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Mr. E. William Brach, Director

Spent Fuel Project Office

Office of Nuclear Material Safety and Safeguards
US Nuclear Regulatory Commission

1 White Flint North

11555 Rockville Pike

Rockville, MD 20852-2738

Subject: Consolidated Application for 10-142B Package, Docket No. 71-9208
Reference: NRC Request for Consolidated Application for the Model No. 10-142 Package, Dated September 4, 2001
Dear Mr. Brach:

In response to the above referenced request by your office, ATG has prepared a consolidated application for the subject
package. This consolidated application incorporates information that is referenced in the current certificate. Attachment
1 to this letter lists all supplements addressed by the consolidated application and method of their incorporation. Please
note, in some cases, later supplements may have superceded previous supplements. All these cases have been addressed
in Attachment 1.

Attachment 2 to this letter is a revision summary describing all affected pages, the nature of the revision and the basis for
the revision. Revision bars have been placed next to all the affected paragraphs in the document, except where minor
grammatical or editorial errors were corrected.

As part of this consolidation effort, ATG has combined the proprietary and the nonproprietary versions of the design
drawings referenced in condition 5(a)(3) of the certificate, as supplemented in ATG’s 6/22/2001 application. Based on
the above, design drawing X-103-110-SP, Rev. J and X-103-110-SNP, Rev. D were consolidated into a nonproprietary
drawing X-103-110-SNP, Rev. E, which supercedes the aforementioned proprietary drawing. This decision is justified by
the age of the original application and its current approval status.

Enclosed please find three (3) copies of the consolidated application for the model 10-142 package, ATG Safety Analysis
Report for the 10-142 Shipping Cask, SAR-10-142, Rev. 1, 5/2002, for your files.

Should you need to contact me, I can be reached at (865) 425-1014, or via e-mail at tony.patko@atgcusa.com.

Sincerely,

Ate (R4
Anthony L. Patko
Manager, Engineering and Licensing

Encl. N\

cC: Nancy Osgood — NRC O’D \Ej

Ken Hilton - ATG \§ by
10-142B < \y

1550 Bear Creek Road » Kingston, Tennessee 37763 ¢ (865) 425-1100 e Fax (865) 425-1010



Mr. E. W. Brach, Director
Spent Fuel Project Office

US NRC

ATTACHMENT 1

Summary of ATG SAR-10-142 Consolidation per NRC C of C No. 9208, Rev. 12,

Supplements

Supplement | C of C Rev. Subject Incorporation
Dated No. Change
May 24, 3to4 Quality Assurance Program Chapter 9 updated, per NRC
1991 February 26, 2002 approval
letter, to approval number
0870, Rev. 3
Leak test procedures Superceded by November 24,
1992 Supplement for C of C
Rev. 5
Fissile material limits Superceded by May 19, 1993
Supplement for C of C Rev. 6
November 4to5 Freon leak test replaced by Chapters 4 and 8 revised,
24, 1992 CO; leak test including incorporation of ANSI
N14.5-1977 analysis from
Supplement
Cavity seal maintenance Chapter 8 revised
May 19, 5t06 Type and form of material and | Chapter 1 clarified with respect
1993 maximum quantity of material | to LSA limits, fissile material
per package limits, use of secondary
containers, transuranic limits,
and cask payload weight limit
January 20, | 6to7 Transuranic limits for resins Chapter 1 clarified with respect
1994 to transuranic limits for resins
Certificate holder name Superceded by current SAR
change from NuPac Services, | consolidation
Inc. to VECTRA Technologies,
Inc.
May 186, 7t08 C of C renewal No change to SAR required
1996
August 5, 8to 9 Certificate holder name Superceded by current SAR
1997 change from VECTRA consolidation
Technologies, Inc. and Molten
Metal Technology, Inc.
December 1, | 9to 10 Certificate holder name Superceded by current SAR
1998 change from Molten Metal consolidation
Technology, Inc. to ATG
Nuclear Services L.L.C.
August 9 10 to 11 Pre-shipment leak test Chapter 7 revised
and 11, requirements
1999
March 15, 11t0 12 Use of bolts or studs and nuts | Chapters 1, 2, 4 and 7 revised
2001 on primary and secondary lids
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Mr. E. W. Brach, Director
Spent Fuel Project Office

USNRC

ATTACHMENT 1

Summary of ATG SAR-10-142 Consolidation per NRC C of C No. 9208, Rev. 12,

Supplements (Continued)

Supplement | C of C Rev. Subject Incorporation
Dated No. Change

August 22, 12013~ As part of the consolidation of | Drawing No. X-103-110-SNP,

2000 Drawings No. X-103-110-SP, Rev. E, incorporates changes
Rev. H and X-103-110-SNP,
Rev. D; text added to clarify
dimensional tolerances and
bolt or stud and nut use
Impact limiter lug pin-hole Drawing No. X-103-110-SNP,
diameter and tolerance Rev. E, incorporates change
revision and Chapter 2 incorporates

associated analysis

June 22, 12 to 13* Submittal of changes to Updated format and

2001 Drawing No. X-103-110-SP, consolidated proprietary (X-
Rev. H which incorporated 103-110-SP, Rev. H) & non-
August 22, 2000 submittal proprietary (X-103-110-SNP,
changes Rev. D cask drawing into X-

103-110-SNP, Rev. E.

July 31, 12t0 13* Radiation protection per 10 Chapter 7 revised

2001 CFR 20

September 12 to 13~ NRC request for consolidated | SAR consolidated, as

4, 2001 SAR summarized in this table,

based on Supplements cited in
Rev. 12 of C of C No. 9208;
SAR cask ownership revised
to: Allied Technology Group,
Inc. (ATG)

* Rev. 13 Pending: Consolidation of C of C, Rev. 12 supplements into SAR
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Mr. E. W. Brach, Director

Spent Fuel Project Office

ATTACHMENT 2

USNRC
ATG SAR-10-142, Revision 1 Summary
Pg. No. | Par. No. Nature of Revision Basis
General | General Clarified table/figure page callout, | Document format, clarity, and
improved figure/table presentation | style normalized
quality, and other minor editorial
changes; NOTE: there are no
revision bars for these minor
improvements
General | Header Revised Format Document format, clarity, and
and style normalized
Footer
Title Pg. | N/A Deleted "Proprietary” Corporate decision to drop
proprietary version of SAR
N/A Addressed cask ownership, name, | Current C of C supplements
and address consolidation into SAR submittal
Notice 1 Addressed cask ownership, name, | Current C of C supplements
Pg. and address consolidation into SAR submittal
iv 2 Replaced Freon with CO; based November 24, 1992 Supplement
seal integrity leak test and deleted | for C of C Rev. 5
soap bubble leak test
1-1 Title, 1 Addressed cask ownership Current C of C supplements
consolidation into SAR submittal
1-2 2 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
1-3 9 Clarified LSA limits; fissile material | May 19, 1993 Supplement for C
limits; use of secondary of C Rev. 6; January 20, 1994
containers; and transuranic limits | Supplement for C of C Rev. 7
1-4 1 Clarified LSA limits; fissile material | May 19, 1993 Supplement for C
limits; use of secondary of C Rev. 6; January 20, 1994
containers; and transuranic limits Supplement for C of C Rev. 7
2 Clarified cask payload weight limit | May 19, 1993 Supplement for C
of CRev. 6
2-1 6 Updated to consclidated drawing August 22, 2000 & June 22, 2001
X-103-110-SNP, Rev. E Supplements for C of C Rev. 13
(pending); Corporate decision to
drop proprietary drawing;
2-8 2 Updated to consolidated drawing August 22, 2000 & June 22, 2001
X-103-110-SNP, Rev. E Supplements for C of C Rev. 13
(pending); Corporate decision to
drop proprietary drawing;
2-9 2 Changed symbol typo from A to P | Text clarification
for pressure
2-10 4 Addressed cask ownership Current C of C supplements
consolidation into SAR submittal
5 Changed symbol typo from & to Text clarification
for angle beta
2-13 1 Addressed cask ownership Current C of C supplements
consolidation into SAR submittal
2-20 1 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
2-21 6 Clarified use of bolts or studs March 15, 2001 Supplement for C
of C Rev. 12
2-22 2 Clarified use of bolts or studs March 15, 2001 Supplement for C

of C Rev. 12

10of3




Mr. E. W. Brach, Director

Spent Fuel Project Office

ATTACHMENT 2

US NRC
ATG SAR-10-142, Revision 1 Summary (Continued)
Pg. No. | Par. No. Nature of Revision Basis
2-28 5 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
2-41 3,56 Corrected exﬁponent typo from Text clarification;
{10)6 to (10}
Updated overpack tearout August 22, 2000 Supplement for
analysis C of C Rev. 13 (pending)
2-43 1 Updated Overpack tearout August 22, 2000 & June 22, 2001
analysis Supplements for C of C Rev. 13
(pending)
7 Clarified use of bolts or studs March 15, 2001 Supplement for C
of C Rev. 12
2-45 4 Updated to consolidated drawing August 22, 2000 & June 22, 2001
X-103-110-SNP, Rev. E Supplements for C of C Rev. 13
(pending); Corporate decision to
drop proprietary drawing;
2-49 9 Corrected figure callout Text clarification
2-54 5 Clarified use of bolts or studs March 15, 2001 Supplement for C
of C Rev. 12
2-55 1 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
2-59 1 Updated format and consolidated | August 22, 2000 & June 22, 2001
proprietary (X-103-110-SP, Rev. Supplements for C of C Rev. 13
H) & non-proprietary (X-103-110- | (pending); Corporate decision to
SNP, Rev. D cask drawing into X- | drop proprietary drawing;
103-110-SNP, Rev. E.
2-60to | N/A Consolidated drawing X-103-110- | August 22, 2000 & June 22, 2001
2-64 SNP, Rev. E (5 sheets) Supplements for C of C Rev. 13
(pending); Corporate decision to
drop proprietary drawing;
2-80 Fig. box Clarified figure citation Text clarification
2-104 1 Clarified use of bolts or studs March 15, 2001 Supplement for C
of C Rev. 12
3-5 5 Corrected 4” value typo from Text clarification
13.625 to 13.265
3-6 2 Corrected A, value typo from Text clarification
13.625 to 13.265
3-8 1 Corrected V' formula bracket typo | Text clarification
from {(50.5 to {[(50.5 and
parameter typo from (36-a)} to
(36-d)}
3-20 1 Corrected typo in second ° £ Text clarification
temperature value in table column
heading from 100 to 130
3-26 1 Added text to describe existing Text clarification
SAR Rev. 0 solar load plus fire
analysis tabular data and plot
3-26to | N/A Added table numbers and titles to | Text clarification
3-28 existing SAR Rev. 0 solar load
plus fire analysis tabular data
3-29 N/A Added figure number and title to Text clarification

existing SAR Rev. 0 solar load
plus fire analysis plot
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Mr. E. W. Brach, Director ATTACHMENT 2

Spent Fuel Project Office

US NRC
ATG SAR-10-142, Revision 1 Summary (Continued)
Pg. No. | Par. No. Nature of Revision Basis
4-2 1 Added subsection title 4.1.1.1 for | Document style normalized
clarity
4-3 6 Clarified text Document style normalized
4-4 1,2 Clarified text Document style normalized
3,4 Added titled subsection 4.1.1.2 November 24, 1992 Supplement
covering CO, leak test analysis for Cof CRev. 5
4-5 All Continued subsection 4.1.1.2 November 24, 1992 Supplement
covering CO, leak test analysis for Cof CRev. 5
4-6 1,2 Continued subsection 4.1.1.2 November 24, 1992 Supplement
covering CO, leak test analysis for C of C Rev. 5
4,86,7 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
4-7 58 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
4-8 4 Updated to consolidated drawing | August 22, 2000 & June 22, 2001
X-103-110-SNP, Rev. E Supplements for C of C Rev. 13
(pending); Corporate decision to
drop proprietary drawing;
5 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
7-1 1,2 Clarified radiation protection July 31, 2002 Supplement for C
compliance of C Rev. 13 (pending)
5 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
7-2 2 Clarified use of bolts or studs and | March 15, 2001 Supplement for C
nuts of C Rev. 12
3 Clarified pre-shipment leak test August 9 and 11, 1999
requirements Supplement for C of C Rev. 11
7-4 1 Clarified radiation protection July 31, 2002 Supplement for C
compliance of C Rev. 13 (pending)
8-1 3 Updated to consolidated drawing August 22, 2000 & June 22, 2001
X-103-110-SNP, Rev. E Supplements for C of C Rev. 13
(pending); Corporate decision to
drop proprietary drawing;
7 Clarified text covering cask seal November 24, 1992 Supplement
maintenance for C of C Rev. 5
8-2 1 Clarified text covering cask seal November 24, 1992 Supplement
maintenance for C of C Rev. 5
2,34 Revised text to reflect CO, leak November 24, 1992 Supplement
testing for C of CRev. 5
8-12 Appendix | Replaced freon leak test November 24, 1992 Supplement
8.4.2 procedure with CO, leak test for Cof CRev. 5
procedure
N/A Appendix | Removed soap bubble leak test November 24, 1992 Supplement
8.4.3 for Cof CRev. 5
9-1 1 Addressed cask ownership; December 1, 1998 Supplement C
Revised text to reflect new Quality | of C Rev. 10; NRC letter dated
Assurance Program Approval February 26, 2002
9-2 Replaced NRC approval letter NRC approval letter dated
February 26, 2002
9-3 Replaced Quality Assurance Quality Assurance Program,
Program Approval sheet Approval Number 0870, Rev. 3
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ATG Safety Analysis Report for the 10-142 Shipping Cask SAR-10-142 |

NOTICE

This Safety Analysis report for the ATG Model 10-142 cask and all associated drawings including
amendments thereto are the property of ATG, Kingston, Tennessee. This material is being made
available for the purpose of obtaining required certifications from the U.S. Nuclear Regulatory
Commission and to enable others to register with the U.S.N.R.C. as a user of this package. No other use
of this material including reproduction is authorized unless by written consent of ATG. |

Unpublished - All rights reserved under copyright law. |

Rev. 1, 5/2002
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APPLICATION
FOR
NRC CERTIFICATE OF COMPLIANCE
AUTHORIZING
SHIPMENT OF NUCLEAR MATERIAL
IN
ATG MODEL 10-142 PACKAGING

1.0 GENERAL INFORMATION

1.1 Introduction

The model 10-142 packaging has been developed by Allied Technology Group, Inc. (ATG) as a |

safe means of transporting Type ‘B’ and large quantity levels of radioactive materials in all forms other
than liquids. Fissile radioactive material is limited to those exempt quantities licensed under 10 CFR
71.10 and IAEA Safety Series No. 6, Section VI. Authorization is sought for shipment -by cargo vessel,
motor vehicle and rail.

Radioactive material is contained within a heavy gauge cylindrical inner container or 'liner.! The
containment vessel itself is a shielded lead and steel cask surrounding the liner. Protection from the
normal conditions of transport and hypothetical accident conditions is provided by shock or impact limiters
placed peripherally around the top and bottom of the shield.

1.2 Package Description

1.2.1 Packaging

1.2.1.1 General Description

The Model 10-142 packaging is a reusable insulated and shock absorbing shipping package
designed to protect radioactive material from normal conditions of transport and hypothetical accident
conditions.

1.2.1.2 Materials of Construction Dimensions and Fabricating Methods

General Arrangement drawings of the Model 10-142 packaging are included in Appendix 2.10.1.
They show the overall dimensions as well as the materials of fabrication. A general outline of the cask is
shown in figure 1-1 and 1-2.

The packaging system consists of a pair of circular shock or impact limiters placed peripherally
around the top and bottom of a cylindrical shield. Each impact limiter has an external shell fabricated
from ductile low carbon steel which allows them to undergo large deformations without fracturing. All
joints are arc welded with full penetration welds to assure structural integrity.

The volume between the inner and outer shell of the overpack is filled with a shock-and-thermal-
insulating material consisting of rigid polyurethane foam having a density of approximately twenty pounds
per cubic foot. The insulating material is poured into the cavity between the two shells and allowed to
expand, completely filling the void. Here it bonds to the shells creating a unitized construction for the
packaging. Mechanical properties of these materials are further described in Section 2.3 below.

The upper and tower impact limiters are each pinned to the cask by eight 1-inch diameter ball
lock pins located symmetrically around the cask. The lower overpack may be built integral to the cask,
thereby obviating pins on the lower overpack.

Rev. 1, 5/2002 1-1
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The shield body consists of an external one inch thick shell and a 1/2-inch thick inner shell of
A516 gr 70 carbon steel. Three and one half inches of lead is located between the two for shielding. The
outer shell that is not covered by the impact limiters is covered with a 10 gauge stainless steel fire shield
that is held away from the body approximately 1/4-inch. Optionally, this area may be covered with Albi-
clad intumescent coating. The inner cavity of the cask and lid optionally may be clad with 12 gauge 304
stainless steel. The external surfaces of the cask lid and body under the impact limiters may also be clad
with 12 gauge 304 stainless steel, or else painted with high quality epoxy paints.

There are two optional lids. All lids consist of a basic primary lid consisting of two 3 inch thick 516
grade 70 steel plates that are fastened to the body with sixteen 1-1/2 inch bolts or studs and nuts. Within
the primary lid there is a 16 inch, or 29 inch centered secondary lid. The 16 inch lid is secured by eight
7/8-inch bolts or studs and nuts and the 29 inch lid is secured by sixteen 1-1/4-inch bolts or studs and
nuts.

The tiedowns are a structural part of the cask. The lifting lugs are an integral part of the cask lid.

All cask body welds are designed as full penetration and are made in accordance with weld
procedures qualified to ASME, Section IX requirements. This is verified on all longitudinal welds via full
radiographic inspection. All circumferential welds joining the inner and outer cask shells are made utilizing
groove configurations, that assure full penetration. Integrity of these welds is verified via magnetic particle
or liquid penetrant inspection.

1.2.1.3 Containment Vessel

The overpacks are not part of the containment vessel. Their prime function is to reduce the
severity of the hypothetical accident conditions such that the transportation cask can serve as the
containment vessel. As can be seen from the drawing in Appendix 2.10.1, the containment vessel uses
two 3 inch thick steel plates joined together to provide a 6 inch thick steel lid assembly.

