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REVISIONS

REVISION

DATE

EXPLANATORY NOTES

3.0

See 1% page
release date

Section 1.2, Included weight in the difference between MAP-12 and MAP-
13 packages.

Section 1.2.1.5, MAP-13 gross weight increased to 8,930 Ib.
Replaced Figure 1-6 to improve clarity.

Section 1.3.1, Package drawings updated. List of drawing changes
provided separately in individual drawing release package (Framatome
Documentum).

Section 2.1.3, Corrected section 1.2.1.5 reference in first paragraph.

Section 2.2.1.6, Added reference to Section 2.12.2 for additional ball lock
pin information.

Section 2.5.1, Revised lifting section to evaluate new 8,930 Ib. maximum
gross weight.

Section 2.6.2, Added reference to Section 2.12.2 for additional ball lock
pin information.

Section 2.6.7, Added discussion for increased maximum gross weight.

Section 2.6.9, Revised compression section to evaluate new maximum
gross weight.

Section 2.7.2, Revised crush section with new maximum gross weight.

Section 2.12.1.6.1, Reference to Section 2.12.4 added for weight
increase justification.

Section 2.12.2, Revised FS1-0040260 to address ball lock pin brittle
fracture discussion (Section 5).

Section 2.12.4, New section covering increased gross weight justification.
Section 3.1, Revised description based on MAP-13 gross weight.

Table 3-1 and Section 3.2.2, normal operating temperature of Aluminum
6061-T6 changed from 400°F to 350°F.

Section 7.1.2, Replaced Areva with Framatome due to name change.

Section 7.1.3.2 regulatory requirements revised for consistency with other
packages. Additional alpha survey removed.

20

12/13/2018

Application revised to evaluate the use of chromium coated to the fuel
cladding. Changed Tables 1-4, 6-3, Sections 2.11, 3.2.2, and added new
section 6.4.2.1.1. Added new appendices 2.12.2 and 2.12.3 as document
references.
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12/12/2018

The previous revision to the document was 51-9026593-009.

The drawings in section 1.1.3 have been updated as indicated in the table
in that section.

Editorial corrections and general formatting updated to meet current

standards.
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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 ?°U. 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 6'. 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 ke
+ 20 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 1a fuel assemblies with
ket + 20 = 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 1a fuel assembly provides the bounding
values for HAC conditions with flooded rod gaps. For an infinite array of packages under normal
conditions, ke + 20 = 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 and slight weight difference (i.e. 300 Ib.).

1.21 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.

! For the 36 package array, 2N=36, N=18 and the CSI is derived by 50/18 which is rounded conservatively to 2.8.
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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. Shims are used, as necessary, to align the fuel by
supporting the assembly at the upper and lower end fittings within the package for normal
conditions of transport including both loading and unloading. The length and design of the shims
vary according to the fuel assembly design. A hold-down bar provides positive axial pressure on
the upper end fitting to prevent shifting of the payload during shipment.

1.21.2 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 Ib/ft* polyurethane foam.

The balance of the polyurethane foam used is 6 Ib/ft>. 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
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.
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1.2.1.5 PACKAGE WEIGHTS AND DIMENSIONS
MAP-12 (144-in Maximum Nominal Fuel Length)

. Maximum Gross Weight 8,630 pounds (3,923 kg)
. Maximum Payload Weight 3,400 pounds (1,545 kg)
. Overall Outer Dimensions 208" x 45" x 31" high

(5,283 mm x 1,143 mm x 787 mm)

MAP-13 (150-in Maximum Nominal Fuel Length)

. Maximum Gross Weight 8,930 pounds (4,050 kg)
. Maximum Payload Weight 3,400 pounds (1,545 kg)
. Overall Outer Dimensions 221" x 45" x 31" high

(5,613 mm x 1,143 mm x 787 mm)

End Impact
Limiters

Outer
Stiffener

Outer
Stiffener

Figure 1-1 — MAP Package — Isometric View
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Figure 1-2 — MAP Package — Cross Section at Internal Stiffeners
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Figure 1-3 — MAP Package — Cross Section at Moderator and Absorber
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Foam Blow- Fiberglass
out Plug Thermal Barrier
Closure Pin

Ceramic Fiber
Insulation

Figure 1-4 — MAP Package — Close-up of Closure Cross Section

Outer Lid Stiffener

Rigid Polyurethane Foam
— End Impact Limiter Outer Base Stiffener

Figure 1-5 — MAP Package — Cross Section Lengthwise through Center
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Lid
Outer
Stiffener End Impact

Limiter

See
Figure 1-7

Base

Figure 1-6 — MAP Package — Cross Section through Center at Bottom and Top (Left to Right)

Interlocking L-Channels

Figure 1-7 — MAP Package — Cross Section at Interlocking L-Channels at End Impact Limiters
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1.2.2 CONTENTS

Table 1-1 provides a listing of the type, form and mass of material that may be shipped in the MAP.
Both Type A and Type B materials are allowed for shipment for materials meeting the isotopic
requirements listed in Table 1-2. The fuel assemblies may be of various model and type as long
as they meet the specified requirements delineated in Section 6.0. Typical dimensions of the main
components in the fuel assemblies are listed in Table 1-3.

The chemical and physical form of the Type A and Type B contents are the same and are
described in Section 1.2.2.1 and 1.2.2.2. The primary difference between the Type A and a Type
B content is the uranium fuel for the Type B content has elevated concentrations of ?°U. An
example of structural materials of the fuel assembly is provided in Table 1-4. Zirconium alloy,
stainless steel and Ni-Cr-Fe alloy are chemically stable materials, and are stable to temperatures
above 1,475°F.

In addition to the fuel assembly configuration described previously, each fuel assembly may be
shipped with an absorber or control rod cluster inserted into the assembly. The absorber and
control rods consist of a very strong thermal neutron absorber clad in metal tubes and further
clustered for insertion within a fuel assembly for either reactor flux conditioning or reactor control.
The clusters are very effective in reducing the multiplication factor for the package and array of
packages such that criticality is not possible in any configuration. However, for purposes of this
application, such strong neutron absorbers are not credited for criticality control.

The decay heat of the contents is essentially zero. Neutron and gamma shielding is not required
or provided.

1.2.21 TYPE A CONTENTS

The Type A content of the packaging is fresh unirradiated low enriched uranium Pressurized Water
Reactor (PWR) nuclear fuel assemblies. A maximum of two fuel assemblies are placed in each
packaging. The packaging is designed and analyzed to ship fuel configured either in a 14x14,
15x15, 16x16 or 17x17 array and positioned in one or both sides on the strong-back.

The nuclear fuel pellets loaded in rods and contained in the packaging are uranium oxides
primarily as ceramic UO, and U;Os. The fuel assembly maximum enrichment is less than or equal
to 5.0 wt% **°U.

1.2.2.2 TYPE B CONTENTS

The Type B content of the packaging is unirradiated low enriched uranium Pressurized Water
Reactor (PWR) nuclear fuel assemblies derived from off-specification high enriched uranium or
reprocessed uranium. The increase in U causes the contents to fall under the Type B
requirements. A maximum of two fuel assemblies are placed in each packaging. The mixture A,
value is 0.17 as calculated in Section 4.0. The packaging is designed and analyzed to ship fuel
configured either in a 14x14, 15x15, 16x16 or 17x17 array and positioned on one or both sides of
the strong-back.

The nuclear fuel pellets loaded in rods and contained in the packaging are uranium oxides
primarily as UO, and U3zOg. The fuel assembly maximum enrichment is less than or equal to
5.0 wt% **°U.

1.2.2.3 QUANTITY OF RADIOACTIVE MATERIALS OF MAIN NUCLIDES

The fuel assemblies in this packaging are loaded with low enrichment uranium dioxide less than or
equal to 5 wt% #*U. When used as a Type A package the contents conform to the A, and A,
values for a Type A package. Table 1-1 shows the quantity of uranium and enrichment common to
both the Type A and Type B contents. These values are carried forward to Table 1-2 to calculate
total activity for the mixtures. Activity fractions and A, for the mixtures are determined in Section
4.0, Containment.
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Fuel rods assembled into the fuel assemblies are those loaded with sintered pellets of uranium
dioxide and/or with sintered pellets of uranium dioxide mixed with various additives (e.g.,
Chromium, Boron, Gadolinium, and Europium). These neutron absorbers are not credited in the
safety basis.

1.2.2.4 PACKING MATERIALS

A number of packing materials may be used to protect the fuel assembly from superficial damage
during shipment (e.g., Neoprene, polyethylene bags).

1.2.3 SPECIAL REQUIREMENTS FOR PLUTONIUM

Plutonium will not be shipped in the MAP; therefore, this section is not applicable.
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Table 1-1 — Quantity of Radioactive Materials for Shipment in MAP (Type A and B)

Allowable Assembly Arrays

14x14, 15x15, 16x16 and 17x17

Main Nuclides

Low enriched uranium < 5 wt% 2%°U

State of Uranium

Uranium oxide ceramic pellet,
Solid Normal Form

Fuel Assembly Maximum Enrichment

5.0 wt% Maximum

Number of Fuel Rods Containing Absorbers

Unlimited

Maximum mass of Uranium Dioxide Pellets

574 kg per Fuel Assembly
1,148 kg per Package

Maximum 2%°U mass

25.5 kg per Fuel Assembly
51.0 kg per Package

Table 1-2 — Maximum Allowable Quantity of Radioactive Material

Isotope Maximum Maximum mass, | Total Activity, | Total A?tivity,
content, g/guU g TBq Ci
%2 2.00E-09 2.02E-03 1.68E-03 4.54E-02
24y 2.00E-03 2.02E+03 4.65E-01 1.26E+01
25y 5.00E-02 5.06E+04 4.05E-03 1.09E-01
z6y 2.50E-02 2.53E+04 6.07E-02 1.64E+00
28y 9.23E-01 9.34E+05 1.12E-02 3.03E-01
Z'Np 1.66E-06 1.68E+00 4.37E-05 1.18E-03
z8py 6.20E-11 6.27E-05 3.95E-05 1.07E-03
z9py 3.04E-09 3.08E-03 7.07E-06 1.91E-04
240py 3.04E-09 3.08E-03 2.58E-05 6.98E-04
Gamma Emitters | 6.46E+05 MeV-Bqg/kgU
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Table 1-3 — Typical Dimensions of the Main Components of Fuel Assembly and Fuel

Rod

Attribute Dimensions
Package Type MAP-12 MAP-13
Fuel Type Pressurized Water Reactor
Maximum Fuel Assembly
Length (including cluster 172 184
assembly), inches
Active Fuel Length
(Maxw_num Nomln_al Length 144 150
of enriched material zone),
inches
Maximum Nominal Fuel Grid 8.546 8.546

Envelope, inches

Fuel Assembly Type 14x14 15x15 16x16 17x17
Maximum Nominal Active

Fuel Length, inches 144 144 150 144
Nominal Fuel Pellet 0.367 —0.381 | 0.360 — 0.375 0.327 0.319 — 0.322
Diameter, inches

Nominal Cladding Wall 0.025 - 0.028 | 0.024 — 0.030 0.024 0.022 — 0.024
Thickness, inches

Nominal Cladding Inner

Diameter, inches 0.374 —0.387 | 0.364 —0.380 0.334 0.326 —0.329
Nominal Fuel Rod Outer 0.424 — 0.440 | 0.416 — 0.430 0.382 0.374-0.376
Diameter, inches

Number of Fuel Rods 176 — 179 204 - 216 236 264

Fuel Rod Helium Cover Gas

. 145 — 450
Pressure, psig
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Table 1-4 — Typical Fuel Structure Materials

Component Structural Materials Typical Density
parts
Sintered Uranium Dioxide (in some 10.96 o/’
Pellets cases uranium dioxide blended with o0 3
other non-fissile additives) (0.396 1b/in")
. . . . . 3
Cladding tube Z1rcon19m alloy, metglhc zirconium 6.5 g/chl
(may include chromium coating) (0.24 1b/in®)
3
Internal spring Stainless steel 78 g/CITl ;3
(0.28 Ib/in™)
3
Upper and Lower Zirconium alloy 6.5 g/chl .
end plug (0.24 1b/in’)
Guide/Instrument . . 6.5t0 7.8 g/em’
Zirconium alloy or stainless steel .3
Tube (0.24 to 0.28 Ib/in’)
3
Upper and Lower Stainless steel 78 g/chl ;
tie plate (0.28 Ib/in’)
3
Spacer Zirconium alloy and Ni-Cr-Fe alloy 6.5108.5 g/Cm_ ;
(0.24 t0 0.31 Ib/in”)
3
Finger spring Zirconium alloy and Ni-Cr-Fe alloy 6-5108.5 g/cm. ;3
(0.24 t0 0.31 1b/in”)
3
Expansion spring | Zirconium alloy and Ni-Cr-Fe alloy 6-5108.5 g/cm' ;
(0.24 t0 0.31 Ib/in”)

1.2.4 OPERATIONAL FEATURES

The primary operational feature of the package is the ball-lock closure pins used to secure the Lid
to the Base. Fork lift pockets are provided on the Base of the package. Stacking brackets, which
double as lift points, are attached on the Lid and Base at four (4) locations. The package must be
up-righted onto one end for loading and unloading. No valves or rate-monitored seals are used.

Framatome - Fuel
This document is subject to the restrictions set forth on the first or title page




N°  FS1-0038397 Rev. 3.0 o
o MTISREEI framatome
None 30/389
1.3 APPENDICES
1.3.1 PACKAGE DRAWINGS
Drawing Number Revision Drawing Number Revision
9045393 9 9045402 6
9045397 3 9045403 6
9045399 4 9045404 5
9045401 5 9045405 6
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2.0 STRUCTURAL EVALUATION

This chapter identifies and describes the principal structural design aspects of the MAP
package, and demonstrates the structural safety of the packaging and compliance with the
structural requirements of 10 CFR 712

For normal conditions of transport (NCT), demonstration of compliance is by performance
testing for free drop and penetration, by calculation for stacking, and by reasoned argument
for the water spray requirements. For hypothetical accident conditions (HAC), including the
free drop, puncture drop, and fire tests, demonstration of compliance is accomplished by
performance testing utilizing multiple, prototypic, full-scale MAP packages.

The compliance of the MAP package with all applicable general structural requirements is
discussed in the following sections. The results of the NCT and HAC performance tests are
summarized in Section 2.6, Normal Conditions of Transport, and Section 2.7, Hypothetical
Accident Conditions, respectively. Detailed results from all testing is found in Appendix
2.12.1, MAP Shipping Package Certification Tests.

2.1 DESCRIPTION OF STRUCTURAL DESIGN
2.1.1 DISCUSSION

The MAP package is designed to carry two (2) PWR fuel assemblies or two (2) containers
for loose rods. The fuel assemblies or rod containers are arranged side-by-side and
orientated in a diamond configuration with respect to the package transportation surface.

