene shims equally spac.ed across 

the assembly was also included. The calculation results are in Table 6. 

The XSDRN-KENO agreement is judged to. be good. Water-moder~ted assemblies are 

clearly acceptable even without steel in the model. 
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Table· 6 Conservative KENO 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 
KENO-Va Results with 16-Group and 27-Group Cross Sections 

Cas~ Within- Pellet Mod. KENO 
ID Assembly Diam, to k-inf : 

Moderator inch ·Fuel 
' . Vol. Avg . Std.Dev. 

Ratio 

I 1 6 Group Cross Sections 

a-f4025c 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 :0.94963 0.00430 

b-f4045d PE/Yes 0.40 2.5 0.94096 0.00417 

b-f4025d Water-Shims/No 0.40 2.5 0.93242 0.00383 

c 

4. 1 .3 KENO Model (Flooded) With Steel Included 

. An infinite anay· (3-D) of flooded edge-to-edge inner containers was modeled with the steel 

basket, angl~s, 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 th_e model. The available volume 

external to the assemblies w_as m.odeled as filled with water. The calculation results are in 

·Table 7. 

, I 

I 

I ,_ I 

'' 
i 

-1 
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Case 
ID 

' 

a-g4025c 
: 

b-g4025c 

Table 7 KENO SP-1 /SP-2 Model (With Steel) 
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- 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 

Within-
; 

Pellet Mod. k-eff 
Assembly Diam, to 
Moderator inch Fuel 

Vol. Avg. Std~Dev. 

Ratio 
' 

1 6 Group Cross Sections 

PE 0.40 2.5 0.92088 0.00433 

27 Group Cross Sections 

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 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. 

I 
I 
I 
i 

l 
'I 

I . I 
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Unless stated otherwise, all calculations in this section are based on the 16-group cross 

sections. The calculations in section 4.1 as well as those documented in EMF-1563, ,Sup. 1, 

Rev. 1 dem.onstrate that the 16-group cross sections produce a higher ketf than the 27-group 

cross secti9ns. 

4.2.1 Sensitivity Study: Pellet Diameter ·and Water Rods and Water Channels 

Previous aryalyses have shown that arrays of SP-1 /SP-2 inner shipping containers at low 

density moderation are.more reactive with larger pellet diameters. 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 ihe slight addition of local moderation. 

Consistent with the model used previously in EMF-1563, Sup. 1, Rev. 1 for 1Ox10 assemblies, 

the model used for 9x9 assemblies in this supplement is an infinite array of inner containers 

.with 10 volume% 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 diameters 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 ress reactive than the case with zero water. rods . 
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Water Rod 
Pattern 

WHA• 
WAB· 
WAC. 
WAD 
WAE. 

' 

Table 8 Water Rod and Pellet Diameter 
Sensitivity CASMO Model with Shims and 10 Vol. % Water 

All Fuel is 4.0%. Enriched, Zero Gadolinia 

.Case l.D. CASMO K-inf 
.30" Pellet .35" Pellet 

d.podxx where xx .1.09139 1.11669 
is 10 times the 1.06276 1.11150 
pellet diameter in 

I 
1.07217 1.10515 

inches. 1.08377 1.11267 
.1.07266 1.10638 
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.40" Pellet 

1.11865 
1.11661 
1.11503 
1.11186 
1.11633 

4.2.2 Sensitivitv to Pellet Diameter and Interspersed Moderators 

To confirm the conclusion made in Section 4.2.1 that increasing pellet diameter increases keff 

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 

gadol.inia, ahd no wate,r rods. The bundle: enrichment was 5.0 wt. % U-235 except ~or the 

exterior rods: which were 4 wt. %. The bundles were moved apart. EMF-1563, Sup. 1, Rev. 

1 showed that this was the worst orientati.on .. Various pellet diameters were evaluated. The 

results of this evaluation are listed in Table 9. 

Case 1.0. 
: 

a-xx.01, 
a-xx.03 
a.xx-05 
a-xx.07, 
a-xx.09 
a-xx.11 1 

a-xx.12· 
a-xx.13; 
a-xx.14,. 
a-xx.15. 
a-xx.16. · 

Table 9 Sensitivity, to K-eff to Pellet Diameter 
and Interspersed Moderator 

Vol. % Water ; Keff ± a 
.25" Pellet .35" Pellet 

1 .50971 ± .00181 .60246 ± .00187 
3 .66125 ± .00177 .74158 ± .00181 
5 .76433 ± .00186 .83752 ± .00176 
7 .81774 ± .00204 .89112 ± .00184 
9 .85350 ± .00190 .93189 ± .00196 
11 .85513 :± .00187 .94169 ± .00191 
12 
13 .85914 ± .00216 .95370 ± .00208 
14 
15 .85540 ± .00181 .94840 ± .00192 
16 

.40" Pellet 
.63839 ± .00175 
.76260 ± .00184 
.85439 ± .00168 
.90678 ± .00178 
.94408 ± .00178 

.96837 ± .00183 

.96511 ± .00184 

.96436 ± .00200 

.96917 ± .00191 

.96708 ± .00184 
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EMF-1563, Sup. 1, Rev. 1 documents the calculated normalized (relative to average) fission 

rates for a t;ypical 1Ox10 assembly with no water rods and no gadolinia rods and 8 volume % 

interspersed water. These normalized fission rates are listed in Table 1 O. 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 d~clini~g with increC!sed distance fro·m the corner/edge. The corner rods have a 'fission 

rate about double that of the central 2x2 array of rods. As the water density is inc·reased 

above 8 vo!ume % (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 

assemblies. 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 assemblies. 

1.489 

1.314 

1.235 

1.194 

1.177 

1.176 

1.193 

1.233 

1.310 

1.484 

·Table 10 Typical Normalized Fission Rates for 1Ox10 Assembly 
Low Density Interspersed Moderation 

1'.320 1.245 1.206 1.189 1.187 1.200 1.232 1.295 

1.091 1.000 .955 .935 .933 .947 .983 1.058 

.996 .887 .835 .813 . .810 .826 .867 .956 

.950 .834 .775 . 751: .747 .764 .812 .906 

.930 .812 .751 .724' .721 .740 .788 .884 

.930 .812 .751 .724: .720 .739 .788 .884 

.~49 .833 .774 .749: .746 .763 .811 .905 

.994 .885 .833 .811 : .808 .824 .865 .954 

1.088 .9!:!7 .952 .932' .930 .944 .980 1.054 

1.·315 1.240 -1.201 1.184 1 .182 1.195 1.227 '1.289 

1.430 

1.238 

1.148 

1.101 

1.080 

1.080 

1.100 

1.146 

1.235 

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 dens[ty interspersed 
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moderation conditions, most of the moderation occurs between assemblie.s; relativ~ly little 

occurs within assemblies. This is evidenc~d 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 moderatio:n. 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 flu~, 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 new fuel category 

require 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 will increase 

the ~ffectiveness of the absorber.; 

2. If gadolinia rods are move~ toward: the edge/corner to make room fa~ water rods,'the 

k-eff. will tend to decline because .of the increased thermal flux near the edg~. The 

gadolinia. rods become more effe~tive and some of the higher worth fuel rods are 

repla:ced with abs<?rbers. 

. . 
3. If ga~olinia 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. 

Additional discussion on gadolinia rod locations is included in sections 4.2.4 and 4.2.5 . 
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4.2.4 1 Ox'1 O Assemblies with All Rods Enriched to 5 wt. % and Eight Gadolinia Rods at 1.5 

wt .. % Gd2~ 

EMF-1563,: Sup. 1, Rev. 1 concluded the most reactive arrangement of gadolinia rods in a 

1Ox10 assembly 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 ttie most 

reactive gadolinia rod arrangement for 1Ox10 assemblies that meetthe following restrictions: 

• At least two gadolinia rods are in row two and at least two additional gadolinia 
rods are in column nine. 

• · At least two gadolinia rods are in rows eight and/or nine and at least two 

• 

additional gadolini.a 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.% Gd20 3 were modeled in most cases even though 

eight are specified at a minimum of 2.0 wt.% Gd20 3 • All fuel rods were also 5·.0% enriched. 

The arrangements modeled are shown in the following figures. The·results are listed in Table. 

11. 

I 

i 
- ! 

I 
I 

I 

I 
I 

~ I 
I 



• 
ta 

tb 

• 
tc 

td 

• 

1111111111 

.12222222:M::1 
1 2' 3 3 ··~ 3 3· i@: 2 1 

.123 33::@;1 
123 3(fl21 
123 3321 
1233,333321 
1233333321 
1\§(2 2 2 2 2 2;g1 
111111 111 

1 1 1 1 1 
1 2 2 2 2 
1 2 3 3 3 
1 2 3 3 
1 2 3 3 
1 2 3 3 
1 2 3 3 3 
1 2 3 3 3 
1 !@:: 2 2 2 
1 1 1 1 1 

1 1 ·1 1 
1'Je,t2 2 2 
1 2 3 3 3 
. 1 2 3 3 
., 2 3 3 

! 1 2 3 3 

1 1 1 1 1 
2 2 2 !Ji: 1 
3 3 ~~t:: 2 1 

3 ~§) 1 

!~t.:: 2 1 
3 2 1 

3 3 3 2 1 
3 3 3 2 1 
2 2 2 i§: 1 
1 1 1 1 1 

1 1 1 1 1 
2 2 2::e:1 
3 3 ~=:G'i i2> 1 

:-:·:·: .... 

3 2 ,. 
1233333 3 2 1 
,1, 2 3 3 3 3 3 3 2 1 
,1222222 
1111111 1 1 1 

1 1 1 1 1 1 1 1 1 1 
'2 1 ii@: 2 2 2 2 21!]~: 1 

1 2 3 3 3 3 3 !§.!.' 2 1 
1 2 3 3 3 ::a 1 

···:·:-:•. 
1 2 3 3 'ii:: 2 1 

1 2 3 3 3 2 1 
1 2 3 3 3 3 3 3 2 1 
1 2 3 3 3 3 3 3 2 1 
1 2 2 2 2 2 2 21:~: 1 
1 1 1 1 1 1 1 1 1 1 

EMF-1563 
Revision 12A 
Appendix 6E 
Page 38 of 83 

'' i 
I 

. I 

j 

I 
'! 

' 



-· 
tf 

tg 

•• 
th 

ti 

• 

1 l 1 1 ·1 1 1 1 1 
12211:222221 
121MP333321 
1J!i'33 32'1 
1233 321 
1233 321 
12333333:;~11 

1233333J~;21 

1 2 ·2 2 2 2 ~\W,il 2 2 1 
1111111111 

1 1 1 1 1 1 1- 1 1 1 
1 2 2 2 2 ·2 =:w:; 2 il~: 1 
1 2 3 3 3 3 3 J~J: 2 1 
1 2 3 3 3 G 1 
1 2 3 3 3 2 1 

.1 2 3 3 3 2 1 

.1 2 3 3 3 3 3 3 2 1 
· 1 2 3 3 3 3 3 3 2 1 
1 i.@: 2 2 2 2 2 2Jl:1 
1· 1 1 1 1 1 1 1 1 1 

:1.. 1 1 1 1 1 1 1 1 1 
.1 2 2 2 2 2 i\!l 2 J~: 1 
1 2 3 3 3 3 3 llil!li 2 1 
1 2 3 3 3 i)!~: 1 
.1 2 3 3 3 2 1 
1· 2 3 3 3 2 1 , 2 3 3 3 3 3 3 2 1 
1 2 3 3 3 3 3 3 2 1 
1 :@: 2 2 2 2 2 2 ,j@jtl 
1 1 1 1 1 1 1 1 1 1 

J 1 1 1 1 1 a 1 J~:: 2 2 2 2 
1 2 3 3 3 3 
1 2 3 3 3 3 3 3 ::@: 1 
1 2 3 3 3 2 1 
1 2 3 3 3 2 1 
1 2 3 3 3 2 1 
1 2 3 3 3 3 3 3 2 1 
1 2 2 2 2 2 2 2$t1 
1 1 1 1 1 1 1 1 1 1 

EMF-1563 
Revision 12A 
Appendix 6E 
Page 39 of 83 

I 
I 

I 
I 



• 
1 1 1 1 1 
.1 Ji 2 2 2 
1 2 3 3 3 
1 2 3 3 

tj ~ 2 3 3 
1 2 3 3 
1 2 3 3 3 
1 2 3 3 3 
1 2 ,2 2 2 
1 1 1 1 1 

1 1 1 1 1 
1 2 2 2 2 
1 2 3 3 3 
1 2 3 3 3 

tk 1 2 3 
1 2 3 

1 2 3 
1 2 3 3 3 
1 t§.: ·2 2 2 
1 1 1 1 1 

• .1 1 1 1 1 
1 2 2 2 2 
1 2 3 3 3 

,1 2 3 3 

ti 
1 2 3 3 
1 2 3 3 
1 2 3. 3 3 
•1 2 3 3 3 
,1 ::~if '2 2 2 
,1 1 1 1 1 

1. 1 ·1 

1 f:S: 2 2 2 
1 2 3 3 3 

2 3 3 3 
1 2 3 

tm 
1 2 3 
1 2 3 
1 2 3 
1 2 2 2 2 

J 1 1 1 1 

• 

1 1 
2 s.i:: 
3 3 

3 3 
3 3 
2 2 
1 l 

1 1 
2 :~lf 
3 3 
3 :1.:: 

3 
3 
;3 

3 3 
2 2 
1 1 

l 1 
2 :st 
3 3 

%t 

3 3 
·3 3 
2 2 
1 1 

1 1 
2 2 
3 3 
3 !§! 
' 3 

3 
3 
3 

2 2 
1 1 

1 1 1 
2 :~?11 
:st 2 1 
3 ;~: 1 
3 2 1 
3 2 1 
3 2 1 
3 2 1 

2I§:1 
l 1 l 

1 1 1 
2 2 1 

:g; 2 1 
3 !i!ii 1 
3 2 1 
3 2 1 
3 2 1 
3 2 1 
2 ::g: 1 
1 1 1 

1 1 1 
2 2 1 

j§:: 2 1 
3 j@1 
3 2 1 
3 2 1 
3 2 l 

3 2 1 
2 :\§i' 1 
1 1 1 

1 1 1 

'P:l J~: 1 

311§: 1 
3 2 1 
3 2 1 
3 2 1 
3 2 1 
3 ·2 1 
2 lj§: 1 
1 1 1 

EMF-1563 
. Revision 12A 
Appendix6E 
Page 40 of 83 

.1 
! 



1 1 1 1 1 
1 iWl 2 2 2 
1 2 3 3 3 
1 2 3 3 

tn 
1 2 3 3 
1 2 3 3 
1 2 3 3 3 
1 2 3 3 3 
1 2 2 2 2 
1 1 1 1 1 

1 1 1 1 1 
1'.W.i 2 ..... 2 2 
1 2 3 3 3 
1 2 3 

to 
1 2 3 
1 2 3 
1 2 3 3 3 
1 2:3 3 ·3 
1 2 2 2 2 
1 1 .1 1 1 • 1 1 1 1 1 

11Jit 2 2 2 
1 2 3 3 3 
1 2 3 3 

tp 1 2 3 3 
1 2 3 3 
1 2 ·3 3 3 
1 2 3 3 3 
·1 2 2 2 2 
:1: 1 1 1 1 

• 

1 1 1 1 1 
2 2 :W,:i ,J~j 1 
3 3 3 Wt 1 

3 2 1 
3 2 1 
3 2 1 

3 3 3 2 1 
3 3 IJ'!!j 2 1 
2 2 2 ii~.: 1 
1 1 1 1 1 

1 1 1 1 1 
2 %it! :.! 2 1 
3 .3 Wii 2 1 

3 3 j!Jit 1 
·3 $~'! 2 .1 

3 3 2 1 
3 3 3 2 1 
3 3 3 2 1 
2 2 2 ;~ 1 
1 1 1 1 1 

1 1 1 1 1 

2 ~Mi! 2 2 l 

3 3 M 2 1 

3 Jii:! 1 
ti-Yi 2 1 
3 2 1 

3 3 3 2 1 
3 3 3 l!J@j 1 
2 2 2 2 1 
1 ·1 1 1 1 

EMF-1563 
Revision 12A 
Appendix6E 
Page 41 of 83 



I 
I • -

•• 

Table 11 Gadolinia Rod Arrangement Studies 
Six Gadolinia Rods, All Rods, are 5.0% Enriched, 

Gadolinia Rods contain 1.5 wt.% Gd20 3 

EMF-1563 
Revision 12A 
Appendix6E 
Page 42 of 83 

CASMO Model with Various Amounts of Interspersed Water 

: K-inf 

Gad Rod Pattern Case Id 10 wt.% + t4 Vol. % 15 Vol. % 
poly shims 

ta 1.00822 1.01026 1.07946 

tb 1.00577 1.00769 1.07619 

tc J .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 

tj 
Interspersed 

1.00395 1.00594 1.07650 Moderator 
: 

tk 1.00987 1.01189 1.07965 

ti 1.00812 1.00994 1.07793 

tm· ~99813 1.00015 1.06769 

tn l.00503 1.00711 1.07958 

to 1:.00971 1.01174 1.07982 

tp t.00898 1.01081 1.07738 
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KENO.Va was used to model an array of 104 inner shipping containers. The array was 

8x13xl. The most reactive rod arrangen:ient found using CASMO was used. The effect of 

various amounts of interspersed moderato,r on keff was evaluated. The results are in Table 12. 

The highest bias corrected 95% upper limit for ketf for assemblies without polyethylene shims 

is .9337 for case t6.16. 

Case. !D 

t6.1Qp 
: 

t6.11. 

t6.12 

t6.1~ 
' 

t6.14 

t6.15. 

t6.1 q 

t6.17 

Table 12 Gadolinia Rod Arrangement Studies 
Eight Gadolinia Rods; All Rods are 5.0% Enriched, 

Gadolinia Rods c;:ontain 1.5 wt.% Gd20 3 
KENO-Va Model with Various Amounts of lntersp~rsed Wa~er 

K-eff 
Moderator Vol. % 

Average K-eff u 

10+ poly 1.01211 .00174 

11 .91378 .00185 

12 .91903 .00171 

13 .92333 .00179 

14 .92123 .00188 

15 .92232 .00191 

16 .92544 .00186 

17 .92169 .00197 

Assembly o·rientation 

· To evaluate the possible effects of assem~ly 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. · 

. I 
I 

. i 

I 

• i 
· \ 
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Table 13 Sensitivity of K~eff to 1Ox10 Assembly Orientation 

Ca$e ID I Vol. % Moderator 
I 

K-eff 
I 

a 

tb.12r180 12 .91912 .00243 

tb.13r180 13 .92511 .00252' 

tb.14r180 14 .92244 .00242 ' 

I 

These data ·imply that the orientation of these types of assemblies in the shipping container 

will not have a significant impact on k-eff, but will shift the point of optimum interspersed 

moderation.' 

- I 
I 
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. 4.2.5 9x9 Assemblies with All Other Rods Enriched to 5.0 Wt. % and Eight Gadolini.a Rods 
at L5 wt.% Gdi03.:. 

· EMF-1563,: Sup. 1, Rev .. 1 concluded the most reactive arrangement of gadolinia rods in a 

1Ox10 asser:nbly is to have all gadolinia rods clustered together in the uppeyr right corner. A 

simple CASMO model was used to confirm this type of rod arrangement is also the most 

reactive for 9x9 assemblies. The water channel is in the center 3x3 cells. The rod 

arrangemen:ts evaluated are shown in the figures below and results are listed in Table 14. 

N1 

,, 1 1 1 1 1 1 1 
.1 2 2 2 2 2 2 2 1 

3 3 3 3 3 2 1 
2 1 

3 3 3 
2 2 2 2 7 
1 1 1 1 

11.111111 

1.J~: 2 2 ::~t 2 2 Ml 1 
~23333321 

123 321 
N2 l "=@j ;3 3 2 1 

N3 · 

123 321 
12~33~3:.!1 

1~Mf.i:l z:ii2 2M::1 
111111111 

111111111 

1;g;2 2 2\fi2j@p 
1 2 3 
1 2 3 
1 2 3 3 2 1 
1 2 3 3 2 1 
1 2 3 333321 

2222::@1 
1 1 1 111111 

'. 

' 

. ; 
! 

' 

i 
. ! 

' 
~ ! 
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N3a 

N3b 

• N4 

N5 

• 

·111111111 

1::gp 2 2%f2J~P 
123333ff.l.P1 
1 J~:: 3 3 ;=~t 1 
123 321 

2 3 3 2 1 
23333321 

12222221J~P 
1 1 1 1 1 1 

1 1 1 1 1 1 1 1 
1 =:1:=.2 2 2=J~:2i::m1 
1 2 3 
1 2 ,3 

3 2 1 
1 2 3 3 2 1 

23333tM\21 
2 :2 2 2 2 2 =:6 1 

1 1 1 1 1 1 

'1 1 
:1 L\~,: .2 2 
1 2 ·3 3 3 3 3 2 1 

3 !i,§l 1 
1 2 3 3 2 1 

:1 2 3 3 2 1 

1 1 1 1 1 1 1 1 
2 2 2 21:§11 

1 2 3 

1;\~i 3 
1 2 3 
1 2 3 
1. 2 3 3 
1 2 2 2 
1 

3 2 1 

3 2 1 
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N5a 

NSb 

NB 

1 1 1 111111 

3 2 1 
1 2 3 
1 2 3 3 2 1 
1 2 3 

il 2 2 2 2 ff~} 2 i@\11 
1 1 1 1 1 1 

,,. 1 1 1 1 1 1 1 1 

1 2 2 2 2 ::w,:, 2 r:s.P 
123333321 
,1'23 321 
1.23 31:g:1 
1J~j3 321 

·1 2 3 3 3 3 3 G 1 
1 ffil.~ 2 2 ll!itilW 2 :g; 1 
111111111 

11111 111 
1 2 2 2 2\S'jj2@).1 
12*t333321 
123 321 

N7 1 2 3 3 2 1 

1 ~:~:. 3 3 ,::v.f 1 
12~333321 

'1Ji).2 2 2'ift.2)§:1 
111111111 
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Gad Rod'. 
Pattern 

N1 

N2 

N3 
' 

N3a 

N3b 

N4 

• N5 
: 

N5a 

N5b 

N6 

N7 

• . '. 

Table 14 Gadolinia Rod Arrangement Studies 
Eight Gadolinia Rods, All Rods are 5.0% Enriched, 

I 

Gadolinia Rods contain 1.5 wt.% Gd20 3 
CASMO Model with Various Amounts of Interspersed Water 

K-inf 

Case ID 12% 13% 14% 15% 
Water Water Water Water 

1.07986 1.08245 1.08512 1.08771 

.96510 .96685 .96867 .97042 

.97120 .97310 .97498 .979678 

.97336 .97314 .97698 .97877 
d.SGDxx.out 
where xx is 

.96418 .96582 .96750 .96914 

the Vol.% .96571 .96752 .96941 .97122 
interspersed 

.97478 .97631 .97787 .97939 water 

- ' .97683 - .97990 

- .97576 - .97859 

.97250 
; 

.97425 .97606 .97782 

.97027 .97200 .97377 .97550 
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10 Vol. 
% +poly 

shims 

1.16982 

1.02799 

1.03579 

1.03669 

1.02277 

1.03014 

1.03193 

1.03264 

1.02948 

1.03481 

1.03186 

' . i 
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KENO.Va was used to model an array of 104 inner shipping containers. The array was 

13x13x1 .· The most reactive rod arrangement found using CASMO was used. The effect of 

various amounts of interspersed moderator on keff was evaluated. The results are in Table 15. 

The highest bias corrected 95 % upper limi't for keff for assemblies without polyethylene shims 

is .91360.for case a-3a.15. 
' 

. Case ID 

a-3a.11 

a-3a .. 12 

a-3a.13 

a-3a.14 

a-3a.15 

a-3a .. 16 

a-5.13 

a-5.1 fl-
a-5.15 

a-5.16 

a-5.1 Qp 

a-5a.1:2 

a-5a.1.3 

a-5a.1'4 

a-5b.1.5 

a-5a.16 

a-5a.1 Op 

Table 15 K-eff for 'Rod Patterns 3A, 5, and 5A 
at Various Amounts of Interspersed Water 

Rod Pattern Vol. % Water as 
·Interspersed 

Average Moderator 

11 .89078 

12 .89799 

13 .89700 
3 

14 .89664 
' 

15 .90532 

16 .90424 
' 13 .89104 

14 .88916 

5 15 .89322 

16 .88673 

10 + poly shims .97402 

12 .89102 

13 .89028 

14 .89.085 
5a 

15 .89061 

16 .88'961 

10 + poly shims .97854 

K-eff 

·a 

.00·154 

.00182 

.00178 

.00177 

.00173 

.00186 

.00190 

.00174 

.00160 

.00159 . 

.00183 

.00173 

.00180 

.00187 

.00186 

.00164 

.00188 
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To evaluat~ the .possible effects of assembly orientation, several cases for fuel patterns 3a and 

5a at various Vol. % interspersed moderator were repeated with one of the fuel bundles in the 

inner ·c~ntainer rotated 180 degrees. The results of this evaluation are listed in Table 16. 

·Table 16 Sensitivity of K-eff to 9x9 Assembly Orientation 

I Case ID I Vol. % Moderator I K-eff I (J I 
' a-3a.12r180 12 .90168 .00257 

a-3a.13r180 13 .90470 .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 
I 

a-5.16r180 16 . 88397 .00264 . 

a-5a. 1:3r180 13 .89093 . .00278 

a-5a. 14r180 14 .89020 .00251 

a-5a. 1'5r180 15 .89429 .00253 

a-5a.16r180 16 : .89416 .00270 

These data imply that the orientation of these types of assemblies in the shipping container 

will not haV:e a significant impact on k-eff, but will shift ~he point of optimum interspersed 

moderation. 

