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PREFACE

This Safety Analysis Report for Packaging (SARP) documents the analysis and testing
performed on and for the 9977 Shipping Package, referred to as the General Purpose Fissile
Package (GPFP). The performance evaluation presented in this SARP documents the
compliance of the 9977 package with the regulatory safety requirements for Type B packages.
Per 10 CFR 71.59, for the 9977 packages evaluated in this SARP, the value of “N” is 50, and the
Transport Index based on nuclear criticality control is 1.0.

The 9977 package is designed with a high degree of single containment. The 9977 complies
with 10 CFR 71 (2002), Department of Energy (DOE) Order 460.1B, DOE Order 460.2, and
10 CFR 20 (2003) for As Low As Reasonably Achievable (ALARA) principles. The 9977 also
satisfies the requirements of the Regulations for the Safe Transport of Radioactive Material —
1996 Edition (Revised) - Requirements. IAEA Safety Standards, Safety Series No. TS-R-1
(ST-1, Rev.), International Atomic Energy Agency, Vienna, Austria (2000).

The 9977 package is designed, analyzed and fabricated in accordance with Section III of the
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV) Code,
1992 edition.
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5CV
6CV
9977
9978
ANS
ANSI
ASME
ASTM
AWS
BPVC
CFR
CG
CGOC
CMTR
CoC
CSI
CVv
DBR
DOE
DOT
EES
EM
ESH&QA
FEA
FSS
GS
GP3716
GPFP
GW
HAC
HP
IAEA
ID

IR
LAW
LDF
LLNL
MIP

ACRONYMS AND ABBREVIATIONS

5-inch Inside Diameter Containment Vessel
6-inch Inside Diameter Containment Vessel
General Purpose Fissile Package

ALARA  As Low As Reasonably Achievable
American Nuclear Society

American National Standards Institute
American Society of Mechanical Engineers
American Society for Testing Materials
American Welding Society

Boiler and Pressure Vessel Code

Code of Federal Regulations

Center of Gravity

Center of Gravity over Corner

Certified Material Test Report

Certificate of Compliance

Criticality Safety Index

Containment Vessel, applies to both 5CV and 6CV
Design by Rule

Department of Energy

Department of Transportation

Engineering Equipment and Systems
Environmental Management

Environment, Safety, Health and Quality Assurance
Finite Element Analysis

Field Support Services Business Unit

General Support

General Plastics FR-3716 Polyurethane Foam
General Purpose Fissile Package (working name for the 9977)
Gross Weight

Hypothetical Accident Conditions

Health Protection

International Atomic Energy Agency

Inside Diameter

Inside Radius

Library to Analyze Waste

Load Distribution Fixture

Lawrence Livermore National Laboratory
Manufacturing and Inspection Plan
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ACRONYMS AND ABBREVIATIONS (cont.)

M&TE
MCNP
MNOP
NCR
NCSE
NCT
NDE
NRC
OD
PM
QA
ref
RG
RTG
RTV
SARP
SC
SNL
SP
SRS
SRNL
SRPT
SS

std
STP
AT

TI

TID
UNS
WSMS
WSRC

Measuring and Test Equipment

Monte Carlo N Particle Transport Code
Maximum Normal Operating Pressure
Nonconformance Report

Nuclear Criticality Safety Evaluation
Normal Conditions of Transport
Nondestructive Examination

Nuclear Regulatory Commission
Outside Diameter

Procurement Management

Quality Assurance

Reference

Regulatory Guide

Radioisotope Thermoelectric Generator
Room Temperature Vulcanizing

Safety Analysis Report for Packaging
Safety Class

Sandia National Laboratory

Single Package

Savannah River Site

Savannah River National Laboratory
Savannah River Packaging Technology
Stainless Steel

Standard

Standard Temperature and Pressure
difference in temperature

Transport Index
Tamperproof-Indicating Device
Unified National — Special

Washington Safety Management Solutions
Washington Savannah River Company, LLC
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DEFINITIONS

Category A Items
Subcategory of quality assurance "Q" items. Category A items are critical to safe operation.

Category B Items
Subcategory of quality assurance "Q" items. Category B items have a major impact on
safety.

Category C Items
Subcategory of quality assurance "Q" items. Category C items have a minor impact on
safety.

Certifying Official
The designated Headquarters official responsible for administering the DOE program for the
design review of DOE packagings and the issuance of a certificate of compliance upon
approval.

Compliant
Meets regulatory requirements and standards.

Conformant
To be in agreement with design, fulfills official design requirements.

Containment system
The assembly of components of the packaging intended to retain the radioactive contents
during transportation.

contents
The radioactive material being packaged plus its container [RTG shell, food pack cans,
convenience cans, and/or the 3013 (the Outer and Inner or Bagless Transfer Cans)], and any
plastic bagging used for contamination control.

Design Authority
Person/Organization directly responsible for developing, conducting and documenting the
prototype tests, producing and revising the SARP, establishing and maintaining the
packaging design and design drawings, and for maintaining the package modification
records.

H/X
Ratio of hydrogen to fissile atoms in the inner containment.

M&I Plan
Document produced by the packaging supplier that details how fabrications and inspections
are to be performed and describes the qualifications of the suppliers and inspectors.

0 - xx
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DEFINITIONS (cont.)

non-compliance
Does not meet regulatory requirements and standards.

non-conformant
Does not agree with certified design and/or fails to fulfill official design requirements.

Non-"Q" item
Items not related to safety and that require no formal QA program.

Owner
The organization that accepts a packaging from the manufacturer (or as a transfer from the
previous owner), documents that the packaging is acceptable for use in accordance with the
Certificate of Compliance, and maintains the package records as required by Chapter 9 of
this SARP. The owner may delegate the performance of these responsibilities.

overpack assembly
The lower drum assembly (including the drum body, liner, top plate and internal insulation)
and the closure lid (with internal insulation) that surrounds the containment vessel, Al
spacers (if any), and the load distribution fixtures.

package
Contents plus packaging and any spacer materials.

packaging
The assembly of the overpack assembly, the containment vessel, Al spacers (if any), and the
load distribution fixtures.

"Q" item
Quality-related item judged to have a significant impact on nuclear criticality control, off-site
contamination release, or operations personnel exposure. "Q" items require a formal QA
program and are subcategorized according to Nuclear Regulatory Commission Regulatory
Guide 7.10 by the Design Agency. See Category A, B, C, and “Non-Q” Items above.

“shall”
Denotes actions that must be performed if the objectives of the package safety basis and the
Safety Analysis are to be met.

spacer materials
The spacers (RTG components, empty food pack cans and/or aluminum foil) as specified in
Section 1.2.3 for the content configuration being packaged.
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Safety Analysis Report for Packaging
Model 9977 Type B(M)F-96

CHAPTER 1

GENERAL INFORMATION

Preface

This chapter provides the general description of the Model 9977 packaging and physical
descriptions of major components and subassemblies. It also describes the radioactive material
contents and content configurations. As summarized in Section 1.2.5, the packaging meets the
requirements of 10 CFR 71.t"

Note: During development of the design and testing the 9977 was referred to as the General
Purpose Fissile Package, Version 1 (GPFP-1 or just GPFP). The GPFP-1/GPFP name may still
appear in historical or record documents.
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1 GENERAL INFORMATION

1.1 INTRODUCTION

This Safety Analysis Report for Packaging (SARP) documents the performance of the Model
9977 shipping package in satisfying the regulatory safety requirements of the Code of Federal
Regulations (CFR) 10 CFR 71 and the International Atomic Energy Agency (IAEA) Safety
Series No. TS-R-1, Regulations for the Safe Transport of Radioactive Material.””! The results of
the package analysis and testing performed are presented in this SARP, which was prepared in
accordance with U.S. Department of Energy (DOE) Order 460.1B™ and in the format specified
in the Nuclear Regulatory Commission (NRC) Regulatory Guides (RGs) 7.9 and 7.10.1*!

The performance evaluation documents the compliance of the package to the regulatory safety
requirements for a Type B(M)F-96 package. The 9977 is designated as “B(M)” because the
package design pressure is greater than 100 Ib/in® (700 kPa) gauge. Package contents include
actinide metals and oxides in Type B quantities. Package contents can exceed 3,000 A; units, as
defined in 10 CFR71.4, therefore, the 9977 is considered a Category I package.'®

Limits on package contents are based on nuclear criticality, radiation shielding, and decay heat
rate. The calculated nuclear Criticality Safety Index (CSI) for the package is 1.0. The transport
index based on dose rate is established by measurement at the time of shipment. The package
utilizes passive cooling to maintain internal temperatures below allowable limits.

Packages are shipped under non-exclusive use dose-rate limits in the Safe-Secure Trailer, Safe
Guards Trailer, or by commercial carrier as determined by the contents and DOE Order
474.1A.1 Package users may also ship 9977s in accordance with exclusive use dose-rate limits
via Safe Secure Transport Safeguards Transporter as long as they have prior written approval
from the DOE Office of Secure Transportation.
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1.2 PACKAGE DESCRIPTION

The 9977 is designed to ship radioactive contents in three basic configurations; assemblies of
Radioisotope Thermoelectric Generators (RTGs), arrangements of nested food-pack cans, or
DOE-STD-3013"*! containers. These content configurations minimize contamination, simplify
handling, and facilitate storage. Some of these container configurations (e.g., the RTGs and
3013s) are designed and tested to remain leaktight during handling and storage; however, their
ability to remain leaktight during transport is not credited.

1.2.1 Packaging

The packaging assembly is shown in Figures 1.1 and 1.2 and in Drawings R-R1-G-00020 and
R-R1-G-00021 given in Appendix 1.1. The packaging design is controlled in accordance with
Section 9.3, Design Control. Package weights and dimensions are summarized in Table 1.1.

Table 1.1 - Package Weights and Overall Dimensions

. Nominal Maximum .
Nominal Drum Drum Packaging Payload b Maximum
. . a . . 1 od
Drum Size | Diameter Height Weight Weight Gross Weight
(gallons) (inches) (inches) (Ib) (Ib) (Ib)

50 (5CV ©) 300 (5CV)
100 (6CV 5 350 (6CV)

a) Diameter of drum body (diameters of rim and rolling ring are 18.72 and 18.85 inches, respectively.)

b) Payload is the weight of everything placed in the Containment Vessel (CV) (i.e. the radioactive material
and all packing components)

c) Limited such that the gross weight of the loaded package is equal to, or less than, the maximum allowed.

d) Provided as a shipment limit, and not for derivation of payload weight from net weight

e) 5-inch diameter containment vessel.

f) 6-inch diameter containment vessel.

35 18.35 36.1 230 -250

1.2.1.1 Drum

The drum is designed and fabricated with a removable head in accordance with 49 CFR 178
but with a bolted-flange closure. The closure does not incorporate a gasket. The drum body is a
closed unit consisting of a shell, top deck plate, reinforcing rim (vertical flange) and a liner
assembly, with the volume between the liner assembly and drum shell filled with shock-
absorbing thermal-insulating materials. The drum shell and liner are fabricated of 18-gage
(0.048-inch) Type 304L stainless steel (SS). The drum shell incorporates a “sanitary” style drum
bottom with a rolled “wear ring,” 0.060-inch thick by %:-inch inside diameter (ID), attached by
non-structural welds. The drum’s top deck plate is fabricated of */;¢-inch thick Type 304L SS
plate. The top portion of the drum incorporates a */j¢-inch thick reinforcing rim (vertical flange)
and reinforces the drum head and protects both the closure lid and the bolts during Hypothetical
Accident Condition (HAC) events. The rim includes eight (8) 1-inch diameter drain holes that
are qualified as package lifting and tie-down points. Drum construction details are shown on
drawings R-R2-G-00017 and R-R2-G-00018. As applicable, the drum is designed, analyzed and
fabricated in accordance with Section III, Subsection NF of the American Society of Mechanical
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Engineers Boiler and Pressure Vessel Code (ASME BPVC), as listed in Table 9.6. The drum
design is controlled in accordance with Section 9.3.

Four (4) ¥-inch diameter vent holes are drilled at locations around the drum, approximately 90°
apart and at each of three elevations, for a total of twelve vent holes along the drum sidewall.
Two additional holes, one 1-inch diameter fill hole and a %-inch diameter vent hole, are drilled
into the drum bottom. All of the holes are covered with appropriately sized Caplug® fusible
plastic plugs. During the HAC fire event, the plugs combust or melt, allowing the drum to vent
gases generated by intumescing foam insulation. The vent holes ensure that the drum cannot be
ruptured by gas pressure.

The drum closure lid is fabricated from 's-inch thick Type 304L SS plate. Eight (8) %s-inch by
17-inch long hex-head bolts with Y-inch plain, narrow Type B washers secure the lid to the top
deck plate of the drum body. The closure lid incorporates chambers above and below the Lid
Plate filled with shock-absorbing thermal-insulating materials. The Lid Top and Lid Bottom
chambers are fabricated of 18-gage (0.048-inch) and 14-gage (0.07-inch) Type 304L SS,
respectively. The top of the Lid Top chamber is approximately 0.275 inches below the top
surface of the drum-head reinforcing rim. The Lid Top chamber reinforces the Lid Plate, adds
thermal protection to the contents, and prevents the closure lid from shearing away from the bolts
during HAC events. The Lid Bottom chamber also reinforces the Lid Plate, and provides
additional thermal protection shock absorption for the containment vessel during HAC events.

Four (4) Y-inch diameter holes through the Lid Plate allow the Lid Top and Lid Bottom volumes
to exchange gases and equilibrate pressure. The Lid Top chamber is vented by four (4) “-inch
diameter holes also covered with Caplug® fusible plastic plugs. The Caplugs prevent water from
entering the lid through the vent holes under Normal Conditions of Transport (NCT). In a HAC
fire event, the plugs combust or melt, allowing the lid to vent heated air from the Lid Top and
Lid Bottom chambers to prevent rupture.

To simplify drum-closure operations, the threaded inserts that receive the drum-closure bolts are
welded to the underside of the drum’s top deck plate. During installation, the bolts are tightened
to a torque value of 45 (+5) ft-1b. The hex-heads of the eight (8) bolts drilled through with a
“%-inch hole to receive tamper-indicating devices (TIDs). Details are shown in Drawings
R-R2-F-00020 and R-R2-F-00021.

1.2.1.2 Insulation

Two layers of insulation material fill the volume between the drum shell and the drum liner.
First, two Y-inch thick blankets of Fiberfrax” insulation are wrapped around and attached to the
sides and bottom of the liner. The Fiberfrax” is backed on both sides with fiberglass cloth held
in place by fiberglass thread stitched longitudinally at 4-inch intervals. The fiberglass cloth
gives the Fiberfrax® composite both mechanical strength and wear resistance and helps retard
gas flow during the HAC fire event. The remaining volume between the Fiberfrax” and the
drum wall is filled with General Plastics FR-3716 polyurethane foam, poured through the fill
hole in the drum bottom and foamed in place. The nominal densities of Fiberfrax® and FR-3716
foam are 7-to-10 Ib/ft’ and 16 Ib/ft’, respectively. Thermal-physical properties of Fiberfrax” and
FR-3716 are listed in Tables 2.9, 2.10, 3.7 and 3.8. The combined thickness of the two insulators
is approximately 4.9 inches radially (i.e., between the liner and the drum shell) and
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approximately four (4) inches axially (i.e., between the liner bottom and drum bottom). Details
are shown in Figure 1.1 and Drawings R-R2-F-0020, R-R2-F-0021, and R-R2-F-0019.

The closure lid incorporates two chambers of insulation. The Lid Top chamber contains a disk
of Thermal Ceramics Min-K 2000 insulation one (1) inch thick with a diameter if 14 inches. The
Lid Bottom chamber contains a rigid disk of Thermal Ceramics TR-19 Block insulation, 4.3-inch
thick by 8-inch diameter. When installed, this disk compresses two (2) 8-inch diameter by
14-inch thick blankets of Fiberfrax® insulation to a total thickness of Y%-inch. The total axial
thickness of the Lid Bottom chamber insulation is approximately 5.73 inches. Details are shown
in Figure 1.1 and Drawing R-R2-F-00017.

1.2.1.3 6-inch Diameter Containment Vessel

The 9977 is designed to accept either of two containment vessels (CVs), with nominal IDs of
either six (6) or five (5) inches. The 6-inch ID Containment Vessel (6CV) is a stainless steel
pressure vessel designed, analyzed and fabricated in accordance with Section III, Subsection NB
of the ASME Code, with design conditions of 800 psig at 300 °F, as listed in Table 9.5. The
6CV is illustrated in Figure 1.4. The 6CV is fabricated from 6-inch, Schedule 40, seamless,
Type 304L SS pipe (0.280-inch nominal wall). A standard Schedule 40 Type 304L SS pipe cap
(also 0.280-inch nominal wall) is welded to the pipe segment to form a blind end. A stayed head
is machined from a 7's-inch diameter by 2%-inch long Type 304L SS bar and welded to the open
end of the pipe segment, completing the vessel body weldment. The head is machined to include
6"2-12UNS-2B internal threads and an internal cone-seal surface with a 32 pin. finish. Both
vessel body joints are Category B full-penetration circumferential welds. A support skirt to
stand the 6CV vertically is formed from a short segment of 5-inch, Schedule 40 Type 304L SS
pipe welded to the convex side of the cap. Two rectangular notches milled into the bottom edge
of the skirt (180° apart) can engage a rectangular key to prevent vessel rotation during removal
and installation of the closure assembly.

The 6CV closure assembly consists of a Type 304L SS cone-seal plug shaped in part like a
truncated cone and a threaded cone-seal nut made from Nitronic® 60. The two closure-assembly
components rotate freely relative to one another and are coupled by a snap-ring that also ensures
unseating of the closure seal during disassembly. As the cone-seal nut is threaded into the stayed
head of the vessel, the cone-seal plug is thrust axially against the corresponding cone-seal
surface of the vessel. Both internal and external sealing surfaces are machined to identical
angles so that they mate with zero clearance. To minimize the potential for thread galling, the
cone-seal nut and the containment vessel body are made from dissimilar materials. Two O-ring
grooves (outer and inner) are machined in the face of the external cone-seal plug with a 32 pin.
finish as shown in Figure 1.4. Viton GLT O-rings fit into these grooves to complete the leaktight
closure assembly.

For operator safety, a 0.094-inch diameter vent hole is located in the stayed head between the
threads and the internal sealing surface. Unscrewing the cone-seal nut a few turns will unseat the
cone-seal plug from the internal cone-seal surface and route any pressurized gases from the CV
through the vent hole.

A leak-test port is incorporated into the cone-seal plug and connected by a drilled radial passage
to the annular volume between the two O-ring grooves in cone-seal plug. The leak-test port
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provides a means of verifying proper assembly of the vessel closure and is itself closed by the
leak-test port plug. The vessel containment boundary is formed by the vessel body, the cone-seal
plug, and the inner O-ring.

The internal volume of a closed 6CV is approximately 600 cubic inches. The nominal assembly
weight is 52.2 Ib and nominal overall length is 24 inches. The usable cavity of the 6CV is
approximately 21.5 inches deep with a maximum diameter of six (6) inches. Details are shown
in Drawing R-R2-G-00042.

1.2.1.4 5-inch Diameter Containment Vessel

The 5-inch ID Containment Vessel (S5CV) is a SS pressure vessel similar to the 6CV, designed,
analyzed, fabricated, and examined in accordance with Section III, Subsection NB of the ASME
Code, with design conditions of 900 psig at 300 °F, as listed in Table 9.5. However, the SCV is
fabricated from 5-inch, Schedule 40, seamless, Type 304L SS pipe (0.258-inch nominal wall)
with a corresponding standard Schedule 40 Type 304L SS pipe cap (also 0.258-inch nominal
wall) welded at the blind end. A stayed head is machined from a 6-inch diameter by 2'4-inch
long Type 304L SS bar and welded to the open end of the pipe. The head is machined to include
5%-12UNS-2B internal threads and an internal cone-seal surface with a 32 pin. finish. Both
vessel-body joints are Category B with full penetration circumferential welds. A short segment
of 4-inch, Schedule 40 Type 304L SS pipe is welded to the convex side of the cap to form a skirt
to support the SCV vertically. The skirt includes two rectangular notches on the bottom edge
(180° apart) that can engage a rectangular key to prevent vessel rotation during removal and
installation of the cone-seal closure.

The 5CV closure is identical to that of the 6CV, except for a smaller diameter. The closed SCV
has an internal volume of approximately 313 cubic inches, weighs 34 1b, and has a closed
nominal length of 18.6 inches. It’s usable inside cavity is approximately 15 inches deep with a
minimum diameter of 5 inches. Details are shown in Drawing R-R2-G-00043.

1.2.1.5 Load Distribution Fixtures

Top and a Bottom Load Distribution Fixtures (LDFs) are made from 6061-T6 aluminum round
bar and fit within the Drum Liner cavity, above and below either CV. The LDFs center the CV
in the liner, stiffen the package in the radial direction, and distribute loads away from the CV, see
Figures 1.1 and 1.4. The 6CV fits directly into the LDFs. Aluminum honeycomb spacers
(discussed in Section 1.2.1.8) fill the volume between smaller SCV and the LDFs. Details are
shown in Drawings R-R4-G-00032 and R-R4-G-00033.

1.2.1.6 Shielding Features

Neither 9977 materials nor component geometry provides significant radiation shielding. Dose-
rate attenuation is provided primarily by the distance between the source and points external to
the package.
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1.2.1.7 Criticality Control Features

The 9977 design does not incorporate materials specifically for the purpose of poisoning or
moderating neutron radiation. Subcriticality is ensured by limiting package contents and by
crediting the packaging as a means of maintaining a minimum distance between adjacent
sources. These restrictions prevent criticality under NCT and under HAC-damaged package
array conditions.

1.2.1.8 5CV Aluminum Honeycomb Spacers

Three aluminum honeycomb spacers center the SCV within the LDFs. Top, Annular, and
Bottom Spacers are fabricated from 3-mil minimum foil with a 3-mil thick outer sheathing and
are rated for an axial compressive strength of 1500 + 500 psi before permanent deformation.
These are discussed in order of placement into the drum.

The Bottom Spacer is 6': inches in diameter and three (3) inches thick along axis of the
corrugations, with a 0.7-inch deep recess that receives the SCV’s skirt ring. The Bottom Spacer
is placed into the Bottom LDF below the 5CV in part to help center the SCV in the package. The
Bottom Spacer prevents the SCV from impacting the LDF in the event of package mishandling
or a transportation accident.

The Annular Spacer separates the SCV body from the wall of the Drum Liner and helps center
the SCV in the package. The Annular Spacer has a 5.5-inch ID, an 8-inch OD, and is 19.8 inches
tall (axis of the corrugations).

The Top Spacer is seven (7) inches in diameter and 2.8 inches thick (axis of the corrugations),
with a 0.6-inch deep recess that fits over the square nut on the SCV cone-seal assembly. The
Top Spacer is placed above the SCV under the Top LDF to finish centering the SCV in the
package. The Top Spacer also prevents the SCV from impacting the LDF in the event of
package mishandling or a transportation accident. The three aluminum honeycomb spacers are
illustrated in Figure 1.1 and details are shown in Drawing R-R4-G-00033.

1.2.1.9 Package Markings

An Identification Plate is welded to the drum shell with markings die stamped and filled with
epoxy paint for durably and legibility. The package markings include:

e The package name “9977”

e DOE package Competent Authority and their address

e “Radioactive Material, Fissile”

e “USA/9977/B(M)F-96(DOE)”

e Year of manufacture, Serial Number, and Package Gross Weight (in units of both Ib and
kg)

e Radioactive material Trefoil symbol
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Figure 1.1 — 3-Dimensional Cut Away Illustration of the 9977 with a S-inch and 6-inch Diameter Containment Vessels
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1.2.2 Contents of Packaging

Package contents are identified as Content Envelopes C.1 through C.5 and defined in Table 1.2.
The contents are in solid form as metal pieces or oxides. Contents in liquid form are not
permitted.

The total content mass listed in Table 1.2 excludes material containers and packing materials
(i.e., RTG containers, springs, cups and union). Contents containers and content-specific
configuration requirements are listed in Sections 1.2.2.1 and 1.2.2.2, respectively. Where
applicable, the material container dimensional requirements are provided.

Compatibility of the packaging materials of construction, packing materials, and the contents is
discussed in Section 2.2.2. There are no material incompatibilities in the package. Since the
CVs are leaktight, they may become pressurized by heating of gases contained at the time of
closure and pressurized further by gases generated from the contents. The contents do not
generate fission gases. The Maximum Normal Operating Pressures (MNOPs) for the 6CV and
SCV are 41.2 psig and 56.3 psig respectively. MNOPs are developed in Section 3.3.2.

Requirements common to all contents and payload configurations are the following.

e The maximum allowable radioactive decay heat rate is 19 Watts.

o Except as stated in Table 1.2, small concentrations (<1000 ppm each) of other
actinides, fission products, decay products, and neutron activation products are
permitted. Assessment of these impurities may be based on process knowledge.

o Except as stated in Table 1.2, inorganic material impurity quantities of less than
100 ppm each are permitted as long as the total mass is less than 0.1 weight
percent of the total content mass. Assessment of these impurities may be based
on process knowledge.

e The maximum weight of the payload (everything that goes into the CV,
including radioactive contents, convenience cans, contamination control
devices, packing materials, spacers, etc.) is not to exceed 50-1b for the SCV and
100-1Ib for the 6CV.

All 9977 contents requirements are summarized in Table 1.3 by content envelope and
container configuration.
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Notes

Table 1.2 - Content Envelopes

C.1 C.2° CJ3
e y1ab
Material Heat Pu/U Pu/U
Sources Metals Oxides
238py 100 2
29py 4 40 100
240py 13 25
o 2 Hlpy 1 15
g3 pye 1.5 5
2 2 23277 d 2 0
& § U 1.4 x 10 1x 10
E 2| *Pud 0.2 0.5
gl »u¢ 40 100 P
B3y ¢ 40 100 st
36y 16 40 )
28y 40 100 N~
- Ca 15 Qd
£~
% §D Fe 5 m
gl . ) 9
r Al
Radioactive W
§ Materials 0.1 44 Q"4
é 2| impurities 0.02 3.088
2
[
All Contents 0.1 4.4

a  All contents shall be dry.

b Pu/U content bulk density shall be no greater than 19.84 g/cc and no less than 2.0 g/cc.
c Contents shall be stabilized in accordance with DOE-STD-3013, Section 6.1.1.

d  Nuclide classified as “fissile” per DOE Good Practices Guide, Criticality Safety Good Practices Program,
Guide For DOE Nonreactor Nuclear Facilities, DOE G 421.1-1, 3.79 Fissile Nuclide, 8-25-99.

e **Pu shall be greater than **'Pu.

f Less than 0.005 g of (a, n) impurities {aluminum, beryllium, boron, fluorine, lithium, magnesium, and
sodium} are permitted.

g  The impurity limit is based on the DOE-STD-3013 requirement that plutonium plus uranium mass shall
not be less than 30 weight percent of the total content mass.
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Notes

Table 1.2 (continued) - Content Envelopes

C.1 C5S
Material | U Metal or
a,b,c Alloy U Compounds

H/X =01 H/X =0 H/X <0.15
233 e 5 mm| 5 mm|
" IRESERVED

3ye 13.5 4.4 4.4

Radioisotope Mass
(Kg)

Except as permitted for compounds, all contents shall be dry. The moisture content of the compounds
shall be less than 0.5 weight percent of the total content mass.

U content bulk density shall be no greater than 19.84 g/cc and no less than 2.0 g/cc.

H/X is the ratio of hydrogen to fissile atoms that can be mixed with the fissile material mass. The
moisture content of the compounds shall be less than 0.5 weight percent of the total content mass.

Pieces shall have a specific surface area less than 100 mm2/g. This limit may be implemented by either
restricting each piece mass to at least 50 g or by performing calculations and measurements.

Nuclide classified as “fissile” per DOE Good Practices Guide, Criticality Safety Good Practices Program,
Guide For DOE Nonreactor Nuclear Facilities, DOE G 421.1-1, 3.79 Fissile Nuclide, 8-25-99.
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1.2.2.1 Contents Containers

The 9977 is evaluated for shipment of radioactive contents in the following containers.

e Assemblies of Radioisotope Thermoelectric Generators (RTGs)
e 3013 storage containers, and

e Food-pack cans.

Descriptions, illustrations, and the packaging limitations of these configurations are provided in
the following sections. For user convenience, a summary of the packaging requirements by
contents and container configurations is provided in Table 1.3. Content-specific configuration
controls and requirements are discussed in Section 1.2.2.2. The 9977 has been designed,
analyzed and tested to demonstrate compliance with the requirements of 10 CFR 71 in the 6CV
packaging configuration shown in Figure 1.2. The 5CV configuration given in Figure 1.1 has
been shown by analysis to be bounded by the 6CV configuration. Additional packing materials
are not required and any related benefit for the contents is not credited in the package safety
evaluations.

1.2.2.1.1 ASSEMBLIES OF RADIOISOTOPE THERMOELECTRIC GENERATORSs

RTGs provide power for remote instrumentation and experimental equipment by converting the
heat generated from the radioactive decay of ***Pu into electricity. Two different sizes of RTGs
can be shipped within essentially a single 9977 container configuration.

The RTG assembly configuration illustrated in Figure 1.6 has been evaluated for transportation
in the 6CV only. The Sandia National Laboratory (SNL) RTG Assembly components are
defined in the following drawings.

Drawing Number Title Quantity
1A6780-00 Spring Assembly 2
1A6781-00 Union Assembly 1
1A6782-00 Finned Cup Assembly 2

The RTGs are placed within vibration-limiting and thermal-conducting assemblies. One RTG
Assembly holds a maximum of four (4) RTGs. Either or both size RTGs may be shipped in the
same assembly provided the general requirements listed in Section 1.2.2, above are satisfied.
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1.2.2.1.2 3013 STORAGE CONTAINERS

Plutonium metal or oxide contents targeted for long-term storage must meet DOE’s 3013
standard. The 3013 configuration requires a series of nested containers designed specifically for
long-term storage. These include a 3013 outer storage can,'” a 3013 inner storage can, and
optional material container(s). The 3013 inner storage can and material containers are often site-
specific designs. For user convenience, descriptions of typical 3013 containers and
configurations are provided in Appendix 1.2.

Figure 1.7 illustrates the basic 3013 storage container configuration evaluated in this SARP.
Various 3013 inner and material containers are acceptable provided the general requirements
listed in Section 1.2.2 are satisfied and the requirements below are fulfilled.

e The 5CV packaging configuration must be used.

o The Reference 3013 outer storage can must be used.

e The 3013 inner and product containers meet the requirements of DOE’s 3013
standard, Section 6.2, Containers.

e The 3013 inner and material containers must not include organic liners.

o A perforated food-pack can must be placed above the 3013 to consume
otherwise open axial space.
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1.2.2.1.3 FOOD-PACK CANS

The term “food-pack™ can includes metal cans with crimped-seal closures, “slip-lid” closures, or
site-specific “convenience containers.” Crimp-sealed food-pack cans are typically fabricated in
accordance with Federal Specification PPP-C-96E!'" or equivalent, and meet the size
specification as defined by the Can Manufacturers Institute - Voluntary Can Standards.''”
Convenience containers are typically application-specific designs that incorporate screw thread,
crimp-sealed, or welded closures. These three types of cans are made typically from tin-plated
mild steel or stainless steel.

Actinide metals, oxides, and other materials may be placed inside food-pack cans prior to placing
items in the packaging. If not part of a 3013-qualified storage plan, an elastomeric gasket
material or polyvinyl chloride tape may be applied to the edge of the can lid. The seal material
may limit the spread of contamination, but is not credited for any measure of containment within
the package.

The can containing the radioactive material is typically placed inside low-density polyethylene or
nylon bagging for contamination control. Multiple bags may be present, up to the mass limit for
plastics. The bagged inner can is typically then nested within one or more outer cans. The
nested assemblies are then placed within the SCV.

A typical single food-pack can configuration is shown in Figure 1.7. Although shown in the
figure, nesting of food-pack cans is not required (i.e., a single food-pack can is allowed). Food-
pack cans may be arranged for handling convenience and contamination control into single,
double, or triple-stacked configurations, provided the general requirements listed in Section 1.2.2
are satisfied and the requirement below is fulfilled.

e The 5CV configuration must be used.
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Figure 1.6 - 6CV -- Radioisotope Thermoelectric Generator (RTG) Assembly
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Figure 1.7 - SCV — Typical 3013 Configuration with Contents
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1.2.2.2 Content-Specific Configuration Requirements

As described in this section, loading restrictions vary with content envelope and configuration.
1.2.2.2.1 ENVELOPE C.1 --PLUTONIUM-238 OXIDE HEAT SOURCES

RTG Configuration

The Radioisotope Thermoelectric Generators (RTGs) assembly packing configuration within the
6CV is shown in Figure 1.4. In addition to the general requirements listed in Section 1.2.2, the
isotopic and chemical content restrictions in Table 1.2, Section 1.2.2.1.1 describes the only
configuration acceptable for packaging RTGs in the 9977. The configuration is required only for
protection of the RTGs and has no influence on the package safety evaluation. The following
condition also applies:

o A total of 100 grams of plastic may be present as low-density polyethylene or
nylon and/or polyvinyl chloride tape.

1.2.2.2.2 ENVELOPE C.2 -- PLUTONIUM AND URANIUM METAL

3013 Container Configurations

A typical 3013 packing configuration within the SCV is shown in Figure 1.7. In addition to the
general requirements listed in Section 1.2.2, the isotopic and chemical content restrictions in
Table 1.2, and the configuration criteria listed in Section 1.2.2.1.2, a mass threshold applies. If
the radionuclide content mass is greater than 3 kg per innermost material container, the following
restrictions apply (no additional restrictions apply if the mass is less than 3 kg):

e The sum of the radial wall thicknesses of all cans (convenience can, 3013 inner
can, and the 3013 outer can) constituting a 3013 configuration shall not exceed
0.26 inch.

e The sum of the thicknesses (tops and bottoms) of all cans constituting a 3013
configuration shall not exceed 1.77 inches.

o The innermost material container shall be at least 3.9 inches in diameter and at
least 4.125 inches long (i.e., can size 315 x 402 or longer), or shall be at least
4 inches in diameter and at least 4 inches long (i.e., minimum can size 400
x 400).

Food-Pack Can Configurations

A typical food-pack can packing configuration within the 5CV is shown in Figure 1.8. In
addition to the general requirements listed in Section 1.2.2, the isotopic and chemical content
restrictions in Table 1.2, and the configuration criteria listed in Section 1.2.2.1.3, the following
conditions apply.

e A total of 100 grams of plastic may be present as low-density polyethylene or
nylon and/or polyvinyl chloride tape.
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If the radionuclide content mass is equal to or greater than 3 kg per innermost material container,
the following restrictions apply (no additional restrictions apply if the mass is less than 3 kg).

e The sum of the radial wall thicknesses of all nested cans shall not exceed
0.26 inch.

o The sum of the thicknesses of the tops and bottoms of all nested cans shall not
exceed 1.77 inches.

o The innermost material container shall be at least 3.9 inches in diameter and at
least 4.125 inches long (i.e., can size 315 x 402 or longer), or shall be at least
4 inches in diameter and at least 4 inches long (i.e., minimum can size 400
x 400).

1.2.2.2.3 ENVELOPES C.4 AND C.5 -- URANIUM METAL AND OXIDES

Food-Pack Can Configurations

The typical food-pack can packing configurations within the SCV is shown in Figure 1.7. In
addition to the general requirements listed in Section 1.2.2, the isotopic and chemical content
restrictions in Table 1.2, and the configuration criteria listed in Section 1.2.2.1.3, the following
conditions apply.

o A total of 100 grams of plastic may be present as low-density polyethylene or
nylon and/or polyvinyl chloride tape.