A detailed description of the package components is provided in Section 1.2, Packaging
Description, and on the drawings in Appendix 1.3.1, Package Drawings.
21.2 DESIGN CRITERIA

The MAP package has been designed to meet all the applicable structural requirements of
10 CFR 71. The design objectives for the MAP package are twofold:

1. Demonstrate that, under NCT, the MAP package maintains confinement of the fuel
assemblies within the package, and the package experiences no significant reduction in its
effectiveness to withstand HAC; and

2. Demonstrate that, under HAC, the MAP package maintains the fuel assemblies in a
subcritical configuration and maintains the required level of containment (as defined by
Section 4, Containment). This is accomplished by:

a. Continuing to maintain confinement of the fuel assemblies.

b. Ensuring that the fuel rod cladding is not breached to the extent required by the
containment analysis (see Section 4).

C. Ensuring that the fuel assemblies and strong-back geometry is maintained to the
extent required by the criticality analysis (see Section 6).

d. Ensuring that the neutron moderators and absorbers remain in place and functional
to the extent required by criticality analysis (see Section 6).

% Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive
Material, 01-01-06 Edition.
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Consequently, the design criteria for NCT are that the MAP package exhibit only minor
damage subsequent to the NCT conditions and tests, including no damage that would
prevent the package from meeting the success criteria for any subsequent HAC test.

For HAC, the design criteria are: a) that the Lid remain attached to the Base, thus ensuring
confinement of the fuel assemblies, b) that the fuel rod cladding does not show visible
indications of breach, thus ensuring containment is maintained, c) that observed and
measured fuel assembly and strong-back post-test configurations are bounded by the
assumptions made in the criticality analysis, and d) that measured post-test deformations of
the moderators and absorbers are bounded by the assumptions made in the criticality
analysis.

The structural components relied on for NCT and HAC protection are the Lid and Base outer
shell and stiffeners, polyurethane foam, fiberglass thermal breaks, ball lock pins and the “W”
plate.

2.1.3 WEIGHTS AND CENTERS OF GRAVITY

Weights of the MAP packaging components and the maximum gross weight of the loaded
package are presented in Section 1.2.1.5. The weights shown in the table are for both the |
long and short version of the package. The difference in actual tare weights between the two
packages is allotted to the fuel weight in the shorter package, which actually carries the
heavier fuel. The calculated center of gravity (CG) of the empty package assembly is
located at the geometric center for the width and height, and 1 3/4 inches towards the
bottom for the length. The calculated CG of the loaded package assembily is also located at
the geometric center for the width and height, but 2 2/3 inches towards the bottom for the
length, as shown in Figure 2-1. The loaded package CG assumes an even distribution
throughout the package cavity of the payload weight.

An increase in the original MAP-13 maximum gross weight from 8,630 pounds (3,923 kg) to
8,930 pounds (4,050 kg) is addressed in Section 2.12.4. This increase is for fabrication
variance and does not impact the CG values presented in this section.

Geometric Center
110.51
Loaded CG 267 ~—
- 1.75 Empty CG
/ T [ T
‘ sorroM ... @______| ... Q% :::::::::::::::: e T0p |- E
i ¢ [ ) &l ) @ [} ) 0 » ||® ) ) 3! i@
1 I
} BOTTOM @ @ ToP
1 ;s —
1 I T T T
11.39 - 1539
Geometric Center Geometric Center

Figure 2-1 - MAP Package CG

21.4 IDENTIFICATION OF CODES AND STANDARDS FOR PACKAGE
DESIGN
In lieu of extensive reliance on the use of codes or standards in design, compliance with

requirements is demonstrated via full scale testing of the MAP package under both NCT and
HAC, resulting in a high level of confidence in the integrity of the design.
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2.2 MATERIALS

2.21 MATERIAL PROPERTIES AND SPECIFICATIONS

All materials used in the fabrication of the Certification Test Units (CTU) meet 10 CFR 71
requirements. However, simulated neutron absorber plates were fabricated from 1100
aluminum. These component plates did not contain boron, and were used to simulate the
mechanical and thermal properties of the neutron absorber plates. The 1100 aluminum was
used due to its low mechanical properties. In production units, the actual neutron absorber
plates will have insignificant differences in the material properties compared to the material
used in the CTU packages.

2.21.1 STAINLESS STEEL

The structural steel used in the MAP packaging is ASTM Type 304 stainless steel, having a
room temperature yield strength of 30,000 psi and ultimate strength of 75,000 psi. The weld
consumable material is ASTM Type 308 or equivalent, which results in weld metal deposits
which have properties at least as great as the base metal.

Miscellaneous door assembly hardware and the closure pins are fabricated of ASTM A564
Type 630. Various conditionings of Type 630 are used including: H900 having a room
temperature yield strength of 170,000 psi and ultimate strength of 190,000 psi, H1100
having a room temperature yield strength of 115,000 psi and ultimate strength of
140,000 psi, and H1150 having a room temperature yield strength of 105,000 psi and
ultimate strength of 135,000 psi.

2.2.1.2 ALUMINUM

The door assemblies are comprised of a hinge side panel weldment, latch side panel
weldment, and center hinge that are all fabricated from aluminum. Additionally, the door
latch receptacles and end restraint bar are fabricated from aluminum. The door panel
weldments and end restraint bar are ASTM Type 6061-T6, T651 with a room temperature
yield strength of 35,000 psi and ultimate strength of 38,000 psi. The door center hinge and
latch receptacles are ASTM Type 2024-T3, T351 with a room temperature yield strength of
42,000 psi and ultimate strength of 62,000 psi.

2.2.1.3 POLYURETHANE FOAM

The performance of the MAP package in free drop and puncture events is partially
dependent on the energy-absorbing performance of rigid, closed-cell polyurethane foam.
The foam is machined to size after casting or is cast in place and installed within the Lid,
Base, and end impact limiters. The foam in the end impact limiters has a nominal density of
10 Ib/ft®. The foam in the Base and Lid has a nominal density of 6 Ib/ft>. Acceptance is
based on the properties detailed in Section 8.1.5.1, Polyurethane Foam. The nominal,
room-temperature crush properties of the polyurethane foam are given in Table 2-1 and
Table 2-2. Properties for both “parallel to rise” and “perpendicular to rise” are given. The
“rise” direction is parallel to the force of gravity during solidification, and is oriented to be
parallel to the thickness dimension of the planar foam components.
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Table 2-1 — Nominal Material Properties of 10 Ib/ft® Polyurethane Foam

Property Direction Room Temperature Value
. 333 psi @ 10% Strain
Parallel-to-Rise 367 psi @ 40% Strain

(Parallel to Package Length) 955 psi @ 70% Strain

Compressive Strength, S
334 psi @ 10% Strain

Perpendicular-to-Rise 366 psi @ 40% Strain
970 psi @ 70% Strain

Table 2-2 — Nominal Material Properties of 6 Ib/ft® Polyurethane Foam

Property Direction Room Temperature Value
. 143 psi @ 10% Strain
Parallel-to-Rise 152 psi @ 40% Strain

(Parallel to Package Length) 312 psi @ 70% Strain

Compressive Strength, S
139 psi @ 10% Strain

Perpendicular-to-Rise 146 psi @ 40% Strain
311 psi @ 70% Strain

2.2.1.4 FIBERGLASS

The thermal breaks in the Lid and Base help isolate the payload cavity from the outer shell
along the package closure area. The material used to make the sheets and angles for the
thermal breaks is a combination of fiberglass and thermosetting polyester or vinyl ester resin
that is fire retardant.

2.21.5 LATCHES

The upper and lower door assemblies each use four tension latches while the mid-span door
assemblies each use two tension latches. The manufacturer’s specified minimum breaking
strength is 4,400 pounds. This breaking strength is defined as the point in which plastic
deformation begins.

2.2.1.6 BRITTLE FRACTURE

The materials utilized in the MAP package are not subject to brittle fracture at temperatures
to -40 °C (-40 °F). With the exception of the some door assembly components and closure
pins, all metallic structural components of the MAP package are fabricated of austenitic
stainless steels. Austenitic stainless steels do not undergo a ductile-to-brittle transition in the
temperature range of interest, and thus do not need to be evaluated for brittle fracture.
Further, Regulatory Guide 7.11° states, “Since austenitic stainless steels are not susceptible
to brittle failure at temperatures encountered in transport, their use in containment vessels is
acceptable to the staff and no tests are needed to demonstrate resistance to brittle fracture.”

3 U.S. Nuclear Regulatory Commission, Regulatory Guide 7.11, Fracture Toughness Criteria of Base Material for
Ferritic Steel Shipping Cask Containment Vessels with a Maximum Wall Thickness of 4 Inch (0.1 m), June 1991.
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The closure pins are also fabricated from ASTM A564, Type 630, Condition H900,
precipitation hardened stainless steel. Per Section 5 of NUREG/CR-1815*, bolts are not
typically considered as fracture-critical components because multiple load paths exist and
bolting systems are generally redundant, as is the case with the MAP package. In addition,
the closure pins are also not part of the containment boundary and thus the failure of one or
more of the closure pins can be tolerated and does not lead to the penetration or rupture of
the package. This is further discussed further in Appendix 2.12.2 (see Section 5 of FS1-
0040260). Therefore, the closure pins are not fracture critical and brittle fracture is not a
failure mode of concern.

2.21.7 FATIGUE

The MAP package is not subject to fatigue from repeated use. Since the package does not
have any pressure boundaries, no repeated loadings can occur from pressurization, and
since no threaded fasteners are used in the closure, fatigue of fasteners from repeated
preloading cannot occur. In addition, the payload weight is well distributed over the Base
components, thus avoiding load and stress concentrations that could lead to fatigue. The
package design is relatively insensitive to any fatigue cracks which could occur. The
package’s performance under NCT and HAC is dependent primarily on the deformation or
thermal behavior of relatively large regions of the package, regions which are much larger
than any fatigue cracks which might escape detection. Consequently, fatigue associated
with repeated use is not of concern.

Fatigue associated with normal vibration over the road is discussed in Section 2.6.5,
Vibration.

2.2.1.8 BUCKLING

Certification testing has demonstrated that buckling of the MAP package does not occur as a
result of any NCT or HAC tests.

2.2.2 CHEMICAL, GALVANIC, OR OTHER REACTIONS

The materials of construction of the MAP packaging are primarily Type 304 stainless steel,
polyurethane foam, refractory insulation, and fiberglass reinforced polyester resin. Since
these materials are relatively unreactive, no excessive corrosion or other reactions will occur
during normal use. The package is normally transported on a flatbed trailer, and is not
subject to immersion or exposure to water or chemicals other than occasional precipitation
or mild cleaning agents. In addition, all of these materials have been used in Type A and
Type B packagings for many years without incident. The polyurethane foam is sealed within
the package shell, and has been used in a large number of radioactive materials packages
without evidence of corrosion or deterioration. The foam is a rigid, closed-cell (non-water
absorbent) material that is free of halogens and chlorides, as discussed in Section 8.1.5.1,
Polyurethane Foam. If unusual corrosion of the stainless steel components occurs, it can be
readily detected during preparation of the packaging for use. The other packaging
components are not subject to chemical degradation or corrosion during normal use. The
aluminum components as well as the zinc-coated components are corrosion resistant. All of
the non-stainless steel components are open to inspection and can be inspected at each
use.

2.2.3 EFFECTS OF RADIATION ON MATERIALS

Since the payload of the MAP package is fresh unirradiated fuel assemblies, radiation from
the payload is negligible (see Section 5, Shielding Evaluation). Consequently, there will be

* W.R. Holman, R. T. Langland, Recommendations for Protecting Against Failure by Brittle Fracture in
Ferritic Steel Shipping Containers Up to Four Inch Thick, NUREG/CR-1815, UCRL-53013, August 1981.
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no radiation effects on the materials of construction and the requirements of 10 CFR
§71.43(d) are met.

2.3 FABRICATION AND EXAMINATION
2.3.1 FABRICATION

The metallic components of the MAP packaging are fabricated using conventional metal
forming and welding techniques. The polyurethane foam is procured and fabricated using
written specifications. See Section 8.1.5, Component and Material Tests, for details of the
fabrication and performance requirements of these components. Components are fabricated
in accordance with the requirements delineated on the drawings in Appendix 1.3.1,
Packaging Drawings.

2.3.2 EXAMINATION

Each component of the MAP packaging is examined per the approved fabrication drawings
and fabrication specifications to ensure acceptable materials and workmanship. Applicable
welds on the package are examined per the requirements of AWS D1.6:1999.° The
polyurethane foam is examined according to written procedures as described in Section
8.1.5, Component and Material Tests.

2.4 GENERAL REQUIREMENTS FOR ALL PACKAGES
2.41 MINIMUM PACKAGE SIZE

The minimum dimension of the MAP package is the height dimension of 30.8 inches, or 78.2
cm. Thus, the minimum 10 cm requirement of 10 CFR §71.43(a) is satisfied.

2.4.2 TAMPER-INDICATING FEATURE

Tamper-indicating devices are installed in the brackets located adjacent to the package
stiffeners on opposite sides of the package. A device is installed at each end, diagonal to
one another, such that failure of the devices will indicate that the Lid may have been
removed from its secured position. Thus, the requirement of 10 CFR §71.43(b) is satisfied.

2.4.3 POSITIVE CLOSURE

The package Lid is secured to the Base with numerous (44 for the MAP-12 and 48 for the
MAP-13 designs, respectively) ball lock pins. The ball lock pins have a button actuator that
must be pressed and held to release retention balls at the end of the pins to facilitate
removal.  Therefore, the package cannot be opened unintentionally, meeting the
requirement of 10 CFR §71.43(c).

2.5 LIFTING AND TIE-DOWN STANDARDS FOR ALL PACKAGES

2.5.1 LIFTING DEVICES

The MAP package is handled using a fork lift truck, interfacing with integral fork
accommodations in the Base. The lifting features in the inboard Lid external stiffeners are
designed to require the use of removable shackles and are rendered inoperable by their
removal. Thus, the requirements of 10 CFR §71.45(a) are satisfied.

In addition to lifting the package by sling or by forklift, the entire package may also be lifted
by hook attachment to the Lid. The outer Lid stiffener cut out is increased to a notch 1.5 inch

> ANSI/AWS D1.6:1999, Structural Welding Code—Stainless Steel, American Welding Society (AWS).
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wide and 3 inch deep both vertically and horizontally in the box section. A one inch diameter
rod 9 inches long is placed in the corner of the stiffener centered on the notch. The rod
penetrates the sheet that goes across the box section. The rod is welded with flared bevel
welds on both sides of the slot on both the vertical and horizontal plates making up the box
section. The fillet weld attaching the inner vertical plate to the outer shell of the package is
continuous for the 9 inches beneath the rod.