. I 

I 
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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 conta'iner are 75.6cm wide by 78.1. 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 REGION 
UL XYZ: O.OOOOE+DO 1.5750E+02 4.0000E+DO 
LR XYZ: t.5200E+02 :o.ooooE+OO 4.0000E+OO 

KEY:Cld!!Wl~ildlldlil 
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X-Y SECTION AT Z=-10, PLYWOOD & 2X4 
UL XYl: O.ODDOE+OD · 1.575DE+02 1.0000E+Ol 
LR XYZ: 1.5200E+02 O.OOOOE+OO 1.0000E+01 

KEY :clidi!iiliiB.l91ldllllilil 
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X-Y SECTION AT Z=15, SKID AT 
UL XYZ: O.OODOE+OO • 1.575DE+02 
LR XYZ: 1 .5200E +02 O.OOOOE +00 

KEY:CIN!&tmlMlmlllUl 

. " 
' 

BOTTOM 
1.SOODE+Dl 
1.5000E+OI 
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X-Y SECTION AT Z=D 
UL XYZ: -1.0000E-02 7.8800E+01 
LR XYl: 7.5600E+01 -1.0000E-02 

KEY ;cllii!WWWil<ilDJlidldl!lli 

·.· 

I I ' ·.1 

I 
I· 
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2.6000E+02 
2.6000E+02 

. l 
' 

· 1 
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The calculation results .for an infinite array of edge-to-edge packages are in· Table 17. The rod 

patterns a,nd orientation <?f the assemblies in each package are shown in sections 4.2.4 and 

4.2.5. 

The most reactive interspersed water density for both assembly types is zero. The largest bias­

corrected 9.5 % upper limit on k-eff for the infinite array is 0.9150. 

Case 
ID. 

a-n3a.005 
a-n3a.010 
a-n3a.015 

a-nt6 
a-nt6.005 
a-nt6.01 O 
a-nt6.015 

Table i 7 K-eff for Infinite Arrays of SP-1 /SP-2 
Containers at Normal Conditions 

Vol.% 
Rod Pattern lnte~spersed 

Moderator Avg. 

·O .87498 

3a 
:.5 .84803 
' 1 .82883 
1.5 .80380 
·o .90673 
.5 .88406 

t6 1 .86140 
1.5 .83264 

k-eff 

Std.Dev. 

.00174 

.00170 

.00159 

.00175 

.00172 

.0016~ 

.00179. 

.00161 

. i 
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Appendix A 

· Sample computer inputs used for this analysis: 

The model of inner shipping containers KENO case ("a-3a.15") is listed below. 
=csas25 
sp-1 with 5.0% enriched 9x9 fuel except exterior rods 5.0% 
hans infh 

' uoi 1 0~98 293.0 92235 3.4643 92238 96.5357 end 
uo2 1 0.98 2S3.0 92235 5.0 · 92238 95.0 end 

' uo2 2 0.98 293.Q 92235 3.4643 92238 96.5357 end 
uo2 2 0.98 2~3.0 92235 5.0 92238 95.0 end · 

' uo2 3 0.98 293.Q 92235 4.0 92238 96.0 end 
uo2 3 0.98 29.3.0 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% gd2o3· 
' td of uo2-gd2o3 = 10.96 -2.65 *p/[p + 0.67145 *(1-p)J, p =wt frac.gd2o3 
' "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 
' gd2o3 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 
arbmgd2o3 0. 1 602 2 0 1 0 64000 '2 801 p 3 
7 1.0 293. end 

zircalloy 8 1.0 293.0 end 

' water, 15 vol.% 
h2o 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 1 3 1 .O 293 end 
' polyethylene, 100 vol% 
arbrnpe 0.92 2 0 1 0 6012 1 1001 2 
14 1.0 293. 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= 1 cyli ·3.8729E-01 dan( 1) = 6.8905E-01 
res= 2 cyli 4.5924E-01 dan( 2) = 6.3178E-01 
res= 3 cyli 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( 5) = 4.6477E-01 
res= 6 cyli 5.3770E-01 . dan(. 6) = 4.6765E-01 
res= 7 cyli 4.3370E-01 dan( 7) = 6.1057E-01 

··end more . 

': 

sp-1 with 5.0% enriched 9x9 fuel except 4.0% edge rods 
read parameters 
tme=90 gen=200 npg=600 nsk=O 
flx=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" 
I pitch: 0.569,6" 

unit 1 
com= "interior: rod" 
cyli 1 1 0~5080 2p226.695 
cyli 8 1 0.54Epo 2p226.695 
cube 9 1 2pQ. 723428 2p0.54610 2p226.695 
' polyethylene shims between rods 
' cubo 14 1 4p0. 7234280 2p226. 695 

' use Id water 'in place of shims 
cube 9 1 4p0,.7234280 2p226.695 

unit 2 
com= "interior rods around water rod" 
cyli 2 1 0.508.0 2p226.695 
cyli 8 1 0.546,10 2p226.695 · 
cubo 9 1 2po·. 7234280 2p0.6461 O 2p226.695 
' polyethylene shims between rods 
' cubo 14 1 4p0.7234280 2p226.695 

' use Id water inplace of shims 
cube 9 1 4p0. 7234280 2p226 .. 695 

unit 3 
com= ~'edge rod facing up" 
cyli 3 1 0.5080 2p226.695 
cyli 8 1 0.5461.0 2p226.695 
cube 9 1 2p0.~234280 0.7234280-0.54610 2p226.695 
' polyethylene shims between rods 
' cubo 14 1 4p0. 7234280 2p226.695 
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' use Id water in place of shims 
cube 9 1 4pb. 7234280 2p226.695 

unit 4 
com.: "edge rod facing down" 
cyli 4 1 0.5080 2p226.695 
cyli 8 1 0.54610. 2p226.695 

------

cubo 9 1 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 rdd facing other bundle" 
cyli 5 1 0.5080 2p226.695 
cyli 8 1 0.54610 2p226.695 
cubo 9 1 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 6 
com=" edge ro'd facing out" 
cyli 6 1 0.50BO 2p226.695 
cyn 8 1 o.54610 2p22e.ess 
cubo 9 1 2p03234280 2p0.54610 2p226.695 
' polyethylene'shims between rods 
' cubo 14 1 4;p0.7234280 2p226.695 

' use Id water 'in place of shims 
cubo 9 1 4p0.7234280 2p226.695 

unit 7 
· com= "uo2-gd2o3 rod" 

cyli 7 1 0.5080 2p226.695 
cyli 8 1 0.54610 2p226.695 
cubo 9 1 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 ~ 4p0~ 7234280 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' 

'I 
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xcyl 9 10.95250.1519 0.0 
cubo 10 1 0.1, 519 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='on~ 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 
cube 10 1 2p~.2225 0.1519 0.0 2p2.2225 

unit 13 
com= 'top/bottom basket element' 
I 1,6902"x0,0,598"x1. 75" Steel with 0. 75 n diam, hole' 
ycyl 9 1 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 
array 2 -8.7381 0.0 -226.695 

unit 15 
com= '0.0598;, ·Steel at basket corners' 
cubo 10 10.15190.0 0.1519 0.0 2p226.695 

unit 16 
com=" spacing & steel angle at -x side of basket " 
cubo 9 1 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. 793,75 -0.635 0.0 
hole 22 1.111'25 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. 746.25 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 O;O 
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 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 4.28S25 -4.1275 a.a 
hole 22 4.6a375 4.445 o.a 
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 9 1 a.o -5.08 2p8.89 2p226.695 
hole 22 -0.15875 o.o a.a 
hole 22 -a.47625 -0.3175 0.0 
hole 22 -0.47625 0.3175 0.0 
hole 22 -a. 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 -1.4287·5 -1.27 0.0 
hole 22 -1. 74625 1.5875 a.o 
hole 22 -1. 74625 -1.5875 0.0 

. hole 22 -2.06375 1.905 a.Q 
hole 22 -2.06375 -1.905 0.0 
hole 22 -2.38i 25 2.2225 0.0 
hole 22 -2.38125 -2.2225 o.o· 
hole 22 -2.69875 2.54 0.0 
hole 22 -2.69875 -2.54 0.0 
hole 22 -3.01625 2',8575 a.O 
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 o.o 
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 9 1 2p8.89 5.08 0.0 2p226.695 
hole 21 0.0 0.15875 0.0 
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hole 21 -0.3f75 0.47625 0.0 
hole 21 0.3175 0.47625 .O.O 
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 -i .905. 2.06375 0.0 .. 
hole 21 2.22~5 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 -2.8!p5 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 .o.o 
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 9 1 2pB.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 -0.4 7625 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 1.587.5 -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 2.222.5 -2.38125 0.0 
hole 21 -2.2225 -2.38125 0.0 
hole 21 2.54 ·-;z. 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 
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hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 

unit 20 

-3.175 -3.33375 0.0 
3.49.25 -3.65125. 0.0 

-3.4!'125 -3.65125 0.0 
3.81 -3.96875 o .. o 

-3.8J -3.96875 0.0 
4.1 ~75 -4.28625 0.0 

-4. 1275 -4.28625 0.0 
4.445 -4.60375 0.0 
-4.445 -4.60375 0.0 
4. 7625 -4.92125 o.o 

-4. 71;325 -4.92125 0.0 

com=" 2x2 inch moderation regions at corners " 
cubo 9 1 4p2~54 2p226.695 

unit 21 
com= "part of steel angle" 
' 0.1552" x 0.125" 
cubo 11 1 2p9.197104 2p0.15874 2p226.695 

unit 22 
com= "part of steel angle" 
• 0.125" x o.1552" 
cubo 11 1 2p0; 158.74 2p0.197104 2p226.695 

unit 23 
· com="left (-X)·10x10 bundle in basket" 

' bundle at oui:er edge, centered vertically 
array 3 -8.7381 -6.510866 -226.695 
cube 9 1 2p.8.7·381 2p8.7381 2p226.695 

unit 24 
com= "right 1~x10 bundle in. basket" 
' bundle at outer edge, centered vertically 
array 4 -4.2836334 -6.510866 -226.695 

· cubo 9 1 2p8)381 2p8.7381 2p226.695 

unit 25 
com= "complete left basket with bundle" 
array 5 2r-B.89: ~226·.695 

unit 26. 
com= "complete right basket with bundle" 
array 6 2~-8.Bs;-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 

unit 28 
com=" 2x2 inch regipns at corners " 
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cubo 9 1 4p2.54 ;2p226.695 

unit 29 
com ='higher enriched rods' 
cyli 15 1 0.4445 2p226.695 
cyli 8 1 0.49022 2p226.695 
cubo 9 1 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=4nuz=102 
loop 
9 '1 1 1 2 3 ,1 1 1 02 1 
10 1 1 1 1 4 3 1 ·1 02 1 
end loop 

ara =2 nux=4nuy=1 nuz= 102 
loop 
1 2 2 3 1 1 1 ' 1 1 1 02 1 
13 1 4 3 1 1 1 1 102 1 
end loop 

' left bundle, poison corner at II 
ara=3 nux =0~ nuy=09 nuz= 1 
fill 
04 04 04 04 04 04 04 04 04 
05 07 01 07 0,1 01 01 07 06 
05 01 02 02 02 02 02 01 06 
0507'02080808020706 
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 0'3 03 03 03 03 
end fill 

' right bundle, :poison corner at ur 
ara=4 nux=09 nuy=09 nuz=1 
fill 
04 04 04 04 o4 04 04 04 04 
05 07 01 01 0'1 07 01 07 06 
050102020~02020106 
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05 07 02 OB 08 08 02 07 06 
0501020BbBOS020106 
0501 020808080201 06 
0501 0202b2020201 06 
05 01 01 01 01 07 01 07 06 
03 03 03 03 03 03 03 03 03 
end fill 
ara =5 nux=3 nuy=3 nuz= 1 
fill 
15 14 15 
11 23 11 
15 14 15 
end fill 

ara=6 nux=3: nuy=3 nuz=l 
fill 
15 14 15 
11 24 11 
15 14 15 
end fill 

ara=7 nux=4' nuy=3nuz=1 
fill . 

20 18 18 20 
16 25 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 =·10zsp=10 
end start ' 

read bounds 'all =vacuum end bounds 
read bias id= 500 2 :11 end bias 

. read plot 
ttl =" yx section of single storage location 
nch=" xx"d>g: .$$,$*x" 
xul=-10.0 xlr=10.0 yul=10.0 ylr=-10.0 zul=O.O. zlr=O.O 
uax=1.0 vdn=-1.0 nax=120 lpi=10 end 
ttl =" yx sectior:i of single storage location 
nch.=" xx"d>g: .$$$*x" 
xul=-40.0 xlr=40.0 yul=40.0 ylr=-40.0 zul=O.O zlr=O.O 
uax=1.0 vdn=:-1.0 nax=120 lpi=lO end · 

ttl =" yx section of two bundles in inner container " 
nch =" 12345S7.89abcde" 
'xul=-10.0 xlr.=10.0 yul=10.0 ylr=-10.0 zul=1.0 zlr=1.0 
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ttl = 11 yx section of two bundles in inner container 11 

nch = 11 12345.6789abcde11 

xul=-25.0 xlr=25.0 yul=15.0 ylr=-15.0 zul=1 .. 0 zlr=1.0 
uax=1.0 vdn=-1.0 nax=140 lpi=10 end · 
ttl =" yx section of left bundle in inner container 11 

xul=-5.0 xlr;=55.0 yul=10.0 ylr=-10.0 zul=1.0 zlr=1.0 
uax=1.0 vdn,;,,-1.0 nax=140 lpi710 end ' 
ttl =" yx section of left bundle in inner container 11 

nch = 11 123456789abcde" 
xul=-20.0 xlr=O.O yul=10.0 ylr=-10.0 zul=1.0 zlr=1.0 
uax=1.0 vdn='=-1.0 nax=140 lpi=10 end 
ttl =" yx section of risght bundle in inner container ~ 
nch =" 123456789abcde" · 
xul=O.O xlr";20.0 yul=10.0 ylr=-10.0 zul=1.o:zlr=1.0 
uax=1.0 vdn=-1.0 nax=140 lpi=10 end 
end plot 

end data 
end 

The model for the nominal condition KENO case ("a-~3a 11 ) 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 0.98 293.0 92235 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 3 0.98 293.0·92235 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% gd2o3 
' td of uo2-gd2o3 = 10.96 -2.65 *p/[p +0.67145 *(1-p)], p :owt frac.gd2o3 
' 

11 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 
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' gd2o3 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 
arbmgd2o3 0. 1602 2 0 1 0 64000 2 801 6 3 ' 
7 1.0 293. end · 

zircalloy 8 1.0. 293.0 end 

' water, 0 voj.% 
h2o 9 1.e-15 293.0 end 

' basket steel 
carbonsteel 1 q ·1.0 293.0 end 
' angle steel . 
carbonsteel 11. 1.0 293.0 end 
' shell steel 
carbonsteel 12 1.0 293.0 end 

I 

' douglas fir, same composition as oak, dens=0.48~0.55 
oak 13 den =0.48 1.0 293 end 

' polyethylene~ 100 vol% 
arbmpe 0.92 2 O 106012 1 1001 2 
14 1.0 293. end 

' higher enric~ed rods 
uo2 15 0.98 29.3.0 92235 5.0 92238 95.0 end 

end comp 
more data 
res= 1 cyfi 
res= 2 cyli 
res= 3 cyli 

.res= 4 cyli 
. res= 5 cyli 

res= 6 cyli 
.res= 7 cyli 
end more 

3 .. 6257E-01 dan( 1 I= 7.4052E-01 
4 .. 5228E-01 dan( 21 = 6.8442E-01 
5.6262E-01 dan( 3) = 4.5534E-01 
5.7306E-01 dan( 41 = 4.5112E-01 
5.5324E-01 dan( · 5) = 4.9582E-01 
q.4917E-01 dan( 6) = 4.9697E-01 
3.4934E-01 dan( 71 = 7.3961 E-01 

sp-1 with 5.0% enriched 9x9 fuel except 4.0% edge rods 
re'ad parameters 
tme = 90 gen = 200 npg = 600 nsk = 0 

· flx=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: o.5696" 

unit 1 
com= "interior rod". : 
cyli 1 1 0.5080 2p226.695 
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cyli 8 1 0.54610 2p226.695 
cube 9 1 2p0. 723428 2p0.54610 2p226.695 
' polyethylene shims between .rc;>ds 
' cube 14 1 4p0. 7234280 2p226.695 

' use Id water inplace of shims 
cube 9 1 4p0.7234280 2p226.695 

unit 2 
com= "interior rods around water rod" 
cyli 2 1 0.5080 2p226.695 
cyli 8 1 o.54610 2p226.695 
cube 9 1 2p0.7234280 2p0.54610 2p226.695 
' polyethylene .shims between rods 
' cubo 14 1 4p0. 7234280 2p226.695 

' use Id water inplace of shims 
cube 9 1 4p0. 7234280 2p226.695 

unit 3 
com= "edge rod facing up" 
cyli 3 1 0.5080 2p226.695 
cyli 8 1 0.54610 2p226.695 
cube 9 1 2p0. 7234280 0. 7234280 -0.5461 O 2p226.695 
' polyethylene shims between rods 
' cube 14 1 4p0. 7234280 ·2p226.695 · 

' use Id water. in place of shims 
cubo 9 1 4p0 .. 7234280 2p226.695 

unit 4 . 
com= "edge r~d facing down" 
cyli 4 1 0.5080 2p226.695 
cyli 8 1 0.54610 2p'226.695 
cube 9 1 2pQ.723.;1-280 0.54610 -0.7234280 2p226.695 
' polyethylene shims between rods 
' cube 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 5 1 0.5080 2p226.695 
cyli 8 1 0.54610 2p226.695 
cube 9 1 2p0'.7234280 2P,0.54610 2p226.695 
' polyethylene ,shims between rods 
' cubo 14 1 4p0.7234280 2p226.695 
I ' 

' use Id water in place of shims 
cubo 9 1 4p0~ ?234280 2p226. 695 

unit 6 
com= "edge rod·facing out" 
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cyli 6 1 0.5080 2p226.695 
cyli 8 1 0.5461 o 2p226.695. 
cube 9 1 2p0.7234280 2p0.54610 2p226.695 
' polyethylene shims between rods 
' cube 14 1 4p0. 7234280 2p226.695 

' use Id water in place of shims 
cubo 9 1 4p0. 7234280 2p226.695 

unit 7 
com= "uo2-gd2o3 rod" 
cyli 7 1 0.5080 2p226.695 
cyli 8 1 0.54910 2p226.695 
cubo 9 1 -?p0.7234280 2p0.54610 2p226.695 
' polyethylene shims between rods 
' cubo 14 1 4p0.7234280,2p226.695 

' use Id wate~ in place of shims 
cubo 9 1 4p0.723.4280 2p226.695 

unit 8 
com= "water rod" 
cube 9 1 4p0. 7234280 2p226.695 

unit 9 

com= 'side basket element, 0.0598"x1 .75"x1 .75" steel with 0.75" diam. hole' 
xcyl 9 1 0.9525 0.1519 o.o· · 
cube 1 0 1 0. 1p19 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 0.952°5 0.1519 0.0 
cubo 1 0 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 0.9525 0.1519 0.0 

. cubo 10 1 2p2; 14655 0. 1519 0.0 2p2.2225 

unit 14 
com ='one COrT)plete basket top/bottom' 
' 4x1x102 array of units 13&14 
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array 2 .·8.7381 0.0 -226.695 

unit 15 
com= '0.0598" steel at basket corners' 
cube 10 1 0.1519 0.00.1519.0.0 2p226.695 

unit 16 
com=" spacing & steel angle at ·x side of basket " .' 
cube 9 1 5.()8 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. 746~5 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 3.651.25 ·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 4.921.25 4. 7625 0.0 
hole 22 4.92125 -4.7625 0.0 

unit 17 
com=" spacing &- steel angle at + x side of basket •· 

· cubo 9 1 0.0 -5.08 2p8.89 2p226.695 
hole 22 ·0.15875 0.0 o.o 
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 
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hole 22 -1.74625 -1.5875 0.0 
hole 22 -2.0S375 i .905 0.0 
hole 22 -2.06375 "1.905 0.0 
hole 22 -2.38125 · 2.2225 0.0 
hole 22 -2.381,25 -2.2225 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 ·3.6S 125 3.4925 0.0 
hole 22 -3.65126 -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 -4.28S25 -4.1275 ·o.o 
hole 22 -4.60375 4.445 0.0 
hole 22 ·4.60375 -4.445 0.0 
hole 22 -4.921'25 4.7625 0.0 
hole 22 ·4.92:125 ·4. 7625 o.o 

unit 18 
com= n angles: & spacing beneath baskets " 
cubo 9 1 2p8.89 f!.08 0.0 · 2p226.695 
hole 21 0.0 0 .. 15875 0.0 
hole 21 ·0.3175 o.47625 0.0 
hole 21 0.317.5 0.4 7625 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 11,42875 0.0 
hole 21 -1.27 1.42875 0.0 
hole 21 1.5875 1.74625 0.0 
hole 21 ·1.58,75 1. 74625 0.0 
hole 21 1.905 ·2.06375 0.0 
hole 21 -1.905 ·2.06375 0.0 
hole 21 2.222·5 2.38125 0.0 
hole 21 -2.222.5 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 -3.492.5 3~65125 0.0. 
hole 21 3.81'3.96875 0.0 
hole 21 -3.81 3.96875 0.0 
hole 21 4.12~5 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 4.9212!? 0.0 

unit 19 
com=" angles & spacing above. baskets " 
cubo 9 1 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 -0.95.25 -1.11125 .O.O 
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 -3.4925 -3.65125 0.0 

. hole 21 3.81· -3.96875 0.0 
hole 21 -3.81 -3.96875 0.0 
hole 21 · 4.1 ~75 -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 
hale 21 ·-4.7625 -4.92126 0.0 ., 

unit 20 
com=" 2x2 inch moderation regions at corners " 
cubo 9 1 4p2.~4 2p226.695 

unit 21 
com= "part of steel angle" 
• 0.1552"xo .. 1·25" 
cubo 11 .1 2p0.197104 2p0.15874 2p226.695 

unit 22 
com= "part of steel angle" 
I 0, 125" X 0, 1 S52" 
cubo 11 1 2p0.15874 2p0.197104 2p226.695 

unit 23 . 
com= "left (-x) ·1 Ox1 O bundle in basket" 

: i. 
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' bundle at o~ter edge, centered vertically 
array 3 -8.7381 -6.510866 -226.695 
cubo 9 1 2pB. 7381 2p8. 7381 2p226.695 

unit 24 
com= "right 1Ox10 bundle in basket" 
' bundle at outer edge, centered vertically 
array 4 -4.2836334 -6.510866 -226.695 
cubo 9 1 2pB.7381 2p8.7381 2p226.695 

, I 

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 12 16r0.15191 
cubo 9 1 2p32.385 2p30.48 2p261.9375 

unit 28 
com=" 2x2 inch regions at corners " 
cubo 9 1 4p2.54 2p226.695 

unit 29 
com= 'higher enriched rods' 
cyli 15 1 0.4445 2p226.695 
cyli B 1 0.49022 2p226.695 
cubo 9 1 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" 
cube 13 1 2p29.5275 4.1275 0.0 8.255 0.0 
I 38,25" im , 

repl 9 1 4r0.0 .97.155 0.0 1 
' add stud 
repl 13 1 4r0.0:8.255 0.0 1 
I 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 
I 36.75" im ' : 
repl 9 1 4r0.0 93.31-5 0.0 1 
' add stud . 

. repl 13 1 4r0.0 8.255 0.0 1 
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I 36.75" im ' 
repl 9 1 4ra.a·93.345 a.a 1 
' add stud 
repl 13 1 4ro .. o 8.265 a.a 1 
I 38.26" im , 
rep! 9 1 4r0.0 97.155 a.a 1 
' add studs & plywood 
repf 13 1 2r8.265 a.o 1.27 8.255 a.o 1 

unit 31 
com='base' 
' space to first skid 
cubo 9 1 2p37. 7825 8.255 o.o 13.97 a.a 
' -4x4 skid · · 

repl 13 1 4ro:a 8.255 o.o 1 
I 44,75" im 
rep! 9 1 4r0.0 113.665 0.0 1 
' 4x4 skid · 
repl 13 1 4ra.a 8.255 a.o 1 
' 44.75" im · 
repl 9 1 4r0.0 113.665 o.a 1 
' 4x4 skid 
repl 13 1 4r0.'0 8.255 0.0 1 
I 44.75" im o 

repl 9 1 4rO.a. 113.665 0.0 1 
' 4x4 skid ' 
repl 13 1 4r0.0 8.255 0.0· 1 
I 44,75" im 0 

repl 9 1 4r0.0. 113.665 0.0 1 
' 4x4 skid 
rep! 13 1 4r0.0 8.255 0.0 1 
' add space at + z 
repl 9 1 4r0.0· 13.97 0.0 1 
' add 1.605" wood at + y 
repl 13 1 2r0.0 4.1275 3ra.o 1 

unit 32 · 
com=' +x side~ . 
'plywood only'width: 24.00 - 2*3.25 = 17.5" 
cube 13 1 4.1275 0.0 2p22.225 8.255 0.0 
I 38,25" im 
repl 9 1 4r0.0 97. 155 0.0 1 
' add stud 
repl 13 1 4ro.c;:i 8.255 0.0 1 
I 36.75" im 
repl 9 1 4r0.0 .93.345 0.0 1 
' add stud . 
repl 13 1 4r0.0 ·B.255 0.0 1 
I 36,75" im 

0 

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 4ra.o 93.345 O.a 1 
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' add stud 
rep! 13 1 4r0 .. 0 8.255 0.0 1 
I 38,25" im : 
repl 9 1 4r0.097.155 0.0 1 
' add stud & plywood 
repl 13 1 0.0. i .27 2r8.255 8.255 0.0 1 

unit 33 
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 
I 38,25" im ' 
rep! 9 1 4r0.0 97. 155 0.0 1 
' add stud 
repl 13 1 4r0.0 8.255 0.0 1 
' 36.75" im 
rep! 9 1 4r0.0 93.345 0.0 1 
' add stud · 
repl 13 1 4ro:o 8.255 o.o 1 
' 36.75" im· 
repl 9 1 4r0.0 93.345 0.0 1 
' add stud 
repl 13 1 4rO.,O 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 
' 38.25" im 
rep! 9 1 4r0.0 97. 155 0.0 l 
' add stud & plywood 
rep! 13 1 1.27. 0.0 2r8.255 8.255 0.0 1 

unit 34 
com= 'inner co.ntainer & wood sides' 
array 8 3r0.0 

unit 35 
com=' complete outer container' 
array 9 3r0.0 

global 
. unit 36 
com=" 1 Ox1 Ox1 array of inners " 
array 10 3r0.0 

end geom 

read array 

ara= 1 nux= 1 riuy=4nuz=102 
. loop 
9 1 1 1 2 3 , 1 1 02 1 
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10 1 1 1 1 ti. 3 1 102 1 
end loop 

ara =2 nux=4nuy=1 nuz= 102 
loop 
12 2 3 1 1 l 1 '1 102 1 
13 1 4 3 1 1 1 1 '102 1 
end loop 

' left bundle, poison corner at II 
ara=3 nux=09 nuy=09nuz=1 
fill 
04 04 04 04 04 04 04 04 04 
050701070101010706 
0501 020202020201 06 
05 07 02 08 08 08 02 07 06 
050102080808020106 
05 01 02 08 08 08 02 01 06 
05 01 02 02 02 02 02 01 06 
05 07 01 07 01 01 01 01 06 
03 03 03 03 0,3 03 03 03 03 
end fill ,. ' right bundle, poison corner· at ur 
ara=4 nux=OS·nuy=09 nuz=1 
fill 
04 04 04 04 04 04 04 04 04 
05 07 01 01 o'l 07 01 07 06 
05 01 02 02 02. 02 02 01 06 
05 07 02 08 08. 08 02 07 06 
050102080808020106 
05 01 02 08 08 08 02 01 06 
05 01 o2 02 0202 02 01 05 
05 01 01 01 01 07 01 07 06 
03 03 03 03 03 03 03 03 03 
end fill 
ara=5 nux= 3 nuy=3 nuz= 1 
fill 
15 14 15 
11 23 11 
151415 
end fill 

ara=6 nux=3 nuy=3 nuz=1 ; 

fill i 
151415 : 
11 24 11 ' 

1,5 14 15 
end fill 

ara=7 nux=4 nuy=3. nuz=1 
fill 

•• 20 18 18 20 
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16 25 26 17 
28 19 19 28: 
end fill · 

ara=8 nux=3·nuy=1 nuz= 1 
fill 33 27 32 end fill 

ara =9 nux = 1: nuy= 3 nuz = 1 
fill 31. 34 30 end fill 

ara = 10 nux = 10 nuy = 10 nuz = 1 
fill f35 end filJ; 
end array 

read start nst= 1 end start 
read bounds alr=spec end bounds 

·' read bias Id= 500 2 11 end bias 
end data 
end 

The model for XSDRN case ("a-h4025a") at flooded conditions is listed below. 
=csasix , 
sp-1 with 5.0% enriched 1Ox10 fuel 
hans latt 

' external water, 100 vol.% 
h2o 1 1.0 293:0 end 

uo2 2 0.98 293.0 92235 5.0 92238 95.0 end 

' water in unit, cell 
· h2o 3 1.0 293.0 end 

zircalloy 4 1.0 293.0 end 

end comp 
'pod .4" clad .'015" vw/vf=2.5 pitch=1.726326 cm 
squa 1. 726326 1.0160 2 3 1 .09220 4 end 
end t 

=xsdrn 
' inf array of inners 
0$$ a3 2 e , 
1$$ 22100 1·3 2 2 8 2r11080 3r0 
2$$ -1 -1 4r0 -:1 e 
3$$ 0 e 
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'4$$-1160e 
5** 2r1 .Oe-5 e 
t 
13$$ 1 2 
14$$ 500 1 
15** fl.O 
t 

33## f1 .0 
t 

35** 49i0.0 49i10.133134 20.164682 
36$$ 50r1 50r2 
39$$ 1 2 
t 
end 

A typical CASMO case ("d.8gd15") is listed below. 