A high temperature silicone gasket is employed in the primary and secondary lid interfaces. The
secondary lid also uses a redundant neoprene dust seal. To assure seal integrity, an operation and
maintenance program is prescribed together with a leakage test on the containment vessel prior to its first
use. (Refer to Section 7.0 and 8.0 below)

Dispersible waste products are contained within heavy gauge disposable steel liners.

1.2.1.4 Neutron Absorbers

There are no materials used as neutron absorbers or moderators in the Model 10-142 packaging.

1.2.1.5 Package Weight

Gross weight for the package is approximately 68,100 Ibs. This includes an estimated payload
weight of 10,000 ibs.

1.2.1.6 Receptacles

There are no internal or external structures supporting or protecting receptacles. A test port is
machined into the lid structure to facilitate leak testing.

1.2.1.7 Drain Port

The cask may be provided with a NPT pipe plug and drain system. its use is for removal of
entrapped liquids, i.e., rain, decontamination fluids, etc.

1.2.1.8 Tiedowns

Rev. 1, 5/2002 1-2
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Tiedowns are a structural part of the package. From the attached general arrangement drawing it
can be seen that four reinforced tiedown locations are provided. Refer to Section 2.5.2 for a detailed
analysis of their structural integrity.

1.2.1.9 Lifting Devices

Lifting devices are a structural part of the package. From the general arrangement drawing it can
be seen that three reinforced lugs are provided. Refer to Section 2.5.1 for a detailed analysis of their
structural integrity.

1.2.1.10 Pressure Relief System

There are no pressure relief valves.

1.2.1.11 Heat Dissipation

There are no special devices used for the transfer or dissipation of heat. The package maximum
design capacity is 400 watts.

1.2.1.12 Coolants

There are no coolants involved.
1.2.1.13 Protrusions

The only inner or outer protrusions from the cask body are the overpack attachment lugs, the
tiedown lugs, and the lid lifting lugs. These protrusions are all within the region protected by the
overpacks.

1.2.1.14 Shielding

The contents will be limited such that the radiological shielding provided will assure compliance
with DOT and |AEA regulatory requirements.

1.2.2 Operational Features

Refer to the General Arrangement drawing of the packaging, in Appendix 2.10.1. There are no
complex operational requirements connected with the Model 10-142 packaging and none that have any
transport significance.

1.2.3 Contents of Packaging

This application is for transporting the following radioactive materials as defined in U.S.A. and
|AEA regulations:

a) Type ‘A’ quantities in normal or special form;

b) Type ‘B’ quantities in normal or special form, as defined in 10 CFR 71.4 (q) and IAEA Safety
Series No. 6, Section 1V for Type B (U) packages;

c) ‘'Large Quantity’ radioactive materials, in normal or special form, as defined in 10 CFR 71.4
(s

d) Low specific activity (LSA) materials including greater than Type A quantity LSA materials.

e) Fissile material content shall not exceed the limits of 10 CFR 71.53.

f) Dewatered wastes, solid wastes, solidified wastes, and activated component materials are
limited fo a Type A quantity of transuranic materials. This limitation does not apply to LSA or
ion exchange resin materials.

Rev. 1, 5/2002 1-3 |



ATG Safety Analysis Report for the 10-142 Shipping Cask SAR-10-142 |

g) The chemical and physical form of the package contents will be in all forms, other than
liquids. This will include ion exchange resins in a dewatered state and miscellaneous
radioactive solid waste materials such as pipe, wood, metal, scrap, etc. Dewatered wastes,
solid wastes, solidified wastes, activated components, ion exchange resins, or LSA materials
may be in secondary containers.

The contents of the packaging shall not exceed 400 watts of internal decay heat, and shall be so
limited to those quantities of radionuclides which result in acceptable radiation dose rates on the exterior
surface of the package (200 mr/hr) and at 2 meters from the package surface (10 mr/hr). The maximum
weight of the cask contents, including dunnage and secondary containers, shall not exceed 10,000
pounds.
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FIGURE WITHHELD UNDER 10 CFR 2.390

Figure 1-1 Shielded Cask Model 10-142 Removable Lower Overpack
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FIGURE WITHHELD UNDER 10 CFR 2.390

Figure 1-2 Shielded Cask Model 10-142 Fixed Lower Overpack
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2.0 STRUCTURAL EVALUATION

This Section identifies and describes the principal structural engineering design aspects of the
packaging, components and systems important to safety and to compliance with the performance
requirements of 10 CFR 71 and LA .E.A. Safety Series No. 6.

2.1 Structural Design
2.1.1 Discussion

The principal structural members and systems in the Model 10-142 packaging are: (1) the
overpacks; (2) the primary containment vessel or transport shield, as described in Section 1.2.1, above;
and (3) the disposable steel liner. The overpacks and transport shield are identified on the drawings
shown in Appendix 2.10.1. They work together to satisfy the standards set forth in subparts E and F of 10
CFR 71 and applicable sections in |.A.E.A. Safety Series No. 6. A detailed discussion of the structural
design and performance of these components is provided below.

2.1.2 Design Criteria

As noted above, the waste products such as dewatered ion exchange resins are contained within
a welded heavy gauge disposable steel tank or liner. Resins are pumped into the liner where the carrier
water is drawn off leaving only the dewatered resins behind. Liners used for dewatered resins have been
pressure tested to 11.2 psig to substantiate their integrity. Liners are placed within the combined
transportation shield and overpack.

The shield top and bottom are each constructed of two 3-inch thick steel plates laminated
together to provide a full 6 inches of solid steel. Cylindrical side walls have an external skin of one inch
steel plate and an internal skin of 1/2-inch steel plate. These two plates encase 3-1/2 inches of lead
resulting in a total side wall thickness of 5 inches.

Overpacks or impact limiters provide localized protection to the critical areas of the assembly, one
of which is the primary lid to body interface or seal. This area must receive minimum deformation during
impact, as well as not exceed a maximum temperature of 500°F. Due to the design of the seal area,
direct compression, or crushing of the seal is not possible because the seal is recessed below the top of
the 1 inch thick cask outer shell.

2.2 Weights and Center of Gravity

The combined weight of the overpacks, cask and liner (or pay load) will not exceed 68,100
pounds. The overpack and cask weight is approximately 58,100 pounds. The center of gravity for the
assembled package is located at the approximate geometric center of gravity. A reference point for

locating the center of gravity is shown on Drawing X-103-110-SNP. Table 2.2-1 presents a more detailed |

weight breakdown for the 10-142 package.

Component Weight (Ib)
Upper Overpack 5,200
Primary plus Secondary Closure Lid 7.200
Main Cask Body (Steel = 16,150 Ib lead = 24,350 Ib) 40,500
Lower Overpack 5,200
Payload 10,000
Total 68,100

Tabie 2.2-1 10-142 Component Weights

Rev. 1, 5/2002 , 2-1



ATG Safety Analysis Report for the 10-142 Cask SAR-10-142

2.3 Mechanical Properties of Materials

The Model 10-142 packaging uses an outer and inner shell fabricated of various thicknesses of
low carbon hot rolled steel. Material properties of the steel are as follows:

ASTM A-516
Grade 70
Fu = 70,000 psi
Fiy = 38,000 psi
Fau = 42,000 psi
Foy = 22,800 psi

Tie-down lugs are fabricated from ASTM A-514 or ASTM A-517 steel. Material properties of these steels
are as follows:

Fu = 115,000 psi(A-517)
110,000 psi (A-514)
Fy = 100,000 psi(A-514 or A-517)
Fw = 69,000 psi(A-517)
66,000 psi (A-514)
Fy = 60,000 psi(A-514 or A-517)

Rigid polyurethane foam fills the cavity between the steel shells of the overpack. This material
will have a density of approximately 20 pcf and be of a self-extinguishing variety.

Figure 2.3-1 represents the stress-strain curve for the NuPac NPI.F6 foam applicable for this
package. The curve provides both minimum and maximum compressive properties derived from over 18
years of testing.

Foam Specification NPIL.F6 defines the detail foam testing procedure. It specifies that foam
samples will be taken during the actual foaming process and tested to verify that they are within the two
curves at 10%, 40% and 70% strains. Typically one sample is tested per batch of foam, and one
overpack may include as many as 6 or more batches. Occasionally, a data point from the test of one
sample may fall outside the range specified. In such a case, several more samples are prepared to verify
that 95% of the foam tests do fall within the curves at 10%, 40% and 70% strain.

The foam utilized in the 10-142 has been fully qualified throughout the stress strain spectrum that
would be experienced in an accident condition. Its reliable performance up to 80% strain has been fully
documented.

The proprietary process for placing the foam is highly developed and monitored under the control
of the NuPac NRC approved 10 CFR 71, Subpart H, QA System. The foam qualified up to 80%
compression was produced under the full control of this proprietary process. This is the exact foam
utilized in production 10-142 overpacks.

Each production pour is sampled in accordance with written procedures and subjected to
stress/strain testing. Compliance with the stress/strain curve is verified to 70% strain during the
production sampling tests. Many years of accumulated data has shown that stress/strain data within the
allowable tolerance band at 70% will proceed within the tolerance band out to 80%. A minimum of one
sample from each overpack will be tested to 80% strain to further demonstrate this.

Complete test series are run on each production pour placed in every 10-142 overpack. The data
is evaluated, accepted and retained in strict accordance with the NuPac QA system.
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Bolt or stud material properties are as follows:

Material Yield Strength  Ultimate Strength
A354 Grade BD (SAE Grade 8) 130,000 psi 160,000 psi
A540 Grade B24V Class 3 130,000 psi 145,000 psi

The nut material to be used with the stud is specified as ASTM A194, Grade 2H, Heavy Hex. In
accordance with ASTM A354 Grade BD (i.e., the strongest specified bolt material), the proof load stress
of this specified nut material (175,000 psi) is equivalent to that of the recommended A563, Grade DH,
Heavy Hex nut. This equivalency provides sufficient basis for use of the specified A194 nut per ASTM
A354-79 Section 1.3.

Lead shielding will possess those properties referenced in ORNL-NSIC-68, Table 2.6, Page 84.
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Figure 2.3-1 NPI.F6 Foam Properties Stress vs. Strain
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L PRODUCT NAME

ALBL.CLAD Imtuinescent Fice.

proofing Mustics

2, MANUFACTURER
Albi Manufscturing Curporation
Cities Service Company
98 E., Main Street
Rockville, Conn. 06066
Phone: (203) 875-3385

3. PRODUCT DESCIUPTION
Basic Use: ALBI-CLAD mastics
are intumescent costings applied to
provide fire protection %:r structural
stedd and to extend the inherent fire
protection of concrete or masonry.

ALBICLAD is used wherever a
longtlasting, durable, abrasion resist-
sat fireproofing is required.

. Unﬂkcﬁ othes!" o;oi:l;cntio:nl forms of
reproofing whi upon water
of uy-ulligtlion or ;‘::appg: air, the
intumescent coating gencrates & chem-
ical teaction when to flame
_g‘hc:t in cmcu:dl 300°F (148.9°C).
is heat activated resction generates
a2 multi-cellular, carbonaceous foam
many times the thickuess of the coat-
ing. This cellular carbonaceous foam
serves ss sa excelient hiﬁt tetupera.
ture insulator protecting the substrate.
Simulta; ly, this reaction liberates
inert gases in the form of pitrogen
and carbon dioxide which starves the
Rame of oxygen driving it further
away from the protected surface. The
carbonized surface acts as an excellent
radiation shield reflecting much of the
radiant en input. Further, this
reaction is :-n‘;l,othermic providing ad-
ditional caoling properties to the sub-
strate te which it is applied.

Limitations: Before applyins
ALBI-CLAD over previously paint
or primed surfaces, test for oompati-
bility. If removal of incompatible
primers by sand blasting is not prac-
tical. apply a suitable barrier cost and
buildup to required thickness of
2{[;3[ : D u: mulliplcll’:{yui. Allti'm

ing of previous coat before apply-
ing the succeeding build-up.

When using ALBI-CLAD 89 prod.
ucts, observe Red Label precantions.
ALBI-CLAD 89 products contain sro-
matic solvent mixtures and should be
protected from open Aame. Fire ox-
tinguishing equipment should beéavail.
able during installation.

Vi of ALBI-CLAD 89 products
may be strong and irritating. Fresh
2ir hoods, masks and blowers should
be provided when application s In
confined area with inadequate venti-
lation.

Componition und Macarials:
ALBI.CLAD mastics am proprictary
formulations of resins, binders, pig-

ts and reinf ',oinorpnicﬁg-
ers. Containg no ashestos.

ALBI-CLAD is offered in three
formulations to efectivelysuit the end
use desired.

ALBICLAD 89S (standard): A
modified vinyl rich heavy-bodied mas-
tic containi igments. resins. and
sromatic oo'l‘ge:ts. ALBI.CLAD 895
is & standard all purpose formulation
for interior use on surfaces w
heavy service abuse is anticipated.

ALBICLAD 89X (exterior): d
modified vinyl rich heavy-badied mas-
tic containing pigment: ins and a
blend of Inorganic fibers wing an
aromatic solvant system. ALBI.CLAD
89X is recommended for exterior or
corrosive exposures and for inataila.
tions subjoct to abnormal structural
muvement.

Where ALBI.CLAD 89X is used for
exterior application to steel bers,
a suitable and compatible rust inhibi-
tive primer {s required, such us Albi
487g primer (sea belowi. Further.
wherever ALBI.CLAD 89X is used
for exterioc application. a compatible,
fire-inert weather resistant coating
such as Albi 144 (see below) must be
applied to the extecior surface for
maximum dursbility.

ALBI-CLAD 101 (interior use
only): A latex base, water-emulaion
system, for interior applications only
in aress not subject to high-humidity
eonditions,

Alhi 4878 Primar: A recommended
phenalic primer for steel uxposed 10
exterior or highly corrosive condi.
tione. To be applied in accordance
with manufacturer's directions to steel
substrate.

Albi 144: A (in-i::rt l:udler-
resistant coating, providi ng-term
protection of the ALB(%LAD fire-
proofing, and supplied in a choice of
decarative color

Sizess ALBI-CLAD is packaged in
S5 &L (2082 liters) and 30 gal.
(113.6 liters) drums or 5 gal. (18.9
liters} pails,

Albi 487S Primer and Albi 144
are packaged in S or 1 gallon
(3.79 liters) pails.

Textures and Finishes: Spray ap-
plication of ALBI-CLAD results in a
stucco-textured surfacn. Use a short
nap paint roller to smooth dawn the
finish or cacrect unsightly drippings
and surface irregularitics.

Colars: ALBI-CLAD comes in &
grey finish. On large
size ordera, apecial color pigmentation
in available st 2 nominal up-charge.

® >
]
This Spuc-Data Iheet canlerme
0 editeried style prescrived by
v € ton Speeificat q
lnsdid The e ra-
s ot tochr " >
4 TECHNICAL DATA
Fire Ratings: All ALBI.CLAD
formulations provide comparable
maximum protection at minimum
thickness. ALBI-CLAD has been tested
and listed by UL Inc. under Guide
#40 U 18.12E, These tests on col-

umns and b were ducted in
accordance with atandard ASTM

E119 itest methods and such repores
are available upon request.

ALBI-CLAD has been . tested by
Factory Mutual as well as other inde-
pendent laboratories and has demon-
strated exceilent fire protection
pecformance when suhjected to in-
t N

ame peratures of
16800°F (982.2°C).

Research papers. puiriished by the
Portland Czucnt .-\';socinion. “tndi-
cates that 2 3,16" (5 mm) application
of ALBIL.CLAD to the undersurface of
concrete slabs can extend the compa-
site fire rating by approximately 1
bour. A 7, 167 (11 mm) application
of ALBI-CLAD can extend the compo-
site fire rating up to 2 houra.
independent tests confirm added fire
protection value which could influ-
ence critical design of reinforced con-.
crete as well as prestressed concrete
ennstruction.

Physical Characteristics:
ALBU-CLAD resists impact, abrasion.
vibratien, flexure and similer phyai-
cal abuse. It cures to a hard, dease
film which will not dust. spall or
flake: is resilient enough to it ex-
pansion and contraction of substrste
without eracking or delaminat

Withstands weatkering (with

- resistant coating) and ther-
mal shock without deleterious effect.

Chemical Resistance: Charscter-
istics typical of ather vinyl films. Ac-
celerated weathering and aging tests
eo?dud:d at UL }l'u:.h indicate sq&:
“after ex; -to high-inteasity ultra

eh. by

violet li drogen sulphide atmos-
phere, sulp dioxide—carbon i-
oxide, and 9 months exposure to 90'%
kumidit;, at tem tures in excras
of 160°F {71.1°C), no significant ad.
verse affect was observed.”

Spacific Gravity: 1.2,

Weight Per Gallon: 10.5 Ibs. per
gallon (1.25kg/L).

(0161 fing sypasisdng)

1261 Ainf
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Drying/Curing Time: ALBI.
CLAD dries to the touch within 10
to 15 minutes. Curing time to com.
pletely disperse occluded solvents—
6 to 14 days as determined by thick-
ness of application.

Cleaning and Thinning Solvents:
For ALBI-CLAD 89 products use
Toluol, Xylol or Albi's 89 solvent mix-
ture. For ALBI-CLAD 101 use water,
S. INSTALLATION

Certified applications may be made
by contractora qualified :{ Albi,
Quality control is maintained by re-
quiring fictory or on-site training of
applicators Tn proper application tech.
niqyes as well as fundamentals of fire
protection requirements.

* Due to siruplicity of equipment and
application techniques, company per-
sonnel can be properly trained to
apply it themselves under the super.
vision of company safety or firn pre-
vention engineering staff.