By the use of the rod configuration with the existing inner stiffener the performance of the
package in any of the tested configurations is unchanged. The stiffener would still crush the
same and the rounded bar parallel with the surface of the package would not compromise
the shell of the package.

This additional lifting configuration is demonstrated to be capable of lifting the loaded
package in accordance 10 CFR §71.45(a).

The maximum gross package weight is 8,930 Ibs. There are four lift points. A factor of
safety of three is required on yield. It is assumed that sufficient length slings are used to
have a minimum lifting angle of 60 degrees with horizontal. The angle from the axial center
line with the package is:

®=arctan (13.75/34.5) @ = 21.73 degrees

The applied load is:
P = 8,930(3)/[4(sin60)(cos ¢)] = 8,325 Ibs
The cross sectional area of the 1 inch rod is 0.785 sq inches.
The shear stress is:
1= P/0.785 in? = 10,605 psi
The plastic section modulus is:
Z=0.098 in®
For a concentrated load in the center of a short beam, 1.5 inches long:
o, = (P*1.5)/(8*Z) = 15,928 psi

Combining this with the shear stress due to the hook load gives a maximum shear stress of:

Tiier = (%)2 + 72
Tmax = 13,262 psi
The allowable shear stress based on yield is:
Tai = .57 0yielg = 14,250 psi
MSioq = Tai/ Tmax — 1 = 0.074
The load parallel with the longitudinal axis of the package P, and the vertical load P, is:
Py = Pcos(60)cos(o) P = 3,867 Ibs

P, = Psin(60) = 7,210 Ibs
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Thickness of the sheetis: t=0.11 in
Tensile stress below the bar
Ow = Py/(t7.5 in) = 8,739 psi

The weakest weld is the weld holding the vertical wall to the shell. The effective weld is the
length of the 9 in bar.

Tweld = Py/(9*cos (45)*t) = 10,299 psi
The allowable shear stress in the weld is 0.57 times the yield of the filler metal or 14,250 psi.

MSeq = 14,250/10,299-1 = 0.38

The axial load is carried by the internal stiffening plate in the stiffener. Assume that the load
is carried by the top two inches of the internal stiffening plate. This is conservative since
much of the load is carried by the top sheet of the stiffener.

o0 = P,/(t*2) = 17,577 psi
Applying the methodology of Table 35 case 3a (6" Edition Roark’s Formulas for Stress and

Strain) for a plate with linear varying stress, if the critical buckling stress is greater than the
applied stress the plate won’t buckle.

E = 27.5 x 10° psi
u=0.29

The ratio of the unloaded side (a) to the loaded side (b) of:

a=7.79in
b=23.89in
a/b =2.003

By interpolation:

Assume stress varies from 0 at bottom to the average at top, making o = 1.

K=7.404

o

cstif

Ocstit = 177,800 psi
This is greater than the yield stress, therefore it will not buckle with the applied stress.

The lifting load is transferred from the lift point to the outer side shell of the package. From
the outside shell it is transferred to the closure structure, the ball lock pins and the bottom
structure which carries the payload. The inboard outer stiffeners on the Lid that contain the
lift points are treated as simple box beams conservatively ignoring the shell between the
stiffeners and the end plates.

The “box beam” is approximated with the following dimensions.
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Outer base: b=8.49in
Inner base: b; =8.27 in
Outer height: d=4.12in
Inner height: di=3.9in
Moment of inertia about the weak axis: | = 8.598 in*

The distance to the outer fiberis y = 2.06 in

Section Modulus: S =1ly=4.174in3

For a beam with two point loads applied 7.73 inches in from the edge of the package shell.
O = Py(7.73 in)/S = 13,352 psi

Margin of Safety for bending: MSy, = 25,000/13,352-1 = 0.87

The double shear lock pins have a capacity of 57,200 Ibs and the single shear pins have a
capacity of 28,600 Ibs. There are 32 double shear pins and 12 single shear pins for the
short package version. This is more than adequate capacity to carry the load from the Lid to
the Base.

Thus, the requirements of 10 CFR §71.45(a) are satisfied.

2.5.2 TIE-DOWN DEVICES

The MAP package is normally transported by flatbed trailer. The packages are secured on
the trailer in the two horizontal axes by shoring on the trailer floor and straps that go
completely over the package. The package is to be tied down using passive-contact devices
such as load-restraint bars, cargo netting, or over-the-top strapping that does not rely on any
feature of the package for a tie-down attachment point. Failure of these restraint devices will
not impair or reduce the package ability to perform as required to protect the payload,
satisfying the requirement of 10 CFR §71.45(b)(2).

2.6 NORMAL CONDITIONS OF TRANSPORT
2.6.1 HEAT

2.6.1.1 SUMMARY OF PRESSURES AND TEMPERATURES

As presented in Section 3.1.3, Summary of Temperatures, the maximum MAP package
temperature under conditions of 100 °F ambient temperature and full insolation are as
follows. The maximum temperature anywhere in the package is 210 °F, located in the Lid
top outer steel shell. The polyurethane foam average temperature in the Base is 148 °F,
while the end impact limiters have an average polyurethane foam temperature of 141 °F. As
presented in Section 3.1.4, Summary of Maximum Pressures, the maximum normal
operating pressure (MNOP) of the MAP package is zero. This is assured by the use of a
breathable braided fibrous material between the Lid and Base. The braided material cannot
retain pressure.

2.6.1.2 DIFFERENTIAL THERMAL EXPANSION

There is no feature, on the MAP package, such as rigid lids or containment seals that could
be affected by the differential thermal expansion of the package components. In addition,
since the package has a negligible internal decay heat, any temperature differences will
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arise only from the solar loading, and will consequently be relatively small. Therefore,
differential thermal expansion is not of concern.

2.6.1.3 STRESS CALCULATIONS
Since no internal pressures can develop, stresses due to NCT pressures and temperatures

are negligible.

2.6.1.4 COMPARISON WITH ALLOWABLE STRESSES
Since NCT stresses are negligible, this section does not apply.

2.6.2 COLD

With an internal decay heat load of zero, no insolation, and an ambient temperature
of -40 °F, the average package temperature will be -40 °F. None of the structural materials
of construction (i.e., austenitic stainless steel, polyethylene foam, or fiberglass) undergo a
ductile-to-brittle transition at temperatures of -40 °F or higher. Section 2.12.2 includes
additional discussion on the ball lock pins and materials of construction. Therefore, the
minimum NCT temperature is of negligible consequence.

2.6.3 REDUCED EXTERNAL PRESSURE

As discussed in Section 2.6.1.1, Summary of Pressures and Temperatures, the MAP
package is not capable of retaining pressure. Therefore, the effect of a reduced external
pressure on the MAP package of 25 kPa (3.5 psia), per 10 CFR §71.71(c)(3), is negligible.

The cladding has been shown to sustain pressures from 0 psig to pressures consistent with
reactor operation. The reduced external pressure has no impact on the fuel rod cladding.

2.6.4 INCREASED EXTERNAL PRESSURE

An increase in external pressure of 140 kPa (20 psia) as required by 10 CFR §71.71(c)(4)
would not affect the MAP package. The breathable braided fibrous material between the Lid
and Base is not capable of sustaining pressure. Therefore, the effect of an increased
external pressure would be negligible.

The cladding has been shown to sustain pressures from 0 psig to pressures consistent with
reactor operation. The reduced external pressure has no impact on the fuel rod cladding.

2.6.5 VIBRATION

The MAP package is designed to withstand the effects of NCT and HAC, and is
consequently a robust structure. The design avoids the use of high mass-to-stiffness ratio
(i.e., low vibration frequency) components, such as cantilever beams or large, unsupported
panels. The internal strong-back supporting the payload has numerous stiffeners that brace
and control the internal configuration. The flat sheets used in the package are also
supported by the materials that they enclose, e.g., the polyurethane foam and the ceramic
fiber insulation material. In addition, due to the presence of a large number of welded and
riveted joints and interfaces, and to the damping qualities of the polyurethane foam and
insulation, the package is heavily vibrationally damped. For these reasons, any vibration
normally incident to transport will not be significant for the MAP package, and the
requirements of 10 CFR §71.71(c)(5) are satisfied.

2.6.6 WATER SPRAY

The external surfaces of the MAP package are made entirely from ASTM Type 304 stainless
steel which is not be affected by the water spray as specified in 10 CFR §71.71(c)(6). The
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joint between the Lid and Base has a small, downward facing skirt, which cannot collect
water or admit water spray into the fuel cavity. Any openings into the polyurethane foam are
closed with plastic plugs. For these reasons, the effect of water spray, per 10 CFR
§71.71(c)(6), is not of concern for the MAP package.

2.6.7 FREE DROP

10 CFR §71.71(c)(7) requires a free drop for the MAP package. Since the package gross
weight is less than 11,000 Ibs, the applicable free drop distance is 4 ft. Two NCT free drops
were performed, including a horizontal flat drop on the Lid and 10° slap-down on the Base.
These two drops are the most credible NCT drops, given the package configuration and how
it will be handled. The horizontal Lid down was conservatively performed instead of the
more credible NCT horizontal Base down drop, because the horizontal Lid down HAC drop
was to be performed for thermally limiting deformations.

The damage in each case was modest. There was no loss or dispersal of the package
contents, and no substantial reduction in the effectiveness of the packaging. The latter
result was confirmed by the successful completion of the subsequent HAC testing.
Therefore, the requirements of 10 CFR §71.71(c)(7) are satisfied. Furthermore, due to the
relatively fragile nature of the fuel assembly payload in maintaining its configuration for
operational use, any event that would come close to approximating the NCT free drop would
cause the package to be removed from service and re-examined prior to continued use.

The long version (MAP 13) was tested as the bounding version for both NCT and HAC.
Both packages are made from the same gauge steel and strength material. At the start of
testing both package versions had the same maximum gross weight (i.e.8,630 Ib.), since the
fuel shipped in the MAP 12 is expected to be slightly heavier than the fuel to be shipped in
the MAP 13. The maximum gross weight of the MAP-13 was subsequently increased by
300 pounds (3%) to bound any fabrication variances. As demonstrated in Appendix 2.12.4,
MAP-13 Gross Weight Increase Justification, this slight increase in weight has a negligible
effect on the test results presented herein.

2.6.7.1 SUMMARY OF NCT FREE DROPS

A summary of the individual NCT free drops is provided below. See Appendix 2.12.1, MAP
Shipping Package Certification Tests, for detailed information. Refer to Table 2-4 for test
nomenclature.

10° Slapdown (Test CD2, CTU1)

The NCT slap-down drop exhibited very little damage to CTU1. The end and top bottom
stiffeners of the Base sustained minor deformation as expected. Both sustained
approximately 1”7 of deformation. One ball lock pin, second up from the Base on the top end,
came out. The pin and hole exhibited no significant damage. Figures 2-2 and 2-3 show the
subsequent damage.
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Figure 2-3 — Secondary Impact Stiffener Damage
Horizontal Lid Down (Test CD4, CTU3)

The horizontal Lid down drop showed negligible damage. No ball lock pins came out and
very little deformation of the outer stiffeners was observed. Figure 2-4 shows the
subsequent damage.

Figure 2-4 — Typical Stiffener after Drop
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2.6.8 CORNER DROP

This test does not apply, since the MAP package is not made of fiberboard, and weighs
more than 220 Ibs, as specified in 10 §CFR 71.71(c)(8).

2.6.9 COMPRESSION

Since the package weighs less than 5,000 kg (11,000 pounds), as delineated in 10 CFR
71.71(c)(9), the package must be able to support five times its loaded weight without
damage. The load to be used as the test condition is the load (W,) equal to five time the
weight of this package or the load (W;) which is obtained through multiplying the package's
vertical projected area by 13 kPa or 2 psi, whichever is heavier. In the case of this package,
the equations to obtain the loads are:

W;=5xW  Where W is the weight of the heavier MAP-13 package.

W,=2psixLxB

Where:
W: Weight of package 8,930 Ib
L: Length of package 221in
B: Width of package 45in
From this:

W, =5 x 8,930 = 44,650 Ib

W, =221x45x2=19,870 Ib
Therefore, since W{>W,, the stacking load is 44,650 Ib.

The sides of the Base and Lid must withstand the 44,650 Ib and the Base outer stiffeners
must withstand the 44,650 Ib plus the package weight of 8,930 Ib (53,580 Ib).

The load is carried down through the shell via the four outer stiffeners on the Lid and Base.
Although the outer stiffeners on the Base and Lid do not line up they are adjacent to each
other and end at the structural steel members that make up the joint which easily spread the
load to the adjacent shell and outer stiffener. There is a plate welded to the closure angle on
the bottom section that is behind each stiffener to ensure that the load applied to the Lid and
closure is transferred to the shell in the area of the stiffeners. Therefore, the vertical faces of
the outer stiffeners carry the full load.

Number of Base vertical faces per package: Ns=8

1

Load per vertical stiffener: P = \13[_ P.s= 5,581 Ibs

S
S

When welded to the shell, the stiffener acts as a rectangular tube, having the

following dimensions:
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t=0.111in
a,=0.89in The Lid outer stiffener protrudes from the shell 0.89 in.
b, =8.5in

The area of the metal that can carry the load is:

A, =2-t-(a, +b,)=2.066in’

c

P
o, =——=2,701 psi
A p

ms

The compressive stress is well below the minimum yield stress of the shell and stiffener
material of 25,000 psi.

G, = 25,000 psi

(o)
MS, =—~—1=8.25
GC

The stiffener itself is stable due it being welded to the side of the container. However, the
sheet material making up the stiffener column is checked for stability under the compressive
load. The edges are conservatively assumed to be simply supported.

Using Table 35 Case 1a (Roark’s Formulas for Stress and Strain, 6 edition) a critical
buckling load is determined.

E =27.5x 10° psi
u=0.29

The longest unsupported side is 16.64 in (side of the base portion of the stiffener that is 8.5
in wide). This gives a ratio of the unloaded side to the loaded side of:

a=16.64in
b=8.5in

a/b = 1.958

By interpolation:

K=3.296

c.,.=K- (=
e=Kme )

The 8.5 inch wide plate gives the lowest critical buckling stress of:
O¢s = 16,574 psi

MS, =2 _1=5.14
(0)

Cc

Likewise checking the Base outer stiffeners:
t=0.11in Plate thickness
a=4in Plate height
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b=(44.74-2.3)=38.74 in
The loaded length is the width of the stiffener minus the radius at each end.
Number of supporting plates (Two per stiffener):
Np=8
Oappliedb = Wc/(N,tb)
Gappliedb = 1,572 psi

c
MS=—"—-1=14.90
c

appliedb

The stiffener itself is stable due it being welded to the side of the container. However, the
sheet material making up the stiffener across the bottom of the package is checked for
stability under the compressive load. The edges are conservatively assumed to be simply
supported.