DIM 9,1 
TIT TFU = 293.15 TMO = 293. 15 BOR = 0 * INNERS ONLY 
FUE 1 10.740~/5.0·*98%TD, 5.0%ENR 
FUE 2 10.7408Y5.0 *98%TD, 5.0%ENR 

. FUE 3 10.740S/5.0 *98%TD, 5.0%ENR 
FUE 410.6832i5.00,7301=1.5 *98%TD, 5.00%ENR 
•VOi, 90. . . 
MOD, .149730/1001 = 11.19,8000 = 88.81 
Mil .686305/26000=84.829155 ,6000= 1.731207 ,1001= 1.503896 ,8000=11.935745 
Ml2 .303433°;26000=66.611'275 ,6000= 1.359414 ,1001 = 3.584080 ,8000=28.445229 
Ml3 .494868/26000=79.243896 ,6000= 1.617222 ,1001 = 2.141640 ,8000=16.997234 
Ml4 6.70597~/26000=97.789505 ,6000= '1.995704I1001 = .024035 ,8000= .190758 
Ml5 .646048/~6000=83.929482 ,6000= 1.712847 ,1001 = 1.606623 ,8000=12.751048 
Ml6 .541578/26000 = 80.970863 ,6000 = 1.652467 , 1001 = 1.944449 ,8000=15.446123 
* coo .465105/1001 =13.991474,6000=75.437164,8000=10.571368 
COO, .149730/1001 =11.19,8000=88.81 , 

Ml7 0.001/8000=100.0 
* 0.5127" pitch, 
* POD/CID/COl;>=0.40/0.40/0.436" 
PIN 1 0.5080 0.55372/'1' 'CAN' 111 
PIN 2 0.5080 · 0.55372/'2' 'CAN'//1 
PIN 3 0.5080. 0.55372/'3' '.CAN'/11 
PIN 4 0.5080 0.55372/'4' 'CAN'//1 
PIN 5 0.5080 0.7234/'MOD' 'MOD'//1 
BWR 9 1.446°866 13.0217 0.0 3*0.0 1 

· LPI 
1 1 1 1 1 1 1 1 1 
1 23222221 
123333321 
123555321 
123555321 
123555321 
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1 2 3 3 3 3 3,2 1 
1222222·21 
1 1 1 1 1 1 1, 1 1 
/'F' 
FST 4.9281,2.54,0.1519,2.54/0.001,3*5.2319/ 
'Ml1 ','Ml2','Ml1 ','Ml3',3*'Ml4' ,'Ml3' I 
'Ml7','Ml7','Ml7','Ml5','Ml6','Ml5','Ml6','Ml5'/ 
a,4,2,4/1,3*8t 
STA 
TIT,*+ TRY #2 
* RES,,0.0 
LST,2*1 
LPI 
1 1 1 1 1 1 1 .1 1 
1422422'41 
123333321 
123555321 
1 4 3.5 5 5 3 4 1 
123555321 
1 2 3 3 3 3 3 2 1 
142242241 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
TIT,*+ TRY #3 
* RES,0.0 : 
LST,2*1 
LPI 
1 1 1 1 1 1 1 1:1 
1 4222424:1 
123333421 
.1 2 3 5 5 5 3 4 1 
123555321 
1 2 3 5 5 5 3 2:1 
12433332'1 
142222241 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
TIT,*+ TRY #3a 
* RES,0.0 
LST,2*1 
LPI 
1 1 1 1 1 1. 1 1 1 
142224241 
1 2 3 3 3 3 4 2 :1 
143555341 
1 2 3 5 5 5 3 2 '1 
123555321 
1 2 3 3 3 3 3 ~ '1 
122224241 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
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TIT,* + TRY #3b 
* RES,0.0 
LST,2*1 
LPI 
1 1 1 1 1 1 1 1 1 
142224241 
123 3 3 3 4,2 1 
123 5 5 5 3·4 1 
143 5 5 5 3:2 1 
123555321 
1 2 3 3 3 3 4' 2 1 
1222242°41 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
TIT,*+ TRY #4 
* RES,0.0 
LST,2*1 
LPI 
1 1 1 1 1 1 1 ·1 1 
142224241 
1233 3 3 3·2 1 
143555341 
123555321 

•• 123555321 
1 2 3 3 3 3 3 2 1 
142224241 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
TIT,*+ TRY #5 
* RES,0.0 · 
LST,2*1 
LPI 
1 1 1 1 1 1 1 i 1 
142222241 
123343421 
143555321 
123555421 
123555321 
123333321 
12222424-1 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
TIT,*+ TRY #Sa 
* RES,0.0 
LST,2*1 
LPI 
1 1 1 1 1 1 1 ' 1 
142222241 
123343321 
143555321 • 123555421 



• 
123555321 
123333421 
1222242:41 
1 1 1 1 1 1 1' 1 1 
/'F' 
STA 
TIT,*+ TRY #5b 
* AES,0.0 
LST,2*1 
LPI 
1 1 1 1 1 1 1 ·1 1 
1422222.41 
1233433·21 
143 5 5 5 3'2 1 
1 2 3 5 5 5 4·2 1 
1235553'21 
1233433:21 
122 2 2 4 2·4 1 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
TIT,* + TRY #6 
* AES,0.0 
LST,2*1 

•• LPI . 
' 

1 1 1 1 1 1 1 1 1 
1222242~1 
123333321 
1 2 3 5 5 5 3 2· 1 
1 2355534:1 
143555321 
123333341 
14224 2 4 2.1 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
TIT,*+ TRY #7 
* RES,0.0 
LST,2*1 
LPI 
1 1 1 1 1 1 1 1 1 
122224241 
124333321 
123555321 
123555321 
143555341 
123333321 
142224241 
1 1 1 1 1 1 1 1 1 

. /'F' 
STA 
TIT,*+ TRY #8 
* RES,0.0 • LST,2*1 

. ! 
' I 
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LPI 
1111111'11 
1 2 2 2 2 2 2.2 1 
123 3 3 3 3'2 1 
123555321 
123555321 
123555321 
123333321 
122222221 
1 1 1 1 1 1 1 1 1 
/'F' 
STA 
END 
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1 .. 

2. 

3. 

4. 

Nature of Changes 

Paragr'aph....Q! 
Paaels) Descriotion and Justification 

Fig. 1.1, 1.2, 1.3 . Revised license drawings. 

Table '1. 1 Revised list of license drawings. 

Pages 1-1 0 Revised container dra~ings 
through 1 -1 2 

Pages :6-1 through Revised criticality evaluation. 
6-32 
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. Consolidated !-icense Application for SPC:: 
Model SP-1 ar.id SP-2 Shipping Containers 

6. Criti.cality Evaluation 

6. 1 Introduction and Summary 

6. 1. 1 Introduction 
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This supplemental Criticality Safety Evaluation (CSE) for the SP-1 anij SP-2 shipping 
containe.rs 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 )~ 

Section 6.2 details the methodologies used for the criticality analysis. Component 
description and analysis are provided in Section 6.3. Section 6.4 contains the Quality 
Assurance (QA) review. Section 6.5 provides sample input listings. Section 6.6 
documents the references. 

. . 
6.2."1 Nuclear Analysis Methodoloav 

Monte Carlo t~chniques were used in this analysis. The sensitivity of pellet diameter, pellet 
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 work.station SSL01. · 

i . 
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Model SP-1 and·SP-~ Shipping Containers 

Jun 22 1994 ll:36:4l 
Feb 21 1994 10:25:06 
Feb 21 1994 10:14:38 
Jun 22 l994' ll:46:27 
Feb 23 1994·15:16:47 

oOoOOl.a (XSDRN) 
o0o002.a (NITAWL) 
o0o008.a (BON.AMI) 
000009 .. a (:KENO.Va) 
al.bdar:a.bin 
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791176 . 
545416 
51.5744: 
1094280 
:12000 . 
4256216 ' 
library) 

Feb 23 1994 14:40:21 pxsl2i . .bin (123 group masr:er cross section 

352140 ·Feb 25 1994.16:54:21 pxs!.6 . .bin (16 group master c=oss section 
Ebrary) 
9020996 
2.ibrary) 
824404 
2.ibrarf) 
94400 
44812 
287 

2295· 

Feb 23 1994 14:53;45 pxs218~bin (218 group mast:er cro~s section 

Feb 23 1994 14:38:03 pxs27.bin (27 group master cross section 

Feb 23 1994 15:12:03 sr:dcomp . .bin (sr:andard comp. library) 
Feb 23 1994 15:14:40 wt~r:a,bin 
Jul 7 1994.09:35:3? csas25· 
Jul 7 1994 17:07:41 drva 

6.2~3 Cross Section Preparation 

BONAM! and NITAWL adjust the cross section data for the specific problem (e.g., perform 
resonance self-:shielding corr~ctions). The Hansen-Roach 16-energy groi..;p cross sections 
available in SCALE were used for all calculations. 

6 . ..2'.4 Benchmarking 

The SCALE 4.2 system of codes was deveJoped 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. methodo.logy used in.these cal~ulations. The benchmark data used for this 
CSE includes the same data used to support pi.evious revisions to Certificate of Compliance 
9248. A bias estimate based on 23 pooled cases was calculated from the 16-group data fn 
Table 12 of Reierence 10 ·and is -0.00321 ± 0.00261. Negative bias indicates 
conservative results. 

6.3 Compont;mt Description and Analysis 

6.3.1 Reduced. 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 otcupied/established by angle st~el). The calculations of this section justify 
the use of a 1-.1'5/16" space, instead of 2". Thi.s change in dimension only affects the 
calculations for 'damaged conditions, as the out.er 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 6) are eva:luated below. 
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The KENO m:odels used in this section are consistent with those used previously for the 
respective m'ateri·al types .with one exception, i.e., the inner container spa~ing,, discussed 
above. 

6.3.1. 1 Fuef Category 1 

The following fuel description is listed under 5(bl!1 )(i) of Reference 6: 

"U0 2 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 · 
niaxirrium average. ~nrichment of 3.3 w/o U-235. Minimum zircaloy clad thickness 
is 0.025 inches; maximum pellet diameter is o·.555 inches. Any number of water 
rods ir:i any arrangement are permitted." 

The original c'alculatic:ins for this material type were performed by General Electric. In order 
to perform calculations supporting the reduced inner container dimensic;ms, as discussed . 
above, the ca'lculations 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 235U enrichment from 4.0 to 3.3 wt% 

• Replac:ed the Gd20 3 rods with 3.3 wt% enriched U02 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, 1=1s 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 a.Id dimensions and the new dimensions occurs at 12 vol% interspersed moderator. 
The reduced dimensions result in a ~ka11 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}. 

i".·i 
''"j . 
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Table 6.1 Container Spacing and lntersperseq Moderator (IM) .Sensitivity Study for Fuel 
Category 1 Inside SP-1/SP-2.lnner Containers·, 13x20x1 Array (260 containers), Damaged 
Conditions 

File Name (droa-) I Vol% IM I keff I o- I kett + 2cr! 
.. 

2" Spacing around .Channel Steel · 

sp1 .c1 .01 o I 10 I 0.89276 I 0.00290 I 0.89856 

sp1.c1.011 I 1 1 I 0.89750 I 0.00265 I 0.90280 

sp1.c1.012 I 12 I '' 
D.90216 I 0.00251 I 0.90718 

sp1.c1.013 I 13 I 0.89881 I 0.00262 I 0.90405 

sp1 .c1 .q14 . I 14 I : I r 0.89107 0.00224 0.89555 

1·1 5/1 6" Spacing, around Channel Steel : 

Sp 1.c ~ .~2,010 I 10 I 0.89350 I 0.00290 I 0.89930 

spl .c1 .s2:011 I 11 I 0.90288 I 0.00275 .I' 0.90838 

sp1.c1.s2.,012 I 12 I 0.90789 I 0.00218 I 0.91225 

spl.c1 .s2.013 I 13 I 0.90547 I 0.00269 I 0.91085 

sp 1.c1 .s2.014 .. I 14 I 0.90177 I 0.00264 I 0.90705 

Siemens Power Corporation • Nuclear Divis1cn 
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Fuel Category 1 - Original vs. New Spacing - IM Study 
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Figure 6.1 ·Container Spacing and lnterspersed:Moderator Sensitivity Study for Fuel Category 1 
Inside SP-1 /SP-2 Inner Container, 13x20x1 :Array (260 containers). Damaged Conditions 

; ... · .. ~ Siemens Power Corooration - 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: 

"U02 fi.Jel 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 arrangemen(is · 
permitted, including part length rods. 'Each assembly contains at least 4 rods with, 
nominal 2 weight percent Gd703 , which are in non-perimeter. locations and are 
symmetric about the diagonal." 

The original ca.lculations for this material type are found in Appendix SA of Reference 7. 
The Reference 7 calculations are unavailable from permanent storage, so the listing of the 
most reactive 9ase was retyped and rerun. The most reactive case from Reference 7 is for 
a 9x9 assembly (type G2)with a kint of 0.961'.1:: 0.0032 (see page 6-A18 of R~fere.nce 7). 
The retyped version of this calculation yielded a ,kint of 0.96200 ± 0.00306. This ensures 
that the correct case was found and input correctly. Note that the Reference 7 
calculations are for an infinite array of contain·ers. 

· Next, a sensitivity study was· performed for interspersed moderator and the reduced inner 
cqntainer dimensions, as discussed above. The results of these calculations are provided in 
Table 6.2 and presented grapf1ica!ly in Figure ~l.2. As shown, the peak reactivity for both · 
the old and new dimensions occurs at 9 vol% :interspersed moderator. The reduced 
dimensions result in a Likinl of + 0.00;320 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 Lik.,, of +0.00204 between 
the reactivities :calculated for the 13x20x1 arrays with the old and new dimensions. 

~40494 May 19 l5:S9:ss 1998 /sslOlb/t3Sl7/Srl/CAT2/droa-sp1.;:.009_:z60 
:aas,;J May 19 la:OB:2S 1998 /sslOl.b/tJ5l7/Si'l/CAT:/drca-sp1.;2.s2.009.:!50 

.90362 .00376 .90990 .91~14 

.90508 .00405 .91:!.84 .91318 

The maximum reactivity for the 13x20x1 array of 0.91318 has a sufficie.nt margin to 0.95 
to support a tra~sport index.of 0.4 (125 containers). 
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Table 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-) 1. Vol% IM I ktnt . I cr I k1n1 + 2cr 
. . 

2· Spacing around Channel Steel 

spl.g2.007 I 7 r 0.95103 I 0.00318 I 0.95739 

sp 1 .~g2 I 8 I 0.96200 I 0.00306 ·I 0.96812 

sp1.g2.'009 I 9 I 0.96376 I 0.00330 I 0.97036 

sp1.g2:0010 I 10 1. 0.96111 I 0.00337 · l 0.96785 

sp 1.g2.011 · I 11 1· 0.95593 I 0.00327 I 0.96247 

sp1.92:.012 I 12 I 0.95280 I 0.0036.2 I 0.96004 

1-15/16• Spacing ara~nd Channel Steel 

sp1 .g2.s2.007 I 7 I 0.95201 I 0.00318 ·I 0.95837 

spl .g2.s2.008 I 8 I 0.96354 I 0.00313 I 0.96980 

sp 7 .g2.s2. 009 ·I 9 1 · 0.96674 I 0.00347 I 0.97356 

sp1.g2.s~.010 
I 
I 

10 I 0.96650 . I 0.00344 I 0.97338 

sp1 .g2.s.2.011 I 11 ., . 
0.961 SS I 0.00311 I· 0.96791 

sp1 .g2.s2:012· I 12 I 0.95505 I: 0.00354 I 0.96213 
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• - 2" Original Soac1ng 

·-- 1·15116" Spacrng 

Figure 6.:i Container Spacing and Interspersed Moderator Sensitivity S~udy for Fuel 
2 Inside SP-1/SP-2 Inner Containers, Infinite Array, Damaged Conditions Category'.· 
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6.3.1.3 Fuel:Category 3 

The following .fuel description is listed under: 5 (b)(1 )(iii) of Reference. 6: 
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"U02 fuel assemblies with a maximum U-235 enrichment of 5.0 percent by weight, 
and a maximum 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 pellet diameter is 0.3356 inch, 
the minimum clad thickness .is 0.0225 inch, and the maximum U-235 enrichment i·n 
any edge rod is 4.0 percent by weight. Each assembly contains at least 6 rods with 
nominal· 2 weight percent Gd20 3, 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 :~ase was retyped' and rerun. The most reactive case from Reference 7 
yielded a k;nt df 0.9675. (see .Page 6-825 of Reference 7). The retyped version of this 
calculation yielded· a kint of 0.96743 ::: 0.00293. This ensures' that the correct case was 
found and inptit 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 9ccurs at 8 vol% interspersed moderator. The reduced 
dimensions result in a ~k;"' of + 0.00506 at peak interspersed moderator. 

The peak cases (both old and new dimension~) were rerun with 260 containers in a 
13x20x 1 array: The results are summarized below and show a .:lk01, of + 0.00416 between 
the reactivities calculated for the 13x20x1 arrays with the old and new dimensions. 

·>,.; :61636 ~ay 19 10:49:23 1998 /sslOlb/cJSl7/SPl.'aTJ/d:o::!a-sp1.:J.ooa.260 .88981 .00320 .99515 .a96:: 
~!·_;·;. :6:.694 !wtay 19 l6:lJ:39 1998 /sslOlb1':J5::.'7/SPl./O.T3/dr=a~spl.c.3.s2.00B.:6o .3936J .110337 .a9926 .9003'7 

' . 
:·.:·: 

-~· ·:· 

"· 

• 
::·:·~ 

The maximum .reactivity for the 13x20x 1 array of 0.90037 has a sufficient margin to 0.95 
to support a Transport Index of 0.4 ( 125 containers). 
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Table 6.3 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel. 
Category· 3 Inside SP-1 /SP-2 Inner Con~ainers, Infinite Array, Damaged Conditions : 

File Name (droa .. } Vol%'1M kfnf: 
.. 

-k1nr+ 2cr .... ·:· C' 

2· Spacing ~round Channel Steel ' . 

sp1 .c3.005 I 5 1: 0.94681 0.00236 l 0.95153 

sp1 .c3;006 6 0.95859 0.00259 I 0.96377 

sp1 .c3.'007 7 0.96235 I 0.00314 I 0.96863 

sp1.c3.:00B·. I 8 0.96743 0.00293 
., 

0.97329 

sp 1 .c3.'009 9 0.96594 0.00294 I 0.97182 

1-15/16 .. Spacing 11round Channel.Steel 

sp 1 .c3.s2.005 I 5 o.'94994 0.00249 0.95492 

sp 1.c3.s2.006 I 6 I 0.96068 I 0.00240 I 0.96548 

sp1 .c3.s2.007 7 0.96964 0.00295 0.97554 

' sp 1.c3.s2,. 008 8 0.97313 0.00261 0.97835 

spi .c3.s2·.oos 9 I 0.96700 
,. 

.0.00271 I 0.97242 
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Figure 6.3 Container 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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The fo!!owin'g fuel description is listed under 5(b)(1 )(iv) of Reference 6: 
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"U02 fuel rods with a maximum U-235 enrichment of 5.0 percent by weight, and ~ 
minimum Gd20 3 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 1 S9 inches. n 

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 dimen'.sions for this material type. 

6.3.1.5 Fuel Categorv 5 

The following :fuel ·description is listed under 5(b)(1 )(v) of Reference 6: 

"U02 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 fnches. The maximum U-235 enrichment is 5.0 weight percent, the: maximum 
U-235 ~nrichment for all edge rods is 4.0 weight percent, and the maximum average 
enrichn:ient, excluding perimeter rods and rods c~ntaining gadolinia (Gd

2
0

3
), is 4.0 

weight percent U-235. 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 
arrange.ment is permitted, including part length rods. Each assembly must include at 
least tvyelve rods with' minimum nominal content of 2.0 weight percent gadolinia 
(Gd20 3)., in a pattern symmetric about ~ne of the assen:ibly diagonals. At least eight 
of the twelve gadolinia rods must be lo:cated in rows 2 and 9, and in columns 2 and 
9 of the assembly. n ' 

The original calculations for this material type are found in Reference 8. The mo'st reactive· 
case from Ref~rence 8 yielded a k811 of 0.93001 ± 0.00186 (10 vol~~ interspersed 
moderator; ca.se 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 mpderator and the reduced inner container dimensions. The results ·of these 
calculations an~.provided in Table 6.4 and conipared graphically to the Reference 8 results 
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 results in ·a .:lk~11 of . 
..;- 0.00499 at peak interspersed moderator. The peak k911 (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.: 

' . 
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Table 6.4 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel 
Category 5 Inside SP- 1 /S P-2 Inner Containers, Bx 13:x 1 Array ( 104 .containers}, Damaged 

Conditions 

File Name (droa-} . I Vol% IM 
,, 

kllff I cr l kllff + 2cr 
'' 2" Spacing around Channel Steel (Results "from Page 73 of' Reference Bl 

evk08 I 8 1: 0.92694 l 0.00169 I 0.93032 

evk10 I 10 I 0.93001 I 0.00186 I 0.93373 . 
evk12 I 12 I 0.92254 I 0.00181 I 0.92616 

1-15/16" Spacing around Channel Steel 

evk 1 O.s2.008 I 8 /' 0.93017 I 0.00181 I 0.93379 

evk1 O.s2.009 I 9 Ii 0.93280 I 0.00177 I 0.93634 

evk10 . .s2~010 I 10 I: 0.93528 I 0.00172 I 0.93872 

evk 1 O.s2.01 1 I 11 I 
0.93156 I I 0.00180 I 0.93516 

evk 1 O.s2~012 I 12 I; 0.92962 I 0.00163 I· 0.93288 
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Figure. 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 Conditions 
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6.3.1.6 Fuel .Categorv 6 

The following fuel description is listed under 5(b)(1)(vi) of Reference 6: 
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"U02 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 0.0 i 8 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 assembly must include at least 'eight rods with minimum nominal gadolinia 
(Gd20 3) content of 2.0 weight percent in all 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 9. The most reactive 
case from Reference 9 yielded a keff of 0.92544::: 0.00186 (16 vol% interspersed 
moderator; Cqse drda-t6.16; page 35). 

The most reactive case from R~f erence 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 inne'r container dimensions. The results 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 old and new dimensions occurs 
at 16 vol% in~erspersed moderator. The reduced dimensions result in a ~kett of + 0.00494 

·at peak interspersed moderator. The peak ke11 (0.93016 ± 0.00197) for the reduced 
dimensions arid 104 containers has adequate margin to 0.95 to justify retention of a 
Transport Index of 1.0 for this material type.· 

Siemens Power C.o,rporat1on • Nu!=lear Division 
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Table 6.5.Container Spacing and Interspersed Moderator Sensitivity Study for Fuel 
Category 6 Inside SP-1/S?-2 Inner Containers. 8x13x1 Array (104 containers), Damaged 

· Conditions 

File ·Name ,Cdroa-) I· . ·~Vol% :IM:.:":_ 
:.- ··1<.tt .; ... .. . -l :: ·"kett + 20' _-cr 

. .. . 