Preparatory Wark: On now work,
masking need not be extensive be-
cause AiBI-CLAD averspray does not
drift or dust beyond the immediate
vicinity of the application. On exist-
ing work, where ALBI.CLAD will be
applied and have possible contact with
interior finish, equipment, etc. pro-
tection must be provided due to po-
tential attack by aromatic solvents,

Surfaces to reccive ALBI-CLAD
should be %ry and free ofi mi{l ;mle.
loose ruat, dict, grease and oil. Prim-
ing is required where the substrate
may be exposed to high humidity, cor-
rosive fumes or exterior environ.
ments. Where primer is required for
Albi 89 use Alﬁi 487S or other com-
patible primers possessing equat pro-
tective propertics. Where primer is
i'equirecr for interior application of
Albi 101, use & suitable PVA primer.

On new or existing work, where
substrate is already primed, check the
compatibility of ALBI-CLAD by in-
stalling a sample area to determine
bonding adhesive characteristics,

Method: ALBL.CLAD is applied

directly from the shipping container
utilizing standard, heavy duty, pneu-
matic spray equipment. On small ar
hard to reach areas, ALBI-CLAD can
be trowelled or palmed to the thick-
ness specified. .

The thickness of the application will
depend upon the fire endurance rat-
ing specified. Measurement of the
application is based upon wet film
thickness tasken at random with a
probe to assure adequate coverage.

Arxchitects or owners approval of an
applied sample, large enough to pro-
vide & guide ta the scceptability of the
finished work, shouldql))e part of the
specifications and contract documents.

e completed project must mstch the

thickness and texture of the appraved
sample.

in exterior or humid locations, a
final weather resistant coating is re-
quired, such as Albi 144. The coat-
ing should not supress the intumescent
action of ALBI-CLAD when the com-
posile construction is exposed to fire.

Lertification: Where required, cer-
tification of installation in accordance
with specifications can be obtained.
Upon completion of the work. the ap-
plicator will submit a certificate attest-
ing to the proper rate of coverage to
meet the specified fire endurance rat-
ing. To be acceptable, the certification
should be-signed by the applicator
and countersigned by the Albi Manu-
facturing Corporation.

‘The responsibility of inspection and
verification of correct thi appli-
cation lies with the representative of
the owner or architect who initiates
the request for certification.

Building Codes: Approval has
been granted by authorities in areas
governed by building codes and ac-
ceptance has been obtsined by all ma.
jor insurance rating orgsnizations.

6. AVAILABILITY AND COST

Availability: ALBI-CLAD is a pat-
ented proprietary product, manufac-
tured by &ﬁ«: Service Compan mg
its authorized licensees. ALS;({LA
is manufactured in the United States,
Canada and Europe. Shipment is
made from the nearest manufscturing
facility to the job-site or through au-
thorized warehouse distribution
centers.

Cast: Wherever fire protection,
coupled with long-term durability,
abrasion resistance and weather-
abifity is required, ALBI.CLAD offers
the maxicnum benefits for the money
expended. While more expensive than
the low cust spray asbestos and light-
weight plaster fireproofing applica-
tions, it offers excellent economy when
compared with concrete, masonry,
gunite and lath and plaster.

Since prices will vary depending
upon job conditions, location and fire
protection requirements, refer to
nearest Albi representative for accu-
rate budget figures.

Due to its excellent wear resistant
propecties, ALBI.CLAD could pro-
vide s feasible solutdon for in-plant

roduction of prefabricated modular
gomu or fabricated steel construction.

7. GUARANTEES
Cities Service Albi Products are
guaranteed against manufacturing de-
fects in material and workmanahip.
Our responsibility under this guar.
antee shall be entircly fulfilled by fur-
nishing, FOB factory, freight allowed

to -lestination, a quw

equal to the quaatity of product showa
to our satistaction within one year
from date of instailation to be so de-
fective; or, at our sole option, this
guarantee shall bo entircly fulfilled by
refund of the invoice value of the
quantity of product shown to our sat-
isfaction to be so defective within
such guarantee period. This guaran-
tee is in lieu of all express warranties
and, except as stated in this guaran-
tee, the products are sold as is,

Applicator shall guarantee that its
installation of material conforms to
manufacturer’s recommendations, and
shall further guarantee its workman-
ship donnected with the instailation
for a period of one year from the date
of installation.

8. MAINTENANCE

Cracks. nicks or dents caused by
human or machine sbuse may be re-
ng;cd easily by hand using & putty
ife.

When used in up-grading of exist.
ing fire rating requirements, or in
plant additions, ALBI-CLAD can be
applied directly to existing ALBI-
CLAD surfaces. or to new additional
structure. Removal of freproofing to
accomodate additional clips, supports,
etc. can be achieved by scraping or
chipping material away providing for
cleaner and less costly alterations than
would be experienced with ather types
of fircproofing such as concrete. lath
and plaster, etc.

9. TECHNICAL SERVICES

Albi qualified applicators or fac-
tory representatives are  available
throughaut the country. Write or
phane collect to the nearest office for
prompt assistance. Inquiries will be
channeled to our nearest representa-
live or qualified applicator for per-
sonal contact.

Alhi Branch Offices:
P.0. Box 6148

San Mateo, Culif, 94403
(4151 574-3560

Cities Service Company
60 Well St.

New York, N.Y. 10005
(212) 9431023

In Canada:

Cities Service Chemieals Ltd.
118 Production Drive
Scarborough, Ontacio

(416) 291.5519

10.THERMAL CONODUCTIVITY

Natucal farm:. K=2.9
intumesed farm: K= .57
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2.4 General Standards for all Packages

This section demonstrates that the general standards for all packages are met.

2.4.1 Minimum Package Size

The package size has been previously described in Section 1.2.1.

2.4.2 Tamperproof Feature

Each package will include an approved tamper indicating device to prevent inadvertent and
undetected opening.

2.4.3 Positive Closure

The positive closure system has been previously described in Section 1.2.1.

2.4.4 Chemical and Galvanic Reactions

The materials from which the packaging is fabricated (steel, lead and polyurethane foam) along
with the contents of the package (disposable containers) will not cause significant chemical, galvanic, or
other reaction in air, nitrogen or water atmosphere.

245 Load Resistance

The requirement for load resistance is that, when simply supported at its ends, the cask must be
able to withstand a uniformly distributed load equal to five times the cask weight. Conservatively, the
outer shell alone is assumed to support this load. Accordingly, the stress is

S = Mc/l

where

M =(1/8)WL = (5)(1/8)(68,100)(130) = (5.53)(10%)in —Ib
c=D/2=176/2=38in.
I=n(d!—d})/64=(x/64)(76*—74*)=(16.5)(10")in*

and the corresponding stress is

S, =MC/I=[(5.53(10°)(38)]/[(16.5)(10*)] = 1274 psi
which resuilts in a margin of safety of
MS.=(F,/S,)-1=(38,000/1274) -1 =+ Large

Therefore, the package can safely react the 'Load Resistance’ condition.
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2.5 Lifting and Tiedown Standards for All Packages
2.5.1 Lifting Devices
Three lifting locations are provided for the 10-142 package. Total load for 3 lugs is:

P =(PkgWt)(3g's)/ No. of Lugs
P = (68,100/bs)(3g"'s)/(3) = 68,100/bs / lug

From drawing No. X-103-110-SNP and the following sketch, it can be seen that loads from the |
three lugs are distributed into the six inch thick steel lid. The bulk of the load will be beamed through the

lid to the lid bolt or bolts nearest the lug. These lid bolts have a capacity of 182,533 Ibs. each, as shown
below. Conservatively assuming one bolt may react the entire load carried on one lug:

P, =130,000(1.4041) =182,533/bs

M S. =[(182,5331bs)/ 68,100lbs] -1
MS.=+1.68

The lifting device on the secondary lid is covered by a sheet metal assembly during transit. This
prevents inadvertent lifting of the cask assemblies by lugs not designed to withstand the load.

The capacity of each primary lid lifting lug can be determined from the following:

¢
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Using the standard 40° shearout equation:

P=F,21[E.M.—(d/2)cos40°]

= (22,800 psi)(2)(1.5)[2 — (0.766)]
=84,4051bs
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Margin of Safety is:

S, -

M.S.=(84,405/68,100) -1
M.S.=+024

The capacity of the lug to cask interface can be calculated as follows:

Lug Weld Area (fillet only)

Weld Area A =(5.5)(2)(0.5in)(sin45°)
A =13.89in’
P=F_A
=(22,800)(3.89)
=88,692/bs/lug
M.S.=(88,692/68,100)—1
=+0.30

Therefore, it can be concluded that the lifting points are more than capable of reacting a load
equal to three times the package weight. Should the lugs experience a load greater than 84,405 pounds,
they will shear out locally. This will have no detrimental effect on the package's ability to meet other
requirements of the 10 CFR 71. The lugs will be covered during transport.

Overpack Lifting Lugs

Since the overpack is removable, separate lifting lugs are provided. These will be covered during

$

A /(/z
/8
3/4 AATE

e transit.

Fq b

Using the standard 40° shear out equation:

P=F,2({EM.—d/2cos40°]

= (22,800 psi)(2)(3/8)[1.5—1/2cos 40°]
=19,100/bs
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Margin of Safety:

M.S.={19,100/bs /[(5200lbs)(3g's)/3Lugs]} —1
MS.=+2.67

where 5200 Ib is the weight of an overpack.

The 3/8-inch thick fugs will easily buckle under end drop impact condition producing no significant
effect on the overpack or package. These lugs will be covered during transit.

2.5.2 Tie-down Devices

Four tie-down lugs are provided to resist transportation-induced loads. From 10 CFR 71.45(b) (1),
the required load factors are:

A, =10g's (longitudinal)
A4, =5g's (lateral)

A, =2g's (vertical)

The four tie-down lugs are located with their lug-eyes at 90° intervals around the package side
wall. The lugs are positioned at angles of f=42° (rear lugs) and B=24° (front lugs) with respect to the
horizontal, with their end tips just below the lower surface of the upper overpack, as shown in Figure
2.5.2-1. The general arrangement for the ATG 10-142 Cask is shown in Figure 2.5.2-2. |

To obtain tie-down loads, the direction cosines of the tie-down cables must be defined. Since the
cables will always lie in the plane of the tie-down lug, whose angle B is constant, the cable direction |
cosines will be entirely dependent on the cable angle 6. Cable angle is defined as the true angle which
the tie-down cable makes with respect to the tangent line of the tie-down lug (refer to Figure 2.5.2-1).

The cable angle for both front and rear tie-downs with respect to the direction of travel is 30°, so
that the projected cable angle, 8, can be determined as:

0'=45°-30°=15°
The projected lug tangent line length is:
T'=z/tan g
and, the projected cable length is:
T=T"'cosé
from which the dimensional components may be derived:
x =T7(cos30°)
y=T(sin30°)
From these components, cable lengths may now be calculated:

L=[x*+y*+2°]°
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Figure 2.5.2-1 Tie-down Lug Geometry
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FIGURE 2.5.2-2 Tie-down Cable Arrangement

Rev. 1, 5/2002 2-12 |



ATG Safety Analysis Report for the 10-142 Cask SAR-10-142

With reference to Figure 2.5.2-1, the vertical distance from the bottom of the ATG 10-142 Cask to |

the center of the 2.0 inch diameter hole in the tie-down lugs, z, may be determined by geometry as:

a=38.0-[(38.0) —(13.0)*]°
=2.293in

b =[(13.0)* - (2.293)*]°
=13.20in

Assuming an average lug height, h, of 84.5 inches, the distance z is:

z=84.5—1/2(cos B) + b(sin B)

Utilizing the above equations, the x, y, 2z, and L dimensions for both the front and rear lugs may
be calculated:

Component  Front Lug Rear Lug

X 157.151in 74.01in
y 90.73in 4273 in
z 78.04 in 74.32 in
L 197.53 in 113.251in

Thus, the corresponding direction cosines are:

Component FrontlLug Rear Lug

By 0.796 0.653
By 0.459 0.377
B, 0.395 0.656

With reference to Figure 2.5.2-2, the loads in the front and rear tie-down cables may be

determined by separately applying each of the three component loadings to a cask gross weight of
68,100 pounds.

Apply 10 g's longitudinally:

Load in the +x direction (load rear cables only). Summing moments about point ‘A’ results in:
2(P,B,z,)+2(P,B, )(29.0+56.0) = (68,100)(10g"s)(65.0)

Solving:
P, =44,265,000/2[(0.653)(74.32) + (0.656)(85.0)] = 212,2191bs

Load in the -x direction {load front cables only). Summing moments about point ‘B’ results in:
2(PyB,z,)+2(P,;B,)(29.0+56.0) = (68,100)(10g"'s)(65.0)

Solving:

P, =44,265,000/2[(0.796)(78.04) +(0.395)(85.0)] = 231,282Ibs

Rev. 1, 5/2002
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Apply 5 g's laterally:

Load in the +y direction (load one front and one rear cable). For purposes of this analysis,
assume the component load in both the front and rear cables is equal (no twisting). Summing moments
about point ‘C’ results in:

P,[B,z, +B,(56.0-29.0)]+P,[B, 2, + B, (56.0~29.0)] = (68,100)(5g"5)(65.0)

»
Solving:

P, = P, =22,132,500/{[(0.459)(78.04) +(0.395)(27.0)]+[(0.377)(74.32) + (0.656)(27.0)]} = 240,007Ibs

Apply 2 g's vertically:

Load in the +z direction (load both front and both rear cables). For purposes of this analysis,
assume the component load in all cables is equal {no twisting).

P, =(68,100)(2g's)/4B,, =136,200/ 4(0.395) = 86,2031bs

P, =(68,100)(2g's)/ 4B, =136,200/4(0.656) = 51,905/bs

Cable Load Summary:

Component Front Cable Rear Cable
P, 231,282 Ibs 212,219 Ibs

Py 240,007 lbs 240,007 Ibs

P, 86,203 Ibs 51,905 lbs
Total 557,492 Ibs 504,131 lbs

Thus, the ioad in the front cables is highest.

The maximum ultimate load in the tie-down lugs may be determined utilizing Section 4.4 of
Structural Methods Manual, Hughes Aircraft Company, February 1966, SSD 60048R. Assuming the lug to
be geometrically symmetrical and loaded axially, as shown below, the lug ultimate axial load capacity is:

P =KDIF,
Where:

D =2.0in

t=2.0in

R =3.0in

W =6.0in

F,, =100,000 psi for ASTM A-514 or A-517 carbon steel

F,, =110,000psi for ASTM A-514 carbon steel
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=115,000psi for ASTM A-517 carbon steel
Then,
WiD=6.0/20=3.0

R/D=3.0/2.0=1.5

Utilizing Figure 2.5.2-3 (Hughes Figure 4.4.1-1), the efficiency factor, K, may be found. When
determining K based upon the W/D ratio, use curve 1 for carbon steels. The minimum efficiency factor is
K = 1.42. Utilizing the minimum ultimate strength from above, the ultimate axial load is:

P, =(1.42)(2.0)(2.0)(110,000) = 642,800/bs

The maximum allowable load in the tie-down lugs, based upon the lug yield strength, may be
determined as follows: ) ’

P, =y(F,/F,)F,
Where:

y =1.07 from Figure 2.5.2-3 (Hughes Figure 4.4.1-2)
Then,

P, =1.07(100,000/110,000)(642,800) = 607,760/bs
The lug Margin of Safety is:

M.S.=(P,/P)~1=(607,760/557,492) ~1= +0.09
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The maximum lug weld capacity is determined considering direct shear of the lug from the cask
body. The weld is a 1/2 inch bevel groove plus a 1/2 inch fillet.

ASI4 or 517 Luj

AS5l6 Gr 70
Cask Shell

The maximum shear stress in the weld metal or in the lug occurs at section A-A. The shear stress
at this interface for applied load P becomes:

7=P/ A= P/[(a)(L)]=0.0393P
where L =length of weld = 2(16 + 2) = 36inches

The allowable stress in the weld metal can be taken as the standard AISC allowable times a
factor of 1.0/0.6 = 1.67. This factor is applied to account for the fact that the basic AISC tensile allowable
is 0.6 Fy whereas the acceptance criteria for tie-downs is based on a tensile allowable of yield, or 1.0 Fy.
With an AISC weld allowable of 0.3 F,, where F,, equals the ultimate strength of the weld metal, the
allowable shear stress, F,, associated with tie-down loads becomes:

F,=1.67(03F,)=0.50F,,, =40,500psi
where F, =81,000psi for the E81 weld rod used for this weld joint.

The allowable load to be applied to a lug, P,, based on the weld metal strength is therefore:
P, =F,/0.0393 =1.031(10)Ibs

The allowable shear stress for the A514 or A517 lug itself is 0.6Fy, or 60,000 psi (Fy = 100,000
psi). The weld metal strength is therefore more limiting at Section A-A.

The final check is for shear capacity of the A516 Gr. 70 cask body material. For this evaluation,
shear at Section B-B must be checked. The shear stress at this interface becomes:

r=P/ A= P/[(b)(L)]=0.0278P
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With an allowable shear stress for the A516 Gr. 70 base metal of 0.6 Fy, or 22,800 psi, the
allowable load to be applied to the lug, P, becomes:

P, =22.800/.0278 = 820,800/bs

In summary, the allowable load to be applied to the lug is limited by the A516 Gr. 70 cask outer
shell. With an applied load of 557,492 ibs, the Margin of Safety becomes:

M.S.=(820,800/557,492) —1 =+0.47

Therefore, it can be concluded that the tiedowns are able to react a load greater than the
combined 10, 5 and 2 g tie-down loads. Should the tie-downs experience loads greater than 624,800 Ibs,
the lug will locally shear out. This will not impair the cask's ability to meet other requirements of 10 CFR
71.
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2.6 Normal Conditions of Transport

The Model 10-142 packaging has been designed and constructed and the contents are so limited
(as described in Section 1.2.3 above) that the performance requirements specified in 10 CFR 71.35 will
be met when the package is subjected to the normal conditions of transport specified in 10 CFR 71. The
ability of the Model 10-142 packaging to satisfactorily withstand the normal conditions of transport has
been assessed as described below.

2.6.1 Heat

A detailed thermal analysis can be found in Section 3 wherein the package was exposed to direct
sunlight and 130°F still air. The steady state analysis conservatively assumed a 24 hour day at maximum
solar heat load. The maximum steady state temperature was found to be 160°F. These temperatures will
have no detrimental effects on the package.