Using Table 35 Case 1a (Roark’s Formulas for Stress and Strain, 6" edition) a critical
buckling load is determined.

E = 27.5 x 10° psi
u=0.29

The ratio of the unloaded side (a) to the loaded side (b) of:
a/b =0.103

By interpolation:

K=233.132

E t,
2-(3)

o

cbbottom

1-v
Ochbottom = 8,021 psi

_ Gcbbottom _1 — 410

bbottom

MS

appliedb

Therefore, the vertical faces of the outer stiffeners remain stable when the weight of five
packages is placed on the package. Thus, the requirements of 10 CFR §71.71(c)(9) relative
to the stacking test provision are satisfied.

2.6.10 PENETRATION

10 CFR §71.71(c)(10) requires that a bar of hemispherical end, weighing at least 6 kg (13.2
Ib), be dropped from a height of 1 m (40 in) onto the weakest part of the specimen. As
documented in Appendix 2.12.1, MAP Shipping Package Certification Tests, the MAP
package was not damaged by the penetration test. Therefore, the requirements of the 10
CFR §71.71(c)(10) are satisfied.
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2.7 HYPOTHETICAL ACCIDENT CONDITIONS

10 CFR §71.55 requires that packages containing fissile material be evaluated for criticality
with the inclusion of any damage resulting from the NCT tests specified in §71.71 plus the
damage from the HAC tests specified in §71.73. As demonstrated in Section 2.6, Normal
Conditions of Transport, the damage from the NCT tests was negligible, and consequently
its effects are not included in the HAC considerations below. An exception is the damage
from the NCT free drop tests, which is included as discussed in Section 2.6.7, Free Drop.

The following sections describe the response of the MAP package to the hypothetical
accident conditions. As discussed in Section 2.1.2, Design Criteria, the design criteria for
HAC are a) that the Lid remain attached to the Base, thus ensuring confinement of the
payload, b) the fuel cladding shows no visible signs of breach, thus ensuring containment is
maintained, c) that observed and measured fuel assembly and strong-back post-test
configurations are bounded by the assumptions made in the criticality analysis, and d) that
measured post-test deformations of the moderators and absorbers are bounded by the
assumptions made in the criticality analysis. Note that design criteria ¢, regarding the post-
test configurations of the fuel assembly and strong-back, may be more specifically described
as a requirement that the fuel assembly does not have any loose pellets or lattice
configuration outside the criticality limits, as discussed in Chapter 6, Criticality Evaluation.

A total of three, full-scale, prototypic test units (CTU1, CTU2, and CTU3) were used in
certification testing. The tests applied to CTU2 were focused on achieving the greatest
degree of lattice expansion (via axial buckling) of the fuel assembly. The tests applied to
CTU1 were focused on achieving separation of the Lid from the Base, either at the end
impact limiter or along the closure joint. The tests applied to CTU3 were focused on
thermally compromising damage in view of the subsequent fire test. For this reason, only
CTUS3 was burned. Each test unit included a full complement of payload including: one fuel
assembly with lead and tungsten carbide pellets, and one ballast assembly.

More detail concerning the configuration and placement of the payload is available in
Appendix 2.12.1, MAP Shipping Package Cetrtification Tests.

Prior to performing the HAC, 30 ft free drop tests, the CTUs were thermally conditioned to a
temperature of 120 °F. The foam temperatures recorded just prior to the tests ranged
between 100 °F and 120 °F. CTU1 and CTU3 were tested at warm temperature in order to
obtain maximum deformations. Warm temperature is also bounding for CTU2, which is
focused on maximum impact. This is because the polyurethane foam in the end impact
limiter approaches compression to a “solid” before all of the drop energy is absorbed, which
allows the last stage of the impact to be uncushioned. This is a more severe case than cold
foam which, due to greater strength, does not become “solid”.

A summary and discussion of the certification tests is provided in Sections 2.7.1 through
2.7.8. The tests performed, and their sequence, are summarized in Table 2-3 and depicted
in Figure 2-30 through Figure 2-32.

2.71 FREE DROP

10 CFR §71.73(c)(1) requires the drop of the package onto an essentially unyielding surface
from a height of 9 m (30 ft) in the orientation for which maximum damage is expected. As
discussed in Section 2.6.7, Free Drop, certain HAC free drops from a height of 30 ft were
receded by a NCT free drop from a height of 4 ft in the same orientation.

2.7.1.1 END DROP - JUSTIFICATION OF DROP ANGLE

The MAP Package is slightly different, internally, from the top end to the bottom end. The
top has an aluminum restraint bar for applying a slight axial preload to the fuel assemblies.
The preload helps minimize movement of the fuel assemblies inside the package during
transport. The end impact limiters are the same. Both have the same shape, volume, and
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density of polyurethane foam. The stainless steel shells are also of similar construction.
Therefore, the impact force between the top and bottom end drops should be virtually the
same with regard to the package. The fuel assemblies, however, are bounded by a bottom
drop. Each fuel rod has an internal spring assembly in the top to permit thermal growth of
the pellets. During an impact, these spring assemblies act as an energy absorber for the
fuel pellets, which make up most of the weight of the fuel. Also, the top fuel assembly hold
down spring further cushions the top. A bottom down drop excludes the rod spring
assemblies from absorbing any of the impact energy; therefore the bottom down drop is
bounding.

2.7.1.2 SIDE DROP - JUSTIFICATION OF DROP ANGLE

When the package is horizontal, there are five unique impacts that can occur. The Lid and
Base impact response is slightly different due to the thinner foam layer in the Lid. For the
side drop, the package response is the same for both sides. The side and Base down
horizontal impact are bounded by the Lid down impact, as discussed below. The other two
impacts involve the package edge, which is comprised of the edge between the side and Lid,
and the edge between the side and Base. Neither of the edge impacts are a concern, due to
the significant amount of rib and foam stroke to absorb the impact energy.

The side down drop has the least amount of foam volume to absorb the impact energy,
which could lead to the most amount of crush, potentially impacting the thermal protection of
the package. However, the side down drop crush involves deforming robust angles
compromising the closure system. Additionally, the surface area of the moderator facing the
side is much less than the amount facing the Lid. Therefore, significantly less heat could be
input to the moderator through the side than the Lid.

Thus, the Lid down drop is more severe than the Base down drop and side down drop
regarding maximum damage to make the moderator most vulnerable to the fire test.
Therefore, only the Lid down drop was performed out. The Lid down drop was performed in
both NCT and HAC drops.

The most credible NCT drop is with the Base down. However, no Base down drops are
performed as they are bounded by the Lid down drops. The Lid down NCT bounds the Base
down NCT. The Lid down combination of NCT and HAC also functions to consider the worst
case cumulative damage with respect to the foam protecting the most vulnerable moderator
from melting in a subsequent thermal test.

2.7.1.3 CORNER DROP - JUSTIFICATION OF DROP ANGLE

The near vertical, c.g. over edge, and c.g. over corner ends are not of concern because of
the length of the package. A package having a perspective length much greater than its
width and height makes the angle so small for these drops that they are basically equivalent
to the vertical end drop. Therefore, the vertical end drop is bounding for impact force.

2.7.1.4 OBLIQUE DROPS — JUSTIFICATION OF DROP ANGLE

If the end impact limiter were to shear or tear off during a shallow slap-down, the package
would become more vulnerable to the subsequent thermal test. An angle equal to or less
than 20° will contact the shell of the package before impacting the impact limiter. Thus, a
30° drop orientation is used to maximize damage to the interface between the impact limiter
and the Base. To maximize the vulnerability of the end impact limiter during the 30° slap-
down HAC test, a 10° slap-down NCT test will be initially performed. The shallower NCT
slap-down will challenge the outer stiffener and base-plate interlocking L-channels, making
the HAC test more difficult for the end impact limiter.

Additionally, the end impact limiter joint is most vulnerable when the Base is facing down;
neither the Lid down nor side are as susceptible to damage. The reason for the Base being
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most vulnerable reflects on the orientation of interlocking L-channels between the end
impact limiters and Base (see Figure 1-7). The impact force perpendicular to the Base
(largest at shallow slap-down angle) drives the L-channels apart when the Base is down (the
impact side). These interlocking L-channels are driven together if the top or sides are down
(the impact side).

A concern for the end drop slap-down is the global bending of the package. The bending
moment generated during the slap-down is transmitted thru the package. A shear load is
also transmitted thru the package, and of particular interest is the connection between the
Lid and Base. Numerous ball lock pins serve as shear connections between the Lid and
Base. These ball lock pins and associated receptacle channels must withstand the bending
and subsequent shear load from the slap-down. If the joint between the Lid and Base is
opened at any location along the package length, then the thermal protection capabilities
could be compromised.

2.7.1.5 SUMMARY OF THE HAC FREE DROP RESULTS

The following paragraphs summarize damage to the outside of the CTUs. Internal damage
is discussed in Section 2.7.8, Summary of Damage. For detailed test result information see
Appendix 2.12.1, MAP Shipping Package Cetrtification Tests.

End Drop (Test CD1, CTU2)

The end drop showed expected deformation of the forward (bottom) impact limiter. The
package, CTU2, landed completely vertical and actually remained standing on the impact
limiter after the drop. The impact limiter deformed approximately 6”, as measured axially
from the outside of the package, see Figures 2-5 and 2-6. No tears were observed in the
outer shell.

Figure 2-5 — Front View of Impact Limiter Damage
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Figure 2-6 — Side View of Impact Limiter Damage
30°Slapdown (Test CD3, CTU1)

The HAC slap-down showed various types of damage to the external components of the
package. The outer stiffeners were deformed as follows from the forward (bottom) end to
the aft (top) end of the Lid: 27, 07, 1.5”, and 4”. The outer shell of the package sustained a
global bend or curve from the slap-down, along with rippling on the sides and Base, see
Figures 2-7 through 2-9. The ball lock pins at the primary impact end were sheared on both
sides of the package. The sheared ball lock pins include the three vertical pins (per side)
supplementing the impact limiter attachment and first two horizontal ball lock pins (per side)
up to the first outer stiffener, see Figure 2-8. Although sheared, two pins on each side of the
impact limiter prevent removal of the Lid. The Lid and Base remained securely connected.
No tears were observed in the outer shell.

Figure 2-7 — Global Package Damage after Test CD3
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Figure 2-9 — Secondary Impact End Damage
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Horizontal Lid Down (Test CD5, CTU3)

The HAC horizontal lid down drop caused significant deformation of the outer lid stiffeners.

All four outer lid spacers were completely flattened, a total of 4”.

The stiffeners showed

buckling and tearing in various locations, see Figure 2-10 through 2-12. There was no
tearing of the outer shell. On the inboard stiffeners at the locations of the lid only lift doubler
plates, there was deformation of the shell inward approximately 2”, see Figure 2-13. There
was no other significant deformation of the package exterior.

Figure 2-12 — Bottom End Stiffener Damage
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Figure 2-13 — Shell Deformation at Lid Lifting Locations

2.7.2 CRUSH

Per 10 CFR §71.73(c)(2), because the MAP package maximum weight of 8,930 Ibs
(4,050 kg) is greater than 1,100 Ibs (500 kg) and because its density of 68 Ibs/ft®
(1,089 kg/m®) is greater than 62.4 Ibs/ft* (1,000 kg/m?®), this test does not apply.

2.7.3 PUNCTURE

10 CFR §71.73(c)(3) requires the drop of the package onto a 15 cm (6-inch) diameter steel
bar from a height of 1 m (40 inches). The primary focus of the puncture drops is to try and
create damage that will be thermally compromising during the subsequent fire test. The
package must be able to thermally protect the moderator from melting during the fire test,
after sustaining worst case free and puncture drop damage. The worst case puncture drops
cause maximum local deformation, attempt to shear or tear the outer shell, or penetrate the
Base-Lid closure.

2.7.3.1 PUNCTURE - JUSTIFICATION OF DROP ANGLE

The most potentially damaging puncture drop is oblique on the lid through the c.g. An initial
impact to the side slightly offset from the center of the package (4.2 inches) aligns the lid
surface with the edge of the puncture through the c.g. at an angle of 20° from horizontal (70°
from vertical).

The lid is potentially more vulnerable to thermal consequences from the puncture drops than
the Base. The moderator in the lid is directly backed by the foam, however the moderator in
the Base has an air gap and additional stainless steel sheet between it and the foam (see
Figure 1-3). Therefore, puncture damage to the Lid would be more likely to lead to the
moderator melting in the fire test than would puncture damage to the Base. Additionally, the
oblique Lid down puncture is the most likely puncture to challenge the package locally, to the
extent of possibly damaging the fuel cladding. This orientation offers the least protection at
the most opportune location to affect the fuel assembily.

No puncture drop will be performed to attack the damaged end impact limiter. The purpose
of this puncture would be to maximize the cumulative damage to the end impact limiter and
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end plate of the package. However, the primary objective of the vertical end drop is to check
for axial fuel buckling. This puncture drop after the HAC end drop is unlikely to produce
additional damage with respect to axial fuel buckling. Additionally, no puncture drop will be
performed to attempt to rip off the end impact limiter. Orientations necessary to rip off the
end impact limiter are away from the package c.g., and are more likely to produce rotation of
the package rather than significant puncture damage.

Finally, one puncture drop was performed to attack the closure joint. This drop was through
the package c.g. with the exact orientation chosen based on the free drop damage to the
joint. The purpose was to create the largest possible opening of the closure joint.

2.7.3.2 SUMMARY OF THE PUNCTURE DROP RESULTS

The following paragraphs summarize damage to the outside of the CTUs. Internal damage
is discussed in Section 2.7.8, Summary of Damage. For detailed test result information see
Appendix 2.12.1, MAP Shipping Package Cetrtification Tests.

Oblique CG Over Lid (Test CP1, CTU1)

The oblique puncture on CTU1 went through the outer shell into the Lid foam, see Figures
2-14 and 2-15. The puncture was through the package c.g. at an angle of 20° to horizontal,
about the package axis, Figure 2-31. The puncture was 6” in diameter, consistent with the
puncture bar. The puncture depth was 7” measured from the flat surface of the Lid. The
puncture slightly exposed some of the moderator. As a result of this puncture, 12 gauge
plates were welded to CTU3 to “double” the thickness of the outer shell. These double
plates were tested in the same orientation in puncture drop test CP3 on CTU3.

R T——
——

Figure 2-14 — Puncture Damage for Test CP1
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Figure 2-15 — Close-up of Puncture Damage for Test CP1

CG Over Side Closure Joint (Test CP2, CTU1)

The c.g. over side closure joint puncture was performed on CTU1 after the first oblique

puncture on the Lid (CP1).