2'.' Spacing arpund Channel Steel '(Results· from Page ,35 of. Reference 9) 

t6.15' I 15 I 0.92232 0.00191 1 0.92614 

t6.16 I 16. 0.92544 0.00786 I 0.92916 

t6.17: I 17 0.92169 I 0.00197 ·I 0.92563 

1-15/1~· Spacing around Channel Steel 

t6. 1'6.015 I 15 I 0.92788 I 0.00174 I 0.93136 

t6. 76.016 I : 16 I 0.93076 I· 0.00197 I 0.93410 

t6.16.017 I 17 I 0.92708 I 0.00183 I 0.93074 

t6.16.0l8 I 18 0.92419 I 0.00197 I 0.92813 

Siemens Power Corporation • Nuclear Division 
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---- 2· Original Scacing 

-• ·- 1-15/16" Sgacing 

Figure 6.5 Container Spacing and Interspersed Moderator s·ensitivity Study for Fuel Category 6 
Inside SP-1/SP-2 Inner Containers, 8x13x1 Array (104 containers), Damaged Conditions 

. ;.~·:_;! Siemens Power Co_rporation ~ Nuclear Division 
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6.3. 1. 7 Fuel Category 7 

The following 'fuel description is listed under 5(b)( 1 )(vii) of Reference 6: 
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"U02 fuel assemblies·composed of fu~I rods in a 9 x 9 square array, with a 
maximum fuel cross section of 5.0 inches square, and a maximum fuel length of 
174 in.ches. The maximum U-235 enrichment is 5.0 weight percem. 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 central 3 x 3 rod positions. Any number 
of additional water rods in any arrangement is permitted, including part length rods. 
Each as'sembly must include at least eight rods with minimum nominal gadolinia 
(Gd20 3}· content of 2.0 weight percent :in all 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 9. The most reactive 
case· from Reference 9 yielded a kett 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 Refe~ence 9 results 
in Figure 6.6. As shown, the peak reactivity shifts from 15 vol% interspersed moderator. 
for the old dim.ensions to 14 vol% interspersed moderator for the new dimensfons. The · 
reduced dimens.ions result in a .1k.tt of + 0.007.95 at peak interspersed moderator. The 
peak kett (0.91283 ± 0.00195) for the reduced dimensions and 104 containers has 
adequate margib to 0.95 to justify retention of a Transport Index of 1.0. for this material 
type. 

Siemens Power Corporation • Nuclear Division 
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Table 6'.£5 Container Spacing and Interspersed Moderator Sensitivity Study for Fuel -----
Category 7:1nside SP-1/SP-2 Inner Containers, 8x13x1 Array (104 containers), Damaged 

· Cor;iditions · 

File. Name (droa-) Vol% lM kllff .. I cr I kstt +: .2cr 

·2· Spacirig around Channel Steel (Resufts·from Page 41 of Reference 9) I 
3a:i4 I 14 0.89664 I 0.00177 I 0.9001 B I 
3a.t5 15 0.90532 I 0.00173 I 

I 

0.90878 I 
3a.16 16 1· 0.90424 I 0.00186 ·1 0.90796 I 

'. 1-15116• Spaci~g around Channel Steel I 
3a.15.013 I 13 I: 0.91079 I 0.00186 ·I 0.91451 I 
3a.75.014 I 14 I 0.91283 I 0.00195 I 0.91673 I 

. 3a: 15.015 I 15 1. 0.91075 I 0.00183 I 0.91441 I 
3a:15.016 I 16 I 0.90957 I 0.00182 I 0.91321 I 
3a. 15.017 I 17 I' 0.90689 I 0.00178 I 0.91045 I 

'J! Siemens Pow.er Corporation - Nuclear Division 
:. : 
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-+-2" Original Spacing· 

-- 1·15/16" Spacing 

Figure 6.6 Con~ainer. Spacing and Interspersed Moderator Sensitivity Study for Fuel Category 7 
Inside SP-1/SP-2 Inner Containers, 8x13x1 Array (104 containers), Damaged Conditions 

Siemens Power Corooration - Nuclear Division 
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6.4 

1) Methodology used in this CSE is clearly defined and was verified to be applicable. 
The calculation methods including details on cross s.ection preparation, atom 
densities assumed, and geometry models were reviewed and determined to be 
adequc:ite. Each of these items was verified to be conservative. 

2) 

3) 

4) 

5j 

6) 

7) 

8)-

6.5 

1) 

=csas25 

Assumptions were reviewed for reasonableness and applicability to this analysis. 

Modelirig was reviewed and determined to conservatively model the actual system. 
A listing of. one or more of the most q:active cases is included in the CSE. 

Referenced sources were reviewed for applicability to this CSE. 

Input information was checked agains~ referenced sources. 

Input for computer calculations were checked tor agreement with values in the CSE 
text.· 

Hand calculations were independently checked. 

Kati for. worst case accident conditions is specifically stated in the text. 

Sampl~ .Compute~ Inputs 

Case "drda-sp1 .c1 .s2.012": Category 1 Material (see Reference 6) in SP-1 
Inner Container, 12 vol% Interspersed Moderator, 13x20x 1 Array (260 Containers), 
Damaged \:onditions . 

model for cat:'egor1 l assembly 
hans infhom · 

' mixture l 

int:erior uo2 .Pellet:s, 3 . J ..,t t u23 5 
u-235 l 0.0 6.lG852e-04 293 end 
u-238 l 0.0 2.3(J39e-02 293·end 
o ' o. o ·L s'901se-o: 293 end 

' mi:<ture : 
edge uo2 pellet:!l, 3.J wt:\ u235 

u-:>35 : a.a B.l6SS2e-04 ::::93 end 
u-:::3 8 : 0.0 : . 3.G339e-o: :93 ·end 
c : 0.0 4. B90l5e-o: :93 end 

' mixi::ure 3 

edge uo2 pellet:!l.:ac~ng othe= bundle. J.3 ~"~ u::s 
u-:::Js a.a a.~6as:::e-04 :93 end 
u-:38 J a.a :.J6J39e-il: :93 end 
c O.J. 4.990!5e-a: :93 end 

Siemens. Power Coroorauon - Nuclear Division 
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gd-uo2 pellets, 4 wt\' u235, 4 wt\' gd 
' u-235 4 o.o 9 .. 406Se-04 293 end 
' u-23S 4 o.a 2. 229le-a2 293 end 

a 4 a.a 4 .• 64 64e-a2 2.93 end 
' gd 4 a.a 6'. S65846e-a4 293 end 

' mixture 5· 
smeared z: clad 
pod, cid~ cod = 0.4221", 0.4281", 0.4781" 
vol fraCt :r·= 0.89BS 

at: dens .·o,8988 * 4.2518-2 = 3.82l5e-02 
zircalloy S o.a 3.82l5e-02 293 end 

' mixture 6 · 
12 vol\ interspersed moderator 

o 6 a.a 4.0056e-a3 2.93 end 
h 6 a.a B.Oll2e-03 293 end 

1 mixt:ure 7 
c.arbon steel, ioa volt 

c 7 0.0 3.92l682e-03 293 end 
fe 7 o.o 8.3Sa009e-02 293 end 

' m.:.X::=e 8 

carbon steel,, 85.57 vol\ smeared wi::h 12 volt h2o 
c 8 a.a 3.3557B3e-03 293 end 
fe a a.a 7.l45lOJe-a2 293 end 
o a a. a. s. 1801e~o4 293 end 
h 8 a.a l.l560e-a3 293 end 

' mixture 9 
carbon steel, ; 8. 64 vol\' 

c 9 a.a 3 .388333e-04 293 end· 
fe 9 o.o 7 .2l440Be-03 293 end 
a 9 0.0 3. 659Se~03 2.93 end 
h ·9 0.0 7. 31.90e~03 293 end 

' mixture 10 
water for refiector 

o lO a.a 3.344e-02 293 end 
h lO 0.0 6.6B9e-02 293 end 

end comp 
more dat.a 

res= l cyl.i. 3°. 94.93E-Ol dan l 
res= 2 cyli 6 .·2643E-Ol dan ( 
res= 3 cyli. 5 .

0

90lOE-Ol dan ( 
end more 
model fer category l assembly 
read parameters i 

tme=60.0 gen=l03 npg=SOO 

ll= 7 . .9334E-Ol 
2)= 4.8377E-Ol 
3)= S.6605E-Ol 

flx=yes f dn=yes xsl=yes nub~yes pwt=yes 
run=yes plt=yes 

end parameters 
read geometry 
un:.:: l 
com= 11 

cyli 
cyli 
cube 
un' ~ 
com= 11 

cyli 
cyli 
cuoo 

.interior uo2 rod 
- l 0. 5361 2p225.58 
s 1 o.6072 '2p22s.5a 
6 l 4~0.71785 2p225.58 
: 
edge uo2 rod 

~ 1 0.536l :pl:S.58 
5 l 0.607: 2p225.SS 
o 1 -tpa.717as ~p:zs.sa 

Siemens Power Corporation - Nuclear Division 
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3 
com:: 11 

cyE 
cyli 
cubo 

edge 
3 1 
5 l 

rod facing other bundle 
o.~361 2p22s.sa 
0.6072 2p225.58 

6 l 4p0. 71785 2p225 .58 
I ll.i."1i= 4 

com= 11 

I C"fl.:.. 
I C"fl:. 

c-..ibo 
un'­

4 

5 
6 

ue2-gd203 red 
: 0.5361 2;i225. 58 
... o .. 6'072 2p22S.58 
::. 4p0. 71785 2p225.Sa 

comz" 9X9 bundle in left basket 
array l 2r-6.46065 -22s.sa 
cube 6 l 4p8.;738l 2p22S.SB · 

acid 0.00598 'inch ot per:erateci steel 
c.ico a l 4pB·.89 2p2:s.sa 
U."l!:: 6 

c::m=" 9x9 bundle in right basket: 
ar=ay 2 2r-6.46065 -2::?5 .Sa 
cube 6 l 4p( 7381 2p225.S8 

