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Record of Revisions
Revision 0 - March 2007

Revision I - October 2007
Revision 2 - December 2007

Nature of Changes
Revision 2

Item Paragraph or Description and Justification
Page(s)

Add discussion for modeled package array and justification for calculated CSI
value of 2.8 (RAI 1-3)
Changed description of neutron absorber plates as borated aluminum to metal

2 Section 1.3.1 matrix composite - Boral, on License Drawing 9045393, Sheets I and 2 (RAI
6-2)
Added more detail regarding the inspection, testing, and time interval between

3 Section 2.12.1.5 the conduct of HAC tests and final rod inspections to demonstrate that rod
containment (cladding) was maintained (RAI 4-2).
Changed last sentence in section to identify that the pellet-clad gap is modeled

4 Section 2.12.1.5 as flooded to meet the regulatory requirement without exemption as opposed to
for added conservatism (RAI 6-4)

5 Section 4.2.3 Changed leakage rate from 3E-08 to IE-07 ref-cc/sec for consistency with
Section 8 (RAI 4-1).

Clarified Nylon 6,6 properties important to the design, the design basis for
6 Section 6.2.1.4.2 Nylon 6,6 in the MAP package, and provided reference to Nylon 6,6 properties

(RAI 6-3)
Clarified the criticality assessment relative to the dimensional and density
studies and that the density has a negligible effect. Clarified the Nylon 6,6
design basis for use in the MAP package and that the modeled design

7 Section 6.4.5.1.3 configuration is very conservative with respect to the HAC test. Further
clarified that the criticality evaluation considers the most reactive credible
configuration consistent with the damaged condition of the package and the
chemical and physical form of the contents and meets the requirements of 10
CFR 71.55 (RAI 6-3)

8 Section 8.1.4 Changed leakage rate from 1E-07 atm-cm 3/sec to 1E-07 ref-cc/sec for
consistency with Section 4 (RAI 4-1).

9 Section 8.2 Changed Section headers 8.1.8 through 8.1.14 to 8.2.1 through 8.2.6 to
correctly correspond to Section 8.2

Nature of Changes
Revision 1

Item Paragraph or Description and Justification
Page(s)

Add discussion and footnote for modeled package array and justification for
calculated CSI value of 2.8 (RAI 1-3)

2 All Changed description of neutron absorber plates as borated aluminum to either
Boral or borated metal matrix composite (RAI 6-2)
Deleted reference to shipment of loose rods and use of loose rod container
(RAI 1-2). Deleted Sections 1.2.1.4,
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Item Paragraph or Description and Justification

Sections 1.2.2 and Change reference from 234U to 236U with regard to Type B material designation
1.2.2.2 (RAI 1-1)

5 Table 1-1 Changed use of Gadolinia to Absorbers
6 Table 1-3 Add entry for typical rod pressures of 145 to 450 psig (RAI 4-5)
7 Section 2.11 Corrected cited references to Sections 2.12.1 and 4.0 (RAI 4-2)
8 Section 2.12.1 Minor format changes for consistency

Add further details regarding testing of CTU3 in regards to thermal test
duration, condition of assembly and moderator after tests (RAI 2-1)

Sections 2.12.1.4.1 Add further details including figures and discussion regarding fuel assembly
10 S2121..22.12.1.4.4 geometry, fuel cavity geometry and condition of rod cladding after HAC

2.12.1.4.2,2.12.1.4.4 testing (RAI 4-2)
Provide further clarification of thermal test and results with added discussion
and figures. Provided summary table and figures for all moderator segments

11 Section 2.12.1.4.4 post HAC testing. Changed reporting basis for moderator from volume to
mass for consistency between pre test calculated and post test measured results.
Clarified 85% credit assumed for Lid moderator (RAI 2-1, 3-4, and 3-7)
Add further clarification regarding fuel assembly geometry, fuel cavity

12 Section 2.12.1.5 geometry, condition of rod cladding, and condition of moderator after HAC
testing (RAI 2-1, 3-4, 3-7, and 4-2)

13 Section 2.12.1.6.2 Add further clarification regarding fuel rod pressure for simulate payload (RAI
4-5)

14 Section 3 Revised identified pages to incorporate omitted references (RAI 3-1)

15 Sections 3.3, 3.3.1.1, Modified sections and added new Figure 3-2 to present enlarged view of
and 3.5.2 transient shown in Figure 3-1 (RAI 3-2)

16 Sections 3.2.1 and 3.5.2 Modified sections to describe how the solar absorptivity values listed in Table
3-6 of the SAR were applied to the thermal model (RAI 3-3)
Modified section to clarify the sequence of events related to the fire test of the17 Section 3.4.2 MA(RI34
MAP (RAI 3-4)

Modified section to include justification for the heat input ratio between the
regulatory and fire test results (RAI 3-5)

19 Section 3.2.2 and 3.4.3 Modified Sections 3.2.2 and 3.4.3 to provide clarification of the basis for the
estimated temperatures reached during the fire (RAI 3-6)

20 Section 3.4.3.1 Add more detailed discussion as further provided in Section 2.12.1 (RAI 3-7)
21 Section 3.5.3 Modified Section 3.5.3 (RAI 3-8, 3-10, and 3-11)
22 Section 4.2.3 Leakage rate change to be consistent with Section 8.1.4 (RAI 4-1)

Revised section discussion to indicate that test results are documented in
Section 2.12.1 (RAI 4-2)

24 Section 4.2.1.2 Add discussion of weight of fuel equivalent to an A quantity (RAI 4-4)
25 Section 4 and 2.12.1 Add discussion of initial pressure for fuel rods (RAI 4-5)