A second thermal analysis was run using the normal thermal conditions specified in 10 CFR 71
as revised August 1983. These conditions include 100°F ambient air, a significantly higher solar loading,
and 400 watts of internal decay heat. The maximum steady state temperature under such conditions was
found to be 139.1°F.

262 Cold

The materials of construction in this package are identical to or better than those approved and
used in numerous existing Type ‘B’ licensed packages. All of the following utilize the same basic
materials.

DOT 6400 Super Tiger

DOT 6272 Poly Panther

DOT 6679 Half Super Tiger

DOT 6553 Paducah Tiger

DOT 6744 Poly Tiger

SN-1 Shipping Container N.U.S.

Hittman - HN-300 Cask

NRC No. 9069 Westinghouse MO-1
Ontario Hydro Overpack - CDN U33 U33

CoONOORWN =

Specifically, the Ontario Hydro package has operated continuously at these cold temperatures
with no evidence of problems.

Therefore, on the basis of years of actual operating experience it is safe to conclude that cold will
not substantially reduce the effectiveness of the package.

The cold weather capability of the 10-142 is enhanced over the above mentioned packages
because the material in the shells and lid is A-516, Gr. 70. This material provides improved notch
sensitivity and strength. ASTM A-516 Gr. 70 material is made to fine grain practice that greatly enhances
its brittle fracture resistance. Per NUREG /CR-1815 this provides sufficient brittle fracture resistance for
the inner containment vessel. This vessel is clad with stainless steel, which is backed by the 1/2-inch
inner wall of the cask body. The end plates including the lid are laminated plates with the inner 304
stainless steel clad backed by two, 3 inch, 516 Gr. 70 plates at a minimum. This laminated structure
insures that the containment will not be breached with a single through the wall fracture.

Foam material has been tested to -40°F. Samples failed in the same manner at -40°F as they did
at room temperature, indicating that brittle fracture is not apparent at this temperature range.
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2.6.3 Reduced External Pressure

A differential pressure of 11.2 psig will be reacted by the lid and its associated closure bolts or
studs and nuts. (Note: All references to bolts herein are equally applicable to studs and nuts.) From
Section 2.6.4, it can be seen that the containment vessel can safely react a 25 psig external pressure. It
is, therefore, safe to conclude that a positive margin of safety will exist for shells when subjected to the
3.5 psia external pressure.

Loads on the bolts are calculated as follows:
P, = (A in*)(Internal pressure, psi)/(No. of Bolts)
=(3526)(11.2)/16

= 2468lbs / bolt
where A = area within seal ID = (71/4)(67)2 = 3526in*

Minimum yield strength of each stud or bolt is:

Stress Area (per Machinery Handbook) =1.4041in®

P, (perbolt) =130,000(1.4041) = 182,5331bs

Margin of Safety:

M.§.=(182,533/2468)—1
=+Large

It can therefore be concluded that the packaging can safely react an external pressure of 3.5
psia.

2.6.4 Increased External Pressure

An external pressure of 25 psig is reacted by the external shell in hoop compression. The stress
can be calculated as follows:

f =P/t

where P =25psig
r =38in
t =1.0in (outside shell only)
f =[(25)(38)]/1.0 =950 psi

Margin of Safety:

M.S.=(F,/f)-1
=(38,000/950) -1
=+Large

The analysis is conservative due to the presence of 3-1/2 inches of lead. The lead assures
buckling stability of the shell.
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Pressure across each end of the package is carried in plate bending by the two 3-inch thick,
laminated steel plates. Assuming a circular plate, uniformly loaded and with edges simply supported, and
conservatively using a 3 inch thickness (thickness of one laminate) the stress can be calculated as
follows:

=6M /t* =[3ga® (3 + )]/ 8¢ (per ‘Formulas for Stress and Strain’ by Roark, Fifth Edition, Table
r q H

24, case 10a)
where
q = 25psi
a = 38inches
t = 3inches
#=03

£, =3(25)(38)*(3.3)/8(3)*
f, =4964 psi

Margin of Safety:

M.S5.=(38,000/4964) -1
M.S.=+Large

It is therefore safe to conclude that the containment vessel can react a 25 psig external pressure
without loss of contents.

2.6.5 Vibration

Shock and vibration normaily incident to transport are considered to have negligible effects on the
Model 10-142 packaging. Bolts and ball lock pins have been used successfully for years on similar Type
‘B’ packages. The Paducah Tiger, an overpack for 10 ton UFs cylinders, uses ball lock pins in securing
the lid. (Ref. DOT 6553). More than 30 of these packages are in service and have traveled millions of
miles without incident. Ball lock pins are also being used on shielded transportation casks and on an NRC
licensed Mixed Oxide Fuel shipping container. (Ref. NRC No. 9069 Westinghouse MO-1). The 10-142 is
similar to the model OH-142 which, has had several units in service for some 8 years with no evidence of
deterioration due to shock and vibration normally incident to transport.

Therefore, the 10-142 ball lock pins are adequate to secure the overpack when the packaging is
subjected to the shock and vibration environment associated with normal transport.

266 Water Spray

Since the package exterior is constructed of steel, this test is not required.

26.7 FreeDrop

The 10-142 packaging with its payload is required to survive a 1 foot drop onto an unyielding
surface with the package in a worst case orientation. The lids are shown to be adequately restrained by
demonstrating that the lid bolt or stud stresses remain well within an acceptance criteria of 2S5, (i.e., for
bolts or studs, equivalent to (2/3) o). This is in accordance with ASME Section lll, paragraph NB-3232.1
dealing with normal condition bolt allowables. Under normal conditions, the overpack deformations will be
significantly less than under accident conditions. Therefore, overpack foam strains, potential contact of
cask protrusions with the impact surface, and separation of the overpacks from the cask body will be
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governed by the accident conditions and will be of little concern for normal conditions. Section 2.7.1
addresses accident condition drops from 30 feet.

Employing 'g’ loads determined for 1 foot drops using the proprietary drop programs EYDROP,
CYDROP, OBLIQUE and SYDROP, it is readily concluded that accident condition 30 foot drops will
govern the 10-142 design. These programs are described in detail in Section 2.10.2. Results for an end
drop, a cg over struck corner drop, an assortment of oblique drops, and a side drop are presented in
Tables 2.6.7-1 through 2.6.7-4. All cases utilize upper bound foam stress-strain characteristics in order to
maximize ‘g’ loads on the primary and secondary cask closures. Table 2.6.7-5 presents a summary of
normal condition ‘g’ loads and compares them with corresponding accident condition 'g' loads. From this
table, the maximum ratio of normal to accident condition ‘g’ loads is 0.404. As this ratio is well less than
the ratio of normal to accident condition bolt or stud stress allowables (0.667 o,/ 0.70 o, = 0.854), [
accident condition drops will obviously govern the design.

Per the preceding discussions, the 10-142 package will adequately withstand any normal 1 foot
drop event.

2.6.8 Corner Drop

This requirement is not applicable since the Model 10-142 packaging is fabricated of steel.
2.6.9 Compression

Not applicable since package exceeds 10,000 pounds.
2.6.10 Penetration

From previous container tests, as well as engineering judgment, it can be concluded that the 13
pound rod would have a negligible effect on the heavy gauge steel shell overpack or cask.

2.6.11 Conclusion
As the result of the above assessment, it is concluded that under normal conditions of transport:
1) There will be no release of radioactive material from the containment vessel.
2) The effectiveness of the packaging will not be substantially reduced.

3) There will be no mixture of gases or vapors in the package which could, through any credible
increase in pressure or an explosion, significantly reduce the effectiveness of the package.
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EYDROP(END)

CRUSH
DEPTH STRAIR

(I
13 005
.25 011
38 016
S 022
.63 027
75 033
38 038
1.00 043

107142 END IMPACT WITH UPPEﬁ BOUND 20 PCF FOAM (NORMAL)
PACKAGE HEIGHT = 68100, (LBS)

PACKAGE DIANETER =

HOLE DIAMETER =
OVERPACK DEPTH =

DROP HEIGHT

++++ IMPACT ++4¢

FORCE
(LBS)

1389765,
26643263,
3766878,
4766995,
5649998,
6422213,
1090204,
7660176,

ACCEL.
(6)

20.4
38‘8
55.3
70.0
$3.0
94.3
106.1
112.5

it

KINETIC
(IN-L3)

825713,
8364225,
342738,
851250.
359763,
363275,
376788,
835300,

112,00 (IN)
55.00 (IN)
23.00 (IN)

1.00 (FT)

ENERGY ++++44

STRAIN
(IN-LB)

86860,
338925,
739558.

1272925.
1923987,
2678504,
3523034,
4444933,

RATIO
(SE/KE)

108
406
478
1,495
2.238
3.085
4.013
5.021

Table 2.6.7-1 Normal Condition, End Drop, Upper Bound Foam Data
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HUPAC OBLIQUE ANALYSIS-NUPAC 10-142 OBLIQUE IMPACT HWITH LOWER BOUND 20 PCF FCAM
PACKAGE GEOMETRY-
LENGTH = 84.000
RADIUS = 38.9000
QVERPACK LENGTH = 45.000
OVERPACK SIDE THICKNESS x 18.000 .
QVERPACK BOTTOM THICKNESS = 23.000
PACKAGE MASS PROPERTIES-
MASS = 176.240
MASS MOMENT OF IHERTIA = 243000.000
GRAVITATIONAL CONSTANT = .
SOLUTION CHARACTERISTICS~
IMPACT VELOCITY (YDOT) = -96 .308
(XDOT? = 0.000
(TYHETADOT)= 8.000
FRICTION COEFFICIENT = 0.000
ESTIMATED CRUSH DEPTH = 7.000 )
THETAS FMAX SHEAR THRUST MOMENT DEFLECTION CLEARANCE
25.0000 858782, 69765, 855963, 868189, 1.38 2%.00
38.0000 600567 . 98354. 592573. 1223992. 2.03 23.5%
75.0000 488451, 119822. 473876, 1481162, 2.76 23.91
7¢.0000 495683, 159995. 469256 . 1921050, 3.78 23.78
§5.0000 549168, 221629. 502730. 275805¢. 4.385 23.44
£0.0000 56424384, 261815, 475457, 3258140, 5.50 23.33
55.0000 55649240. 312736. 453402, 3891831, .00 23.14
50.0000 555125, 3571332, 424827 . 4446792. 6.33 22.85
45,0000 545804, 391689, 380120, 4874235, 6.37 22.57
40.0000 495124. 386743, 309156. 4812802, 6.05 22.%7
35.0000 417495, 349308, 228716. 4346947. 5.47 22.19
30.0000 3725Q1. 328109. 177018. 4083129. %.64 22,10
25.000¢0 371251. 340467, 143618, 4236922, 4.08 21.60
20.0000 353067, 334382, 1138383, 4161195. 3.55 20.83
15.0000 340686. 330435, 82388. 6112074. 3.25 19.73
10.0000 354473, 349917. 54930, G354518. 2.54 18.82
5.0000 440490, 459108, 36332, 57133435, 1.86 17.85
+44+  OVERPACK SEPARATION MONENT EVALUATION 4o+
NUFAC 18-142 GBLIQUE INPACT WITH LOKER BOUND 20 PCF FOAN-
INITIAL YELOCITY &  ~96.328
AMGLE cRUSH FoRcE o
seeet o, iR S e TS MG g o ones
) e ies PP (KAC) ac
15.80 1.31 776138, 5. . . . . a . .
1328 1133 asarae. s e & HEN peif BN A L H
s2.00 281 ss219a. 56.7¢ 12.38 49,45 535, 64,42 37.47 4112204, ™
3¢.00 205 Sevasu. 56078 12, A¥.21 €130 46.38 37.5¢ 4078833, 0.
75.80 2.7 <aserq. 57,74 11067 50.78 s37. 42.45 3.8« 2723770 e,
75.00 2.3¢  <xs170. n 11776 50,49 543, 42,48 3638 2776662, e
70.00 378 - <5570 59012 125458 51269 354 3. 3sles  I7se1se. .
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Table 2.6.7-3 Normal Condition, Oblique Drops, Upper Bound Foam
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SYDROP(SIDE) NUCLEAR PACKAGING PROPRIETARY 09.25.2¢0 36704/10
107142 SIDE IMPACT WITH UPPER BOUND 20 PCF FOAM (NORMAL)
PACKAGE WEIGHT = 68100, (LBS)
PACKAGE EXTERNAL LENGTH =  90.00 (IN)
PACKAGE EXTERNAL DIAMETER = 112.00 (IN)
PAYLOAD DIAMETER = 76.00 (IN)
DROP KEIGHT = 1.00 (FT)
STRAIN VS STRESS TABLE
PY STRAIN STRESS
1 0.00 0.00
2 .05 1100.900
3 A0 1250.090
4 .20 1368.00
5 .30 1490, 100
6 .40 1730.00
7 .50 2220.00
3 .60 3470.00
9 18 7000.08
10 .80 16500.00
SYBROP(SIDE) HUCLEAR PACIXAGING PROPRIETARY 09.25.20 34/04/10 PAGE 2
107142 SIDE INPACT KITH UPPER JOUND 20 PCF FOAM (NORMAL)
+ CRUSH PLANE ++ ++ THPACT +4++ e EHERGY e DISTRIZUTION OF STRAIN RATIOS BY
CRUSH PERCENT OF CONTACT AREA
DEPTH AREA VOLUNE FORCE ACCEL, POYENTIAL STRAIN RATIO LE.70 GT.70 GV.80 67.90 GV.9%
(1IN (IH2) CIN3) (L83) (G) (IN-L3) (IN-LB) (SE/PEY LE.30 LE.90 LE.9S
.10 602.1 49. - 76958, 1.1 3244010, 3847, .605 106,00 0.00 9.00 0.06 ¢.08
.20 8s1.2 6. 208788, 5.1 130829, 18135, 022 -100.00 0.00 0.65 0.00 .08
.30 1042.0 209, 367757, 5.4 137630, 46962, 036 109.00  0.00 0.00 6,000 0,09
.48 1202.4 321, 542548, 1.0 344440, 92478, 110 100.00 6.080 4,00 ¢.00 4.8¢
.50 1344.0 448, 726229. 10.7 151259, 155918, 83 100.00 .00 o.00 Q.00 $.80
50 14716 589, 913344, 15.4 58060, 237928 277 100,00 6.00  0.60 Q.00 8.4
.10 1588.3 142, 1101734, 1.2 844370, 338703, S92 100,80 6,00 6.00 o.60 o490
.88 1697.7 907, 1287278, 1.9 3714380, 58156, .52 100,00 800 ¢.00 &.06 ¢.0¢
.90 1799.% 1082, 1468188, 214 $78490. 595929, T.47%8 100.80 6,00 ¢.00 4,86 £.8¢
1.00 1896.4 1267, 1642864. 26.1 385300, 751482, 449 100,00 g.00 Q.00 g.00 .09
1.6 1970.5 1426, 1777970, 26.1 890303, #9100, 1.000 106.00 0,88 2.00 0.0 2.0
1.18 1928.1 1461, 1310849, 26.6 192100, 924127, 1.93% 100.00 €.00 €.00 0.00 §.08
1.28 2075.5 1664. 1968814, 23,9 893920, 1113071, 1.252  100.0¢ ¢.00 4¢.00 4,00 .00
1.50 259.3 1876, 2113510, 3.1 905758, 1317437, 1.455 100,06 ¢.00 @2.00 0.0 4.0
1.4¢ 2234.8 2096, 2258121, 33.2 912540, 1536299, 1.68¢ 100,00 g.0¢ ¢.00 0,00 6,30
1.50 8176 2524, 2389269, 351 919350. 1768699, 1.92¢  100.00 ©0.0¢ €.00 0.0 .00
1.50 23592.5 2559, 2510132, 3%.9 926148, 2013649, 2.17¢ 100,86 0.0¢ §.00 0.00 9.8
1.79 2464.1 2802, 26214840, 8.5 932974, 70249, 2,435 100.0¢  9.0¢ 6.00 0,00 9.04
1.38 2535.4 3082, 2733434, 4.8 939780, 2337568, 2.700 106,86 §.0¢ 0.90 €.00 Q.08
1.9¢ 2683, ¢ 3309, 282¢434, 41,5 944598, 2415411, .74 108,00 s.68  €.00 Q.09 0.00

Table 2.6.7-4 Normal Condition, Side Drop,

Upper Bound Foam
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Cask Normal, Accident, Ratio

Orientation 1 foot drop 30 foot drop Normal ’g’/Accident ‘g’

wrt horizontal g’ load ‘g’ load *

(degrees)
90 (end) $8.2 144.0 .404
85 12.61 76.1 .166
80 8.82 58.3 <151
75 7.17 53.4 .134
70 7.28 52.6 .138
65 8.06 53.9 <150
60 7.97 $56.2 142
55 8.15 58.4 .140
50 8.15 57.7 .141
45 8.01 54.0 .148
40 7.27 49.0 .148
35 6.13 44.0 .139
30 S5.47 40.0 «137
25 5.45 37.2 «147
20 5.18 35.8 .145
15 5.00 37.4 134
10 5.21 38.3 .136
5 . 6.76 42.4 .159
0 (side) 26.1 96.2 «271

* From Sections 2.7.1 and 2.10.3

Table 2.6.7-5 Drop Condition Package ‘g’ Loads
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2.7 Hypothetical Accident Conditions

The Model 10-142 package has been designed and its contents are so limited that the
performance requirements specified in 10 CFR 71.36 will be met if the package is subjected to the
hypothetical accident conditions specified in 10 CFR 71.

To demonstrate the structural integrity of the package and its ability to withstand the hypothetical
accident conditions, a detailed computerized analysis was conducted. It is important to note that the
techniques, analysis methods, assumptions, and routines employed follow closely those used for other
petitions such as:

1) DOT 6400 Super Tiger

2) DOT 6553 Paducah Tiger

3) DOT 6272 Poly Panther

4) DOT 6679 Half Super Tiger

5) DOT 6744 Poly Tiger

6) AECB - Resin Flask

7) Model MO-1 Packaging - Docket No. 71-8069

These are proven techniques that agree closely with full scale tests as well as other published
standards such as ORNL-NSIC-68. In all cases the analysis has been proven to be conservative when
compared with full scale testing.