The side was punctured just below the closure seam on the

package Base, see Figure 2-16 through 2-17. The puncture was 6” diameter over 180
degrees with tears extending outward on both sides of the 180 degrees. The puncture depth
measured from the flat surfaces was 3.5”. Very little polyurethane foam was exposed, as the
ceramic fiber paper remained intact.
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Figure 2-16 — Puncture Damage for Test CP2

Figure 2-17 — Close-up of Puncture Damage for Test CP2

Oblique CG Over Lid (Test CP3, CTU3)

The second oblique c.g. over Lid puncture was performed with additional coverplates welded
to the center sections of the Lid and Base of CTU3. The additional coverplates were stitch
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welded to the outer shell, and are the same thickness as the outer shell. The cover plates
are part of the design as represented in Appendix 1.3.1, Package Drawings. The Lid shell
and coverplate were punctured, but to a lesser extent than the first Lid puncture on CTU1,
see Figure 2-18 and 2-19. The puncture depth measured from the flat surfaces was 3.5".

Figure 2-18 — Puncture Damage for Test CP3

Figure 2-19 — Close-up of Puncture Damage for Test CP3

2.74 SUMMARY OF INTERNAL DAMAGE RESULTS

The following paragraphs summarize damage to the package internals and payload. For
detailed test result information see Appendix 2.12.1, MAP Shipping Package Certification
Tests.

CTU1 Internal Damage

CTU1 was tested in the 10° NCT slap-down, 30° HAC slap-down, oblique c.g. over Lid
puncture drop, and c.g. over side closure joint puncture drop. The cumulative internal
damage from these tests was minor and acceptable. A door assembly closest to the bottom
end on the fuel assembly latch side broke 21 out of 132 hinge rivets, see Figure 2-20. The
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doors were intact. On the opposite ballast door, the latch receptacle closest to the forward
(bottom) end was fractured, see Figure 2-21.

A few of the center latch bars showed bending; however none exceeded their ultimate
capacity. Numerous rivets attaching the inner Base weldment to the outer Base channels
with the fiberglass thermal break in the Base assembly were sheared, see Figure 2-22. The
sheared rivets were located on both sides from the approximate package center to the top
end. No internal damage was observed on the Lid. Slight bowing of the fuel assembly was
observed but no visible rod cladding breach was evident.

Figure 2-21 — Primary Impact End, Broken Latch Receptacle and Bent Center
Latch Bar
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Figure 2-22 — Sheared Base Assembly Rivets

CTU2 Internal Damage

CTU2 was used to evaluate the package and fuel assembly performance for the HAC end
drop. Virtually no internal damage was sustained by the package during the end drop.
Minor bowing of the forward (bottom) end plate occurred, but was less than 2" and did not
impede removal of the Lid, see Figure 2-23 through 2-25. There was no physical damage to
the fuel assembly as observed in Figure 2-25.

The ballast did show buckling of the threaded rods in the bottom segment, see Figure 2-26.
The bucking of the threaded ballast rods was contained by the door assembly. The hinge
between the doors did have damage to three hinge knuckles from buckling of the ballast
threaded rods, see Figure 2-24. The ballast threaded rods buckled do to their separation
from the door assembly, since their movement was not restricted by the doors prior to the
on-set of plastic deformation.

Most importantly, no damage occurred to the fuel assembly.
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Figure 2-24 — Impact End, Ballast Door Assembly, Damaged Hinge Knuckles
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Figure 2-25 — Impact End, Bottom Fuel Segment
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Figure 2-26 — Impact End, Bottom Ballast Segment
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CTU3 Internal Damage

CTUS3 was tested in the NCT and HAC Lid down horizontal drops, oblique c.g. over Lid with
doubler plate puncture drop, and fire test. No significant internal damage occurred. Minor
discoloration occurred from smoke and residue in the fire test (Figures 2-27 and 2-28), which
has no bearing on the design criteria. The plastic bag on the fuel assembly and paper
identification tag both survived the fire test (Figure 2-29), demonstrating the package’s
significant thermal protection capabilities.

Figure 2-27 — Post Testing, Base Internal View
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Figure 2-29 — Fuel Assembly with Bag and Tag Intact after Fire Test
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2.7.5 THERMAL

10 CFR §71.73(c)(4) requires the thermal testing of the MAP packaging by exposing it to a
hypothetical fire event. To demonstrate the thermal performance of the MAP packaging
under accident condition, the full scale CTU3 was physically tested by exposing it to a fully
engulfing hydrocarbon fuel fire. As discussed previously, the mechanical testing performed
on CTUS3 prior to the fire test resulted in the greatest thermally compromising deformation
damage when compared with that sustained by CTU1 and CTU2. It was on that basis that
CTUS3 was selected for thermal testing under the hypothetical fire conditions. Discussion
and results of the fire test are presented in Section 3.4, Thermal Evaluation for Hypothetical
Accident Conditions. Further details of the fire testing can be found in Appendix 2.12.1,
MAP Shipping Package Certification Tests.

2.7.5.1 SUMMARY OF PRESSURES AND TEMPERATURES

10 CFR §71.73(c)(4) requires the thermal testing of the MAP packaging by exposing it to a
hypothetical fire event. To demonstrate the thermal performance of the MAP packaging
under accident condition, the full scale CTU3 was physically tested by exposing it to a fully
engulfing hydrocarbon fuel fire. As discussed above, the mechanical testing performed on
CTUS3 prior to the fire test resulted in the greatest thermally compromising deformation
damage when compared with that sustained by CTU1 and CTU2. It was on that basis that
CTU3 was selected for thermal testing under the hypothetical fire conditions. Discussion
and results of the fire test are presented in Section 3.4, Thermal Evaluation for Hypothetical
Accident Conditions. Further details of the fire testing can be found in Appendix 2.12.1,
MAP Shipping Package Certification Tests.

2.7.5.2 DIFFERENTIAL THERMAL EXPANSION

The fire test of the full scale CTU3 demonstrated that the effects associated with differential
thermal expansion of the various packaging components is negligible.

2.7.5.3 STRESS CALCULATIONS

Because the MAP package is evaluated by fire test, package stresses are not explicitly
evaluated.

2.7.5.4 COMPARISON WITH ALLOWABLE STRESSES

Since thermal stresses were not specifically evaluated, no comparison with allowable
stresses can be made. However, as evidenced by the structural integrity of the package and
absence of moderator melting, overall internal temperature remaining below approximately
480 °F, and no loss or dispersal of the contents, the HAC thermal event is not of concern for
the MAP package.

2.7.6 IMMERSION - FISSILE MATERIAL

10 CFR §71.73(c)(5) requires performance of the immersion test for packages containing
fissile material. The criticality evaluation presented in Chapter 6.0, Criticality Evaluation,
assumes optimum hydrogenous moderation of single MAP packages and arrays of
packages, thereby conservatively addressing the effects and consequences of water in-
leakage.

2.7.7 IMMERSION - ALL PACKAGES

10 CFR §71.73(c)(6) requires performance of the immersion test only if it is more limiting
than the series of mechanical and thermal tests considered so far.

The immersion test is defined to be equivalent to a uniform external pressure of 150 kPa, or
21.7 psig. The breathable braided fibrous material between the Lid and Base does not form

Framatome - Fuel
This document is subject to the restrictions set forth on the first or title page




N> FS1-0038397 Rev. 3.0
MAP PWR Fuel Shipping Package —

Handiing: Page USA/9319/B(U)F-96 framatome

None 73/389

a leak tight seal. Also, the stainless steel outer shell of the package coupled with the inner
structure is not susceptible to compression at the prescribed external pressure.

The cladding and fuel assembly structure has been shown to sustain pressures consistent
with reactor operation. The reduced external pressure would have no impact on the fuel rod
cladding or the fuel assembly structure.

Immersion testing is not required since the mechanical and thermal tests are more limiting.

2.7.8 DEEP WATER IMMERSION TEST
The MAP package does not contain more than 10° A, hence, this requirement does not
apply.

2.7.9 SUMMARY OF DAMAGE

The discussions of Sections 2.7.1, Free Drop, through 2.7.7, Immersion — All Packages,
demonstrate that the MAP package prevents loss or dispersal of the payload when
subjected to all applicable hypothetical accident tests. The testing performed on CTU1,
CTU2, and CTU3 consisted of NCT 4 ft free drops, HAC 30 ft free drops, and/or puncture
drop tests. Since the orientation and magnitude of damage to CTU3 was more severe with
regard to thermal protection of the moderator than that resulting from CTU1 and CTUZ2,
CTUS3 was subjected to the HAC thermal test.

The results of free drop and puncture drop tests, as noted external to the package, are
recorded in Section 2.7.1.5, Summary of the HAC Free Drop Results, and Section 2.7.3.2,
Summary of the Puncture Drop Results, respectively. The oblique c.g. over Lid punctures
inflicted significant damage to the outer shell and was a primary factor in selection of CTU3
for the thermal test.

None of the damages inflicted as a result of the testing posed any serious challenge to the
package closure integrity.

These demonstrations, in conjunction with the criticality evaluation in Chapter 6, Criticality
Evaluation, and containment discussion in Chapter 4, Containment, show that the MAP
package meets the design criteria specified in Section 2.1.2, Design Criteria. Thus, the MAP
package meets the requirements of 10 CFR 71.
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Table 2-3 — MAP Package Certification Drop Test Series
Test No. | Test Type Orientation Purpose
CTU1 (Figure 2-31)
Perform prior to HAC test, for cumulative
10° Slapdown on damage. Shallower angle than HAC drop
CcD2 Free Drop, NCT P impacts outer stiffener and baseplate to
forward end of base. ; . .
weaken interlocking channels connecting
end impact limiter.
30° Slapdown on Attempt to remove end impact limiter and
CD3 Free Drop, HAC P open closure seam due to maximum
forward end of base. .
global bending.
20° Oblique
CP1 Puncture Drop puncture on lid thru CheCk. punctpre of shell and to cause
c.g potential maximum local damage.
CP2 Puncture Drop Puncture on side | Attack closure and attempt to create a

closure joint thru c.g.

flame path into package.

CTU2 (Figure 2-30)

(bottom) end drop.

Penetration Penetration bar drop ) . . .
P1 Test, NCT on lid. Confirm penetration requirement is met.
CD1 Free Drop, HAC Vertical forward | Assess maximum impact and orientation

for potential fuel buckling.

CTU3 (Figure 2-32)

Horizontal lid down

Perform prior to HAC test, for any

Ch4 Free Drop, NCT drop. cumulative damage.
cD5 Free Drop, HAC Horizontal lid down | Attempt maximum crush along package
drop. length.
Check puncture of shell and to cause
20° Oblique | potential maximum local damage. Same
CP3 Puncture Drop puncture on lid thru | as CP1 on CTU 1, but CTU 3 was
c.g. modified with center cover plates due to
results of CP1.
Burn unit on any face, in the orientation
that is most vulnerable. If applicable,
place such that any sequential gaps,
RF1 Fire Test worst punctures, or tears are allowed to function

as “chimneys” thru the package. This
allows hot flames/gases to take advantage
of natural convection, which optimizes the
potential thermal damage.
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Figure 2-30 — Certification Tests on CTU2
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Figure 2-32 — Certification Tests on CTU3

2.8 ACCIDENT CONDITIONS FOR AIR TRANSPORT OF PLUTONIUM

The MAP package is not transported by air; hence, this section does not apply.
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2.9 ACCIDENT CONDITIONS FOR AIR TRANSPORT OF FISSILE MATERIAL
PACKAGES

The MAP package is not transported by air; hence, this section does not apply.

210 SPECIAL FORM

Since special form is not claimed for the MAP package or fuel, this section does not apply.

2.11 FUEL RODS

In each event evaluated either by analysis or by test, the fuel rods were protected by the
MAP package so that they sustained no significant damage. Fuel rod cladding is considered
to provide containment of radioactive material under both normal and accident test
conditions. Discussion of this cladding and its ability to maintain sufficient mechanical
integrity to provide such containment is described in Section 2.12.1 “MAP Shipping Package
Certification Tests” and Section 4.0 “Containment”.

Fuel rods with a chromium coating along the length of the cladding are evaluated in
Framatome document FS1-0040260° (included in Section 2.12.2) and shown that the
structural safety analysis for the MAP packages are unaffected for the chromium coating
features. The nominal thickness of the coating is 15 um which is applied to the standard
zirconium alloy rod. Elementary data regarding the physical and mechanical properties of
the chromium coated M5 cladding are summarized in Table 2-4 which show similar or
improved mechanical and strength behavior compared to uncoated M5. FS1-0040260
(Section 2.12.2) also presents the strength and toughness evaluation of the Cr-coated
cladding, which further demonstrates the similar behaviors of coated and uncoated M5
cladding. Therefore, the chromium coating poses no less structural integrity of the cladding
radionuclide boundary as evaluated and tested.

Table 2-4 — Comparison of Coated vs. Uncoated Cladding

Parameter Cr-Coated M5 Cladding
VS. M5 Cladding
Coating Thickness 15 pm nom. 20 wm max.
Chromium Composition 99.5% Pure
Coated Clad Equivalent Density <0.2% Increase
Thermal Resistance <0.5% increase
Specific Heat Capacity <1% increase
Phase Transformation a to 3 No change
Young’s Modulus <5% increase
Poisson’s Ratio 0.6% increase
Thermal Creep Within the range for M5
0.2% Yield Strength Within the range for M5
Yield Strength Burst Test Within the range for M5
Ultimate Tensile Strength Within the range for M5
Ultimate Strength Bust Test In the upper limit for M5

8 FS1-0040260, Rev. 1.0, Mechanical Inputs to Licensing for ATF Fuel Shipments in MAP Series Containers,
2018, Framatome Inc., Richland, WA.
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2.12.1 MAP SHIPPING PACKAGE CERTIFICATION TESTS
2.12.1.1 INTRODUCTION

A total of eight (8) tests as discussed in this Section were conducted at the National
Transportation Research Center in Oak Ridge, Tennessee, on February 12, 2007. A single
thermal test as discussed in this section was further conducted at the Carolina Fire Academy
in Columbia, South Carolina, on February 15, 2007. Additional testing and inspections were
conducted at the AREVA NP Inc., Mount Athos Road Facility in Lynchburg, Virginia, on
February 19 and 20, 2007.

e Three (3) MAP shipping packages were subjected to the following on February 12,
2007.

o Five (5) free drop tests, two (2) NCT and three (3) HAC.
o Three (3) puncture tests.

¢ One (1) MAP shipping package was subject to the following on February 15, 2007.
o One (1) HAC thermal test.

¢ One (1) MAP shipping package was subject to the following on February 19, 2007.
o One (1) penetration rod test.

2.12.1.2 PRE-TEST MEASUREMENTS AND INSPECTIONS

Detailed fabrication travelers documented the configuration of three (3) prototype MAP-13
units. These packages were verified and further identified as Certification Test Units (CTU)
1,2, and 3.