26 Section 6.2.1.3.2.1 Revised description and allowed form of borated-aluminum neutron absorber
to Boral or borated metal matrix composite (RAI 6-1 and 6-2)

27 Sections 6.2.1.4.2, Add details and reference for Nylon 6,6 moderator including credit for 90% for
6.4.5.1.3 the moderator block and 100% for theoretical density (RAI 6-3)

Sections 6.3.1, 6.4.2.1, Revised Table 6-3 and applicable sections to include summary parameters and
and 6.4.5 calculation results for flooded-gap calculations (RAI 6-4 and 6-5)

29 Section 6.7.7 Revised section and Figure 6-29 to explain the keff curves (RAI 6-6)
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Item Paragraph or Description and Justification
Page(s)

Revised page 8-3, upper limit of thermal conductivity acceptance criteria for
foam from 0.25 to 0.30 for consistency with General Plastics reported range.
The thermal protection offered by the foam is primarily a function of its

30 Section 8 density, which determines how much energy is required to char the foam. A
relatively small change (0.05 BTU-in/hr-ft2-OF) to the thermal conductivity of
un-charred foam would have little to no perceptible change on the package
temperatures for NCT or HAC.
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Description of Section/Page Changes
Revision 2

Section or Page Removed Section or Page Inserted Basis for Change
Cover Page, Record of Revisions, Replace with Cover Page, Record of Response to RAI
Cpagesandi, reciord of Revisions, pages i and ii, and add pages
pages i and ii, revision 1 iii and iv, revision 2

Section 1, pages l-i, and 1-1 Replace with Section 1, revision 2 Response to RAI
through 1-4, revision I pages N-i, and 1-1 through 1-4
Section 1.3.1, License Drawings Replace with Section 1.3.1, License Response to RAI
9045393, Sheets 1 and 2, revision Drawings 9045393, Sheets 1 and 2,
0 revision I
Section 2.12.1-ii, 2.12.1-41 Section 2.12.1-ii, 2.12.1-41 through Response to RAI
through 2.12.1-43, revision 1 2.12.1-43, and add 2.12.1.44, revision 2

Replace with Section 4, page 4-3, Response to RAI
Section 4, page 4-3, revision I revision 2
Section 6.2.1.4.2, page 6-9 and 6- Replace with Section 6.2.1.4.2, pages 6- Response to RAI
10, revision 1 9 and 6-10, revision 2
Section 6.4.5.1.3, page 6-28 and 6- Replace with Section 6.4.5.1.3, pages 6- Response to RAI
29, revision 1 28 and 6-29, revision 2

Replace with Section 8, page 8-2, Response to RAI
Section 8, page 8-2, revision 0 revision 2
Section 8, pages 8-i, 8-6 and 8-7, Replace with Section 8, pages 8-i, 8-6 Subsection numbering error
revision 0 and 8-7, revision 2

Description of Section/Page Changes
Revision 1

Section or Page Removed Section or Page Inserted Basis for Change
Cover Page, Record of Revisions, Replace with Cover Page, Record of Response to RAI

revision 0 Revisions, revision I
Section 1, revision 0 Replace with Section 1, revision I Response to RAI

Section 2, pages 2-1, 2-3, 2-25, Replace with Section 2, pages 2-1, 2-3, Response to RAI
and 2-54, revision 0 2-25, and 2-54, revision I

Section 2.12.1, revision 0 Replace with Section 2.12.1, revision I Response to RAI
Section 3, revision 0 Replace with Section 3, revision 1 Response to RAT
Section 4, revision 0 Replace with Section 4, revision 1 Response to RAI
Section 6, revision 0 Replace with Section 6, revision 1 Response to RAT

Replace with Section 8, page 8-3, Consistency with General Plastics
Section 8, page 8-3, revision 0 revision 1 reported range
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1.0 GENERAL INFORMATION

1.1 INTRODUCTION

The MAP package is designed to transport both Type A and Type B fissile material in the form of

unirradiated nuclear fuel assemblies containing sintered uranium dioxide fuel pellets enriched up

to 5.0 weight percent 235U. The Criticality Safety Index (CSI) for the MAP is 2.8 when

transporting fuel assemblies. The criticality assessment documented in Section 6 modeled a 36

package array for optimum conditions that remained below the derived Upper Safety Limit (USL)

as further defined in Section 61. The CSI value of 2.8 is based upon the HAC flooded gap results

for an array of 36 containers listed in Table 6-23 and illustrated in Figure 6-30. The results show

that keff + 2y for an array containing up to 36 packages satisfies the defined USL of 0.94 (Section

6.8.2). The bounding value occurs for a 5x6 array of packages containing Type I a fuel assemblies

with klff + 2G = 0.9380 ± 0.0018 = 0.9398 < 0.94. Sensitivity studies for packages containing the

other fuel assembly types (Figure 6-31) verify that the Type la fuel assembly provides the

bounding values for HAC conditions with flooded rod gaps. For an infinite array of packages

under normal conditions, keff + 2y = 0.2127 (Table 6-11).

1.2 PACKAGE DESCRIPTION

The major components of the MAP package are presented in Figure 1-1 through Figure 1-7.

Detailed drawings are included in Appendix 1.3.1. There are two versions of the MAP packaging:

the MAP-12 and the MAP-13. The primary difference between the two versions is the active fuel

length of the payload assembly: the MAP-12 is used to ship 144" nominal active fuel and the

MAP-13 is used to ship 150" nominal active fuel lengths. The packaging for the two versions is

essential identical with the exception of the longer package length.