If the radionuclide content mass is equal to or greater than 3 kg per innermost material container,
the following restrictions apply (no additional restrictions apply if the mass is less than 3 kg).

e The sum of the radial wall thicknesses of all nested cans shall not exceed
0.26 inch.

e The sum of the thicknesses of the tops and bottoms of all nested cans shall not
exceed 1.77 inches.

e The innermost material container shall be at least 3.9 inches in diameter and at
least 4.125 inches long (i.e., can size 315 x 402 or longer), or shall be at least
4 inches in diameter and at least 4 inches long (i.e., minimum can size 400
x 400).
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1.2.3 Special Requirements for Plutonium

Plutonium contents in excess of 0.74 Tbq (20 Ci) per package must be in solid form. This
condition is required for all content envelopes as stated in Section 1.2.2.

1.2.4 Operational Features

In general, all components are handled manually. Therefore, the features discussed below have
been incorporated into the design to assist personnel in manual operation of the package.

Rectangular notches are located in the base of the CV support skirt that can be used to prevent
rotation of the vessel body while installing/removing the closure assembly. The CVs are top
heavy and the user should provide a fixture or support stand to prevent tipping during loading or
unloading operations.

Four (4) "4-inch diameter by Y4-inch deep holes are located in square drive on top of the cone-
seal nut to facilitate lifting the cone-seal closure assembly or the fully assembled CV. Examples
of special tools that may facilitate lifting and other package operations are discussed in Appendix
7.1.

The hex-heads of the eight (8) drum-closure bolts are drilled through for insertion of a tamper-
indicating device (TID). During shipment, two or more bolts are wired together in series such
that removal of one of these bolts would require breaking the TID.

Threaded inserts are welded to the bottom of the drum’s top deck plate to receive closure bolts
and simplify closure operations.

The drum’s reinforcing rim (circumferential vertical flange) includes eight (8) 1-inch diameter
drain holes that are also qualified as package lifting and tie-down points.
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1.2.5 Compliance with 10 CFR 71

This SARP documents that the 9977 package satisfies the regulatory safety requirements of
10 CFR 71.

The results of the structural and thermal analyses and testing performed on the package are
presented in the Chapters 2 and 3 and are summarized below.

1.2.5.1 Structural and Thermal Performance Under Testing for NCT 10 CFR 71.71 and HAC
10 CFR 71.73

The package is designed, constructed and prepared for transport so that under the tests specified
in 10 CFR 71.71 there is no loss or dispersal of radioactive contents, no significant increase in
external surface radiation levels and no substantial reduction in the effectiveness of the
packaging.  Specifically, Section 2.6 demonstrates compliance with the performance
requirements of 10 CFR 71.43 and 10 CFR 71.51(a). The NCT pressures and temperatures are
summarized in Table 2.21.

Section 2.7 demonstrates that the package satisfies the performance requirements of 10 CFR
71.51(a)(2) under the HAC requirements given in 10 CFR 71.73, including; free drop, puncture,
thermal, immersion (for both fissile material and all packages) and crush. HAC tests were
conducted in a sequential application, in the order indicated, to determine their cumulative effect
on a package in accordance with 10 CFR 71.73(a). The HAC regulatory limit of “no escape of
radioactive material exceeding a total amount A, in one week” is met by demonstrating that the
containment system remained leaktight. The external radiation dose requirement is met by
factoring the results of the analyses and test described in Section 2.7 into the shielding evaluation
described in Section 5.1. The general requirements for fissile material packages in 10 CFR 71.55
are met by factoring the results of the tests described in Section 2.7 into the criticality evaluation
described in Section 6.1. The package is shown to meet the performance requirements of
10 CFR 71.73 by evaluation and by a combination of physical testing on the 9977 package, 9977
package prototypes and its predecessor packages of similar design.
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1.2.5.2 General Requirements for All Packages — 10 CFR 71.43

The performance criteria for the package under NCT, from 10 CFR 71.43, General Standards for
All Packages, are met, as demonstrated in Section 2.4. The package design incorporates;

a) overall dimensions greater than 4 inches;

b) provision for a Tamper Indicating Device that provide evidence that the package has
not been opened;

c) acontainment system that cannot be opened unintentionally or by a pressure that may
arise within the package;

d) materials and contents with no significant chemical, galvanic, or other reactions;
e) no valves;
f) no pressure relief devices;

g) under the NCT conditions, no loss or dispersal of radioactive contents, no significant
increase in external surface radiation levels, and no substantial reduction in the
effectiveness of the packaging;

h) no accessible surface temperature exceeding 122°F in still air, at 100°F, in the shade;
and

1) no venting devices.

1.2.5.3 Structural Requirements for Lifting and Tie-Down Devices — 10 CFR 71.45

The drum rim vertical flange includes eight (8) 1-inch diameter holes that are qualified as
package lifting and tie-down points, as demonstrated in Section 2.5.

1.2.5.4 External Radiation Requirements — 10 CFR 71.47

The package radiation dose rate limits are met for NCT and HAC for all content envelopes as
shown in Section 5.1 and listed in Table 5.1.

1.2.5.5 Requirements for Type B Packages — 10 CFR 71.51

The package is demonstrated by testing to be leaktight in accordance with American National
Standards Institute (ANSI) N14.5!"*! during acceptance (in accordance with Section 8.1.3) and
normal operations and use (in accordance with Section 8.2.2). The analysis and testing described
in Sections 2.6 and 2.7 show that there is no loss of containment during NCT and in HAC events.

1.2.5.6 Criticality Requirements — 10 CFR 71.53. 71.55, and 71.59

The criticality safety evaluation provided in Sections 6.4.3 and 6.4.4 demonstrates that the
package is subcritical for all single package and array configurations. The package Criticality
Safety Index is 1.
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1.2.5.7 Special Requirements for Plutonium Packages — 10 CFR 71.63

All 9977 contents shall be in solid form. This restriction exceeds the “greater than 0.74 TBq
(20 Ci) of plutonium” requirement of 10 CFR 71.63.

1.2.5.8 Requirements for Operating Controls and Procedures — 10 CFR 71 Subpart G

Chapter 7 provides the minimum procedural elements that ensure the package is operated in
accordance with its design. The package user’s implementation of the SAR procedural elements,
and any requirements provided in the package Certificate of Compliance, ensures safe
performance of the package under NCT and HAC.

1.2.5.9 Requirements for Quality Assurance — Subpart H

The quality assurance (QA) requirements for ensuring the safety of the package, as applied by
Washington Savannah River Company at the Savannah River National Laboratory and the
Savannah River Site are provided in Chapter 9. Requirements provided include the QA
methodology and applicable areas of package design, purchasing, fabrication, handling,
shipping, storage, cleaning, assembly, inspection, testing, operation, maintenance, repair, and
component modification. Non-WSRC users of the package are responsible for implementing
comparable QA programs.
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1.4 APPENDICES

Appendix Description
1.1 Engineering Drawing List for the 9977 Package
1.2 DOE-STD-3013 Storage Container Configurations
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DRAWING LIST

Drawing Number  Rev Title

R-R5-G-00002 0 9977 - General Purpose Fissile Packaging

Drawing Tree (U)
R-R1-G-00020 0 9977 - General Purpose Fissile Packaging

Assembly with 6-inch Diameter Containment Vessel (U)
R-R1-G-00021 0 9977 - General Purpose Fissile Packaging

Assembly with 5-inch Diameter Containment Vessel (U)
R-R2-G-00017 0 9977 - General Purpose Fissile Packaging

Drum and Liner Subassembly (U)
R-R2-G-00018 0 9977 - General Purpose Fissile Packaging

Drum Lid Subassembly (U)
R-R2-G-00019 0 9977 - General Purpose Fissile Packaging

Insulating Blanket Subassembly (U)
R-R2-G-00042 0 9977 - General Purpose Fissile Packaging

6-inch Diameter Containment Vessel (CV) Subassembly (U)
R-R2-G-00043 0 9977 - General Purpose Fissile Packaging

5-inch Diameter Containment Vessel (CV) Subassembly (U)
R-R4-G-00032 0 9977 - General Purpose Fissile Packaging

Spacer Part Details for 6-inch Containment Vessel (U)
R-R4-G-00033 0 9977 - General Purpose Fissile Packaging

Spacer Part Details for 5-inch Containment Vessel (U)
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APPENDIX 1.2

DOE-STD-3013 STORAGE CONTAINER CONFIGURATIONS
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DOE-STD-3013 STORAGE CONTAINER CONFIGURATIONS

Metal or oxide contents targeted for long-term storage must meet DOE-STD-3013.
[Stabilization, Packaging, and Storage of Plutonium-Bearing Materials, DOE Standard,
DOE-STD-3013-2000, U. S. Department of Energy, Washington, D. C. (September 2000)] The
3013 configuration uses a series of nested containers specifically designed for long-term storage;
an outer container, an inner container, and an optional material container. These are shipped in
the 9977. Descriptions of various 3013 components and configurations that have been reviewed
and approved for use within the 9977 are provided here. A summary listing of the various
components and their controlling design drawing is included.

3013 Quter Storage Can

Only one design for the 3013 outer storage can has been evaluated for use in the package. The
British Nuclear Fuels, Limited (BNFL) 3013 Outer is used for all 3013 configurations. The 3013
Outer has a full-penetration welded closure.

3013 Inner Storage Can and Material Containers

Individual package users typically develop site-specific 3013 inner and product containers. The
material containers in the following figures facilitate packaging operations, reduce the potential
for contamination during loading, and are not required by the DOE-STD-3013. All food-pack
cans are manufactured in compliance with the Can Manufacturing Institute (CMI) “Voluntary
Can Standards.”
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The 3013 Containers
User Designation Designer Closure Type Drawing Number
% All 3013 Outer BNFL Full-penetration weld | SRS: M-PV-F-0017
o
BNFL 3013 Inner BNFL Laser weld SRS: M-PV-F-0016
. LANL Aries 3013 Inner LANL Full-penetration weld | LANL: 90Y-219875
é Hanford Bagless Inner 3013 Dynamic Machine Works | Resistance seam weld | DMW: 2043A
: SRS “Short” Bagless Transfer Canister SRS Resistance seam weld | SRS: R-R1-F-0039
SRS “Tall” Bagless Transfer System Can | SRS Resistance seam weld | SRS: R-R4-F-0107
BNFL Convenience Container BNFL Screw top lid SRS: M-PV-F-0015
1 | Hanford Convenience Container Dynamic Machine Works | Screw top lid DMW: 1911
[<B]
= | Rocky Flats | Convenience Container Dynamic Machine Works | Screw top lid DMW: 1509-02
§ LLNL Food-Pack Can Can Manufacturers Inst. | Crimp sealed 404 x 700 or 404 x 800
_c_:c LANL Food-Pack Can LANL Crimp sealed LANL: 90Y-219959
§ SRS Bagless Convenience Can SRS Open top SRS: M-FFD-F-00083
2 SRS Tall Bagless Convenience Can SRS Open top SRS: M-FFD-F-00105
SRS Convenience Can Assembly SRS Screw Top SRS: R-R1-F-0098
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The 3013 storage container configurations that have been evaluated as content for the 9977 are
illustrated in Figures A1.2.1 through A1.2.8, as follows:

Figure Description

BNFL oxide convenience can inside a 3013 inner storage can inside a 3013
outer storage can.

A metal Rocky Flats convenience can inside a 3013 inner storage can
inside a 3013 outer storage can with a button spacer.

Two SRS “Bagless Transfer” cans inside a 3013 outer storage can with
optional “Bagless Convenience Can Assembly”.

SRS Tall “Bagless Transfer” can inside a 3013 outer storage can with
optional screw top “FB-Line Convenience Can Assembly”.

SRS Tall “Bagless Transfer” can inside a 3013 outer storage can with
optional “Tall Bagless Convenience Can”.

LLNL convenience can inside a 3013 inner storage can inside a 3013 outer
storage can.

LANL/ARIES 3013 Convenience Can Configuration inside a 3013 outer
storage can.

Hanford convenience can inside the Hanford “bagless transfer” can inside

a 3013 outer storage can.

Note: Two smaller convenience cans or a different sized single convenience can is an acceptable
substitute for the single convenience can illustrated in Figure A1.2.6 so long as the minimum
container size criteria specified in Section 1.2.3 are met.

Al21

Al22

Al23

Al2.4

Al25

Al2.6

Al2.7

Al238
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5-inch
Containment
Vessel
Perforated Q
Food-Pack
Can Spacer BNFL
_——— 3013 Outer
7 Storage Can
I, 7
-
N RN |
\ >
N N | 3013 Inner
? %\ | Storage Can
| |
i |
| |
BNFL | |
Convenience I i
Container l i
| |
| |
| l
ll |
| l
| |
| l
| l
[l |
| l
I l
I |
| |
| |
| |
! |
\ )
J

Figure Al.2.1 - 3013 Container Configuration
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5-inch
Containment
Vessel
Perforated 3
Food-Pack
Can Spacer BNEL
_—— 3013 Outer
% Storage Can
m——
4
T~ 3013 Inner
Storage Can
Mock
Pu Button
Rocky Flats /
Conveience
Container Button Spacer

Figure A1.2.2 - Rocky Flats 3013 Convenience Container Configuration
with Button Spacer
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5-inch
Containment
Vessel

Perforated
Food-Pack
Can Spacer

o 3013 Outer

7 Storage Can

P4 SRS Short
[ — "Bagless Transfer"

Cans (2x)

SRS

P "Bagless Convenience
Can Assembly" -

Optional in either or neither

Figure A1.2.3 - SRS 3013 Configuration — Short “Bagless Transfer” Can
with optional “Bagless Convenience Can Assembly”
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N\

%

5-inch
Containment
Vessel

X

Perforated
Food-Pack
Can Spacer

BNFL
| 3013 Outer

7 Storage Can

4 SRS Tall
[ — "Bagless Transfer"

1K SRS Screw Top
"FB-Line Convenience
Can Assembly"

Figure A1.2.4 - SRS 3013 Configuration — Tall “Bagless Transfer” Can
with optional screw top “FB-Line Convenience Can Assembly”
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5-inch
Containment
Vessel
Perforated R
Food-Pack
Can Spacer BNEL
_— 3013 Quter
7 Storage Can
N 7 T f‘/
\ A
N
K4 SRS Tall
~—— "Bagless Transfer"
Can
N9 SRS
. "Tall Bagless
Convenience Can"
N
/

Figure A1.2.5 - SRS 3013 Configuration — Tall “Bagless Transfer” Can
with optional “Tall Bagless Convenience Can”
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Perforated
Food-Pack
Can Spacer

Convenience Can
Nominally 404x700

or 404x800

(Two smaller cans
may be substituted

for the single can
configuration shown.
The smaller can size
is nominally 404x400.)

[

%

0777

fu

K

X

>

5-inch
Containment
Vessel

BNFL
|_— 3013 Outer

7 Storage Can

7

\\\\
\
4

~ 3013 Inner
Storage Can

o/

Figure A1.2.6 - LLNL 3013 Convenience Can Configuration
(Note: Food Pack Cans are according to the Can Manufacturers Institute Voluntary Can Standards)
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5-inch
Containment
Vessel

Perforated
Food-Pack
Can Spacer

P 3013 Quter

7 Storage Can

Storage Can

Convenience Can
Nominally 315x812

Figure A1.2.7 - LANL/ARIES 3013 Convenience Can Configuration
(Note: Food Pack Cans are according to the Can Manufacturers Institute VVoluntary Can Standards)
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~
5-inch
Containment
Vessel
Perforated Q
Food-Pack
Can Spacer BNEL
_——— 3013 Quter
7 Storage Can
Nz
9 gY
\{
P
]
b Hanford
§¥"Bagless Transfer"
Inner 3013 Can
Hanford
Convenience
Can
N

N

Figure Al1.2.8 - Hanford 3013 Convenience Can Configuration
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FABRICATION AND TESTING NOTES:

1,

2.

13.

14.
15.

le.
17.

18.
19.

. THE CONTAINMENT VESSEL WELDMENT

ALL WELDS MUST MEET THE REQUIREMENTS OF APPLICABLE
CODES AND STANDARDS AS DESCRIBED ON THIS DRAWING.

DRAFTING IS IN ACCORDANCE WITH ANSI, AWS AND ASME STANDARDS
WHEN APPLICABLE (I.E, ANSI Y14.5, ANSI/AWS AZ.4).

ANY ITEM SPECIFIED AS HAVING AN ACCEPTABLE EQUIVALENT MUST BE APPROVED
BY THE DESIGN AGENCY SRPT.

- STAINLESS STEEL MATERIALS TO BE IN ACCORDANCE WITH ASME B&PVC

SECTION III, DIV. 1, SUBSECTION NB-2007.

. ALL WELDS SHALL BE MADE USING FILLER METAL IN ACCORDANCE

WITH ASME B&PVC SECTION III, DIV. 1, SUBSECTION NB-2400. WELDING
PROCEDURES AND WELDERS SHALL BE QUALIFIED IN ACCORDANCE WITH
ASME B&PVC SECTION IX. WELDING AND FABRICATION SHALL BE IN
ACCORDANCE WITH ASME B&PVC SECTION III. DIV. 1, SUBSECTION NB-4000.

. ALL WELDS SHALL BE INSPECTED IN ACCORDANCE WITH

ASME B&PVC SECTION III, DIV. 1, SUBSECTION NB-5000.

FEATURES MARKED WITH A [:] HAVE QUALITY REQUIREMENTS DEFINED
IN S-SARP-G-UU001.

(ITEM 1) SHALL BE GLASS BEAD BLASTED WITH
AE BEAD FOLLOWING ALL NDE, LEAK TESTING AND HYDROSTATIC TESTING EXCEPT
THREAD AND SEALING SURFACES.

. ENTIRE SURFACE OF UPPER AND LOWER O-RING GROOVES TO BE 3%/
. A STANDARD WEIGHT 6 INCH SCH 4@ PIPE CAP, NOMINAL .28 INCH THICK,

2:1 ELLIPTICAL HEAD, APPROX. WT. 6.4 POUNDS, SHALL BE USED. HEAVIER WEIGHT
PIPE CAPS ARE NOT PERMITTED.

. A 5.02 INCH DIA RIGHT CIRCULAR CYLINDER 15 INCHES LONG SHALL FIT IN THE

INTERNAL CAVITY OF EACH ASSEMBLED AND SEALED CONTAINMENT VESSEL.

- CONTAINMENT VESSEL WELDMENT, CONE SEAL NUT AND CONE SEAL PLUG SHALL BE

MARKED ON THE SURFACES INDICATED WITH THE FOLLOWING INFORMATION: LAST
FOUR DIGITS AND LETTER OF THEPART NUMBER, DRAWING REVISION AND SERIAL
NUMBER (E.G., B043-A RO SNGUZBL). SERIAL NUMBERS ARE TO BE FURNISHED BY THE
OWNER. LETTER SIZE TO BES/16"HEIGHT CHARACTERS. MARKING METHOD TO BE

BY ELECTRICAL CHEMICAL ETCH.

ALL METAL PARTS SHALL BE CLEANED AND DEGCREASED
PER ASTM A-380 AFTER COMPLETION OF ALL FABRICATION AND UA/0C REQUIREMENTS.

CALCULATED WEIGHTS ARE BASED ON NOMINAL DIMENSIONS OF PARTS.

THE CONTAINMENT VESSEL SHALL SATISFACTORILY PASS THE HYDROSTATIC TEST
REQUIREMENTS DEFINED IN ACCORDANCE WITH ARTICLE NB-6200 OF THE 20004 ASME
BOILER & PRESSURE VESSEL CODE, SECTION III. THE TEST SHALL BE CONDUCTED
AT 1365 (+/- 10) PSIG.

THE CONTAINMENT VESSEL SHALL BE LEAK TIGHT PER ANSI N14.5.
INTERNAL THREADS SHALL PASS CLASS 2B TOLERANCE GO/NO-GO PLUG GAUGE.

EXTERNAL THREADS SHALL PASS CLASS 2A TOLERANCE GO/NO-GO RING GAUGE.

ITEM 4,5 & 6 SHALL BE EXAMINED IN ACCORDANCE WITH SUBARTICLE NB-2500 OF
THE 2004 ASME BOILER AND PRESSURE VESSEL CODE, SECTION III.

2. CONTAINMENT VESSEL SUBASSEMBLY SPECIFICATIONS:

NOMINAL APPROX

WEIGHT
LB }HJE%NQL VOLUME

(NCTE 14)
32 313

DESIGN
PRESSURE
(PSI

DESIGN
;EwPERQTURE

14l 91414

ASSEMBLY NOTES:

A.

B.

. CONE SEAL NUT THREADS

- IN SERVICE GLAND NUT TORQUE REQUIREMENTS: TIGHTEN GLAND NUT

APPLY DOW CORNING SILICONE HIGH VACUUM GREASE OR EQUIVALENT SPARINGLY TO
THE O-RINGS PRIOR TO INSTALLATION.

IN SERVICE CV TORGQUE REQUIREMENTS: TIGHTEN CV CONE SEAL NUT (ITEM 3) 10
50 FT-LBS (+10 / @ FT-LBS). VERIFY THAT THE SCRIBED LINE ON THE CONE SEAL
NUT IS ALIGNED WITHIN 1 INCH OF THE SCRIBED REFERENCE LINE ON THE CV AS
DESCRIBED IN S-SARP-G-U0001.

(ITEM 3) AND CONE SEAL NUT/CONE SEAL PLUG MATING
SURFACES SHALL BE LUBRICATED WITH DUPONT KRYTOX® GRADE 24@AC OR EQUIVALENT,

(ITEM 1D

TO 1@ FT-LBS (+5/-0 FT-LBS).

1

COML 1 GLAND NUT, PPI CATALOG NO. P-130-6@, 316L SST, OR EQUIVALENT

10

COML 1 PLUG, PPT CATALOG NO. P-110-60, 316L SST, OR EQUIVALENT

COML 1 RETAINING RING, WALDES TRUARC NO. 5108-125

COML 2 0-RING, AS-568-252 VITON GLT, PARKER NO. V@835-/0

R-R2-G-00042-H !

PIPE, 5 INCH DIA SCH 4@, ASME SA-312, GRADE TP-304L

R-R2-G-00042-6 !

PIPE, 6 INCH DIA SCH 48, ASME S5A-312, GRADE TP-3@4L, SEAMLESS (NOTE 19)

R-R2-G-00042-F !

PIPE CAP, 6 INCH, STANDARD WEIGHT, ASME SA-403, GRADE 3@4L WP-W (SEE NOTE 10 & 19)

R-R2-G-00042-E !

STAYED HEAD, MAKE FROM BAR, 7 1/2', ASME SA-479, GRADE 3@4L (NOTE 19

R-R2-G-00042-D !

CONE SEAL NUT, ARMCO NITRONIC-60 SST, ASME 5A-479 UNS-521800 BAR, ANNEALED

2
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CONE SEAL NUT
R-R2-G-00042-D

SCALE: 1/2
WEIGHT: 6.1 LBS. (NOTE 14)
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FABRICATION AND TESTING NOTES:

1,

2.

[]1@ 9

11.

12.

13.

14.
15.

le.
17.

18.
19.

2. CONTAINMENT VESSEL SUBASSEMBLY SPECIFICATIONS:

ASSEMBLY NOTES:

- STAINLESS STEEL MATERIALS TO BE IN ACCORDANCE WITH ASME B&PVC

. ALL WELDS SHALL BE MADE USING FILLER METAL IN ACCORDANCE

. ALL WELDS SHALL BE INSPECTED IN ACCORDANCE WITH

. THE CONTAINMENT VESSEL WELDMENT

- ENTIRE SURFACE OF UPPER AND LOWER O-RING GROOVES TO BE 3%/
1.

ALL WELDS MUST MEET THE REQUIREMENTS OF APPLICABLE
CODES AND STANDARDS AS DESCRIBED ON THIS DRAWING.

DRAFTING IS IN ACCORDANCE WITH ANSI 14.5, ANSI/AWS A2.4 AND ASME
STANDARDS AS APPLICABLE.

ANY ITEM SPECIFIED AS HAVING AN ACCEPTABLE EQUIVALENT MUST BE APPROVED
BY THE DESIGN AGENCY, SRPT.

SECTION III, DIV. 1, SUBSECTION NB-2007.

WITH ASME B&PVC SECTION III, DIV. 1, SUBSECTION NB-2400. WELDING
PROCEDURES AND WELDERS SHALL BE QUALIFIED IN ACCORDANCE WITH
ASME B&PVC SECTION IX. WELDING AND FABRICATION SHALL BE IN
ACCORDANCE WITH ASME B&PVC SECTION III. DIV.1, SUBSECTION NB-4000.

ASME B&PVC SECTION III, DIV. 1, SUBSECTION NB-5003.

FEATURES MARKED WITH A [:] HAVE QUALITY REQUIREMENTS DEFINED
IN S-SARP-G-UU001.

(ITEM 1) SHALL BE GLASS BEAD BLASTED WITH
AE BEAD FOLLOWING ALL NDE, LEAK TESTING AND HYDROSTATIC TESTING EXCEPT
THREAD AND SEALING SURFACES.

A STANDARD WEIGHT 6 INCH SCH 4@ PIPE CAP, NOMINAL .280 INCH THICK,
2:1 ELLIPTICAL HEAD, APPROX. WT. 6.4 POUNDS, SHALL BE USED. HEAVIER WEIGHT
PIPE CAPS ARE NOT PERMITTED.

A 5.95 INCH DIA RIGHT CIRCULAR CYLINDER 2@.25 INCHES LONG SHALL FIT IN THE
INTERNAL CAVITY OF EACH ASSEMBLED AND SEALED CONTAINMENT VESSEL.

CONTAINMENT VESSEL WELDMENT, CONE SEAL NUT AND CONE SEAL PLUG  SHALL BE
MARKED ON THE SURFACES AS INDICATED WITH THE FOLLOWING INFORMATION: LAST
FOUR DIGITS AND LETTER OF THE PART NUMBER, DRAWING REVISION AND SERIAL
NUMBER (E.G., B@42-A RO SNUBB1). SERIAL NUMBERS ARE TO BE FURNISHED BY THE
OWNER. LETTER SIZE TO BES/16"HEIGHT CHARACTERS. MARKING METHOD TO BE BY
ELECTRICAL CHEMICAL ETCH.

ALL METAL PARTS SHALL BE CLEANED AND DEGREASED
PER ASTM A-380 AFTER COMPLETION OF ALL FABRICATION AND QA/0C REQUIREMENTS.

CALCULATED WEIGHTS ARE BASED ON NOMINAL DIMENSIONS OF PARTS.

THE CONTAINMENT VESSEL SHALL SATISFACTORILY PASS THE HYDROSTATIC TEST
REQUIREMENTS DEFINED IN ACCORDANCE WITH ARTICLE NB-6200 OF THE 20004 ASME
BOILER & PRESSURE VESSEL CODE, SECTION III. THE TEST SHALL BE CONDUCTED
AT 1235 (+/- 10) PSIG.

THE CONTAINMENT VESSEL SHALL BE LEAK TIGHT PER ANSI N14.5.
INTERNAL THREADS SHALL PASS CLASS 2B TOLERANCE GO/NO-GO PLUG GAUGE.

EXTERNAL THREADS SHALL PASS CLASS 2A TOLERANCE GO/NO-GO RING GAUGE.

ITEMS 4,5 & 6 SHALL BE EXAMINED IN ACCORDANCE WITH SUBARTICLE NB-2500 OF
THE 2004 ASME BOILER AND PRESSURE VESSEL CODE, SECTION III.

NOMINAL
WEIGHT
(LBS.)
(NOTE 14)

b2.2

APPROX
INTERNAL VOLUME
(IN3 )

DESIGN
PRESSURE
(PSI

DESIGN
;EwPERQTURE

6d8 800 300

A.

B.

. CONE SEAL NUT THREADS

- IN SERVICE GLAND NUT TORQUE REQUIREMENTS: TIGHTEN GLAND NUT

APPLY DOW CORNING SILICONE HIGH VACUUM GREASE OR EQUIVALENT SPARINGLY TO
THE O-RINGS PRIOR TO INSTALLATION.

IN SERVICE CV TORGQUE REQUIREMENTS: TIGHTEN CV CONE SEAL NUT (ITEM 3) 10
100 FT-LBS (+20 / B FT-LBS). VERIFY THAT THE SCRIBE LINE ON THE CONE SEAL
NUT IS ALIGNED WITHIN 1 INCH OF THE SCRIBED REFERENCE LINE ON THE CV AS
DESCRIBED IN S-SARP-G-U00Q1.

(ITEM 3) AND CONE SEAL NUT/CONE SEAL PLUG MATING
SURFACES SHALL BE LUBRICATED WITH DUPONT KRYTOX® GRADE 24BAC OR EQUIVALENT,

(ITEM 1D

TO 1@ FT-LBS (+5/-0 FT-LBS).

1

COML 1 GLAND NUT, PPI CATALOG NO. P-130-68@, 316L SST, OR EQUIVALENT

10

COML 1 PLUG, PPT CATALOG NO. P-112-60, 316L SST, OR EQUIVALENT

COML 1 RETAINING RING, WALDES TRUARC NO. 5108-125

COML 2 0-RING, AS-568-252 VITON GLT, PARKER NO. V@835-/0

R-R2-G-00042-H !

PIPE, 5 INCH DIA SCH 4@, ASME SA-312, GRADE TP-304L

R-R2-G-00042-G !

PIPE, 6 INCH DIA SCH 40, ASME S5A-312, GRADE TP-304L, SEAMLESS (NOTE 19)

R-R2-G-00042-F !

PIPE CAP, 6 INCH, STANDARD WEIGHT, ASME SA-403, GRADE 3@4L WP-W (SEE NOTE 10 & 19)

R-R2-G-00042-E !

STAYED HEAD, MAKE FROM BAR, 7 172", ASME SA-479, GRADE 3@4L (NOTE 19

R-R2-G-00042-D !

CONE SEAL NUT, ARMCO NITRONIC-60 SST, ASME 5A-479 UNS-521800 BAR, ANNEALED

2

R-R2-G-00042-C !

CONE SEAL PLUG, 3@4L SST, ASME SA-479

!

R-R2-G-00042-B !

CONTAINMENT VESSEL WELDMENT
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T NOTES:
2 3/4 f 1@/16 1. WEIGHTS ARE CALCULATED BASED ON NOMINAL DIMENSIONS OF PARTS. WEIGHTS BASED
B * ) ON UNCRUSHED BRULK DENSITY OF 12 PCF.
i k 2. ALUMINUM TUBE HONEYCOMB MATERIAL (OR EQUIVALENT) SHALL BE PRECRUSHED,
NOTE 6 3 MIL MINIMUM FOIL, CRUSH STRENGTH 1500 +/- 500 PSI.
T 3. CONTOUR TO BE CRUSHED TO DIMENSION SHOWN. TOLERANCE OF +/- 1/16 INCH
5 ALLOWED FOR RECESSED FEATURES. CONTOUR MATCHES TOP OF THE CONE SEAL
C— ’ NUT OF o INCH CONTAINMENT VESSEL.
NOTE 3
4. CONTOUR TO BE WITHIN +/- 1/16 INCH OF THE QUTSIDE BOTTOM OF THE 5 INCH
CONTAINMENT VESSEL, A ©" SCHEDULE 40 PIPE CAP (R-R2-G-U0043-F).
5. OPTIONAL THROUGH HOLE b "DIAMETER MAX) MAY BE USED FOR EASE OF
D— 570 FABRICATION.
6. HONEYCOMB CELL AXIS TO BE ORIENTED IN THE DIRECTION AS SHOWN, PARALLEL
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3.9
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2 R-R4-G-00032-B 1 TOP LOAD DISTRIBUTION FIXTURE, 6061-T6 ALUMINUM PER ASME SB-221 (NOTE 2)
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INSULATING BLANKET
TAPE INSTALLATION
DETAILS

TAPE (ITEM 4) AT FIVE BOTTOM
PIN LOCATIONS WITH A CROSS PATTERN
(NOTE 4)

VIEW B-B

SCALE: 1/2

. FIBERFRAX INSULATION SPECIFICATIONS MANUFACTURER: UNIFRAX CORPORATION,
2351 WHIRLPOOL ST., NIAGRA FALLS, NY PRODUCT TRADE NAME: LTC HSA SYSTEMS
PRODUCT GROUP: REFRACTORY CERAMIC FIBER PRODUCT CHEMICAL NAME: VITREOUS
ALUMINOSILICATE FIBER 1/2" THICK QUILTED COMPOSITE PER KCP SS-R51587

(SGT TRAILERS) DENSITY: b-7 PCF.

2. NOMINAL WIDTH OF INSULATION ITEM 1 (TO BE WRAPPED AROUND OUTSIDE OF DRUM
(R-R2-G-00U1/7-D) IS ESTIMATED TO BE 29.4 INCHES. ENDS SHALL BUTT

LINER

TOGETHER UPON WRAPPING INTO A CYLINDER.

3. NOMINAL WIDTH OF INSULATION ITEM 2

SIDE INSULATION

4. AFTER INSULATION (ITEMS 1,2 AND 3) ARE WRAPPED ARCUND DRUM LINER

AS SHOWN AND SECURED WITH WASHERS
(ITEM 4)IS TO BE USED TO TO SECURE THE INSULATION AND WASTERgEéﬁIRED

TAPE

PLACE. FIBERGLASS TAPE TO BE APPLIED AS SHOWN ON THIS DRAWING.

BY THE FABRICATOR, ADDITIONAL TAPE MAY BE USED.
5. INSULATING BLANKET SUBASSEMBLY AND DETAILS ON THIS DRAWING DEPICT

THE REQUIRED CONFIGURATION OF FINAL ASSEMBLY.
SHALL BE DEVELOPED BY FABRICATOR AND REVIEWED AND APPROVED BY SRPT.

(ITEM 14 OF R-R2-G-0001/).

(TO BE WRAPPED AROUND OUTSIDE OF INNER
(R-R2-G-00019-B) IS ESTIMATED TO BE 32.5 INCHES. ENDS SHALL
BUTT TOGETHER UPON WRAPPING INTO A CYLINDRICAL SHAPE.

FIBERGLASS

INSTALLATION PROCEDURES
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NOTE
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NOTE 7/
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NOTE 8

@
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NOTE 6
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R .25

@ .245-,255
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Reviewing
Official

Date

VT

NOTE 5

VT

NOTE B

UNCLASSIFIED
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UNCLASSIFIED CONTROLLED
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P. BLANTON, SRPT PGM. MGR.

NOTE: DRAFTING IS IN ACCORDANCE WITH ANSI 14.5, ANSI/AWS A.4 AND ASME STANDARDS AS APPLICABLE.

NOTES:

—_
o

ALL WELDS MUST MEET REQUIREMENTS OF APPLICABLE

CODES AND STANDARDS AS DESCRIBED ON THIS DRAWING.

2. STAINLESS STEEL MATERIALS TO BE IN ACCORDANCE WITH ASME B&PVC

SECTION III, DIV. 1, SUBSECTION NF-28000.

3. ALL WELDS SHALL BE MADE USING FILLER METAL IN ACCORDANCE
WITH ASME B&PVC SECTION IIL, DIV. 1, SUBSECTION NF-2140. WELDING
PROCEDURES AND WELDERS SHALL BE QUALIFIED IN ACCORDANCE WITH
ASME B&PVC SECTION IX. WELDING AND FABRICATION SHALL BE IN
ACCORDANCE WITH ASME B&PVC SECTION III. DIV. 1, SUBSECTION NF-4000@.

4. ALL WELDS SHALL BE VISUALLY INSPECTED IN ACCORDANCE WTH

ASME B&PVC SECTION III, DIV. 1, SUBSECTION NF-500@. SURFACE
POROSITY IS UNACCEPTABLE AND UNDERCUT WILL BE LIMITED TO LESS
THAN 10 PERCENT OF THE THICKNESS OF THE THINNER MEMBER.

. LID TOP (ITEM 2) AND LID BOTTOM (ITEM 3) MAY BE FABRICATED BY

DRAWING/SPINNING OR BY ROLLING/WELDING.

6. INSULATION BLANKET (ITEM 4) WILL BE COMPRRESSED FROM ONE INCH NOMINALLY
T0 APROXIMATELY 1/2 INCH DURING ASSEMBLY OF ITEMS 2 AND 3.

7. MIN-K 2000 (ITEM 6) WILL BE COMPRESSED FROM NOMINALLY 1.0 INCH TO
APPROXIMATELY .95 INCHES DURING ASSEMBLY OF ITEM 1 AND ITEM 2.