acid 0.00598 inc.'l cf perforated sceel 
c:!bo 8 - 4p8.B9 2p:?2S.Sa 
~~~c 7 

com=" spacing &; steel angle beside basket 
cube 9 ::. 2p2'.46063 2p4.939l 2p225.58 
cube 6 l 2p2. 46063 :zpa. a9 :zp22s. sa 
U!"' - 8 

com= 11 

ci.:.bo 
c~c 

u:.:.:: 9 

angles c.: spacing beneath & above 
9 ::. 2p4~9392 2p2.46063 2p225.58 
6 2pa. a.9 2pZ.46on 2p22s .sa 

basket:s 

c:;:m="l 15/16 x 1 15/16 inch moderacion regions at', co=ers 
cube 6 l 4p2,46063 2p225.58 
ur.i:: 10 
com= 11 l i:lne:- cOnta~ 
a=ay 3 -::::.2.86 -13.97 -22s.sa 

add 0.0598 inc~ walls 
r~?l 7 ~ 6r0.1519 l 
global 

corn= 11 a::-=ay of i:lners 
array 4 Jro.o 
repl lO 2 5rJ.o 10 
end geomec:ry 
read array 
ara=l nux=9 nuy~,9 nu:=l 
!i.!1 
2 2 : : 2 : 2 2 :: 
: !. - !. l :.. l l 3 

' ~ ::. - - ::. ::. - 3 
: - - ::. ::. ::. l l 3 
: ·::. : ::. l l !. l ,3 

: - - : ::. ::. 1 l J 
: - -· ::. ' ::. ·J . 
- - ::. - ::. - ::. - J 

: - : : : : : -
er:.d ::..1:.. 

ar.3.::~ :1UX:9 nuy•d nu:=l 
~ ... ,'" 

- : : : : : : - --
.!. :o 

::. - -
- - ::. - : - - : 
- - - : : 

- - - -

Siemens Power Corporancn • Nuclear Division 
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3 l 1 l 1 l l l ·2 
3 1 1 l 1 1 1 1 2 
2 2 2 2 2 2 2 2 2 

end !ill 
ara=3 nux=4 nuy=·3 nuz=l 
fill 
9 8 9 
7 5 ; 

9 3 8 ~ 

er.Ci fill 
ara=4 nux=l3 nuy=20 nuz=l 
:!:l =10 end f~!l 
end.array 
read st:art: 
nst=l 
end st:art: 
read bcunds 
al!=vacuum 
end bou."lds 

read bias 
id=500 2 ll 

end bias 

::ead plot: 

ttl=' X'/ section of bottom 
::rul:O . yul,=28 .2438 

left container ' 
zul=10 

xlr=46.0238 ylr=O ::lr=lO 
UCIX=l , vdn:=-1 nax=,150 

t:t:l=' xy section of SxS array ' 
xul=O yul~l4l.219 zul=lO 
xlr=2J0.119 ylr=O ::lr=lO 
uax=l 

end.plot: 

end data. 
end 

vdn=-l na.'C=i..50 

lpi=lO 

lpi=lO 

end 

end 

... -

EMF-1563 
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2) Case "drda-t6.16.016": Category 6 Material (see Reference 6) in SP-1 Inner 
Container, 16 vol% Interspersed Moderator, Bx13x1 Array (104 Containers), 
Damaged, Conditions 

=csas:zs 
sp·l wi~h 5.0% enriched lO:>U.O fuel 
hans infh · 

I ,, ·,' . ... 

----.-
':. ,.-

,•.' 

f < 
:· 
~--=· 

... -~ 

... 
,. . 
i·· 

.:, ... 

f.' 
L-:. 

:- · . 



,,. 
' 

;;-·1 

t 
I 

-"·' ~ 

Consolidated License Application for SPC 
Model SP-1 and SP-2 Shipping Containers 

td of uo2-gd2o3 10. 96' -2. 65*p/[p+O. 67145* (:l-p)] , p=wt frac. gd2o3 
"p" is o.oi here, td is 10.9012 
pellet. dens'ity is 0.98•10.9012=10.6832 
uo2 density is 0.985*10.6832 = 10.5230 
gd2o3 densi,ty is o.02•10.683:2 = 0.1602 gmicc 

uo2 7 den=l0.5230 1.0 293.0 92235 S.oo 92238 95,00 end 
arbmgd2o3 0.1602 2 o l o 64000 2 8016 3 
7 l.O 293. end: 

:i=calloy a l.b 293.0 end 

wat:er, l6·vol.\ 
h2o 9 0.16 293.0 end 

' basket steel 
carbcnsteel 10 1.0 293.0 end 

angle steel 
carbonsteel 11:1.0 293.0 end 

shell steel'. 
carbonst:eel 12:1.0 293.0 end 

!:"eflect:or water 
h2o 13 l.O 293 end 
' · polyethylene.. 100 voH 
arbmpe 0.92 2 o 1 o 6012 : !001 " 
14 1.0 293. end 

higher enriched rods 
uo2 15 0.98 ·29i.o 92235 5.0 92238 95.0 end 

end comp. 
more data 
res= l 
res= 2 
res=r 3 
!."!!S= 4 
res= s 
·=es= 6 
res= 7 

end mo=e 

cyli 
cyli 
cyli 
cyli 
cyli 
cyli 
cyli 

:3 .3257:::-01 dan(. l)= 
4.0773E-Ol danC: 2)= 
.4. 9805E-Ol dan! 3) = 
4.993SE·Ol dan( 4)= 
:4. 8315E·Ol dan( Si= 
4·. 8334E·Ol dan( 6)= 
3'. 28llS-Ol danl 7)= 

sp-1 with 4.0\ enriched lOXlO fuel 
read oarameters· 
tme=90 gen=200 ~pg=600 nsk=O 

7.2144E·Ol 
6.605:!.E-Ol 
-! .3406:C:-O!. 
4.3695E-O: 
4.7915E-Ol 
-1. B263E·Ol 
7 .3696E-01 

flx=yes fdn=yes' xsl=yes nub=yes pwt=yes 
run .. yes plt=yes 
end parameters 
read geom 

pellet diam:. 0.35" 
gap: zero 
clad thk: O.OlB" 
pitch: 0.5127" 

unit ~ 

com= 1'~ncer~or rod" 
cyli l l 0.444?. 2p::6.695 
cyli 9 l 0~4902: 2p2:5-695 
cube 9 2 2p0.6Sl0866 ~p0.490:: :p::S.695 

polyet.hylene. shims bet.ween· :-eds 
cube 14 l 4p0.6510866 2p::6.69S 
use ld wat.er; in place of shims 

CU!lO 9 l 4p0.6Sl0866 :p::6.6?5 

u.~· - :: 
com=":.:i-=e=.:..:>r rOds arou."'ld. ·.,a.·t:2::: :-od" 

Siemens Power c:orporation - Nuclear Division 
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cyli 8 1 0.49022 2p226.695 

cube 9 1 2p0.6510866 2p0.49022 2p226.695 
polyethylene. shi~ bee~ rods 

'. cube 14 1 4p0. 6510866 2p226. 695 
use ld wacer.in place of shims 

cube 9 1 4p0.65108~6 2p226.695 

uni:: 
ccm="edge rod facing up 11 

cyli 3 1 0.4445 2p226.695 
cyli a 1 0.49022 2p226.6~5 

cube 9 l 2p0. S510866· o. 6510866 -o. 49022 2p226. 695 
polyethylene :shims between rods 
cube 14 1 4p0.6510B66 2!,l226~695 
use ld wacer ·in place of shims 

cul::o 9 1 4p0.651D866 2p226.o95 

unic 4 

com="edge rod facing down" 
cyli 4 1 0.4445' 2p226.695 
C'/li 8 1 0.49022 2p226.695 

cube 9 1 . 2p0.6510866 O.H022 -0.6510866 2p.::25.6.95 
polyethylene shims becw~ rods 

c:-.lbo 14 1 4p0.6510866 2~i26.695 
use ld water in place of-shims 

cube 9 1 4pO. 6510866 2p226. 695 

un; ~ S 

com=" edge rod facing ocher bundle• 
cyli 5 1 0.4445 2p226.695 
cyli a 1 0.49022 · 2p226.695 
cube 9 1 2pO:G51DB66 2p0.49022 2p226.695 

polyechylene !!hims becween rods 
cube 14 1 4p0. 6510866 2p226. 695 
use ld water in place of shims 

cube 9 1 4po. 6S1oa66 2p226. 695 . 

W1it 6 

com="edge rod fac.i·ng ouc• 
cyli 6 l 0.4445 2p226.695 
cyli a 1 0.49022. 2p226.695 . 
cl.!bo 9 1 2pO. 6510866 2p0.49022 2p226 .695 

polyethylene shims becw~ reds 
cube 14 l 4p0.6510866 2p226.695 
use ld wacer in place of shims 

cubo 9 l 4p0.65~0866 2p226.695 

unit 7 
com="uo2-gd2o3 rod• 
cyli 7 1 0.4445 2p226.695 
cyli 8 1 0.49022° 2p226.695 

cube 9 l 2n0.6510866 2n0.~902: 202:6.695 
polyethyl~ne sh~ms be~ween reds 
cuJ::o 14 l 4p0. 6510866 ::p2::6. 695 
use ld water ::.n olace of shims 

cube 9 l 4pO. 65lOB66 · 2p::2s. ,;95 

un::.:: a 
ccm="wacer =od 11 

cui::Jo 9 l -lpO. 60,10866 ::p226.o95 

un" ... 3 'i 

O.OS3B"x!. 75 11 :-c.!..::'5 11 Steel com~'s::.de baskec ~lemen::, 

xcyl ~ .:. a. 9525 o . .:.s19 a. o 
cube ::.o::. :J.1519 o.o -1p2.::::5 

Siemens Power Corporation • Nuclear Division 
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unit 10 

com='side basket element, 0.059B"xl.6902"xl.75""steel with 0.75" diam. hole' 
xcyl 9 1 0.952s.o.,1sl.!! o.o 
cube 10 1 a.1519 0.0 2p2.14655 2p2.2225 

un· ... 11 

c:::m='one complete bas~et side' 
l.:<4xl02 ar::-ay of units la ;, 

ar::-ay l o.o· -8.7381 -2:6.695 

ur.!.t 12 
1 ·-: com=' ::op /bottom basket element' 

. ( .. :-1· 
·: ~ .. 
'•'•I 

:· .. :--~ 

•• 

• :..75 11 :c0.0S98 11 x!.75" st:eel wi:h 0.75 11 .diam. hale• 
ycyl 9 1 0.9525° a.1519 o.o 

c:.:.bo 10 l 2p2.2225 O.lSlS o.o 2p2.::2s 

U."l:.t :3 
com•' top/bottom. basket element'. 

' :.6902"xo.as9B"x.l..75" st:eel wi::h 0.75" diam. hole' 
ycyl 9 1 o. 9525 a. 151.! a. o 
c:"J.bo 10 1 2p2.14655 o.:s19 o.o 2p2.:::s 

u......,..: - l4 

c:om='one c:omple~e basket top/bottom' 
4xlxl02 array.of m::its 13&14 

a=::-ay 2 -8.7381 o.o -226.695 

un:.:: 15 

com=' o. a598" steel at !la.site!: corne::-s' 
c'.!bo 10 1 0.1519 a.o 0.1519 o.a 2p226.695 

unit" 16 
CCm=" spac::.ng & steel angle at 
c'.!bo 9 1 4.92126 o.c 2p8.S9 
hole ~2 a.15875 0.0 0.0 
hole 22 a . .;7625' -a.3175 0.0 
hole :2 a.47625 a.n75 0.0 
hole 2: 0. 79.375" 0 .·635 o.o 
hole :!2 a.79375 - 0. 635 a.a 
hole :2 l.lll25 0. 9525 a.a 
hole 22 1.11125 -a .9525 0.0 
hole 22 1:42875: 1.2':' 0.0 
hole ~2 l.42875: -l.27 o.o 
hole 2:2 1. 74625" 1. SB'lS a.o 
hole 22 1.74625! -1. 5875 a.a 
hole 22 2.06375 l. 905 o.o 
hole 22 2.a6375 -l. 905 0. 0 
hole :2 2.38125' 2 .::l22S 0.0 
hole .,., 

2 .3s125, -2 .2::2s 0. 0 
hole 2::? 2. 69.875 : .5.f 0.0 
hol!! :2 2 . 6 9 8 7 5 . - :: . 5-1 a.a 
hole ::?~ 3.01625: ,::?.8575 0.0 
hole 3. 01625: -2. 8575 o.a 
hale -- 3.33375. 3. l 75 0.0 
hc.!.e 

--
3 .33375 - 3 . 175 o.o 

hole :?~ 3.65125 3. 4925 0.;) 
hole 3.651:5 -3. 49.25 0.0 
hole :?:! 3.96875 3. Bl O. 0 
hole ::? 3.9687.S -3. 81 0.0 
hole -1.28625 -1 .12-:-s 0.;) 
hole -1.286:5 -4. :.::75 0. J 
hole .,., 

4°, 603 75 4 .HS O.J 
hole 4.60375 :--1 .HS 0.0 

-x .side of basket " 
2p226. 69! 
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Consolidated ~icense Application tor SPC 
Model SP-1 and SP-2 Shipping: Containers 

unit 17 

com=" spacing & steel ;mg.le· at. +x side of basket· " 
cubo 9 1 o.o -4.92l26 2pB.89 2p226.695 
hole 22 
hole 22 
hole 22 
hole 22 
hole . ., ..:.~ 

hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole .,. 

-..:. 

hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
hole 22 
ho lo 22 
hole 22 
hole 22 
hole 22 

unit lS 

-o .15875 0 .. 0 0.0 
-0 .47625 ·0.3175 O;O 
·0.47625 
-0.79375 

·0.79375 
-1.ui25 
-1. il.125 
-1.42875 
-1.42875 
·l.74625 
-1.746,25 

0 .3275 0. a 
0.635 0.0 

-0.535 0.0 
0.!525 0.0 
-0.9525 a.a 
1.27 0.0 
-1.27 0 .o 
1.5875 o.a 
··l.SB75 o ·. O 

-2.06375 1..905 a.o 
-2.06375 -l.JIOS 0.0 
-2.38125 2.2.."25 o.o 
-2.381?5 -2.2225 0.0 
-2. 69875 2.54 o.o 
-2.69875 ·2.54 a.o 

-3.01625 2.8575 0.0 
-3 .01625 -2.as1s o.o 
-3 .33375 3.173 c.o 
-3.33375 -3.175 o.o 
·3.65125 3.4!!25 0.0 
-3. 65125 -3. f!.25 0. 0 
·3 .968?'5 3.81 0.0 
-3.968(5 -Lai o.n 
-4 .28625 4.1275 o..o 
-4.286~5 -4.1275 o.a 
·-4.6037;5 4.HS D.O 

·4. 60375 ·4 . .US 0.0 

com=" angles & spacins beneath baskets 
cube 9 1 2p8.89 4.92:=6 o.o 2p226.695 
hole 21 o.o 0.·15875 Q.O 

'·hole 21 

hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 21 
hole 2l 
hole 21 
hole 2l 
hole 21 
hole 21 
hole 2l 
hole ::1 
hole 2l 
hole ::1 
hole :?l 
hole :!l 
hole ~l 
hole 21 
hole ~1 
hole 21 
hole ::?l 
hole :1 
hole -· 
hole .:1 
hole 

-0.3175 : 0.47625 o .·o 
0.3175 0. 476:S o.o 
0. 635 0. 79373 0.0 

-o. 63 5 :o. 79375 0.0 
0.9525 . l.ll12S o.a 

-0.9525 . l.l::!.U.5 a.o 
l.27 l. 42!175 a.o 

-l.27 1.42!175 0.0 
l.5875. ·l.74625 a.a 

-1.5875 ; l. 74625 a.a 
l.905 2. 06375 0.0 

-l.905 2. 063:75 o.o 
2.2225 2.38U5 a.a 

-2.2225 2.381::5 0.0 
·2.54 2~69875 a.o 
·2.54 2:69875 0.0 
:?.8575 3.01625 o.o 
- 2 ; 0 5 7 s · 3 • o 16~5 o • o 
3.175 3.33375 0.0 

-3.175 ·3.33375 o.o 
3.-1925, 3.55US O.a 

-3.4925 3.651:5 a.a 
J.s1 3.96875 a.a 

-3. Bl 3 .9687.5 0.0 
4.:!.:;s· ·-i.::sli~5 a.a 

-4.:!.:75 -1.::a&:s o.o 
-I .HS -1:.60375 ~.a 
- -I . H 5 -1 . 6iJJ75 o . a 
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Consolidated L)cense Application for SPC 
Model SP-1 and SP-2 Shipping Containers 

unit 19 
.com="angles & .spacing above basket:s 
cube 9 1 2p8.89 a.a -4.92126 2p226.695 
.hole 21 
hole 21 
hole 21 
hole 2:!. 
hole 21 
hole 21 
hole 21 
hole 21 
hole 2:l. 
hole 21 
hole :a 
hole 21 
hole ~, .... 
hole 21 
hole 21 
hole 21 
hole ~l 
hole 2! 
hole 21 
hole 21 
hole 2.! 
hol·e :n 
hole 21 
hole 21 
hole :1 
hole 21 
hole 21 
hole 21 
hole 21 

uni-:: 2a 
c:om= 11 l 
cu:Co . 9 

u.nit Zl 

a.a :-a.isa;s o.o 
-a.3175 -0.47625 o.o 
0.3175 -0.4i625 o.o 
a.635 -0,79375 0.0 

-0. 63 s - 0. ;93 ;5 0. 0 
a .9525 -l.l.l::.:25 0.0 

-a.9525 -i.1:.u5 o.o 
:.:27 · ·-l.428iS a.o 

-1.2; -l..4287'5 o.a 
l.s01s· -i. 7462s o.o 

-1.5875 -1.74625 O.J 

l.'905' -2.06375 a.o 
·1.905' -2.06375 o.o 

2.22::!5 -2.38U5 0.0 
-2.:22s -2.3s12s a.a 

2.54 -2.69875 o.o 
-2.54" -2.69875 o.o 
:?.8575 -3.01625 o.a 
-2.85~5 -3.01625 0.0 
3.175 -3.33375 0.0 
-3.175 -3.33375 o.o 
3.4925 -3.SSl.25 o.o. 

-3.4925 -3.65125 a.o 
J.01 -3.96875 a.a· 

-3.81 -3.968i5 a.a 
4.1.:7s -4.28625 a.a 

-4.1275 -4.29625 0.0 
4.445 -4.6a375 a.a 
-4.445 -4.60375 o.o 

15/16 x .J. 15/16 inch moderat:i.an :-egians at co=ers " 
:. 4p2.46a63 2p2:?6.695° 

c:om= 11 par~ of st
1
eel angle• 

0.1552" x a.125• 
cube 11 1 2pa.·J.97104 2p0.15874 2p2:!6.695 

unit 2: 
cam•"part of steel angle' 

a.125" x o·.1·552" 
cube 11 l 2pa.~SB74 2pO.l97.104 2p::.6.695 

unit 23 
c:om="left (-xl lOxlO bundle in baskeo::" 

bundle at ou~er edge, centered ver-:~cally 
array 3 ·8.7381 -;.s1os66 -:26.695 
cube 9 l :?p8.738l 2p8.7381 ::!p2::?6.~95 

U.'l:..::. 24 
colil=-":-ight 1ax1p bundle in baskec" 

bundle at outer edge, centered ve=:~call.y 
array 4 -4.2836334 ·-6.510866 -2i6.695 
cube 9 ! ::?pB.73.Bl 2pa.ns::. :?p:::s.695 

/>: un.:.: :s 
:.·~."} com= 11 ~cmplete le:: bas1eet ·•1:!1 ::ur.d:!.e" 

a::::::::ay 5 :::--8. 99: -2:6. 695 •' . . 

'-
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Consolidated L'icense Application tor SPC:: 
Model SP-1 and SP-2 Shipping Containers 

ccm•"complete right basket with bundle" 
,array 6 2r-S.89 -226.695 

unit 2i 

ccm=" l inner 'container 
array 7 -22.86 ·13.97 -226.695 
' add a. 0598 inch w,alls of carbon steel 
repl l2 l 6r0~1519 l 

un'. 28 
com=" 
cube 

::. 
9 

15/16 :lf l 15/16 inch moderation regions at cor:iers " 
1 4p2.46063 2p226.695 

uni: 29 

ccm='higher enriched rods• 
c:yli is l o. 4.4:4s 2p226. 695 
cy.!.i a l o. 490,22 2p226. 69S 
cube 9 l 2p0.6510866 2p0.49022 2p226.695 

polyethylene. shims between rods 
C'.li::O 14 1 4p0 ·. 6510866 2p226. 695 

global 
un:.:: 30 

com=" Sxl3Xl array of inners 
ar::-ay a -1S4.0952 -l83.SS47 -226.69= 

add 30 cm water reflector·ac·all o faces 
repl 13 2 6r3.o !lO 

·end geom 

read array 

ara=l nWC=l 
loop 

nuy=4 nu:=l02 

9 1 l 1 2 3·. l :!. 102 l 
10 l l l l 4 3 l 102 l 
end loop 

ara=2 nwc=4 nuy=l nU::=l02 
loop 
l2 2 3 l 1 1 l' l 102 1 
13 1 4 3 l 1 l: l 102 l 
enci loop 

right bundle, .poison comer at 11 ara=J nwc=lO nuy=lO nu::l 
fill 
03 OJ 03 03 03 03 OJ 03 OJ 03 
OS 01 01 01 01 01 07 01 01 06 
05 01 01 01 01 01 01 07 01 06 
05 01 02 01 02 02' 02, 02 07 06 as 01 01 02 as as. 08 02 01 06 
05 01 01 a~ 08 as. 09 02· 01 06 as 07 01 02 OB oa:aa 02 01 06 
05 01 07 02 02 02·02 02 01 06 
05 01 01 07 01 01;01 01 Ol 06 
04 04 04 04 04 04-: 04 o~ 04 04 
end :.::.11 

left bundle, po~son comer at ur 
ara.4 nwc=lO nuy=lO nu:=l 

04 04 04 04 04 04 il4 04 04 04 
06 o:. 01 07 01 01 01 01 01 as 
06 01 07 01 01 Ol 01 01 01 05· 

Siemens Power Corporation - Nuclear Division 
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Consolidated l:icer:ise Application for SPC 
Model SP-1 and SP-2 Shipping Containers 

'06 07 02 02 02 02 02 Ol 
06 Ol 02 08 08 08 ,02 Ol 
06 Ol 02 08 08 08 02 Ol 
06 Ol 02 08 08 08 02 Cl 
06 Ol 02 02 o2 02 02 07 
06 Ol Ol Ol Ol Ol 07 Ol 
03 03 03 03 03 03 03 03 
end fill 

ara=S nwc=3 nuy=3 nu::=l 
:ill. 
15 14 15 
ll 23 1::... 
15 l4 15 
end fill 

ara=6 nux .. 3 nuy=3 nu::=l f',, 
15 l4 15 
l.l 24 l: 
lS H l5 
end :::.11 

ara=7 nUX:4 nuy=3 nu::=l 
:i!! 
20 lB 18 20 
16 25 26 l.7· 
28. 19 19 28 
end fill 

ara=B nwc=OB nuy=l3 nu:=l 
fill f27 end fill 

end array 

read start nst=l 

Ol 05 
Ol 05 
Ol 05 
07 05 
Ol 05 
Ol OS 
03 03 

xsm=-45.72 xsp=45.72 ysm=-27.94 ysp=~7.94 :sm=-lO ::sp=lO 
end start 

read bounds all'=vacuum end bounds 
read bias id=SOO 2 ll end bias 

read plot 

ttl=" yx section of ·sinqle storage location ' 
nch=" xx·d:>g: -.s·ss•x• 
XUl=-lO.O xlr=·l.0.0 yul:lO.O ylr=-lO.q ::ul=O.O ,dr=O.O 
uax=l. O "vdn=-l. O nax=l20 lpi=lO end 
t tl=" yx sectipn. of single storage location 
nch=" xx·d:>g: .sss•x• 
xul,,-4 O. O xlr=40. o yul=40. o yl:-=-40. o ::ul=O. O ·::lr=O _ O 
uax=l.O vdn,,;-l.O na.:t=l20 lpi,,l.O end 

ttl=" yx sect:.on of t-..c bundles in inner cont:uner " 
nch=" l~J4567B9abcde" 

xul=-10.0 xlr;.10.0. yu1,,10.o ylr=-10.0 ::ul=LO; ::!:-=l.O 
ttl=" yx sect:.on of t'.olo bundles in inner contal.ne:- " 
nch=" l23456789abcde.• 

xul =-2 5. o :'Clr=25-. 0' yul=lS. o ylr,,-:5. u ::ul:l. O. ::lr=l. O 
uax=l..O vdn=-l.O.nax=l40 lpi,,lO end 
ttl=" yx section· of 'left bundle :.n inner container " 
:cul=-5.o xlr:S5.0 yul=lO.O ylr:-lO.:J :ul=.1..0 ::.!.r=!.O 
uax=l.O vdn .. -1.6 nax=l~O lpi=lO end 
~~l = 11 yx section. of .left bundle :.n in.9le:" concai:ie::- ·• 
nch=" 123456789,µa::de• 
:cul:i - 20. a :ro1 .. 10.o yl:- .. -lc.J =ul=l.0 :lr=:.a 
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Uax=l.O Vdn=~l;O nax=l40 lpi•lO end 
ttl=" yx section of risght bundle in inner container " 
nch=" 12345678.abcde" . : 
xu1 .. o. o xlr=20. o yul=lO .. o ylr=·lO. o :ul=l..o: :lr=l. o 
uax=l.O vdn~-1.0 nax=l40 lpi=lO end 
end plot · 

end data 

end 

6.6 

1) 

2) 

3) 

4) 

5) 

6) 

7). 

8)• 

9) 

10) 
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SIEM·E-NS EMF-1563 

-April 1.8, 199p 
.JBE:96:031 : 

.U.S. Nuclear:i=tegulatory Commission 
-Attn: .Mr .. C. ~·-.Chappell, Section Leader 
·cask Certification Section 
Spent FuerPr9ject" Office: NMSS 
.Washington, "D..:c. 205:55 

:Oear Mr. Chappell: 

:Subject: Application to Amend ·certificcite of Compliance 9248 

· Revision 12A 
Appendix BG 
Page 2 of 4 

Per·my recent telephone conversation with Nancy Osgood of your staff, Siemens Power 
Corporation (SPC) requests the following wording changes tor clarification in Certificate of 
Compliance 9248 when it is next revised: 

In 5(b)(1 )(iii) the statement, u Any number of water rods in any arrangement are 
permn:ied." Should· be changed to, "Any number of water rods in any arrangem!=!nt is 
permitted, including, part length rods." · 

In 5{bl.(1 )(vi) the· statemem., "Any number of additional water rods 'in any arrangemem: 
are pe~mitted" should be changed to, "Any number of additional water rods in any 
arrangement is permitted, including part length rods." 

In the revision applied for on February 9, 1996, in '5(b)(1 )(vii) and 5 (b){1 )(viii) the 
state~ent,· in the. first .paragraphs, H·Any number of additional water rods or water 
channels in any arrangement is permitted" should be changed to "Any number of 
additional water rod.s or water chan.nels in any arrangement is permitted, including part 
len9th ·rods." · 

If you need fur:ther information on this request, please call me at 509-375-8663. 

Very truly yours, 

~(} ' 

T.l'; s. Edgar 
Staff !:ngineer, Licensing 

pm 

Siemens Power Corporation 

;~u.etear Div1s1o:i · 2101 Horn ri.ao1as r\oao Te!: 509l 375·81 00 
:~grneenn9 6 Man"ufac:urn::; r=ax: 509i 375·8402 
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April 30, 1996 
JBE:96:034 ; 

U.S. Nuclear Regulatory Commission 
Attn: Mr. C. R; Chappell, Section Leader 
Cask Certjfic~tion Section 
Spent Fuel. Project .. Office: ~MSS 
Washington, p.c .. 20555 

Dear Mr. Ch~ppefl:· 

Subject: -Application to Amend Certificate of Compliance 9248 

- EMF-1563 
Revision 12A 
Appendix6G 
Page 3 of4 

Per my ·telephone conversation today with Nancy Osgood of your staff, this application 
supplements Siemens Power Corporation's (SPC's) application dated F·ebruary 9, 1996. SPC 
requests an af'Dendmem: of ·Certificate of Compliance 9248 to add fuel assembly types 
5(b)(1 )(vii) a·nd 5{b)(1 )(viii) as described below: 

5CbH1 Hyiil - U02 fuel assemblies wi~h a maximum U-235 enrichment of 5.0 wt.%. Each 
assembly is composed of a 1Ox10 array of fuel rods· with a water channel or ·water rods 
in a. ce~traL 3x3 rod ·location. Any number of additional water rods or water·thanriels in 
any. arr·angement is permitted, including part length rods. The maximum fuel 'dimensions 
are 5.0''. by 5.0n by ·174n. The maximum pellet diameter is 0.35" and the minimum clad 
thic.kness is 0.018" .. Each assembly shall include at least eight .rods with at least 2.0 
wt.% gadolinia in all a~ial regions with enriched pellets. 

The eight gadolinia rods shall be iocated in a panem symmetric about one of the 
assembly diagonals and meet the following constraints: 

1. 

2. 

3. 

The nominal diameter of the gadolinia pellets shall be not less than that of the 
:uo2 (non-gad.olinia) pellets and the rods shall be in non-perimeter positions. 

'At least two gadolinia rods shall be in row 2 and two additional rods shall be in 
,column 2. 

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. 

4. •A unit cell containing a gadoUnia 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 m_ay share a common corner. 

5(b)(1 Hviiil - U0 2 fuel assemblies wi.th a maximum U-235 enrichment of 5.0 wt.%. Each 
assem91y is composed of a 9x9 array of fuel rods with a water chan.nel or water rods in 

Siemens Power Corporation 

Nuc::ear Div1s1on 
'::igineenng & Manuia~1.:m:g 

2101 Horr. Ra:::c:s ::\oao · 
P.O Sox 130 
:;.!cn1a:ic. 'A't.. S9!::2·01:iO 

-; e!. '5091 .375-8100 
:-ax. •5091 375.8402 
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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 s.on by s:'O" by 174". 'The maximum pellet diameter is 0.40n and 'the minimum clad 
thickness.is 0.015". 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 located in a pattern symmetric about one of the 
assembly diagonals and meet the following constraints: 

1. 

2. 

3. 

The nominal diameter of the gadolinia pellets shall be not less than that of the 
· U02 (non-gadolinia) pellets and "the rods .shall be in non perimeter positions. . . 

At least two gadolinia rods shall be in rows 2 and 8 and two additional rods shall 
be in columns 2 and 8. 

A :unit cell containing a gadolinia rod shall not have share a common face with 
another g-adolinia rod unless those sharing a common .face are ·counted as one rod; 
i.e., gadolinia rods may share a common corner. 

The assemblies ·will be loaded and unloaded and the containers handled; maintained and shipped 
in accordance· with Seetions 7 and 8 of SPC'.s "Consolidated License Application for Siemens 
Power Corporation Model SP'."1 and SP-2 Shipping Containers", document EM.F-1563. · 

SPC has a contractual commitment to deliver a re1o·ad oi assemblies of the design described. in 
S(b) 1 (viii) beginning in early June of this year. We would, 'therefore, appreciate an expedited 
review to permi~ these shipments. 

If I can provide .further information to facilita:te your review, please call me ·at (509) 375-!3663. 

Very truly your~. 

ie&gar 
Staff Engineer,: Licensing 

pm 
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1. Introduction and Summary 

1.1 Introduction 
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This supp~emental Criticality Safety Evaluation (CSE) for the SP-1 shipping container was. 

created d~e to reduced spacing dimensions and the resulting impact on keff· mh'.ii§p~~iqfi 

F:t&lG.~W.ilfffl·~~~~~it1?.11~~:1~~§~a1fJ1n~·~~ti~~¢~Ji~~~~r.$';~.~i!o'g~r~~~~.i~nlt~ti~~~.§~~B~s.~~:r:ff~;if9J1.Qw1ai9 
:g:~~!!§~J~~§~meyll$.P&.~l111fi~ni~QQ.mJ~'~efil~J~:~~r~~Yil~a'.t~a~~rru~~xrrd.'.§.~llilcn;~l):~(iKF:i.~~~~'t'.~fr~ruto 
~gi§~I§9.~JI~~ 

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 Quality 

Assurance (QA) review. Section 5 documents the references. 

1.2 Su'mmary 

m~1ey1§[§:eiUt~l~lif1Tuli<tfi~~mi!gf\i$J.lB:~~§sa~:'r.~~it~J:~§!!f~t!JJt~:ct1rt9.11i~~cw~wm~1?m:·~~~mm 
~~eJJ~:t~m~.~im~11g,rf.~~~r~'.~rn~l[WrP.~:(~~t@m\&J~\J:itJ11~~~1m1<1ff€f~~~~tbrs'it.§§·;~2.n.1~ 
m:~~i~g~1~~~~rl~~~liill:J@.~~~~1~~mf;l~rqa.~'.ijrth~ te~\I~i9.H~1§.!if§:Y.J~.~~f.Jl.:'13.m.;'~P.R~~·~J~1ff'.~r;t~v: 
~!i~:~a:~ 

mr~~tqc~~~t9'.~~~1~11fl~~i[~~m:~~@~\1fl~w:11u~11~ri~~@~tgg~™*af;Q'~mh~:~~~~~!tl~~~Y<1~11*~1\l~~ins 
mrrm~§:~aif.~~~1~~lw~~~~B:8Eil!~'.n~Ii2t11~~:§!w~1~x~'1qffm.!1$.Ft~~9m:~rn.§~§1[~~~t1IL§.a:7~§~~ 
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2. Analysis Methodology 

2.1 N~clear Analysis Methodology 
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Monte Carlo techniqu~s were used in this analysis. The sensitivity of pellet diameter, pellet 

pitch, gfu]i interspersed moderator within the SP-3 inner container wer~ evaluated. 

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 work$tation SSL01. 

791176 Jun 22 1994 11:36:41 oO~OOl. a {XSDRN) 
545416 Feb 21 1994 10:25:06 009002.a {NITAWL) 
516744 Feb 21 1994 10:14:38 oOo008.a {BONAM!) 
1094280 Jun 22 1994 11:46:27 o0o009.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) 
9020~96 Feb 23 1994 14:53:45 pxs218.bin (218 group master cross section 

library) 
824404 Feb 23 1994 14 :·38: 03 pxi;;27.bin (27 group master cross section library) 
94400 Feb 23 1994 15:12:03 stdcomp.bin {standard comp. library) 
44812 Feb 23 199415:14:40 wt<;lata.bin 
287 Jul 7 1994 09:35:35 csas25 
2295 Jul 7 1994 17:07:41 drva 

2.3 Cr?$S Section Preparation 

The Hansen-Roach 16-energy group cross sections available in SCALE were used for all 

calculation's. BONAM I and NIT AWL adjust the master format cross section data for the specific 

problem cross sections {e.g., perform resonance self-shielding corrections). 

2.4 Benchmarking 

The SCALE 4.2 system of codes was developed for use by the USN RC 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 san:ie 
' 

methodolo~y 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 . 

. i 
I 
! 



• 

• 

• 

Supplemental License Application for SPC 
Model SP~3 Shipping Container 

3. · Component Description and Analysis 

3.1 Re.duced Dimensions of SP-3 Inner Container 
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The dimensions of the SP-3 inner container are shown on drawing EIYIF-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 steel bqx (space occupied by angle steel). The calculations 

of this section justify the use of a 1-5/8" spqce, instead of 1-15/16". This change in dimension 

only affects the calculations for damaged conditions, as the outer container provides the 

container spacing for undamaged conditions. The type and form of material J:dEritJfimtr6~~~]!J1§1j 
~~~l)'..i:illf."''>lli'".t;:rr.w.tJg"'·~KllfE~"'5·"~·'"';d···f.&:;.i:;i!;r··£"'::Jd"-~~-,t:"··:,r,i'~··~.li:fi4~f:···,~·"'"''"'~r.l-:-'"·' ... ,· .. ,·:;,_,9,;:r.1'6 
,g;~18'~1!!i!J!J.~i:!,~Xi~~:.:J~~).;!J;:{1J1J1,;rC:'.~~~P.?.'.i;!J!l.'4\b9JH~~'~u. e'!',:;_q~~~l\\!11gµ~~,\Qm~9Jn~g_IJf:..E;l..-.. fft% are 

evaluated below. 

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 . 

.:iss"~~ffie~l~~t~t~~~m 
"'';j~Y'' ' 

>~~~Li:~t 
9!!1'1J1§ 

m£P.i$J(~iit§:~n!Wif~~~9~~1Jili~mt~m~~~1'.@·'fo~1.';b.ui1;aie:1R~i~.oo~e~~r~.:an,~·1r~l~~t~Y:fij'f:f~~f~~1:t.s1li1P.Rllif9 
~mu;~J1t§jif)\~t~~~~~m.~1Il~~1§)~~1~ 
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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 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. 

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. 

R~ferenced sources were reviewed for applicability to this CSE. 

Input information was checked against referenced sources. 

Input for computer calculations were checked for agreement with values in the CSE text. 

Hand calculations were independently checked. 

l<eff 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. 

$PC Criticality Safety Analysis BFQ:..sp1 .3, SP-1 SHIPMENTS WITH GADOLINIA ROD 
CONTAINER. 

SCALE.Standardized Computer Analyses for Licensil'.'19 Evaluation, NUREG/CR-2000 · 
ORNL/NUREG/CSD-2, Vqlumes 1, 2, and 3. 

Critical Separation. Between Subcritical Clusters of 4.~1 wt% Enriched U02 Rods in 
Water with Fixed Neutron Poisons, NUREG/CR-0073. 

Certificate USN9248/AF, Revision- 13, SP-1 and SP-2 Shipping Certificate 

EMF-1563, Revision 1, Consolidated License Application for Siemens Power 
Corporation Mode.I SP-1 and SP-2 Shipping Containers, December 1993. 

EMF-1563, Supplement 1, Revision 1, Supplemental License Application for Siemens 
Power Corporation Model SP-1 and:SP-2 Shipping Containers,. March 1995. 

EMF-1563, Supplement 4, Supplemental License Application for Siemens Power 
Corporation Model SP-1 and SP-2 Shipping Containers, February 1996. 
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10) 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 . 
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Appendix 61 
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POLYETHYLENE SHIPPING SHIMS TO THE SP-1/2/3 INNER PACKAGES TO 
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------·-- ---- -------'---- --·-·------------



• 

• 

•• 

• 

·supplemental License Application for SPC 
Model SP-3 Shipping Container 

Criticality Evaluation. 

1 . Introduction and Summary 

1 .1 Introduction 

' 
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This Criticality Safety Evaluation (CSE) provides the criticality safety basis for shipping ATRIUM™-
10 fuel as~emblies 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 Su.mmary 

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: "U02 fuel assemblies composed of fuel rods in a 10x10 square array, with 
a maxi.mum fuel cross section of 5.0 inches square, and a maximum fuel length of 174 inches. 
The m'aximum 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) comer edge 
rods is 3.05 weight percent, and the m~ximum 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 (Gd20 3) in all axial regions with enriched pellets, and in a pattern 
symmetric about one of the assembly di.agonals. 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 volume 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 fndex: Tl = 1.0 

A summary of the results in this CSE is provided in Table 1 . 
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Table 1 .summary.of Criticality Sa._fety Evaluation·f~r ATRIUM™-10 Fuel Assemblies with-Shipping 
Shims in the SP-1/2/3 Packaging 

ATRIUM™-10 Fuel Assem~lies with PE Shippi~g Shims (see d_etail.ed payload des~riptioo listed in Section 1.2) 

Single SP-3 Inner Package, Assembiies Moved as Close as Physically 0.75413 0.00323 -0.00321 <1> 
Possible within Inner Packaging, Asymmetric Gd20J Rods in 
Assemblies are Toward Outside of Inner Packaging, 0.35" Diameter 
Pellets, 0.14 VF PE<2> as Shipping Shims, Fully Flooded, All Rods 5.0 
wt% 235U (see Section 3.1.2) 

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; AsymmetricGd20:i Rods in.the Assemblies in Eacn 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, J.'.P:,4 SP-3 Inner Packages (8 Wide x .rn. High), 
Assemblies as Far Apart as Physically Possible within Inner Packaging, 
Asymmetric GdiQ3 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

> as Shipping Shims, 13 
vol% Interspersed Moderator (see Section 3.1.4) 

0.81454 0.00248 -0.00321 (l) 

-0.00321 (l) 

0.76059 

0.81950 

(1) 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. 

(2) 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 Nuclear Analysis Methodology 

Monte Carlo techniques were used in this analysis. The following sensitivities were evaluated in 
this CSE: 

• Assembly rotation (for asymmetric loading of Gd203 rods) and placement within the inner 
pai:;kaging 

• VF PE as shipping shims 

• Pe'rlet diameter 

• Edge rod 235U enrichment 

• lnt~rspersed moderator 

• U02 theoretical density (TD) 

2. 2 Computer Codes and Databases Used 

The following codes and ~ross section libraHes are part of the SCALE 4.2 system of codes· 
(Reference 1) . 

791176 Jun 22 1994 11:36:41 
54~416 Feb 21 1994 10:25:06 
516744 Feb 21 1994 10:14:38 
1094280 Jun 22 1994 11:46:27 

I 

112000 Feb 23 1994 15:16:47 
42~6216 Feb 23 1994 14:40:21 
362140 Feb 25 1994 16:54:21 
9020996 Feb 23 1994 14:53:45 
824.404 ·Feb 23 1994 14:38:03 
944'00 Feb 23 1994 15: 12 : 03 
449'12 Feb 23 1994 15:14:40 
287; Jul 7 1994 09:35:35 
2295 Jul 7 1994 17:07:41 

2.3 Cross Section Preparation 

oOoOOl.a (XSDRN) 
o0o002.a (NITAWL) 
o0o008.a (BONAMI) 
o0o009.a (KENO.Va) 
albdata.bin 
pxsl23.bin (123 group master cross section library) 
px~l6.bin (16 group master cross section library) 
pxs21B.bin (218 group master cross section library) 
pxs27.bin (27 group master cross section library) 
stdcomp.bin (standard comp. library) 
wtdata.bin 
csas25 
drva 

BONAM! 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 calculations. : 

2.4 Benchmarking 

The bias and its standard deviation are calcµlated using the methods described in Reference 4. 
These methods use standard analysis of variance principles. 

kc is the value of keri that results from the calculation of benchmark experiments using a particular 
calculation method. This value represents a combination of theoretical techniques and numerical 
data. The value for kc is the weighted average (grand average) of the average keff values for a 
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series of benchmark cases that are applicable to the system being modeled. Each individual 
benchmark case is weighted by the inverse· of the kett variance (square of standard deviation). 