For the 36 package array, 2N=36, N=l 8 and the CSI is derived by 50/18 which is rounded conservatively to 2.8.
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1.2.1 Packaging

The MAP package is designed to carry two (2) PWR fuel assemblies. The package consists of

two basic components: a Base and a Lid. A typical cross-section showing the components of the

package is depicted in Figure 1-2 and Figure 1-3. Figure 1-2 is a cross sectional view of the

package at the inner stiffeners of the Base and Lid. Figure 1-3 is a cross-sectional view of the

package at the location of the moderator and absorber interface within the Base and Lid. The Lid

includes independent impact limiters at opposite ends of the package. A close-up view of the

package closure is shown in Figure 1-4.

1.2.1.1 MAP Base

The Base consists of a fixed stainless steel strong-back which supports the fuel assembly or Rod

Container. The "W" shaped strong-back is secured in the Base using a riveted construction

through a fiberglass thermal barrier. A series of inner stiffeners are secured to the underside of the

strong-back to provide additional support to the fuel assembly during transport. A neutron

moderator and absorber are positioned directly beneath the strong-back between each inner

stiffener. The Base inner stiffeners are further retained by a stainless steel cover. The Base

stiffener region is not filled with polyurethane foam; however, this volume of the package is

sealed from the elements. Each stiffener is perforated to reduce weight and prevent partial

flooding of the region during HAC.

Exterior to the cover is a layer of rigid polyurethane foam and an outer shell of 11 gauge stainless

steel. An additional 12 gauge stainless steel sheet is provided between the two middle stiffeners to

provide local protection against HAC puncture. Four stainless steel outer stiffeners support the

package Base and further allow stacking.

The payload rests on the "W" shaped strong-back (referred to as a W-plate) and is held in place

with hinged and latched aluminum doors. Inserts are used, as necessary, to provide support for

shorter fuel assembly designs at the upper and lower end fittings of the Fuel Assembly. A hold-

down bar provides positive axial pressure on the upper end fitting to prevent shifting of the

payload during shipment.
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1.2.1.2 MAP Lid

The construction of the MAP Lid is very similar to that of the Base - a "W" shaped stainless steel

inner shell is fitted with a series of inner stiffeners, neutron moderator and absorbers, and a

stainless steel cover is fitted over the stiffeners. A layer of rigid polyurethane foam provides

impact and thermal protection and the outer shell of the packaging is fabricated using 11-gauge

stainless steel. An additional 12 gauge stainless steel sheet is provided between the two middle

stiffeners to provide local protection against HAC puncture. Unlike the inner stiffeners in the

Base of the package, the Lid inner stiffeners are not fully imbedded in the polyurethane foam. The

outer stiffeners on the Lid are offset from the Base outer stiffeners to allow for stacking, and are

reinforced at the package lift points.

The MAP Lid is fitted with trapezoidal impact limiters at each end. The impact limiters are

constructed from rigid polyurethane foam encased by the package outer stainless steel skin. Both

the Base and the Lid include end plates with interfacing angles. These angles interlock when the

package is assembled, providing strength to the closure and limiting fire ingress during HAC.

Figure 1-5 shows a lengthwise cross sectional view. Figure 1-6 provides an enlarged view of the

end impact limiters. Figure 1-7 shows an enlargement of the interlocking angle of the Base with

the end impact limiters of the Lid.

The polyurethane foam in the Lid and Base is insulated from the outer shell with two layers of

ceramic fiber paper. The Lid and Base for a stepped joint with a fibrous high temperature seal and

closure using ball lock fasteners.

1.2.1.3 MAP Materials of Construction

The MAP is primarily constructed from: stainless steel, aluminum, and rigid polyurethane foam.

Other materials used are fiberglass reinforced polyester resin, refractory insulation, Nylon 6,6 and

borated metal matrix composite. Each end impact limiter contains 10 lb/ft3 polyurethane foam.

The balance of the polyurethane foam used is 6 lb/ft3. The foam is rigid, closed cell polyurethane

that is an excellent impact absorber and thermal insulator and has well defined characteristics that

make it ideal for this application. Fiberglass strips and a fibrous high temperature seal provide a
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thermal barrier between the exterior shell and the strong-back. The neutron absorber consists of a

borated metal matrix composite in the form of a thin plate. Blocks of Nylon 6,6 are used as a

neutron moderator. This thermoplastic is self-extinguishing and has a relatively high melting

point. The neutron moderator and absorber are significant components used for criticality safety.

Further discussion is presented in Section 6, Criticality Evaluation, and Section 8, Acceptance

Tests and Maintenance Program.

1.2.1.4 Containment System

The Containment System for the MAP is the fuel rod cladding. Requirements for containment are

described in Section 4.

1.2.1.5 Package Weights and Dimensions

MAP-12 (144-in Nominal Fuel Length)

* Maximum Gross Weight
* Maximum Payload Weight
* Overall Outer Dimensions

8,630 pounds (3,923 kg)
3,400 pounds (1,545 kg)
208" x 45" x 31" high
(5,283 mm x 1,143 mm x 787 mm)

MAP-13 (150-in Nominal Fuel Length)

* Maximum Gross Weight
* Maximum Payload Weight

Overall Outer Dimensions

8,630 pounds (3,923 kg)
3,400 pounds (1,545 kg)
221" x 45" x 31" high
(5,613 mm x 1,143 mm x 787 mm)
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was also no significant damage to the interior of the package including the neoprene supports for

the assembly.