8. SEALANT (ITEM 7)SHALL BE APPLIED TO THE INSIDE OF THE SIDE WALLS
OF THE LID TOP (ITEM 1)AND LID BOTTOM (ITEM 3)
CARE SHOULD BE TAKEN TO AVOID APPLYING SEALANT TO ITEMS 1 AND 3 AT

WELD LOCATIONS.
9. PRIOR TO INSTALLING CAPLUGS (ITEM 8), SEALA

SILICONE RESIDUE FROM AROUND CAPLUG.

10. DRUM LID SUBASSEMBLY (R-R2-G-00018-A) SHALL INSERT INTO THE DRUM AND
LINER SUBASSEMBLY (R-R2-G-00J17) AND BE FREE TO ROTATE 360° WITHOUT BINDING.

1.  PERMANENTLY MARK INFORMATION AS SHOWN. INFORMATION SHALL BE DIE STAMPED
AND FILLED WITH BLACK EPOXY PAINT. ALTERNATIVE MARKING METHOD MAY BE
USED IF APPROVED BY SRPT. CHARACTERS ARE 3/8 INCH HIGH AND ARE
GOTHIC/LEROY TYPE. SERIAL NUMBER TO BE SUPPLIED BY PURCHASER.

(XOLOX INDICATES TWO DIGIT YEAR AND 4 DIGIT SERIAL NUMBER).

NT (ITEM 7) TO BE APPLIED TO
HOLES AND AROUND PERIPHERY OF CAPLUG. AFTER CAPLUG INSERTION, REMOVE

APPROXIMATELY AS SHOWN.

8 COML 4 CAPLUGS, *BPF- 174, MATERIAL: ETHYENE VINYL ACETATE

7 COML AR SILICONE SEALANT, DOW CORNING * 382 RTV OR EQUAL

6 COML 1 MIN-K 2000, THERMAL CERAMICS, 14 IN DIA X 1B IN THK

5 COML 1 TR-19 BLOCK, THERMAL CERAMICS VERMICULITE (NOM. /7-15/16 INCH DIA X 4 1/4 INCHES HIGH)

4 R-R2-6-00019-D 2 LID INSULATION BLANKET ASSY (NOMINAL 1 INCH THICK X 8-1/4 INCH 0.D)

3 R-R2-G-00018-D 1 LID BOTTOM, 14 GAUGE (.875 REF), GRADE TP-304L, ASME SA-240

2 R-R2-G-00018-C 1 LID PLATE, 178 IN THK (NOMINAL), GRADE TP-304L, ASME SA-240

! R-R2-G-00018-B

LID TOP, 18 GAUGE (.0478 REF), TP-304L, ASME SA-240

1
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[TEM 1)

NOTE >___J_l___
3

3/8 MIN
NOTE 11

¢ .536-.546

v 1.275
\/ . 689

MAX
X 60° +/- 5°

. 625-11 UNC-2B
v 1.000
(ITEM 8)

MIN

DETAIL B
SCALE: FULL
FITTING, THREADED

R-R2-G-0001/-1
NOTE 15

18.25 DRUM LD.

(HOLE IN ITEM 1

o/ *»

SECTION _A-A

SCALE: 172

DRUM AND LINER SUBASSEMBLY

R-R2-G-0P01/-A

APPROX. WT. 75 LBS.

VT

NOTE 3
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180" APART

\
@.5ﬂ\ ——
i

30

TYP 4 PL
90 DEG APART

1.9°
TYP 4 PL
90 DEG APART

T0P VIEW

SCALE: 1/2

VIEW D-D

SCALE: 172
TYP 8 PL

J18.35

ITEM 7 LD.

[TEMS 2 AND 5 0.D.

REF

12

NOTE 13
__7

< 1.8

a1l

TYPE B(M)

USA/9977/B(MRF-96 (DOE&
ODEL 9977 SERIAL NO. 0X000X

=

T

1.8

05

ITEMS 3 AND 5
NOTE ©

VT

\ NOTE 14

INDENTIFICATION PLATE
R-R2-G-0001/-J

B
\\\\‘—-NOTE 12

UNCLASSIFIED
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SCALE: 1/2
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Reviewing
Official

UNCLASSIFIED CONTROLLED
NUCLEAR INFORMATION

P. BLANTON, SRPT PGM. MGR.

8.40

[TEM 3 0.0.
REF

16.35
AND
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NOTE: DRAFTING IS IN ACCORDANCE WITH ANSI 14.5, ANSI/AWS A2.4 AND ASME STANDARDS AS APPLICABLE.

ITEM 5 AND 6 1.D.

(@ .66 HOLES

2166 8.
8 PLACES

l. ALL WELDS MUST MEET REQUIREMENTS OF APPLICABLE CODES AND
STANDARDS AS DESCRIBED ON THIS DRAWING. USE OF ADDENDA OTHER THAN THOSE
LISTED ON THIS DRAWING REQUIRE PRIOR APPROVAL OF DESIGN AUTHORITY.

2. MATERIAL TO BE IN ACCORDANCE WITH ASME BOILER & PRESSURE VESSEL CODE
(B&PVC), SECTION III, DIV. 1, SUBSECTION NF-2000, 2004 EDITION.

3. DRUM BODY WELDMENT (ITEMS 1 & 2) SHALL SATISFY REQUIREMENTS OF
UN 1A2/X/250/yy/USA/zzz PER 49 CFR 1/8 SUBPART L BEFORE INSTALLATION
OF ITEMS 12 & 13. YEAR OF MANUFACTURE AND MANUFACTURER’S SYMBOL ARE
INDICATED BY "yy" AND "zzz", RESPECTIVELY. UN MARKING SHALL BE .4/ INCH
HIGH MIN.

4. ALL WELDS SHALL BE MADE USING FILLER METAL IN ACCORDANCE
WITH ASME B&PVC SECTION III. DIV.1, SUBSECTION NF-2140 (20@4), WELDING
PROCEDURES AND WELDERS SHALL BE QUALIFIED IN ACCORDANCE WITH
ASME B&PVC SECTION IX (20@5). WELDING AND FABRICATION SHALL BE IN
ACCORDANCE ASME B&PVC SECTION III. DIV. 1, SUBSECTION NF-4000 (2004).

h, ALL WELDS SHALL BE VISUALLY INSPECTED IN ACCORDANCE WITH
ASME B&PVC SECTION III, DIV. 1, SUBSECTION NF-5080 (2004) EXCEPT SURFACE
POROSITY IS UNACCEPTABLE AND UNDERCUT WILL BE LIMITED TO LESS
THAN 18 PERCENT OF THE THICKNESS OF THE THINNER MEMBER.

6. A HYDRO-STATIC PRESSURE TEST SHALL BE PERFORMED ON THE DRUM LINER
WELDMENT (ITEMS 3 THRU 6) AT 5 PSI FOR 10 MINUTES. ANY WELD LEAKS
MUST BE REPAIRED AND THE TEST REPEATED. HYDROSTATIC TEST NOT REQUIRED
FOR WELDS BETWEEN ITEM 5 AND ITEM /7 AND BETWEEN ITEM 2 AND ITEM 7.

STUDS (ITEM 15) TO BE LOCATED AS SHOWN AND TACK-WELDED

IN PLACE. NINE (9) STUDS ARE LOCATED ON THE 0.D. OF THE LINER SIDE AND
RING APPROXIMATELY 120 DEGREES (+/- 5 DEGREES) APART AT THE THREE
HEIGHT LOCATIONS. FIVE (5) STUDS ARE LOCATED ON THE LINER BOTTOM,.

DRUM LINER (ITEMS 3 AND 4) MAY BE FABRICATED BY DRAWING/SPINNING
OR BY ROLLING/WELDING.

9. SECURE INSULATION ASSY USING ONE TIE WRAP OF 22 GAUGE (.0286" REF)
3047304 WIRE IN THREE (3) LOCATIONS APPROXIMATELY AS SHOWN (+/- 3/8".

0. 1.D. OF LINER (AFTER WELDING) SHALL ALLOW INSERTION OF LOAD
DISTRIBUTION FIXTURE (R-R4-G-B0032-A) WITHOUT BINDING, AS SHOWN ON
R-R1-G-0B020Q.

II. DRUM BOTTOM MAY BE CONVEX AS SHOWN.

12. TREFOIL SYMBOL CONFIGURATION SHALL BE IN ACCORDANCE WITH 49CFR172,
APP B, MARKING. RADIUS OF CIRCLE TO BE .25 INCH. COLOR TO BE MAGENTA.

3. PERMANENTLY MARK INFORMATION AS SHOWN. INFORMATION SHALL BE DIE
STAMPED AND FILLED WITH BLACK EPOXY PAINT. ALTERNATIVE MARKING METHOD
MAY BE USED IF APPROVED BY SRPT.SMALL AND LARGE CHARACTERS ARE 3/8
AND 1/2 INCH HIGH, RESPECTIVELY, AND ARE GOTHIC/LEROY TYPE.

SERIAL NUMBER TO BE SUPPLIED BY PURCHASER (UXUZBX INDICATES TWO DIGIT
YEAR AND 4 DIGIT SERIAL NUMBER).

14, IDENTIFICATION PLATE SHALL BE WELDED (MIN.1/2 INCH LONG WELDS)
T0 OUTSIDE OF DRUM. WELD LOCATIONS SHALL BE AT EACH CORNER
AND SPACED EVERY 3 INCHES ON THE LONG EDGES AND AT THE CENTER
OF THE SHORT EDGES. THE I.D. PLATE SHALL CONFORM TO THE 0.D. OF
THE DRUM. LOCATION TO BE CENTERED BETWEEN VENT HOLES WITH
TOP EDGE OF THE ID PLATE LOCATED AT THE VENT HOLE CENTERLINE.
SEE DRAWINGS R-R1-G-80020 AND R-R1-G-U0021 FOR PLACEMENT.

15, ITEM 8 SHALL BE PER ASME SA-194 (2004) AND SA-320 (2004).
SUPPLEMENTARY REQUIREMENT SI1 OF SA-194 FOR STRAIN-HARDENING OF
AUSTENETIC STEEL NUTS IS REQUIRED. ITEM 8 SHALL BE VISUALLY
INSPECTED PER ASME B&PVC, SECTION III, DIV. 1, SUBSECTION NF-2581.2. ANY
ADDITIONAL APPLICABLE REQUIREMENTS FOR BOLTING MATERIALS OF
ASME B&PVC, SECTION III, DIV. 1, SUBSECTION NF ARE REQUIRED. DIMENSIONS
PERTAINING TO ITEM 8 SUPERCEDE DIMENSIONAL REQUIREMENTS OF SA-194.

[TEM 8)

~

ITEM 5

USE ITEM 3
AS BACKING

VT

15

COML 14 STUD, 4d NAIL, 12 GAUGE (105" DIA) X 1-1/2" LONG, 316 SST, MCMASTER PN 97990A102 (NOTE /)

14

COML 14 WASHER, PIN STYLE, MCMASTER PN 93610A410

13

COML 1 CAPLUG, BPF-1, BUTTON PLUG FLUSH TYPE HEAD

12

COML 13 CAPLUG, BPF-3/4, BUTTON PLUG FLUSH TYPE HEAD

1

R-R2-G-00019-A 1 INSULATING BLANKET SUBASSEMBLY

10

R-R2-G-00017-K 1 WEAR RING, 16 GAUGE (@.06 REF), 304/304L SST

R-R2-G-00017-J 1 IDENTIFICATION PLATE, 16 GAUGE (@.06 REF), 304/304L SST

R-R2-G-0001/-1 8 FITTING, THREADED, 304 SST, GRADE 8 PER ASME SA-194 AND SA-320 (NOTE 19)

R-R2-G-0001/-H 1 DRUM RIM, 3/16 IN THK, 3@4L, ASME SA-240

R-R2-G-00017-6 1 DRUM LINER RING, 12 GA (0.105 REF), 304L, ASME SA-240

R-R2-G-0001/-F 1 ORUM TOP PLATE, 3/16 IN THK, 304L, ASME SA-240

R-R2-G-0001/-E 1 DRUM LINER BOTTOM, 18 GA (0.048 REF), 304L, ASME SA-240

R-R2-G-00017-D 1 DRUM LINER SIDE, 18 GA (0.048 REF), 304L, ASME SA-240

2

R-R2-G-00017-C ! DRUM SIDE, 18 GA (0.048 REF), 304L, ASME SA-240

1

R-R2-G-00017-8B 1 DRUM BOTTOM, 18 GA (0.048 REF), 304L, ASME SA-240
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Safety Analysis Report — 9977 Packaging

CHAPTER 2

STRUCTURAL EVALUATION

Preface

The Model 9977 Package is a single-containment packaging designed to ship plutonium and
uranium in metal and oxide form. It features two single containment vessel shipping
configurations. Each CV is designed, analyzed, fabricated, and examined in accordance with
Section III of the American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code, 2004 Edition'" as described in Section 9.3. The analytical evaluations and test
results presented in this chapter demonstrate that the 9977 meets the requirements of Department
of Energy (DOE) Order 460.1B,¥ 10 CFR 717! and the International Atomic Energy Agency
(IAEA) Safety Series No. TS-R-1, Regulations for the Safe Transport of Radioactive Material.[*

The information presented in this Chapter is in the format specified in U.S. Nuclear Regulatory
Commission (NRC) Regulatory Guide (RG) 7.9.]
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2 STRUCTURAL EVALUATION

2.1 DESCRIPTION OF STRUCTURAL DESIGN
2.1.1 Discussion

The Model 9977 Package is designed and shown through testing and analysis to withstand the
structural loads and thermal stresses from regulatory Normal Conditions of Transport (NCT),
10 CFR 71.71, and Hypothetical Accident Conditions (HAC), 10 CFR 71.73.

The principal packaging features and components that make up the 9977 are illustrated in
Chapter 1, Figures 1.1 and 1.2. As shown in the Figure 1.1, the packaging consists of an
overpack and either of two containment vessel (CV) configurations. The drum and closure lid
are fabricated from stainless steel and are joined through an eight-bolt flange. Drum fabrication
includes a welded inner liner. The liner is wrapped by an insulating blanket and the volume
between the wrapped liner and drum is filled completely with polyurethane foam. The drum
closure lid is fabricated from a simple plate enhanced by top and bottom chambers that are filled
with thermal insulation and impact absorbing materials. Aluminum load distribution fixtures and
honeycomb spacers are used to isolate the CVs within the drum liner as applicable, see Figures
1.1 and 1.2 of Chapter 1.

The drum overpack supports and protects the CV to ensure that shielding, containment and
sub-criticality are maintained under both NCT and HAC. The threaded stayed head of the CV
weldment receives the cone-seal closure assembly. The cone-seal plug includes two elastomer
O-rings that seal the closure. The containment boundary is formed by the CV weldment, cone-
seal plug and inner O—ring (Drawings R-R2-G-00042 and R-R2-G-00043). The outer O-ring
serves to facilitate testing the seal provided by the inner O-ring. Table 2.1 lists the primary
packaging components and their safety functions. Figure 1.3 provides nominal packaging
dimensions for the 9977.

Table 2.1 - Primary 9977 Components and Functions

Component Function for NCT and HAC
35-Gallon Drum Provides Confinement for the Containment Vessel and
Overpack acts as a form for the polyurethane insulation.

Overpack Insulation | Provides impact and thermal protection for the
Materials Containment Vessel.

Provides containment for the Contents and packing
materials.

Hold the Containment Vessel during shipment. The
fixtures limit movement of the CV inside the Overpack
liner and limit transmittal of HAC loads to the CV.

Containment Vessel

CV Spacer
Assemblies
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Structural details of the 9977 are given in the following subsections. As there are two
containment vessel shipping configurations for the 9977, the use of the term “Containment
Vessel” or its acronym “CV,” is used when discussion is applicable to either 5-inch or 6-inch ID
CVs. The acronyms “5CV” and “6CV” are used when discussion applies specifically to only
one or the other vessel designs.

2.1.1.1 OQverpack

The Overpack consists of an insulated drum and an insulated closure lid. The function of the
overpack is to protect the CV and maintain payload confinement under regulatory NCT and
HAC events. The drum is filled in part with a polyurethane foam that serves primarily as an
impact absorber and secondarily, as a thermal insulator. The closure lid chambers are filled with
ceramic materials that perform similarly as impact-absorbing thermal insulators.

2.1.1.1.1 Drum Body

The drum is fabricated of 18-gage (0.0478-inch) Type SA240-304/304L stainless steel (SS). The
drum is nominally 18% inches in diameter and 36 inches high with a capacity of approximately
35 gallons. Drum body fabrication includes a welded “sanitary” style bottom in accordance with
UN standards for open head drums. In addition, an independent wear surface consisting of a
7s-inch diameter, 60-mil thick ring is welded to the sanitary bottom.

A strip of SA479-304/304L SS flat bar stock, three (3) inches wide by /16 inch thick, is rolled
and welded to the open head of the drum, reinforcing the rim. Fitting inside the drum shell, an
8.25-inch diameter, 29.5-inch deep-well liner welded to a */16-inch thick top deck plate. This
weldment is in turn welded to the reinforcing rim at mid-height. The deep-well liner provides
the overpack with a robust protective surface that resists mechanical damage during normal
loading/unloading operations and is easy to decontaminate. Together the drum and liner
weldment serve as a form to confine General Plastic’s polyurethane Last-A-Foam, FR-3716,
during the foam installation. The drum’s liner and top deck plate are designed and fabricated in
accordance with Section III, Subsection NF, of the American Society of Mechanical Engineers
(ASME), Boiler and Pressure Vessel Code (BPVC),!" as explained in Section 9.3.

Prior to the foaming operation, the liner is wrapped with two Y4-inch thick Fiberfrax® Insulation
blankets.™ Protruding from the exterior sidewall of the liner are nine 12-gauge (0.105-inch) by
1'5-inch long studs. The studs penetrate the Fiberfrax blanket as it is applied and prevent the
blanket from slipping from the liner side wall while the polyurethane foam cures. The studs are
located at the bottom; middle and upper portion of the liner and are spaced circumferentially
every 120 degrees. In addition, 22-gauge wire is twist wrapped just above each row of studs to
ensure the blankets’ position. Extending from the bottom of the liner are five additional studs.
These studs secure Fiberfrax disks cut to the size and fitted to the bottom of the liner. The side-
wall Fiberfrax is folded over the Fiberfrax disks and held in place with a high temperature 3M
glass tape. Washers are pressed onto the studs to finish securing the assembled Fiberfrax to the
liner weldment. Appendix 2.5 shows a photographic sample of the studs and securing washer.

Eight (8), %s-inch 11UNC-2B, ASME SA-193, Grade-8 blind-threaded inserts, 1'% inches in
diameter by 1% inches long are welded to the underside of the */;s-inch thick top deck plate,
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drawing R-R2-G-00017. The purpose of welding the threaded inserts is to resist bolt closure
torque during packaging operation. The inserts also prevent local escape of decomposition
products during the HAC fire and potential flow of hot gases under the closure lid and into the
overpack liner cavity.

The maximum weight of an empty drum body without its closure lid and bolting hardware is
170 1b.

| A-1724nch x 116-inch Barbs (5x)
2 x 1/2-inch Thick Fiberfrax Sheets "Star" Washer (5x)
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Figure 2.1 - Cross Section of Drum Liner and Fiberfrax Insulation Assembly (inverted)

The drum incorporates fourteen (14) holes that permit polyurethane combustion products to vent
during the HAC fire event. Twelve of the vent holes, %-inch diameter, are aligned axially on the
drum side wall at three elevations, and located circumferentially 90 degrees apart.. The
remaining two holes, 1-inch diameter and %:-inch diameter, are located on the bottom of the
drum. The I-inch hole and the %-inch hole are fill port and vent for the polyurethane foaming
operations. The holes located on the drum side wall are sealed during foam installation, and all
fourteen vents are plugged for normal package operation by appropriately sized plastic
Caplugs”.”’

The three-inch wide reinforcing rim welded to the top of the drum includes eight (8) 1-inch
diameter drain holes, located as shown on Drawing R-R2-G-00017. These holes also qualify as
lifting or tie down points during package operation or transport. The bottom of each hole is
tangent to the drum top to prevent water from accumulating on the top deck plate. In addition,
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two Ys-inch diameter holes are drilled through the reinforcing rim, approximately 180 degrees
apart to accommodate an optional Tamper Indicating Device (TID) during storage.

2.1.1.1.2 Drum Closure Lid

The drum closure lid is a single piece construction that like the drum body protects the CV under
NCT and during HAC events. In addition, it provides thermal protection of the CV during the
HAC thermal event. The lid is secured to the drum with eight (8), ASME SA-193-04, Grade
B8M-Class 2, 75 x 1Vsa-inch long hex screws, torqued to 45 £5 ft-Ib. The lid is constructed from
three SA240-304/304L SS components. A 'sz-inch thick by 17.8-inch diameter plate (the bolt
flange) is welded between an 18-gauge (0.0478-inch) thick SS top chamber, 14 inches in
diameter by one (1) inch deep, and a 14-gauge (0.075-inch) SS bottom chamber, 8.13 inches in
diameter and 5.3 inches deep. The top chamber is filled with Thermal Ceramics Min-K 2000
insulation, and then inverted and welded to the lid plate. The 5.3-inch deep bottom chamber is
filled with two (2) 's-inch thick by 8.13-inch diameter pieces of Fiberfrax followed by a
7.96-inch diameter x 4.3-inch high cylinder of Thermal Ceramics TR-19 Block insulation.!'"
The bottom chamber is then welded to the bottom of the lid plate. A thin layer of room
temperature vulcanizing adhesive RTV 382'%) is placed around the internal perimeter of both
closure-lid chambers before installation of the insulation materials. The cured RTV bonds the
materials in place, mitigating the effect of NCT vibration. Details are shown in Drawing
R-R2-G-00018.

The Min-K 2000 and Thermal Ceramics TR-19 are both composed of vermiculite granules and
high-temperature bonding materials. Min-K 2000 and TR-19 both have good high-temperature
strength with minimal shrinkage up to 1,800°F and 1,900°F, respectively, even when exposed to
direct flame. Appendix 2.5 shows photographic samples of the Min-K 2000 and TR-19 used in
fabrication of the 9977 drum closure lid.

Fiberfrax is a lightweight batting, comprised of a mat of bulk ceramic fibers sandwiched between
two layers of strong, high-temperature fiberglass cloth. The material is flexible, has excellent
vibration resistance and is unaffected by moisture. The ceramic fibers, i.e., the core insulation,
has an operating temperature of up to 2,300°F while the continuous-service limit for the
fiberglass covering is 1,200°F.

The closure lid plate incorporates four (4) Yi-inch diameter holes that permit internal
communication of gases between the top and bottom chambers. The top chamber is vented
externally by four (4) Y-inch diameter holes positioned at 90-degree intervals around the 1-inch
vertical leg. Out-gassing from the ceramic materials, Fiberfrax, Min-K 2000 and TR-19 is
minimal during the HAC fire event. The lid vents are included to permit out-gassing from the
RTV that bonded these materials in place during fabrication. RTV 382 has continuous-service
temperature range of -58°F to 500°F.

The TR-19 block insulation plus two '2-inch thick pieces of Fiberfrax are greater than the height
of the bottom chamber, as specified on Drawing R-R2-G-00018. When installed into the
chamber, the block insulation compresses the Fiberfrax to a final thickness of 2 inch. During
inverted HAC impacts, the compressed Fiberfrax located in the bottom of the closure lid allows
the steel shell of the bottom chamber to buckle axially, expand laterally and seat itself
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mechanically against the wall of the drum liner. The mechanical seat mitigates any gas flow that
may occur due to lid scalloping between bolts or lid bowing due to top-down oriented impacts,
see Figure 2.25.

A 's-inch hole is drilled through opposing flats of the head of each closure bolt for installation of
TID hardware.

2.1.1.2 Impact Limiters

The 9977 includes three design features that provide impact protection;

e the polyurethane foamed drum body,
e the insulation filled closure lid, and

e the aluminum load distribution fixtures and aluminum honeycomb structures
that restrain the SCV or 6CV inside the drum liner.

Each of these features is discussed in detail in the following sections.
2.1.1.2.1 Polyurethane Foamed Drum Body and Insulation Filled Closure Lid

Two layers of Fiberfrax® insulation material surround the drum liner to protect the containment
vessel from the HAC thermal environment. Two (2) %-inch thick blankets of Fiberfrax”
Insulation (LTC LoCon, Grade E, 7 to 10 1b/ft’) are wrapped around and attached to the side
wall and bottom of the liner. The insulation blanket is quilted with non-combustible E-Grade
Fiberglass Fabric on both sides and is rated for continuous service up to 1200°F. The HSA
fibers are not prone to settling or breaking down through internal abrasion, and therefore offer
high resistance to mechanical vibration. A tightly woven fiberglass fabric and the composite
quilt stitching, gives the blanket its tensile strength. The material is flexible and formable
providing ease of fabrication. The thermal properties are unaffected by water immersion or
exposure to humidity. Appendix 2.5 shows a photograph of the composite Fiberfrax blanket
material used in the 9977.

In addition, the density of the fiberous ceramic material and the four layers of densely woven
fiberglass cloth resist the flow of gases through the blanket. For example, if an HAC impact
should form a radial and/or axial crack through the polyurethane foam, the Fiberfrax will protect
the liner from direct impingement of hot gases from the intumescing polyurethane. Though not a
true vapor barrier, the material has been shown by testing to be effective in attenuating the
encroachment of gases from the HAC fire event, even absence of ablative foam, see Section
2.7.4. The Fiberfrax blanket has no structural requirements except that it must remain in place
during foam installation and during the HAC thermal event.

The interstitial volume between the Fiberfrax® blanket and the drum wall is filled with General
Plastics (GP) Last-A-Foam®. The material is poured as a liquid through a fill hole in the bottom
of the drum and sets exothermically to form rigid, closed-cell polyurethane foam of a prescribed
density. The nominal densities of Fiberfrax and GP FR-3716 foam are 8.5 Ib/ft3 and 16 1b/ft3,
respectively. The function of the rigid foam is to protect the CV from impact damage during
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NCT and HAC events. The closed cells of the foam provide thermal insulation similarly. In
addition, the intumescing properties of polyurethane consume heat during phase change to help
protect package internal components from the HAC fire event. Physical properties of Fiberfrax
are listed in

Table 2.10. Properties of GP FR-3716 Last-A-Foam are listed in Table 2.9 and shown in Figures
2.4 and 2.5. The radial thickness of the insulation between the drum liner and drum wall is
approximately 4.95 inches. The axial thickness of the insulation between the drum and liner
bottoms is approximately 4.5 inches. The nominal aggregate weight of the foam and Fiberfrax
drum insulation is approximately, 76.7 1b.

The polyurethane foam and the laminate formed by the polyurethane and Fiberfrax blanket are in
use in radioactive material shipping package and transportation applications.

2.1.1.2.2 Load Distribution Fixtures

Two Load Distribution Fixtures (LDFs) help confine the CV within the overpack liner cavity.
Both LDFs are fabricated from 6061-T6 aluminum and weigh approximately 4 1b and 10 Ib, top
and bottom units, respectively. The top LDF is 8 inches in diameter, 4 inches high, with */s-inch
wall and '2-inch thick top plate. The top LDF also includes a 2)5-inch square opening that fits
around the square drive portion of the cone-seal closure. The bottom fixture is 8 inches
diameter, 7 inches high, with a 2-inch thick wall and %s-inch bottom plate. To facilitate
installation and removal within the overpack liner, two 1%-inch diameter finger-holes are
provided in the side-wall of the bottom LDF and through the top plate of the top LDF. Figures
1.1 and 1.2 show the LDFs in place as part of the packaging. Appendix 2.5 shows a photograph
of both top and bottom LDF components.

The 9977 includes two packaging configurations depending on which CV is used to contain the
payload. The 6CV fits directly between the LDFs, but a trio of honeycomb spacers are required
to adapt the smaller SCV to fit the LDFs. The two packaging configurations are discussed
below.

6CV

The bottom LDF is placed into the overpack liner followed directly by the 6CV, followed by the
top LDF covering the cone-seal closure. The LDFs locate the CV and stiffen the thin-walled
liner from within to prevent collapse from lateral HAC impacts. The LDFs also help distribute
impact loads over the 6CV structure. During a bottom-down impact, the bottom LDF distributes
the circular line-load from the 6CV skirt over the bottom of the liner. The top LDF distributes
the load from the top-down impact over the 6CV closure. Similarly, the fixtures spread the
impulse over the 6CV during corner impacts.

SCV
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The bottom LDF is placed into the overpack liner followed by the bottom honeycomb spacer and
then the annular honeycomb spacer. The SCV is lowered into this protected volume followed by
the top honeycomb spacer then the top LDF.

2.1.1.2.3 Aluminum Honeycomb Spacers

Because the 5CV is smaller in diameter and shorter than the 6CV, a honeycomb spacer assembly
is used to center the SCV between the two LDFs and maintain the same composite height, see
Figures 1.1 and 1.2. The honeycomb assembly serves four purposes:

1) to absorb sufficient HAC impact energy such that the impulse imparted to the SCV
(5CV packaging configuration) is bounded by that associated with the 6CV (6CV
packaging configuration),

2) to maintain the locations of the LDFs within the overpack liner such that impact
damage to the overpack in the 6CV packaging configuration is not altered
significantly by the SCV packaging configuration,

3) to absorb sufficient HAC impact energy such that the structural loading on the 5CV
(5CV packaging configuration) is less than that associated with the 6CV (6CV
packaging configuration), and

4) to enhance heat transfer to the overpack liner during NCT.

The honeycomb is manufactured from 3-mil thick aluminum with nominal axial crush strength
of 1,500 psi and nominal lateral crush strength of 75 psi. The honeycomb spacer details are
shown on drawingsR-R4-G-00033. The bottom aluminum spacer is 3-inches long by 6.5-inch
diameter and weighs nominally 0.7 lbs. One side of the spacer is embossed with the outline of
the SCV bottom configuration (i.e., cap and skirt). The middle tubular honeycomb spacer is 14-
inches long with a 5%-inch ID and 8-inch OD. The top inside ID of the tubular spacer is crushed
to match the outline of the SCV. The middle spacer weighs nominally 2.4 lbs. The top
aluminum honeycomb spacer is 2%-inch -inches long by 7-inch diameter and weighs nominally
0.7 Ibs.

2.1.1.3 Containment Vessel

The containment vessel (CV) provides a structural barrier and leak-testable closure that prevents
the release of the radioactive contents under regulatory NCT and HAC. The two 9977 packaging
configurations include 5-inch or 6-inch diameter CV designs, both with conical sealing surfaces
and a single-threaded closure, as developed originally by Gordon Chalfant. CVs are shown on
drawings R-R2-F-00042 and R-R2-F-00043. Both CV designs are part of the currently certified
9975 package. The CVs are designed, fabricated, and examined in accordance with ASME
B&PV Code Section III, Subsection NB, as described in Sections 2.3 and 9.3. Exceptions to NB
are summarized in Section 9.3. Design pressures and temperatures are given in Tables 2.20 and
2.21. Design details are discussed below.

The 5CV and CV are designed for 900 and 800 psig at 500 °F. Every CV is proof-tested at an
internal pressure at least 50% higher than its design value. This exceeds the 10 CFR 71.85
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requirements for proof-testing at 50% above the calculated maximum normal operating pressure
(MNOP), see Table 2.20. It also exceeds the ASME Code pressure test requirement of 25%
above the design pressure. The SCV/6CV assemblies are also evaluated and tested for leak-
tightness at an external pressure of 21 psig (50-ft head of water).

5CV Description

The 5-inch CV body is fabricated from Schedule 40S, Type 304L stainless steel (SS) seamless
pipe having 0.258-inch nominal wall thickness. The pipe is terminated by a standard weight
5-inch Type 304L SS pipe cap (also 0.280-inch nominal wall) welded at one end. A stayed head
welded at the other end completes the SCV body and is fabricated from 5-inch diameter 2%4-inch
long stainless steel bar stock machined to include 5'2-12UNS-2B internal thread and an interior
conical sealing surface. Vessel body joints are circumferential, full-penetration, Category B
welds in accordance with the ASME Code. A short segment of 4-inch, Schedule 40S Type 304L
SS pipe is welded to the convex side of the pipe cap, forming a skirt to support the SCV
vertically. The skirt includes two notches in the bottom edge (180° apart) to engage a
rectangular key and thereby prevent vessel rotation during removal and installation of the
closure. The completed SCV weldment weighs nominally 23.5 1b.

The CV body is closed by a %-inch thick 304L SS cone-seal plug held in place by a 0.63-inch
thick Nitronic® 60 cone-seal nut. The nut is machined to include an external 5%-12UNS-2A
thread. Two parallel O-ring grooves are machined into the sealing surface of the cone-seal plug
as shown in Drawing R-R2-G-00043, Appendix 1.1. The cone-seal nut threads into the stayed
head of the CV, forcing metal-to-metal contact between the exterior of the cone-seal plug and the
interior cone-seal surface of the CV body. Compression of the inner O-ring between the conical

sealing surfaces completes the leak-tight containment boundary, as demonstrated in accordance
with ANSIN14.5.

The cone-seal plug incorporates a leak-test port that sealed with a commercial gland nut and
plug, manufactured by Pressure Products Industries (PPI). The outer O-ring and leak-test port on
the cone-seal plug form a convenient leak-test volume for verifying the containment
performance of the inner O-ring. The cone-seal plug and cone-seal nut are coupled mechanically
by a retaining ring attached to the cone-seal plug as shown in Drawing R-R2-G-00043. The
combined weight of the closure assembly is nominally 9 lbs. The average weight of an
assembled SCV empty is 32.2 Ib.

6CV Description

The 6-inch CV is fabricated from Schedule 40S, Type 304L SS seamless pipe having a
0.280-inch nominal wall thickness. The pipe is terminated by a standard weight 6-inch Type
304L SS pipe cap (also 0.280-inch nominal wall) welded at one end. A stayed head welded at
the other end completes the 6CV body and is fabricated from a 72-inch diameter by 2%-inch
long Type 304L SS bar stock machined to include 6'2-12UNS-2B interior thread and an interior
conical sealing surface. Vessel body joints are circumferential, full-penetration, Category B
welds in accordance with the ASME Code. A short segment of 5-inch, Schedule 40S Type 304L
SS pipe is welded to the blind end cap, forming a skirt to support the 6CV vertically. The skirt
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includes two notches in the bottom edge (180° apart) to engage a rectangular key and thereby
prevent vessel rotation during removal and installation of the closure. The completed 6CV body
weighs on average 52.2 1b.

The CV body is closed by a %-inch thick 304L SS cone-seal plug held in place by a 0.63-inch
thick Nitronic® 60 cone-seal nut. The nut is machined to include an external 6%4-12UNS-2A
thread. Two parallel O-ring grooves are machined into the sealing surface of the cone-seal plug
as shown in Drawing R-R2-G-00043. The cone-seal nut threads into the stayed head of the CV,
forcing metal-to-metal contact between the exterior of the cone-seal plug and the interior cone-
seal surface of the CV body. Compression of the inner O-ring between the conical sealing
surfaces completes the leak-tight containment boundary, as demonstrated in accordance with
ANSI N14.5.

The cone-seal plug incorporates a leak-test port that sealed with a commercial gland nut and
plug, manufactured by Pressure Products Industries (PPI). The outer O-ring and leak-test port on
the cone-seal plug form a convenient leak-test volume for verifying the containment
performance of the inner O-ring. The cone-seal plug and cone-seal nut are coupled mechanically
by a retaining ring attached to the cone-seal plug as shown in Drawing R-R2-F-00042. The
combined weight of the closure assembly is approximately 12.7 Ib. The weight of an assembled
6CV empty is about 52.2 Ib.