2.12.1.21TEST DISTRIBUTION

Table 2.12.1-1 shows the various tests completed for each CTU.

Table 2.12.1-1 — MAP-13 CTU Certification Tests

CTU # Penetration Puncture 4’ NCT 30’ HAC
1) 20° Oblique
puncture through
1 n/a CG on lid 100 slap-down on | 300 slap-down on
2) CG over base | base base
side closure joint
puncture
2 Lid impact n/a n/a Vertical bottom
end
o .
20 oblique | i ontal  lid | Horizontal  lid
3 n/a puncture through
) down down
CGonlid

2.12.1.2.2WEIGHT DISTRIBUTION
Each package weight was measured and recorded as shown in Table 2.12.1-2.
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Table 2.12.1-2 — CTU Weight Characterization

cros | ooty | Funasemy | Mg | Groes ackage
’ ’ Internal/External, 1b ’

1 5,078 3,400 132/20 8,630

2 5,079 3,400 131/20 8,630

3 5,077 3,400 133/20 8,630

(1) The doubler plates installed on both the lid and base increased the empty weight by 150 Ib. This
is discussed further in Sections 2.12.1.4.2 and 2.12.1.4.3 for the 20° oblique puncture bar tests of
CTU 1 and CTU 3, respectively.

2.12.1.2.3PUNCTURE BAR MEASUREMENTS

Puncture bar size and weight: Steel cylindrical bar measured at 6” diameter x 36” tall with a
radius of curvature of the bar of less than ¥2”. The bar had a square mounting base which
was bolted to the drop pad.

2.12.1.2.4PENETRATION ROD MEASUREMENTS

Penetration rod size and weight: Steel cylindrical rod measured at 1.25” diameter x 39” long
with one end being hemispherical. The rod weight was measured at 13.55 Ib.

2.12.1.2.5TEST PAD CHARACTERIZATION

The larger (exterior) drop pad (target) at the National Transportation Research Center
(NTRC), Packaging Research Facility (PRF), has been demonstrated to meet the regulatory
definition of a flat, essentially unyielding, horizontal surface for packages weighting up to
28,184 Ib (12,811 kg) as certified in Oak Ridge National Laboratory Report ORNL/NTRC-
001. Several packages exceeding the tested weight of the MAP-13 package have been
previously tested at the NTRC.

2.12.1.3 SUMMARY OF TESTS AND RESULTS

2.12.1.3.1INITIAL CONDITIONS

Each CTU was dimensionally inspected to the fabrication drawings. The fabrication records
were also reviewed prior to accepting each package for testing.

The CTUs were heated in the large bay at the NTRC. CTUs 1 and 3 were wrapped with two
(2) 1,500 watt heat strips and insulated with 6” of insulation. CTU 2 was also wrapped with
two (2) 1,500 watt heat strips, only the bottom half, since this package was used in the end
drop.

CTU 3 was reinsulated for transport to the Carolina Fire Academy and further heated prior to
the burn test.

CTUs were heated for at least 48 hours prior to testing to maintain a package temperature of
near 100 °F. The foam temperature in the area of the impending impact region was
measured and recorded immediately prior to the corresponding test. Figure 2-33 shows the
packages being heated at the NTRC.
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Figure 2-33 - View showing CTU 3 (left) and CTU 2 (right) during heating

2.12.1.3.2TEST DESCRIPTION AND RESULTS

Table 2.12.1-3 includes a summary description and results of the tests conducted for each
CTU. The tests are listed in the sequence performed. Based on the worst damage received
and the potential to challenge the moderator in the thermal test, CTU 3 was designated,
packaged, and shipped for further testing to the Carolina Fire Academy.

Table 2.12.1-3 — Summary of Drop Tests and Results

Test

Designation/Description Test Results

CTU No. Drop Height

2 40 in Penetration test on lid Slight indentation

Package end impact limiter crush from
14.25” to ~8.37”. Total crush of 5.88".
No physical damage to other portions of
the package. No loose or damaged
closure pins

HAC vertical free drop on

2 30 ft end

Minor compression to top/bottom
stiffeners in impact region of base.
Single closure pin (ballast side, second
from top) fell out after impact

1 4 ft 10° slap-down on base

Top two stiffeners crushed flat.
Shoulders sheared off on five bottom
closure pins on ballast side with four
being sheared off on fuel assembly side.
Two pins on opposite sides restrict
further removal of lid. Bottom impact
limiter movement upward ~1" with the
edge of the braided fibrous sleeving
1 30 ft 30° slap-down on base | visible. Closure along inner rail
maintained with no direct path for flame
entry. Bottom impact limiter gap
between bottom plate of base increased
from ~5/8” to ~1.38” on bottom edge but
remained at ~5/8” at top. Closure
angles remained intact with no direct
path for flame entry. Top impact limiter
gap remained at 5/8”.

Minor compression to top/bottom

3 41t Horizontal lid down stiffeners in impact region of lid.
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Test

CTU No. Drop Height Test Results

Designation/Description

Outer (inboard) stiffeners were torn from

package side. Outer (outboard)
stiffeners were crushed. Lid deformed
3 30 ft Horizontal lid down 2" along stiffeners. Lid deformed

further in lifting area ~ 1.5”. Six closure
pins sheared but their bases remained
in place.

20° Oblique puncture Maximum puncture depth of 77 with

1 40 in through CG on lid modgratqr hoId_ down strap visible.
Longitudinal tearing of shell.
1 40'in CG over base side Maximum puncture depth of 3 %"

closure joint puncture Minor longitudinal tearing of shell.

A double plate was added to the lid and base of CTU 3 and the oblique puncture
repeated. This added 150 Ib to the existing package weight of 8,630 Ib.

Maximum puncture depth of
3.5”. No longitudinal tearing
of shell.

20° Oblique puncture through CG

3 401n on lid

Closure pins were easily removed to facilitate internal inspections. The fuel assembly
remained in very good condition with no rod movement or lattice expansion. The fuel
assembly bottom end fitting bowed at its edge mid-span on all four sides by less than
1/16”. There was no impact between the end fitting and pedestal gage used to monitor
movement of the bottom end fitting. There were no bent rods, no visible rod cladding
cracks and therefore no loose pellets. There was also no fuel assembly lattice
expansion. The neoprene on the doors and strong-back was not damaged. The
bottom span of the ballast collapsed which caused the support rods to expand beyond
its fabricated envelope and impact and break two sections along the hinge of the
bottom door.

A single closure pin fell out during the normal testing. Nine closure pins had sheared
shoulders as a result of the 30 ft drop. A tenth pin which was likely to have also
sheared fell off during the puncture testing. Three closure pins were drilled out to
permit lid removal. The lid was easily removed once two additional pins in the bottom
section were further sheared during lid removal. The shoulders on these two pins were
sheared off during the 30 ft test. The fuel assembly experienced lattice compression of
~0.4” at the mid-span with no compression or expansion at the assembly ends. Two
grid sections at the assembly mid-span broke allowing one rod to move freely. Rod
ends were randomly gapped from the bottom end fitting due to the slap down effect. A
similar effect was observed at the top end fitting. There was no fuel assembly bottom
end fitting bowing. There was no impact between the end fitting and pedestal gage
used to monitor movement of the bottom end fitting. There were no bent rods, no
visible rod cladding cracks and therefore no loose pellets. The neoprene on the doors
and strong-back was not damaged. There were broken rivets on both the ballast and
fuel assembly side along the fiberglass thermal barrier of the base. The ballast side
was more severe than the fuel assembly side since the ballast was more rigid. There
was a gap at the top portion of the fiberglass thermal barrier on the ballast side but
multiple remaining rivets kept the bottom portion of the fiberglass and unit intact. The
puncture depth on the package lid was excessive while the puncture depth on the
package closure was limited. Due to more severe foam compression experienced with
CTU 3 in the 30 ft drop test, the oblique puncture was repeated with CTU 3 however
doubler plates were installed in the lid and base to limit the migration of the pin into the
package. The penetration of the bar within CTU 1 would have been similar to CTU 3 as
discussed below had the double plates been installed prior to testing of CTU 1.
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CTU No. Drop Height Test Results

Designation/Description

The outer (inboard) stiffeners were torn in local regions from the package side. The
outer (outboard) stiffeners were crushed contiguous to the lid shell. The lid deformed
2" along the stiffeners. The lid further deformed in the lifting areas of the inboard
stiffeners by ~ 1.5”. Due to more severe foam compression with CTU 3 experienced in
the 30 ft drop test, the oblique puncture was repeated with CTU 3 however doubler
plates were installed in the lid and base to limit the migration of the pin into the
package. The penetration of the bar within CTU 3 was still more severe than the
impact along the package closure of CTU 1. CTU 3 was selected for the thermal test
due to the more severe package crush and greater potential to challenge the
moderator. The level of penetration of the bar within the lid of CTU 1 would have been
reduced similar to that observed with CTU 3 had the doubler plates also been installed
on CTU 1 prior to the test.

As noted, six closure pins were removed prior to the burn test. The package was
subjected to at least an 800 °C fire for at least 38 minutes. The package was further
subjected to fire for 6-7 minutes as the remaining fuel burned. Off gas from the
package continued to burn for approximately 1 hour. On cooling, foam char was
observed in the blowout plugs and also surrounding the puncture. Ten closure pins
3 were drilled out to permit lid removal that were most likely stuck due to thermal
expansion of the package. The lid was easily removed. The fuel assembly
experienced lattice compression of ~0.2” along the entire length. There was no lattice
expansion. There was no impact between the end fitting and pedestal gage used to
monitor movement of the bottom end fitting. There were no bent rods, no visible rod
cladding cracks and therefore no loose pellets. The neoprene on the doors and strong-
back was not damaged.

Further disassembly of the lid and base was permitted using grinding wheels however
some cutting torches were also used. The ceramic fiber paper was charred but
remained in-place within the lid and base. The foam regions consisted primarily of
foam char with some portions being unburnt. There was no melting of the moderator in
the base of the package however some moderator melted in the local vicinity of the
puncture. Moderator melting was observed in the peaks of two moderator blocks
closest to the exterior of the package. The moderator in the lid was inspected with the
worst case melted portion, based on visual examination, removed for further
examination. Based on a mass comparison two moderator blocks that had melted the
most, actually melting together, experienced a 7.2% weight loss. No other weight
losses were measured.

Notes:

All NCT free drops are from 4 ft, HAC drops are from 30 ft, and all puncture drops are from 40 in.
Distance is measured by the closest package point to the impact surface or object.

Packages subject to all NCT, HAC and Thermal testing were heated to approximately 100 °F prior to
test, however due to unpredictable/uncontrolled ambient thermal gradient (convection and radiation
effect) the package surface temperature varied somewhat. The high temperature was held for a
minimum of 30 minutes with package being reinsulated between testing and prior to conduct of the
thermal test.
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2.12.1.4 CERTIFICATION TESTS

2.121.41CTU 2

21214141 30 FT HAC VERTICAL BOTTOM END DROP

212.1.4.1.2 PRE TEST

e Ambient temperature:

e CTU foam temperature:

e Time:

e Drop Height:

48 — 51 °F
105 °F
1115 hours, 02/12/2007

30 ft

The package was rigged, stabilized and lifted 30 ft by crane over the pad, Figure 2-35.
The vertical package with bottom end down was dropped accurately on the steel pad.

o
==
-

Figure 2-34 - CTU2 prior to drop

2121413 POST TEST

There was minor damage to the bottom end impact limiter as shown in Figure 2-35. Note
that the package came to rest firmly on the test pad.

Figure 2-35 - CTU2 immediately after drop
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2121414 CTU 2 POST TEST INSPECTION

There was no lattice expansion within the fuel assembly or yielding of the bottom end fitting
as shown in Figures 2-36 and 2-37. Based on observation and physical measurements,
there was no lattice expansion or compression of the fuel assembly. There were no bent or
cracked rods (cladding) and no loose pellets (rods loaded with Tungsten Carbide pellets
were used in the Fuel Assembly fabrication). There was also no significant deformation to
either the bottom or top fuel assembly end fittings. The fuel cavity geometry was
maintained. The fuel assembly did not shift outside of the original envelope placement on
the strong-back nor did it axially shift outside of the flux trap region. No change in the
geometric placement of the surrounding flux trap components of the package was observed.
Based on these observations and physical measurements the HAC drop tests performed on
CTU 2 had no impact on criticality or containment.

Tl

Figure 2-38 - Assembly mid-span
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Figure 2-39 - Top end fitting

There was no significant package internal damage as shown in Figures 2-40 and 2-41.

Figure 2-41 - Side view of Base after impact

212142 CTU1
212.1.4.2.1 NCT 4 FT 10° SLAP-DOWN ON BASE
212.1.4.2.2 PRE TEST

e Ambient temperature: 48 °F
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e Time: 1140 hours, 02/12/2007

e Drop Height: 4 ft

The package was rigged, stabilized and lifted 4 ft by crane over the pad, Figure 2-42.

The package oriented at a 10° for the slap-down was dropped accurately on the steel pad.

R .

Figure 2-42 - CTU1 prior to NCT test
2121.4.23 POST TEST

There was minor damage to the bottom end stiffener as shown in Figure 2.12.1-9.

Figure 2-43 - CTU1 after impact
2121.4.24 HAC 30 FT 30° SLAP-DOWN ON BASE
2121.4.25 PRE TEST

e Ambient temperature: 48 °F
e Time: 1150 hours, 02/12/2007
e Drop Height: 30 ft

The package was rigged, stabilized and lifted 30 ft by crane over the pad, Figure 2-44.
The package oriented at a 30° for the slap-down was dropped accurately on the steel pad.
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Figure 2-44 - CTU1 prior to impact

212.1.4.2.6 POST TEST

There was minor damage to the bottom end stiffener as shown in Figures 2-45 through 2-47.
The close-up view in Figure 2-46 shows that five closure pins had sheared off on the ballast
side of the package. On the opposite (fuel assembly) side, four bottom pins were further
sheared off. Portions of the pins remained in place indicating that only the pin shoulders had
sheared off. This view shows that the closure is maintained. Remaining closure pins were
removed to facilitate lid removal. However during lid removal, single pins on each side
within the bottom end impact limiter prevented lid removal since they were still engaged.
These two pins were inadvertently sheared during lid removal. Once sheared the lid was
easily removed. Figure 2-47 shows an inverted package after the side puncture test. This
view shows that the closure and interlocking angles remained intact. There was no
significant compression of the body (e.g., foam) of the package.

Figure 2-45 - CTU1 after impact
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Figure 2-47 - CTU1 inverted for puncture test
2121.4.2.7 20" OBLIQUE PUNCTURE THROUGH CG ON LID
2121.4.2.8 PRE TEST

e Ambient temperature: 50 °F
e Time: 1450 hours, 02/12/2007
e Drop Height: 40 in

The package was rigged, stabilized and lifted 40 in by crane over the test bar, Figure 2-48.