A visual inspection of the fuel rods in the CTU did not identify any bent or damaged rods. The

test assemblies were removed from the CTU and further inspected, and no cracked or breached

rods were identified visually. Thirty-five (35) days after completion of the drop tests, a random

sample of rods from the most damaged assembly were checked for pressurization. The rods were

punctured by inserting the fuel rod into a holding block and tightening a screw into the cladding

until the cladding was breached. All rods were found to be pressurized as evidenced by a steady,

audible gas release from the cladding as it was punctured. Since all of the rods sampled were

found to be pressurized and the rods provided a representative sample of the worst case damage to

the fuel rods, and there was no visible crack or breach in any of the test rods, it was concluded that

no rod breach or leakage occurred as a result of the performance tests.

Further HAC fire testing also had no effect on the cladding. The interior of the package was

coated with tars as a result of the condensation of foam off-gas; however the fuel rods, being

covered by a thin sheet of polypropylene, remained in their as fabricated bright condition.

Visual inspection of the fuel rod cladding after the drop and thermal test performed for the MAP

package demonstrated that the containment boundary (fuel rod cladding) remained intact and leak-

free during all normal and hypothetical accident conditions. The immersion tests further specified

in 10 CFR 71 (c)(5) for fissile and (6) for all packages, require immersion equivalent to an

external water pressure of 21.7 lb/in 2, however intact and leak-free rods can tolerate much higher

pressures and remain internally dry. As a result, the immersion tests were not performed. From

these results it is also feasible to model the fuel rod fuel-cladding gap as moderator free.

However, to meet the regulatory requirement without a special provision for an exemption, the

criticality assessment calculations include water flooding in the fuel-cladding gap.

2.12.1.6 Certification Test Unit Description

This section describes the certification test units and simulated payload used for the normal

conditions of transport (NCT) and hypothetical accident condition (HAC) tests performed in

accordance with 10 CFR §71.
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2.12.1.6.1 Certification Test Units

Certification tests of the MAP packaging utilized full-scale CTUs that were fabricated, inspected,

and received in accordance with quality procedures.

Through the design and fabrication process, a single design was proposed and three (3)

certification test units were fabricated in accordance with an NRC approved quality assurance

program. The drawings presented in Appendix 1.3.1, Packaging Drawings, fully represent the

design of these CTUs.

Additional weight was added to each CTU both internally and externally to increase the weight

and provide margins for fabrication. The gross package test weight of each CTU was 8,630 lb.

Stainless steel double plates were added to the lid and base of CTU 3 prior to the lid oblique

puncture test. This added 150 lb to the unit. It was clear from the three (3) 30 foot drop tests that

the package integrity was not challenged, and the small additional weight (1.7%) from the doubler

plates would not alter these results. The production packages will require doubler plate

installation. This increases the gross package weight to 8,780 lb. Sufficient weight margin exists

in the gross package tested weight of 8,630 lb such that the increased weight of the double plates

does not need to be included during the initial package approval. However, this margin may need

to be licensed at a later date to facilitate shipment of all fuel assembly designs in the MAP-13

package.

2.12.1.6.2 Simulated Payload

Each CTU was loaded with a dummy fuel assembly and a ballast weight. The fuel assembly

design selected for testing was chosen due to its weaker structure, thinnest rod and cladding wall

thickness of all current AREVA NP Inc. designs. Certification testing of the package with a fuel

assembly with the above traits is likely to lead to more fuel assembly damage in all drop test

orientations considered. The weaker structure is likely to lead to more assembly lattice expansion

and more rod movement during the drop tests increasing the potential for rod bending and

subsequent failure. The thinner rod and cladding wall thickness is also likely to increase the

potential for rod bending and subsequent failure.
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Each rod was loaded with Tungsten Carbide (WC) pellets with dimensions and density similar to

current uranium oxide fabricated pellets. Two different rods were loaded for testing; 1) Rods with

a 24" WC section in the bottom of the rod followed by 10-12" sections of lead rod followed by a

WC pellet cap producing a 144" nominal length material zone, and 2) Rods loaded entirely with

WC pellets producing a 144" nominal length material zone. In prior drop tests, rod bending was

observed in the bottom section of the assembly generally between the end fitting and the first grid.

The 24" WC section will provide ample coverage for rod bending within this region. However,

rods loaded entirely with WC pellets will identify any performance differences. Based on the tests

documented in Section 2.12.1.4, there appeared to be no observable performance differences

between either rods design.

All rods were pressurized with Helium gas to the maximum design pressure for the tested

assembly type, 225 +0/-15 psig. Following the 10 CFR 71 HAC performance tests, no leakage

was observed. Thus, the post-test leakage rate is the same as the pre-test leakage rate (on the order

of I E-07 ref-cc/s) and the expected leakage rate is much less that the allowable post-HAC leakage

rate (2.25E+3 ref-cc/s assuming aerosol leakage) as calculated in Section 4. Thus, there is

significant margin to the allowable leakage rate.

The use of WC pellets as a non-fuel replacement for uranium oxide pellets in axially oriented drop

tests will conservatively envelope the dynamic response of uranium pellets. WC is harder,

stronger in compressive strength and has a higher elastic modulus as compared to uranium oxide

pellets. In a pure axial rod drop test these properties would make the use of WC produce at least

equivalent and probably greater impact loads than uranium oxide pellets. The WC pellets used in

rod fabrication do not have dished or chamfered ends as compared to uranium pellets such that

movement of the WC pellet within the rod is more likely to engage the cladding and lead to more

damage due to its sharper edges. In an axial drop test, the major parameter to reproduce is the

mass in the clad. Mass per unit length is probably a second-order effect. In this case, WC is an

appropriate replacement for uranium pellets. Should there be any lateral forces induced into the

drop test, then pellet diameter, length, and mass per unit length need to be duplicated so that the

cladding support, and hence the fuel rod lateral dynamics, will be reproduced. The higher density,
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higher modulus and higher compressive strength will cause more clad damage than uranium

pellets. This will increase the conservatism of the test.