2.1.2 Design Criteria

Design and fabrication criteria for the package comply with 71.41 through 71.51 of 10 CFR 71,
49CFR173'"*! and 177, International Atomic Energy Agency (IAEA) Safety Series No. TS-R-1
and Regulatory Guide (RG) 7.11"% and NUREG/CR-3854.")  Structural analyses were
performed in accordance with the methodology and stress criteria specified in ASME BPVC,
Section 111, Division 1, and NRC RGs 7.6!'* and 7.8.1'7

The structural analyses of the CV designs are based on the ASME Code Section III, Division 1,
Subsection NB. Finite element analyses were performed to evaluate the CVs for the required
loading conditions per RG 7.8. From the stress results, stress intensities were calculated for

evaluation against the acceptance criteria specified in the ASME Code Section III, Subsection
NB.

For the geometries of the containment vessels, the principal stress directions are hoop,
longitudinal, and radial. Therefore, if oy, 0}, and o, are the hoop, longitudinal, and radial stresses
at any point, then the principal stresses are:

G| = Op, 02 = 0,and 63 = G;

Radial stresses, o, are compressive and vary from the value of internal pressure at the inside
surface to zero at the outside surface of the cylinder. An average value of o, is used to calculate
the stress intensities. If S is the stress intensity, then S can be calculated as:

S=Max(‘c51-62 , |02-031, G3-(‘51|)
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Stress intensities from various loadings are combined conservatively by adding their absolute
values to obtain the total stress intensity.

The overpack is designed and fabricated with a “sanitary” bottom in accordance with United
Nations (UN) Drum Specification 1A2, per 49 CFR 178 Subpart L and Section III, Subsection
NF of the ASME Code. The bolted closure of the overpack is evaluated against the stress
criteria specified in the ASME Code, Section III, Subsection NF.

To ensure safe structural behavior of the package, RGs 7.6 and 7.8 require that the package
designer consider specific initial conditions and load combinations. Table 2.2 is a summary of
conditions specified in RG 7.8 and in 10 CFR 71 for NCT and HAC. Figure 2.2 shows the load
combinations required by RG 7.8 and the stress intensity limits specified by RG 7.6. As
specified in RG 7.6, the stress criteria applied for NCT are those specified in ASME BPVC,
Section III for Level A Service Loads. Nonlinear finite element analyses were performed to
simulate the dynamic response of the package during the NCT and HAC impact events. Stress
criteria specified in the ASME BPVC, Section III, Appendix F for Level D service loads were
used to verify that the HAC loading did not result in a CV exceeding Code-allowable limits.
Based on experimental data, the maximum allowable strain limit for the stainless steel
components is 30 percent at 257°F.1'"®! In addition, elastic buckling of the CV was evaluated in
accordance with Section III, Division 1 of the ASME BPVC.

To eliminate brittle fracture of the CV under HAC events, the containment vessels are fabricated
from 304L SS in accordance with the guidance provided in RG 7.11."*) Consideration of brittle
behavior is not required based on RG 7.11, which states,

“Since austenitic stainless steels are not susceptible to brittle fracture 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.”

The structural components of the containment vessels, and the drum, are fabricated from
stainless steel, which does not experience creep below 700°F. The highest temperatures the
containment vessels are exposed to during NCT remain below 300°F and 400 °F during HAC,
therefore, the potential for creep is negligible. Design considerations relative to the creep failure
mode are therefore satisfied.

Package analyses are based on nominal packaging component weights with maximum payload
weight. Based on the maximum 6CV payload weight of 100 Ib, the maximum weight of the
loaded 9977 is 350 Ibs. This bounds the lighter SCV configuration with a 50 1b payload which
has a maximum weight of 287.5 lbs.

Recognizing the large margins of safety quantified by analyses performed with nominal
packaging component sizes, there is no design feature of the 9977 that would be compromised
by analyses performed at the minimum package weight or component size. Therefore, the
combination of nominal packaging weight and maximum payload weight is used to evaluate the
9977 performance under NCT and HAC loading conditions shown in Table 2.2.
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Table 2.2 - Summary of Load Combinations for NCT and HAC

Applicable Initial Ambient Insolation Decay-Heat | Internal | Fabrication
pphicable Intial | remperature Rate Pressure Stresses
Condition
100°F | -20°F | Max. | Zero | Max. | Zero | Max. | Min. Note 3
NORMAL CONDITIONS
Hot environment:
100°F ambient v v v v
temperature
Cold environment:
-40°F ambient v v v
temperature
Increased external v v v v
pressure: 20 psia
Minimum exterqal v v v v
pressure: 3.5 psia
Vibration and shock: v v v v
normally incident to the [~==-==""~"""" " "TTTTTTT[TToooTTT{TTTTToooTTTTTToo[TTTTToomoooooopooooooooooooooooo
mode of transport v v v v
v v v v
Free drop: 4-ft drop
v v v
Corner Drop Note 1
Compression v v v v
Penetration v v v v
ACCIDENT CONDITIONS
Free drop: A ooy L ol
30-ft drop impact v v v v
v v v v
Crush: 1,100 Ib plate ~ }--------f----mmmmqmmmmmmmmf e b b
v v v v
Puncture: 40-inchdrop | Y | | A A Y e vl
onto “pin” v v v v
Immersion, 3 ft Note 2
Immersion, 50 ft v v v
Thermal: Note
v v v
1475°F fire event 4

1. Not applicable as “this test applies to only fiberboard, wood or fissile material rectangular and cylindrical
packages not exceeding 110 Ibs and 220 Ibs, respectively. The minimum 9977 calculated weight is 240 Ib.

2.Not applicable, criticality analysis includes water inleakage.

3. Evaluation not required, as defined by RG 7.8, Regulatory Position 1.5.

4.NRC RG 7.8 identifies this as an initial condition of testing; however, NRC adopts the view of IAEA which
is that package initial condition prior to the fire does not include the effects of insolation, Federal
Register/Vol 60. No. 188/ Thursday, September 28, 1995/Rules and Regulations, pg 50257.
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Hypothetical [J] Regulatory Guide 7.8
Accident
L oads [ ] Regulatory Guide 7.6
Operational Load Fabrication
Loads Combinations Loads
\ 4
Stress
Categories
A\ 4 \ 4 A 4 A\ 4
Primary Primary
Membrane Bending Secogdary P?k
I:)m ) P L I:)b
A 4 A 4 \ 4 A 4
—  Pm<Sm — PL+Pp<15Sy | —{PL+Py+Q<3Sn| [ Pm+Pp+Q+F®
Pm <2.4Sy || Pm + P, <3.65
Py < 0.7S, P, +P, <S, Pm+Pp+Q+F<2S,at 10 cycles

Notes — 1) Level A Service Limits for Stress
2) Level D Service Limits for Stress
3) The allowable stress intensity for the full range of fluctuations is 2 S, per Figure NB-3222-1.

Figure 2.2 — Load Combinations and Stress Intensity Limits from
Regulatory Guides 7.6 and 7.8
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2.1.3 Weights and Centers of Gravity

Table 2.3 provides a summary of the 9977 package weights when fitted with the SCV and 6CV.
Minimum and maximum permissible content weight for each CV is also shown. Nominal,
minimum, and maximum component weights for the 9977 are summarized in Table 2.4.
Package component weights are calculated in detail in Appendix 2.3.

Table 2.3 - 9977 Loaded Package Weights

Packaging Configuration — Welgh't (Ib) _
Minimum Nominal Maximum
s Empty Overpack w/spacers 171.9 186.6 202.8
S O | 5CV Empty 29.7 32.2 34.7
~ S
5 .5 | 5CV Contents 50 50 50
D n
Total 5CV w/ max payload 251.6 268.8 287.5
< » | Empty Overpack w/spacers 168.7 182.8 198.4
£ 2| 6CV Empty 48.0 52.2 56.4
I 2 | 6CV contents 100 100 100
e Total 6CV w/ max payload 316.7 335.0 354.8
Table 2.4 - Packaging Component Weights
Overpack Components — Welgh.t (Ib) - Comments
Minimum | Nominal | Maximum
Drum Body 62.8 70.0 g37 | S shell including
tape, wire
% Fiberfrax 3.8 5.1 6.4 Insulation
= Last-A-Foam FR-3716 68.3 8 75.4
S
CILG Drum Closure Lid 14.4 15 16.5 SS shell only
= Min-K 2000 1.4 1.7 1.9
s TR-19 2.3 2.6 2.9
3 Fiberfrax 0.2 0.3 0.3
@) Drum Closure Bolts &
Washers 1.9 2.0 2.1
Empty Overpack Total 153.3 166.5 181.3
® 5-inch Containment Vessel 29.7 32.2 34.7 Assembly
> g 6-inch Containment Vessel 48 52.2 56.4 Assembly
O -c% 5CV Honeycomb spacers 3.2 3.8 4.3
I Load Distribution Fixtures 13.5 14.2 14.9+
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The centers of gravity (CGs) of the packaging components are all located on the longitudinal
axis of the packaging. Figure 2.3 illustrates the CG’s locations for an empty packaging and
loaded package.

2-14



S-SARP-G-00001

0

1S10Nn

Rev

18.6” with

Payload

| 2N

A
18”
v

Drum

A
A\ 4

Empty CG
20.4”

%
o
|

-

s
kS
[R5
s
K 3 046 4 Rk
kS
K AR
K NN\ 77777775
(XY <
o\
s A N
BRRIRSSS A N
BIRES 9
[RRIRRR 3 N
RSB 2 N
RS 2N
BRI 78N
R KR -I
e 'R
N N
BRSS N
RS N
S s N
BSSRR 8§ N
KRB § N
s § N
st ]roossss Nz
BSIR HZN
(SR A //lllllil
S SRR R R SONNNNNNNNY
1555 e ot L L L 4 L4 e S 6 L L O L L R L L R e U R R T R R L R A
B
ks
K&
%
3 i
Q\\\\
?///l W SN

D

18.6” with

100 Ib.
Payload

Figure 2.3 — 9977 Centers of Gravity for Empty 5CV and 6CV Packaging Configurations
2-15




Revision 0 S-SARP-G-00001

2.1.4 ldentification of Codes and Standards for Package Design

The packaging design criteria are based on evaluation of the maximum radiological hazard
(A7 units) and curie (Ci) content for “Normal Form” radioactive material. Based on this data,
RG 7.11 and NUREG/CR-3854 are used to identify “established codes and standards for design,
fabrication, assembly, testing, maintenance and use” requirements for the packaging.

The most hazardous 9977 content loading is 4.4 kg of Plutonium/Uranium, as shown in
Table 1.2. The calculated hazard (in A units) and total curie count are 122,000 A, and
>69,700 Ci, respectively. Given this data, RG 7.11 specifies the radioactive material packaging
design as “Category . Applicable Codes and Standards to be used for the design, fabrication,
assembly, testing and maintenance of the 9977 are specified in NUREG 3854, Table 1.1,
Summary of fabrication criteria based on the ASME Code. The 9977 design does not
incorporate active heat transfer processes, nor does it incorporate secondary seals, criticality
control features or radiation shielding. The package does include features that permit lifting and
tie down for transport.

Table 2.5 presents detailed ASME code criteria for fabricating 9977 metal components as
Category I design entities, i.e., containment vessels. In addition, the table includes criteria for
fabrication, assembly, testing and maintenance of the other features of the 9977. The table is
reproduced in part from NUREG 3854, Table 4.1.
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Table 2.5 - Criteria for Metallic and Non-Metallic Components for a Category | Radioactive Material Packaging - 9977

Component Safety

Containment

Other Safety Features

Acceptance -
Criticality Overpack Impact limiters
Load Tie-down | Lifting
CV Body Seals Drum Bolted3 Distribution Honeycomb Insulation
closure . Spacers
Fixtures
VIII, Div 1
. ASME ’ . .12 . 10 CFR ANSI
Design NB-3000 NB-3000 UN 1A2 | and ASME | Per Design |Commercial “| Commercial 71.45(b) NI14.6
NF-3000
MIL- ASME SA- Section
Materials NB-2000 R-83485 NF-2000 | 193,194 & . Commercial | Commercial | NF-2000 NF-2000
VIII, Div 1
Type 1 320
Forming, P P
Fitting and NB-4200 | Commercial Note 1 UN 1A2 | NF-4200 | PerDesign |Commercial | Commercial °r °r
LS Design Design
Aligning
Fabrication NF-4000 P .
and NB-5000 Commercial UN 1A2 i Per Design | Commercial | Commercial o °r
. NF-5000 Design Design
Examinations
Acceptance . . . Per Per
. NB-6000 ANSI-N14.5 UN 1A2 | NF-2581.2 | Per Design |Commercial | Commercial . .
Testing Design Design
Note 1. The 9977 does not incorporate any passive or active criticality control features. Accordingly, no ASME code criteria for criticality are applicable.

2. The use of the term “Commercial” implies that specific vendor data was used to evaluate the material for use in the 9977 package.

3. The bolted closure also includes the drum flange weldment and lid construction.
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2.2 MATERIALS
2.2.1 Material Properties and Specifications

Material specifications for packaging components presented in Table 2.6 were extracted from the
design drawings provided in Appendix 1.1. Mechanical properties of the packaging materials
are presented in Tables 2.7 through 2.14 and in Figures 2.4 and 2.5. Tables 2.7 and 2.14 present
the mechanical properties of the overpack closure hardware, drum overpack and CVs. Table 2.8
presents properties of the SCV honeycomb spacer materials.

Stainless steel components of the 9977 are unaffected by normal operating temperatures. The
Fiberfrax, TR-19 and Min-K 2000 materials are rated for continuous use at temperature above
1,200°F, and are therefore unaffected by the normal operating temperatures within the 9977.

The constitutive properties of the General Plastics Last-A-Foam® FR-3716 insulation are
provided in Table 2.9. Figures 2.4 and 2.5 summarize the relationship between load and
deflection for the bulk polyurethane Last-A-Foam from -20°F to 300°F. The polyurethane foam
has a glass transition temperature, Tg, of 279°F. The foam slowly softens at temperatures
greater than Tg. If the polyurethane foam is confined and no mechanical loads are applied, it can
be held at 300°F for an extended period, without degradation.!"”?”! Upon cool-down, the foam
fully recovers its physical properties.”"! Out-gassing and melting/oxidation is not observed
below about 500°F. The foam becomes a flowing liquid just below its ignition temperature,
which is above 600°F. The type of foam used in the 9977 is also used in a variety of military
H-Gear. Aging studies have been performed at temperatures above and below the Tg to evaluate
changes to the foam chemistry that could degrade physical properties. These studies have been
performed by the Supplier (General Plastics) and by Sandia National Laboratory. Little change
has been observed in the crush strength or thermal conductivity of Last-A-Foam aged up to
twenty years.*"*> ]

Material properties data for Fiberfrax”, Thermal Ceramics Min-K 2000 and Thermal Ceramics
TR-19 insulation materials are presented in Tables 2.10, 2.12 and 2.11, respectively.

Physical and mechanical property data for Viton® GLT O-ring material is provided in Table
2.13. Mechanical properties for stainless steel given in Table 2.14 and corresponding stress
limits given in Table 2.15, were obtained from the ASME BPVC, Section II, Parts A and D,
2004.”* The ASME BPVC provides properties at temperatures -20°F and higher. The ASME
values at -20°F are assumed to be conservative relative to the -40°F design temperature
properties required by 10 CFR 71. Regulatory Guide 7.11 states that austenitic steels are not
susceptible to brittle fracture at transport temperatures, and therefore, brittle failure of 9977
steels in service is not a safety concern.
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Table 2.6 - Packaging Components and Material Specifications

Component

Material Specifications
(Form, Specification, Type/Grade)

35-Gallon Drum Overpack

Drum Body 18-gauge Sheet, ASME SA-240, Type 304L
Drum Rim 3 x /1¢-inch , ASME SA-240 plate, Type 304L
Drum Top 3/16-inch thick, SA-240 plate, Type 304L
Drum Wear Ring 16-gauge Sheet, SA-240, Type 304L

Drum Liner 18-gauge Sheet, SA-240, Type 304L

Closure Lid

16-gauge Sheet, ASME SA-240, Type 304/304L

Closure Screws

%-11UNC-2A x 1% inch long, Heavy Hex Head Screw, ASME
SA-193/SA-320, Grade B8, Class 2, ANSI B18.2.1 & B18.21.1a

Closure Inserts (Nut)

Threaded Fitting, 7-11UNC-2B, Grade 8 per ASME SA-194 and
SA-320, 304 SS

Closure Washers

%s-inch, Plain Narrow Type B, 18-8 SS, ASME/ANSI B18.22.1

Caplugs BPF-% , Ethylene Vinyl Acetate, Black, Flush Button Plugs
BPF-3/4 and BPF-1, Low density Polyethylene, Black, Flush Button
Caplugs
Plugs
Stud 4d Nail, 12 Gauge x 1% Long, 316 SS, McMaster PN 97990A102
Lock Washer Washer, Pin Style, McMaster PN 93610A410

Identification Plate

16-gauge (0.06 REF), 304/304L SS, Lettering filled with Epoxy
Paint, High Temperature, Glossy Black

Overpack Insulation Materi

als

Glass Cloth Tape

3M Product Number-361, 2-inches wide x 7.5 mils thick,
temperature range -65°F to 450°F

Lid-Chamber Silicone

RTV-382 High Temperature Silicone

Polyurethane Insulation

General Plastics, Last-A-Foam® FR-3716, Intumescent
Polyurethane Foam, 1517 Ib/ft’ (free rise density)

Fiberfrax Insulation

Vs-inch thick Fiberfrax® Insulation, HSA, Grade E, 7-10 Ib/ft’,
Quilted with E Grade Fiberglass Fabric (both sides), Kansas
City Plant Specification!*”!

Thermal Ceramics
Insulation

TR-19 Block Insulation, 23 Ib/ft’

Thermal Ceramics
Insulation

Thermal Ceramics item BL#31274-100, Min-K 2000, 20 1b/ft’,

14 inches OD by 1-inch thick
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Table 2.6 - Packaging Components and Material Specifications (continued)

Component

Material Specifications
(Form, Specification, Type/Grade)

Containment Vessel

Body Cylinder

5- and 6-inch diameter Schedule 40S Pipe, Seamless, ASME SA-312,
Type TP304L, (product analysis, hydrostatic and UT electric test apply)

Body Closure

Bar, ASME SA-479, Type 304L

Body Bottom Pipe Cap

5- and 6-inch diameter Schedule 40S Cap ASME SA-403, Type 304L,
WP-W

4- and 5-inch diameter Schedule 40S Pipe, Seamless, ASME SA-312,

Body Skirt Type TP304L

Cone Seal Bar, ASME SA-479, Type 304L

Cone Seal Nut Bar, ASME SA-479 Annealed Condition ARMCO Nitronic-60 SST
Gland Nut PPI Catalog No. P-130-60, Stainless Steel

Gland Plug PPI Catalog No. P-110-60, Stainless Steel

Retaining Ring

Waldes Truarc No. 5108-125

5-inch Diameter CV O-rings

Molded Viton “GLT,” Compound No. V-0835-75, Class AN,
Parker Part AS-568-244

6-inch Diameter CV O-rings

Molded Viton “GLT,” Compound No. V-0835-75, Class AN,
Parker Part AS-568-252

Thread and CV Closure
Lubricant

Krytox® fluorinated grease, E.I. DuPont, Aerospace Grease
Grade 240 AC™*

Overpack CV Spacer Assembly

Upper and Lower
Load Distribution Fixtures

ASME SB-221, 6061-T6 Aluminum Round Bar

Axial and Lateral
Honeycomb Spacers

Aluminum Tube Honeycomb, Pre-crushed, Crush Strength 1500 £500 psi,
3-mil minimum thickness aluminum foil
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Table 2.7 - Mechanical Properties of the Overpack Closure Hardware

Minimum Yield |Minimum Tensile

Materials of Construction Strength, Sy Strength, S,
(ksi) (ksi)
a ASME SA-193/SA-320,
Heavy Hex Screw Grade BS, Class 2 100 125
Closure Inserts (Nut) b ASME SA-194/320, i i
Grade 8
Washer ¢ 18-8 hardened c c
a) Material properties taken from ASME BPVC Section II, Part D (Table 3, line 29, pg. 391 per Section

VIII-1),
b) Specification for nuts does not include yield/tensile strength values. Grade-8M nut specifications

include a hardness requirement of 60-105 Rockwell B, and a proof load of 18,080 1b based on a proof
stress of 80,000 psi.

¢) Washer mechanical properties are not critical to safety, and consequently no values are provided.
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Table 2.8 — Mechanical and Physical Properties
of the Overpack Containment Vessel Spacers

Packaging Materials of Property Temperature
Component | Construction® (units) Value (°F)
Minimum Yield
Strength (psi) 35,000 -
Minimum
Tensile Strength 38,000 --
(psi)
Elongation (%) 8-10 --
Poisson’s
Ration 0.33 N
Density (Ib/in’) 0.098 -
Upper and — 100
Lower SB-221, %
Load Grade 6061-T6, | Average 12,1107 70
Distribution Aluminum Thermal 12.6 x 10° 100
Fixtures Expansion from 13.5x 10°® 200
70°F 14.0 x 10°° 300
(in./in./°F) 143 x 10°° 400
153 x 10° 500
10.5 x 10° -100
10.0 x 10° 70
Modulus of -- 100
Elasticity, E 9.6 x 10° 200
(psi) 9.4 x 10° 300
8.7 x 10° 400
8.1 x 10° 500
AXIAL
Hexcel CRUSH 1500 + 500 -
Honeycomb STRENGTH
Spacers Aluminum (PSI)
(3 Tmil. min. Lateral
foil thickness) Crush Strength 75+25 -
(psi)

a) ASME Code, Section II, Parts A and D, " Bookmark not defined.]

“Yield Strength, Table Y-1, pg. 563, Line 39,

" Tensile Strength, Material Group 3, Table U, pg. 456, Line 35,

" Elongation; (SB-221, 8% up to 0.249 inches thick, 10% over 0.25 inches)

" Poisson’s Ratio, Table NF-1, pg. 702,

" Density, Table NF-2, Pg. 703,
" Thermal Expansion, Table TE-2, pg. 672, and
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“Modulus of Elasticity, Material Group G, Table TM-1, pg. 698.

Table 2.9 - Mechanical Properties of Last-A-Foam FR-3716

Material Parameter

Property

Stress vs Strain (-20°F to 300°F)

See Figures 2.4 and 2.5

Poisson’s Ratio

0.3

Coefficient of Liner Thermal Expansion

3.5-5.0 x 107 in/in/°F
(-320°F to 200°F)

Water Absorption *

0.011 Ib/ft?

Density (Free Rise)

15-17 1b/ft°

a) Last-a-Foam is a closed cell structure; therefore, water absorptivity is
surface (wetting) phenomena and measured in square feet.

Table 2.10 - Mechanical Properties of Quilted Fiberfrax® Lo-Con Blanket, Grade E Fabric

E:/I:rf:trrlﬂlcsti?)fn Material Parameter Property
Linear Expansion 0.5 %
Lo-Con Nominal Use Temperature Limit 2300°F
Blanket Thickness 0.44 - 0.69
(Felt core) | Density 5-7 I/t
Weight Quilted Composite 4 1b/ft?
Stitching
Pattern Woven-plain weave
Warp 60 ends/in
E-Fiberglass Fill 58 ends/in
Textile Cloth Weight 3.10 oz/yd*
(Quilting) Thickness 0.0035 inches
Nominal Use Temperature limit 1200°F
Tensile Strength n/a
Thread E-Fiberglass
_ Thickness 0.40 - 0.50
CQ“ﬂteq Density 7-10 Ib/fe
omposite
Weight 4 1b/ft?
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Table 2.11 - Mechanical Properties of TR-19 Block Insulation

Material Parameter Property

Modulus of Rupture (Ib/in%)

Ambient 120

1900°F 89
Crushing Strength (Ib/in®)

Ambient 184

1900°F 85
Nominal Density (Ib/ft’)

Ambient 23

1900°F 23.5

Table 2.12 - Mechanical Properties of Min-K 2000 Insulation

S-SARP-G-00001

Material Parameter Property
Average transverse strength, minimum (Ib/in”) 55
Compressive Strength (Ib/in%)
5% compression 110
8% compression 190
Nominal Density (Ib/ft’) 20

Table 2.13 - Mechanical Properties of O-rings

Material Parameter

Viton GLT Fluorocarbon Rubber ?

A)

Rubber Specification AMS-R-83485
Parker Compound V0835-75
Fabrication Method Molded
Temperature Range -40°F to 400°F
Hardness Durometer (Shore 70-80

a) Parker Data from O-ring Handbook, ORD-5700A"%
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Table 2.14 -Mechanical and Physical Properties of
Containment Vessel and Drum Metal

Packaging Component

Materials of Construction *

Containment Vessel
Vessel Wall
End Pipe Cap
Stayed Head
Cone-Seal Plug
Cone-Seal Nut

Drum Body & Closure Lid

SA-312, Grade TP-304L
SA-403, Grade WP-W 304L
SA-479, Type 304L
SA-479, Type 304L

SA-240, Type 304L

Nitronic-60 SS (Annealed condition)

Average Thermal

Material Properties 304L Nitronic-60*
Minimum Yield Strength (psi) 25,000 50,000
Minimum Tensile Strength (psi) 70,000 90,000
Elongation 28% - 40% 35%
Poisson’s Ratio 0.34 0.298
Density (Ib/in’) 0.286 0.275

D
o
o
S
a
©
. Modulus of
3 Temperature Expansion from b . b
> o o Elasticity, E
2 (°F) 70°F (bsi)
T (in./in./°F)
® -100 - 29.2 x 10°
8 70 8.5x10° [26.2] 28.3 x 10°
5__% 100 8.6 x10° -
S 200 [8.8]8.9 x 10 27.5 x 10°
= 300 9.2x10° 27.0 x 10°
400 [9.2]19.5 x 10°° 26.4 x 10°
500 9.7 x10° 25.9 x 10°
600 - 253 x 10°
a) ASME Code, Section II, Parts A and p!Errort Bookmark not defined.],
" Yield Strength, Table Y-1, pg. 563, Line 39,
" Tensile Strength, Material Group 3, Table U, pg. 456, Line 35,
" Elongation; (SA-479, 35%, UNS-21800), (SA-240, 40%), (SA-403, 28% longitudinal),

(SA-312, 35% longitudinal),

V- Poisson’s Ratio, Table NF-1, pg. 702,
v. Thermal Expansion, Material Group 3, Table TE-1, pg. 669, Coefficient “B”. 304L and Nitronic-60

(UNS #21800) are 18Cr-8Ni material property are equivalent, and
¥l Modulus of Elasticity Material Group G, Table TM-1, pg. 696.
b) Items shown in brackets are for Nitronic-60 SS; all other values are for 304L.
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Table 2.15 - Containment Vessel Allowable Stress, Yield and Tensile Strengths

Temperature Allowable Stress Yield Strength Tensile Strength
(°F) Intensity (ksi) (ksi) (ksi)
SA-312, TP-304L Seamless and Welded Pipe
-20 to 100 16.7 25.0 70.0
200 16.7 21.4 66.1
300 16.7 19.2 61.2
400 15.8 17.5 58.7
500 14.7 16.4 57.5
SA-403, 304L WP-W Weld Fittings
-20 to 100 16.7 25.0 70.0
200 16.7 21.4 66.1
300 16.7 19.2 61.2
400 15.8 17.5 58.7
500 14.8 16.4 57.5
SA-479, 304L Bar
-20 to 100 16.7 25.0 70.0
200 16.7 214 66.1
300 16.7 19.2 61.2
400 15.8 17.5 58.7
500 14.8 16.4 57.5
SA-479, Nitronic-60, Bar, UNS-S21800
-20 to 100 31.7 50.0 95.0
200 25.9 38.8 93.9
300 22.1 33.2 87.0
400 19.8 29.7 82.1
500 18.4 27.6 79.3

Note: Class 1 material with stress intensities based on material allowable stress intensities, S,,, from ASME
Code, Section II, Part D.

SA312, TP304L Sm, Table 2A Page 314, Line 15], SA-403, 304L,
Sy, Table Y-1, Page 568, Line 2], WP-W

Su, Table U, Page 456, Line 37]

Sm, Table 2A Page 314, Line 21], SA479,

Sy, Table Y-1, Page 568, Line 6], Nitronic-60,
Su, Table U, Page 459, Line 2]

Sm, Table 2A Page 314, Line 20],
Sy, Table Y-1, Page 568, Line 4],
Su, Table U, Page 456, Line 39]
Sm, Table 2A Page 322, Line 40],
Sy, Table Y-1, Page 576, Line 5],
Su, Table U, Page 461, Line 40]

SA-479, 304L,
Bar

— e e
e e e
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Engineering Stress Parallel to Rise
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Figure 2.4 — Dynamic Engineering Stress-Strain Curve —
Parallel to Rise for FR-3716 Foam

Engineering Stress Perpendicular to Rise
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Figure 2.5 — Dynamic Engineering Stress-Strain Curve —
Perpendicular to Rise for FR-3716 Foam
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At small static strains, i.e., 10 to 20%, General Plastic’s data indicates that Last-A-Foam
FR-3700 crush strength in the direction perpendicular to rise is about 5% greater than that
parallel to the rise. At the higher strain rates of dynamic loading, foam crushing behavior is
essentially isotropic.

Dynamic testing of 15 Ib/ft® FR-3700 foam by Federal Manufacturing and Technologies (FMT),
indicates that the dynamic crush strength increases by about 50% over quasi-static data.’”
Figures 2.4 and 2.5 show the stress-strain relationships in the directions parallel to and
perpendicular to the foam rise, respectively, for temperatures ranging from -20°F to 300°F.
Application of the dynamic stress-strain properties at -20°F and 75°F in structural analyses of the
packaging correlated extremely well with the damage observed in prototypes impact-tested
under similar conditions. Because of this good agreement at low temperatures, extrapolation of
material behavior model to elevated temperatures is expected to deliver acceptable analysis
results.

2.2.2 Chemical, Galvanic, or Other Reactions

Requirement: 10 CFR 71.43(d) — A package must be made of materials and construction that
assure that there will be no significant chemical, galvanic, or other reaction among the packaging
components, among package contents, or between the packaging components and the package
contents, including possible reaction resulting from in-leakage of water, to the maximum
credible extent. Account must be taken of the behavior of materials under irradiation.

Evaluation: The 9977 packaging is designed for dry handling, transportation and storage. The
required absence of liquid water from the contents significantly reduces the potential for adverse
chemical and galvanic reactions. Nonetheless, the packaging is constructed of materials that
would not be expected to react chemically, galvanically or otherwise with other packaging
components. The combination of materials of construction present in the 9977 has been in
service in other packagings for over twenty years without incident. Examples include the
TRUPACT-II, AT-400R and the H-1616.

The matrix presented in Table 2.16 summarizes the material contacts within the package. The
matrix presented in Table 2.17 summarizes the interactions between the radioactive contents and
the materials of the CV. The packaging materials of construction, contents and potential
chemical, galvanic and radiolytic reactions are discussed below. Table 2.18 presents chemical
analysis of the materials used in the 9977.

Chemical and Galvanic Compatibility

The 9977 is constructed from 300-series stainless steel, various inorganic insulation materials
and aluminum with a very minor presence of organic compounds as adhesives or lubricants. The
304L stainless steel used in the construction of the overpack and CVs is inherently corrosion
resistant. Similarly, aluminum components (LDFs and honeycomb spacers) are also corrosion
resistant. The General Plastics FR-3700 foam insulation is chemically inert and carries no
detectable chlorides. The closed-cell nature of the foam precludes water absorption. Water may
cling to the external surface of the foam surface but dries quickly in air. In a practical sense, the
foam will not absorb water. In fact, testing to ASTM D-2842 is difficult, because water
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absorption of the foam is typically less than the error inherent in the test. Therefore, corrosion
within the package from the FR-3700 foam interaction shows no material incompatibilities.

The Fiberfrax sandwiched between the SS overpack liner and the Last-A-Foam, as well as the
Min-K and TR-19 captured within the SS closure lid chambers, are composed primarily of
alumina and silica (Al,Os, Si0;) that will not react with the foam or stainless steel in either dry
or wet environments. Similarly, the fiberglass textile cloth and fiberglass thread that bind the
Fiberfrax blanket are non-reactive with both the stainless steel and Fiberfrax with which it is in
contact. The silicone-based RTV-382 is formulated for safe use with corrosion prone metals and
has no material incompatibilities when used in contact with the TR-19 and SS.**!

The fiberglass tape!® in contact with the Fiberfrax is resistant to high temperatures. Its adhesive
is low-chloride silicone and is non-reactive with the Fiberglass textile cloth and fiberglass thread
bindings.

Aluminum components are used to locate the CV inside the overpack liner. Aluminum is
slightly anodic to stainless steel, and therefore, will not adversely affect the stainless steel CV or
overpack liner.

No significant galvanic cell interactions exist among other package materials.'®'” The
radioactive materials are also chemically compatible with polyethylene or polyvinyl chloride
bags commonly used to control the spread of radioactive contamination.

Other - Thermal Compatibility

Stainless steel components of the 9977 are unaffected by normal operating temperatures. The
Fiberfrax blanket, TR-19 Block and Min-K 2000 are rated for continuous use at temperature
above 1,200°F, and are therefore unaffected by the normal operating temperatures of the 9977.

The glass transition temperature of polyurethane foam is 279°F. Thermal decomposition occurs
at 532°F. The maximum foam temperature is 295°F in a localized area below the drum liner (see
Section 3.3). The mechanical strength of the foam is reduced at this temperature; however, there
are no incompatibilities with surrounding materials.

There are no compatibility or reactivity issues associated with the gases generated by thermal
decomposition of plastic bagging and the packaging or radioactive contents. The partial pressure
of these gases is included in the Maximum Normal Operating Pressure (MNOP) for the CV
(developed in Section 3.4.4). The MNOP is less negligible for each CV design pressure. A
summary of pressures and temperatures used to calculate stress and thermal expansion of the
containment system is given in Tables 2.21 and 2.22. The O-rings are Viton GLT
fluoroelastomer and compatible with both the atmosphere and vacuum grease that will be in
contact with them. Therefore, a chemical reaction that may affect mechanical properties used in
the regulatory evaluation is not expected.’*”!

Plutonium-iron compatibility issues have been identified in plutonium-handling facilities, where
plutonium metal is in direct contact with stainless or carbon steel of storage containers.
Plutonium and iron form a eutectic phase at 90% Pu - 10% Fe with a melting point of
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approximately 770°F. The presence of gallium can depress the eutectic point temperature to
752°F. The postulated compatibility issue assumes that iron from the stainless steel diffuses into
the plutonium to a sufficient extent that the eutectic composition is attained. If the temperature
of this region were to exceed 752°F, the affected region would melt. If the molten material
alloyed with material from the container, breach of the container could occur. Several factors
mitigate this phenomenon in the 9977. The presence of surface oxide layers on the plutonium
metal or container provides an effective barrier preventing diffusion of iron from the container
into the plutonium metal. Thermal analysis of the 9977 has shown that the maximum
temperature in the contact region between a postulated point heat source and the stainless steel
CV is 498°F, well below the 752°F eutectic temperature. Accordingly, the plutonium-iron
eutectic issue is not a concern for the 9977.

Table 2.16 — Packaging Dissimilar Contacting Materials of Construction

Material Material No.
1 (2|3 |4|5|6|7]8
1 Fiberfrax - | V|V IV v
2 FR-3716 Foam V|- | V|V
3 304L StainlessSteel | v | vV | - |V | YV | YV |V | V
4 E- Fiberglass VIV |V | - v
5 RTV v - | V|V
6 TR-19 v v v |v | -
7 Min-K 2000 v v -
8 Aluminum v -

M = contacting material pairs. El = same material. [ = non-contacting surfaces.