2.71 Free Drop

The 10-142 packaging with its payload must survive a 30 foot drop onto an unyielding surface
with the package in a worst case orientation. Survivability is proven by demonstrating that:

1) overpacks perform in a manner such that maximum strain in the overpack foam will not
exceed 80%,

2) overpack deformations are such that cask protrusions are protected from direct impact with
the unyielding surface,

3) overpacks will remain attached to the cask body, and

4) primary and secondary lids remain secured to the cask.

The fourth requirement is met by demonstrating that primary and secondary lid boits or studs and nuts
meet ASME Appendix F allowable limits under worst-case loadings.

The high-density foam contained within the impact limiters is designed to crush on impact thus
absorbing and distributing the load. The mechanical properties for the foam used in this package can be
found on Figure 2.3-1. These properties are applicable for loading conditions in the direction parallel and
perpendicular to the rise direction. High density foams, greater than 18 pcf, exhibit these isotropic
properties for two reasons. First, because of their high density, the amount of rise during the formation of
the foam is small thus producing a cell structure that is very uniform and not elongated. Secondly, the
size of the overpack allows the foam to expand laterally as well as vertically, again resulting in uniform
grain structure and its associated isotropic properties. The curves shown in Figure 2.3-1 represent the
maximum and minimum statistical compressive properties based on a 95% probability for loading in either
direction.

Three drop conditions for the package have been evaluated, i.e. end, oblique (including cg over
struck corner), and side. Responses to these three conditions are determined using the proprietary drop
programs EYDROP, CYDROP, OBLIQUE, and SYDROP. These programs are fully described in Section
2.10.2. In determining package response, bounding overpack geometries and foam stress-strain
characteristics are utilized. Bounding geometries are utilized to conservatively address the issue of foam
in unbacked regions of the overpack. Bounding stress-strain curves for the foam are utilized to
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adequately bound both overpack deformations and ‘g’ loads. Details are as follows (Note: All references
to bolts herein are equally applicable for studs).

2.7.1.1 End Drop impact Analysis

To bound the effects of the end drop, two EYDROP analyses were run. The first utilized the full
end area of the overpack (112.0 inch OD, 55.0 inch ID) and the upper bound foam stress-strain
relationship. The resulting maximum g load and corresponding deformation are available from Table
271.1-1as:

g=1440g's
d =3.2linches

The second analysis utilized only the foam area directly backed by the cask body (i.e., 76.0 inch
OD, 55.0 inch ID), and the lower bound foam stress- strain relationship. Results for this case are available
from Table 2.7.1.1-2 and are as follows:

g=48.75g's
d=11.17inches

As expected, the first case resuited in the maximum ‘g’ load on the package and the second case
resulted in maximum overpack deformation.

The preceding deformation results clearly indicate that the overpacks perform adequately in the
end drop case. The maximum foam strain associated with the 23 inch end thickness of the overpack is
48.6% [(11.17/23)(100)], well within the 80% acceptance criteria. Also, as lid lift lugs only protrude 4
inches from the cask end, no cask body member directly contacts the impact surface in an end drop.
Overpack attachments will not see any significant loads as the load path will be directly into the end of the
cask.

Retention of the primary and secondary lids is now considered as follows. For the primary lid
bolts, the maximum end drop ‘g’ load can be directly applied to the lid and payload and the resultant bolt
force directly determined.

F =Wg =2.477(10)° ibs =total applied load
where W = lid weight + payload weight = 7,200 + 10,000 = 17,200lbs
g=144.0

The above determined applied load is offset in an end drop, since the lid is also loaded in the
opposite direction by the overpack. As a minimum, this opposing force, P, will be (considering only the
foam directly backing the lid):

P. =0, (n/4)(76* —55%)=2.161(10)°Ibs

where o, =1000psi is used as the effective crush stress for the foam.
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EYDROP(END)

12.00

Table 2.7.1.1 Accident End Drop, Upper Bound Foam Characteristics, Fully Effective Overpack

STRAIN

10/162 END IMPACT WITH UPPER BOUND 20 PCF FOAM C(ACCIDENT)

PACKAGE HWEIGHT
PACKAGE DIAMETER

HOLE DIAMET

OVERPACK DEPTH

DROP HEIGHT

++++ IMPACT ++++

FORCE
(LBS)

4766995.
7660176.
90838164,
9459578.
9472908.
9726443,
9906426,
10038051,
10146510.
10307012,
1064929890,
10698458.
10930357,
11192837,
11485926.
11830734,
12238063.
12718667.
13224188.
13801755.

14530328,

15449077.
16597175.
17753139,

ACCEL.
(G)

70.0
112.5
133.5
138.9
1391
142.8
145.5

260.7

6
1
ER

hHoun

++++++  ENERGY +++4++

KINETIC
C(IN-LB)

24550050,
24584100,
264618150,
24652200,
264686250.
24720300,
264754350,
24788400.
26822450,
24856500,
24890550,
24924600,
24958650,
24992700.
25026750,
25060300,
25094350.
25128900.
25162950.
25197000.
25231059.
25265100,
25299150,
25333200,

3100. (LBS)
12.00 (IN)
55.00 (IN)
23.00 (IN)
3¢.00 (FY)

STRAIN
CIN-LB)

1191749.
4298541 .
8485626 .
13122562.
17855683.
22655521,
27563738.
325493857,
37595997.
42709378.
47909376,
53207235.
58614439.
64145250.
69814953,
75644118,
31661317.
379048500.

94386214,

101142700.
108225721.
115720572,
123732135.
132319713.

RATIO
(SE-/KE)

.049
.175
.345
.532
.723
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EYDROPCEND)

CRUSH
DEPTH
(IN)

17.00
17 .50
13.00

STRAIN

.022

2348
‘370

107142 END IMPACT WITH LOWER BOUND

PACKAGE HWEIGHT
PACKAGE DIAMETER
HOLE DIAMETER
OVERPACK DEPTH
DROP HEIGHT

++++ IMPACT +44+

FORCE
(LBS)

609541 .
1232781.
1749219.
2008790,
2095558
2172896
2217919.
2243906 .
2264137,
2306238
2353208,
2399992,
2646311,
2491855,
2527042,
2566670.
2617840.
2687656 .
2789108.
2919346.
3073037
3250775.
3457009.
3668526 .
3917912,
4221593,
4595997 .
5051332,
5602784.
6280452,
7105201 .
3097894
9270777.

10662925.
12306128
14229243,

ACCEL,
(G)

é

nHeHN

44+

KINETIC

(IN-LB)

24550050.
24584100,
24618150.
24652200.
2468625¢0.
24720300,
24754350,
247884090,
24822450.
24856500.
24890550.
2492646400,
24958650.
249927040,
25026750.
25060800.
25094350,
25128900,
25162980,
251597000,
25231050,
25265100.

25299150,
25333200,

25367250,
25401300,
25435350.
25469400.
25503450.
25537500,
25571550,
25605600,
25639656,
25673700,
25707750,

. 257418400,

3100, (LBS)
76.00 ¢
55.00 ¢
23.00 (:
30.00 (

ENERGY +++++4+

STRAIN
CIN-LB)

1523385,
612966,
1358666 .
2297968 .
3324055,
4391168,
5488872.
6604328,
7731339.
3873933,
10038794,
11227095.
12438795.
13673462,
14928186,
16201614,
176497742,
18824116,
20193306.
21620420,
23113528.
26699494,
26376439.
281573823,
30054432,
320389308.
34293706,
36705538,
39369067 .
42339876.
45686290.
49487064,
53829233..
58312658.
64554921,
71138764,

20 PCF FOAM

RATIO
(SE/KE)

.006
-025
.055
.093
.135
.178
.222
.266
.311
.357
L403
<450
G938
. 547
.596
646
.697
.749

Table 2.7.1.1-2 Accident End Drop, Lower Bound Foam Characteristics, Partially Effective Overpack
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The net load per bolt, P, is simply:

P=(F/N)+P, —(P,/N)=154,800+ 2,468 ~135,039 = 22,229lbs per bolt

where N =16 =number of primary lid bolts
P, = bolt load due to 11.2 psig internal pressure=2,468 lbs per Section 2.6.3

With a minimum tensile area for the 1-1/2-6UNC - 2A bolts of 1.404 in2,
o=P/A=22,229/1.404 =15,833 psi

With an allowable stress of 0.7S, = 101,500 psi, the margin of safety becomes
M.S.=(101,500/15,833)-1=+5.41

Shear out of the primary lid bolts from the 3 inch deep ring will not occur as follows. Note that
since the bolt or stud material has a substantially higher strength than the ring, the shear strength of the
joint will be based on the weaker ring material (i.e., internal thread shearing). For this case, the shear
area can be calculated per ANSI B1.1-1974, Section C.4.1.1 for internal thread shear area:

AS, = mL,D, min[(1/2n) +0.57735(D, min— E, max)]

where: n =number of threads per inch =6
L, =length of engagement=1.80in minimum
D, min =minimum major diameter of external thread
=1.4794in
E, max = maximum pitch diameter of internal thread
=1.4022in

Substituting these values yields a shear area of 6.42 in®. Altermately, the shear area can be
computed per Product Engineering, Nov. 27, 1961, pp. 41-47. Per this reference, the shear area per inch
engagement for the internal threads of the ring is 3.566 in%fin. For the specified minimum engagement of
1.80 inches, the shear area is:

AS, = (1.80)(3.566) = 6.42in’

To determine the minimum engagement required to develop the full strength of the bolt or stud,
Section C5.1 of ANSI B1.1-1974 specifies:

L, min=(S,4,)/(S, AS, /L)

where: A, = Bolt Tensile stress area=1.404in’
S,, = Unit tensile strength of external thread material
=150,000 psi (maximum per Section 2.3 herein)
S, = Unit shear strength of internal thread material
= 42,000 psi (per Section 2.3 herein)
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AS, /L, = Shear area per unit engagement length
=3.566in*/in
Substitution of these values yields a required minimum engagement of 1.41 inches, which is less
than the specified minimum engagement of 1.80 inches. Therefore, the strength of the bolt/stud is fully
developed.

The shear stress, 1, for the load case under consideration is:
T =P/ A, =22229/8.024 =2,770psi

With a shear allowable of oy = .6(38000) = 22,800 psi, the margin of safety becomes
M.5.=(22,800/2,770)-1=+7.23

Note: as the margin of safety for shear out exceeds that for direct bolt tension, the full strength of the
bolt is developed.

The secondary lid bolts are similarly considered except that P, equals zero, since secondary lids
are not backed by the impact limiter.

For the 29 inch lid, which weighs approximately 1800 pounds and is secured via 16, 1-1/4 -
7UNC-2A bolts and considering the projected area of the payload as effectively acting on the lid:

W =1800 +(29/66)*(10,000) = 3731/bs

F =Wg = (3731)(144.0) = 537,2641bs

P =(F/N)+ P, =(537,264/16) + 495 = 34,074Ibperbolt
P, = (x/4)(30)*(11.2)/16 = 495lbs

o =P/ A=34,074/.969 = 35,164 psi
M.S.=(101,500/35,164)—1=+1.89

For thread shear out of these bolts, minimum engagement is 2.00 inches, thus:

A, =(2.0)(2.9441) = 5.8882in’
=P/ A, =5,787 psi
M.§.=(22,800/5,787)—1=+2.94

Again, the full bolt strength is developed.
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For the 16 inch lid, which weighs approximately 675 pounds and is secured via 8, 7/8 - 9UNC-2A
bolts:

W =675+ (16/66)(10,000) = 12637bs
F =Wg = (1263)(144.0) = 181,872Ibs
P=(F/N)+P, = (181,872/8) +318 = 23,052lbsperbolt

P, =(z/4)(17)*(11.2)/8 = 318lbs
o =P/ 4=23052/.462 = 49,896 psi

M.S.=(101,500/49,896) —1=+1.03
For shear out, minimum specified engagement is 1.25 inches, thus:

As =(1.25)(2.0252) =2.53 15in?
7=P/A; =9106 psi
M.§.=(22,800/9,106)-1=+1.50
The full bolt strength is again developed.
The final item to be addressed is stress in the cask shells and their attachment welds.

Considering a bottom end drop, the weight of a single overpack, the primary and secondary lids, and the
shells themselves will directly load the shells in compression. This compressive force, F, will be:

F =Wg =3.161(10)°lbs
where W =5,200+7,200+16,150 - 6,600 = 21,950lbs per Table 2.2-1 (note: 6,600 Ibs= weight of
bottom end closure plates)

g=144.0g's
The stress in the shells, o, is therefore

o=F/A4=92%psi
where A= (x/4)(76> —74 +67* —66%) = 340.08in”

The inner shell is attached to the bottom end plate with a 0.5 inch fillet weld and the outer shell is
attached with a 0.5 inch bevel weld combined with a 0.5 inch fillet. The minimum throat area associated
with these welds is:

A, = 7(66)(.707)(.5) + #(74)(.707) = 237.68in>
The resultant shear stress in the welds, t, is therefore:
t=F/A, =13,299 psi

These stresses are well below the corresponding tensile and shear yield stresses of the A516
material (38,000 psi and 22,800 psi respectively).
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Conclusion: It is therefore safe to conclude that the 10-142 package can safely react the
maximum loads for a 30 foot end drop.

2.7.1.2 Obligue Drop and Corner Impact Analysis

The oblique impact orientations (including the cg over struck corner case) are analyzed using the
proprietary drop programs CYDROP and OBLIQUE. These programs are described in Section 2.10.2. To
adequately bound overpack deformations, as well as package ‘g’ loads, two basic cases were
considered. The first case, used for determining maximum ‘g’ loads and maximum overpack separation
moments, considered an overpack with fully effective foam in unbacked regions and the upper bound
foam stress-strain curve. General results for this case are presented in Table 2.7.1.2-1. The detailed
results for the cg over struck corner orientation (approximately 50 degrees, from horizontal) are presented
in Table 2.7.1.2-2. The second case, used for determining maximum deformation of an overpack,
considered an overpack with totally ineffective foam in unbacked regions and the lower bound foam
stress- strain curve. General results for this case are presented in Table 2.7.1.2-3. The corresponding
detailed results for the cg over struck corner orientation are presented in Table 2.7.1.2-4. Results are
discussed in detail in the remainder of this section.

Maximum overpack strain is calculated considering the following geometry (and associated
equations) and the deflection and clearance data from Tables 2.7.1.2-1 and 2.7.1.2-3.

Configuration (a), B left of A Configuration (b), B right of A

b=(18sin@—-23cosd)/tané b=(23cos@—18sinf)tanb

”

<?\/\/f
\ ° ]

For either configuration (a) or (b), the following equations apply:

__ (-9

" (S+c—b)
6 = deflection
¢ = clearance
@ = orientation wrt horizontal

= strain

Table 2.7.1.2-5 presents the resultant strains for the two oblique drop cases considered herein.
As indicated, strains remain within the desired 80% limit. Inspection of Tables 2.7.1.2-2 and 2.7.1.2-4 (the
cg over struck corner cases) also indicates that the 80% strain limit is satisfied. Additionally, for the worst
case cg over struck corner case, regarding overpack deflections (Table 2.7.1.2-4, partially effective, lower
bound foam), less than 4% of the foam in the crush zone is strained beyond 70%. it is further noted that
the predicted displacement for the cg over struck corner case of 22.62 inches (interpolated from Table
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HUPAC OBLIQUE ANALYSIS-NUPAC 10-142 OBLIQUE IMPACT HITH UPPER BOUND 20 PCF FOAM
PACKAGE GEOMETRY- ’
LENGTH

= 84.000

RADIUS = 38.000

OVERPACK {ENGTH s 45.000

OVERPACK SIDE THICKNESS = 13.000

QVERPACK BOTTOM THICKNESS = 23.000

PACKAGE MASS PROPERTIES~ ]

MASS = 176.240

MASS MOMENT OF IMERTIA = - 268000.000

GRAVITATIONAL COHSTANT = 386.400

SOLUTION CHARACTERISTICS- -

IMPACT VELOCITY (YDOT) ¢+ = ~527.450

(XDOT) = 0.000

(THETADOT )= 0.000

FRICTION COEFFICIENT = 0.000

. ESTIMATED CRUSH DEPTH = 4.000

THETAQ FMAX SHEAR _ THRUST MOMENT DEFLECTION CLEARANCE

85.0000 5183473. 339147, 5176195. 4220493, 5.63 13.28
83.0000 3968060. 565059, = 3934358. 7031843, 7.87 17.24
75.0000 3636692, 7984382, 3556961. 9936670, 10.20 16.02
70.0000 3581497. 1071363. 3628365. 13332512. 12.46 14.73
65.0000 - 3669883, 1402104. 3400569. 176448409. 14.58 '13.49
60.0000 3829576. 1802811. 3383482, 226434975, 16.41 - 12.34
55.0000 3977267. 2269276. 3280154. 27990986. 17.27 11.38
50.0000 39283527. 2582970. 2959733. 32143623, 18.47 10.7¢0
4%5.00900 3678248. 2716903.- 2479504, 33810354. 18.52 10.23
40.0000 3336692. 2697722. 1980210. 33571648, 18.02 10.07
35.0000 2997516. 2582323. 1544921. 32135571. 17.12 10.07
30.0000 2727150. 26466022, 1196070. 30638278. 15.86 10.16
25.0000 2523825. 2363557. 914597, 29413158. 14.39 10.41
20.0000 2418084. 2324622. " 692058, 28928626. 12.78 10.77
15.0000 2544006. 2492203. 538645, 31014079, 11.17 11.00
10.0000 2605731. 2584841, 364301. 32166905. - 9.17 11.50

5.0000 2387777, 2835019. 179425. 35902456, 3.05 10.94

++44  OVERPACK SEPARATION MOMENT EVALUATION <4444
HUPAC 10-142 OSLIQUE IMPACT HITM UPPER BOUND Z0 PCF FOAX
INITIAL VELOCITY s =527 .45¢