The weight of each dummy fuel assembly was increased by loading of lead in the guide and

instrument tubes. This additional weight increases the likelihood of damage to the fuel assembly

in either lateral or axial drop orientations. The lead did not increase the stiffness of the fuel

assembly. A ballast weight consisting of stacked 1.5" steel plates and 5/8" steel threaded rod was

used to simulate a second assembly and also add additional weight to the package. The fuel

assembly and ballast weights were shimmed within the package fuel cavity. The total weight of

fuel assembly and ballast was 3,400 lb as loaded into each CTU for package certification testing.



Safety Analysis Report 51-9026593-002
AREVA NP Inc., Revision 2
MAP PWR Fuel Shipping Package - USA/9319/B(U)F-96 Page 4-3

The packaging used for low-enriched commercial grade uranium dioxide is the same as the
packaging used for the BLEU material. Additionally, the leak tests used to confirm the integrity
of the BLEU fuel rods to a rate less than 1E-07 ref-cc/sec is the same as the leak tests used for
the low-enriched commercial grade rods. Thus, the leakage rate of the low enriched commercial
grade material following the I0CFR71.73 HAC sequence of tests is expected to be the same as
that demonstrated for the BLEU material. Since the leakage requirement for low enriched
uranium dioxide is no dispersal, the limit established for the package based on BLEU material
bounds the limit for the low-enriched commercial grade material.

4.2.2 Pressurization of Containment Vessel

The containment boundary of the package is defined as the fuel rod cladding, and each fuel rod is
internally pressurized with helium to a pressure ranging from 145 to 450 psig. Assuming the rod
is filled at 68°F and attains a temperature of 13 I 0F during Normal Conditions of Transport, the
maximum internal pressure attained is 506 psig (a maximum increase of 56 psig) as calculated in
Section 3.3.2 for the normal hot condition as described. The payload is a stable solid-form
material to temperatures well above the Normal Hot condition; therefore, pressurization due to
form changes, chemical reactions, or destabilization of the payload is not credible.

4.2.3 Containment Criterion

For the Type B payload specified by Tables 1-1 and 1-2, the maximum allowable leakage rate is
0.377 ref-cm 3/sec as bounded by the Normal condition. However, ANSI N14.5-1997 specifies
0.100 ref-cm 3/sec as an upper limit on the maximum allowable leakage rate; therefore, the
maximum allowable leakage rate for the Type B payload is 0.100 ref-cm 3/sec. Leakage tests are
performed on each rod fabricated to confirm the containment boundary leakage rate is less than
IE-07 ief-cc/sec prior to shipment.

4.3 Containment Requirements for Hypothetical Accident Conditions (HAC)

4.3.1 'Fission Gas Products

Fission gas products are not present in the contents to be transported in the MAP.

4.3.2 Containment of Radioactive Material

The package contents, as defined in Section 1.2.2 are assumed to be completely releasable in
solid form. The total radioactivity contained in the package is variable, depending upon the
payload.

4.3.2.1 Type A Shipments

The containment criteria under HAC (delineated by 1 OCFR71.73) for the Type A payload
requires no loss or dispersal of the radioactive contents. The performance testing discussed in
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6.2.1.4 Neutron-Moderating Materials

Neutron-moderating materials in the MAP include materials of construction and moderator blocks

that are part of the flux trap system and enhance the effectiveness of the borated plates.

6.2.1.4.1 Materials of Construction

6.2.1.4.1.1 Polyurethane Foam

Polyurethane foam has potential to act as a neutron moderator/reflector due to its hydrogen and

carbon content. Chemically, polyurethane reduces to C 3H 8(NO)2 and has a density of

approximately 6 lbs/ft3 (0.096 g/cm 3).

6.2.1.4.1.2 Neoprene

As a protective padding, neoprene is affixed to the bottom 'W' plate where the fuel assembly rests

and on the aluminum door panels that keep the assembly firmly in place. Neoprene has a chemical

formula for the monomer unit of C4H5C1 and a density of approximately 1.28 g/cm3 . The presence

of chlorine indicates that neoprene will act as a slight absorber rather than a moderator.

6.2.1.4.1.3 Nylon in Spacers

There are small beveled nylon spacer blocks that reside within stainless steel carriers that extend

downward from the inner part of the lid where the lid stainless steel 'W' plates meet in the lateral

center of the container. There are 5 of these blocks spaced incrementally over the axial length of

the package.

6.2.1.4.2 Moderator in Flux Trap

The Nylon used in the MAP series of packagings consists of Nylon 6,6. Nylon 6,6 is a polymer

consisting of a series of bonded chains with a simplified compound structure of C6H11N0. Nylon

6,6 is so named because it is synthesized from two different organic compounds, each containing

six carbon atoms.
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Moderator blocks are attached to the outer surfaces of the borated plates and reside within the top

and bottom portions of the Outer Cavity. The minimum thickness of the blocks (i.e. portions that

are not beveled) is 1.25 inches (3.18 cm). The moderator is fixed in place with the neutron

absorber to form the flux trap system. Many portions of the blocks have bevels at one or more

surfaces. Therefore, some parts of the borated plates are not covered by the maximum thickness

of moderator. Nylon 6,6 is modeled at a nominal density of 1.14 g/cm3 .

Nylon 6,6 has a manufactured density ranging from 1.13 to 1.15 g/cc. The minimum thickness

(1.25") used in the MAP package is not influenced by manufacturing tolerances. Typical

manufactured thicknesses range from 1.26" to 1.28". The material is a thermal-plastic with a very

high melting temperature ranging from 482 to 509 OF. The flash ignition temperature for the

material is about 752 OF.