Table 2.17 - Dissimilar Contacting Materials within the Containment Vessel

Material Material No.
112|3|4|5]|6
1 U/Pu - | v v v
2 Aluminum v - v v
3 Kryotox Grease - |V |V
4 Stainless Steel VIivVIYVI|-|Y|Y
5 Viton (O-rings) v |v |-
6 Polyethylene V|V v -
M = contacting material paill = same material. [J = non-contacting surfaces.
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Table 2.18 - Materials of Construction - Chemical Analysis/Composition by Weight

Percent

Nominal Composition

SS 304L*

TR-19

Fiber-
frax °

E-glass

Min-K
2000

FR-3700
Foam

Aluminum
6061

Alkalies, as, Na,O, K,O

2.6

Alumina, Al,O;

9.1

40-54

12-16

Aluminum

Remainder

Antimony trioxide

0-0.3

Boron Oxide

8-13

Calcium oxide, CaO

15

16-25

Carbon

0.035

62.83

Chromium

18-20

0.04-0.35

Copper

0.15-0.4

Decabromodiphenyl oxide

0-0.5

Ferric oxide, Fe,03

6.8

<3

Fibrous glass

5-30

Hydrated Alumina

0-50

Hydrogen

6.74

Iron

0.7

Magnesium Oxide, MgO

13

Manganese

2.0

0.8-1.2

Nickel

8-13

Nitrogen

0.1

6.19

Oxygen

22.21

Phenol Formaldehyde

0-5

Phosphorus

0.045

Silica, SiO,

40

46-60

52-60

35-95

Silicon

0-25

0.4-0.8

Sulfur

0.030

Sulfur trioxide, SO3

0.4

Titanium

0.15

Titanium oxide, TiO,

1.2

0-25

Zinc

0.25

Source References

[31]

[32]

[33]

[33]

[34]

[35]

[36]

a) Material composition based on minimum and maximum percentages from 304L specifications: SA-240,
SA-312, SA-403, SA-479.
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b) Other chemical/elements and inorganics are less than <4% for Fiberfrax and 7% for E-glass.
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2.2.3 Effects of Radiation on Materials

Requirement: 10 CFR 71.43(d) — A package must be made of materials and construction that
assure that there will be no significant chemical, galvanic, or other reaction among the packaging
components, among package contents, or between the packaging components and the package
contents, including possible reaction resulting from in-leakage of water, to the maximum
credible extent. Account must be taken of the behavior of materials under irradiation.

Evaluation: The insulating materials used in the 9977 are relatively low density with no
constitutive water content. None of the insulators present a significant cross-section for nuclear
interaction. Radiation dose experiments performed at the University of Michigan on General
Plastics Manufacturing Company polyurethane foam, which is the major insulating material
within the package, has shown that foam samples subjected to 2 x 107, 4.21 x 10" and 2 x 10°
rads had no effect on material compressive strength and intumescences proprieties from the
radiation doses.””’  Polyurethane foams are environmentally stable materials due to their
urethane polymer matrix. With the exception of ultraviolet radiation and some strong acids the
foams do not degrade. The foam in the 9977 is encapsulated and is not exposed to ultraviolet
radiation or harsh acids.

Radiation dose in excess of 10" rad is required before significant changes to physical properties
of the O-ring are observed.”® The 9975 Package utilizes containment vessels of the same design
and materials as the 9977. The 9977 content envelope C.2 is similar to the 9975 content
envelope C.3, both covering Pu and U Metals but has a lower dose rate because the 9975 content
C.3 permits more impurities. The 9975 content C.4 (Pu/U Oxides) has a greater dose rate than
the 9975 C.3 contents. Based on a calculated dose rate from the 9975 Content C.4, of
approximately 0.1 rad/hr for the primary seal and a possible cumulative dose of approximately
1.8 x 10” rad for a conservative 2-year period, no significant changes in mechanical properties of
the O-rings are expected.”” This is conservative as the O-rings are limited by this SARP to a
one-year service life.

No degradation or activation of the stainless steel structural components is expected at the
neutron and photon dose rates as calculated in Chapter 5.

2.3 FABRICATION AND EXAMINATION

The 9977 packaging shall be constructed in accordance with the design drawings provided in
Appendix 1.1, Quality Assurance requirements of Chapter 9 and the fabrication processes
delineated below. Based on these data, manufactures shall develop detailed fabrication drawings
and specifications that demonstrate their understanding of the requirements. No material
purchases or fabrication activities shall commence until the requisite drawings and specifications
have been reviewed and approved by the Packaging Design Authority.

Packaging fabrication can be divided into two categories, the manufacture of its 35 gallon
overpack, and its containment vessels and the CV spacers (as applicable). Fabrication and
examination of each of these components are described below.
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2.3.1 Fabrication
2.3.1.1 Five-inch Containment Vessel Fabrication

The “5SCV” containment vessel is comprised of a body and closure assembly. The 5CV body
consists of a 5-inch Schedule 40S pipe cap, a 5-inch Schedule 40 seamless pipe and a machined
interior-threaded stayed head. The 5CV closure assembly consists of a machined exterior-
threaded closure nut and a truncated conical plug. The plug is machined to include a leak-test
port and two O-ring grooves. The materials of fabrication and manufacturing specifications for
the CV are listed in Tables 2.14 and 9.4 and follow the requirements of ASME BPVC, Section
III, Division 1 for Class 1 components.

The 5CV is constructed by butt welding a 5-inch Schedule 40S, seamless, Type 304L stainless
steel pipe cap to one end of the seamless pipe followed by a rough cut stayed head butt welded to
the opposite end of the pipe. Both vessel body joints are circumferential full penetration
Category B welds per ASME B&PV Code, Section III, Subsection NB-3350. A 4-inch,
Schedule 40 Type 304L SS pipe is welded to the convex side of the cap to form a skirt which
functions as a vertical support for the SCV. The skirt includes two notches on the bottom edge
(180° apart) that engage a rectangular key to prevent vessel rotation during removal and
installation of the closure. The welded construction forms the CV body. The stayed head is
rough-cut machined from a 6-inch diameter by 2%-inch long Type 304L SS bar and welded to
the body. Then the head is finish machined to include 5'2-12UNS-2B internal thread and an
interior cone-seal surface to a 32pin. finish.

Methods used to fabricate the CV weldment shall not reduce the thickness of the base materials
below the minimum allowed per their material specifications. If the method used violates
minimum material thickness the manufacturer shall verify that an approved manufacturing
process is employed to recover.

Methods used to join the pipe to pipe cap and pipe to stayed closure head shall not reduce the
wall thicknesses of the base materials below their minima as specified by their supporting
material standards. If the minimum wall thickness is violated as a result of the method for
joining components, the manufacturer shall verify minimum wall thickness is recovered. The
go-no-go gauges required by Section 2.3.2 require the roundness and assembly of the SCV and
6CV pipe and components to be tightly controlled. In most cases, pipe purchased to the SA-312
standard is not perfectly round and fit up of standard pipe caps not exact.

2.3.1.2 Six-inch Containment Vessel Fabrication

The “6CV” containment vessel consists of a 6-inch Schedule 40S pipe cap, a 6-inch Schedule
40 seamless pipe, a machined interior-threaded stayed head, a machined exterior-threaded
closure nut and a truncated conical plug machined to hold two O-rings. The materials of
fabrication and manufacturing specifications for the 6CV are listed in Tables 2.14 and 9.4 and
follow the requirements of ASME BPVC, Section III, Division 1 for Class 1 components.

The 6CV is constructed by butt welding a Schedule 40S, seamless, Type 304L stainless steel
pipe cap to one end of the seamless pipe followed by a rough cut stayed head butt welded to the
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opposite end of the pipe. Both vessel body joints are circumferential full-penetration Category B
welds per ASME B&PV Code, Section III, Subsection NB-3350. A short segment of 5-inch,
Schedule 40 Type 304L SS pipe is welded to the convex side of the cap forming a skirt to
support the 6CV vertically. The skirt includes two notches in the bottom edge (180° apart) to
engage a rectangular key and prevent vessel rotation during removal and installation of the
closure. The welded construction forms the CV body. the stayed head is rough-cut machined
from a 7'%-inch diameter by 2%-inch long Type 304L SS bar and welded to the body. Then the
head is finish machined to include 6%2-12UNC-2B internal threads and an interior cone-seal
surface to a 32pin finish.

Methods used to join the pipe to pipe cap and pipe to stayed closure head shall not reduce the
wall thicknesses of the base materials below their minima as specified by their supporting
material standards. If the minimum wall thickness is violated as a result of the method for
joining components, the manufacturer shall verify minimum wall thickness is recovered.

2.3.1.3 Overpack Body Fabrication

The 9977 overpack is comprised of a modified UN 35-gallon drum incorporating a sanitary style
bottom, a welded deck-lid/liner insert and a flanged closure lid. The drum liner insert and
closure are fabricated in accordance with the drawings and specifications listed in Appendix 1.1.
The materials of fabrication and manufacturing specifications for the Overpack are listed in
Tables 2.14 and 9.5 and follow the requirements of ASME BPVC, Section III, subsection NF
and ASME BPVC, Section VIII, Division 1. The overpack drum is procured to the UN drum
specification UN/1A2.

Drum Body Fabrication

The overpack body is comprised of two metal parts; the drum body and a welded deck-lid/liner
insert. Fabrication requirements for these two items are presented in Appendix 1.1. When
assembled (by welding), the two parts create a form in which liquid-form polyurethane is
poured. Prior to assembly (welding), the liner portion of the insert must be wrapped externally
by two (2) "2-inch thick blankets of Fiberfrax®. The blankets are secured to the side wall and
bottom of the liner by tape, wire and a series of studs that protrude from the liner wall. The
insulated insert is then welded to the drum shell, and the volume between the liner and the drum
shell is filled with foam. Details of how the Fiberfrax is installed and the foam process
requirements are provided below.

Overpack Fiberfrax Installation (Drawing R-R2-G-00019)

2. Two (2) 8%-inch diameter disks of ’2-inch thick Fiberfrax blanket are cut to fit the
liner bottom. See Figure 2.1. The disks are aligned and secured by impressing them
unto the five (5) 1 16-Inch diameter studs located on the liner bottom.

3. Cut a rectangular piece of 's-inch thick Fiberfrax blanket, 33’2-inches long by
approximately 29':-inches wide to fit around the liner wall. Wrap the blanket
securely around the wall with the end butt snugly against the drum top flange and its
longitudinal seam. The wrapped blanket should extend approximately 3 inches below
the installed blanket on the liner bottom. While holding the blanket seam together
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apply one piece of strapping tape along the seam. Then apply three rows of tape
circumferentially around the blanket where the studs protrude from the blanket. Do
not compress the blanket when applying the circumferential pieces of tape. Fold the
edges of the blanket around the bottom of the liner and apply strapping tape in a
crisscrossing pattern across the disks and three (3) of the liner-bottom studs, running
the tape up the side walls of the blanket at least 2-inches.

4. Cut a second rectangular piece of ’2-inch thick Fiberfrax blanket, 33)4-inches long by
approximately 32 inches wide. Repeat step 2 using this larger blanket but apply the
second layer such that the longitudinal seam is approximately 180 degrees away from
the first layer.

5. Impale a washer on each of the five (5) bottom liner studs capturing the four (4)
layers of Fiberfrax blanket and the tape. Impale a washer on each of the nine (9) side
liner studs capturing the two (2) layers of Fiberfrax blanket and the tape.

6. Wrap a length of 22-gage wire circumferentially around the blanket just below each
row of liner studs and twist closed. (This assumes the drum liner is in the up-side
down orientation.)

Overpack Foam Installation Steps (Drawing R-R1-G-00021)

The volume between the Fiberfrax“-insulated liner and the drum wall is filled with General
Plastics Last-A-Foam® FR-3716. The liquid is poured into the volume through the l-inch fill
hole located in the bottom of the drum and sets to form rigid, closed-cell, intumescent
polyurethane foam. A %-inch hole is also present to vent the air being displaced. The twelve
¥-inch vent holes in the drum side-wall are closed with Caplugs” during foam emplacement.
Installation is done by General Plastic personnel using a proprietary process and procedure.
General Plastics Corporation will permit onsite inspection of the operation and document review,
but will not permit written disclosure of the process. Appendix 2.5 shows a sample of the
polyurethane foam after being poured into a sample cup. In brief, the foaming operation can be
described as follows.

The liquid is a two part mixture similar to an epoxy, combined just prior to a pouring. When
first mixed, the viscosity of the liquid is roughly that of 30-weight motor oil, and the components
begin reacting exothermically. The reaction increases the surface temperature of the overpack to
about 150°F temporarily, but it drops below 120°F in about an hour. As the reaction progresses,
foam rises at a rate of approximately 6 inches per minute and a skin soon forms over the rising
mass. Foam installation is performed in two steps while the drum is inverted.

The first step is to meter the level of liquid accumulating in the top of the inverted drum to about
three inches as shown in Figure 2.6. The foam rise from this pour will reach roughly the bottom
of the drum liner. Typically, the second pour is carried out after the first installation has cooled.
However, cooling is not a fabrication requirement, but permitted for the safety of the equipment
operator. The mixture of the second pour is slightly different and metered to a depth of
approximately one inch above the surface of the first foam mass. The fill hole is closed with a
Caplug® immediately after the second pour. Foam rises until it extrudes through the vent hole, at
which time this hole is closed. Restricting the foam rise during the second pour is a process
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called “overpacking” and increases the final foam density to the requisite 16 Ib/ft’. The drum is
weighed before and after each pour to measure the foam density.

Foam expansion exerts significant loads on any confining structure. Hence, after curing, the
liner wall is inspected to verify that radial expansion loads have not affected the liner
significantly, and that it has remained parallel with the drum wall. Radial loads exerted by the
foam expansion from the first pour typically compress the 1-inch thick layer of Fiberfrax about
50%.

Second Pour
Expansion
Q \olume

5 First Pour
Expansion
\olume

First Pour Level

NN

|

Figure 2.6 — Schematic for Emplacement of FR-3716 Foam
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2.3.1.4 Overpack Closure-Lid Fabrication

The 9977 overpack closure lid (Figure 1.1) is a Y-inch thick, flat stainless-steel plate
supplemented by sheet metal liners above and below, forming top and bottom chambers. These
volumes are filled with insulation, and the sheet metal liners are welded to the plate. The outer
perimeter of the plate is drilled to pass closure bolts and serves as the lid’s bolted-closure
flange. The center of the plate is drilled to permit venting of heated gases from decomposing
insulation and RTV. When the overpack is closed, the bottom chamber of the lid plugs the liner
cavity. The Overpack closure lid is fabricated in accordance with the drawings and
specifications listed in Appendix 1.1. The total axial thickness of insulation in the lid is
5.8 inches.

The bottom closure lid chamber contains a single piece 4.3-inch thick by 8-inch diameter
cylinder of Thermal Ceramics TR-19 insulation and two (2) "2-inch thick by 8-inch diameter
blankets of Fiberfrax® Insulation. The height of the insulation exceeds the depth of the bottom
chamber. The relatively incompressible block of TR-19 compresses the softer Fiberfrax™
thickness from 1-inch to ’2-inch during emplacement. RTV-382 is used to fill any void between
the TR-19 and liner wall reducing the possibility of the TR-19 degrading due to vibrations
during transport.

The top closure-lid chamber serves as both shock absorber and thermal insulator. The chamber
contains a disk of Thermal Ceramics Min-K 2000 insulation 1-inch thick by 14-inches diameter.
The top chamber is larger in diameter than the bottom chamber (14 versus 8 inches) to lengthen
the path that heat must travel to reach (reduce the net heat transfer to) the CV. The vertical edge
of the top chamber includes four (4) Y4-inch diameter vent holes to permit venting of heated
gases from decomposing insulation and RTV. The holes are sealed under NCT with Room
Temperature Vulcanizing (RTV-382) silicone adhesive and plugged with Caplugs to preclude
moisture infiltrating the insulation. Details are shown in Drawing R-R2-G-0018.
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2.3.2 Examination
2.3.2.1 Five- and Six-inch Containment Vessel Examination

The surfaces and volumes of the CVs are examined in accordance with ASME BPVC, Section
II1, Subsection NB as described in Section 9.3. Closed 5SCV and 6CV assemblies shall accept
without binding a 5.02-inch diameter by 15.0-inch long right circular cylinder and a 5.95-inch
diameter by 20.25-inch long right circular cylinder, respectively, as shown in Figure 2.7.
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Figure 2.7 - 6CV and 5CV with Go-No-Go Gauge
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2.3.2.2 Overpack Assembly Examination

Drum

The overpack drum shell procurement requires the drum to be tested and certified to be
acceptable per UN1A2 standards. Drawing R-R2-G-00017 requires the drum-liner weldment to
be tested hydrostatically at 5 psig for not less than ten minutes. This action is necessary to verify
that the insert welds do not leak. All welds on the liner weldment (liner plus top deck plate) and
its attachment to the drum shell are examined visually per ASME BPVC, Section III, Division 1,
Subsection NF-5000.

Foam Installation

If confined, Last-A-Foam can produce significant mechanical loads as it expands and cures.
Verification of liner perpendicularity and circularity is required after the first of two foam
installation stages. Overpack dimensional checks are not required after the second (last) stage of
foam installation.

Dimensional inspection following the first pour ensures the radial loads exerted by the foam as it
solidifies do not significantly affect the liner positioning within the drum or its circularity. The
drum liner is not permitted to move radially by more than 4 inch from its as assembled location.
Liner circularity is demonstrated by the ability to pass a 7.8-inch diameter by 6—inch long gauge
block to the bottom of the liner. The gauge block dimensions mimic the outer dimensions of the
bottom load distribution fixture.

During foaming operations, samples of foam from each lot/batch are collected tested for flame
intumescence, free rise density, thermal conductivity, compressive strength (parallel and
perpendicular to rise) and for leachable chlorides.
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2.4 GENERAL REQUIREMENTS FOR ALL PACKAGES

This section demonstrates that the 9977 meets the NCT performance criteria from 10 CFR Part
71.43(a) through (e) and (g) and (h), General Standards for All Packages.

2.4.1 Minimum Package Size

Requirement: 71.43(a) — The smallest overall dimension of a package shall not be less than 10
cm (4 in.).

Evaluation: The smallest overall dimension of the package (excluding fasteners and plugs) is
18.72 inches and much greater than four (4) inches; therefore, 9977 meets this requirement.

2.4.2 Tamper-Indicating Feature

Requirement: 71.43(b) — The outside of the package must incorporate a feature, such as a seal,
that is not readily breakable and that, while intact, would be evident that the package has not
been opened by unauthorized persons.

Evaluation: The 9977 provides for the installation of one or more tamper-indicating devices
(TID). The TIDs provide physical evidence that a package has not been opened by unauthorized
persons. For transport security, the flats of the head of each eight (8) 3%-11 UNC-2B closure lid
bolts are drilled through to provide a 0.094-inch hole to receive a TID. During shipping, a
tamper seal consisting of a braided stainless-steel cable with a crimped closure is attached
through two or more of the bolt heads. Removing the closure lid from the package would
require severing the wire.

For storage security, two s2-inch through holes are provided in the drum reinforcing rim 180
degrees apart. An optional ’2-inch diameter x 2-inch long bolt with a 0.31-inch diameter hole
drilled through the end of the bolt shank may be attached through the rim holes for use with
Radio Frequency (RF) TIDs.

2.4.3 Positive Closure

Requirement: 71.43(c) — Each package must include a containment system securely closed by a
positive fastening device that cannot be opened unintentionally or by a pressure that may arise
within the package.

Evaluation: The packaging includes a containment system securely closed by a positive
fastening device that cannot be opened unintentionally or by a pressure that may arise within the
package. The 5-inch and the 6-inch inside diameter containment vessels (SCV and 6CV) are
identical (other than relative size) closures. Positive closure of the CVs during normal package
operation is accomplished by threading the cone-seal closure assembly into the CV body and
tightening with a minimum torque of 50 or 100 ft-1b, for the SCV and the 6CV, respectively.
These tightening torques are sufficient to provide the required seal and prevent inadvertent
opening of the containment vessels during transport.
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The CV is located within the drum liner, which is closed by the drum closure lid, which is held
in place by eight (8) ¥s-inch diameter bolts threaded into a mating threaded inserts welded to the
underside of the drum’s top deck plate. The bolts are tightened to a torque of 25 £2 ft-Ib that is
sufficient to prevent unintentional opening of the overpack closure during transport. Inadvertent
opening of the overpack closure lid during transport would also require breaking of at least one
TID between at least two of the eight closure bolts. The bottom chamber of the closure lid
extends into the drum liner, and the lid can be removed only after all of the closure bolts have
been removed. Therefore, unintentional opening of the package is not possible.

2.4.4 Package Valving

Requirement: 71.43(e) — A package valve or other device, the failure of which would allow
radioactive contents to escape, must be protected against unauthorized operation and, except for
a pressure relief device, must be provided with an enclosure to retain any leakage.

Evaluation: The 9977 design does not incorporate any valves or other appurtenances that would
allow radioactive contents to escape.

2.4.5 Packaging Effectiveness

Requirement: 71.43(f) — A package must be designed, constructed, and prepared for shipment
so that under the tests specified in § 71.71 (Normal Conditions of Transport) there would be no
loss or dispersal of radioactive contents, no significant increase in external surface radiation
levels, and no substantial reduction in the effectiveness of the packaging.

Evaluation: The package is designed and shown through physical testing and structural
evaluation that under the NCT specified in 10 CFR 71.71 there is no release of radioactive
contents, no significant increase in external surface radiation levels, and hence, no significant
reduction in the effectiveness of the packaging. Structural evaluation of NCT includes thermal
effects, pressure effects, vibration and shock, water spray in-leakage, drop impacts, stacking
compression, and penetration impact.

2.4.6 Transportation Use

Requirement: 71.43(g) — A package must be designed, constructed, and prepared for transport
so that in still air at 38°C (100°F) and in the shade, no accessible surface of a package would
have a temperature exceeding 50°C (122°F) in a nonexclusive use shipment, or 85°C (185°F) in
an exclusive use shipment.

Evaluation: The package design is such that with the maximum content decay heat rate thermal
loading (19W) and the condition of still air at 100°F and in the shade, the maximum temperature
of any accessible surfaces of the package is approximately 100°F (Section 3.1), which satisfies
the 122°F limit for nonexclusive use shipment of the package.
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2.4.7 Continuous Package Venting

Requirement: 71.43(h) — A package may not incorporate a feature intended to allow continuous
venting during transport.

Evaluation: The 9977 design does not incorporate any feature intended to allow continuous
venting during transport.

2.5 LIFTING AND TIE-DOWN STANDARDS FOR ALL PACKAGES

The 9977 package design incorporates two features for lifting and tie-down. First, a set of blind
holes is drilled into the cone-seal nut specifically to receive apparatus for lifting the CV during
handling operations. Second, the 9977 overpack includes a series of eight (8) holes through the
reinforcing rim at the top of the drum as points for tie-down and for lifting the package. The
following sections further describe these attachment points and evaluate their effect on package
integrity during lifting and tie-down operations.

Not specifically evaluated are the effects on the package of industry-standard practice for
handling, lifting and tie-down of drums. Acceptable package performance under routine forms
of lifting and tie-down is satisfied by compliance with the requirements for acceptable
performance of the package under NCT.

2.5.1 Lifting Devices

Requirement: 71.45(a) — Any lifting attachment that is a structural part of a package must be
designed with a minimum safety factor of three against yielding when used to lift the package in
the intended manner, and it must be designed so that failure of any lifting device under excessive
load would not impair the ability of the package to meet other requirements of this subpart. Any
other structural part of the package that could be used to lift the package must be capable of
being rendered inoperable for lifting the package during transport, or must be designed with
strength equivalent to that required for lifting attachments.

Evaluation: The 9977 package CVs are designed to be lifted using either of two sets of
opposing Ys-diameter blind holes located in the cone-seal nut as depicted by the grappling fixture
in Figure 2.8.* Examples of special tools specifically designed for lifting the CVs are shown in
Appendix 7.1.

The overpack reinforcing rim is fabricated with a series of eight (8) 1-inch diameter holes around
its perimeter designed to serve as tie-down attachment points. However, these openings could
also be used to lift the overpack during normal operations, as depicted in Figure 2.9. Evaluation
of these features as lifting points is presented below.

Containment Vessel Lifting

Design calculations provided in Appendix 2.1 show that the stress from a force equivalent to
three times the weight of a maximally loaded 6CV suspended by two opposing drive-nut lifting
holes is approximately 2.2 ksi. This is well below the material shear stress allowable, 4.167 ksi.
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During transport, the CV is confined within the overpack, rendering the lifting holes inoperable.

Because the drive nut design for both CVs is identical and the weight of the maximally-loaded
6CV is much greater than the maximally loaded SCV, performance of the SCV is bounded by
analysis of the 6CV.

|
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1 \ ( Containment Vessel

/ ?\/ Lifting Grapple

6-inch or 5-inch
Diameter
Containment Vessel

Figure 2.8 - Containment Vessel Lifting

Drum Assembly Lifting

Design calculations provided in Appendix 2.1 show the stress in any two opposing 1-inch
diameter drum rim holes with a suspending force equivalent to three times a maximum loaded
package, is less than 2.5 ksi, which is about half the material allowable, 4.17 ksi. If the package
is lifted by a single opening the calculated stress would slightly exceed the allowable material
stress limit. Based on the 3X load conservatism and reduced material strength for Code material,
the single point lift may deform but would not fail the drum rim. If the lifting point was to
deform or fail under a single-point lift load, the resulting ligament failure would occur in a
component not associated with containment, shielding, or maintaining a sub-critical
configuration. Nor would a failure of a drum lifting attachment point affect the performance of
the package during NCT or HAC events.
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Figure 2.9 - Overpack Lifting Diagram

2.5.2 Tie-Down Devices

Requirement: 71.45(b)(1) If there is a system of tie-down devices that is a structural part of the
package, the system must be capable of withstanding, without generating stress in any material
of the package in excess of its yield strength, a static force applied to the center of gravity of the
package having a vertical component of 2 times the weight of the package with its contents, a
horizontal component along the direction in which the vehicle travels of 10 times the weight of
the package with its contents, and a horizontal component in the transverse direction of 5 times
the weight of the package with its contents.

(2) Any other structural part of the package that could be used to tie down the package must be
capable of being rendered inoperable for tying down the package during transport, or must be
designed with strength equivalent to that required for tie-down devices.

(3) Each tie-down device that is a structural part of a package must be designed so that failure of
the device under excessive load would not impair the ability of the package to meet other
requirements of this part.

Evaluation: The 9977 design incorporates a series of 1-inch diameter through holes along the
perimeter of the drum rim that may be used as tie-down points when the drum is secured in an
upright position in accordance with the tie down constraint methods for shipment in the
Safeguards Safe Secure Trailer. Figure 2.10 illustrates the tie-down arrangement. The
attachment points are designed to withstand design loading of 10, 5, and 2 without exceeding
yield strength of the 304L stainless steel rim material.
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Transport Rails

Figure 2.10 - Overpack Tie-down
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2.6 NORMAL CONDITIONS OF TRANSPORT

This section demonstrates through full scale performance tests, analysis and similarity, that the
9977 package design and construction is in compliance with the performance requirements of
10 CFR 71.43(f) and 10 CFR 71.51(a)(1), (b) and (c) so that, when prepared for transport, under
the test conditions specified in 10 CFR 71.71 Normal Conditions of Transport (NCT), there is no
loss or dispersal of radioactive contents (as demonstrated to a sensitivity of 10°A, per hr), no
significant increase in external surface radiation levels and no substantial reduction in the
effectiveness of the packaging. Additionally, the 9977 is shown to meet the requirements in
10 CFR 71.55(d) when subjected to the tests specified.

Structural evaluation of NCT influences includes thermal effects, pressure effects, vibration and
shock, water spray in-leakage, drop impacts, stacking compression, and penetration impact. The
CVs MNOP and a summary of component temperatures for NCT are provided in Tables 2.20
and 2.21, respectively. The thermal evaluation for NCT conditions is presented in Chapter 3.
The mechanical consequences of thermal influences are also evaluated, including differential
thermal expansion and thermal stresses from temperature gradients through containment vessel
walls. The effects these conditions have on the 9977 package are presented in the following
sections. Detailed evaluation for NCT conditions is provided in the attached Appendices. A
summary of the NCT analyses and testing performed that demonstrate the 9977 meets 10CFR71
is provided in the Sections below.

2.6.1 Heat

Requirement: 71.71(c)(1) — Exposure to an ambient temperature of 100 °F in still air, and
insolation according to the following table.

Table 2.19 - Insolation Data

Total Insolation

Form and location of surface for a 12-hour period
QE cal/cm?)
Flat surfaces transported horizontally;
Base None
Other Surfaces 800
Flat surfaces not transported horizontally 200
Curved surfaces 400

Evaluation: Package testing and analysis are used to evaluate the effect of the maximum normal
operating pressure (MNOP) on the 9977 as a result of exposure to an ambient temperature to
100°F in still air with insolation. Per 10CFR71.4, MNOP is defined as the “maximum gauge
pressure that would develop in the containment system in a period of 1 year under the heat
condition specified in 10 CFR7.71(c)(1).”
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A prototypical 9977 package was tested under exposure to an ambient temperature of 100°F in
still air with a simulated maximum content decay heat load of 19W (see Appendix 3.1).
Numerical analysis was benchmarked against the prototypical test unit with identical boundary
conditions, i.e., exposure to an ambient temperature of 100°F in still air and maximum internal
heat load of 19W. Following agreement between the prototypical test and benchmark analysis,
the benchmark analysis was appended with the insolation boundary conditions as highlighted in
the Table above, (see Section 3.4 for full detailed analysis description). The results of these
analyses are used to determine the average gas temperature inside the CV that is needed to
determine the MNOP and to determine thermal gradients through the package. The calculated
MNOP and package temperatures under NCT are listed in Tables 2.20 and 2.21. These values
are used to evaluate the performance of the 9977 to NCT conditions in this section. Based on the
package temperatures and calculated MNOP for the CVs, the insolation and ambient temperature
exposure will have no adverse effect on the ability of the packaging, its containment vessels or
contents to satisfy the requirements of NCT.

2.6.1.1 Summary of Pressures and Temperatures

The MNOP and temperatures used to calculate applicable stress and thermal expansion of the
containment system and packaging features are given in Tables 2.20 and 2.21 (values extracted
from Tables 3.2 and 3.3). An ambient temperature of 70°F is assumed for the packaging at
assembly. Since the drum lid connection is not sealed (i.e., non-gasketed), and further, the drum
incorporates fourteen (14) vent holes on its perimeter, it will not become pressurized assuming
slow temperature changes during NCT. Since the containment vessels are sealed, their internal
pressure will change with temperature.

Table 2.20 — Summary of Containment Vessel MNOP

Gas Design
Package Feature Temperature I\g”\s|1O)P Pressure
(F) e (psig)
5CV [535]° 56.3 900
6CV [535]° 41.2 800

a. Maximum content temperature for 6CV point source used to evaluate internal pressure.
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Table 2.21 - Summary of NCT Temperatures with and without Insolation
(Ambient 100°F, 19W payload)

5CV 6CV
Package Component Tem[()oe;)a ture Temp()fFr)a ture
No insolation | Insolation | No insolation | Insolation

CV Contents (19W) n/c 280 347 350
CV Wall (Mid-height) n/c 260 220 321
CV O-ring Seals n/c 240 198 302
Aluminum LDF n/c - - -
Foam n/c - 185 295
Drum Wall n/c - 105 203

n/c — not calculated. 6CV bounds 5CV temperatures.

The maximum pressure loading for the package under normal condition loading consists of the
combination of MNOP and a 3.5 psia reduced external pressure per 10 CFR 71.71(c)(3). A
reduced external pressure is equivalent to increasing the internal design pressure of each CV by
the same amount. The resulting differential pressure for the SCV (900 + 11.2 =911.2 psig) and
6CV (800 + 11.2 =811.2 psig) is used in evaluating the 9977 in the following Sections.

The 5CV is proof-tested prior to first use with a hydrostatic test of 1.5 times the design pressure,
900 psig, (1.5 x900 = 1350 psig) which bounds the ASME Section III, NB-6200 proof-test
requirement. The ASME proof test pressure exceeds the requirement of 10 CFR 71.85(b) for a
pressure test at 1.5 times the SCV MNOP (1.5 x 56.3 psig = 84.5 psig).

The 6CV is proof-tested prior to first use with a hydrostatic test of 1.5 times the design pressure,
800 psig, (1.5 x 800 =1200 psig) which bounds the ASME Section III, NB-6200 proof-test
requirement. The ASME proof test pressure exceeds the requirement of 10 CFR 71.85(b) for a
pressure test at 1.5 times the SCV MNOP (1.5 x 41.2 psig = 61.8 psig).

2.6.1.2 Differential Thermal Expansion

The potential for interference in circumferential and axial dimensions within the package as a
result of differential thermal expansion and contraction have been investigated and is
documented in Appendix 2.1. For the evaluated conditions, there was no unacceptable stress or
interferences in the 9977 due to expansion or contraction.

The 6CV weldment and Closure Assembly are fabricated from similar materials, 304L and
Nitronic stainless steels, and expand and contract equally with temperature changes. Therefore,
under the temperatures gradients reported in Chapter 3 there will be negligible stress and no
interferences due to differential thermal expansion in the 6CV. By similarity of design this is
also true for the SCV.
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Interference between the 6CV and its LDFs due to differential thermal contraction is evaluated in
Appendix 2.1. Assuming a differential temperature of 110 °F (loading at 70 °F and cooling to
-40 °F with no content decay heat), the radial clearances provided by the design is sufficient to
prevent material interference with the 6CV. The 5CV design is surrounded by crushable
material and by inspection is not affected. The axial and radial clearances for the design are
greater than radial clearances and are sufficient to ensure clearance at elevated temperature.

The polyurethane foam’s thermal expansion is roughly an order of magnitude greater than the SS
drum, Section 2.2.1. However, the "2-inch thick pliant layer of Fiberfrax adjacent to the drum
liner permits free expansion and contraction of the foam, thereby, minimizing stress in the
overpack and foam during NCT heating or cooling. Based upon experience utilizing poured
polyurethane foams, the potential for cracking/voiding during the foaming operation and/or
thermal cycling has been observed. Cracking was observed after foaming operations of the
AT-400A package designs with General Plastics FR-3700 foam while none was experienced
with the AL-SX. "1 This phenomenon, also has not been observed during production of the
9977 prototypes and is conjectured to be due to the thicker radial cross-section of the 9977 foam.
Though post foam cracking has not been observed for the 9977 voids have been observed as seen
in digital radiographs in the 9977 Test Report. Structurally, the foam remains confined within
the drum annulus and is functionally unaffected by the degree of voiding observed.*”
Thermally, testing has shown that the foam provides an equivalent level of protection to high
temperatures even when cubed.*"

The SS drum shell, closure lid and bolts are fabricated from 304L SS. Since the overpack is
unconstrained, contraction or expansion, due to changes in temperature will have negligible
effect on the drum.

In addition to the possible effects caused by interference due to dissimilar material expansion,
stresses due to temperature changes across the SCV and 6CV walls were evaluated. The
maximum through-wall temperature differential is less than 2°F (Appendix 3.1). However, a
conservative value of AT = 10°F was used in the thermal stress calculations. Table 2.22 lists the
absolute values of secondary thermal stresses of the containment vessels. The secondary thermal
stresses are combined with the primary calculated stress and compared to ASME Code Level A
service limits for each CV, Table 2.23. Reported CV stresses do not exceed ASME Code limits.

Table 2.22 - Maximum 5CV and 6CV Secondary (Thermal) Stresses

Thermal Stress
Component (psi)
5CV 6CV
Body inside 1,830 1,720
Body outside 1,960 2,070
Ellipsoidal head 1,900 1,900
Conical lid 1,900 1,900
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2.6.1.3 Stress Calculations

Stress analyses were performed to calculate the stresses in the 9977 subject to normal conditions
of transport, e.g., thermal loading, pressure and mechanical loads. Detailed analyses with
assumptions are provided in Chapter 2 Appendices and summarized and discussed in Table 2.23
and the Sections of this chapter. Stress evaluations were performed for the 5 and 6-inch CVs to
demonstrate the structural containment integrity of the design at 500 °F at 900 psig and 800 psig,
respectively. The results of these analyses show that when compared to ASME BP&VC, Section
III, for Level A Service Loads, the effectiveness of the 9977 under NCT is not reduced. The
residual stresses resulting from the processes used in fabrication, testing and installation were
calculated and found to be negligible and, therefore, were not superimposed with any of the
stress calculations. The analyzed stressed are compared with the stress criteria shown in Figure
2.2. The following summarize the containment vessel and drum liner design analyses.