The avera'ge value of the variance is taken as the "within class" variance. The variance of the 
average ken 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 ke11 from case to case) is also the bias and the variance of the class effect is the 
variance of the bias. -

The calculation bias, ~kt,. is therefore calculated as 1-~kc. 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 
b~nchmarking 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 
methodolqgy 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, ~P-2, SP-3, NT-'IV, and 
51032). T.hese 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 calculations 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 
benchm~rk 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 

aMc006a 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-c009a· 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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The dimensions of the-SP-1 outer packaging are shown on drawing EMF-306,272. The SP-1 outer 
packaging may contain either an SP-1, SP~2. or SP-3 inner packaging. The dimensions of these 
inner packagings are ~hown on drawings EMF-304,416; EMF-308,257; and EMF-309,818;. 
respective!Y· · 

Since the stringer height of the SP-3 inner packaging is the smallest (most conservative) of the SP-
1/2/3 inner packagings, the SP-3 inner pac~aging 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 (ATRIUM™ ·10 with PE Shipping Shims) 

The following material is provided as a new: category offuel to be shipped in the SP-1/2/3 
packaging; 

"U02 fuel assemblies composed of fuel rods in a 1 Ox1 O square array, with a maximum fuel 
crO:ss section of 5.0 inches square, and a maximum fuel length of 174 inches. The 
ma:ximum 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) comer 
ed~e rods is 3.05 weight percent, and the maximum U-235 enrichment fpr 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 (Gd20 3) 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 immed\ately 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 ad.ditional UTP shipping shim may be added between the 
UTP and the fueled region. This UTP shim may consist of a maximum of 345 g pla~tic or 
plastic composite." 

3 .1 .1 Computer Model Description 

The SP-1/~/3 inner packaging and SP-1 outer packaging are modeled exactly a~ 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™-1 O fuel assemblies with PE shipping shims as. the 
payloac;J. . 

' 

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 pr.ovides results of an analysis that investigated various placements of the ten Gd20 3 

rods in rO'!VS 2 and 9 and columns 2 and 9 of the ATRIUM™-10 fuel assembly. Figure 1 shows the 
Gd20 3 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 fu~I 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 449~ g PE 
(122 @ 5.5 g each and 546 @ 7.0 g each). If this mass is homogenized over a. volume of 34,783 
cm2

, the effective PE density is 0.129 g/cm3
• 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/cm3)/(0.92 g/cm3
) 

or 0.14. The model assumes a PE VF of at least 0.14 for all ·conditions. The normal PE loading is . 
approximcitely 0.035 g/cm3

, 3.7 times less than the amount included iri the computer model. 

The volurrie available to the PE shims is ca.lculated as follows: 

Assembly Envelope: 9*1.2954+1.00508=12.66368 cm; Cross sectional area= 160.37 cm2 

Channel Envelope: 3.50012 cm; Cross sectional area= 12.25 cm2 

Area of 9t Rods: 91*7t(0.4445)2 = 56.49 cm2 

Area of Shims per cm Length = 160.37 - 12.25 - 56.49 = 91 :63 cm2 

Volume Available to Shims = 91.63 cm2*379.603 cm= 34,783 cm3 

An additional shipping shim option is to place a PE fork-shaped shim between the UTP and the 
shoulder df the.upper end caps. This shim .is 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 cm3 and. may be 
constructed of plastic or plastic composite. At a PE density of 0.92 g/cm3

, 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 cm3

• 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/cm3 and the effective VF is (0.139 g/cm3)/(0.92 g/cm3

} 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 
interspersed 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 

Diameter 

. Density 

235U Enrichment 

Cladding ID 

Cladding oo: 
Pellet-Clad G~p 

Active Fuel Length 

Rod Pitch 

Water Channel 
Outer Dimension 

Number of Fuel 
Rods 

Number of Rods with 
Gd20a 

Gd203 Conten~ 

Total Number·of 
Shims Between the 
Fuel Rods 

Upper Tie Plate 
Shim 

0.3413" 

95.85 ± 1.5% TD (does not 
include dish or land taper 
which is minimally 1.16%) 

4 cornenods:;; 3.05 wt% 

8 edge rods immediately 
adjacent to corner rods$ 
3.55wt% 

Remainder of edge rods:;; 
4.75 wt% 

Remainder of rods$ 5.00 
wt% 

0.3480" 

0.3957" 

0.00335" 

149.45" 

0.510" 

1.378" square 

91 

10 Minimum in Rows 2 & 9 
and Columns 2 & 9 

2.0wt% 

32@ 5.194 g each, 

<1.52 @ 6.892 g each 

VF< 0.04 

1 @ <375 cnf (<345 g PE) 

VF - 0.01 

: 0.30", 0.325", 0.35", 
0.375", and 0.3957" 

Most cases use 96% TD 

: The most reactive cases 
. are run with 98% TD 

; Maximum stated 
1 enrichments 

; Some additional cases 
: use edge rod 
, enrichment of 5.00 wt% 

·Cladding and gap is 
. conservatively omitted 

177.62205" 

:o.510· 

Center 3x3 rods 

91 

,Minimum Nominal 
.(Placement per 
Reference 8) 

1.5wt% 

122@ 5.5 g each 

546@ 7.0 g each 

Modeled as VF= 0.14 in 
space between rods for 
normal case 

1 @345 g 

VF - 0.01 in addition to 
other shims (damaged 
conditions) 

Reference 5 Page 5 

Reference 1 O 

Pending Certificate of Compliance 

,;·· 
r.. 
!',."·: 

Reference 5 Page 4 

Reference 5 Page 3 

Reference 5 Page 6 

Reference 5 Page 3 

Pending Certificate of Compliance 

Pending Certificate of Compliance 

Reference 6 

Reference 9 

I 

. i 
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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 ke11 limits are met for all normal. and 
hypotheti~I accident conditions. The assemblies within the SP-3 inner packaging are ATRIUM™-
10 design.as specified in Table 3. 

First, since the most reactive Gd20 3 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 Gd20a rods in each assembly facing towards the inside of the inner packaging 
(Figure 2) 

2. Asymmetric Gd20a rods in each assembly facing towards the outside of the inner packaging 
(Figure 3) 

For this study, the assemblies were each ~ntered 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 results of this study are provided in Table 4 and Table 5. The case with the 
asymmetric Gd20 3 rods in each assembly facing towards the outside of the inner packaging and 
fully flooded conditions provided the peak reactivity (ken=0.72089, including 2cr) ·in this sensitivity 
study. 

Next, the assemblies were moved horizontally within their respective inner packaging, so that they 
were · 

1. As :close as physically possible within the inner packaging (Figure 4) 

2. As far apart as physically possible within the inner packaging (Figure 5) . ' . ' . 

The most r,eacti.ve Gd20 3 rod arrangement from the previous sensitivity study (asymmetric Gd20 3 

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 s~udy 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 reactivity (ken=0.73524, including 
2cr) in this sensitivity 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 Gd20 3 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 (ken=0.73772, including 2cr), which is less than one standard deviation higher 
than the s9me conditions with a PE VF of o .. 14 (see Table 6). This study bounds any migration of 
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the upper ~ie 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 remai~ing 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· 
(asymmetri.c Gd203 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 results of this study are 
provided in Table 9. Again, fully flooded conditions resulted in the peak reactivity (kett=0.74572, 
including 2cr), which is approximately 10.5 mk higherthan the same conditions with larger rods 
(0.3957" diameter, 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 previou~ 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 (drd~-d1a.gout.i.100) was modified to discretely model the 
shipping stiims 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 ke1t. including 2cr, is 0.74502. This is approximately 0.2 standard 
deviations ·1ess than the result from the Table 1 O 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.100 .73806 .00348 .74387 .74502 

Next, a se~sitivity study was performed which increased the enrichment of all edge rods to 5.o wt% 
235U, so that all rods in the assemblies are 5!0 wt% 235U. All other conditions are identical to those 
described above, i.e. asymmetric Gd20 3 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 frorr:i dry to fully flooded. The results of this study are provided in Table 11. Again, fully 
flooded cx;mditions resulted in the peak reactivity (ket1=0.76028, including 2cr) in this sensitivity study. 

The most reactive case from the previous SE;lnsitivity study (see Table 11) was reran with a 98% 
U02 TD (in:creased from 96%). The results are summarized below and show that the maximum ke1t. 
including 2cr, is 0.76059, slightly higher but statistically identical (-0.1cr) to the most reactive case in 
Table 11. 

357440' Oct 18 08:48:37 2000 droa-tablell.98 .75413 .00323 .75952 .76059 

As shown :above, all cases for a single SP-3 inner package yielded reactivities much less than 
0.95. 

'i 
I 
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Table 4 ~ingle SP-3 Inner Package, Assemblies Centered in Channels, Asymmetric Gd20 3 Rods in 
Assemblies are Toward Inside of Inner Packaging, 0.3957" Diameter Pellets, 0.14 VF PE 

d1 .gin.c.000 0 0.34803 0.00266 0.35335 

d1 .gin.c.oor 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.10(! 100 0.70451 0.00311 0.71073. 
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Table 5 Single SP-3 Inner Package, Assemblies Centered in Channels, Asymmetric Gd20 3 Rods in 
Assemblies are Toward Outside of Inner Packaging, 0.3957" Diameter Pellets, 0.14 VF PE 

d1 .gout.c.oqo 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.oq5 5 0.35203 0.00252 0.35707 

d 1.gout.c.007 7 0.35351 0.00260 0.35871 

d1 .gout.c.01:0 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 

d 1.gout.c.060 60 0.59099 0.00277 0.59653 

d 1.gout.c.070 70 0.62516 0.00313 0.63142 

d 1.goutc.080 80 0.65990 0.00323 0.66636 

d 1.gout.c.o9:o 90 0.68844 0.00352 0.69548 

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 Gd203 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 0.33890 0.00241 0.34372. 

d1 .gout.i.003 3 0.34457 0.00231 0.34919 

d1 .gout.i.005 5 0.34598 0.00250 0.35098 

d1 .gout.i.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 .gout.i.05q 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 .gout.i.080 80 0.66302 0.00272 0.66846· 

d1 .gout.i.09q 90 0.70108 0.00376 0.70860 

d1.gout.i.100 100 0.72918 0.00303 0.73524 

-- -----·-----··--·-----··----

I . I 
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Table 7 Single SP-3 lnn~r Package, Assemblies Moved as Far Apart as Physically Possible within 
Inner Packaging, Asymmetric Gd203 Rods in Assemblies are Toward Outside of Inner Packaging, 

0.3957" Diameter Pellets, 0.14 VF PE 

d1 .gout.o.000 0 0.34636 0.00216 0.35068 

d1 .gout.o.001 0.34747 0.00247 0.35241 

d1 .gout.o.003 3 0.35152 0.00255 0.35662 

d1 .gout.o.00,5 5 0.34843 0.00231 0.35305 

d1 .gout.o.007 7 0.35681 0.00275 0.36231 

d1 .gout.o.D1,0 10 0.36141 0.00252 0.36645 

d1 .gout.o.015 15 0.38704 0.00249 0.39202 

d1 .gout.o.020 20 0.40466 0.00252 0.40970 

d1 .gout.o.030 30 0.44985 0.00253 0.45491 

d1 .gout.o.040 40 0.48696 0.00278 0.49252 

d 1.gout.o.050 50 0.52553 0.00270 0.53093 

d1 .gout.o.06.o 60 0.55415 0.00311 0.56037• 

d1 .gout.o.070 70 0.58196 0.00277 0.58750 

d 1.gout.o.080 80 0.60583 0.00304 0.61191: 

d1 .gout.o.090 90 0.62597 0.00307 0.63211 · 

d1.gout.o.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 Pa.ckaging, Asymmetric Gd203 Rods in Assemblies are Toward Outside of Inner Packaging, 

0.3957" Diameter Pellets, 0.28 VF PE 

d1 P.gout.i.000 0 0.37358 0.00225 0.37808 

d1 P.gout.i.001 0.37317 0.00276 0.37869 

d1P.gout.i.003 3 0.37564 0.00264 0.38092 

d1 P.gout.i.005 5 0.37762 0.00274 0.38310 

d1 P .gout.i.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 

d1 P .gout.i.040 40 0.52457 0.00298 0.53053 

d1 P.gout.i.050 50 0.56828 0.00258 0.57344 

d1 P .gout.i.060 60 0.60188 0.00301 0.60790 

d1P.gout.i.o?o 70 0.64770 0.00336 0.65442 

d1 P .gout.i.080 80 0.67838 0.00307 0.68452 

d1 P.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 Gd203 Rods in Assemblies are Toward Outside of Inner Packaging, 

0.35" Diameter Pellets, 0.14 VF PE 

d1a.gout.i.OOO 0 0.31607 0.00240 0.32087' 

d1 a.gout.i.001 0.31712 0.00255 0.32222 

d1 a.gout.i.003 3 0.31145 0.00220 0.31585 

d1 a.gout.i.005 5 0.31920 0.00241 0.32402 

d1a.gout.i.007 7 0.32138 0.00220 0.32578' 

d 1a.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 

d 1 a.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° 

d1 a.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 

d 1 a.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, As$emblies Moved as Close as Physically Possible within 
Inner Packaging, Asymmetric Gd203 Rods in Assemblies are Toward Outside of Inner Packaging, 

Various Diameter Pellets~ 0.14 VF PE, Fully Flooded Conditions 

d10300.100. 0.300 0.72798 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 0.73410 0.00324 0.74058 

d1.gout.i.100 0.3975 0.72918 0.00303 0.73524 
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Table 11 Single SP-3 Inner Package, Assemblies Moved as Close as Physically Possible within 
Inner: Packaging, Asymmetric Gd203 Rods in Assemblies are Toward Outside of Inner Packaging, 

0:35" Diameter Pellet~, 0.14 VF PE, All Rods 5.0 wt% 235U 

d1aE.gout.i.OOO 0 0.32519 0.00255 0.33029' 

d1aE.gout.i.001 0.32635 0.00238 0.33111 

d 1 aE.gout.i.003 3 0.32574 0.00241 0.33056· 

d1aE.gout.i.005 5 0.32941 0.00257 0.33455 

d1aE.gout.i.007 7 0.33525 0.00222 0.33969 

d1a.E.gout.i.010 10 0.34679 0.00279 0.35237 

d1 aE.gout.i.0~5 15 0.36086 0.00218 0.36522 

d1 aE.gout.i.020 20 0.38738 0.00242 0.39222 

d 1 aE.gout.i.030 30 0.44312 0.00257 0.44826 

d1aE.gout.i.040 40 0.50066 0.00281 0.50628 

d 1 aE. gout.i. 050 50 0.55570 0.00285 0.56140 

d1aE.gout.i.060 60 0.60254 0.00284 0.60822 

d1aE.gout.i.070 70 0.64405 0.00366 0.65137 

d 1 aE.gout.i.080 80 0.68267 0.00259 0.68785 

d1 aE.gout.i.~90 90 0.72017 0.00339 0.72695 

d1aE.gout.i.100 100 0.75376 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 the inner 
packagings. As previously stated, the packaging dimensions used in this analysis are ider:itical to 
those used in Reference 7, which was prepared for the previous submittal (EMF-1563 Appendix 
6H). . : 

Again, of the SP-1/2/3 inr:ier 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 Gd203 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.o.013} and Table 23 (case · 
d112a.gin.o.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 (kett=0.81384, including 2cr), which is well below 0.95. 

The most reactive case from the previous sensitivity study (see Table 12) was reran with a 98% 
U02 TD (increased from 96%). The results: are summarized below and show that the max!mum ke1t. 
including 2cr, is 0.81950, higher than the most reactive case in Table 12. 

393478 Oct 17 16:25:43 2000 droa-tablel'4.98 . 81454 . 00248 . 81868 . 81950 

The calculations in this section de.monstrat~ that the reactivity of an array of 256 SP-3 inner 
packages, each contained within an SP-1 o·uter 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 SN packages (where N is the desired number of 
packages to be shipped at one time) must be shown to yield kett < 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 Spa.cing, 
Assemblies as Far Apart as Physically Possible within Inner Packaging, Asymmetric Gd20 3 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 : 

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 (16Widex16 High), Undamaged Spacing, 
Assemblies as Far Apart as Physically Possible within Inner Packaging, Asymmetric Gd20 3 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, Variou~ vol% PE between Inner and Outer Packages 

u256a.013.peOOO 0 0.78078 0.00312 0.78702 

u256a.013.pe001 1 0.78456 0.00248 0.78952 

u256a.013.pe003 3 0.76862 0.00266 0.77394 

u256a.013.pe005 5 0.74535 0.00269 0.75073' 

' I 
I 

' ! 
I 
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3.1.4 Analysis of Array of Damaged Packages (Accident Conditions) with Payload 1 (ATRIUM™-
10 with PE.Shipping Shims} · 

For damaged conditions, the outer packaging is assumed to bum away so that the inner packages 
contact one another. Also, water is assumed to leak into the inner packages. As previously stated, 
the packaging dimensioni:; 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 mod~ls, since 
it has the smallest strin~er height (most conservative). The assemblies within the SP-3 inner 
packaging are ATRIUM ~-10 design as sp~cified in Table 3. . 

First, since the most reactive Gd203 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 in an infinite array. The following four assembly 

·rotations were investigated: · 

1. 

·2. 

3. 

4. 

Asymmetric Gd20 3 ro'ds in each assembly facing towards the inside and bottom of the inner 
packaging (Figure 7) 

Asymr1ietric Gd20 3 rods in each assembly facing towards the outside and bottom of the inner 
packaging (Figure 8) 

Asymmetric Gd20a rods in the assemblies in each group of two vertically adjacent inner 
packages facing towards the inside of the group (Figure 9) · 

Asymmetric Gd20a rods in the assemblies in each group of two vertically adjacent inner 
packa~es facing towards the outs!de 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 
was varied from dry to fully flooded. Only dry, fully flooded, and the peak interspersed moderator 
region were studied in the remaining sets. The results of this 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 Gd20 3 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 (keff=1.01423, including 2cr) 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 
Gd20 3 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. As:s.emblies as close as physically possible within the inner packaging and asymmetric 
Gd20 3 rods in the assemblies in each group of two vertically adjacent inner packages facing 
tow~rds the inside of the group (Figure 12) 

3. As'semblies as far apart as physically possible within the inner packaging and asymmetric 
Gd20 3 rods in the assemblies in each group of two vertically adjaqent inner packages facing 
towards the ins.ide of the group (Figure 13) 

Again, an .infinite array. of SP-3 inner packages were used, as well as a pellet diameter of Q.3957" 
and a PE VF of 0.14 as shims between the fuel rods. Dry, fully flooded, and the peak interspersed 
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 Gd203 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 (keff=1.01900, including 2cr) 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 (ken=1.00952, including.2cr) 
occurs at 7 vol% interspe~sed moderator. These results show that in a large array of packages and 
low density: interspersed moderator, assem.blies with larger diameter pellets are more reactive than 
those with smaller diameter pellets. 

The most reactive case from the previous s·ensitivity studies (assemblies as far apart as physically 
possible within the inner packaging and asymmetric Gd203 rods in the assemblies in each group of 
two verticany 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 diam~ters 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 peak 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 c:Uameter 
(0.3957") produced a higher peak reactivity:(1<e11=0.94634, including 2a), 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. 

0

The peak interspersed moderator shifted from 13 vol% to 12 vol% .. However, the peak 
kett from these two studies are statistically identical (differ by approximately 0.25cr). Compare these 
results to those in Section 3.1.2 where an increase in PE VF from 0.14 to 0.28 resulted in an 
increase in the peak k..n of less than one standard deviation. As discussed in Section 3.1.2, since 
the ~k at pe,ak 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% U02 TD (increased from 96%). The 
results are summarized below and show that the maximum ken. including 2cr, is 0.94784, slightly 
higher but'statistically ider:itical (-0.6cr) to the most reactive case in Table 22. 

380248 Oct '10 07:51:40 2000 droa-table24.9B .94242 .00271 .94695 .94784 
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The calculations in this section demonstrate that the reactivity of an a·rray of 112 SP-3 packages at 
credible damaged conditions remains below the 0.95 limit, provided a payload of ATRIUMT.M_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 ken< 0.95. Therefore, the calculations of this section show that 
112/2 or 56 SP-3 packages may be shipped at one time with the payload described herein. F!i~n~~ 
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Figure 7 Assembly Rotation with Asymmetric Gd20 3 Rods in Each 
Assembly Facing Towards the Inside and Bottom of the Inner 
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Figure 8 Assembly Rotatio.n with Asymmetric Gd203 Rods in Each 
Assembly Facing Towards the Outside and Bottom of the Inner 
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Figure 9 Assembly Rotation with Asymmetric Gd20 3 Rods in the 
. Assemblies .in Each Group of Two Vertically Adjacent Inner Packages 
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Figure 1 O Assembly Rotation with Asymmetric Gd20 3 Rods in the 
Assemblies in Each Group of'Two Vertically Adjacent Inner Packages 

Facing Towards the Outside of the Group 

EMF-1563 
Revision 12A 
Appendix61 
Page 34 of 72 



• 

• 

•• 

Supplemental License Application for FRA-ANP 
Model SP-3 Shipping Container 

EMF-1563 
Revision 12A 
Appendix61 
Page 35 of 72 

Table 14 Infinite Array .of SP-3 Inner Packages, Assemblies Centered in Channels, Asymmetric 
Gd20 3 Rods in Each Assembly Facing Towards the Inside and Bottom of the Inner Packaging, 

0.3957" Diameter Pellets, 0.14 VF PE 

dinf.gaid.c.0'00 0 0.92323 0.00181 0.92685 

dinf.gaid.c.001 0.94699 0.00193 0.95085 

dinf.gaid.c.003 3 0.98123 0.00183 0.98489 

dinf.gaid.c.0,05 5 0.99967 0.00186 1.00339 

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 0.00193 1.01043' 

dinf.gaid.c.009 9 1.00501 0.00241 1.00983 

dinf.gaid.c.0:10 10 1.00394 0.00217 1.00828 

dinf.gaid.c.0'11 11 1.00192 0.00259 1.00710 

dinf.gaid.c.0·12 12 0.99742 0.00229 1.00200 

dinf.gaid.c.013 13 0.98882 0.00236 0.99354 

dinf.gaid.c.014 14 0.98946 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.O~O 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.O~O 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 
Gd203 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 0.94487 0.00190 0.94867 

dinf.gaod.c.003 3 0.98327 0.00201 0.98729' 

dinf.gaod.c.~05 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.008 8 1.00517 0.00207 1.00931 

dinf.gaod.c.009 9 1.00629 0.00225 1.01079 

dinf.gaod.c.010 10 1.00246 0.00250 1.00746 

dinf.gaod.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 0.98759 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; 

II dinf.gaod.c.100 100 0.76648 0.00310 I : 0.77268 



• 

• 

• 

Supplemental License Application for FRA-ANP 
Model SP.-3 Shipping Container 

EMF-1563 
Revision 12A 
Appendix 61 
Page 37 of 72 

Table 16 Infinite Array of SP-3 Inner Packages, Assemblies Centered in Channels, Asymmetric 
Gd20 3 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 0.00168 0.92155 

dinf.gin.c.001 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 

dinf.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 
Gd203 Rods in the Assemblies in Each G,roup of Two Vertically Adjacent Inner Packages Facing 

Towards.the Outside of the G.roup, 0.3957" Diameter Pellets, 0.14 VF PE 

dinf.gout.c.000 0 0.92009 0.00168 0.92345 

dinf.gout.c.001 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.Q10 10 0.99957 0.00227 1.00411' 

dinf.gout.c.011 11 . 0.99697 0.00202 1.00101 

dinf.gout.c.d12 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 0.99056. 