Nylon 6,6 is a polymer widely used in commercial structural applications including automotive,

furniture, power tool housings, and lawn and garden equipment. It is suitable for packaging

applications due to it hardness, abrasion resistance, self-extinguishing ability, and high melting

and flash ignition temperatures. Additional information on Nylon can be found in the Nylon

Plastics Handbook, Melvin I Kohan, 1995, Hanser Gardner Publications. Manufacturing data

sheets are also available that describe commercially available Nylon. Additional information can

also beý found via internet search.

6.2.1.5 Floodable Void Spaces

The MAP packaging and contents contain four floodable regions. These regions have been

modeled in various flooding combinations in order to determine the most conservative accident

configuration. The floodable regions are shown in Figure 6-4. Flooding is specifically addressed

in Section 6.7.1. Note that the fuel-clad gap within the fuel rods in the fuel assembly is not

considered as floodable, per the actual as-found condition after HAC testing, which is discussed in
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" The lower and upper stainless steel 'W' plates (boundaries of the Fuel Cavity) are modeled

at 0.13 and 0.085 inch, respectively, rather than nominal thicknesses of 0.14 inch (1OGA

sheet) and 0.09 inch (I 3GA sheet).

* The stainless steel bar running along the container length is modeled with a width (x) and

height (y) of 1.70 and 0.70 inch, respectively. This represents dimensional reductions of

0.05 inch which covers tolerances.

* The stainless steel 'shell' for the central spacer blocks attached to the top 'W' plate is

modeled with thickness of 0.085 inch, rather than the nominal thickness of 0.09 inch for

13GA sheet. The steel sheet material for the axial ends of the individual spacers is not

modeled.

* No other metal component of the packaging are modeled, such as aluminum (for the doors

and latching mechanisms), or any other components containing stainless steel. The latter

would include the axial end regions beyond the length covered by the flux trap (impact

limiters, sheet material at the axial ends of the base and lid weldments, and associated

angles, supports, welds, etc.), the outer stiffener spacers (two on lid and two on base), the

inner stiffeners, and any other structural materials within the container itself (radial baffle

plates, lid and base rails/supports, angles, supports, welds, bolts, nuts, washers, etc.).

Nylon

" The moderator blocks for the flux trap system are modeled with a uniform dimensional

reduction that results in -87% (see Tables 6-7 and 6-9) of the total moderator block

volume for the flux trap being modeled. The method was to remove 0.0781 inch from all

block faces with the exception of the faces contacting the absorber plates. The faces

created due to the axial gaps between blocks are included. This resulted in a reduction in

the lid moderator blocks of -85% due to the larger surface area (bevels) as compared to the

base moderator blocks that were reduced -90%. The moderator material is modeled at full

nominal theoretical density for Nylon 6,6 (1.14 g/cc).

* The thickness reduction bounds any effective loss of the nylon resulting from the thermal

test (see Section 2.12.1) and due to any density variations.
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* The criticality assessment considered both dimensional and density reductions with

dimensional reductions leading to higher kef results. A variation in density (1.13 to 1.15

g/cc) has a negligible effect compared to a modeled reduction in the Nylon 6,6 thickness.

" The MAP design consisted of the Nylon 6,6 modeled at a reduced thickness crediting 85%

of the material for the Lid and 90% for the Base. During the HAC fire test, a single

segment in the Lid experienced a material loss of 6.6% (Table 2.13.1-5) based on the

minimum design moderator requirement. There was no loss of moderator in the Base.

Based on the results of the fire test, the 10% minimum reduction for the Nylon 6,6

moderator blocks bounds the loss experienced in a single segment. The modeled design

configuration for the Nylon 6,6 moderator block is therefore very conservative with respect

to the HAC test results for both the Lid and the Base. Thus, the criticality evaluation

considers the most reactive credible configuration consistent with the damaged condition

of the package and the chemical and physical form of the contents, and meets the

requirements of 10 CFR 71.55.

* The beveled nylon blocks, which comprise the volume of the central spacer blocks, are

included in the models. Each face of the nylon blocks had 0.0781 inch removed. This

results in more moderator being removed in the lid as opposed to the base.

Boron

* The 10B content in the borated absorber plates is modeled at 75% of the minimum areal

density for BORAL® (0.0 180 g/cm 2) as specified in Section 8.

Neoprene

The neoprene padding on the bottom (base) 'W' plates is represented by full density water

in the model. This is conservative because neoprene contains chlorine (chemical formula

C4H5C0) which is a relatively effective neutron absorber.

Polyurethane Foam

* The polyurethane is not modeled explicitly. Rather, the region it would normally occupy

is interpreted as a floodable void space in which partial water densities are possible.
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8.1.4 Leak Tests

No leak tests of the packaging are required. The fuel rod weld joints are examined at the time of

fuel rod fabrication and leak tested to ensure they are sealed. The welding and leak testing of fuel

rods is performed during manufacturing using a qualified process. This process assures that the

fuel is acceptable for use in a nuclear reactor core and is tightly controlled. The allowable leak

rate is less than 1E-07 ref-cc/s.

8.1.5 Component and Material Tests

8.1.5.1 Polyurethane Foam

The MAP packaging utilizes a closed-cell, polyurethane foam and must certified to meet the

requirements and acceptance criteria for installation, inspection, and testing as defined in this

section. The finished foam product shall be greater than 85% closed cell polyurethane plastic

foam of the self-extinguishing variety of the density specified. The closed cell configuration will

ensure that the foam will not be susceptible to significant water absorption. Nominal foam

densities of 6 and 10 lb/ft3 are used in the Package Body and Impact Limiters, respectively.