ANGLE CRUSH FORCE +dttd CRUSN ELLIPSE Lt aa2s CTR l!NE BISTA"CE 10 MOMENTS ABOUT CORNER
DEPTH MAL. DIAG. RIDT! AREA c.? HER  ADJACENT OPPOSITE
(C) (E (Q) (HAC) <HOC)
35.00 1.35 $26490. $6.21 15.s3 “6.95 829, 46.44 32.36 56048382, q.
25.00 5.63 5183000, 56.08 107.37 43 9742, -.32 37.95 . 0.
$0.00 2.39 780460, 56.36 13.98 48.53 7405. 43,26 37.42 4553240. 8.
§0.00 7.3¢ 3965500, 56.44 $2.34 20.82 5423, 17.99 37.69 -78130794. 0.
75.00 .1 609550, 51.97 12.45 50.55 598, 41.56 3¢.71 29580461. 6.
15.00 10.19 3634300, $7.22 50.69 27.85 «304. 22.85 37.19 -s52116005. 8.
20.490 3.90 S61430, 51.59 12.13 52.3S . 38.95 35.71 1819400a. .0
70.00 12.42 3569200. 58.3¢ 45.73 31.25 3729. 24.22 36.44 —(3‘23241. 0.
45.00 3.83 372130, €1.79 19.01 35.81 - -36.a8 34.44 895344 9.
45.00 14.54 3656500. 408.30 %2.21 35.61 3309. 24.59 35.29 -39111’20. a.
40.900 3.31 228340, 4. .66 7.65 40.89 273, 34,36 32.71 $176. Q.
60.00 16.39 3822009, 43.31 39.72 40.00 2990. 24.14 33.41 -3‘210078 9.
55.00 1.32 $0693, 68.34 3.88 €6.04 9”. 31.63 31.13 30695. Q.
55.00 17.27 3977300, - 67.%0 33.10 “5.48 . 274S. 22.9% 31.34 -53391210. Q.
50.00 S 13255, 73.10 1.3 72.31 9. 27.87 29.11 ~1é 8.
50.00 18.47 3923300, 74.33 . 37.28 52.33 256%. 21.1% 28,63 ~29211457. 0.
45.00 18.52 3678200, 33.07 37.17 él.09 2443, 19.07 25.62 8. 9.
45.00 18.52 3678200, 43.07 37.19 61.09 2443, 19.07 25.62 9. Q.
«0.00 18.02 3336710, 5. 37.28 12.13 2367. 16.6% 22.36 8. Q.
40.920 18.82 3336700, 95.14 37.38 32.73 2 . 16.69 22.36 8. 8.
35.00 17,12 2997s048. 110.29 39.13 37.07 23268, 14.43 19.30 o. 8.
35.00 12.12 2997500, 10.29 39.13 87.87 . 14.45 19.30 Q. 8.
30.00 15.30 27094904, 133.97 41.62 109.25 2332, 12,13 15.38 8. e.
30.400 15.30 2709001, 33.97 “l.62 235 2332, 12.13 15.33 g. a.
25.00 14.32 2502508, 165.48 44,14 132.64 2370, 10.37 12.87 8. Q.
25.00 14.32 2502509, 1645.40 04,96 138.44 2379, 10.37 12.47 Q. 0.
20.00 12.7¢ 2413480, 208.03 49.23 .38 2408. 3.93 10.23 8. Q.
20.00 12.7¢ 2413600, 208.03 €9.23 173.38 2408. 3.93 10.23 o. g.
15.00 11.15 2537300, 286.61 58.1¢ 2648.49 2418, 6.463 0. Q.
15.00 11.15 2537500, 284 .62 5t.19 248.39 261S. .43 7.42 Q. 0.
16.00 .16 2603300 39.43 75.81 405.24 2348. 3.98 “«.63 9. -22414020.
10.090 1.66 185310, 322.59 .74 316.713 178. ~9.32 .60 Q. Sas5108. -
5.00 $.95 28371080, 1241.55 134.33 1119.2¢ 2451. 1.1s5 1.646 9. ~81146247.
.00 1.21 «24920. 463.3¢ 19.73 431.5¢ 363. ~10.23 3.351 9. 2964656, -
HAXIMUK MOMENT ABOUT ADJACENY CORMER = 5604382, et
HAXIMUM HOMENT ABOUT OPPOSITE CORNER « 2944456

Table 2.7.1.2-1 Accident Oblique Drops, Fully Effective, Upper Bound Foam
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CYDROP (CORNER)

NUCLEAR PACKAGING PROPRIETARY

NUCLEAR PACKAGING PROPRIETARY

++ CRUSH PLANE ++

CYDROP(CORNER)
CRUSK
DEPTH AREA
(10 (1u2)
1.32 53,
2.64 150.1
3.95 213.2
5.2 616.5
4.5 4.3
o 749.9
123 $35.3
10.54 1138.6
11.8¢ 1334.5
13,13 1545.8
14.50 1763.3
15.32 1986.0
12.13 212.9
12,45 2643.2
.77 2676.0
21.09 2910.4
22,61 3146.1
23.72 3381.9
25.44 3612.2
26.3¢ 3851.3

VOLUME
(IRD)

38874,
43745,

107142 CORNER IMPACT MITH UPPER BOUND

PACKAGE WEIGHT

PACKAGE EXTERMAL LENGTH

PACKAGE EXTERMAL DIAMETER=
PACKAGE EXTERMAL. HOLE DIA=

PAYLOAD ENVELOPE LENGTH

PAYLOAD ENVELOPE DIAMETER=
OVERPACK LEHGTH .

DROP HEIGHY

ORIENTATION ANGLE
PLATEAU CRUSH STRESS

1250.
(DEFAULT TAKEN AT 10 PCT STRAIN)

3100,
130.00
112.00

55.00
= 84,00
76.00
= 45.00

H

48.000

20 PCF FOAM

(LBS)
(IN)
(IH)
(IN)
(IN)
(1)
(I

38.00 (FT)

15.55.17

(DEGREES HRT TO VERTICAL)

0 (PSID

STRESS/STRAIN EVALUATED IN 1/2 CRUSH PLAHE ELLIPSE AT:
NX = 25 POINTS PARALLEL TO SEMI-MINOR ELLIPSE AXIS

Ny =

EXPERIMENTAL STRAIN VS. STRESS VALUES

PT

2D O O IO BN

—

STRAIN

0.00
.05
.10
.20

STRESS
9.00
1100.00
1250.00
1360.00
1490.00
1730.09
2220.00
3470.00
7000.00
16508.00

15.85.17

187142 CORNER IMPACT RITH UPPER BOUND 20 PCF FOAM

+++4 IMPACT ++40

FORCE ACCEL,
(15 6
21149, “
120031 1.8

258815, 3
431246 6.3
640335 9.6
385290 13.%
1147538 16.3
145471, 211
1754306 25.1
210738 30,9
2429374 340
2913214, 2.8
1320972, I
393347¢. s1.3
“600831. 67,6
5370050 K]
423022 9.3
7998726 116.1
2854975, 145.2
‘12443982, 1831

4444 ENERGY  #44ttt

KINETIC
(IH-13}

26603754,
264695512,

T 26785267,

24875023,
26944779,
25054535,
25144291,
25234046,

5£82828

23772581,
25842392,
25952093,
26841841,
26131404,
26221340,
N1,

STRAIN
CIN-LB)

17904,

10221171,
13250409,
1és10728,
20938593,
25118818,
.,
37973341,
45744924,
55139597,
66316964,
1449540,

RATIO LE.70
(SE/KE)

+801 00.00
.005 60.00
015 ©0.00
833 08,00
061 100.00
<101 100.00
15¢  104.00
.22 90,00
303 00.00
402 00.00
520 04.9¢
+&£57 80.00
416 60,00
1.800  100.00
214 100,08
1.463 100.90
1.157 97.2%
2.112 95.05
552 1n.:3
3.143 1.4

25 POINTS PARALLEL TO SEMI-MAJOR ELLIPSE AXIS

84704799

86704709

PAGE

32

DISTRIBUTION OF STRAIN lATlﬂS | 14
PERCEN

T OF CONTACT

GT.20 GT.B0 GT. 90 GT 135

LE.80 LE.30 LE.9S
0.0 0.00 0.00 .0.00
g.8¢ g.00 0,00 0.80
0.0¢ 90.00 e.00 0.09
¢.80 0.60 Q.00 Q.00
0.60 0.00 ¢©.00 0.00
0.6 0.0 &.00 0.00
9.00 G.00 £.00 0.00
4,08 0.00 0.00 0.99
.00 0.00 0.040 6,00
6.00 0.90 0.0 0.00
¢.00 0.00 0.00 .00
¢.00 0.00 0.40 .06
0.80 0.60 9.00 06.0¢
e.00 .00 6.00 0,00
0.00 .00 C.80 0.0¢
0.06 0.00 0.9¢ 0.00
2.71 - e.80 o0.00 0.00
95 0.00 . 0.00 0.00
6.09 2.08 0,00 0.00
6.47 411 0.00 40.00

Table 2.7.1.2-2 Accident cg Over Corner Drop, Fully Effective, Upper Bound Foam
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KUPAC OBLIQUE ANALYSIS~NUPAC 10-142 OBLIQUE IMPACT WITH LOWER BOUND 20 PCF FOAM
PACKAGE GEOMETRY~
LENGTH

= 24.000
RADIUS = 38.000
OVERPACK LENGTH = 45.000
OVERPACK SIDE THICKNESS = .18.000
OVERPACK BOTTOM THICKMESS = 23.000
PACKAGE MASS PROPERTIES- ' )
MASS = 176.240
MASS MOMENT OF INERTIA =  243000.000
GRAVITATIOHAL CONSTANT = 386.400
SOLUTION CHARACTERISTICS-
IMPACT VELOCITY (YDOT) = ~527.450
{(XDOT)" = 6.000
- (THETADQT )= 0.000
FRICTION COEFFICIENY = 0.000
ESTIMATED CRUSH DEPTH = 4,000
THETAQ FMAX SHEAR THRUST MOMENT DEFLECTION CLEARANCE
85.0000 2467436. 197575. 26459513, 2458712, o 11.a5 13.32
80.0000 3462696, - 507717. 3425272. 6318262, 17.83 7.56
75.0000 2852552, 585781. 2792539. 7289714, 19.12 7.06
. 70.0000 26764933, 759899. 25638213, 9656519. 20.01 - 7.10
§5.0000 2647002, 978206, 2663349. 12173234, 20.59 7.41
60.0000 2802298. 1311100. 2478307. 16315907. 21.48 7.26
55.0000 3081117. 1759865. 2529062. 21900545. 22.23 6.93
50.0000 3125416. 2083025. 2330071. 25922092. 22.63 6.51
45.0000 3148696 . 2348620, 2097206 . 29227267. 22.62 6.13
40.0000 2917015. 2375492. 1702383. 29561677. 22.43 5.58
35.0000 27838667 . 26414669. 1418765, 300492146, 22.00 5.06
30.0000 2660461. 2383021. 1152322. 29717594. 21.31 4.71
25.0000 2536081. 2375578. 914007. 295627466. 20.28 %.55
20.0000 2437334, 2344592, 703278, 29177147. 18.74 4.77
15.0000 220864382, 21674631, 461693. 26972478. 16.41 5.57
10.06000 2000902, 1988486, 267509. 24745609, 14.52 5.32
5.0000 1990509. 1988792. 112175. 24749418. 13.30 5.64
++++  OVERPACK SEPARATION NOMENT EVALUATION +++¢ _
NUPAC 10-142 OBLIQUE IHPACT HITH LOWER BOUND 20 PCF FOAK
INITIAL YELOCITY »  =527.4S50
ANGLE CRUSH FORCE +44444+  CRUSH ELLIPSE ++iteee
DEPTH HAJ. DIAG.  WIDTH XBAR area  CTRUINE iy ML 23,','52;:,“‘“.!:,52';;‘5‘
_ (A3 3) (E) «Q) CHAC) (HOC)
25.00 2.10 62144, $6.21 26.1 193 . .
$5.00 11.05 2447400, S6.13 15658 N }232 5 H g:: 113343, "o
20.00 3745 103210, 56.36 20.2¢ 44,35 1206. 39.75 37.42 241619, 0.
20.00 17:85 3662700, 56.61 122090 e 00 9960, <1le5 37.59 : e,
75.00 4:20 - 149570, s7.98 16:32 . 47les 4. 3927 36:71 sasisi. - al
75.80 19.11 2349800, 57.19 %.25 5.2¢ 2034, 2.21 37.21 . ﬂ'
70.00 . 241170, 59.59 14.38 51.083 713, 37.88 15.71 S$22811. G.
78.00 19.92 2664900, 58.28 75.14 15.91 6989, 10.34 36.52 - ':
¢5.00 3.95 219200, €1.79 10.30 $5.44 433, 36.72 34.4%  s00742. 0
§5.00 20.56 2634200, €0.10 60.7¢ 25.15 $340. I% T 35041 9. 0.
¢a.80 3126 “12648q. . §%.66 1.47 60.19 264, 440 32:91 133197. o.
€0.08 21245 2502300, £3.32 $2.04 33.86 43140 9.37 33061 ~38493159. 0.
sS:g0 1266 3963, 63.36 53 §6.25 . 1.73 31018 14363 a.
55.00 22.23  sesiloe. 68.22 €7.42 . 5708, 20.56 31,19 -32760583. q:
59.00 it 443, 73:10 1.44 1212 2 7.31 29311 -9686. a:
50.00 22243 3125400, 15.12 <5.55 : 3334, 3 90 28.33 -26343042. a.
45.00 2z. 3148700, 4. 45.53 57.2¢ 3238, 2246 25.31 . a.
45.99 22.62 3143700, 84,08 45,53 57.2¢ 323S. £.66 25.31 ﬂ’ "
<3.00 3 2917000, 249 47246 “ 3 7:2¢ 22.95 a: 0.
«0.00 2.43 2717004, 9% .49 476k 63,43 3243; 7.2¢ 22.08 0. ..
s o0 193 2779700, 113.92 s1.06 22.34 . .11 15.33 0 0.
35000 1298 2779700 113,02 51.0¢ $2.24 3367 6.11 15.33 o 0
30.00 1.23 2630000 133,65 55.92 99.31 3425, €.56 15.92 . o, o.
30,00 1.28  2630000. 133.65 55.92 3425, .34 15.92 0. 0.
25.00 0.23 25164400, 183.76 62.97 122,48 3608, 8 12299 0. o
35.40 0.23 2516400, 163.74 62.97 122.48 3400, 136 12.39 s. a.
Zu.00 &9 2422000, 210.99 73.63 159766 3329, 9.24 10009 H a.
20.00 69 2422000, 210.99 75003 159 64 1329, 124 10,09 a. a;
15.00 §.37  3219lae. 303:29 - 90.18 234.23 3201. 6 %0 7.92 0. a.
15.00 §.37  3219610a. 303.29 2019 234,33 3201, 6,60 7.02 N 9.
10.00 1448 1992700, 535.38 139238 «15.13 3151, 3144 397 0. -14772791.
10.00 251 <176, 32250 13.50 314,41 290, - ~7.92 §.60 '™ 5533,
5.00 13:30 190300,  1335.3¢ 320,67 1050.44 N¢2! 1.06 1.58 a. -5256215
500 2350 28526 €42.53 23.92 €24.60 617, -%.27 £ 31 a. 24314,
MAXIHMUN MOMENT ABOUT ADJACENT CORNER « 522811, e
MAXIMUM MONENT ABOUT OPPOSITE CORNER & 34514, - -
Table 2.7.1.2-3 Accident Oblique Drops, Partially Effective, Lower Bound Foam
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NUCLEAR PACKAGING PROPRIETARY
107142 CORNER IMPACT WITH LOHER BOUND 20 PCF FOAM

PACKAGE WEIGHT

PACKAGE EXTERNAL LENGTH
PACKAGE EXTERNAL DIAMETER=
PACKAGE EXTERNAL HOLE DIA=
PAYLOAD ENVELOPE LENGTH
PAYLOAD ENVELOPE DIAMETER=

OVERPACK LENGTH

"DROP HEIGHT
QRIENTATION ANGLE

PLATEAU CRUSH STRESS
(DEFAULT TAKEN AT 10 PCT STRAIH)

STRESS/STRA%N EVALUATED IN 12 CRUSH PLANE ELLIPSE AT:

Hy

= 48100,
= 130.00
112.00

55.08
= 36,00
76.00
= 45.00

(LBS)
(IN)
(IN)
(1)
(IN)
(I
(1t

30.00 (FT)
(DEGREES WRT T0 VERTICAL)

s
= 60.000

¢ (PSID

.15.54.37

S POINTS PARALLEL TO SEMI-MINOR ELLIPSE AXIS

25 POINTS PARALLEL TO SEMI-MAJOR ELLIPSE AXIS

EXPERIMENTAL STRAIN V5. STRESS VALUES

4

D OO NN

T

STRAIN
0.00

STRESS

0,00
650.00
350.00

7400.00

NUCLEAR PACKAGIXG PROPRICETARY
107142 CORNER INPACT HITH LOWER JOUND 20 PCF FOAM

++ CRUSH PLANE ++

CYDROP(CORNER)
CYDROP(CORNER?

CRUSH

DEPTH AREA
(I8 (IN2)
1.32 $3:6
2.64 150.1
3.95 273.2
5.2 414.5
6.59 5763
1.9 743.9
1.2y 235.3
10,54 1130.4
11,36 1334.5
13.18 1545.3
14.50 1763.3
15.32 19360
12.13 2212.9
18,45 2443.2
177 2676.0
21.89 2910.4
2.4 S14é.1
28.72 3381.9
25.44 3417.2
26.36 3351.3

VOLUKE

(INS)

4 IHPACT

FORCE
(L3S)

5439377,

ACCEL,
%)

s e s

3P 3o1~4-4 4 =T e
PmparoneT2t
PRI IRIGVEAPAS 5 P S-S 1 S N PP -

BSOS LALLM N e
TR LD

. ettt DHERGY  +4ibesd

CINETIC . STRAIN
(IN-LD) (L8 })
26485756, 3141
24695512 61172
(26735202, 214199,
264475025, 513407,
24944779, 193542,
- 25054538, 1675759,
V164291, 2547047,
25236046, 3473404,
25323302, 5001396,
25413558 £553397,
25503314 4360621,
25593070, 10370512,
25482825, 12671343,
25772581, 15271482
25842397 18211844
25952098, 21565213,
26041869, 25346096,
24131604, 29795432
260221360, 15130447,
26311104, il66‘6$7

RATIG
(SE/KE)

.800

15.54.57

86704709

86706709

- PaGE 32

DISTRIIUTION OF STRAIN RATIOS BY
ERCE

LE.78 GE 79 GT.80 GT.