Figure 2-48 - CTU1 prior to puncture
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The package with lid oriented down at a 20° oblique angle was dropped accurately on the
puncture bar. The angle of the orientation is shown in Figure 2-49.

Figure 2-49 - Angle of CTU1

212.1.4.2.9 POST TEST

The package came to rest on the puncture bar as shown in Figure 2-50. The puncture bar
protruded into the package (as measured by the depth of the sheet metal shell)
approximately 5.5” as shown in Figure 2-51. On closer inspection a hold-down strap for the
moderator was visible which corresponded to a depth of approximately 7”. Based on these
observations, it appeared that the puncture bar entered the lid to a depth of approximately 7”
and that the sheet metal shell retracted with foam expansion to a depth of 5.5”. This same
drop orientation was duplicated with CTU 3 using a doubler plate since the protrusion into
CTU 1 was greater than desired for the subsequent thermal testing. The puncture did not
compromise the fuel cavity and had no effect on the fuel assembly envelope. The only
concern being the survivability of the moderator in the thermal test.

i

Figure 2-50 - CTU1 on impact
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Figure 2-51 - CTU1 impact area

212.1.4.210 CG OVER BASE SIDE CLOSURE JOINT PUNCTURE
21214211 PRETEST

e Ambient temperature: 50 °F
e Time: 1530 hours, 02/12/2007
e Drop Height: 40 in

The package was rigged, stabilized and lifted 40 in by crane over the test bar, Figure 2-52.
The package with side closure oriented down was dropped accurately on the puncture bar.

Figure 2-52 - CTU1 side puncture test

2121.4.212 POST TEST

The puncture bar protruded into the package 3 '2” as shown in Figure 2-53. The package
impacted the puncture bar, bounced and impacted the puncture bar a second time prior to
falling off the bar and landing lid down on the test pad. This impact did not compromise the
package closure.
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Figure 2-53 - CTU1 side puncture area

2121.4.213 CTU 1 POST TEST INSPECTION

The bottom barrel nut housing on the ballast side fractured however the second latch
remained intact as shown in Figure 2-54. Figure 2-55 shows a portion of the rivets that
failed along the fiberglass thermal barrier. This also shows that the barrier is maintained.
Figure 2-56 shows the thermal barrier along the inner length on the fuel assembly as being
intact. Figures 2-57 and 2-58 show the locking angles in the top closure that experienced
minor bending but remained intact. These figures also show the weld failure on the top and
the inner closure flange that connect to the fiberglass thermal barrier. Figures 2-59 and 2-60
show the locking angles in the bottom closure that experienced minor bending but remained
intact. These figures also show the weld failure on the bottom end and the inner closure
flange that connects to the thermal barrier. Figure 2-61 shows essentially no damage to the
underlining of the lid and the closure angles of the lid bottom.

‘ bad

N e . )

Figure 2-54 - Cracked barrel housing Figure 2-55 - Location of broken rivets
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Figure 2-56 - No door damage Figure 2-57 - Cracked top weld

Figure 2-58 - Cracked top weld Figure 2-59 - Cracked bottom weld

Figure 2-60 - No damage to bottom closure
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Figure 2-61 - No damage to lid interior

Figure 2-62 shows the rod movement at the bottom end fitting and further shows no lattice
expansion or migration beyond the end fitting. Figure 2-63 indicates that the bottom end
fitting is intact and undamaged. Figure 2-64 shows the single rod that protruded from the
damage grid at the fuel assembly peak. Figure 2-65 further shows that the lattice was
compressed at the mid-span by about 0.4”. Figure 2-66 shows the corresponding rod
movement at the upper end fitting and further shows no lattice expansion or rod migration
beyond the end fitting.

)

Figure 2-64 - Mid-span edge grid failure
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Figure 2-66 - Slight rod movement (top)

There was no lattice expansion and only minor compression of the fuel assembly at the mid-
span. There were no bent or cracked rods (cladding) and no loose pellets (rods loaded with
Tungsten Carbine pellets were used in the Fuel Assembly fabrication). There was also no
significant deformation or yielding to either the bottom or top fuel assembly end fittings. A
single grid broke mid-span on the fuel assembly however this did not lead to bending or
cracking of the fuel rod. The fuel cavity geometry was maintained. The fuel assembly did not
shift outside of the original envelope placement on the strong-back nor did it axially shift
outside of the flux trap region. No change in the geometric placement of the surrounding flux
trap components of the package was observed. Based on these observations and physical
measurements the HAC drop tests performed on CTU 1 had no impact on criticality or
containment.

212143 CTU3
212.1.4.3.1 NCT 4 FT HORIZONTAL LID DOWN
2.12.1.4.3.2 PRE TEST

e Ambient temperature: 48 °F
e CTU foam temperature: 94 °F

e Time: 1330 hours, 02/12/2007
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e Drop Height: 4 ft

The package was rigged, stabilized and lifted 4 ft by crane over the pad, Figure 2-67.
The horizontal package with lid down was dropped accurately on the steel pad.

Figure 2-67 - CTU3 prior to NCT test

212.1.4.3.3 POST TEST
There was minor damage to the bottom end stiffener as shown in Figure 2-68.

Figure 2-68 - CTU3 after NCT test

2121434 HAC 30 FT HORIZONTAL LID DOWN
2.12.1.4.3.5 PRE TEST

e Ambient temperature: 48 °F
e CTU foam temperature: 94 °F
e Time: 1400 hours, 02/12/2007

e Drop Height: 30 ft
The package was rigged, stabilized and lifted 30 ft by crane over the pad, Figure 2-69.
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Figure 2-69 - CTU3 prior to HAC test

The horizontal package with lid down was dropped accurately on the steel pad, Figure 2-70.

Figure 2-70 - CTU3 after impact

212.1.4.3.6 POST TEST
There was damage to the top end stiffeners as shown in Figures 2-71 through 2-72.

Figure 2-71 - CTU3 lid impact area Figure 2-72 - CTU3 lid impact area
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Figure 2-73 and Figure 2-74 show that the outboard stiffeners have buckled and that the
inboard stiffeners have torn away from the side of the package. Figure 2-74 shows that the
lid compression ranges from '2” to 1 %2” in the vicinity of the lid lifting brackets.

Figure 2-73 - CTU3 inverted Figure 2-74 - CTU3 lid deformation measurement

212.1.4.3.7 20° OBLIQUE PUNCTURE THROUGH CG ON LID
212.1.4.3.8 PRE TEST

e Ambient temperature: 50 °F
e Time: 1625 hours, 02/12/2007
e Drop Height: 40 in

The package was rigged, stabilized and lifted 40 in by crane over the test bar, Figure 2-75.

Figure 2-75 - CTUS3 prior to puncture test

This test is essentially identical to the test documented in Section 2.12.1.4.2 for CTU 1
however two (2) 12 GA doubler plates were added to the lid and base increasing the
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package weight by 150 Ib. The plates were skip welded in place to prevent movement
during the puncture test. The package with lid oriented down at a 20° oblique angle was
dropped accurately on the puncture bar as show in Figure 2-76.

Figure 2-76 - CTU3 on impact

2.12.1.4.3.9 POST TEST

The puncture bar protruded into the package 3.5” as shown in Figures 2-77 and 2-78. The
puncture depth for this test was the same as reported for the CG over side closure in Section
2.12.1.4.2 for CTU 1. Since the moderator in the lid is more susceptible to potential melting
as opposed to the moderator in the base, CTU 3 was selected as the target for thermal
testing.

Figure 2-77 - CTU3 puncture area
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Figure 2-78 - CTU3 puncture depth measurement

2.12.1.4.4HAC 30 MINUTE THERMAL TEST
212.1.4.41 PRE TEST

Ambient temperature: 55 °F

CTU foam temperature: 73 °F

Time: 1829 hours, 02/15/2007

The package was rigged, stabilized and positioned 40 in above the pool, Figure 2-79, on an
insulated test stand.

Height above pad: 40in

Figure 2-79 - CTU3 thermal test position

When the test article was mounted on the test stand, the distance between the sides of the
test article and the inside walls of the weir varied between 39.5 inches (100 cm) and 45.25
inches (115 cm). The sides of the test article were between 71.5 inches (182 cm) and 77.25
inches (196 cm). The lowest corner of the package (stiffener) was approximately 39.9
inches (101 cm) above the normal waterline when the pool is filled to maximum capacity.
The test article was mounted onto this stand with the top lid and bottom surfaces 14 degrees
from vertical. This provided maximum exposure of the package penetration due to the
puncture bar. The desired pre-heat foam and moderator temperature of 100 °F was not
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achieved prior to the thermal test due to a short in the heat tape. However, this was
compensated for in an extended burn time. Figure 2-80 and Figure 2-81 show the location
of the six (6) closure pins (three on each side) that were removed from the package prior to
the test. This further simulated damage experienced with CTU 1 and allowed further fire
ingress into the package. The shoulders of pins in these locations on CTU 1 had sheared,
but the base of the pins remained in the package.

Figure 2-81 - CTU3 lock pin removal opposite side

2.12.1.4.5THERMAL TEST

The fuel in the pool was ignited at 1829 hours and full engulfment was achieved at
approximately 1831 hours, however ful1 engulfment of the central portion of the package
was achieved after 1 minute. After ignition, fuel flow was maintained at an average rate of
approximately 32 gallons per minute until 1858 hours. At this time, all fuel flow was stopped,
and fuel valves and pumps were secured. The package remained engulfed until
approximately 1909 hours. Between 1900 and 1915 hours, fire suppressant foam was added
below the surface ofthe pool to extinguish the fire. The fire suppressant was introduced to
the test setup approximately 31 minutes after the pool was ignited. The fire suppressant was
introduced to the test setup via piping below the surface of the fuel pool. At no time did the
fire suppressant make contact with any portion of the package or serve to cool the package,
nor did the suppressant stop any combustion occurring in or on the package.

Framatome - Fuel
This document is subject to the restrictions set forth on the first or title page




Ne  FS1-0038397 Rev. 3.0

MAP PWR Fuel Shipping Package —
Handiing: Page USA/9319/B(U)F-96 framatome
None 103/389

Full engulfment of the test article was achieved for approximately 38 minutes as shown in
Figure 2-82. The thermal test involved: 2 minutes to achieve full engulfment, 38 minutes of
full engulfment, and approximately 15 minutes until the pool burn was terminated.

Figure 2-82 - CTU3 fully engulfing fire

212.1.4.51 POST TEST

Fire temperatures averaged above 800°C (1,472°F) with peak temperatures reaching
1,200°C (2,192°F). Within 30 seconds after the start of test, average shell temperatures
measured at eight different locations exceeded 800°C (1,472°F). Peak shell temperatures
also reached 1,200°C (2,192°F). Fire temperatures below the test article also averaged
above 800°C (1,472°F).

212.1.452  CTU 3 POST TEST INSPECTION (EXTERIOR AND INTERIOR OF
PACKAGE)

The package was allowed to cool overnight prior to removal from the test pad for inspection.
Figure 2-83 shows a foam char in the vicinity of the puncture. Figure 2-84 shows the up-
righted package being prepared for opening. Ten (10) closure pins had to be drilled to
facilitate lid removal. Figures 2-85 and 2-86 show typical foam char from vent ports located
in the stiffeners and package side, respectively. Figure 2-87 further shows foam char from
one of the closure pin locations removed prior to the test. Figure 2-88 shows the lid removal
for inspection of the doors, door hardware, package interior, fuel assembly, and ballast.
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Figure 2-85 - Vent at stiffener Figure 2-86 - Vent on package side
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Figure 2-87 - Foam char in lock pin area Figure 2-88 - CTU3 lid removal

Figure 2-89 and Figure 2-90 shown that the doors and door hardware remain intact however
rivets are visible on the inner closure flange. The fiberglass thermal barrier is coated with
residue but is essentially intact with minor gaps along the top. Figure 2-91 and Figure 2-92
show that the fuel assembly and ballast are not significantly damaged. The fuel assembly
compressed approximately 0.2” along the mid-span but remained intact at the end fittings.
The neoprene on the strong-back and doors remained intact and in their fixed locations
however the neoprene on the inner mid-span doors on the ballast side became detached
during door opening indicating that the adhesive bad deteriorated. Figure 2-93 shows that
the fuel assembly polypropylene cover and paper fabrication route card remained intact.
Figure 2-94 shows the pristine condition of the fuel assembly once the polypropylene cover
is removed and further indicates no bent or broken rods and no rod movement.

There was no lattice expansion and only minor compression of the fuel assembly at the mid-
span. There were no bent or cracked rods (cladding) and no loose pellets (rods loaded with
Tungsten Carbine pellets were used in the Fuel Assembly fabrication). There was also no
significant deformation or yielding to either the bottom or top fuel assembly end fittings. The
fuel cavity geometry was maintained. The fuel assembly did not shift outside of the original
envelope placement on the strong-back nor did it axially shift outside of the flux trap region.
No change in the geometric placement of the surrounding flux trap components of the
package was observed. Based on these observations and physical measurements the HAC
drop and thermal tests performed on CTU 3 had no impact on criticality or containment.

Figure 2-89 - CTU3 interior Figure 2-90 - CTUS interior
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Figure 2-94 - Polypropylene sheet removal showing bright intact rods
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With the internals of the package being characterized, the fuel assembly and ballast were
removed and the package shells transported to the AREVA NP Inc, Lynchburg Mount Athos
Road Fuel Fabrication Facility for further examination.

212.1.453  CTU 3 POST TEST INSPECTION (CUT AWAY OF LID AND
BASE)

The sheet metal shell of the lid was cut and removed between the stiffeners and also
adjacent to the end impact limiters. Figure 2-95 shows the package mid-span while Figure
2-96 shows the section between the bottom stiffeners. These figures show that the ceramic
fiber paper was not charred but saturated with condensed products from foam out-gassing.
The paper remained in its relative position. Figure 2-97 and Figure 2-98 show the removal
of the ceramic fiber paper and foam char. Figure 2-99 shows the emerging moderator to be
in good condition. The moderator was covered by remaining un-burnt foam, foam char, and
further saturated with condensed products from foam out-gassing. Figure 2-100 shows the
worst case span (segment #5) of moderator in the lid that exhibited melting at the higher
peak edges of the blocks. This section of moderator was removed for characterization. The
Nylon 6,6 melting with subsequent material loss appeared to be very localized at the peaks
of the blocks closest to the puncture location in the lid.