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 13 ·Assemblies as Far.Apart as Physically Possible within Inner 
Packaging and Asymmetric Gd203 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 Packages, Assemblies as Close as Physically Possible within 
Inner Packaging, Asymmetric Gd20 3 Rods in the Assemblies in Each Group of Two Vertically 

Adjacent Inner Packages Facing Towards the Outside of the Group, 0.3957" Diameter Pel.lets, 0.14 
. VFPE 

dinf.gout.i.OQO 0 0.92285 0.00163 0.92611 

dinf.gout.i.001 0.94633 0.00155 0.94943 

dinf.gout.i .oq3 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.i.008 8 0.97736 0.00215 0.98166 

dinf.gout.i.009 9 0.97445 0.00245 0.97935 

dinf.gout.i.010 10 0.97364 0.00235 0.97834 

dinf.gout.i.01°1 11 0.96551 0.00248 0.97047 

dinf.gout.i.012 12 0.95505 0.00260 0.96025 

· I dinf.gout.i.01.3 13 0.94978 0.00216 0.95410 

dinf.gout.i.01.4 14 0.94445 0.00245 0.94935 

I dinf.gout.i.01.5 15 0.94069 0.00228 0.94525 

dinf.gout.i.020 20 0.89590 0.00271 0.90132· 

I 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 P;:ickaging, Asymmetric Gd203 Rods in the Assemblies in Each Group of Two Vertically 

Adjacen' Inner Packages Facing Towards. the Inside of the Group, 0.3957" Diameter Pellets, 0.14 
VFPE 

dinf.gin.i.000 0 0.92523 0.00163 0.92849 

dinf.gin.i.001 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.01 ~ 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.1 oq 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 Gd20 3 Rods in the Assemblies in Each Group of Two Vertically 
Adjacen~ Inner Packages Facing Towards the Inside of the Group, 0.3957" Diameter Pellets, 0.14 

VFPE 

dinf.gin.o.000 0 0.92342 0.00175 0.92692 

dinf.gin.o.001 0.94465 0.00165 0.94795 

dinf.gin.o.003 3 0.98368 0.00210 0.98788 

dinf.gin.o.005 5 1.00329 0.00208 1.00745 

dinf.gin.o.006 6 1.00689 0.00186 1.01061 

dinf.gin.o.007 7 1.00911 0.00198 1.01307 

I dinlgin.o.008 8 1.01488 0.00206 1.01900 

dinf.gin.o.009 9 1.01294 0.00218 1.01730. 

dinf.gin.o.010 10 1.01241 0.00239 1.01719 

dinf.gin.o.01 :1 11 1.01139 0.00248 1.01635 

dinf.gin .o .012 12 1.01062 0.00227 1.01516 

dinf.gin.o.013 13 1.00426 0.00237 1.00900 

dinf.gin.o.014 14 0.99882 0.00234 1.00350 

dinf.gin.o.015 15 0.99208 0.00227 0.99662 

dinf.gin.o.020 20 0.96620 0.00261 0.97142 

~ dinf.gin.o.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 Gd203 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 

dinfa.gin.o.000 0 0.93601 0.00182 0.93965 

dinfa.gin.o.001 0.95844 0.00204 0.96252 

dinfa.gin.o.003 3 0.98718 0.00214 0.99146 

dinfa.gin.o.005 5 1.00056 0.00216 1.00488 

dinfa.gin.o.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 1.00908 

dinfa.gin.o.0.09 9 0.99917 0.00231 1.00379 

dinfa.gin.o.010 10 0.99534 0.00206 0.99946 

dinfa.gin.o.011 11 0.99324 0.00240 0.99804 

dinfa.gin.o.012 12 0.98843 0.00244 0.99331 

dinfa.gin.o.013 13 0.98192 0.00268 0.98728 

dinfa.gin.o.014 14 0.98071 0.00281 0.98633 

dinfa.gin.o.0.15 15 0.97225 0.00266 0.97757 

dinfa.gin.o.020 20 0.94173 0.00292 0.94757 

dinfa.gin.o.1 bo 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 Gd20 3 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 

d112.gin.o.000 0 0.73315 0.00237 0.73789 

d112.gin.o.001 0.77394 0.00246 0.77886 

d112.gin.o.003 3 0.83914 0.00241 0.84396 

d112.gin.o.005 5 0.88059 0.00259 0.88577 

d112.gin.o.006 6 0.89472 0.00241 0.89954 

d112.gin.o.007 7 0.90996 0.00248 0.91492' 

d112.gin.o.008 8 0.91947 0.00278 0.92503' 

d112.gin.o.009 9 0.92806 0.00237 0.93280 

d112.gin.o.010 10 0.93178 0.00276 0.93730 

d112.gin.o.0:11 11 0.93350 0.00270 0.93890· 

d112.gin.o.012 12 0.93638 0.00273 0.94184 

d112.g~n.o.013 13 0.94134 0.00250 0.94634 

d112.gin.o.014 14 0.93746 0.00257 0.94260 

d112.gin.o.015 15 0.93109 0.00295 0.93699: 

d112.gin.o.020 20 0.91940 0.00279 0.92498 

II d112.gin.o.19o 100 0.73110 0.00354 0.73818 
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Table 23 112 SP-3 Inner Packages (8Widex14 High), 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, 0.35" Diameter Pellets, 

0.14 VF PE 

d112a.gin.o.OOO 0 0.72927 0.00252' 0.73431 

d112a.gin.o.,001 0.76529 0.00228 0.76985' 

d112a.gin.o .. 003 3 0.82126 0.00256 0.82638 

d112a.gin.o.005 5 0.86408 0.00260 0.86928• 

d112a.gin.o.,006 6 0.87822 0.00279 0.88380, 

d 112a.gin.o.007 7 0.88682 0.00236 0.89154 

d 112a.gin.o.008 8 0.89857 0.00272 0.90401 

d 112a.gin.o.,009 9 0.90166 0.00296 0.90758 

d112a.gin.o.010 10 0.90884 0.00249 0.91382 

d112a.gin.o.011 11 0.90866 0.00251 0.91368 

d112a.gin.o.912 12 0.91260 0.00271 0.91802' 

d112a.gin.0:013 13 0.91596 0.00234 0.92064 

d112a.gin.o.014 14 0.91333 0.002?3 0.91879 

d112a.gin.o.b15 15 0.90806 0.00253 0.91312 

d112a.gin.o.O~O 20 0.88571 0.00293 0.89157 

II d112a.gin.o.100 100 0.71794 0.00311 0.72416 

·I 
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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 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, 0.152 VF PE 

d112PS.gin.o.OOO 0 0.74824 0.00248 0.75320 

d112PS.giri.o.001 0.78211 0.00248 0.78707' 

d112PS.gin.o.003 3 0.84317 0.00225 0.84767 

d112PS.gin.o.005 5 0.88074 0.00270 0.88614 

d112PS.gin.o.006 6 0.89791 0.00280 0.90351. 

d112PS.gin.o.007 7 0.90794 0.00269 0.91332 

d112PS.gin.o.008 8 0.92254 0.00264 0.92782: 

d112PS.gin.o.009 9 0.92537 0.00276 0.93089 

d112PS.gin.o.010 10 0.93228 0.00281 0.93790 

d112PS.gin.o.011 11 0.93473 0.00275 0.94023 

d112PS.gin.o.012 12 0.94048 0.00261 0.94570 

d112PS.gin.o.013 13 0.93828 0.00250 0.94328 

d112PS.gin.o.014 14 0.93512 0.00313 0.94138 

d112PS.gin.o,015 15 0.93594 0.00296 0.94186 

d112PS.gin.o.020 20 0.92188 0;00266 0.92720 

II d112PS.gin.o.100 100 0.72353 0.00276 0.72905 

\ 
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3.1.5 Calculation of Transport Index (Tl) with Payload 1 (ATRlUM™-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 ken less than 0.95. Note that as dis<?ussed in Section 2.4, the bias is negative 
(conservative), so it is not included in the results as presented below. 

Damaged Conditions 

Array size:= sx,1~~x1 = ~;m: (N=52) Maximum kett = (1~940,$.· 
Undamaged Conditions 

Array size= 16x16x1 = 256 (N=51) Maximum kett = 0.81950 

Using the smaller of the N values above and rounding to the highest tenth, the Tl is calculated 
below: · 

Tl= 50/51=1.0 

·------·-·····---·····------·-···-· ... 
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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 iterris was verified to be 
conservative. · 

2) Assumptions were reviewed for reasonableness and applicability to this analysis. 
Agreement is indicated by a check r;nark in the CSE text. 

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) R~ferenced sources were· reviewed'. for applicability to this CSE. 

5) Input information was checked against referenced sources. 

6) Input for computer calculations were checked for agreement with values in the CSE text. 

7) Ha·nd calculations were independently checked . 

8) Kett for worst case accident conditions is specifically stated in the text. 

9) Comments are provided below and are referenced in the CSE text as QA-N, where N is the 
. ~orresponding comment number. · 

4.1 QA Review Comments and Resolption 

All comments were editorial in nature and were incorporated into the body of the text. 

4.2 Listing of Archived Computer Fil~s 

The computer input listings for this analysis 'have been archived on the OMS system under .the 
.following directories: 

· /critsafety/CSNSHIPPING/SP-1/SP~1-DAT NSP1 .6/ ... 

Listings of .the most reactive cases are provided in Appendix A. 
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APPENDIX A SAMPLE COMPUTER INPUTS 
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Case "drda-table11.98": Single SP-3 Inner Package, Assemblies Moved as Close as 
Physically Possible within Inner Packaging, Asymmetric Gd20 3 

Rods in Assemblies are Toward Outside of Inner Packaging, 
0.35" Diameter Pellets, 0.14 VF PE as Shipping Shims, Fully 
Flooded : 

=csas25 
atrium-la in spl shipping container 
hans infhom 

' mixture 1 
interior rods not immed. adj. to water channel, no gd2o3, 5 wt% u235 

uo2 1 a.98· 293 92235 5.a 92238 95.a end 

' mixture 2 
interior rods immed. adj. to water channel, no gd2o3, 5 wt% u235 

uo2 2 a.98' 293 92235 5.a 92238 95.0 end 

' mixture 3 
interior rods, 1.5 wt%·gd2o3, 5 wt% u235 
td of uo2-gd2o3 = l0.96-2.65*p/[p+a.67145*(1-p)], p =wt fraction gd2o3 
p is a.015 here, so td of uo2-gd2o3 is 1a.9a123 g/cc 
pellets are a.98 td, so a.98*la.9al23 = .1a.68321 g/cc 
gd2o3 density is a.a15*1a.68321 = 0.16a25 

uo2 3 den=l0.68321 1.0 293 92235 5.a 92238 95.a end 
arbmgd2o3 a.16a25 2 a 1 O 6400a 2 

. 8al6 3 3 1.a 293 end 

' mixture 4 
corner rods ~acing other bundle, 5 wt% u235 

uo2 4 0.90; 293 92235 5.00 92238 95.aa 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.B215e-o2 

zircalloy s.o.o 3.8215e-02 293 end 

• mixture 6 
interspersed moderator 

h2o 6 1.00,293 end 

' mixture 7 
carbon steel, lOa vol% · 

c 7 a.o 3:921682e-a3 293 end 
fe 7 a.a 8:35aao9e-02 293 end 

' mixture 8 
carbon steel, 85.57 vol% smeared with 

c 8 a.a 3.355783e-a3 293 end 
fe 8 a.o 7:145103e-a2 293 end 
0 8 a.a 4:8167e-a4 293 end 
h 8 a.o 9:6335e-a4 293 end 

' mixture 9 - not used 
carbon steel, 8.64 vol% 

c 9 a.o 3.388333e-04 293 end 
fe 9 a.a 7.214408e-a3 293 end 
o 9 0.0·3.a496e-03 293 end 
h 9 o.a 6.a992e-03 293 end 

la vol% h2o 
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' mixture 10 
water for reflector 

h2o 10 1.00 293 end 

' mixture 11 
pe and interspersed water 
vf pe ':' O .14 
water at full density is (1-.14) .86 g/cc 

h2o 11 den:0.86 1.00 293 end 
arbmepe o·. 92 2 o 1 1 6012 l 

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 imrned. adj. to corner rod, facing other bundle, 5 wt% u235 

uo2 13 0.98 293 92235 5.00 92238 95.00 end · 

' mixture 14 
rods irnmed. adj. to corner rod, not facing other bundle, 5 wt% u235 

uo2 14 0.9S'293 92235 5.00 92238 95.00 end 

' mixture' 15 
balance. of edge rods facing other bundle,: 5 wt% u23 5 

uo2 15 0.98 293 92235 5.00 92238 95.00 end 

' mixture 16 
balance; of edge rods not facing other bu~dle, 5 wt% u235 

uo2 16 0.98 293 92235 5.00 92238 95.00 end 

end comp 
more data· 

res= 1 cyli 4.3004E-Ol dan( l)= 2.9485E~Ol 
res= 2 cyli 4.4115E-01 dan( 2)= 2.0949E;Ol 
res= 3 cyli 4.2363E-Ol dan( 3)= 2.9202E~Ol 
res= 4 cyli 4.3896E-01 dan( 4)= 1. 8340E~Ol 
res= 12 cyli 4. 2580E-.Ol dan( 12)= l.3547E~Ol 
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)= 

end more 
atrium-10 in spl shipping container 
read parameters 

tme=90.0 gen=103 npg=500 

2.0248E-01 

flx=yes. fdn=yes xsl=yes nub=yes pwt=yes 
run=yes plt=yes 

end parameters 
read geometry 

unit 5 
com=" lOxlO 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' .4PB. 89 2p225. 58 

unit 6 
corn=" '1ox10 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 
corn="l 5/8 :x 1 5/8 inch moderation regions at corners 
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cube 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 6r3.0 10 

unit 11 
com="array:of inners 
array 4 3r0 . o 
repl 10 2 6r3.0 10 

unit 16 
com=" spacing & steel angle at 
cube 6 1 4.12750 0.0 2pB.89 
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 a.79375 0.635 0.0 
hole 22 a.79375 -0. 63,5 0.0 
hole 22 1,-11125 a.9525 0.0 
hole 22 1.11125 -a.9525 a.o 
hole 22 1.42875 1.27 a.a 
hole 22 1.42875 -1.27 acO 
hole 22 1. 74625 1.5875 0.0 
hole 22 L 74625 -1. 5875 a.o 
hole 22 2.a6375 1.905 a.o 
hole 22 2:06375 -1. 9a5 a.o 
hole 22 2.38125 2.2225 a.o 
hole 22 2.38125 -2.2225 a.o 
hole 22 2,69875 2.54 a.o 
hole 22 2.69875 -2.54 o.o 
hole 22 3,01625 2.8575 o.a 
hole 22 3,01625 -2.8575 o.a 
hole 22 3.33375 3.175 o.o 
hole 22 3:33375 -3.175 a.a 
hole 22 3'.65125 3.4925 a.o 
hole 22 3:65125 -3.4925 0.0 
hole 22 3.96875 3.81 a.o 
hole 22 3:96875 -3.81 o.a 

unit 17 

-x side of basket 
2p225.58 

" 
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hole 22 -3.65125 -3.4925 o.o 
hole 22 -3.96875 3.81 o.o 
hole 22 -3.96875 -3.81 0.0 

unit 18 
com=" angl~s & spacing beneath baskets 
cube 6 1 2p8.89 4.12750 .o.o 2p225.58 
hole 21 O'.O 0.15875 0.0 
hole21-o'.3175 0.47625 ci.o 
hole 21 0-.3175 0.47625 0.0 
hole 21 o'. 635 0.79375 o.o 
hole 21 -0 .. 635 0. 79375 0.0 
hole 21 0-.9525 1.11125 0.0 
hole 21 -0,.9525 1.11125 o.o 
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 ci. 0 
hole 21 2 1.2225 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 "f.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. 65·125 0.0 
hole 21 3.81 3.96875 0.0 
hole 21 ~3.81 3.96875 o.o 

unit 19 
com="angle~ & spacing above baskets 
cubo 6 l :2p8.89 0.0 -4.12750 2p225.58 
hole 21 O;O -0.15875 0.0 
hole 21 -0.3175 -0.47625 0.0 
hole 21 0:3175 -0 .47625 o.o 
hole 21 0.635 -0.79375 0.0 
hole 21 -0.635 -0. 79375 .o. 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 -1:21 -1.42875 0.0 
hole 21 l'.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 o.o 
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. Bl -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 ot: stringer" 

-------·----------- .... - .............. .. 
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I 

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 gd2o3, 5 wt% u235 • 
cyli 1 1 0.44450 2p225.58 
Cuba 11 1 4p0.6447 2p225.58 

unit 102 
com=" interior rods immed. adj. to water channel, no gd2o3, 5 wt% u235" 
cyli 2 l ·o.44450 2p225.5B 
Cuba 11 l 4p0.6447 2p225.58 

unit 103 
com=" interior rods, 1. 5 wt% gd2o3, 5 wt% u235 • 
cyli 3 1 0.44450 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 104 
com=" corner rods facing other bundle, 3.05 ;wt% u235 " 
cyli 4 1 p.44450 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 105 
com=" corner rods not facing other bundle, 3.05 wt% u235 " 
cyli 12 1 0.44450 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 106 
com=" rods.irnmed adj. to corner rod, facing:other bundle, 3.55 wt% u235" 
cyli 13 1 0.44450 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 0.44450 2p225.58 
cubo 11 l 4p0. 644 7 2p225. 5,8 

unit 108 
com=" balance of edge rods facing other bundle, 4.75 wt% u235 " 
cyli 15 1 S.44450 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 l 0.44450 2p225.58 
cubo 11 1 4p0. 6447 2p225. 5,8 

unit 110 
com=" water rod " 
cubo 6 1 4p0.6447 2p225.58 

end geometry 

read array 

' array 1 :i.s bundle in left basket 
ara=l nux=lO nuy=lO nuz=l 
fill 
105 107 109 109 109 109 109 109 107 104 
107 101 103 101 103 101 101 101 101 106 
109 103 101 101 102 102 102 101 101 108 
109 101 101 102 110 110 110 102 101 108 
109 103 101 102 110 110 110 102 101 108 
109 101 101 102 110 110 110 102 103 108 
109 101 lOl 101 102 102 102 101 101 108 
109 103 lOl 101 101 101 101 101 103 108 
107 101 103 101 101 103 101 103 101 106 
105 107 109 109 109 109 109 109 107 104 
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end fill 

' array 2 .. is bundle in right basket 
ara=2 nux=lO nuy=lO nuz=l 
fill 
104 107 10'9 109 109 109 109 109 
106 101 101 101 101 103 101 103 
108 101 10'.1 102 102 102 101 101 
108 101 102 110 110 110 102 101 
108 101 102 110 110 110 102 101 
108 103 102 110 110 110 102 101 
108 1oi 101 102 102 102 101 101 
108 103 101 101 101 101 101 101 
106 101 103 101 103 101 101 103 
104 107 109 109 109 109 109 109 
end fill 

ara=3 nux=4 nuy=3 nuz=l 
• array 3 is 1 inner container 
fill 

9 18 18 9 
16 5 6 17 

9 19 19 9 
end fill 

107 
101 
103 
101 
103 
101 
101 
103 
101 
107 

105 
107 
109 
109 
109 
109 
109 
109 
107 
105 

' array 4 is an array of inner containers 
ara=4 nux=.8· nuy=13 nuz=l 
fill flO end fill 

end array. 

read start 

end start ' 

read bounds 
all=vacuum 
end bounds 

read bias 
id=500 2 11 

end bias 

read plot 

ttl=' xy section of one inner container ' 
xul=-22.0594 yul=l2.2169 zul=lO 
xlr=22.0594 ylr=-14.1219 zlr=lO 
uax=l vdn=-1 nax=150 lpi=lO. end 

ttl=' xy section of one inner container plus reflector ' 
xul=-54 yul=44 zul=lO · 
xlr=54 ylr=-46 zlr=lO 
uax=l vdn=-1 nax=150 lpi=lO end 

ttl=' xz section of one inner container plus reflector ' 
xul=-54 yul=-5.8323 zul=-258 · 
xlr=54 ylr=5.8323 zlr=258 
uax=l wdn=l nax=l50 lpi=lO end 

end plot' 

end data 
end 
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Case "drda-table14.98": Undamaged Spacing, 256 SP-1/2/3 Inner/Outer Packages 
(16 Wide~ 16 High), Assemblies as Far Apart as Physically 
Possible within Inner Packaging, Asymmetric.Gd20 3 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 l,nner and Outer Packages 

=csas25 
atrium-lo. i'n spl shipping container 
hans inf hoi:n 

1 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 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% gd2o3, 5 wt% u235 : 
td of uo2-gd2o3 = 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 i0.90123 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=l0.68321 1.0 293 92235 5.0 92238 95.0 end 
arbmgd2o3 ~.16025 2 O 1 O 64000 2 

8016 3 3 1. O 293 .end 

1 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 
pod, ci~, cod = 0.4221", 0.4281", 0.4781~ 

vol fract zr = 0.8988 
at dens = 0.8988 * 4.2518-2 = 3.8215e-02 

zircalloy S 0.0 3.8215e-02 293 end 

1 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 

c 8 0.0 3l355783e-03 293 end 
fe 8 0.0 7.145103e-02 293 end 
o 8 0.0 4.8167e-04 293 end 
h 8 o.o 9.6335e-04 293 end 

• 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 o.o 3:0496e-03 293 end 
h 9 0.0 6.0992e-03 293 end 
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' mixture 10 
water fbr reflector 

h2o 10 lcOO 293 end 

1 mixture 11 
pe and interspersed water 
vf 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 O 1 1 6012 1 

1001 2 11 0.14 end 

' mixture 12 
corner rods not facing other bundle, 3.05 wt% u235 

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 

1 mixture 14 
rods im~ed. adj. to corner rod, not facing other bundle, 3.55 wt% u235 

uo2 14 o.98 293 92235 3:.55 92238 96.45 end 

' mixture ;ts 
balance: of. edge rods facing other bundle,: 4 . 7 5 wt% u23 5 

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 
pe as interspersed moderator for ethaf oa~ 

arbmepe 0. 92 2 0 1 1. 6012 1 
1001 2 17 0.01 end 

end comp 
more data 

res= 1 cyli 3.9693E-Ol dan( 
res= 2 cyli 4.9947E-Ol dan( 
res= 3 cyli 3'.8942E-Ol dan( 
res= 4 cyli 6.1041E-Ol dan( 
res= 12 cyli 6. 2199E-:01 dan ( 
res= 13 cyli 5.0252E-Ol dan( 
res= 14 cyli 5.0306E-Ol dan( 
res= 15 cyli 5.4301E-Ol dan{ 
res= 16 cyli 5.6070E-Ol 'dan( 

end more , 

1)= 
2)= 
3)= 
4)= 

12)= 
13)= 
14)= 
15)= 
16)= 

atrium-10 in spl shipping container 
read parameters 

tme=90.0 gen=l03 npg=500 

7.1095E-01 
6.3439E-Ol 
7.1464E~Ol 

2.9373E~Ol 

3.0272EM01 
4.8509E~Ol 

4.8213E~Ol 

S.0055E-01 
4.7538E~Ol 

flx=yes· fdn=yes xsl=yes nub=yes pwt=yes 
run=yes plt=yes 

end parameters 
read geometry 

unit 5 
com=" lOxlO bundle in left basket (top inner) 
array 1 -8.7381 -6.477 -225.58 
cube 6 1: 4p8.7381 2p225.58 

add 0.0598 inch of perforated steel 
cube 8 1: 4p8.89 2p225.58 

unit 6 
com=" lOxlO bundle in right basket ·(top inn~r) 
array 2 -4.2151 -6.477 -225.58 
cube 6 l' 4p8.7381 2p225.58 

add 0.0598 inch of perforated steel 
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cubo 8 l 4p8.89 2p225.58 

unit 7 
com~" lOxlO bundle in left basket (bottom inner) 
array 5 -8.7381 -6.477 -225.58 
cubo 6 · 1: 4p8. 73 Bl 2p225. 58 

add 0.0598 inch of perforated steel 
cubo 8 l 4p8.89 2p225.58 

unit 8 
com=" lOxlO 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 B l· 4pB.B9 2p225.58 

unit 9 
com="l 5/8 x 1 5/8 inch moderation regions at corners 
cubo 6 1 4p2.06375 2p225.58 

unit 10 
com=" 1 ihner + outer container (top) 
array 3 -21.9075 -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="array'of 2 inners+ outers (top & bottom) 
array 8 3r0. O 
'repl 10 2·6r3.0 10 

unit 12 
com=" 1 inner + outer container (bottom} 
array 7 ·~21.9075 -13.97 -225.58 

add 0.0598 inch walls 
repl 7 1·6r0.1519 1 
' add exterior wood box (outer container) 

use low density pe here and box size of 24" x 24" x 206" 
cube 17 1 4p30.48 2p261.62 

global 
unit 13 
com="large array of inners " 
array 9 3rO. o 
repl 10 2 6r3.0 10 

unit 16 
com=" spacing & steel angle at 
cubo 6 1 4.12750 0.0 2p8.89 
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 l.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 

-x side of basket " 
2p225.58 
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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 a.a 
hole 22 3 .· 96875 -3.81 0.0 

unit 17 
com=" spacing & steel angle at +x side of basket II 

cubo 6 1 : a. 0 -4.12750 2p8.89 2p225.58 
hole 22 -0.15875 o.a 0.0 
hole 22 -p .47625 -0.3175'a.O 
hole 22 -0.47625 a.3175'a.O 
hole 22 ~a.79375 0.635 0.0 
hole 22 -p.79375 -0.635 a.o 
hole 22 -l. .11125 0.9525'0.0 
hole 22 -i.11125 -0.9525 0.0 
hole 22 -1. 42875 1.27 0.0 
hole 22 -1.42875 -1.27 o.a 
hole 22 -1.74625 1.5875 0.0 
hole 22 -1. 74625 -1. 5875 0.0 
hole 22 -2.a6375 1.905 a.o 
hole 22 -2.a6375 -1. 9a5 a.a 
hole 22 -2.38125 2.2225 0.0 
hole 22 -2.38125 -2.2225 0.0 
hole 22 -2.69875 2.54 a.a 
hole 22 -2.69875 -2.54 a.a 
hole 22 -3.a1625 2.8575 a.a 
hole 22 -3.01625 -2.8575 a.o 
hole 22 -3.33375 3.175 a.o 
hole 22 -3.33375 -3.175 a.o 

• hole 22 -3.65125 3 .4925 a.a 
hole 22 -3.65125 -3 .4925 a.o 
hole 22 -J.96875 3.81 a.a 
hole 22 -3. 96875 -3.81 a.a 

unit 18 
com= 11 angles & spacing beneath baskets 
cubo 6 1 :2p8.89 4.12750 0.0 2p225.58 
hole 21 o.a a.15875 0.0 
hole 21 -a~3175 0.47625 a.o 
hole 21 0~3175 0.47625 0.0 
hole 21 0,635 0.79375 0.0 
hole 21 -0.635 a.79375 0.0 
hole 21 a.9525 1.11125 a.a 
hole 21 -0~9525 1.11125 o.a 
hole 21 1:21 1.42875 0.0 
hole 21 -1:21 1.42875 0.0 
hole 21 1.5875 1. 74625 a.o 
hole 21 -1.5875 1. 74625 a.a 
hole 21 1. 9a5 2.06375 a.o 
hole 21 -1. 905 2.06375 a.o 
hole 21 2.2225 2.38125 a.a 
hole 21 -2.2225 2.38125 a.a 
hole 21 2.54 2.69875 a.a 
hole 21 -2.54 2.69875 -0.a 
hole 21 2.8575 3.01625 0.0 
hole 21 -2.8575 3.01625 0.0 
hole 21 3.175 3.33375 o.a 

i hole 21 ~3.175 3.33375 a.o 
hole 21 '3.4925 3.65125 0.0 

I hole 21 ~3.4925 3.65125 0.0 ·1 
hole 21 .3. 81 3.96875 o.o 
hole 21 -3.81 3.96875 0.0 

unit 19 
com="angles & spacing above baskets 

• 
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cube 6 1 2p8.89 o.a -4.12750 2p225.58 
hole 21 o·. o -0.15875 o~o 
hole 21 -0.3175 -a.47625 a.o 
hole 21 0,. 3175 -a.47625 0.0 
hole 21 a.635 -a.79375 a.a 
hole 21 -a·.635 -a.79375 a.a 
hole 21 a,. 9525 -1.11125 a.a 
hole 21 -a·. 9525 -1.11125 a.a 
hole 21 1. 27 -1.42875 a.o 
hole 21 -1.27 -1.42875 0.0 
hole 21 1. 5875 -1. 74625 a.a 
hole 21 -1 .. 5875 -1.74625 o.a 
hole 21 1'. 9a5 -2.a6375 o.a 
hole 21 -1 .. 9a5 -2.a6375 0.0 
hole 21 2.2225 -2.38125 o.a 
hole 21 -2.2225 -2.38125 0.0 
hole 21 2.54 -2.69875 o.a 
hole 21 -~~54 -2.69875 o.a 
hole 21 2'.8575 -3.a1625 a.a 
hole 21 -2.8575 -3.01625 0.0 
hole 21 3.175 -3.33375 a.o 
hole 21 -3.175 -3.33375 a.a 
hole 21 3.4925 -3.65125 o.a 
hole 21 -3.4925 -3 .65125 0.0 
hole 21 3.81 -3.96875 o.a 
hole 21 -3.81 -3.96875 a.a 

unit 21 
com="part of steel angle in horiz sections of stringer" 

a.1552" x 0.,125" 
cubo 7 1 2pa.l971a4 2pa.15874 2p225.58 

unit 22 
com="part of steel angle in vert sections of stringer" 
I 0.125 11 X 0.1552" 
cubo 7 1 2p0.l5874 2p0.197104 2p225.58 

unit 101 
com=" interior rods not immed. adj. to water channel, no gd2o3, 5 wt% u235 11 

cyli 1 1 a.50254 2p225.58 
cube 11 1 4pa.6447 2p225.58 

unit 1a2 
com=" interior rods immed. adj. to water channel, no gd2o3, 5 wt% u235 11 

cyli 2 l 0.50254 2p225.58 
cube 11 1 4pa.6447 2p225.58 

unit 103 
com=" interior rods, 1.5 wt% gd2o3, 5 wt% u235 11 

cyli 3 1 D.50254 2p225.5B 
cube 11 l ~pa.6447 2p225.58 

unit la4 
com=" corner rods facing other bundle, 3.a5 wt% u235 11 

cyli 4 1 0.5a254 2p225.5B 
cube 11 1 4p0.6447 2p225.58 

unit la5 
com=" corner rods not facing other bundle, 3.a5 wt% u235 " 
cyli 12 1 a.50254 2p225.58 
cube 11 1 -tPO. 6447 2p22.5. 58 

unit 1a6 
com=" rods.immed adj. to corner rod, facing .other bundle, 3.55 wt% u235 11 

cyli 13 1 0.5a254 2p22S.58 
cube 11 l 4pa.6447 2p225.58 

unit 107 
com=" rods·irnrned adj. to corner rod, not facing other bundle, 3.55 wt% u235" 
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cyli 14 1 0.50254 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 108 
corn=" balance of edge rods facing other bunq.le, 4.75 wt% u235 11 

cyli 15 1 0.50254 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 109 
corn=" balance of edge rods not facing other;bundle, 4.75 wt% u235 " 
cyli 16 1 0.50254 2p225.58 
cube 11 1 4p0.6447 2p225.58 

unit 110 
corn=" water rod " 
cube 6 1 4p0.6447 2p225.58 

end geometry 

read array. 