OF COHTACT AREA

LE.90 LE.95
g.08 0.60 0.00
6,00 6.00 o.00
9.08 9.00 90.00
0,00 0.60 9.00
0.00 9.00 ° 9.00
.60 ¢.00 0,00
.00 0.60 .00
1.60 ¢.00 o.20
.40 ¢.00 0.00
.00 A0 Q.08
¢.00 ¢.00 9,00
0,00 o.00 0.00
¢.00 4.00 8.00
$.00 4.00 0.00
.00 8.0¢ 0.0¢
0.0¢ 90.00 .00
2,71 000 Q.08
4.95  0.00 4.0¢
é. 09 2.08  6.00

.11 o.08

Table 2.7.1.2-4 Accident cg Over Corner Drop, Partially Effective, Lower Bound Foam

9 GT.95

Rev. 1, 5/2002
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Maximum Overpack Strain (%)

Orientation Angle, ©
wrt horizontal

Case 1
(fully effective,

Case 2

(partially effective,

(degrees) upper bound foam) lower bound foam)
85 18.8 42.0
80 24.0 67.1
75 30.8 69.5
70 38.4 70.2
65 46.0 70.3
60 53.2 72.5
55 59.4 75.3
50 61.8 76.7
45 59.3 75.7
40 56.2 75.7
35 52.6 76.0
30 48.5 76.1
25 44.1 75.6
20 39.9 73.3
15 37.0 67.8
10 33.2 65.6

] 36.1 67.0

Table 2.7.1.2-5 10-142 Maximum Overpack Strains for Accident Oblique Drop Orientations

Rev. 1, 5/2002
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2.7.1.2-4) is in excellent agreement with the displacement result for the corresponding oblique orientation,
i.e., 22.63 inches for an oblique drop orientation of 50° from horizontal per Table 2.7.1.2-3. The specific
geometry and deformation associated with the cg over struck corner case is shown in Figure 2.7.1.2-1.

Overpack deformations are such that no cask protrustions (e.g., tiedown lugs or overpack
attachment lugs) will come into direct contact with the impact surface. The limiting case regarding cask
protrusions is the side drop orientation (see Section 2.7.1.3).

Regarding separation of the overpacks, the maximum overpack separation moment occurs for

analysis case 1 and is 5.60(10)° in-Ib per Table 2.7.1.2-1. This moment is converted to a maximum force, |
Pmax at an attachment lug as follows.

awrfcc( aleihment
// Jf'ﬂmrt‘tr = 8.2+ inches

-~
+— g -
P o
casK raJuu'

78.62%.

p—— T2 ]

JJ‘—-S'— eJ’Q OF CAJ& ‘c«{), (R‘SIQMQJ /u'vof)

— 928"
‘ —— E Tt

'v"

8
P f e -

~ax |-

From moment equilibrium,

M =P, [78.62+2(66.72% +38% +9.28%)/78.62] = 5.60(10)°in.ib
P =24,265lbs
With this applied force, tearout of the overpack attachment is considered using the 40° shearout
equation. The allowable load, P, is:
P =0, (20)(E.M.—(d/2)cos40°) = 55,300lbs
where o, =.6(38,000) = 22,800 psi = shear yield for A516 Gr. 70

t =0.75inches = plate thickness
EM.=1.88inches = edge margin

d =1.25inches = hole diameter
M.S.=(47,922/24,265)-1=+0.98

Bearing stress at the pinhole is
o, =P, /a
=24,265/(.75)(0.875) = 36,989 psi |
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m”n

© = lan”' (65/56) = 49.25°

o = (:m"' (?.3/!8): 57.95°

arz crush diskace = 22.62"

L(SA /an e
p/ cr /)

From GCOMC fr)/ A

a+b+d = J23%+18% cos 2.7°
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with an allowable bearing stress of ¢, = 38,000psi,
M.S.=(38,000/6,989)-1=+0.03

The double shear capacity of the 1 inch bali-lock pins is 147,000 Ibs (Carr Lane Model Number
CL-16-BLP-S-2BALL). Taking one fifth of this capacity as a rated capacity yields 29,400 pounds, as an
allowable load.

M.§.=(29,400/24,265)-1=+0.21

The final item to be addressed is retention of the primary and secondary lids. From Section
2.10.3, the worst case combined tensile and shear stress in the primary lid bolts occurs for the 85° (from
horizontal) orientation case. For this orientation, the tensile and shear stress are as follows:

f, =79,888psi
f, =2,126psi

Per ASME Appendix F, Paragraph F-1335.3, the interaction equation to be satisfied is

(f/F) +(f, /1 F,)* <1

where
F,, =bolt tensile allowable =lesser of S, and .7 §,=101,500 psi

F,, =bolt shear allowable =lesser of.6 S, and .42 §,=60,900psi

The interaction equation therefore yields a value of 0.621 for a resuitant margin of safety of
M.S.=(1.0/0.621)-1=+0.61

A full summary of interaction equation results for all oblique drop orientations is included in
Section 2.10.3.

As demonstrated in Section 2.7.1.1, cask body thread engagement is sufficient to develop the full
bolt or stud strength.

The final check to be performed regarding retention of the primary lid is with shear of the welds
attaching the 3 inch thick bolting ring at the top of the shell. The ring is attached to the cask inner shell
with a combined ¥z inch bevel %2 inch fillet weld and to the outer shell with a 1 inch bevel weld. With 16
bolts on a 71.25 inch diameter, the effective length of weld per bolt, L, is:

L =7(71.25)/16 =13.99inches
The effective weld area A,,, is therefore:
A4,=13.99(.707+1.0) = 23.88in?

The resultant shear stress is therefore:

t=P/A,6=4,679psi
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where P=maximum bolt tensile load=112,1631bs per Section 2.10.3

Conservatively using the base metal shear yield strength of 22,800 psi for the allowable shear
stress, :

M.S.=(22,800/4,697)—1=+3.85

The worst case concerning retention of the secondary lids is the flat end drop case previously
considered in Section 2.7.1.1. This is true because thrust loads drop significantly for orientations off
vertical (e.g. 144.0 g's for end drop, 76.1 g's for an orientation 85° from horizontal). In addition, shear

loads are relatively small for the secondary lids. For example, the shear load on the 1800 pound 29 inch
lid for a drop orientation 5° from horizontal is (g's as per Section 2.10.3):

F, =(42.4g's)(cos5°)(1800) = 76,030/bs
With 16, 1—1/4—7UNC bolts, the shear load per bolt is:

P, =76,030/16 = 4752lbs
and the shear stress is:
7 =4752/.969 = 4904 psi

For these reasons, detailed checks of the secondary lids are not necessary for the oblique drop
cases.

2.7.1.3 Side Drop Impact Analysis

The side drop impact orientation is analyzed using the proprietary drop program SYDROP. This
program is described in Section 2.10.2. To adequately bound overpack deflection as well as package ‘g’
loads, two cases were considered. The first case, used for determining maximum ‘g’ loads, considered an
overpack with fully effective foam in unbacked regions (i.e., outboard of the cask ends) and the upper
bound foam stress-strain curve. The results obtained for this case are presented in Table 2.7.1.3-1. The
second case, used for assessing maximum strain in an overpack and potential contact of a cask tiedown
lug with the impact surface, considered an overpack with ineffective foam outboard of the cask ends and
the lower bound foam relationship. Resuits for this case are presented in Table 2.7.1.3-2.

Maximum overpack strain occurs for analysis case 2 where a side thickness, ts, of 18 inches is
considered [(112 -76)/2 = 18.0].

The strain for this case is:
E= 5/1‘, =11.47/18.0= .637in/in

This 63.7% strain is well within the desired 80% limit.
Regarding contact of a cask protrusion with the impact surface, tiedown lugs and overpack

attachment lugs must be addressed. As the tiedown lugs protrude 6 inches from the cask body and
overpack attachment lugs protrude 4.5 inches, the minimum amount of crush required to reach a lug is:

¢ =(112/2) - (38 +6) =12.0inches
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The maximum crush for the overpack occurs for analysis case 2 (Table 2.7.1.3- 2) and is 11.47
inches. Thus, direct impact of a tiedown lug or overpack attachment lug cannot occur.

In flat side drop orientations, there is no tendency to separate the overpacks from the cask body.
Near horizontal impact orientations do, however, tend to separate the overpacks, and these orientations
were considered in the oblique drop cases, Section 2.7.1.2.

The final issue to be addressed for the side drop case is shear stress in the primary and
secondary lid bolts. From Tables 2.7.1.3-1 and 2.7.1.3-2, the maximum ‘g’ load identified for side drop is
96.2 g's. This 96.2 ‘g’ load can now be used to determine shear stresses in both the primary and
secondary lid bolts. Table 2.7.1.3-3 presents the appropriate shear stress calculations. Table 2.7.1.3-3
also considers the bolt prestress (which exceeds the applied stress due to pressure) and makes the
appropriate interaction checks specified in paragraph F-1335.3 of the ASME Code. As shown, positive
margins exist for all primary and secondary lid bolts.

It is noted that the maximum permissible primary lid to cask diametral gap is 0.040 inches as
noted on drawing X-103-110-SNP, sheet 2. As the lid and interfacing 3 inch deep cask annular ring are
match drilled, the 0.125 inch diametral clearance specified between the bolts and the lid holes (1.625 vs.
1.50) assures that the lid will bear against the I.D. of the cask body prior to development of a direct shear
load on any lid bolt. The same arguments used above also hold true for the secondary lid and its bolts
(i.e., 0.040 inch maximum diametral gap between primary and secondary lids, 0.125 inch diametral
clearance between bolts and lid holes, match drilling of lid). Secondary lid bolts are also, therefore, not
subjected to a direct shear load from the lid.

The overall bending response of the cask body to the 96.2 ‘g’ side drop load is considered. For

this assessment, the cask is treated as a simply supported beam, 84 inches long with a uniformly
distributed load, w, as follows:

w=(96.2)(68,100)/84 = 77,9911b/in

The resultant maximum moment and corresponding stress is determined by conservatively
ignoring any strength from the lead or inner shell and assuming that the cask outer shell resists the entire
applied loading.

M =wI?[8=6.87910) in—1b
where L =84inches
o =Mc/I=15,776 psi
where ¢ =38inches
I =(n/64)(76" —74*)=1.657(10)° in*

The resultant 15,776 psi stress is well below the yield stress of the A-516 material used for the
outer shell (38,000psi).

Conclusion: It is therefore safe to conclude that the 10-142 package can safely react the
maximum loads for a 30-foot side drop.
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++ CRUSH PLANE ++ +ert IMPACT 44 +ebe ENERGY 444444 DISTRIBUTION OF STRAIN RATIOS 3V
CRUSH PERCENT OF CONTACT AREA
DEPTH AREA VOLUHE FARCE ACCEL. POTERTIAL STRAIN RATIO LE.70 GT.70 GT.30 GV.90 GT.95
[$4:M) {Ine) {IKS} {L3S) {G) CIN-L8) (IN-18) (SE/PE} LE.80 LE.99 LE.9S
.25 951.4 159 285732, 4.2 2453302S. 35217, 001 160.69 1,80 0,00 0.00 .00
.50 1344.0 G438, 726229. 19.7 245500560, 162212, 007 100,00 g.40 0.00 09.00 9.80
.15 1644.2 323, 1194983, 17.5 26567078, 402343, .016 166,00 8.00 9.00 8.0 4.40
1.00 1896.4 1267. 1642844, 24,1 24584108, 757096, 031 106,00 ¢.00 4.00 §.00 ¢.0Q
1.2 2117 .9 1769, 2044327, 36.0 266481128, 1218058, 050 100,00 a.00 8.00 g.00 ¢.00
1.50 2317 .4 2524, 238%269. 35.1 264418150, 1772317. .072 100.00 0.00 €.90 a.06 9.40
1.7% 2540.2 2926. 2673680, 3%.3 26435178, 24905134, 098 100,00 ¢.9¢ ¢.00 §.00 6.9
2.00 26469.8 3523. 2929808, 43.0 26e€52200., 3105622, 126 160,06 0,00 0.00 0.0¢ 8.00
2.5 28284 4264, J1g1128. 46.7 24669228, 3849489, 18? 100,00 9.0¢ 4.03 .40 a.00
.50 2978.2 4984, 3420196, $0.2 26486259, 4494455, 180 100.00 .00 g$.00 ©.0¢ 9.00
2.7s 1120.0 $149. 3647168 55.6  2470327S.  SS7%071. .226 106.80 ©0.00 4.00 .00 §.00
3.40 3255.0 £566, 3862920, 56.7 24720349, 65168130, 286 106,00 4.04 4.00 ¢.0¢ @.00
3.25 31384.6 137¢. 4048755, $9.7 24737328, 1508289, 304 10¢.00 ¢.40 ¢.08 8.00 ¢.00
31.50 3507.7 8237, 4286012, 62.6 26754350, 2550138, 345 106.00 ¢4.0¢ §.00 g.00 a.0¢0
3.75 3626.6 9129. 4457823, §5.5 247713575, 96464615, 389 106.60 0.0¢ €.90 68.00 ¢.0Q
4.00 3741.2 1065¢. 4647620, £8.2 2647884040, 1077879S. 435 100.0¢ 4.60 q.08 .86 .00
4.2% 3351.9 10999. 4834956, 1.0 26805425. 11964115, 482 100.00 0.08¢8 .99 q.0¢6 .00
$.50 3959.0 11976. 5020377, 73.7 26822454, 13196029. 532 . 100.9¢ 0.0¢8 6.9 Q.00 .08
4.1 4062.7 1297¢. 5204551. 4.6 24339478, 1447464145, 583 100.00 9.60 4.00 4.00 g8.840
5.00 ©363.4 14007, 5388338, 131 268565040, 15798262, 436 100.00 4.00 g.00 9.08 ¢.a4
5.28 %261.2 15060. 5572524. 21.3 24373528, 17268324, 490 160.90 .00 ¢.00 0.00 ¢.84
5.5¢0 4356.4 16137 575715388, 84.5 24890554, 18584439, 247 100,80 0.00 8.00 g.0¢ 9.00
5.7% 4449 .3 17238, 3943757, 87.3 24907518, 20847307, 205 160,00 9.90 0.00 a.006  g.0¢
¢.00 4339.4 18342, 6132473, $0.1 26926600, 21556236, 465 164.140 Q.00 ¢.4¢ 0.6¢ q.4¢
6.258 4627 .¢ 19s508. §324632. 92.% 26941625, 23113974, .927 106,00 0.00 8.90¢ g.0¢ 4.00
$.50 4713.6 20675,  £521223. 95,8 24953450, 24719106, .990 106,80 o0.cu 8.00 Q.00 Q.80
6.5¢ 4725.9 20849, £550765S. 96.2 24941134, 26961273, 1,000 100,00 g9.t¢ e8.0¢ .00 ¢.00
§.75 &797.7 21844, 6725491, 98.7 26975675, 26375320, 1.05¢ 100.00 9.00 .00 .00 g.u8
7.00 230,90 23074, €932772. 101.3 249927400, 28082378, 1.124 100,00 0.60 e.09 g4.090 8.08
1.28 §940.4 24304, 7149478, 185.0 25009728, 29842659, 1.193 100.00 a.¢0 6.00 4,00 0.80
1.50 5039.2 25554. 7369612, 108.2 25026750, 31657546, 1.2¢5 109,04 .60 §.00 ¢.00 g.00
1.15 5114.4 26824, 7597479, 111.¢ 25043778, 33528432, 1.539  100.00 0.00 0.60 0.00 6.0¢
s.0¢ 5192.0 28112, 7834022, 115.1 25060808, 35457429, 1.415  160.0¢ 6.00 4.00 0.0¢ 0.6
Table 2.7.1.3-1 Accident Side Drop, Fully Effective Overpack, Upper Bound Foam
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NUCLEAR PACKAGING PROPRIETARY
10,1642 SIDE IMPACT WITH LOWER BOUND 20 PCF FOAM
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39347, L002 100,00 0.00 .00 0,00 1.00
189755, .80 100,00 0.00 .00 Q.00 9.08
4R852¢, 02¢  lo0.00 0.00 4.00 .00 0.6¢
924322, .37 Jee.40  0.00 0,00 40.00 0.00
1472272, L0680 100.00 Q.00 .00 0,00 Q.04
2114965, .08 loo.0a q,00 0,00 .00 .00
2344420, J18 100,00 0,00 0,00 @0.80 8.0¢
3653328, <147 100,00 9.80 0.00 0.00 4,88
4534716, .18% 1g0.00 0.00 6.00 0,00 0,00
5438771, W221 100.00 0.00 Q.00 0,00 0.80
¢S13643, .262 180,00 a.06 0,80 0.00 0.¢C
7607085, .305 100,00 ©.00 0.80 Q.00 0,00
8767001, L3510 100.40 6,00 0.60 0.00 0.08
9993641, 408 100,00 0,00 0.00 ©0.00 g.8a
11290545, .451 100,00 ¢.00 Q.00 0.0C 4.00
12464815, .305 160,00 9.00 ¢.80 6.00 4.90
16125592, 563 )00.00 0.00 0.00 ¢.00 ¢.00
15633225, 424 100.600 0.00 Q.06 @€.00 0.8%
173486434, 489 100,08 6,06 0.00 0.00 @.0¢
19133313, J59 106,60 e.00 3.90 8.0C Q.00
21055181, 434 100,00 @.00 0.08 Q.00 ¢.00
23138481, 916 1s¢.0¢ 0.00 D0.3¢ 0.850 e.6¢
25297537, i.oon 106.06 0.%0 0.00 0.00 §.6¢
25415291, 1.005 100,00 ¢.00 0.00 0.00 0.8¢8
7821540, Jdg2 100.89  0.60 06.00 0,00 g.60
30729460, 1.211 100,00 ¢.00 0.00 Q.00 G.00
33838048, 1.3%¢ 346,00 16.00 0.00 08.00 2.00
37434728, 1.424 76.00 24,00 8,00 ©0.00 9.00
41618384, 1.454 71.60 29.00 g8.00 £.00 Q.90
44395520, 1.81% €7.00 25.00 g.006 0.00 0.00
slra2s521. 2.02% €3.00 19,80 13.00 ¢.00 0.00

25537500,

Table 2.7.1.3-2 Accident Side Drop, Partially Effective Overpack, Lower Bound Foam
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2.7.2 Puncture

A 40 inch drop onto a 6 inch diameter pin can occur on three separate regions of the package,
i.e., overpack area, ends and side walls between overpack.