The ABAQUS code Y was used for all package dynamic and linear-elastic structural analyses.
The ABAQUS program is well benchmarked and widely used. ABAQUS is verified using
benchmark problems and validated in accordance with written procedures under the WSRC
Quality Assurance program (see Section 9.3.2). Two types of ABAQUS models were created,
one for the ASME pressure code analysis and one for the NCT/HAC structural analyses.

For the ASME BP&VC, Section III Code analysis for the pressure vessels, axisymmetric 4-node
bilinear solid elements were used for the cylindrical body, ellipsoidal head, interior cone seal,
exterior cone seal plug and cone seal nut. The materials library called by the ABAQUS code
uses the material properties of materials as presented in Section 2.3. Approximately 10,000
discrete finite elements used in the model and were chosen to accurately approximate the stress
and displacements within the packaging when subjected to the NCT and HAC structural
loadings.

For the NCT/HAC structural analyses for the package, the finite-element models of the drums’
cylindrical body, closure lid and bolt ring, bottom, rim and skirt are comprised of 3D shell
elements (Type S4R). 3D solid elements (C3D8R) are used for the foam, the drum bolts and
nuts, the containment vessel flange and its closure, fixtures and the contents. The floor, the
crush plate and puncture bar are represented by the rigid elements (R3D4). Simulated bolt
torque is represented by connector elements. Approximately 10,000 discrete finite elements
used in the model and were chosen to accurately approximate the stress and displacements
within the packaging when subjected to the NCT and HAC structural loadings.

Sensitivity studies were performed to refine the mesh density as appropriate at locations of
interest for evaluating the 9977 model.

2.6.1.3.1 Containment Vessel Closure Design and Analysis

The calculations included in Appendix 2.2 show that the Cone-Seal Nut keeps the conical lid
seated against the internal seal surface when the containment vessel assembly is closed in
accordance with the design. The investigation determined that the SCV closure remains seated
at internal pressures up to 515 psig, and the 6CV up to 563 psig. These pressures are
significantly higher than the calculated containment vessel MNOPs of 56.3 (5CV) and 41.2 psig
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(6CV) listed in Table 2.20. Since the pressure necessary to unseat the Cone-Seal Plug is higher
than either containment vessel MNOP, O-ring compression is assured.

At pressures higher than the calculated unseating pressure, 515 psig, the wall of the containment
vessel expands radially and a theoretical gap forms between the interior cone of the containment
vessel and the exterior cone of the Cone-Seal Plug. This gap remains less than 2.8 mils for
internal pressure up to 5,000 psig. A review of the O-ring sealing pressure curves shows that for
sealing surfaces with less than a 10 mil gap the O-ring retains its seal at pressures up to 1,000
psig (Parker O-ring Handbook!*”! Figure 3.2, Limits for Extrusion). These calculations indicate
that the seal design has a safety factor of approximately 4 against the Parker design curves.

This margin is evidenced by the hydrostatic burst test shown in Figure 2.11 where the 2R was
pressurized to failure. The longitudinal vessel wall failure demonstrates that the O-rings
maintained a seal while the vessel failed at greater than 7,000 psig. Parker data indicates that the
O-rings should fail between 4,000 to 6,000 psig in a zero clearance design.

Figure 2.11 - Prototype 5-inch diameter Chalfont 2R (Cone-Seal Closure)
after Hydrostatic Burst beside an Undamaged Containment Vessel
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2.6.1.3.2 Containment Vessel Boundary Stresses

A summary of the primary stress intensities for each containment vessel subject to their design
pressure is presented in Table 2.23 for the locations illustrated in Figure 2.12. The stress
summaries demonstrate that containment vessel pressure-induced stresses are well below the
ASME stress limits as indicated by the tabulated Safety Margins. In addition to evaluation for
nominal wall thickness, detailed analyses of the SCV and 6CV using minimum wall thicknesses
based on ASME SA-312 pipe fabrication tolerances (0.226 and 0.245-inches, respectively), were
evaluated for both pressure stress and buckling due to external pressure. (Appendix 2.2) Though
the results listed herein are for the nominal thickness values, the minimum thickness evaluation
also showed significant design margin above code stress allowables.

2.6.1.3.3 Fabrication Stresses in the Overpack Liner

The stresses in the overpack liner due to a 5 psig pressure test following fabrication have been
evaluated. (See Appendix 2.1) The calculated residual stresses in the drum liner due the
fabrication pressure test are negligible.

2.6.1.4 Comparison with Allowable Stresses

Table 2.23 summarize primary membrane stresses plus the primary bending stresses plus
secondary stresses at the critical locations within the SCV and 6CV at their respective design
pressures from finite element analyses (FEA) documented in Appendix 2.2. Figure 2.12 shows
the critical locations (Sections A-A, B-B, C-C, D-D, E-E, F-F and G-G) where the stress
intensities were calculated. For conservatism, all stresses are added directly, ignoring sign and
direction of application. The maximum stresses (primary plus secondary) also listed in the Table
are less than the allowable stress limits defined by Regulatory Guide 7.6 and the ASME Code;
therefore, the integrity of the containment vessel is assured during NCT.
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Table 2.23 - Maximum Containment Vessel (Pressure) and Secondary (Thermal) Stress Combinations

NCT Stress Summary (psi) with 900 psi in 5CV and 800 psi in 6CV. Stress notations per RG 7.8.

Primary Pressure Stresses Thermal | Total Primary Total Stress Stress
Stress | + Secondary Range Margin
Pm Pm+Pb Pm+Pb+Qpr Pm+Pb+Qpr+Fpr Pm pure-shear ch Pm+Pb+Qtotal Pm+Pb+Qtotal+Ftotal % d
Stress Limit Sn=16700 | 1.5S,=25050| 3S,=50100 28,=338000° 1.2S5,=20040 — 3S,=50100 28,=338000 *
5CV Body
Section AA 9264 10092 1960 12052 12052 45
Section BB 4667 12680° 15576° 1960 14640 17540 71
Section CC 6116 12260° 13311° 1900 14160 15210 63
Section DD 9005 13938 1900 15838 15838 44
5CV Cone-Seal Plug 53.18 1575 1900 3475 3475 93
(preload only)
5CV Cone-Seal Nut (e) 3636 3636 3636 82
SCV Tapered Wall 7868 7868 61
Thread (f)
5CV Tapered Wall 6022 29,706 118824° 29706 118824 41
Minimum Section (gg)
6CV Body
Section AA 9066 9808 2070 11878 11878 46
Section BB 4687 12899° 15659° 2070 14969 17729 70
Section CC 6456 12070° 12807° 1900 13970 14707 61
Section DD 9004 13210 1900 15110 15110 46
6CV Cone-Seal Plug 63.86 2716 1900 4616 4616 89
(preload only)
6CV Cone-Seal Nut (e) 3927 3927 3927 80
6CV Tapered Wall 8485 8485 8485 57
Thread (f)
6CV Tapered Wall 3897 17653 70613 17650 70613 65
Minimum Section (gg)

a) S, =169KSI from ASME III, Fig. [-9.2.1 Allowable for 1000 load cycles (=100 year design life at 10 shipments per year)
b) Includes through wall bending stresses, but not thermal stress.
¢) Includes maximum surface stresses, but not thermal stress or stress concentrations where finite element analysis has been performed except at threaded portion of tapered
wall. Thermal stresses are calculated separately and reported in column 7. The total primary plus secondary stress intensities, which include both bending and thermal
stresses, as the secondary stresses are included in column 8. The primary plus secondary stress intensities are derived by linealizing the stress components across the
vessel wall to exclude the peak stresses. The primary plus secondary stress intensities may cause structure deformation, whereas the peak stresses only cause fatigue
failure. Therefore, the stress criteria defined in the ASME Code are different for these two stress categories.
d) Minimum calculated value from columns using Margin of Safety = Stress Allowable/Stress

2-55



Revision 0

S-SARP-G-00001

Preload

€

If

Figure 2.12 - 5CV and 6CV Boundary Stresses Locations listed in Table 2.23
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2.6.2 Cold

Requirement: 71.71(c)(2) Cold. An ambient temperature of -40°C (-40°F) in still air and shade.

Evaluation: The packaging materials of design would not be adversely affected by an ambient
temperature of -40°F.

The containment vessels assemblies and overpack drum and lid are manufactured from Type
304L austenitic stainless steel, and Nitronic-60 alloy. As stated in RG 7.11, and Section 2.1.2,
stainless steel is effective at low temperatures, particularly regarding impact strength, making it a
proper selection for -40°F applications. Izod impact strength, an indicator for brittle fracture, for
304L stainless steels remains constant at about 100 ft-Ib from —320° to +70°F, while tensile
strength increases from about 85,000 to 246,000 psi as temperature decreases from +70° to -
320°F, and yield strength increases about 10% over the same range. These data demonstrate that
stainless steels are satisfactory for low temperature applications.

The O-ring material selected for the SCV and 6CV seals is a fluorocarbon elastomer, Viton GLT
fluoro-elastomer Compound V0835-75, with a specified operating range -40°F to 400°F.=™"
Bookmark not defined.] (Taple 2.13). The Viton GLT elastomer O-rings were tested at -40°F at
minimum internal pressure, on a 5-inch diameter Model 9965 **! CV that has an identical
closure design as that used by the 9977 CVs. The CV was helium leak-rate tested per RG 7.41*"!
and the bell jar method in ANSIN14.5.""1 The containment vessel was fitted with two Viton
GLT O-rings and cooled to -40°F. The bell jar was evacuated and the CV was pressurized to
15 psig with helium. The test showed that the CV remained leaktight to a sensitivity less than
107 ref cm’/sec. The test was repeated confirming the initial results. Test records are reported
as indicated in Appendix 2.4. As the 9977 CV closure design is identical to the 9965 CV design
the cold test results for the 9965 CV demonstrate the acceptability of the 9977 SCV. With the
exception of a slightly larger diameter of the 9977 6CV the testing is also applicable for
demonstrating acceptable performance of the 6CV design.

The FR-3700 thermal insulating foam due to its chemical make-up and closed-cell form does not
absorb appreciable moisture and therefore would be unaffected by freezing at -40°F. Fiberfrax is
unaffected by moisture. After installation, the Fiberfrax is sealed by the FR-3700 foam which
precludes water absorption from the outside of the overpack. During fabrication the inner cavity
of the drum is leakage tested at 5 psig which precludes water from entering from the inside of the
drum. TR-19 and MinK-2000 are vermiculites and will absorb water. These materials are sealed
into welded enclosures that are closed with RTV and Caplugs which preclude the ingress of
water. The effect cold has on FR-3700, TR-19, Fiberfrax and MinK-2000 has been evaluated for
in the package analyses and investigated through package tests. A prototypical 9977 package
was tested under exposure to an ambient temperature of -20°F (Appendix 2.8). Test and analysis
results demonstrate the acceptable performance of the packaging and its insulation materials at
low temperatures.

Because water ingress into the liner cavity is possible (see Section 2.6.6), water filling the liner
cavity and then freezing was evaluated. See Appendix 2.1. Stress in the liner and CVs are
calculated and compared against ASME Code Section III, Level A service limits. The 9977 is
intended for dry service. It is extremely improbable that a package would be shipped in a
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manner that water ingress into the cavity of the drum liner would occur. Therefore, the loads
due to water (frozen or liquid) were not included with the NCT 4-ft drop loads or where the
effects of the formation of ice or liquid water factored into the HAC drops.

An ambient temperature exposure to -40°F will have no adverse effect on the ability of the
packaging, its containment vessels or contents to satisfy the requirements of NCT.

2.6.3 Reduced External Pressure

Requirement: 71.71(c)(3) Reduced external pressure. An external pressure of 25 kPa
(3.5 Ibf/in®) absolute.

Evaluation: The overpack design incorporates multiple vent holes that are closed by plastic
plugs that by design are weather proof but do not provide a gas tight seal. Since the drum lid
doesn’t form a gas-tight seal the liner internal pressure would equalize with the reduced external
pressure. However, in the event the plugs were to form a gas-tight seal a reduced external
pressure would result in an 11.2 psig differential pressure across the liner wall. Appendix 2.1
shows that the liner and drum are unaffected with this pressure differential.

The CVs have a gas-tight seal and therefore are affected by a reduced external pressure. The
maximum pressure differential across each CV is the difference between the reduced pressure
and containment vessel design pressures. Reducing external pressure on the CVs is equivalent to
increasing the design pressure by the same amount:

6CV (800 + 11.2 = 811.2 psig),and
5CV (900 + 11.2 =911.2 psig).

These pressures bound the Maximum Normal Operating Pressures (MNOPs) for the SCV and
6CV of 56.3 psig and 41.2 psig, respectively (see Appendix 2.2) and are below the ASME
Section III, Level A service limits.

A reduced external pressure will have no adverse effect on the ability of the packaging, its
containment vessels or contents to satisfy the requirements of NCT.

2.6.4 Increased External Pressure

Requirement: 71.71(c)(4) Increased external pressure. An external pressure of 140 kPa (20
Ibf/in®) absolute.

Evaluation: The overpack assembly incorporates multiple vent holes that are closed by plastic
plugs that provide a weather proof seal and could provide a gas tight seal. Generally, an increase
in external pressure to 20 psia would have no affect on the overpack because the vents will
permit the drum to equilibrate with an external pressure rise. However, in the event the plugs
were to form a gas-tight seal an increased external pressure would result in a 5.3 psig differential
pressure across the overpack wall. A 5.3 psig external pressure would have no effect on the
drum which is internally supported by rigid polyurethane foam. The effect of a 5.3 psig pressure
differential across the drum liner is negligible as shown in Appendix 2.1 where the liner is
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evaluated for 5 psig fabrication internal pressure test. By inspection, the lid would also not be
affected.

The CVs are sealed and would be affected by a rise in external pressure. Buckling analyses of
the SCV and 6CV were carried out in accordance with ASME Code, Section III, for an external
pressure differential of 20 psi as given in Appendix 2.2. The analyses evaluated the effect of the
increased external pressure, combined with minimum internal pressurization of the containment
vessels. The analyses demonstrated that the stresses due to external pressure are very small and
will not cause localized buckling of either containment vessel.

An increased external pressure will have no adverse effect on the ability of the packaging, its
containment vessels or contents to satisfy the requirements of NCT.

2.6.5 Vibration
Requirement: 71.71(c)(5) Vibration normally incident to transportation..

Analysis: An analysis of random vibrations reported in Appendix 2.1, based on the power
spectral density for the Safe-Secure Transport,”> demonstrates that vibration and shock loadings
are small and would not cause any fatigue concerns. The 9977 package CVs are the same in
design to the 9975 and 9968 packages, which have withstood years of transport with no damage
known to have occurred from vibration.

Service vibration loads are very small compared to drum closure-bolt preload, and the bolts will
not loosen during normal transport (Appendix 2.1).

Test: Vibration testing was performed at Sandia National Laboratory on prototype 9977 SN-2.
Sandias’ vibration test report is provided in Reference 49. The 9977 prototype was subjected to
shock and vibration loads representative of both truck transport and forklift handling. Following
vibration tests SN-2 was subjected to sequential NCT and HAC testing. In preparation for
vibration testing the 9977 is secured to a rectangular and circular metal table that is part of the
vibration test equipment, Figures 2.13 and 2.14. The rectangular table is used for horizontal
vibration while the circular table is used for vertical vibration testing.
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Figure 2.13 - Horizontal Vibration Test of 9977 Prototype SN-2
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Figure 2.14 - Vertical Vibration Test of 9977 Prototype SN-2

For the vibration and shock tests, test package, SN-2, was assembled in its heaviest
configuration; the 6CV loaded with a 100 1b simulated payload. The package was subjected to a
series of random vibrations and shocks that simulated over the road transport, forklift handling,
and loading operations. The vibration and shock spectrum used is considered conservative in
respect to that required by 10 CFR 71.71(c)(5). The prototypical package testing was run for 20
hours at the power spectral density plots shown in Reference Error! Bookmark not defined..
The random vibrations and shocks are conservative with respect to the power spectral density
plots indicative of the SST/SGT P*! and other large truck and trailer combinations. Mil-STD-
810F equates 1000 miles of transport by common carrier to 60 minutes of testing. Given this
comparison the 9977 was subject to 20,000 miles of shipping. The shocks and vibration
actually seen by a package in service would not be as severe as the spectrum tested.

SN-2 was X-rayed before and after testing. Figure 2.15 compares the before and after images of
SN-2 at the “60 degree” orientation. The digital radiography (DR) images taken before and after
testing are aligned as closely as possible so as to make objective comparisons possible. A grid
has been overlaid on the images to assist with evaluation. Based on pre and post-vibration DR
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examinations, there is no observable external damage to the package or material degradation
inside the package. In Figure 2.15 the radiographs show voids in the foam that can occur during
the overpack foaming process. The first two radiographs show SN-2 with and without the 6CV.
The third radiograph is the post vibration shot. Based on comparison of radiographs taken
before and after vibration/shock testing, there is no discernable change in the relative size or
shape of these voids. No other vibration or shock induced damage is observable from the
radiographs. Appendix 2.9 provides detailed pre/post digital radiographic images of SN-2.
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Figure 2.15 - Combined 60 Degree Digital Radiographic Images of SN-2
Before and After Shock and Vibration Testing

The drum lid and liner both include pliable layers of Fiberfrax between the lid or drum liner and
more rigid insulation comprising the overpack. The Fiberfrax, because of its manufacturing, is
resilient to mechanical damage and serves as a padding to mitigate the effects of vibration from
the CV to the surrounding foam in the overpack and TR-19 insulation in the lid. The methods
used during fabrication to secure the TR-19 and Min-K 2000 inside the overpack lid preclude
their movement, this mitigates the effects of vibrations as is evident by post X-ray observations
and observations of the lid post test cross-sections taken of the hardware following the fire. The
overpack foam is securely locked into the drum due to expansion during curing. The only
noticeable effect of the shock and vibration tests was the generation of aluminum particles by the
repeated contact of the load distribution fixtures against the CV and drum liner. The scuffing
that occurs was minimal. Figure 2.16 compares photographs of a non-vibrated LDF against the
vibration tested LDFs.
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Figure 2.16 — LDFs Before and After Shock and Vibration Testing

Based on analysis and test, vibration normally incident to transportation will have no adverse
effect on the ability of the packaging, its containment vessels or contents to satisfy the
requirements of NCT. Vibration has no affect on the package closure torques and only
introduces superficial damage (scuffing) to the containment vessel LDFs. The superficial
scuffing would not impact the design-basis performance of the 9977 in NCT and HAC events.
The observed damage to the spacers does introduce the need for an investigation into changing
the LDF material to a more wear resistant material, in order to eliminate the observed aluminum
degradation. Degradation over time will be addressed during package maintenance. However,
as the effect would not impact package performance under HAC, and the LDF is a replaceable
part of the design, a revised material selection will be explored in the future.

2.6.6 Water Spray

Requirement: The package design is evaluated for the effects of water spray of approximately
2 inches/hour for at least one (1) hour as required by 10 CFR 71.71(c)(6).

Evaluation: The 9977 design was tested for the effects of water spray per 10 CFR71.71 (c)(6)
as shown in Figure 2.17. Water spray did not damage the stainless steel drum. The overpack
design does not incorporate a seal between the drum flange and its closure lid. Tests performed
on the package showed that the lid to top deck closure does not preclude the possibility of water
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ingress into the drum cavity, Reference 52. During the water spray test of SN-2, 13.6 lbs of
water was found to have entered the drum cavity. The weight of water ingress shows that the
liner was nearly full. Using nominal dimensions of the liner, 6CV and its load distribution
fixtures the free volume in the liner excluding the annular region between the liner and drum lid
was calculated to be 388 in’, Appendix 2.1. Assuming standard conditions, the density of water
is 62.4 1b/ft’; the equivalent mass of water is 13.85 Ibs. The effect of water freezing is addressed
in Section 2.6.2.

The drum’s 14 vent holes preclude water intrusion during NCT by plastic Caplugs. However,
there would be minimal affect to the overpack if it were assumed one or more of the vent plugs
were missing during the water spray test since the polyurethane foam is closed cell and will not
absorb a significant amount of water. The water spray test will have no adverse effect on the
ability of the package to satisfy the requirements of NCT.

1 W1 =

/

Figure 2.17 - Water Spray Test
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2.6.7 Free Drop

Requirement: 10 CFR 71.71(c)(7) Free drop. Between 1.5 and 2.5 hours after the conclusion
of the water spray test, a free drop through the distance of 4-feet (for packages weighing less
than 5,000 1b) onto a flat, essentially unyielding, horizontal surface, striking the surface in a
position for which maximum damage is expected. Additionally, for fissile material packages the
requirements of 10CFR 71.55(d)(2) and (4) is assessed. These are; 1) The geometric form of the
contents would not be substantially altered; and 2) there is no more than five percent reduction in
the effective volume of a packaging or spacing between the fissile contents and the outer surface
of the package, and 3) no aperture in the packaging large enough to permit entry of 4-inch cube.

Evaluation: Compliance is demonstrated through prototype testing and analysis as described in
the following sections.

Unvyielding Surface

Requirement: 10 CFR 71.71(c)(7) and 71.73(c)(1) require that packages be dropped onto an
unyielding surface. The IAEA describes an unyielding surface as a “flat, horizontal surface of
such a character that any increase in its resistance to displacement or deformation upon impact
by the specimen would not significantly increase damage to the specimen”. (IAEA Regulations,
para. 717)"*! The TAEA advisory Material further specifies an example of an unyielding target as
one that includes a steel plate at least 1.57 inches thick floated to a concrete block mounted on
firm soil or bedrock, where the combined mass of the steel and the concrete is at least 10 times
that of the test package. (IAEA Advisory Material, para. 717.2)""

The NCT 4-ft drop and HAC 30-ft drop and HAC puncture test are performed on an unyielding
surface in an environmentally controlled test facility located in building 723-A at the SRS. The
unyielding impact surface is constructed from very high strength armor plate steel. The plate
which serves as the unyielding surface is 5 ft square and 6-'4 inches thick, and is anchored in a
6-ft square by 36-inch thick reinforced concrete slab. The surrounding slab is isolated from the
building concrete floor, (see Appendix 2.7). The concrete-steel monolith that serves as the
impact target weighs approximately 19,475 1b. The target pad weight is greater than 50 times the
weight of the 9977 and it will not deform or displace during testing. Appendix 2.7 presents the
test pad design used for the NCT free drop testing.

2.6.7.1 Prototype Testing

Prototype 9977 packages were dropped in the top-down and CGOC orientations from 4-ft onto a
flat unyielding surface. Testing and finite element analysis performed on various drum
orientations shows minimal damage to the drum and negligible stress in the package containment
vessels due to the 4-ft drop. Based on observations of drum damage from the 4-ft drops and
analysis it was concluded the 9977 satisfies 10 CFR71.71(¢c)(7) and no further normal condition
testing of the 9977 was performed. A summary of the prototype free drops is provided below.
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Damage Description:

Test package SN-2 was dropped from 4 feet in a top-down vertical position. The drop
orientation was estimated to produce the greatest damage to the drum closure and containment
vessel closure. Prior to the free-drop, SN-2 was subjected to vibration testing and the water
spray test. No precondition from these tests was noted that would affect the 9977 performance
during the free drop. Appendix 2.7 presents a detailed evaluation of the preconditioning tests
preceding the NCT free-drop. Figure 2.18 shows SN-2 test package elevated above the target
pad preceding the 4-ft drop test.

On impact, the top of the package squarely struck along the top of the drum rim. The paper
marker between the drum rim and target pad was cut where the rim of the drum squarely
impacted the pad. The drum rebounded about 6 inches and came to rest on its top about 3 inches
back from the point of impact, as shown by the cut paper marker, see Figure 2.18.

Figure 2.19 shows the top of the drum being evaluated for damage and digital radiographic
images taken before and after the 4-ft drop test. Negligible surface damage was observed on the
lid and drum rim. There was no observation of deformation in the lid plate between bolts.
Placement of a straight edge across the top of drum identified that a portion of the lid pan was
domed. It is uncertain rather the domed lid pan is a result of the 4-foot drop or how the pan is
fabricated and installed. On close inspection of the digital radiographs taken after the 4-ft drop
there was no discernible damage to the drum closure plug from the vertical impact of the Top
LDF that would be expected if the lid domed due to the drop. FEA of the 4-foot top-down drop
summarized in Section 2.6.7.2 and detailed in Appendix 2.3 showed there was negligible
package deformation.

DP-1, an earlier 9977 prototype, was also dropped 4-ft top-down. Similar to SN-2, no
significant damage was observed to the lid or the drum rim, Reference 52.
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Figure 2.18 - SN-2 Elevated for 4-Foot NCT Drop
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SN2 Pre-Drop Radiograph w/o CV

No scalloping
observed between
bolts.

SN-2

Post 4’ Drop Inspection of Drum Top

SN-2 Pre-Drop Radiograph with CV

No observable
deformations in liner wall

or lid plug. \

SN2 Post Drop Radiograph Inspection of

Drum Lid and Liner

Figure 2.19 - SN-2 4-Ft Top-Down Post Drop Images

2-68




Revision 0 S-SARP-G-00001

2.6.7.2 Analysis

Nonlinear dynamic analyses were performed to evaluate the structural responses of the package
design due to the effects of a free drop through four (4) feet onto a flat, essentially unyielding,
horizontal surface. The effects the heat and cold have on the 9977 due to payload internal heat
generation and a cold environment when subjected to a 4-ft impact are evaluated. Table 2.24
lists the analyzed NCT drop conditions. Five analyses were performed with the 6CV
configuration and are considered to bound the lighter weight SCV configuration. Like letters
shown in the table define the analysis boundary conditions.

Production Package versus Prototype: Appendix 2.8 provides the comparison between the 9977
prototypes versus the Production model being requested by this SARP. Differences between the
prototype and production model are based on lessons learned from testing. These differences are
highlighted and discussed in detail in Appendix 2.8. The design modifications made to the 9977
as a result of 2" set of prototype 9977 testing, “SN Designated Packages”, are minimal. After
achieving agreement between the tested package and benchmark FEA, the FEA model was
revised to reflect the production model design.

Table 2.24 Normal Condition Free Drop Analysis

Applicable Ambient Insolation Decay-Heat | Internal
Initial Temperature Rate Pressure
Condition 100°F -20°F | Max. | Zero | Max. | Zero psig
TD a a a
= BD b b b
_g & Note 1
o < CG c c c
2 horizontal d e d e d e
f g f g f g

Note 1: All analyses were performed at ambient pressure.

FEA Bench Mark Analysis: Appendices 2.3 and 2.6 includes the optimization of the benchmark
analyses that compared the HAC model and tested prototype. After achieving agreement
between the benchmark FEA and the tested prototype package, the 9977 analysis model was
revised to reflect the production model design. The revised package model was then analyzed
under various NCT drop orientation and conditions and compared against NCT acceptance
criteria to demonstrate compliance with 10 CFR 71 NCT requirements.

As part of the benchmark analysis, model sensitivity studies (i.e., mesh density, material
properties, and solution time steps) were performed to obtain agreement between the tested
packages and model. The baseline model developed from the sensitivity study is used for all
other models and comparisons.

Finite Element Analysis for NCT: A prototype 9977 was free dropped top-down from 4-ft unto a
flat unyielding surface. Finite element analysis calculations of 4-ft drops, performed on various
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drum orientations and initial conditions shows minimal damage to the drum and negligible stress
in the package containment vessels. Based on these results it was concluded the top-down drop
satisfies 10 CFR71.71(c)(7) and no further NCT analyses were performed.

As testing of the DP and SN packages showed no drop necessarily resulted in greater drum
damage or analysis showed no significant difference in stress in the CV the top-down drop
orientation was chosen to proceed HAC event testing as it was estimated to subject the 9977 to
overall most severe NCT conditions. The reason for selecting the top-down drop orientation was
to induce the greatest bolt loading and compression of the lid and its insulating materials prior to
the HAC impacts and thermal event.

2.6.8 Corner Drop

Requirement: 71.71(c)(8) Corner Drop. A free drop onto each corner of the package in
succession, or in the case of a cylindrical package onto each quarter of each rim, from a height of
0.3 m (1 ft) onto a flat, essentially unyielding, horizontal surface. This test applies only to
fiberboard, wood, or fissile material rectangular packages not exceeding 50 kg (110 lbs) and
fiberboard, wood, or fissile material cylindrical packages not exceeding 100 kg (220 Ibs).

Evaluation: No 1-Ft corner drops were performed. Corner drop evaluation per
10 CFR 71.71(c)(8) is not applicable to the 9977, because its minimum weight of 250 Ib exceeds
the maximum weight requirement of 220 1b for a cylindrical fissile material package.

2.6.9 Compression

Requirement: 71.71(c)(9) Compression. For packages weighing up to 5000 kg (11,000 1bs),
the package must be subjected, for a period of 24 hours, to a compressive load applied uniformly
to the top and bottom of the package in the position in which the package would normally be
transported. The compressive load must be the greater of the following:

(1) The equivalent of 5 times the weight of the package; or

(ii) The equivalent of 13 kPa (2 Ibf/in®) multiplied by the vertically projected area of the
package.

Evaluation: Compliance is demonstrated through testing and analysis as described in the
following sections.

2.6.9.1 Prototype Testing

In addition to performing the analysis, a compressive test load of 1,800 b was applied to the
9977 for 24 hours. Figure 2.20 is a photograph of the 9977 with the applied test weight. There
was no observable deformation to the 9977 following the 24 hour test. Appendix 2.10 provides
the test results and reference to test procedures used. Results of the compression test and
analysis form the basis for the conclusion that the 9977 satisfies this requirement.
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SN-2

Figure 2.20 - 9977 Compression Test of SN-2

2.6.9.2 Analysis

The 9977 design was analyzed for the effects of compression as required from a vertical load
equivalent to five (5) times the maximum package weight (5 x 350 1b = 1,750 Ib) which bounds
the load corresponding to 2 psig on the projected area of the package (554 Ib). The compression
strength of the 9977 drum was evaluated in Appendix 2.1 using the FEA. The yield strength for
the 304L stainless steel drum is 25 ksi. The five-high stacking load resulted in an axial stress of
14 ksi in the drum. Therefore, the drum design is more than adequate to sustain the axial stress
from a compressive load of five (5) times the package weight.

2.6.10 Penetration

Requirement: 71.71(c)(10) Penetration. Impact of the hemispherical end of a vertical steel
cylinder of 3.2 cm (1.25 in) diameter and 6 kg (13 Ibs) mass, dropped from a height of 1 m (40
in) onto the exposed surface of the package that is expected to be most vulnerable to puncture.
The long axis of the cylinder must be perpendicular to the package surface.

Evaluation: The 9977 design was tested for the effects from an impact of a steel cylinder
striking the package per 10CFR71.71(c)(10).
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The 9977 overpack design is a stainless steel drum with a bolted lid that does not include any
exposed valves, rupture disks or fittings. Consequently, there are no operational devices that
would be affected by the impact of a steel cylinder in transport. To verify, the package design
was tested to evaluate the effects of a free drop impact of a vertical steel cylinder through 40
inches onto its surface. For the 9977 the worst case impact was concluded to be the overpack
closure lid which is fabricated with a 14 gauge dish welded to its top that houses a 1-inch thick
disk of insulation. The remaining exposed portions of the overpack are fabricated from material
thicker than 14 gauge. Note that the steel cylinder rebounded and impacted the lid multiple
times before falling away from the drum. The impact points are seen in Figure 2.21. As can be
seen, the small indentations to the lid will have negligible affect on the package.

13 Ib. x 1.25-inch diameter steel
rod, dropped 40-inches

Primary damage

Secondary Damage

SN-2

Figure 2.21 - NCT Penetration Test and Test Damage of 9977 SN-2

Results of the penetration test, with the fact that the design does not include any exposed fittings,
form the basis for the conclusion that the 9977 satisfies this requirement.

In summary, the NCT tests do not challenge the 9977. With the exception of minimal
deformation to the drum and lid from the 4-ft drop, superficial damage from the penetration test,
and aluminum particles from the vibration tests, the package does not show any significant signs
of being affected by NCT events.
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2.7 HYPOTHETICAL ACCIDENT CONDITIONS

This section demonstrates that the 9977 package satisfies the performance requirements of
10 CFR 71.51(a)(2) that its design, construction and preparation for shipment, under the HAC
tests given in 10 CFR 71.73, “there would be no release of krypton-85 exceeding 10-A; in
I-week, no escape of other radioactive material exceeding a total amount A, in 1-week, and
external radiation dose rate exceed in 1 rem/h at 40-inches from the external surface of the
package.” Additionally the 9977 is shown to meet the requirements in 10 CFR 71.55(e) and
71.59(a)(2), when subjected to the tests specified.

HAC tests are conducted sequentially, per the order indicated, to determine their cumulative
effect on a package in accordance with 10 CFR 71.73(a). (An exception is provided for the
water immersion test for “all packages”, where an undamaged package may be used. An
exception is also provided for water immersion of “fissile packages” if water inleakage is
assumed.)

(1) Free drop - A free drop of 30 ft onto a flat, essentially unyielding surface.

Crush — A 1100 1b mass dropped 30 ft onto the drum resting on an essentially
unyielding surface.

Puncture - A free drop through a distance of 40 inches, striking a bar 6 inches in
diameter.

(2)
€)

(4) Thermal - Exposure to an environment of 1475°F for 30 minutes.

Immersion (fissile material) - Immersion of package following the first three tests in
water to a minimum depth of 3 ft for at least 8 hours.

Immersion (all) - Immersion in water of an undamaged package to a minimum depth
of 50 ft for at least 8 hours.

()
(6)

As described in the following sections, the 9977 is shown to meet the performance requirements
of 10 CFR 71.73 by a combination of physical testing and analysis. Where applicable,
comparison to packages of similar design is also made. Appendix 2.8 presents a detailed
comparison of the 9977 with its earlier development designs. Physical testing has been
performed on these development designs. Design changes made to the packages through the
course of development testing are included in the final analysis models for the 9977.

Nine prototypical 9977 packages have been subjected to some or all of the HAC test sequence
and are evidence of the 9977 being able to meet the performance requirements of 10 CFR 71.73.
Four test packages (nearly identical to the final 9977 design) are identified by serial numbers
SN-2 through -5 were sequentially subjected to the HAC; free drop, crush, puncture and thermal
(pool fire) as specified in 10 CFR 71.73. Details of the tests are documented in Appendix 2.10.
An additional test package, referred to as the “Practice Package”, was constructed from a 9975
drum and the liner and lid from a 9977. This package is discussed in detail in Chapter 3 and
Section 2.7.4, this package was only subjected to the thermal test. The remaining five test
packages, earlier prototypes of the 9977, identified as DP-1, 2, 3, 5 and 6 were subjected to free
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drop, crush, puncture and thermal (furnace testing), (Reference 1). Water inleakage was
assumed for criticality evaluations and therefore, the 3-ft water immersion test was not
performed following the thermal test. The 50 ft immersion test requirement is satisfied by
referencing immersion testing performed on 9968 containment vessels which are identical in
design to the 9977 containment vessels. Test results for the 9968 showed no inleakage of water
or structural degradation to the containment vessels following the 50-ft immersion test.[]

Test unit SN-2 and all of the DP test packages were preconditioned with the 4-ft free drop test
before the HAC sequential testing. Additionally, test package SN-2 was also subjected to the
full battery of NCT tests before undergoing the HAC sequential testing.

For HAC evaluation, 10 CFR 71.73(b) requires that all tests be performed under the most
unfavorable ambient temperature within the range of -20°F to 100°F. Additionally, “the initial
internal pressure within the containment system must be the maximum normal operating
pressure, unless a lower internal pressure, consistent with the ambient temperature assumed to
precede and follow the tests, is more unfavorable.” The 9977 tests were conducted with the
package at a steady state temperature of either -20°F or approximately 70°F. As discussed in
Section 2.3, the materials of the package are not significantly affected by temperatures ranging
between 70°F and 100°F. Therefore, it is assumed that the difference in package performance
over the 30°F differential is negligible and testing performed at 70°F is equivalent to testing at
100°F. The maximum normal operating pressure of the two 9977 CVs as reported in Section 3.1
is significantly below each CV design pressure. The effect of internal pressure on package
performance during HAC is considered negligible and was not tested for the 9977. However,
CVs in the 9975 package, of identical design to those in the 9977, were pressurized to their
design pressures, 6CV 800 and 5CV 900 psig, and the package dropped 30-ft with no observed
structural change to the CVs or their leak-tight capability.