I array 1 ,is bundle in left basket (top inner) 
ara=l nux=lO nuy=lO nuz=l 
fill 
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 10;2 110 110 110 102 101 101 108 
109 101 10;2· 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 

I array 2 is bundle in right basket (top inl).er) 
ara=2 nux=lO nuy=lO nuz=l 
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 
108 103 101 101 102 102 102 101 101 109 
106 101 103 101 103 101 101 101 101 107 
104 107 109 109 109 109 109 109 107 105 
end fill 

' array 3 ~s 1 inner cont~iner (top inner) 
ara=3 nux=4 nuy=3 nuz=l 
fill ' 

9 18 18 9 
16 5 6 17 

9 19 19 9 
end fill 

' array 4 is an array of inner containers 
ara=4 nux=B nuy=13 nuz=l 
fill flO end fill 

1 array 5 is bundle 
ara=5 nux=lO nuy=lO 
fill 
105 107109·109.109 
107 101 101 101 101 
109 101 101 102· 102 

in left 
nuz=l 

109 109 
103 101 
102 101 

basket (bottom 

109 107 104 
103 101 106 
101 103 108 

inner) 
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109 101 102 110 110 110 102 101 101 108 
109 101 10.2 110 110 110 102 101 103 108 
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 lOB 
107 101 103 101 103 101 101 103 101 106 
105 107 109 109 109 109 109 109 107 104 
end fill 

1 array 6 is bundle in ·right basket (bottom· inner) 
ara=6 nux=lO nuy=lO nuz=l 
fill 
104 107 109 109 109 109 109 109 107 105 
106 101 103 101 103 101 101 101 101 107 
108 103 lO;t 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 10~ 109 109 109 109 109 107 105 
end fill 

' array 7 is 1 inner container (bottom inner) 
ara=7 nux=4 nuy=3 nuz=l 
fill ' 

9 18 18 9 
16 7 8 17 

9 19 19 9 
end fill 

' array 8 is 2 inner + outer containers (top & bottom) 
ara=8 nux=l nuy=2 nuz=l 
fill 12 10· end fill 

' array 9 is array of 256 (l6xl6xl) containers 
ara=9 nux=l6 nuy=B nuz=l 
fill fll end fill 

end array 

read start 
nst=l 
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=O yul=52.6776 ZUl=lO 
xlr=44.118B ylr=O zlr=lO 
uax=l vdn=-1 nax=l50 lpi=lO: end 

ttl=' xy section of entire 
XUl=-32 yul=401 
xlr=3B5 ylr=-32 
uax=l vdn=-1 

array ' 
zul=lO 
zlr=lO 
nax=lSO lpi=lO 

ttl=' xz section of one inner container 1 

xul=O yul=7.1882 zul=O 
xlr=44.11BB ylr=7.1882 zlr=452 

end 
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uax=l wdn=l nax=l50 lpi=lO end 

ttl=' xz section of entire array • 
xul=-32 ; yul=7 .1882 zul=-32 
xlr=385 ylr=7.1882 zlr=484 
uax"l wdn=l nax=lSO lpi=lO end 

· end plot 

end data 
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 
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 

=csas25 
atrium-lo in spl shipping container 
hans infhom 

1 mixture 1 
interior rods not immed. adj. to water channel, no gd2o3, 5 wt% u235 

uo2 1 o.98 293 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_.o 92238 95.0 end 

• mixture 3 
interior· rods, 1.5 wt% gd2o3, 5 wt% u235 
td of uo2-gd2o3 = 10. 96-2. 65*p/[p+O. 67145* (1-p)], p = wt fraction gd2o3 
p is· a.a15 here, so td of uo2-gd2o3 is 1a.9a123 g/cc 
pellets ara a.98 td, so a.98*10.9a123 = 10.68321 g/cc 
gd2o3 density is a.al5*la.68321 = 0.16025 

uo2 3 den=l0.68321 l.a 293 92235 5.0 92238 95.0 end 
arbmgd2o3 0.16025 2 o 1 o 64000 2 

8016 3 3 1. o 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 
pod, cid, cod= 0.4221", 0.4281", 0.4781" 
vol fract zr = 0.8988 
at dens = D.8988 * 4.2518-2 = 3.8215e-02 

zircalloy 5 o.o 3.8215e-02 293 end 

• mixture 6 
interspersed moderator 

h2o 6 a.13·293 end 

• mixture 7 
carbon steel, lOa vol% 

c 7 a.a 3.921682e-03 293 end 
fe 7 a.a 8.350009e-02 293 end 

' mixture 8 
carbon steel, 85.57 vol% smeared with 10 vol% h2o 

c 8 o.o 3.355783e-03 293 end 
fe 8 a.o 7.145103e-02 293 end 
o 8 a.a 4;0167e-04 293 end 
h 8 o.o 9.6335e-04 293 end 

' mixture 9 - not used . 
carbon steel, 8.64 vol% 

c 9 0.0 3,388333e-a4 293 end 
fe 9 o.o 7 .214408e-03 293 ·end 
o 9 0.0 3.,0496e-03 293 end 
h 9 0.0 6.0992e-03 293 end 

' mixture 10 
water for reflector 
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h2o 10 1. oo 293 end 

' mixture 11 
pe and interspersed water 
vf pe ,;, 0.14 
water at full density is (1-.14) .86 g/cc 

h2o 11 den;=O. 86 o .13 2 9.3 end 
arbmepe o .. 92 2 0 1 1 6012 1 

1001 2 11 0.14 end 

' mixture 12 
corner rods not facing other bundle, 3.05 wt% u235 

uo2 12 0.98 293 92235 3.05 92238 96.95 end 

' mixture 13 
rods im~ed. adj. to corner rod, facing other bundle, 3.55 wt% u235 

uo2 13 0.98 293 92235 3.55 92238 96.45 end 

1 mixture 14 
rods immed. adj. to corner 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 0.9~ 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 4.0208E-Ol dan( l)= 
res= 2 cyli 4.9742E-01 dan( 2)= 
res= 3. cyli 3.6730E-01 dan( 3)= 
res= 4 cyli 5.8128E-Ol dan( 4)= 
res= 12 cyli 5.6362E-Ol dan( 12)= 
res= 13 cyli 5.5527E-Ol dan( 13) = 
res= 14 cyli 5.1895E-Ql.dan( 14)= 
res= 15 cyli 5.5759E-Ol dan( 15)= 
res= 16 cyli 5.6282E-Ol dan( 16)= 

end more 
atrium-10 in spl shipping container 
read parameters 

tme=90.0 gen=l03 npg=500 

7 .1142E~Ol 
6.3618E~Ol 
7.2001E-01 
3.182JE.io1 
3.0332E~Ol 

4.5415E-'Ol 
4. 7205E-Ol 
4.9719E~Ol 
4.7439E~Ol 

flx=yes: fdn=yes xsl=yes nub=yes pwt=yes 
run=yes; plt=yes 

end parameters 
read geometry 

unit 5 
com=" lOx~O bundle in left basket (top inner) 
array 1 -8.7381 -6.477 -225.58 
cube 6 1. 4p8. 7381 2p22.5. 58 

add 0.0598 inch of perforated steel 
cube 8 1 · 4p8 ~ 89 2p225 .·58 

unit 6 
com=" lOxlO bundle in right basket (top inner) 
array 2 -4.2151 -6.477 -225.58 
cube 6 1 .4p8;7381 2p225.58 

add 0.0598 inch of perforated steel 
cube 8 1· 4p8.89 2p225.58 

unit ? 
com= 11 

array 5 
cube 6 

add 

lOxlO bundle in left basket (bottom inner) 
-8.7381 -6.477 -225.58 
1. 4p8.7381 2p225.58 

0.0598 inch of perforated steel 
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cubo B 1 4pB.89 2p225.58 

unit 8 
com=" lOxlO bundle in right basket (bottom inner) 
array 6 -4.2151 -6.477 -225.58 
cubo 6 1 4p8.7381 2p225.58 

add o. o'S98 inch of per!=orated steel 
cubo 8 1. 4p8. 89 2p225. SB 

unit 9 
com="l 5/8 x 1 5/8 inch moderation regions at corners 
cubo 6 1. 4p2. 06375 2p225. 58 

unit 10 
com=" l inner container (top) 
array 3 '-21.9075 -13 .97 -225.58 

add 0.0598 inch walls 
repl 7 1 6r0 .·1519 l 

unit 11 
com="array. of 2 inners (top & bottom) 
array 8 3r0. O 
'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. 6ro. 1519 1 

global 
unit 13 
com="large array of inners " 
array 9 3r'o. o 
repl 10 2 :6r3. O 10 

unit 16 
com;;;;:" spacing & steel angle at 
cubo 6 1 . 4.12750 0.0.2p8.89 
hole 22 0.15875 0.0 O;O 
hole 22 0'.47625 -0.3175 0.0 
hole 22 0.476·25 0.3175 o.o 
hole 22 0.79375 0.635 0.0 
hole 22 0.79375 -0.635 0.0 
hole 22 l'.11125 0.9525 0.0 
hole 22 1.11125 -0.9525 0.0 
hole 22 1.42875 1.27 0.0 
hole 22 i:.42875 -1.27 0.0 
hole 22 l'. 74625 l.5875 0.0 
hole 22 1,. 74625 -1.5875 0.0 
hole 22 2'.06375 1.905 ·o.o 
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 ·o.o 
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 o.o 

unit 17 

-x side of 
2p225.58 

basket " 

com=" spacing & steel angle at +x side of basket " 
cubo 6 1 : o.o -4.12750 2pB.89 2p225.5B 
hole 22 -0.15875 0.0 0.0 
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hole 22 -.o .47625 -0.3175 0.0 
hole 22 -·o. 47625 0.3175 0.0 
hole 22 -0.79375 0.635' 0.0 
hole 22 -·o. 79375 -0.635: 0.0 
hole 22 -1.11125 0.9525 0.0 
hole 22 -1.11125 . -0.9525 0.0 
hole 22 _,l. 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 o.o 
hole 22 -2.06375 1.,905 o.o 
hole 22 -

0

2".06375 -1.905 0.0 
hole 22 -2,.38125 2.2225 0.0 
hole 22 -'2 .3 8125 -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 o.o 
hole 22 -.J.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=" ?ngl.es & spacing . beneath baskets 
cubo 6 1 2p8.89 4.12750 ·0.0 2p225.58 
hole 21 o:.o 0.15875 0.0 
hole 21 -o:.3175 0.47625 0.0 
hole 21 0.3175 0.47625 0.0 
hole 21 o,.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 o:o 
hole 21 1°.5875 1. 74625 0.0 
hole 21 -l·.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 o.o 
hole 21 2:.0575 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 -0.79375 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 -1:5075 -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 o.o 
hole 21 -2.54 -2.69875 o.o 
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 bf steel angle in horiz sections of stringer" 

0.1552". x 0.125" 
cubo 7 1 2p0.197104 2p0.l5874 2p225.58 

unit 22 
com="part of steel angle in vert sections of stringer" 

0.125" x 0.1552" 
cubo 7 l 2p0.15874 2p0.197104 2p225.58 

unit 101 
com=" interior rods not immed. adj. to water channel, no gd2o3, 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 gd:2o3, 5 wt% u235 " 
cyli 2 1 0.50254 2p225.5.8 
cubo 11 1 ~p0.6447 2p225.58 

unit 103 
com=" interior rods, 1.5 wt% gd2o3, 5 wt% u2,35 " 
cyli 3 1 0.50254 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 104 
com=" corner rods facing other bundle, 3.05 :wt% u235 " 
cyli 4 1 0.50254 2p225.58 

·cubo 11 1 ~p0.6447 2p225.58 

unit 105 
com=" corner rods not facing other bundle, 3,. OS wt% u235 " 
cyli 12 l 0.50254 2p225.58 
cubo 11 1 ~p0.6447 2p225.58 

unit 106 
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 11 

cyli 15 1 0.50254 2p225.58 
cubo 11 1 4p0.6447 2p225.SB 

unit 109 
com=" balance of edge rods not facing other bundle, 4.75 wt% u235 " 
cyli 16 l 0.50254 2p22S.58 
cubo 11 1 4p0.6447 2p225.58 
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unit 110 
com= 11 water rod " 
cubo 6 1 4p0.6447 2p225.58 

end geomet.ry 

read array. 

I array 1 is bundle in left basket (top inn~r) 
ara=l nux=lO nuy=lO nuz=l · 
fill 
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 irui.er) 
ara=2 nux=lO nuy=lO nuz=l 
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 • 108 103 101 101 102 102 102 101 101 109 
106 101 103 101 103 101 101 101 101 107 
104 107 109.109 109 109 109 109 107 105 

.end fill 

' array 3 is 1 inner container (top inner) 
ara=3 nux=4 nuy=3 nuz=l 
fill 

9 18 18 ~ 
16 5 6 17 

9 19 19 9 
end fill 

I array 4 is an array of inner containers 
ara=4 nux=8 nuy=13 nuz=l 
fill flO end fill 

I array 5 ~s bundle in le~t basket (bottom inner) 
ara=5 nux=lO nuy=lO nuz=l 
fill 
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 
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 

I array 6 is bundle in right basket (bottom inner) 
ara=6 nux=lO nuy=lO nuz=l 
fill 
104 107 109 109 109 109 109 109 107 105 

• 
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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 10~ 101. 101 1.02 102 102 101 101 109 
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 l inner container (bottom inner) 
ara=7 nux=4 nuy=3 nuz=l 
fill 

9 18 18 9 
16 7 8 17 

9 19 19 9 
end fill 

' array 8 is 2 inner containers (top & bottom) 
ara=8 nux=l nuy=2 nuz=l 
fill 12 10 end fill 

' array 9 is array of 112 (8xl4xl) containers 
ara=9 nux=~ nuy=7 nuz=l 
fill f 11 end fill 

end array 

read start· 
nst=l 
end start 

read bounds 
all=vacuum 
end bounds 

read bias 
id=SOO 2· 11 

end bias 

read plot 

ttl=' xy section of two inner containers ' 
xul=O yul=52.6776 zul=lO 
xlr=44.ll88 ylr=O zlr=lO 
uax=l vdn=-1 nax=lSO lpi=lO· end 

ttl=' xy 
xul=-32 
xlr=3BS 
uax=l 

s~ction of entire 
yul=401 
ylr=-32 
Vdn=-1 

array ' 
zul=lO 
zlr=lO 
nax=lSO lpi=lO· 

ttl=' xz section of one inner container ' 
xul=O yul=7.1882 zul=O 
xlr=44.ll8~ · ylr=7.l882 zlr=452 

end 

uax=l wdn=l nax=lSO lpi=lO: end 

ttl=' xz 
xul=-32 
xlr=385 
Uax=l 

end plot 

end data 
end 

section of entire 
yul=7.1882 
ylr=7.l882 
wdn=l 

array ' 
zul=-32 
zlr=484 
nax=lSO lpi=lO. end 
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FRAMATOME ANP SUPPLEMENTAL APPLICATION TO CERTIFICATE OF COMPLIANCE 9248 
TO ADD THE CRITICALITY SAFETY ANALYSIS FOR ATRIUM™-1 O FUEL ASSEMBLIES WITH 
2.3 WEIGHT PERCENT U235 MAXIMUM ENRICHMENT AND NO GADOLINIA RODS TO THE SP-

1/2/3 PACKAGES 
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Criticality Evaluation 

1. Introduction 

This Criticality Safety Evaluation (CSE) provides the criticality safety basis for shipping ATRIUM™-
1 O fuel assemblies with a maximum U235 enrichment with no gadolinia (Gdp3) 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 U235 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 1 O is essentially a 
l)lodification of the category 9 ATRIUM™ 1 Ox10 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.: 

U02 fuel assemblies composed of fuel rods in a 10x10 square array, with a maximum fuel 
cross section of 5.0 inches square, and a maximum fuel length of 174 inches. The 
maximum U235 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 wlo U235

, 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/O 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 :009. 

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. 
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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<11 

Possible within Inner Packaging, Asymmetric Gd203 Rods in 
Assemblies are Toward Outside of Inner Packaging, 0.35" Diameter 
Pellet~ 0.14 VF PE'21 as Shipping Shims, Fully Flooded, All Rods 5.0 
wt% 2 U (see Section 3.1.2) 

Undamaged Spacing, 256 SP-1/213 Inner/Outer Packages (16 Wide x 
16 High), 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 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 (8Widex13 High), 
Assemblies as Far Apart as Physically Possible within Inner Packaging, 
Asymmetric Gd20 3 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> as Shipping Shims, 13 
vol% Interspersed l\noderator (see Section 3.1.4) 

2.3 w/o = 0. 72278 

1.9 w/o = 0.68706 

Base =0.81454 

2.3 w/o = 0.77748 

1.9 w/o = 0. 73442 

Base =0.93506 

2.3 w/o = 0.90901 

1.9 w/o = 0.85100 

0.00248 -0.00321 (1) 

0.00274 -0.00321<1
> 

0.76059 

0.81950 

0.94054 

.(1) 
(2) 

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 results . 

• Framatome ANP, Inc. 
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Figure 1 

Comparison of Reactivity for Reduced Enrichment, 
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Figure 2 
SCALE Input Deck 

=csas25 

Accident Mode Array of Packages 
(Changes to Ref 1 input are marked in Column) · 

atrium-10 in spl shipping container 
hans infhom 

' mixture 1 
interior rods not immed. adj. to water channel, no gd2o3, 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 gd2o3, 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" 

vol 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 

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 

c 8 0.0 3.355783e-03 293 end 
fe 8 0.0 7.145103e-02 293 end 
0 8 0.0 4.8167e-04 293 end 
h 8 0.0 9.6335e-04 293 end 

' 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 
h2o 10 1.00 293 end 

' mixture 11 
pe and interspersed water 

vf 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 

1001 

' mixture 12 

(1-.14) .86 g/cc 

1 
2 11 0.14 end 

corner rods not facing other bundle, 2.30 wt% u235 
uo2 12 0.98 293 92235 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, 2.30 wt% u235 

uo2 14 0.98 293 92235 2.30 92238 97.70 end 

' 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 
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 

3.9373E-01 
4.9179E-Ol 
3.7646E-01 
5.4253E-01 
5.7437E-01 
4.9373E-01 
5.1981E-01 
5.6427E-Ol 
5.6151E-01 

dan( 
dan( 
dan( 
dan( 
dan( 
dan( 
dan( 
dan( 
dan( 

1}= 
2)= 
3)= 
4)= 

12)= 
13)= 
14)= 
15)= 
16)= 

atrium-10 in spl shipping container 
read parameters 

tme=90.0 gen=103 npg=500 

7.1462E-01 
6.3800E-Ol 
7.1738E-01 
3.2492E-01 
2.9006E-Ol 
4.7915E-01 
4.6880E-01 
4.9128E-01 
4.7466E-01 

flx=yes fdn=yes xsl=yes nub=yes pwt=yes 
run=yes plt=yes 

end parameters 
read geometry 

unit 5 
com=" lOxlO bundle in left basket (top inner) 
array 1 -8.7381 -6.477 -225.58 
cubo 6 1 4p8.7381 2p225.58 

add 0.0598 inch of perforated steel 

Framatome ANP, Inc. 
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8 9cubo 

unit 6 

1 4p8.89 2p225.58 

com=" lOxlO 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=" lOxlO 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=" lOxlO 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="l 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 6r0.1519 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= 11 8x12 array 
array 9 

unit 14 
com="Bxl 
array 10 

global 
unit 15 

3r0.0 

array 
3r0.0 

of inners 

of inners 

" 

II 

com="8x13 array 
array 11 3r0.0 
repl 10 2 6r3.0 

of inners 11 

10 

Framatome ANP, Inc. 
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-hole 22 -3. 96875 -3. Bl 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 o.o 
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 o.o 
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 -0.79375 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 -3.4925 -3.65125 0.0 • Framatome ANP, Inc. 
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•
hole 21 
hole 21 

unit 21 

3.81 -3.96875 0.0 
-3.81 -3.96875 0.0 

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 gd2o3, 5 wt% u235 " 
cyli 1 1 0.50254 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 102 
com=" interior rods irnmed. adj. to water channel, no gd2o3, 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=" corner rods facing other bundle, 3. 05 wt% u235 " 

cyli 4 1 0.50254 2p225.58 
cubo 11 1 4p0.6447 2p225.58 

unit 105 
com=" corner rods not fac:ing 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 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 
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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 

Framatome ANP, Inc. 
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.unit 110 
com=" water rod " 
cubo 6 1 4p0.6447 2p225.58 

end geometry 

read array 

I array 1 is bundle in left basket (top inner) 
ara=l nux=lO nuy=lO nuz=l 
fill 
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 llO 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=lO nuy=lO nuz=l 
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 
108 103 101 101 102 102 102 101 101 109 
106 101 103 101 103 101 101 101 101 107 
104 107 109 109 109 109 109 109 107 105 
end fill 

I array 3 is 1 inner container (top inner) 
ara=3 nux=4 nuy=3 nuz=l 
fill 

9 18 18 9 
16 5 6 17 

9 19 19 9 
end fill 

' array 4 is an array of inner containers 
ara=4 nux=8 nuy=13 nuz=l 
fill flO end fill 

' array 5 is bundle 
ara=5 nux=lO nuy=lO 
fill 

in left basket (bottom inner) 
nuz=l 

105 107 
107 101 
109 101 

109 109 109 109 109 109 107 104 
101 101 101 103 101 103 101 106 
101 102 102 102 101 101 103 108 

Framatome ANP, Inc. 
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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 fi11 

' array 6 is bundle in right basket (bottom inner) 
ara=6 nux=lO nuy=lO nuz=l 
fill 
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 llO 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 

I array 7 is 1 inner container (bottom inner) 
ara=7 nux=4 nuy=3 nuz=l 
fill 

9 18 18 9 
16 7 8 17 

• 9 19 19 9 
end fill 

• 

' array 8 is 2 inner containers (top & bottom) 
ara=8 nux=l nuy=2 nuz=l 
fill 12 10 end fill 

' array 9 is array of 96 (8xl2xl) containers 
ara=9 nux=8 nuy=6 nuz=l 
fill fll end fill 

' array 10 is array of 8 (8xlxl) containers 
ara=lO nux=B nuy=l nuz=l 
fill f12 end fill 

' array 11 is array of 104 (Bx13xl) containers 
ara=ll nux=l nuy=2 nuz=l 
fill 13 14 end fill 

end array 

read start 
nst=l 
end start 

read bounds 
all=vacuum 
end bounds 

Framatome ANP, Inc. 
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• read bias 
id=SOO 2 11 

end bias 

read plot 

ttl=' xy section of two inner containers ' 
xul=O yul=52.6776 zul=lO 
xlr=44.1188 ylr=O zlr=lO 
uax=l vdn=-1 nax=lSO lpi=lO end 

ttl=' xy 
xul=-32 
xlr=385 
uax=l 

section of entire 
yul=401 
ylr=-32 
vdn=-1 

array ' 
zul=lO 
zlr=lO 
nax=150 lpi=lO 

ttl=' xz section of one inner container ' 
xul=O yul=7.1882 zul=O 
xlr=44.1188 ylr=7.1882 zlr=452 

end 

uax=l wdn=l nax=lSO lpi=lO end 

ttl=' xz 
xul=-32 
xlr=385 
uax=l 

end plot 

• end data 
end 

• 

section of entire 
yul=7.1882 
ylr=7.1882 
wdn=l 

Framatome ANP, Inc. 
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zul=-32 
zlr=484 
nax=lSO lpi=lO end 

\) 
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