Figure 2-97 - Foam Char Figure 2-98 - Foam Char
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Figure 2-99 - Appearance of Nylon 6,6

Figure 2-100 - Identification of Segment #5

Figure 2-101 shows the segment number assignments used in support of characterization of
the Nylon 6,6 moderator blocks. Segment #1 is located at the forward of the package (fuel
assembly bottom) while segment #11 is located at the package aft (fuel assembly top).
Figure 2-102 further shows the assignment of the moderator block locations in each
segment. The moderator block numbering assignment is consistent with drawing 9045399.
Table 2.12.1-4 provides the post burn test characterization of each moderator block specific
to segment location and further by position within each segment. The post burn test
condition is characterized based on a visual examination of each block while retained within
the package. The blocks are characterized by no melt, slight melt, and melt. The moderator
blocks are further shown in Figures 2-103 through 2-106.

The moderator blocks for segment #1 are not shown in the following figures however their
condition is similar to the conditions for segment # 11 as indicated in Figure 2-106. There
were no visible signs of melting of the moderator blocks in segment # 1 or segment # 11.
Figure 2-103 shows the moderator blocks for segments #2, #3, and #4. The Nylon 6,6
shows no visible signs of melting in either segment. Figure 2-104 shows the moderator
blocks for segments #6, #7, and #8. The moderator blocks in segment #5 were removed for
characterization and are discussed later in this section. The moderator blocks at locations
B3/(7) and B4/(6) showed signs of slight melting at their respective peak edges in segments
#6, #7, and #8. Figure 2-105 shows the moderator blocks for segments #9, #10, and #11.
The moderator blocks at locations B3/(7) and B4/(6) also showed signs of slight melting at
their respective peak edges in segments #9 and #10. The moderator blocks in segments #6
through #10 had slight melting at peak areas closest to the exterior lid however, in no case
did there appear to be any loss of material.
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Figure 2-106 identifies the condition of the moderator blocks within segment #5 prior to
removal. The moderator block at location B4/(6) showed signs of melting at its respective
peak edge, melting into and attaching to block B6/(5). The moderator block at location B3/(7)
showed signs of slight melting at its respective peak edge. The moderator block at location
B2/(8) showed signs of slight melting at its outer comers adjacent to the stiffeners along the
outer closure. Only moderator block B4/(6) in segment #5 experienced melting with loss of
material. The melting with loss of material appeared to be localized.

Forward Aft

Figure 2-101 - Nylon 6,6 Segment Locations Designa ted from Forward to Aft of
Package

Melt.ed
B3/(2) B4/(3) B5/(4) B6/(5) B4/(6) Region
B3(7)
B2/(1)
B3/(8)
B1/(9)
s B1/(12) B1/(11) B1/(10)

Figure 2-102 - Nylon 6,6 Moderator Block Nomenclature within each Segment
Location (Block Type/Location as indicated in Drawing 9045399)
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Table 2.12.1-4 — Post Burn Test Characterization of Moderator in Test Package
CTU3

I\B‘ll?::r‘r;t:}' Visual Observations of Nylon 6,6
i atted from Forward (Segment #1) to Aft (Segment #11) of Test Package
Segment #1 Segment #2 Segment #3 | Segment #4 Segment #5 Segment #6
B2/(1) NoMelt | NoMelt | NoMelt | NoMelt NoMelt | NoMelt
B3/2) No Melt No Melt No Melt No Meli No Melt No Melt
B4/(3) No Melt No Melt No Melt No Melt No Melt No Melt
B5/(4) No Melt No Melt No Melt No Melt No Melt No Melt
B6/(5) No Melt No Melt _ No Melt No Melt Slight Melt |  NoMelt |
B4/(6) No Melt No Melt No Melt No Melt Mhecy | Slight Mel
B3/(7) No Melt No Melt No Melt No Melt Slight Melt Slight Melt
B2/(8) | NoMelt | NoMelt | NoMelt No Melt NoMelt |  No Melt
B1/(9) No Melt No Melt No Melt No Melt No Melt No Melt
B1/(10) No Melt No Melt No Melt NoMelt | No Melt No Melt
BIALT) No Melt No Melt ~_No Melt No Melt | No Melt No Melt |
_ B1/(12) No Melt No Melt ~ No Melt No Melt No Melt No Melt |
Segment #7 Segment #8 Segment #9 Segment #10 | Segment #11
B2/(1) No Melt No Melt No Melt No Melt No Melt
B3/2) | NoMelt No Melt NoMelt | NoMelt | NoMelt
- B4/(3) No Melt No Melt NoMelt | No Melt ~ No Melt
 B5/(4) No Melt No Melt No Melt No Melt No Melt
| B6/(5) | NoMelt | NoMelt ~ No Melt No Melt No Melt
B4/(6) | Slight Melt Slight Melt Slight Melt Slight Melt | ~ NoMelt
B3/(7) Slight Melt Slight Melt Slight Melt Slight Melt No Melt
| B2/(8) No Melt No Melt No Melt No Melt No Melt |
~ B1/(9) No Melt No Melt No Melt No Melt No Melt
BI1/(10) No Melt No Melt ~ NoMelt | NoMelt No Melt
BI1/(11) No Melt No Melt No Melt No Melt No Melt
B1/(12) NoMelt |  No Melt No Melt No Melt No Melt |

Framatome - Fuel
This document is subject to the restrictions set forth on the first or title page




N> FS1-0038397 Rev. 3.0
MAP PWR Fuel Shipping Package —

Handiing: Page USA/9319/B(U)F-96 framatome

None 111/389

L

F I R T T S Segment #4

Figure 2-103 - Nylon 6,6 Segments #2, #3, and #4. Foam char is still visible on
segment #3.

)

Segment #5 |
Removed |

o e
Lyl e o

. Segment #7 1 S Segment #8

R S
: o AR "By

Figure 2-104 - Nylon 6,6 Segments #6, #7, and #8. Foam char visible on all
segments.
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Segment #9

Figure 2-105 - Nylon 6,6 Segments #9, #10, and #11. Foam char visible on
bottom sections of each segment.

§ Nylon from

Peak Area

Segment #5
Prior to
Removal

i Melting in i
TR B Arca of Peak |

Figure 2-106 - Nylon 6,6 Segment. #5. Melted blocks shown at left with similar
non-melted section at right.

Figure 2-107 shows the section of moderator removed that by visual examination exhibited
the most melting. The moderator blocks above the ballast in the peak of the lid exhibited the
most melting with one melting into a second block as shown in Figure 2-108. The blocks in
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Figure 2-107 from left to right (see Figure 2-102) are B2/(1), B3/(2), 84/(3), B5/(4), 8 6/(5),
B4/(6), B3/(7), B2/(8), respectively. Blocks B6/(5) and B4/(6) are further shown in Figure 2-
108. Block B4/(6) appears to have melted into B6/(5) in segment #5. The melted peak edge
on B4(6) is also shown, with jagged edge, in Figure 2-107.

Figure 2-108 - Segment #5 melted piece

The top surface of the moderator was coated with condensed products from the out-gassing
of the polyurethane foam. Minor scrapping on the surface of the moderator removed the tar
to reveal the white nylon as installed in the package, Figure 2-108, center of the picture. The
moderator was pressure washed to remove foam char and residue which further removed a
minor amount on Nylon. The pretest measured mass2 (block thicknesses ranging from 1.27
to 1.28-inches) and the design required minimum mass (based on a moderator minimum
thickness of 1.25-inches) of the two items that bonded together as a result of the test was
6.95 Ib and 6.80 Ib, respectively. The post lest mass was 6.35 Ib. By weight
characterization, the two items lost 8.6% of their pretest mass or 6.6% based on the design
minimum required mass. The credited 85% moderator mass (Table 6-7) as specified in the
criticality assessment was 5.68 Ib. The post-test mass of blocks B6/(5) and B4/(6) in
segment #5 remained above the 85% modeled mass in the criticality assessment. The
average loss of Nylon 6,6 in the lid is much less than 6.6% since only two blocks appeared
to have a reduce mass due to melting as a result of the thermal test. Averaging the weight
loss in segment #5 with the other ten lid segments results is a weight loss of less than 2.1 %.

Moderator loss was anticipated but expected to be minimal with the use of a high
temperature thermoplastic material. Nylon 6,6 was specifically selected for this application
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due to its high temperature resistance and self-extinguishing characteristics. Table 2.12.1-5
summarizes the results of these measurements. Figure 2.12.1-70 identifies the location of
the moderator blocks with respect to the package. The neutron absorber plates (positioned
beneath the moderator blocks) did not experience any deformation or melting.

Table 2.12.1-5 - Post Burn Test Characterization of Moderator in Segment #5
(See Figure 2-102)

Block No./ Pre Test Mass. Ib Minimum Post Test MOEE;‘:IM 85%" Design Visua!
Label : Design Mass, [b | Mass, Ib ¥ '3 Mass, Ib Observations
Percent
B2/(1) 325 | 3.18 | 325 0.0 270 | No Melt
| B3R | 3.35 3.8 335 | 0.0 2.79 No Melt
B4/(3) 72,90 2.84 290 | 00 2.41 NoMelt
| BS54 | 3.0 | 293 3.0 00 | 249 |  NoMelt
| B6AS) | 4.05 495 3.96 6.0 & . 337 | g | SlightMelt |
B4/4(6) 2.90 2.84 2.41 Melted to B6/(5)
B | 335 3.28 3,35 0.0 2.79 | Slight Melt
- B2(8) 325 | 3.18 325 | 00 2.70 No Melt
B1/(9) 5,05 4,94 5.05 0.0 4.45 No Melt
BI/10) | 5.05 4.94 5.05 0.0 445 | NoMelt
OBl | 5,05 4.94 5.05 0.0 4.45 No Melt
B1/(12) 5,05 T 4.94 5,05 0.0 4,45 No Melt
~ Total 4625 | 4523 | 4570 | 66 | 3944
Average Moderator Weight Loss in Segment #5 (Lid) 2.1 % (Based on Pre Test Mass)
Average Moderator Weight Loss in Segment #S (Lid/Base) 1.2 % (Based on Pre Test Mass)
Average Moderator Weight Loss in Package < 0.1 % (Based on Pre Test Mass)

? Loss based on the minimum design mass.

" The criticality assessment in Section 6 credited 85% of the lid and 90% of the base Nylon 6,6. Mass values reported

for the base are 90% of the minimum design mass.

The sheet metal shell of the base was also cut and removed between the stiffeners and also
adjacent to the end impact limiters. Figure 2-109 shows the package mid-span while Figure
2-110 shows the ceramic fiber paper and foam char being removed to expose the inner
cover beneath the strong-back. Figure 2-111 shows the emerging moderator along the
outside of the package to be in good condition while Figure 2-112 shows the emerging
moderator along the outside opposite end of the package to also be in good condition. This
was typical of the moderator along the full length of the base of the package which exhibited
no melting. Figure 2-113 shows the base moderator in the package aft, Figure 2-114 shows
the base moderator in the center of the package, and Figure 2-115 shows the moderator in
the package forward. Also shown in Figure 2-113 is a section of moderator 1hat was
cleaned to remove condensed off-gases from foam combustion to reveal the white Nylon
6,6. The neutron absorber plates (positioned beneath the moderator blocks) also did not
experience any deformation or melting.

Table 2.12.1-4 summarizes the moderator block inspections in the base of the package.
Table 2.12.1-5 summarizes the base package moderator block inspections for segment #5.
The average Joss of Nylon 6,6 due to the thermal test was less than 1.2% based on the
pretest mass of the moderator in the lid and base for segment #5. The post-test mass of
45.70 Ib for segment #5 remained above the minimum design mass of 45.23 Ib (minimum
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1.25-inch moderator thickness) and significantly above the 39.44 Ib mass (85% lid and 90%
base) credited in the criticality assessment. The average moderator loss within the package
is about - 0.1% when considering all eleven Nylon 6,6 segments in the lid and base.

Figure 2-111 - Base edge Nylon 6,6
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Figure 2-112 - Base edge Nylon 6,6, opposite end

Figure 2-114 - Nylon 6,6 at center

Figure 2-115 - Base Nylon 6,6 at bottom (forward)
2.12.1.5 TESTS FINAL RESULTS

Upon completion of the Certification Tests, based on the severity of the damage it was
determined that CTU 3 was the most damaged package (with doubler plate) in terms of the
following thermal event. Therefore, CTU 3 was sent for thermal testing since its
configuration appeared to be most challenging for potential melting and ignition of the
credited neutron moderator (nylon). The condition of CTU 3 was worsened by the removal
of six (6) closure pins in the bottom of the package allowing flame ingress to the interior of
the package during the thermal test.
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CTU 1 and 2 were opened with CTU 1 requiring drilling to remove three closure pins. The
lids were easily removed to view the internals of the package. Based on observation and
physical measurements, there was no lattice expansion of the fuel assemblies in either
package. Also, there were no loose pellets (Rods loaded with Tungsten Carbine pellets
were used in the Fuel Assembly fabrication) and no bent or cracked rods. There was also
no significant deformation to either the bottom or top fuel assembly end fittings. There was
also no significant damage to the interior of either package including the neoprene supports
for the assembly.

CTU 3 was thermally tested exceeding the 30 minute — 1,475 °F (800 °C) fully engulfing fire
in both duration and temperature. The amount of un-burnt foam remaining within the
package shell was minimal however this still did not lead to significant melting of the neutron
(nylon) moderator or absorber. The worst case melting (weight loss) was determined to be
less than 7.2% for two moderator blocks, with an average weight loss in the Lid of less than
1.6%, and less than 1.0% average weight loss when considering that there was no
measured loss of moderator in the Base. The package criticality analysis modeled the
moderator at greater than 10% reduction in both the Lid and Base. The analyzed
configuration exceeds the observed damage and is therefore conservatively modeled.

Ten closure pins required drilling to allow removal of the Lid on CTU 3. These were most
likely stuck due to thermal expansion and warping of the package. The lid was easily
removed to view the internals of the package. Based on observation and physical
measurements, there was no lattice expansion of the fuel assembly. Also, there were no
loose pellets (rods loaded with Tungsten Carbine pellets were used in the Fuel Assembly
fabrication) and no bent or cracked rods. There was also no significant deformation to either
the bottom or top fuel assembly end fittings. There 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 CTUs did not identify any bent or damage rods.
The test assemblies were removed from the CTUs and further inspected, and no cracked or
breached rods were visually identified. 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 are representative sample of the worst case damage to the fuel rods, and there
was no visible crack of 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 testh1g also had not 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 21.7Ib/in?, 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.
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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.

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 Ib.

Stainless steel double plates were added to the lid and base of CTU 3 prior to the lid oblique
puncture test. This added 150 Ib 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 Ib. Sufficient
weight margin existed in the gross package tested weight of 8,630 Ib. such that the
increased weight of the double plates was not needed during the initial package approval.
However, this margin has been included in the maximum gross weight increase described in
Appendix 2.12.4, MAP-13 Gross Weight Increase Justification, 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.

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 document 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 1E-7 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.
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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, 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