FEA Bench Mark Analysis: Appendix 2.6 details the benchmarks the drop and crush dynamic
analyses. Tables 2.25 and 2.27 present the matrix of HAC tests that were performed for the SN
and DP Series Packages. Figure 2.23 illustrates the 9977 HAC drop and crush orientations that
were tested. Figure 2.24 illustrates the HAC analyses orientations that were modeled for test
benchmarking and/or for evaluating orientations not tested. Testing was performed at -20°F and
75°F for the SN Series.

The analyses were performed over a package material temperature range from -20°F to 300°F.
The structural properties of stainless steel and the insulation materials in the lid and Fiberfrax
around the drum liner are essentially unchanged over the temperature range of interest.
However, the properties of the drum foam are temperature dependent and analysis was
performed to evaluate the effect of the foam property change on performance of the package.
Low temperature, -20°F and ambient, 75°F analysis was performed to benchmark the tested
configurations. Analysis at higher temperatures, 140°F and 300°F, were performed to evaluate
the 9977 at NCT without solar and NCT with insolation respectively. The foam was
conservatively assumed to be at a uniform 140°F based on the unmodified average model
temperatures of thermocouples TO and T27 listed in Table 3.15. The foam properties for NCT
with insolation (ambient temperature 100°F) were based on the distributed heat source at the
bottom of the 6CV reported in Table 3.16. The 300°F is not uniformly applied to the material
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properties. Figure 2.22 shows the foam temperature model. The bulk of the foam is modeled at
260 °F, only a small region around the bottom of the liner is modeled at 300 °F. This

temperature distribution is conservative and is based on Figure 17 of Appendix 3.3 “Source at
Bottom of CV”.

|77, DN E

1% N
g —260°F Region
16.86 LSOOOF Reg|0n

— ] 48"

443" m— | e Thermal profile based on Figure 17 of Appendix
3.3, “Source at Bottom of CV”

Figure 2.22 NCT Insolation Foam Temperature Model used for 9977 Structural Analysis

In summary, the 9977 through physical testing and analysis has been demonstrated to meet the
package performance requirements for HAC with a large margin of safety. Specifically, the
regulatory release rate limit following HAC, i.e., “no escape of radioactive material exceeding a
total amount A, in one week.” is met by demonstrating that the containment system remained
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leak-tight after HAC testing as shown in Table 2.25 and containment vessel stress shown in
Table 2.28 is below Code allowables. The regulatory external radiation dose requirement, i.e.,
dose shall not exceed 1 Rem/hour at 40-inches from the external surface of the package) is met
by factoring the damage results from the tests into analyses described in the shielding evaluation
(Section 5.1) and showing that calculated dose for a damaged 9977 is <<10 mRem/hour at
I-meter from the package surface. Lastly, the general requirements for fissile material packages
in 10 CFR 71.55 are met by factoring the damage results of the tests as described in this section
into the criticality evaluation (Section 6.1) and showing that for a N x N array of packages the
9977 array remains subcritical (K-eff < 0.9).
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SN-4 SN-4 SN-2 SN-2
Top Down Drop Top Crush Center of Gravity Top Corner Crush
over Top Corner
(CGOT) Drop

7 Y
SN-3
Side Down with ,
MidCdIOen;?‘r:Lg] cv SN-5 SN'S
Side Crush Bottom Down Drop Top Corner Crush

Figure 2.23 9977 HAC Prototype Testing Drop and Crush Orientations
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Bottom Down Drop Top Down Drop Center of Gravity Center of Gravity
Top Crush Bottom Crush over Bottom Corner over Top Corner
(CGOB) Drop (CGOT) Drop
Top Corner Crush Bottom Corner Crush
2 2

ol

Side Down with 15° Slap Down 15° Slap Down
Content in on Bottom Corner on Top Corner
Top, Middle, or Bottom
of the CV
Side Crush

Figure 2.24 9977 HAC Analysis Drop and Crush Orientations
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Table 2.25 — NCT/HAC Test and Analysis Summary for the 9977 - SN Series Prototypes

NCT Hypothetical Accident Condition Testing (HAC)
CV Leak
b= 30 ft Drop (U.S.O. Ambient 75°F, CV pressure | ATM) | P uncture Preheat Thermal Rates
5 --------------------------------------------------------------- Ambient
- (cc/sec atm)
@ 4-ft All other Crush (U.S.O. Ambient 75°F, CV pressure 1 ATM) (uos) Package Orientation
a Drop NCT soak-temperatur | Average-Time
Top | CGOT | Bottom | CGOB | Side Side | ¢ before fire (°F) | Temperature | _Pre-Test
Post Test
TD 9
v <1x10
SN-2 | TDV v ol v Bmin | o
v 1873°F 3.8 x 100
v v .
: 2 x10°
20°F & Slde
SN-3 NA e Bottom 33min  pooeeeeemeeeee-
v 0F 200 1472°F “18x 107
-20°F
v BD <9.7x107™
SN-4 NA [Tttt Tt v 35min [T 9""
v 1558°F 2.1x10
v BD <1.0x10”
SN-5 NA [ v BSmin [
v 1591°F <8.8x 107
, BD <1.1x10”
E raﬁtlce NA 32min [T
ackage 1857°F <22x10°

Legend: v - Tested Condition
Uos — unless otherwise stated
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Table 2.26 — NCT/HAC Test and Analysis Summary for the 9977 - DP Prototype Packages

NCT Hypothetical Accident Condition Testing (HAC) CV Leakage
= . o Rates
c 30 ft Drop (U.S.O. Ambient 70°F, CV pressure 1 ATM Preheat Thermal
:) ___________ I?_(_ _____________________________ I:_) ________________ )_ - PunCture (CC/SCC atm)
E Water Crush (U.S.O. Ambient 70°F, CV pressure 1 ATM) Package Orientation
spray, etc k-t t A -Ti
Top Bottom _ _ ' soak-temperatur verage-Time Pre-Test
Down 0° CGOT Down Oblique Side Side e before fire (°F) | Temperature T Post Test
v Side 29x 10"
DP-1 | ~— 7 | e CGOT 50 min =~ |fe--memmmmmmmmmee
v 2000°F Note 1
v Side <1.9x10°
(D] e i E ] e IR Bottom S5min foeeeooeooooooes
v 2000°F Note 1
Side 2.4x107
Not v . 4x
DP-3 tested | v NA 45min = |-
v 2000°F Note 1
Bottom Side 45x10°
DP-5 | CGOTY | = [rrmmrmemmmrmmmmm oo oo edge of 45min  |eeoeooeoeeoooees
drum 2000°F Note 1
v Side 23x 10"
DP-6 | CGOTY |  frrmmmmmmemmrmmm b v 45min  |fo-o-oeoeeeee-
v 2000°F Note 1

Legend: v - Tested Condition
CGOB - Center of Gravity over Bottom
CGOT - Center of Gravity over Top
BD — Bottom Down; Package with drum axis vertically oriented with bottom striking ground first
TD — Top Down; Package vertically oriented with drum axis 0-25 degrees from vertical with top striking ground first
BSD — Bottom Slap Down; Package oriented with drum axis 0-25 degrees from horizontal with bottom striking ground first
TSD — Top Slap Down; Package oriented with drum axis 0-25 degrees from horizontal with top striking ground first
Side — Package oriented with drum axis parallel to target
SAD — Shallow Angle Drop; Package oriented 25+ degrees from horizontal with top end striking ground first
Note 1: The Post-HAC test was performed only to verify no gross leakage (i.e. leakage < 1x10-3 std-cc/sec) and all the CV’s passed this test. These were units
were for investigation of packaging design alternatives and the CVs were not modified to perform standard helium Leak-Tight testing.
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2.7.1 Free Drop

Requirement: 10 CFR 71.71 (c)(1) Free Drop. A free drop of the specimen through a distance
of 9 m (30 ft) onto a flat, essentially unyielding, horizontal surface, striking the surface in a
position for which maximum damage is expected.

Evaluation: Compliance is demonstrated through testing and dynamic finite element analysis as
described in the following sections.

Free drop tests were conducted at the SRS in Building 730-A. See Section 2.6.7 for a description
of the target that was used as the unyielding surface for drop tests. Testing was accomplished by
hoisting packages to 30-feet and dropping with the assistance of a magnetic release.

A total of nine prototype packages were tested in the 30-ft free drop. In all but a few cases,
multiple digital radiographic images were made before and after each test to enable evaluation of
internal package damage in addition to typical external damage. No scale model testing was
carried out to evaluate the performance of the 9977 design. Of the nine package drops only five,
SN-02 through -05 and DP-1 are summarized in the following sections. The SN test units are
nearly identical to the 9977 final design. The DP-1 test unit is similar to the 9977 with the
exception of having a larger diameter and foamed overpack closure lid; DP-2, DP-3, DP-4 and
DP-5 are referenced where valid comparisons can be made between them and the 9977.
Appendix 2.10 and Reference 51 discuss in detail the prototype package testing and observed
damage for the SN series and DP series development packagings, respectively. The primary
differences between DP series prototypes and the aforementioned SN series prototypes are as
follows:

DP-2 and DP-3

¢ increased foam density in the overpack
e foamed overpack lid
e larger diameter overpack lid
¢ o extension on top of lid
DP-4 and DP-5

e same as DP-2 and -3 plus,

e 16-inch diameter drum.

Appendix 2.8 presents a detailed description of the differences between the various prototype
designs and the 9977. An explanation for each design change is also included. All HAC testing
was performed with the 9977 fitted with a 6CV and maximum payload of approximately 100 Ib.
Analyses presented in the following section show that the SCV loading configuration is bounded
by the 6CV configuration.

The 9977 package was tested under four different drop orientations; top-down, bottom-down,
center of gravity over top corner and horizontally, see Table 2.27. These configurations are
considered to be the most challenging to the 9977s containment vessel and overpack. The
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follow-on crush and fire were considered in each of the 30-ft drop orientations. Table 2.1 of
Appendix 2.6 lists the HAC test package orientations and the primary components and or
features that were being evaluated for the 30-ft free drop, crush and fire tests. The puncture test
was not expected to appreciably challenge the package. One or two puncture drops were made
depending on the damage observed from previous testing. The required puncture was to impact
the package over its center of gravity along its longitudinal axis. An optional puncture was to
strike the package in a position where an apparent weakness from the previous tests justified an
additional impact.

Dynamic finite element analyses were performed to augment physical drop testing in
demonstrating that the 9977 package remains in a safe configuration under 10 CFR 71,
Hypothetical Accident Conditions (HAC). Specifically, these analyses determined the relative
stress and deformation to the overpack and the five- and six-inch diameter containment vessels.
Analysis results are compared against ASME BPVC, Section III, Appendix F for Level D
Service to verify that the packaging components do not exceed Code-allowable limits.

The results of these analyses show that when compared to acceptance criteria, a large margin of
safety exists and the effectiveness of the 9977 under HAC is not compromised. The HAC
calculations evaluated are summarized in the following Sections. Detailed analyses with
assumptions are provided in referenced Appendices.

2.7.1.1 End Drop

The effects of an end drop were evaluated on two test packages, SN-4 and SN-5. SN-4 was
dropped top-down. In the follow on crush test (Section 2.7.2), the crush plate impacted the top
of the drum. SN-5 was subjected to a bottom-down drop. In the follow-on crush test the crush
plate impacted the drum over its top center of gravity.

2.7.1.1.1 Test — Top Down (SN-4)

Test unit SN-4 was dropped top-down with the drum axis vertical. Testing was performed
indoors with the package at ambient conditions, approximately 75 °F. The 6CV contents were
simulated with a 5'.-inch diameter by 13 inch long steel slug weighing 101 lbs, bringing the total
weight of SN-4 to 339 Ibs. The slug was loaded in the CV without dunnage, thereby eliminating
any energy absorption due to cushioning during impact. The objective of this test was to
evaluate the amount of crushing of the lid plug and stress in the closure bolts from the direct
top-down impact. The top-down hit also results in a high loading to the CV threaded closure.
Also of interest was whether the lid would deform plastically between bolts as was seen in the
earlier DP-Series prototype testing. Excessive crushing of the plug, lid deformation between
bolts, failure of one or more lid bolts, or overstressing the CV closure could affect the
performance of the package in the subsequent crush and thermal tests.

SN-4 hit at about 3-degrees from vertical. It rebounded about 1-inch and came to rest about
1-foot from point of impact. Figure 2.25 illustrates SN-4 before and after the test. The CV and
top LDF assembly impacted the bottom of the lid in a piston fashion, locally buckling the bottom
of the plug and expanding it radially into the liner. The drum shell buckled just below the drum
rim producing a fourth rolling hoop. When the drum rim rebounded upward the CV assembly
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was still decelerating downward resulting in the closure lid top being domed out approximately
2-inch above the drum rim.

The localized buckling of the lid plug is a result of the '%-inch thick layer of Fiberfrax placed in
the bottom of the plug. The Fiberfrax has no resistance to compressive loads until it reaches
lock-up. Based on the DR images after the 30-ft drop, the gap between the 6CV Top LDF and
the bottom of the lid plug is 0.6-inches. This is an increase of 0.4 inches from the nominal
0.20-inch design spacing, See Figure 1.3. The 0.4 inch change corresponds to the amount of
compression seen in the before and after radiographic images of the Fiberfrax layer, Figure 2.25.

The lid did not significantly deform between the bolt locations as was seen in early prototype
testing (Reference 52, pg 35). Figure 2.25 shows a lid deformation of about 0.2-inches. This is
small compared to the -inch in the DP design. The addition of the insulated top on the lid and
the replacement of foam with less rigid impact absorbing materials significantly reduced the
amount of load transmitted to the lid flange from top-down vertical drops. The redistribution of
load path results in near elimination of scalloping effect that was seen on the previous design.
Based on examination of post drop specimens and radiographic imagery, the 9977 with a
maximum loaded 6CV does not appreciably challenge the drum closure.
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= Drum wall buckled

PreDrop Configuration producing faux rolling hoop Post 30-ft Top Down Drop
beneath lid flange

SN-4

Fiberfrax layer compressed
to ~0.1” from its original
0.5” thickness
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into side wall of

Fiberfrax (undamaged)
0.5” thick

S PreDrop Radiograph SN

Post 30-ft Drop Radiograph

Figure 2.25 - SN-4 / Top-Down 30-Foot Drop (Before & After Images)
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2.7.1.1.2 Analysis — Top Down

Nonlinear dynamic analysis was used to evaluate the structural response of the 9977 CV design
and drum overpack to the impact from a top-down 30-ft drop, Appendix 2.6. Drop analyses
were performed at temperatures of 75°F and 140°F. The structural properties of stainless steel
and the insulation materials in the lid are essentially unaffected over this temperature range,
however, the foam properties do change with respect to temperature and analysis was performed
to evaluate the effect of foam property changes on the package.

Figure 2.26 compares the FEA deformation plots at 75°F and 140°F with damage observed from
test package SN-4 that was dropped vertically top-down under ambient conditions, 75°F. The
radiograph shows the drum lid flange is away from the top deck of the drum at the liner by
approximately 3/8-inch. The inner lid pan is crushed by about '2-inch resulting in the lower part
of lid deforming into and buckling the side wall of the liner out locally about 1/10-inch.

The deformation plots for the overpack show similar damage for each analysis. The drum strains
illustrated vary by about 2% between analyses, see Appendix 2.6. The lid protrudes above the
top deck where it inserts into the liner by ~'2-inch, which compares favorably with the SN-4,
which scales to about 3/8-inch. The bottom of the lid buckles about 1/2-inch, (i.e., the depth of
the Fiberfrax). The lid buckling causes the lid to expand radially forcing the side wall of the
liner to also buckle. These structural deformations compare favorably to what is observed in the
test package radiographic images.

The CV stress varies by about 1% between cases. This is not unexpected, since, for the top
down impact the lid receives the majority of the load and its materials are relatively unaffected
by temperature change. The results of top-down impact, analyses at various temperatures
demonstrate the structural adequacy of the 9977 design under this HAC event. Table 2.28 lists
the maximum stress for the components of interest. The component stress results are compared
in Table 2.28 to allowable values from ASME Section III, Appendix F, Level D, Service loads,
showing that the computed values are less than the limits.
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Figure 2.26 SN-4 Top-Down 30 Foot Drop at 75°F Comparison with 75°F and 140°F Analysis
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2.7.1.1.3 Test — Bottom Down Drop(SN-5)

Test unit, SN-5, was dropped bottom-down with the drum axis vertical. Testing was performed
with the package at ambient conditions. The 6CV content was simulated with a 5).-inch
diameter by 13-inch long steel slug weighing 100 lbs, bringing the total weight of SN-5 to 341.6
Ibs. The slug was loaded in the CV without dunnage, thereby eliminating any energy absorption
due to cushioning during impact. The primary objective of this test was to evaluate loading to
the overpack’s liner bottom and its connection to the overpack’s top deck. A design change was
made from the DP series prototypes to the SN series packaging to add insulation around the liner
(see Appendix 2.8). Rupture of the liner could affect the performance of the package in the
thermal test by permitting foam decomposition products to enter into the liner, thereby
increasing CV temperatures. (Thermal testing of the DP test packages showed that any opening,
including at the bolt threaded connection, permit foam combustion products to pass, though no
foam residue was observed.)

On impact SN-5 was a few degrees from vertical. The drum’s bottom edge cleanly stamped a
350-degree circle from the paper marker positioned on the target pad (the uncut portion being the
initial point of impact). SN-5 rebounded vertically approximately 6 feet and came to rest on its
side with the bottom of the package coming to rest in the circle of impact. The package rebound
is significantly greater than the 1-inch rebound observed in the 30-ft top-down drop. Figure 2.27
illustrates SN-5 following the drop test. The bottom of the drum was flattened by the impact
which produced a buckle in the drum wall just above the chime (Figures (a) and (b)). The
slightly off vertical hit produced an external buckle that varied in width from zero, where the
drum first impacted point #2, to '%-inch at point #4, on the opposite side of the drum rim, Figures
(c) and (d). The energetic rebound could indicate that the time it took the CV assembly to
impact the liner bottom and pushed through the Fiberfrax layer until lockup was reached
corresponded to the approximate time that it took to collapse the overpacks bottom chime. This
resulted in the overpack and CV assembly impacting the stiffer foam in unison and thus recoil of
the package was much more energetic than the top-down drop.

The secondary 6-foot drop from the rebound caused an approximately 10-degree sector of the
drum rim to be dented radially approximately 3/8-inch. Minor scuffing occurred along the side
of the drum. External examination revealed no other damage.

Comparison of DRs taken before and after the drop showed little variation in internal structure
but external drum damage could be easily distinguished. Figure 2.28 presents the pre and
post-drop DRs taken of SN-5 In the DRs the deformed drum wall just above the chime can
clearly be seen. Also, imperfections in the foam, (e.g., voids and fissures) can be seen in the pre-
and post-drop DRs. The imperfections were confirmed upon package disassembly. There
appears to be no change in the foam imperfections following the drop.
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Drum chime is flush with drum
bottom following drop.

Buckle above chime

(a) Damaged SN-05, 180° Photo, Poit 3 (b) Damaged SN-05, 0° Photo

(c) Damaged SN-05, 90° Photo, Point 2 (d) Damaged SN-05, 270° Photo, Point 4

Figure 2.27 - Bottom Down 30-Ft Drop (Prototype SN-5)

Examination of the DRs in the vicinity of the liner connection to the overpack top deck was
indeterminate. Resolution of the DRs in this region of the drum were insufficient to make out
damage, if any occurred. (Note: had the liner failed (i.e., was breached) due to either the 30-ft
drop or crush impact, foam decomposition gases would have passed through any fissures/cracks
during the thermal test; no indications of liner failure was observed following the thermal
event.) Based on the DR images, there appears to be little or no permanent displacement of the
Fiberfrax directly beneath the liner. No visible displacement implies that the liner deformed
elastically. This is in contrast to the top-down 30-ft drop where it can be clearly seen the lid
plastically deformed and the lid Fiberfrax layer is permanently displaced. Foam compression
appears to be negligible from the 30-ft drop. The effective change in height between the bottom
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of the liner and drum bottom appears to be associated primarily with the collapse of the drum
chime. Based on review of the bottom-drop DRs, the distance between the liner and drum
bottom appears to be relatively unchanged from the fabrication.

ap between top

DF and bottom
of lid appears
nominal;

slight buckle
below lid
possible

Rolled drum rim
evident

— - Voids in foam from pour

—

SN-3 (no observable change in foam voids SN-5

after impact)

Post Drop Pre-Drop

Figure 2.28 - Bottom Down 30-Ft Vertical Drop X-Ray (SN-05)

Based on examination of the packages post drop-test and of radiographic imagery, the
9977 30-ft drop does not appreciably challenge the drum or drum liner. Analysis results
described in the following section shows that the stress in the overpack and CV are well
within Code allowables.
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2.7.1.1.4 Analysis — Bottom Down

Nonlinear dynamic analysis was used to evaluate the structural response of the 9977 6CV design
and overpack to the impact from a 30-ft free drop, impacting bottom-down,
Appendix 2.6. Drops were analyzed at temperatures of -20°F, 75°F (ambient), 140 °F and
300°F. Package analyses modeled the same weight and configuration as the test article. The
structural properties of stainless steel and the insulation materials in the lid and Fiberfrax around
the drum liner are essentially unaffected by temperature. However, the properties of the drum
foam are temperature dependent and analysis was performed to evaluate the effect of the foam
property change on performance of the package. Analysis demonstrates material property
changes do not appreciably alter the damage from that observed to 9977s dropped under ambient
conditions.

Figure 2.29 compares the FEA deformation results at 75°F, with damage observed from test
package SN-5 that was dropped at ambient conditions. The analysis shows the top-deck
depressed slightly where it connects to the liner. This deformation appears to be translated
through slightly compressed Fiberfrax under the bottom of the liner. The radiographic images
taken at this location are not detailed enough to verify the deformation illustrated by the analysis.
The radiograph shown in Figure 2.29 appears to show some small necking of the liner next to the
drum lid. The stiff drum chime of the test drum caused a portion of the outer drum wall to
buckle on the bottom down drop. Based on the analysis, the redesigned rolled skirt is less stiff
and does not buckle the drum wall. There are no significant internal or external deformation to
compare between the test drum and the analysis. The bottom down drop for the most part is
unremarkable.

Figure 2.30 compares the deformation results at -20°F, 75°F, 140°F and 300°F. As shown, the
relative damage to the overpack is similar for all cases. The strains at the bottom of the drum
liner and its connection to the top deck of the drum increase as foam strength is reduced. The
strain results indicate the liner to top-deck connection deforms downward more as foam strength
decreases with increasing temperature. In all cases, the relative change in strain is small. As can
be seen in Figure 2.30, strain in the liner becomes more distributed as the foam becomes less
stiff. The strain in the liner is 1.6% at the top deck connection at 300 °F. The strain in the drum
top deck liner connection is 1.3% at -20 °F. Both strain results are well below the 35%
allowable for the 304L material.

The CV stress varies by about 75% between the -20°F and 300°F analysis with the -20°F
analysis estimating a maximum stress of 51 ksi. This is expected, since the foam is significantly
more rigid at the lower temperature compared to the foam properties at higher temperatures. The
-20°F analysis bounds the potential for worst damage to the package. The more rigid foam
results in higher loads in the CV, whereas, the overpack is largely unaffected by the foam
temperature variations. The containment vessel stress results are compared in Table 2.28 to
allowable values from ASME Section III, Appendix F, Level D, Service loads. The computed
values are less than the Code limits. The results of bottom-down impact analyses at various
temperatures demonstrate the structural adequacy of the 9977 design.
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Figure 2.29 Bottom-Down 30-ft Drop Analysis Comparison to Test
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Figure 2.30 Bottom Down 30-ft Drop 9977 Strain Distribution Comparison -20 °F to 300 °F
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2.7.1.2 Side Drop
2.7.1.2.1 Test - Side Drop (SN-3)

Test unit SN-3 was dropped horizontally with the package at -20°F. The 6CV contents were
simulated with a 5 4 -inch diameter by 13 inch long steel slug weighing 100 lbs, bringing the
total weight of SN-3 to 340.6 Ibs. The slug was loaded in the CV without dunnage, thereby
eliminating any energy absorption due to cushioning during impact. The primary objective of
this test was to evaluate loading to the overpack foam, the liner connection to the overpack’s top
deck as a result of cantilever effect due to the addition of the pliable layer of Fiberfrax to the
package from the DP design to the SN package designs (see Appendix 2.8). The liner is
minimally supported at its closed end and the resulting cantilever effect in the 30-ft side drop
affects the liner to drum top plate connection. A break at the liner/top plate juncture could alter
the performance of the package in the thermal test by permitting foam decomposition products to
enter into the liner cavity, thereby increasing CV temperatures. A liner tear would not be
expected to significantly affect the package performance in the crush.

SN-3 hit at 2.3 degrees from horizontal with the top rim of the drum striking first. The drum
rebounded about 3 % feet. The impact caused the drum to rotate a little more than 270-degrees.
The rotational momentum of the drum was just enough to prevent the drum from remaining
upright on its bottom and it toppled to its initial side of impact, completing a 360-degree rotation.
SN-3’s rebound was approximately half that of the SN-5s 6-feet, but still much greater than the
1-inch SN-4s top-down drop produced.

Figure 2.31 illustrates damage to test package SN-03 from the 30-ft side drop. As can be seen in
the photographs, the external damage to the drum is unremarkable. The rim of the drum was
slightly dented and forced into the lid flange. The rim was flattened over about a 15-degree arc.
Damage did not extend below the drum’s 3-inch high rim. The lid flange was bent slightly by
the rim impact as shown. The bottom of the drum was flattened over a 30-degree sector of the
drum as seen in the far right photo. The deformation extended about 5-inches along the
longitudinal axis of the drum.
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Drum flange is frosted and body
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removed from the -20°F environmental
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Lid flange slightly dented.

SN-3

Figure 2.31 - Horizontal Drop 30-Ft (Prototype SN-3)

The secondary 3'5-ft impact from the rebound produced only minor scuff marks on the drum.
External examination revealed no other damage.

Digital radiographs taken of the drum after the side drop showed only the minor damage to the
outer overpack as seen in the above photographs. However, DRs show pronounced damage on
the inside of the package, Figure 2.32. The two DRs shown in Figure 2.32 are images of SN-3
perpendicular to and 90-degrees to the side of impact, respectively. Most noticeable in the left
DR is the symmetric buckling of the liner just above the CVs lower load distribution fixture.
The right DR photo is taken at 90 degrees from line of impact and the liner is stamped with the
impression of the upper and lower load distribution fixtures. The far right photo shows the
buckled liner following completion of HAC testing following package disassembly. The liner
orientation is roughly 90-degrees from the direction of drum impact. The buckling in the liner is
symmetric. The post crush DRs show no further liner deformations. Therefore, the liner
condition in the photo is representative of the damage from the 30-ft drop as pictured in the DRs.
The DRs were taken with the drum oriented vertically so the weight is seen at the bottom of the
6CV in the image but was approximately centered during the drop.

The liner buckles during the 30-foot drop because it acts like a cantilevered beam that can
translate through the surrounding pliable layer of Fiberfrax. Similar deformation occurred in
DP-3, but the damage to the liner was not as pronounced since the earlier prototype did not
include a Fiberfrax layer around the liner. No apparent failure, i.e., breach, of the liner was
observed from the DRs through the thermal test or the subsequent drum disassembly.

2-94



Revision 0 S-SARP-G-00001

Light deposit
of combustion
products

Comparable

Liner buckle
Symmetric

Liner buckle

SN-3

Figure 2.32 - Side Drop 30-Ft Digital Radiographs (Prototype SN-3)

Inspection of DRs of the liner connection to the overpacks top deck was unrevealing. Resolution
of the DRs at this location was insufficient to determine if any damage occurred. Examination of
the overpack liner to top-deck connection following package disassembly revealed a solid
connection with no damage.

Pre-drop DRs identified some small inclusions in the foam, typical of what has been seen in
other foam images. Images made of the foam after the 30-ft drop tests showed no significant
changes to the foam or these inclusions. The expectation was the foam may crack along the mid-
section of the drum perpendicular to impact as happened in DP-3 testing. No longitudinal
cracking is discernable in the DR of the foam for SN-3.

Based on visual examination of the outer drum and radiographic images of internal components,
the 9977 30-ft free drop with a maximum loaded 6CV does not fail the drum or drum liner.
Furthermore, no CV damage is observed. Analysis results described throughout Section 2.7
show that the stress in the overpack and CV are well within Code allowables.

2.7.1.2.2 Analysis - Side Drop

Nonlinear dynamic analyses were used to evaluate the structural response of the 9977 CV design
and overpack to the impact from a 30-ft side drop. (Appendix 2.6) Drop analyses were
performed of the package at temperatures of -20°F to 300°F. Package analyses assumed the
same content weight as the test article. Analyses also evaluated the effect of the content weight
being shifted from one end of the CV to the other. Testing was performed with the weight
centered in the CV with the package cooled to -20°F. The structural properties of stainless steel
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and the insulation materials in the lid are essentially unaffected by temperature. However, the
foam properties do change significantly with respect to temperature and analyses were
performed to evaluate the effect of the foam property change on performance of the package.

Figure 2.33 compares the -20°F analysis results with the damage observed from test package
SN-3 that was dropped at -20°F. The deformation seen in the analysis seems to correspond very
well to that observed in the test. Table 2.28 lists the maximum stress for the components of
interest. The component stress results are compared to allowable values from ASME Section III,
Appendix F, Level D, Service loads. The computed values are less than the Code limits.

Figure 2.34 compares the FEA horizontal drop results at -20°F, 140°F, and 300°F. As shown,
the relative damage to the external overpack is similar for all cases. However, the deformation
in the drum appears to be increasing at the drum top-deck and drum bottom with increasing
temperature. Liner damage changes depending on the location of the weight within the CV and
is worst when the weight is at the bottom. Also, the damage to the bottom of the liner is
increasing with increasing temperature. However, the top of the liner (side opposite the drop)
shows negligible deformation or strain in any of the analyses. The maximum strain result is
14.1% from the -20°F analysis. This is well below the 35% allowable; therefore, drum failure is
not a concern.

Analysis demonstrates material property changes do not appreciably alter the damage to 9977s
dropped 30-ft over the temperature range of interest, -20°F to 300°F. The CV stress remains
about the same between the evaluated temperatures and content weight locations. The results of
side impact analyses at various temperatures and CV weight distribution shows that the 9977
design is acceptable.
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Figure 2.33 Side Drop 30-Ft Analysis Compared to Test
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Figure 2.34 30-Ft Side Drop Analysis (Weight at CV Middle & Bottom)
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2.7.1.3 Corner Drop

The effects of a center of gravity over a top corner impact of the 9977 were evaluated on two test
packages, SN-2 and DP-1. SN-2 and DP-1 were dropped 30-ft onto their drum rims top-down at
an angle of 67 degrees and 63 degrees from horizontal, respectively. Prior to the HAC drop, SN-
2 was subjected to the full complement of NCT tests, whereas, DP-1 was preconditioned with
only the NCT 4-ft drop.

2.7.1.3.1 Test - Center of Gravity over Top Corner (SN-2)

Prototype SN-2 was dropped top-down with its longitudinal axis at an angle of 67-degrees from
horizontal. The package was dropped at a weight of 341.4 lbs that included the 6CV and a
payload weight of 100 Ib. The payload was simulated with a 5 %4 -inch diameter by 13 inch long
steel slug. The slug was loaded in the CV without dunnage, thereby eliminating any energy
absorption due to cushioning during impact. This test investigated the crushing of the lid plug
and stress to the lid bolts from an off centerline top-down drop. The center of gravity top-down
impact also results in high loading to the CV threaded closure. Also of interest was whether the
lid would deform between bolts as was seen in the DP Series prototype testing. Excessive
crushing of the plug, deformation of the lid between bolts, failure of one or more lid bolts or
overstressing the CV closure could affect the performance of the package in the crush and
thermal tests. The liner to top-plate weld was also evaluated. Failure of this juncture could affect
the performance of the package in the thermal test by permitting foam decomposition products to
enter into the liner cavity, thereby increasing CV temperatures.

SN-2 hit at approximately its release angle. It rebounded about 6-inches rotated 90-degrees and
struck the opposite side of the overpack rim at the approximate angle of original impact before
rotating in the opposite direction and coming to rest on the side of the drum that was facing up
for the test. Figure 2.35 shows SN-2 before and after the test. Figure (a) shows the drum
suspended on angle (67 degrees) prior to being hoisted to 30-ft for the drop. On impact, the
overpack rim collapsed over a 90-degree arc and produced a series of rolled buckles in the drum
shell just below the rim as shown in Figures (c&d). The lid closure flange and two of the lid
closure bolts were covered by the collapsed rim Figure (b).

The CV and LDF impacted the inner lid plug in a piston fashion, locally buckling the bottom of
the plug and expanding it into the liner as shown in Figure 2.36. SN-2 rebounded about half as
much as DP-1, discussed in Section 2.7.1.3.2. Similar to the top-down impact of test package
SN-4, the CV assembly was still decelerating toward the target plate when the drum overpack
rebounded. This resulted in a reduced package rebound and a lid crown as shown in Figure (d).
The top weldment to the closure lid crowned approximately 1-inch above the drum rim as shown
in Figure 2.36.
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SN-2

Figure 2.35 - CGOT Corner 30-ft Drop at 67° (SN-2)

The localized buckling of the lid plug is again the result of the layer of Fiberfrax placed in the
bottom of the plug. The Fiberfrax has no resistance to compressive loads until lock-up is
reached. As seen in the DR image, the gap between the 6CV top load distribution fixture and the
bottom of the lid plug is 1.1 inches. This is an increase of 0.9 inches from the nominal 0.20-inch
design spacing.
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Figure 2.36 - Test Package SN-2 Digital Radiographs
Before and After 30-ft CGOT Corner Drop

The lid did not deform between the bolted connections as severely as was seen in earlier
prototype testing. (Reference 52, pg 35) However, it was more pronounced than the direct
top-down drop for test package SN-4, approximately 5/8-inch versus 1/8-inch. Based on
examination of the outer drum and the radiographic images of internal components, the 9977
with a maximum loaded 6CV does not appreciably challenge the drum or its closure. No CV
damage is observed. Analysis results described throughout Section 2.7 show that the stress in
the overpack and CV are well within Code allowables.
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2.7.1.3.2 Test - Center of Gravity over Top Corner (DP-1)

Reference 52 provides a detailed description of the DP-1 drop tests and the post drop
examinations. Similar to package SN-2, the contents were simulated with a 6CV loaded with a
1001b payload. The test drop was performed at ambient conditions (approximately 70°F). The
primary difference between DP-1 and SN-2 is DP-1 has a larger diameter overpack lid closure
and its liner was not surrounded by the layer of Fiberfrax. Given these differences, the general
test observations were very similar.

Based on examination of outer drum and radiographic images of internal components, the 30-ft
free drop of the DP Series with a loaded 6CV does not overly challenge the drum or its closure.
No CV damage was observed in the testing. Given the similarity in design (see Appendix 2.8)
the favorable results support the production 9977.

2.7.1.3.3 Analysis - Center of Gravity over Top Corner

Nonlinear dynamic analyses evaluated the structural response of the 9977 to a 30-ft free drop
impacting the drum closure with the Center of Gravity above the point of contact, Appendix 2.6.
Drop analyses were performed of packages at temperatures of -20°F and 75°F (ambient).
Package analysis assumed similar weighting as the test articles. The structural properties of
stainless steel and the insulation materials in the lid are essentially unaffected by temperature,
however, the foam properties do change with respect to temperature and analysis was performed
to evaluate the effect of the foam property change on performance of the package.