8.1.5.1.1 Density

Rigid polyurethane foam shall have a density per the following:

1. Impact Limiter 9.5 lb/ft3 min 11.5 lb/ft3 max

2. Package Body 5.7 lb/ft3 min 6.9 lb/ft3 max

8.1.5.1.2 Mechanical Proprieties

Exhibited foam compressive strength for 10% strain parallel to foam rise shall fall within the

following range of values:

1. Impact Limiter 316 psi min 383 psi max

2. Package Body 136 psi min 164 psi max
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8.1.7 Thermal Tests

The material properties utilized in Section 3, Thermal Evaluation, are consistently conservative for

the Normal Conditions of Transport (NCT) thermal analysis performed. The Hypothetical

Accident Condition (HAC) fire certification testing of the MAP package (see Section 2.12.1.4.4,

Thermal Test and Section 3.0, Thermal) served to verify material performance in the HAC thermal

environment. As such, with the exception of the tests required for specific packaging components,

as discussed in Section 8.1.5, Component and Material Tests, specific acceptance tests for material

thermal properties are not required or performed.

8.2 MAINTENANCE PROGRAM

This section describes the maintenance program used to ensure continued performance of the

MAP package.

Visual inspection for damage of exposed surfaces will be performed before each use. Individual

components will also be inspected as described in the sections below. If defects are found during

inspection, the package will be segregated and dispositioned by standard site procedure before its

next use.

8.2.1 Structural and Pressure Tests

The MAP packaging does not contain any structural or lifting/tiedown devices that require testing.

There is also no pressure testing requirement.

8.2.2 Leak Tests

The MAP packaging does not have any requirements for leak testing.

8.2.3 Component and Material Tests

8.2.3.1 Fasteners

Lock pins and threaded components shall be inspected prior to each use for damage. Damaged

components shall be repaired or replaced prior to further use.
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8.2.3.2 Braided Fibrous Sleeving

Prior to each use, visual inspection of the braided fibrous sleeving shall be performed for tears,

damage, or deterioration. Unacceptable sleeving shall be replaced.

8.2.4 Thermal

No thermal tests are necessary to ensure continued performance of the MAP packaging.
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Model No. MAP-12 and MAP-I13 Packages

Chapter 1.0 General Information

NRC Question 1-3:

Explain how the CSI value of 2.8 was obtained. Also explain the application of the CSI
value to the loose fuel rod contents in the MAP package.

Section 1.1, page 1-1, of the application states the MAP'S CSI is 2.8 for fuel assemblies
and loose fuel rods; however there is no criticality evaluation provided in the SAR for the
loose fuel rods in the MAP package.

AREVA Response to Question 1-3:

The CSI value of 2.8 is based upon the HAC flooded gap results for an array of 36
containers listed in Table 6-23 and illustrated in Figure 6-30. The results show that keff +
2y for an array containing up to 36 packages satisfies the defined USL of 0.94 (Section
6.8.2). The bounding value occurs for a 5x6 array of packages containing Type la fuel
assemblies with k~ff + 2y = 0.9380 ± 0.0018 = 0.9398 < 0.94. Sensitivity studies for
packages containing the other fuel assembly types (Figure 6-31) verify that the Type la
fuel assembly provides the bounding values for HAC conditions with flooded rod gaps.
For an infinite array of packages under normal conditions, keff + 2a = 0.2127 (Table 6-11).

Section 1 of the SAR has been revised to include this description.

Chapter 4.0 Containment

NRC Question 4-1:

Correct the inconsistency for the cladding leakage rate mentioned in Section 4.2.3, page 4-
3, and in Section 8.1.4, page 8-2. Also specify the type of gas used for the leak test.

Section 4.2.3, says that "the containment boundary is less than 3E-08 ref-cc/sec." Section
8.1.4 says, "the leak rate is typically less than 1 E-7 atm-cm3/sec." The post fabrication
leakage test for the fuel rods should be clearly and unambiguously stated in both sections.

AREVA Response to Question 4-1:

Corrections were made to pages 4-3 and 8-2 to standardize leakage rates in units of ref-
cc/sec.
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NRC Question 4-2:

Provide justification in the SAR that the cladding can withstand HAC in the form of drop
test and fire test results, such that the containment boundary remains unbreached. Also,
describe the condition of the cladding after being subjected to HAC.

Section 4.3.2.2 states: "The performance tests documented in Section 2 [of the SAR]
demonstrates that no pellets are released from the cladding as a result of the postulated
hypothetical accident conditions." Contrary to this statement no material could be
identified in the SAR that describes the condition of the cladding after being subjected to
HAC.

AREVA Response to Question 4-2:

Section 2.12.1 has been revised to include a description of the cladding following the HAC
drop and fire tests:

A visual inspection of the fuel rods in the CTU did not identify any bent or damaged rods.
The test assemblies were removed from the CTU and further inspected, and no cracked or
breached rods were identified visually. Thirty-five (35) days after completion of the drop
tests, a random sample of rods from the most damaged assembly were checked for
pressurization. The rods were punctured by inserting the fuel rod into a holding block and
tightening a screw into the cladding until the cladding was breached. All rods were found
to be pressurized as evidenced by a steady, audible gas release from the cladding as it was
punctured. Since all of the rods sampled were found to be pressurized and the rods
provided a representative sample of the worst case damage to the fuel rods, and there was
no visible crack or breach in any of the test rods, it was concluded that no rod breach or
leakage occurred as a result of the performance tests.

Further HAC fire testing also had no effect on the cladding. The interior of the package
was coated with tars as a result of the condensation of foam off-gas; however the fuel rods,
being covered by a thin sheet of polypropylene, remained in their as fabricated bright
condition.
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Chapter 6.0 Criticality

NRC Question 6-2:

Justify the nomenclature "borated aluminum" as used to represent the commercial product
BORAL®.

Traditionally, the term "borated aluminum" has been used to represent a solid solution
containing boron. It has not been used to represent a composite of powders that are formed
into an absorber material. The description given for BORAL® is the type expected for a
composite material.

AREVA Response to Question 6-2:

The SAR has been revised to replace the use of "borated aluminum" with either "borated
metal matrix composite" or BORAL.

SAR Drawing 9045393 has also been revised to replace the description of Item 6 "borated
aluminum" with "METAL MATRIX COMPOSITE - BORAL".

NRC Question 6-3:

Justify the use of 90% credit given to the moderator block, and 100% theoretical density
for the moderator nylon materials.

Section 6.4.5.1.3, states, "The moderator blocks for the flux trap system are modeled with a
uniform dimensional reduction that results in 90% of the total moderator block volume for
the flux trap being modeled." The staff is not familiar with the nylon in question. For
example, helpful information would be the data source and how manufacturing tolerances
and other variables would be expected to influence pertinent properties of moderator
materials.

AREVA Response to Question 6-3:

Nylon 6,6 is a polymer widely used in commercial structural applications including
automotive, furniture, power tool housings, and lawn and garden equipment. It is suitable
for packaging applications due to it hardness, abrasion resistance, self-extinguishing
ability, and high melting and flash ignition temperatures. Additional information on Nylon
can be found in the Nylon Plastics Handbook, Melvin I Kohan, 1995, Hanser Gardner
Publications. Manufacturing data sheets are also available that describe commercially
available Nylon. Additional information can also be found via internet search.

The criticality assessment considered both dimensional and density reductions with
dimensional reductions leading to higher kff results. A variation in density (1.13 to 1.15
g/cc) has a negligible effect compared to a modeled reduction in the Nylon 6,6 thickness.

The MAP design consisted of the Nylon 6,6 modeled at a reduced thickness crediting 85%
of the material for the Lid and 90% for the Base. During the HAC fire test, a single
segment in the Lid experienced a material loss of 6.6% (Table 2.13.1-5) based on the
minimum design moderator requirement. There was no loss of moderator in the Base.
Based on the results of the fire test, the 10% minimum reduction for the Nylon 6,6
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moderator blocks bounds the loss experienced in a single segment. The modeled design
configuration for the Nylon 6,6 moderator block is therefore very conservative with respect
to the HAC test results for both the Lid and the Base. Thus, the criticality evaluation
considers the most reactive credible configuration consistent with the damaged condition of
the package and the chemical and physical form of the contents, and meets the
requirements of 10 CFR 71.55.

NRC Question 6-4:

a) Explain the basis of the criticality safety evaluation under the assumptions that 1) it was
based on moderator exclusion; and 2) that the fuel cladding gap was not floodable.

b) Justify the ability of the fuel cladding to retain its integrity after the HAC tests so as to
achieve moderator exclusion.

Section 6.2.1 .1, page 6-5, of the SAR states that the containment system of the MAP
packages consists of the fuel rod cladding. Section 6.4.2.1.1, page 6-16, of the SAR states:
"The fuel-clad gap is modeled as void to represent a dry gap. The fuel-clad gap within the
fuel rods in the fuel assembly is not considered as floodable based upon the HAC testing
results, discussed in Section 6.4.5.4." This is not consistent with the requirements set forth
in 10 CFR 71.55, which requires the package to be sub-critical even if water were to leak
into the containment system.

AREVA Response to Question 6-4:

Visual inspection of the fuel rod cladding after (see Response to RAI 4-2) the drop and fire
tests performed for the MAP demonstrate that the containment boundary (fuel rod
cladding) remains intact and leak-free during all normal and hypothetical accident
conditions. The immersion tests further specified in 10 CFR 71 (c)(5) for fissile and (6) all
packages, require immersion equivalent to an external water pressure of 21.7 lb/in2,
however intact and leak-free rods can tolerate much higher pressures and remain moderator
free. Thus, moderators are not expected to flood the fuel-cladding gap.

10 CFR 71.55 (c) allows exemptions provided that no single packaging error would permit
leakage and appropriate measures are taken before each shipment to ensure that the
containment system does not leak. Leak tests are performed as part of the manufacturing
process prior to shipment to ensure the containment boundary does not leak. Furthermore,
assemblies are handled and packed with great care with no event postulated as being more
severe than the HAC. However, to meet the regulatory requirement without a special
provision for an exemption, the calculations are revised to include water flooding in the
fuel-cladding gap.
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NRC Question 6-6:

Provide an explanation on the behavior of the klff curves as a function of the package array
size, in Figure 6-29.

Figure 6-29 shows the change of keff as a function of package array size with the FLIPI
configuration. From this figure, it can be observed that the keff value increases first, and
then goes down as the number of packages increases. Finally, the kef value jumps from
0.9356 to almost 0.9420. This curve does not seem to be consistent with common
understanding of the physics of a fissile system.

AREVA Response to Question 6-6:

The primary purpose of Figures 6-29, 6-30, and 6-31 is to show that arrays with up to 36
packages satisfy the USL. Plotting kff + 2a satisfies that purpose. However, such a
presentation masks the statistical uncertainty and array configuration effects inherent in the
results. Increasing the number of neutron histories reduces the statistical impact of the
observed trend. Plotting the data versus similar array configurations, i.e., 4x and 5x,
individually provides a better illustration of trends. However, essentially all array sizes,
except the array of 40 containers, are statistically equal. Input cases are provided for
information.
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