Figure 2.37 compares the FEA results at -20°F and 75°F with damage observed from test
package SN-2 that was dropped CGOT corner under ambient conditions. As shown, the relative
damage to the outside of the overpack is similar for both cases. The drum flange is bent over in
the vicinity of impact and the layer of Fiberfrax in the lid is compressed by the falling mass of
the CV. Figure 2.38 compares the FEA strain deformed shapes with a CGOT DR. The damage
to the liner for the two analyzed conditions is approximately the same. The most obvious
damage is the collapse of the lid bottom through the Fiberfrax and the bent drum rim. The strain
distribution in the side wall of the drum is relatively the same between analyses but the side wall
is slightly more deformed in the 75°F analysis. Damage was seen on SN-2 after the 30-Ft drop
as buckling beneath the rim. The greatest stress in the CV, 48 ksi, occurs at -20°F and is located
where the CV necks down. The maximum stress at 75°F is 47 ksi.

The maximum CV stress between the two temperature analyses is less than 1%. The component
stress results are compared in Table 2.28 to allowable values from ASME Section III, Appendix
F, Level D, Service loads, showing that the computed values are significantly less than the
limits. The results of CGOT impact analyses at various temperatures shows that the 9977 design
is acceptable.
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Figure 2.37 CGOT 30-Ft Drop Comparison with Analysis
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Figure 2.38 CGOT 30-Ft Analysis Deformation Plot Comparison with Radiograph

2-104



Revision 0 S-SARP-G-00001

2.7.1.4 Oblique Drops

No oblique drop tests were performed on the 9977. There are two types of oblique drops, the
slap-down and shallow-angle. The tested HAC package orientations were considered to be more
challenging than the oblique orientations. Confirmation of this conclusion was made by
performing a series of non-linear dynamic FEA to assess package damage due to oblique drops
and comparing the results to the tested packages and their analysis.

The slap-down drop, typically performed on a horizontal drum at an angle less than 15 degrees,
is designed to challenge slender packages, since the secondary impact with added angular
momentum can be significant. Based on the length to diameter ratio of 36 inches to 18-3/4
inches, or 1.9:1, the secondary slap-down acceleration was not considered to have a significant
effect on the 9977 CV or for either end of the drum, because the bolted closure lid is captured by
the drum rim and liner and the drum bottom has a sanitary closure with an attached wear ring.
The slap-down will has no effect on the CV. Its uni-construction closure, i.e., the solid steel
monolith it creates when closed, and its welded bottom will not be affected by oblique drops.

Shallow angle drop tests involving a horizontally oriented drum with an angle not greater than
30 degrees, were found to be important in challenging bolt/nut/ring closures.”” The 9977
incorporates a bolted lid closure protected by a stiff outer ring welded to the drum and is not
sensitive to shallow angle drops. As such, no analysis or testing was performed.

Figures 2.39 and 2.40 compare strain deformation plots of the 9977 when dropped at 15° bottom
down and top down, respectively. Analyses for the bottom 15° slap down, Figure 2.39,
evaluated the performance of the 9977 with foam properties at 140°F and 300°. Figure 2.40
compares the package strain results for a top down slap at -20°F, 140°F and 300°F. As shown in
Table 2.28 the maximum CV stress is not as great for slap down orientations as some of the other
orientations evaluated.

Hence, shallow-angle orientation is not considered to be more severe than the orientations that
were tested. Finally, the stress margins calculated for the End (top-down), Side and Corner
impacts are large and similar to analysis of the oblique drops and confirm that testing of
additional impact orientations is not necessary.
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Figure 2.39 Slap Down -15° Drop onto Drum Bottom
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Figure 2.40 Slap Down -15° Drop onto Drum Rim
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2.7.1.5 Summary of Results

The 9977 design was evaluated both by finite element analyses and by test as summarized in the
preceding sections. The evaluation has shown that damage to the 9977 from HAC free drop will
not compromise the confinement performance of the drum nor the leaktight performance of its
containment vessels. Therefore, the 9977 design can be expected to satisfy the performance
requirements of 10 CFR 71.51(a)(2) under HAC given in 10 CFR 71.73.

Analyses of the 9977 design confirm that the overpack (drum and foam insulation) will protect
the containment vessel satisfactorily during regulatory HAC events. The thermal evaluation of
the 9977 is described in Section 3.5.4 and also confirms the package can withstand he regulatory
thermal event.

2.7.2 Crush

Requirement: 71.73(c)( 2) Crush. Subjection of the specimen to a dynamic crush test by
positioning the specimen on a flat, essentially unyielding horizontal surface so as to suffer
maximum damage by the drop of a 1,100-1b mass from 30 ft onto the specimen. The mass must
consist of a solid mild steel plate 40 inches square and must fall in a horizontal attitude. The
crush test is required only when the specimen has a mass not greater than 1,100 1b, an overall
density not greater than 62.4 1b/ft’ based on external dimension, and radioactive contents greater
than 1000 A, not as special form radioactive material. For packages containing fissile material,
the radioactive contents greater than 1000 A, criterion does not apply.

Evaluation: In accordance with 10 CFR 71.73(c)(2), the crush test is required for the 9977 as
shown in Table 2.26. The 9977 design was tested and analyzed to evaluate the effects of the
crush. Analysis and test demonstrate that the sequential HAC crush test will not adversely affect
the performance of the package before being subjected to puncture and thermal testing

Table 2.27 - Comparison of 9977 to Crush Criteria

Regulatory Crush Criteria 9977 Test Required

Package mass < 1,100 1b 366.6 1b yes

Package Density < 62.4 e 65 Ib/ft (6CV and maximum content mass) No (excluded)
. 53 Ib/ft’ (5CV and maximum content mass) yes

Package Contents > 1000 A2, or

fissile package Fissile package, and A2 >>1,000 yes

Compliance with the regulatory crush test is demonstrated by testing and analyses. Four 9977
prototypes were struck under various orientations by a 1,170 Ib steel plate dropped from 30-feet
pictured in Figure 2.30.
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Impact Surface and Crush Plate: The crush test is performed on an outside test pad located on
an abandoned concrete foundation for Building 8343 in N-Area at the SRS. The test pad is
qualified as an unyielding impact surface [] and is constructed from a steel plate grouted in place
on top of the abandoned building footing. The steel plate is 4 ft square by 3 inches thick, and is
floated on approximately % inches of grout and anchored to the building footer by five (5) 5/8-
inch diameter, 7-inch long, Hilti lag bolts one at its center and four at the plate corners. The
combined weight of the base plate and concrete footer is approximately 6,000 Ib.

The crush plate is fabricated from a 40-inch square by 2)5-inch thick, carbon steel. The plate has
a measured weight of 1,170 1b. The plate is threaded for four (4) lifting eyes located at the four
plate corners. During testing the plate is magnetically released. The release mechanism is a
RELEASE-A-MATIC, Model H44-3, limited to 4,500 1b safe working load. Figure 2.41
illustrates the crush test pad with the crush plate suspended above it.
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Figure 2.41 - Crush Pad shown with 1,170 Ib Impact Plate Suspended Above

Three package crush orientations were selected to cause the greatest package damage, center of
gravity over the top (CGOT), horizontal and top-down impact. Appendix 2.6, Table 1 lists the
HAC test summary for the 9977. Figure 2.24 lists the analysis configurations for the crush. Of
the three crush orientations the CGOT causes the greatest external damage to the overpack and
was performed on two packages. However, the initial 30-ft drop orientations preceding these

two crushes varied.
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2.7.2.1 Test — Crush CGOT

Test Package SN-2 that was dropped CGOT from 30-ft was crushed directly over the area of
damage from the 30-ft drop, see Figure 2.42. Figure 2.43 compares the cumulative damage of
the drop and crush to radiography. Figure 2.44 compares the cumulative damage resulting from
analyses that were performed at 75°F, 140°F and at 300°F to complement drop testing.. The
crush analysis is different in that the drum was first dropped CGOB and then crushed CGOB
while SN-2 dropped and crushed CGOT. Appendix 2.10 provides a detailed summary of the
crush test with additional photography and radiographs. Results of the drop and crush analyses
are provided in Appendix 2.6. The maximum stress calculated in the CV was 42 ksi, at 75 °F,
which is less than the Code allowable of 57.8 ksi. Drum strain was approximately 21% for all of
the analyses and is less than the 35% allowable, therefore the drum will not rupture from the
combined drop and crush.

SN-2 was crush tested under ambient conditions. The primary impact increased the region of
circumferential damage from 18-inches, due to the drop, to 34-inches as shown in Figure 2.43.
The bottom of the drum, opposite the impact, had about 28-inches of circumferential damage
(180°) and was crushed in approximately 2% at the center of damage. The edge weld along the
top of the lid pan developed a crack in the area of the crush. Scalloped areas between bolts
initially opened by the 30-ft drop were closed.

30-Ft Drop
Test Damage

1
1

SN-2

Figure 2.42 Test - CGOT Drop/Crush Orientation
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Maximum CV Stress 42 ksi

Max Drum Strain 21%

Maximum CV Stress 38 ksi

Max Drum Strain 21%

300°F

Maximum CV Stress 38 ksi

chage With rl
step Time =

Max Drum Strain 19%

ormaticn Scale Factor: 9

Figure 2.44 CGOB Crush Analysis Comparison at 75°F, 140°F and at 300°F
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2.7.2.2 Test — Side Crush

Test Package SN-3 that was dropped horizontally from 30-ft and then crushed directly over the
area of damage from the 30-ft drop. Figure 2.45 shows the cumulative damage from the drop
and crush. SN-3 was crush tested after chilling to less than -20°F. The crush plate fell slightly
off axis impacting the drum rim first followed by a slap down onto the bottom of the drum. The
unintentional slap-down temporarily crushed the bottom of the drum to about one-third its
original diameter. At the peak of drum ovalization the drum chime split open at about
90-degrees away from the point of crush plate impact. The split was 11 inches long or about
20% of the drum circumference. It is postulated the split occurred because the steel is cold
worked when formed into the drum chime. Some of the foam adjacent to the split was still in the
drum but was observed to be broken into a few small chunks. While there was significant
damage observed at the bottom of the drum, the top of the drum experienced much less damage.
Appendix 2.8 provides a detailed description of the damage. As a result of the chime split the
drum bottom was redesigned with a welded sanitary closure. The crimped chime was replaced
with a ¥4-inch diameter rolled wear ring.

Figure 2.46 compares the cumulative drop and crush damage resulting from analyses that were
performed at -20°F, 140°F and at 300°F for the 6CV. Figure 2.47 shows damage for the
comparable orientation for the SCV. Because of the crush plate off angle impact, no direct
comparison can be made between the -20°F 6CV analysis and the -20°F tested drum. The
analyses are also slightly different than the prototype test as the crush plate is dropped opposite
to the drop damage. By comparing the 30-Ft side drop strain plots, Figure 2.34, with the crush
strain plots of Figure 2.46, it can be easily seen that as the foam becomes less rigid more of the
crush load is transmitted through the foam and deforms the liner. The greatest deformation can
be observed by comparing the 300°F analyses. Radiographic comparison of the pre- and post
crush of SN-3, Appendix 2.10, Figure 58 appears to show some additional damage to the liner
after the crush. However, on closer inspection of the DR it may be that the observed
deformation was pre-existing and only appears to be an extension of the crush due to a slight
rotation of the drum DR view angle. Drum strains are at least double for the crush over those
calculated in the 30-ft drop. The greatest drum strain calculated is 38% for the 300 °F analysis.
The maximum strain is located at a lid bolt hole and exceeds the 35% strain limit. However, the
strain is local compressive strain and would not be considered to affect the package performance
in the subsequent puncture and fire. The maximum strain in the liner is 10% at 300°F.
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11-inch Split

£

Chime Rim Split

Approximation of original Minimal lid damage

SN-3 18%,”drum diameter

Figure 2.45 Side Drop Crush Test SN-3
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Liner deformation adjacent to
crush plate impact increases
as the foam stiffness
decreases

Side Drop/Crush 140°F
Max CV stress 38 ksi

Max drum strain 32.3%
Wt — bottom of CV

¢ Side Drop/Crush -20°F
Max CV stress 41.9 ksi
Max drum strain 28.2%
Wt — middle of CV

Max liner
strain 10%

Side Drop/Crush 300°F
Max CV stress 47 ksi
Max drum strain 38%
Wt — bottom of CV

Figure 2.46 Side Drop and Crush Analysis with 6CV
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Side Drop/Crush -20°F
Max CV stress 53.81 ksi
Max drum strain 37.4%
Wt — middle of CV

Side Drop/Crush 300°F
Max CV stress 44.7 ksi
Max drum strain 58%
Wt — middle of CV

Figure 2.47 Side Drop and Crush Analysis with 5CV

2-117



Revision 0 S-SARP-G-00001

2.7.2.3 Test — Top Crush

Test Package SN-4 was dropped top-down from 30-ft and then crushed on its top over the area of
damage from the 30-ft drop, see Figure 2.48. The drop and crush sequence was intended to
assess damage to the top of the drum from a dual impact. Figure 2.49 shows the cumulative
damage of the drop and crush. SN-4 was drop and crush tested at ambient conditions with the
6CV and 100 b payload.

The crush plate fell slightly off axis impacting one side of the drum rim first, Figure 2.49. The
off axis impact caused the drum to preferentially buckle along the side below the initial point of
impact, as shown in Figure 2.49. The plate rebounded vertically and struck the drum a second
time on its side as it lay horizontally. Appendix 2.8 provides a detailed summary of the test.
External examination of the drum found the only damage to be the exacerbation of a buckle in
the drum directly below the rim, which occurred in the 30-ft drop. Also the drum bottom rolling
hoop was deformed. The top and middle rolling hoops were unaffected by the crush, see Figure
2.49. The DRs clearly show that the liner was dented radially as the crush plate pivoted the lid
bottom into the liner.

30-Ft Drop Crush Setup

Setup

B
2
]
|
i
]
L
L
N

-]

— g

Figure 2.48 Test Drop/Crush SN-4 Package Orientation
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Buckle below
rim increased
from 30-ft

Bottom rolling
hoop buckled
from crush

SN-4
Plate first :
impact SN-4

30-Ft Droo |

The crush plate forces the lid Drum buckle below rim
bottom into the liner.

Figure 2.49 Test Top Crush Damage for SN-4
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2.7.2.4 Test — CGOT Crush

Test Package SN-5 was dropped bottom-down from 30-ft and then crushed CGOT, see Figure
2.25. The drop and crush sequence was intended to challenge the liner connection to the top
deck. Figure 2.50 shows the cumulative damage of the drop and crush. SN-5 was crush tested at
ambient conditions with the 6CV and a 100 Ib payload.

External damage to the drum as a result of the bottom down free drop was minimal, Figure 2.29.
The crush causes the majority of drum damage. For this test the crush plate fell off axis as
shown in Appendix 2.10 Figure 107. The crush produced roughly an equivalent level of
deformation on the opposing corners of the drum, Figure 2.50. The three radiographs shown in
Figure 2.51 easily identify the external damage to the drum. With the exception of some slight
buckling in the liner around the Top LDF and the bottom of the Lid there is no other apparent
damage inside the overpack.

Plate
Impact

About same
| damage top
and bottom

SN-5 SN-5

Figure 2.50 Test CGOT Crush (SN-5)
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SN-5

0 Degrees

Crush Plate Impact

Damage is mostly external, though there is
30-Ft bottom drop _ some slight liner damage seen around the Top
preceded crush F LDF and Lid bottom.

120 Degrees 150 Degrees

Figure 2.51 Test CGOT Post Crush Digital Radiographs (SN-5)
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In addition to the Top and CGOT crush tests performed to physically evaluate damage to the
9977, complimentary FEA was performed to calculate package stress and strain.

Figure 2.52 illustrates the three axial crush analyses performed. The first illustration shows a
bottom down drop followed by a top crush. This is similar to the planned test configuration for
SN-4, (top down drop; top crush), as summarized in Section 2.7.2.3. 75°F ambient foam
properties were used. The strain plot shows the drum body deforming just below the rim. There
is also some deformation around the bottom of the drum Lid. Deformations seen in the analysis
closely resemble the damage seen in SN-4, Figure 2.49. The maximum calculated stress in the
CV is 31.4 ksi. The maximum calculated strain in the drum is 9.2%. Both are within Code
limits.

No testing was performed where the bottom of the drum was crushed. Analysis was used to
evaluate this crush orientation. The second and third figure illustrates the drum subjected to a
top down drop followed by a bottom crush. Two temperature cases were analyzed, 140°F and
300°F. As seen in Figure 2.52, the decrease in foam stiffness with the increased temperature
results in collapse of the drum rolling hoops and lateral deformation of the liner where the piston
effect of the CV/Top LDF impact has caused displacement of the lid liner bottom. For the 140°F
case, the maximum calculated strain in the drum is 12.7% and 9.5% in the liner. For this case
the maximum calculated stress in the CV is 17.8 ksi. For the 30°F case, the maximum calculated
strain in the drum is 22% and 16.5% in the liner. For this case the maximum calculated stress in
the CV is 37.1 ksi. All these values are within Code limits.
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Drum and liner
deformed by top

crush

Crush

.th Plate
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Bottom Down Drop
Followed by Crush onto =" 5% 00008-02
Top at 75°F Top Down Drop
followed by Crush onto Top Down Drop o
Bottom at 140°F Followed by Crush onto
Bottom at 300°F

Figure 2.52 Analysis — Top and Bottom Down Drops Post Crush Strain Plots
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2.7.3 Puncture

Requirement: 71.73(c)(3) Puncture. A free drop of the specimen through a distance of 40
inches in a position for which maximum damage is expected, onto the upper end of a solid,
vertical, cylindrical, mild steel bar mounted on an essentially unyielding, horizontal surface. The
bar must be 6 inches in diameter, with the top horizontal and its edge rounded to a radius of not
more than 0.25 inches, and of a length as to cause maximum damage to the package, but not less
than 8 inches long. The long axis of the bar must be vertical.

Evaluation: The 9977 design was tested and analyzed to evaluate the effects of puncture per
10 CFR 71.73(¢c)(3). Analysis and test demonstrate that the sequential HAC puncture test will
not adversely affect the performance of the package before being subjected to thermal testing.

2.7.3.1 Puncture Testing

Puncture Bar: Puncture tests were performed at SRS in building 730-A. The puncture bar used
for package testing is 6-inches in diameter by 40-inches long which exceeds the minimum 8-inch
length.! Its top edge includes a machined "4-inch radius. The bar is welded to an 18-inch square
by 2-%4 inch thick steel plate. The base of the bar is also gusseted with three equally spaced 5-
1/2 inch by Y2-inch thick triangular steel plates. The plate is in turn welded to the target pad that
is used for the NCT 4-foot drops and HAC 30-foot drops. The pad is an unyielding surface as
described in Appendix 2.7. Figure 2.53 shows test package SN-4 suspended above the puncture
pin in preparation for testing.

-

9977 SN-4 is shown balanced
and aligned over the stationary
pin before being lifted 40-inches
above its surface for dropping.

I The selection of a 40-inch bar length is based on past testing where drum packages equipped with the standard
bolt-ring-nut closures were common. The bar length permitted a drum to be dropped in a vertical bottom-down
orientation and strike the drum closure prior to the drum bottoming out on the ground. Present drum designs are not
subject to the same damage. The current 40-inch long bar exceeds the minimum 8-inch bar length and adds
conservatism into the test as the package is dropped from a height of over six (6) feet following the preceding HAC
tests.
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Figure 2.53 - Puncture Pin Test Setup (SN-4)

A horizontal drop over the package center of gravity was selected to do the most damage. Lesser
angles over the package CG may exert more localized stress to the drum surface but because of
the drum assembly’s rigidity, due to the foams stiffness, the package will tend to slide and or
rotate from the point of impact and therefore the full inertia of the package would not be realized
at the point of impact. This glancing effect can be seen in the “half-moon” secondary impact
shown in Figure 2.32. Finite element analysis was performed to determine overpack shell stress
for varying drop orientations and puncture angles at both tested and untested conditions (see
Section 2.7.3.2).

SN-2 through -5 were puncture tested in a horizontal position over the package center of gravity
as illustrated in Figures 2.54 & 2.55. Additionally, SN-3 was subject to a bottom-down puncture
test in an attempt to exploit a rip in the drum chime which occurred during its crush test. Figure
2.54 illustrates the puncture damage typical of all the packages that were dropped horizontally.
The deflection of the drum surface resulting from these drops was typically an
approximatel/8 inches dent. As shown, part of the drum rolling hoop is depressed where the
edge of the pin contacted half of the hoop. To the right of the initial damage is secondary
damage after the drum rebounded off of the pin and struck a second time. The drum impacted a
third time at the top rolling hoop before coming to rest. No rupture or indication of a potential
drum rupture was observed in this or any of the puncture tests.

Initial bar impact
(horizontal 0-degree)

Direction of
secondary
| impact

Secondary point of
impact (45 degree)

Tertiary point of
impact (60 degree) SN-4
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Figure 2.54 - Post Puncture Test (SN-4)

Figure 2.55 shows the radial split which occurred along SN-3s drum chime from the crush and
the resultant deformation after the puncture test. The puncture test did not increase the size of
the split; however, it did cause a section of it to protrude from the drum bottom exposing more of
the foam. Subsequent thermal testing showed that even with the added exposure of foam,
package performance was not significantly affected. As a result of the split the design for the
drums bottom was revised to eliminate the standard crimp-seal chime to a fully welded sanitary
drum bottom with an external skirt. A discussion of the design change is provided in Appendix
2.8.

A detailed description of all the puncture tests and a summary of the results are provided in
Appendix 2.10.

Opening increased

117 Radial Split by up to 1/2-inch

SN-.3 Crush Test Damage (minimal gap)  Puncture Test Damage, -20 °F, SN-3

Dropped 60-degree over crush damage
Figure 2.55 - Pre and Post Puncture Damage (SN-3)

Based on the observed test damage, the effects of the puncture drop after the free-drop and crush
tests is negligible and would not affect the performance of the package in the subsequent thermal
test.

2.7.3.2 Puncture Analysis

Puncture analyses were performed to demonstrate that other drop orientations, puncture angles
and package conditions that were not tested, would not show an appreciably greater amount of
damage than the tested configurations. This demonstrates that packages punctured at different
conditions would not alter their performance in the fire test. The results for the drum puncture
evaluation, Appendix 2.9, show that the strain in the drum’s stainless steel wall is not greater
than 20%, which is less than the 35% rupture strain of stainless steel. Therefore, the drum would
not be expected to tear. The finite element analyses that were performed to determine the effects
of puncture on the package did not include the cumulative damage of the initial HAC impacts
(free-drop and crush). Nevertheless, these analyses complement and benchmark puncture testing

2-126



Revision 0 S-SARP-G-00001

that was performed. This is considered acceptable as the observed damage from puncture testing
on the 9977 was minor. With the exception of the tear in the bottom chime of the drum, damage
resulting from the free-drop and crush tests does not appear to influence puncture damage.

Two puncture models were analyzed to assess shell stress for the multi-angle drops, as shown in
Figure 2.56. The heavier 6CV configuration was modeled, bounding the lighter 5CV
configuration. The first model assumed the drum was positioned horizontally and the pin struck
at its CG, similar to testing. The second model assumed the drum was positioned top-down and
pin strike was at the drums CG. Each model was then rotated 45-degrees and dropped onto the
same location and resulting damage assessed. Bottom-down drop analyses were not performed
as it was concluded the horizontal puncture would show similar damage. For the horizontal
drops the foam properties were varied from -20 °F to 300 °F to simulate NCT conditions. For the
top-down puncture analyses the packaging material properties were modeled at 75°F since the
properties of the insulating materials used in the lid are not temperature sensitive over the noted
range.

°/l4—— Tested
configuration

Figure 2.56 - Puncture Analysis of Horizontal and Vertical Oriented Packages

The analytical results for drum strain and CV stress are compared against their respective
allowables and the allowable maximum values of the primary membrane stress intensities for the
CV are shown in Appendix 2.9, Table 1. The maximum values of primary membrane stress
intensities in the containment vessel is 46.55 ksi for the sided drop at -20 °F and is within the
Level D service load allowable limits specified in the ASME Code, Section III, Appendix F,
57.8 ksi. The analytical results found negligible plastic deformation in the containment vessel
during the impact condition. The maximum calculated value of the effective plastic strain in the
drum is 15.8% for the top down 45-degree drop onto the drum lid. This value is less than the
minimum elongation of 35% for the 304L lid material. Therefore, the drum will not be ruptured
by the 40-inch drop of the package onto the bar. Strain reported are maximum peak values and
not averaged across the material thickness.
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Based on the summary of test damage in the preceding section and the analysis, it is concluded
the effects of the puncture drop following the free-drop and crush tests has a negligible effect on
the subsequent thermal test.

2.7.4 Thermal

Requirement: 71.73(c)(4) Thermal. Exposure of the specimen fully engulfed, except for a
simple support system, in a hydrocarbon fuel/air fire of sufficient extent, and in sufficiently
quiescent ambient conditions, to provide an average emissivity coefficient of at least 0.9, with an
average flame temperature of at least 1475°F for a period of 30 minutes. The fuel source must
extend horizontally at least 40 in, but may not extend more than 10 ft, beyond any external
surface of the specimen, and the specimen must be positioned 40 in above the surface of the fuel
source. For purposes of calculation, the surface absorptivity coefficient must be either that value
which the package may be expected to possess if exposed to the fire specified or 0.8, whichever
is greater; and the convective coefficient must be that value which may be demonstrated to exist
if the package were exposed to the fire specified. Artificial cooling may not be applied after
cessation of external heat input, and any combustion of materials of construction, must be
allowed to proceed until it terminates naturally.

Evaluation: Compliance with the thermal requirements of HAC is shown by test and thermal
numerical analysis. Following the HAC drop testing, four test units were each subjected to a
HAC pool fire in accordance with 10 CFR71.73(c)(4). One of these units had previously been
subjected to the full suite of 10 CFR17.71 NCT tests. Prior to each pool fire, the unit being
tested was preheated in an environmental chamber at 200°F for a minimum of four (4) days.
The 200°F soak temperature was chosen based upon the calculated 6CV O-ring temperature
under NCT without insolation, as analyzed in Section 3.1.3.1. The 200°F also conservatively
bounds the maximum foam temperature of 185°F, under the same conditions. The packages
were insulated when in transit from the environmental chamber to the thermal test facility and
heated and insulated while at the test facility prior to beginning the thermal test.

Temperature indicating labels were used to determine the maximum temperatures reached during
the fire. The temperature indicating labels (TILs) have “dots” which change from white or
yellow to black when a specific temperature is reached, see Figure 2.57. Each TIL spans a
specific temperature range, typically in seven (7) discrete steps, for a total of eight (8)
temperatures. The set of TILs shown in Figure 2.57 cover the range from 170 °F to 500°F. The
lowest value indicator “dot” that has not turned black is conservatively used as the temperature
which that component has reached. For the set of labels shown in Figure 2.57, the component
reached at least 330 °F but not 340°F, therefore, it is assumed that the component maximum
temperature was 340°F. The TILs shown are for the practice package, (i.e., only the Fiberfrax
blanket surrounding the liner and insulated drum lid thermally protected the CV.) By
comparison, the equivalent temperature dot for the foam insulated drums for the same location
on the CV was less than 250 °F for all of the burned drums, Appendix 2.10.

The maximum CV temperature recorded from the SN test series, with foam, was 270 °F on the
top of the cone seal nut for SN-4. Based on thermal analysis of the 4-day, 200 °F soak, the CV
temperature increased by about 90 °F as a result of the 30-minute fire.
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J

Temperature Used for
Package Evaluation.

s§§gEsfds

Maximum Temperature
Indication

Label bank taken from “Practice Package”; located on outside bottom of CV

Figure 2-57 Typical Set of Temperature Indicating Labels

Following the thermal test each package was permitted to cool in the pool fire test structure. (See
Figure 3.17). After the packages had cooled they were digitally radiographed, destructively
examined, and the CVs leak tested. All CVs remained leak tight, see Table 2.26.

Destructive examination following the regulatory burn showed that the packages were consistent
in regard to the residual char formation that remained from the degraded foam. Figures 2.58
through 2.61 are photographs of the four SN test drums sectioned following the fire. The char
formation within each drum is essentially the same; degraded foam is replaced by an interlocked
weave of various size char nodules. The char is fairly resistant to mechanical damage as the
drums were handled and transported over 70-miles from the test site before being radiographed
and then subjected to shocks and vibrations received during sectioning activities. Similar char
formation was observed on the DP Series test packages (Reference 52, Figure 71, pg. 69).

From an outward appearance, the char in each package is similar. However, volumetrically, the
percentage of un-degraded polyurethane foam varies from 27.6% to 36.8%. Though the ratio of
degraded foam to un-degraded foam varies by as much as 25%, the temperatures recorded within
the drum liner are relatively unaffected. Even for the “practice drum” which had no foam, the
temperatures inside the liner where not significantly greater than those when foam is present.
The percentage of degraded foam to un-degraded foam is likely a function of its initial pour
integrity, the damage it receives (i.e., cracks, fissures, local fragmentation) from impacts and the
vent area of the enclosing drum. Since the temperatures inside the liner appear independent of
the percentage of foam degradation, this supports the hypothesis that the foam provides more
structural than thermal protection. Nevertheless, even with the variations in foam degradation
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observed, the TILs show that the foam and Fiberfrax layer keep the CV assembly well below its
design temperature limits.

In addition to the foam decomposition matrix which provides thermal protection, the Fiberfrax
wrap around the liner significantly impedes the direct impingement of hot gases from the
intumescing polyurethane. Though not a true vapor barrier, the Fiberfrax composite material has
been shown by testing to be effective in attenuating the encroachment of gases from the HAC
fire event onto the liner. Figure 2.61 compares the SN series thermal test results to that of the
earlier DP series which shows the mitigating effect of the Fiberfrax wrap. The average CV
temperature difference between the DP and SN thermal test was 60° higher for the DP packages.
The DP packages with higher temperatures still did not exceed packaging material thermal
limits.
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Bottom of drum following drum
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e Char depth at drum bottom
is about 2.2 inches.
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Figure 2.58 Foam Char Formation in SN-2
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Bottom of SN-5
removed to extract CV
from liner. Foam is
securely attached to the
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bottom.
e Char depth at
drum bottom is
about 2.2 inches.
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containers
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Figure 2.59 Foam Char Formation in SN-5
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inspection of
the degraded
foam.

Foam nodules
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shaped and
interlocked.

Not readily
detectable but
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drum; top is
half char half
foam.

SN-3

Figure 2.60 Foam Char Formation in SN-3
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Figure 2.61 Foam Decomposition Product Comparison between DP and SN Package
Designs
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As shown in Table 2.25 all test packages were leak-tight following the 30 minute pool fire.

The package, with maximum internal heat load, was analyzed in a fire at 1475°F. Package
temperatures reached the values shown in Table 3.2. Temperatures internal to the overpack were
well below the limits for the CV and O-ring materials as given in Table 3.2. Therefore, the HAC
fire event will not compromise the leaktight performance of the 9977 CV.

2.7.4.1 Summary of Pressures and Temperatures

Peak HAC temperatures and pressure are calculated in Appendix 3.1, and thermal analysis
results are summarized in Table 2.27.

Table 2.28 - HAC Thermal Analysis Results for the 9977 Shipping Package

Calculated Calculated Calculated
Package NCT HAC HAC
Component Temperature Temperature MNOP
(°F) (°F) (psig)
5CV 6CV 5CV 6CV 5CV 6CV
Containment 260 | 321 | nie | 400 | 485 | 350
Vessel
Contents 280 350 n/c 425 na na

2.7.4.2 Differential Thermal Expansion

The HAC temperatures for the containment vessel are summarized in Table 2.27 (See Section
3.3). The HAC temperatures are greater than the temperatures calculated for NCT, however, the
differential thermal expansion calculation for the NCT conditions assumed 500 °F (see Section
2.6.1.2) which bounds the HAC temperatures listed in Table 2.2. Based on the NCT differential
thermal calculations reported in Appendix 2.1 component thermal expansion does not affect the
performance of the 9977 package.

2.7.4.3 Stress Calculations

Stresses from pressure loadings and from other primary loadings are combined for comparison to
the stress limits specified in RG 7.6. However, small structural loads from the <2 °F temperature
gradient across the vessel wall produce negligible stresses and were not incorporated into the
final stress results. Stresses resulting from CV design pressure and HAC thermal loadings are
calculated in Appendix 2.2 and include fatigue analysis required by RG 7.6. The stress intensity
totals that include fabrication, primary, and secondary stresses are shown to be less than 25, at
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10 cycles based on the design fatigue curves in Appendix I of the ASME BPVC. The stresses
resulting from the HAC drop and crush impacts are reported in Table 2.28, and from puncture
are in Appendix 2.9, Table 1. All reported stresses are within the Level D service load allowable
limits specified in the ASME Code, Section III, Appendix F, 57.8 ksi. Therefore, based upon the
leak-tight performance of the CVs following the HAC fire, the 9977 satisfies the performance
requirements of I0CFR71.
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Table 2.29 - Summary of Calculated and Allowable Stress Intensities
6-inch and 5-inch Diameter Containment Vessel HAC (30-Foot) Drop and Crush

Calculated Maximum Values of Stress Intensities for the Containment Vesse

(ksi)
HAC Load Cases °
30-Foot Drop Crush
-20 °F -20 °F
ambient, 75 °F 140 °F 260/300 °F ] ambient, 75 °F 140 °F 260/300 °F
zero watts Zero watts
Top Down 29,960 30,020 39,270 17,830 37,140
Bottom Down 51,190 46,320 42,020 38,220 31,400
CGOT 47,990 47,840 42,810
CGOB 49,960 48,050 37,760 42,120 38,190 37,930
é Side-wt in Middle 42,820 41,970

Side-wt in Bottom 45,300 46,220 37,990 47,030

Side-wt in Top 52,400 46,520

15° Slap on Top 43,760 42,210

15° Slap on Bottom | 40,330 32,480 29,380
Side-wt in Middle 44,310 43,970 53,810 44,770

§ CGOT 46,000
15° Slap on Bottom | 45,400
a  Values listed are maximum values at any location on the CV.
b  The allowable true stress intensity limits are 57.8-ksi for P, and 74.3-ksi for Py.

See illustration on next page of the drop orientations
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2.7.4.4 Comparison with Allowable Stresses

Detailed stress calculations for the package are given in Appendix 2.6. For a simple
conservative assessment of the stresses resulting from combination of NCT and HAC stresses,
the minimum margin NCT stress from Table 2.15 can be added to the maximum HAC stress
from Table 2.28. For NCT the maximum Primary (Membrane+Bending) stress is 13248 psi for
the SCV. The Maximum local primary membrane stress in Table 2.28 is 53,810 psi, also for the
5CV. Addition of these two maximum values results in a combined value of 68,048 psi.
Comparison of this value with the true stress intensity, Py, allowable limit, 74,300 psi, from
Table 2.28, results in a code margin of 8.4%. Even with the extremely conservative combination
of maximum stresses from different locations on different parts and minimum possible pipe wall
thickness, the containment vessels have margin above the demand due to combination of NCT
and HAC loads.

2.7.5 Immersion — Fissile Material

Requirement: 71.73(c)(5) — Immersion--fissile material. For fissile material subject to § 71.55,
in those cases where water inleakage has not been assumed for criticality analysis, immersion
under a head of water of at least 3 ft in the attitude for which maximum leakage is expected.

Evaluation: The 9977 package criticality analysis assumes water inleakage and therefore the
immersion test was not performed. Though not performed, the 9977 containment vessel design
is similar to other packages which utilize its design on which water immersion under a 3-ft head
of water was conducted and no inleakage found. (See Section 2.7.6)

2.7.6  Water Immersion—All Packages

Requirement: 71.73(c)(6) — Immersion--all packages. A separate, undamaged specimen must
be subjected to water pressure equivalent to immersion under a head of water of at least 50 ft.
For test purposes, an external pressure of water of 21.7 Ibf/in” gauge is considered to meet these
conditions.

Evaluation: Immersion testing was not performed on the 9977. Instead the 9977 is shown by
comparison to demonstrate compliance with 19 CFR 71.73(c)(6) due to its similarity with the
9966 package containment system. The 9966 package employs the identical containment vessel
closure design as used in the 9977. Inspection of the tested 9966 package