Since the overpack is backed by side wall or end type construction any impact in this region
would be less severe.

Using ORNL-NSIC-68 for the side wall evaluation, the puncture energy can be calculated:
t= (W/S)O.ﬂ

Where: § = 70,000 psi (A-516, Grade 70)
W = 68,100/bs

t = (68,100/70,000)°"
t=0.981

Margin of Safety:
M.S.=(1.00/0.981)-1=+0.02

The ends of the package are constructed from two thicknesses of 3 inch steel plates for a total of
6 inches. From the above, it was shown that the 1 inch (A-516) steel sides backed by 3.5 inches of lead
were shown to be adequate. For the sake of completeness, the following analysis is presented to
substantiate the adequacy of the end plates.

In order to demonstrate adequacy of the cylindrical flask overpack to withstand impact on a 6 inch
diameter cylindrical pin, an 'ANSYS’ finite element analysis of the circular end plates has been performed.
The analysis approach considered both large deflection behavior of the circular plate and bilinear
characteristics of the mild steel material.

The mathematical model is shown in Figure 2.7.2-1. This model consists of 52 nodes and 36 iso-
parametric quadrilaterals (STIF42) representing an axi-symmetric plate of three inches thickness and 74.5
inches in diameter. The plate model was loaded by applying a series of prescribed displacements o node
2, corresponding to the contact perimeter of the 6 inch diameter puncture pin. At the outer diameter of the
plates, node 52, the forces induced by this prescribed displacement were reacted in an axial fashion. No
radial constraints were imposed upon the model except at the axis of symmetry.

The conventional bilinear properties of mild steel used in this analysis are also shown in Figure
2.7.2-1. Importantly, this analysis assumed a conservative 10% value for strain at rupture. [

The structural behavior of the plate at maximum pin penetration is shown in Figure 2.7.2-2. This
figure illustrates strains and deformations at an 'ANSYS' load step (imposed deformation) corresponding
to the maximum deformation actually experienced by the plate. Figure 2.7.2-2 illustrates both deformed
plate shape and effective strains for each of the 36 finite elements. On an effective strain basis, the roost
severely strained element possesses a rupture margin of greater than + 0.66:, thus, no puncture occurs.

Maximum pin penetration (deformation of plate) was determined by plotting the load deformation
characteristics of node 2 (the puncture pin diametrical location) as shown in Figure 2.7.2-3. Integrating
this load-deformation relation, as shown in Figure 2.7.2-4, produces a description of plate strain energy
versus deformation depth.
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Figure 2.7.2-1 ANSYS* Flask End Plate Finite Element Model for Pin Impact
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The kinetic energy relation of the dropped flask is also plotted on Figure 2.7.2-4. The intersection
of these two energy relations defines the deformation depth at which the strain energy (or work done on
the plate) equals the available kinetic energy. At this deformation depth, 4.5 inches, the deformation is
arrested and can proceed no further.

2.7.3 Pressure Stress Calculations

If the package was assumed to contain water, it would experience an increase in internal
pressure as a result of the hypothetical fire condition. From the thermal analysis in Section 3, it can be
seen that the inside surface temperature of the package ranged from 187°F node 27 up to 457°F at node
10. Node 27 represents approximately 20% of the cask inside surface area and, as such, provides the
condensation surface. These temperatures for the Albi-Clad model are higher than those for the thermal
shield model.

Assume that the package was initially loaded at 70°F. Therefore, from the steam tables:

B =14.70psi(latm) — 0.36 psi

B, =14.34psi
P, =14.34 psi (187° + 460°) /(70° + 460°)
P, =17.50psi

From the tables for 187°F:

P, =8.79 psi
P=B+F
P, =26.29 psia

or a differential internal pressure of:

P, =26.29-14.70
P, =11.59psig

This will produce a load on the lid of:
F=(md’[#)F,

=[7(66)* [4111.59 psig
=39651

or F =2478Ibs/bolt
The corresponding bolt or stud stress, o, is c=F/A=F/1.404=1765 psi.

The allowable stress is 0.70S,, = 101,500 psi, thus the margin of safety is:

M.S.=(101,500/1765) ~1 = +Large.

Rev. 1, 5/2002 2-54 |



ATG Safety Analysis Report for the 10-142 Cask SAR-10-142 |

Assuming that the bolts or studs and nuts follow the temperature profile of the uninsulated |
external surface of the lid, their temperature never exceeds 500°F. The ASME Boiler and Pressure
Vessel Code indicates that no significant loss of bolt or stud strength occurs at such temperatures for |
A354 Gr. BD, or A540 Gr. B24V Class 3 (large margins of safety remain large). By inspection, margins
will also remain large for the secondary lid bolts or studs and nuts. |

From Section 2.5.2 it was shown that a pressure of 25 psi generated a stress of only 4964 psi for
one of the two 3 inch plates. Maximum temperature in this plate was 460°F. The ASME code indicates
that the yield strength of the A516 Gr. 70 steel in the lid at 500°F is 30,700 psi. Therefore,

M .S.=[30,700 psi/4964 psi]—1=+5.18

From the above it can be concluded that the package can safely resist the pressures generated
from temperature effects.
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2.8 Special Form

Since no special form is claimed, this section is not applicable.
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2.9 Fuel Rods

Not applicable.
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2.10 Appendix

Appendix 2.10 contains the following sections:

2.10.1 _General Arrangement Drawings of Model 10-142 Packaging

2.10.2 Description of NuPac Proprietary Drop Programs

2.10.3 Primary Lid Closure Bolt Evaluation For 30 Foot Oblique Drops
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APPENDIX 2.10.1
GENERAL ARRANGEMENT DRAWINGS OF MODEL 10-142 PACKAGING
This appendix contains:

Drawing X-103-110-SNP, Revision E, Sheets 1-5 (which constitutes SAR pages 2-60
through 2-64)
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& dNS—OLL—COL—X

NOTES: UNLESS OTHERWISE SPECIFIED

1. MATERIAL: LOW CARBON HOT ROLLED STEEL:
PLATE & SHAPES CONFORM TO ASTM—AS516, GR 70
SHEETS CONFORM TO ASTM—AS569, AS570, A36 OR TYPE
304 SST PER ASTM—A240

b MATERIAL: ASTM—AS514 OR ASTM—AS517 ANY GRADE.

b FOAM: 1,000 PSI CRUSH STRENGTH RIGID POLYURETHANE PER NUPAC
FOAM, SPECIFICATION NPLF6.

D LEAD: PER FEDERAL SPECIFICATION QQ-L-17IE, GRADE A OR C.

5. REFERENCE DATA: CASK WT: 58,100 LBS
PAY LOAD: 10,000 LBS
GROSS WT: 68,100 LBS

6. ALL WELDING PROCEDURES AND PERSONNEL SHALL BE QUALIFIED IN
ACCORDANCE WITH AWS D1.1 OR ASME CODE, SECTION 1X. (ALL
STANLESS STEEL MATERIAL WELDING SHALL BE PERFORMED PER ASME,
CODE SECTION IX.) WELD PROCEDURES AND WELDER QUAUFICATIONS SHALL
BE AVAILABLE FOR AUDIT OR REVIEW.

7. ALL WELDS SHALL BE INSPECTED VIA NDT METHODS AS FOLLOWS:
LIFTING LUG AND CIRCUMFERENTIAL CONTINUQUS WELDS: MAGNETIC PARTICLE
PER ASME CODE SECTION 1li, DIVISION |, SUBSECTION NB, ARTICLE NB-5000
AND SECTION V, ARTICLE 7. LIQUID PENETRANT NDT SHALL BE SUBSTITUTED
FOR MAGNETIC PARTICLE ON STAINLESS STEEL WELDS PER ASME CODE SECTION Il
DIVISION 1, SUBSECTION NB, ARTICLE N8—5000 AND SECTION V ARTICLE 6.
LONGITUDINAL SHELL WELD: RADIOGRAPHIC PER ASME CODE SECTION diI,
DIVISION 1, SUBSECTION NB, ARTICLE NB—5000 AND SECTION V, ARTICLE 2,
OR ULTRASONIC PER ASME CODE, SECTION iil, DIVISION I, SUBSECTION NB,
ARTICLE NB—S5000, PARA NB 5330 AND SECTION V, ARTICLE S.

8. CLADDING OPTION: 12 GA TYPE 304 STAINLESS STEEL CLADDING MAY BE
INSTALLED ON THE INTERIOR & EXTERIOR SURFACES OF THE CASK BODY
& INTERIOR SURFACES OF THE UPPER LID. CLADDING SHALL BE SEAL
WELDED ALONG AlLL EDGES & SEAMS. THICKER CLADDING MAY BE INSTALLED
IN THE LID INTERFACE AREAS AND MACHINED TO OBTAIN SPECIFIED CLEARANCES.
WELD METAL MAY ALSO BE DEPOSITED AND MACHINED IN THESE AREAS IN UEU
OF SHEET/PLATE MATERIAL.

9.  PAINT ALL EXPOSED CARBON STEEL SURFACES WITH ONE COAT CARBONZINC 11
& ONE COAT PHENOLINE 305, OR ONE PRIMER COAT (3—5 MILS) MOBIL CHEM
EPOXY NO. 89 & ONE FINISH COAT (3—5 MILS) MOBIL CHEM EPOXY NO. 89
OR ONE PRIMER COAT (3—5 MILS) TNEMEC 66 SERIES AND ONE FINISH COAT
(3-5 MILS) TNEMEC 66 SERIES.

10. COAT ALL EXPOSED EXTERIOR SURFACES OF FLASK BETWEEN UPPER AND LOWER
OVERPACKS WITH ONE (1) COAT (MIN 3/16 THICK) "ALBI—CLAD" NO. 89 AS
AN OPTION, A 10 GA TYPE 304 STAINLESS STEEL THERMAL SHIELD MAY BE
INSTALLED BETWEEN THE OVERPACKS.

[> NOMINAL AR GAP (MINIMUM .05 IN., MAXIMUM .42 IN.)

12. PACKAGE SHALL BE MARKED & IDENTIFIED IN ACCORDANCE WITH THE
REQUIREMENTS OF 10 CFR 71.85(c).

13. PRIMARY & SECONDARY LIDS & DRAIN SHALL BE EQUIPPED WITH TAMPER
INDICATING DEVICES IN ACCORDANCE WITH 10 CFR 71.43(b).

14.  THIS IS AN UNPUBUISHED DOCUMENT, ALL RIGHTS RESERVED UNDER COPYRIGHT LAW.

JOINTS & SEAMS SHOWN ARE THE PREFERRED CONFIGURATION. DUE TO VARYING
FABRICATOR CAPABILITIES, SPECIFIC JOINT/SEAM CONFIGURATION SHALL BE
CONTROLLED ONLY TO THE EXTENT THAT IT AGREES DIMENSIONALLY WITH THE
DESIGN & THAT MATERIALS SHALL BE AS SPECIFIED.

A A

TORQUE PRIMARY LID {FASTENERS 1-1/2-6UNC) TO 300 (325 FT—LBS (LUBRICATED).
l> TORQUE SECONDARY LID{FASTENERS)TO 200 +10 FT-LBS (LUBRICATED).
EITHER OPTION A OR OPTION B USED ON A PARTICULAR PACKAGE BUT NOT BOTH.

b 29" LD 1-1/4—7UNC ASTM-A354 GR BD OR AS540 GR B24V CLASS !l THREAD
ENGAGEMENT = 2.00 INCHES MINIMUM.

16" LID 7/8-9UNC, ASTM—A354 GR BD OR A540 GR B24V CLASS Ili THREAD
ENGAGEMENT = 1,25 INCHES MINIMUM.

w PRIMARY AND SECONDARY LID FASTENERS & INDEX PIN LOCATIONS SHALL BE
GUARANTEED BY MATCH DRILLING ASSEMBLIES.

21.  THE FABRICATION OF THIS PACKAGE SHALL BE CONTROLLED IN STRICT
ACCORDANCE WITH THE NUCLEAR PACKAGING QUALITY ASSURANCE SYSTEM,
USNRC APPROVAL NO. 0192.

ADDITIONAL PERIODIC SPACERS MAY BE PLACED AT RANDOM LOCATIONS IN;ORDER
TO GUARANTEE THE MINIMUM AIR GAP.THE CUMULATIVE SPACER AREA SHALL NOT
EXCEED 5% OF THE ENTIRE EXPOSED THERMAL SHIELD SURFACE. 3

I} OVERPACK LUG HOLE 1.125%3323 DIA. THROUGH 3/4" PLATE.
UNLESS OTHERWISE SPECIFIED, TOLERANCES SHALL BE
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DESCRIPTION OF NUPAC

PROPRIETARY DROP PROGRAMS
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2.10.2 Description of NuPac Proprietary Drop Programs

This section briefly documents the methodology employed, by the NuPac proprietary computer
programs which are used to demonstrate compliance of the package with applicable provisions of 10
CFR 71 for normal and hypothetical accident conditions. The first two subsections deal with the
calculation of external and internal forces imposed upon the package, when subjected to drop events. A
sample problem is then presented and the NuPac computer code quality assurance program is briefly
discussed. These subsections describe techniques and computer programs developed by Nuclear
Packaging, Inc. of Federal Way, Washington, as follows:

e 2.10.2.1: Describes derivation of energy absorbing overpack load-deflection relations.

e 2.10.2.2: Describes the methods to evaluate the dynamic behavior of oblique impacts and the
associated internal forces generated within the cask body.

e 2.10.2.3: Describes a sample problem, and input and output for each of the four computer codes
(EYDROP, SYDROP, CYDROP, and OBLIQUE) discussed in this section.

e 2.10.2.4: Describes the quality assurance program utilized to maintain NuPac computer codes.

2.10.2.1 Overpack Deformation Behavior

The package is protected by foam-filled, energy-absorbing end buffers, called overpacks. For
purposes of analysis, the overpacks are assumed to absorb, in plastic deformation of foam, the potential
energy of the drop event. That is, the analyses assume that none of the drop potential energy is
transferred to kinetic or strain energy of the target (the unyielding surface assumption of 10 CFR 71), nor
strain energy in the package body itself.

There are three orientations of the package where the potential energy of a drop is assumed
totally absorbed by plastic deformations of the overpacks. At other orientations, where rotational effects
are important, the methods outlined in Section 2.10.2.2 are employed. The three orientations where
rotational (or pitch) motions play no role in the evaluation of the impact event are:

e End Drop - on the circular end surface of the overpact.
¢ Side Drop - on the cylindrical side surfaces of the overpacts.
o Corner Drop - with package center of gravity directly above the struck corner of the overpack.

For these three orientations, the prediction of overpack behavior can be approached from
straightforward energy balance principles:

J
E=W(h+5)= [Fdx ()
0
Where:
W = package weight
h = drop height
é = maximum overpack deformation

F, = force imposed upon target and package by the overpack at a deflection equal to x.

The left-hand term represents the potential energy of the drop. The right-hand term represents
the strain energy of the deformed overpack.
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Each of these three orientations is treated by an individual computer program reflecting the
differing geometry characteristics of each event. All three computer programs employ common energy
balance techniques to assess maximum overpack deformations, including utilizing a common description
of the crushable energy absorbing foam. The foam typically exhibits a stress-strain plateau of nearly
constant stress up to a total strain of 40-60%. Above this strain value, pronounced strain hardening
effects commence which reflect the collapse or consolidation of the entrapped bubbles within the foam.
Accordingly, a tabular definition of foam stress-strain relations is employed in each of the three computer
programs. This tabular definition is taken directly from measured properties and accurately reflects the
strain hardening behavior of the foam up to strains of about 80%.

The following discussion of these three computer programs proceeds from the geometrically
simplest (end drop) to the most complex (corner drop).

2.10.2.1.1 End Drop (EYDROP)

EYDROP performs the calculations outlined in Equations (1), (2), and (3) for a trial range of
deformation values, 8. For each trial value of total deformation, the energy balance of Equation (1) is
monitored and reported. Solution for total overpack deformation is found by an interpolated balance of
Equation (1). EYDROP assumes a constant foam strain across the crush area, neglecting the affects of
any unbacked areas. A sample problem input and output for EYDROP may be found in Section
2.10.2.3.1.

The force produced by the overpack is simply:

F. =Ac 2)
Where:

A=7zD*[4, the end area of the package

D= effective diameter of package

o, =£[ €], the foam crush stress at a strain of ¢ (3)

&[] =the tabular definition of foam stress strain properties

e=x/x,

x= deformation

Xx,= end thickness of overpack

2.10.2.1.2 Side Drop (SYDROP)

SYDROP differs from the end drop solution only in the fact that both deformation and strain vary
from point to point and total force, at a given crush depth, must be found by geometric integration over
these points. The details on this geometry are found in Figure 2.10.2.1-1. SYDROP assumes all foam is
backed, exhibiting homogeneous properties along the package length. A sample problem input and
output for SYDROP may be found in Section 2.10.2.3.2.
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For each trial deformation value, the force is found as:

X,

Fy=2L |odx

0]
Where:

L = effective length of the overpack
Xmax = [ro2 ___(ro _5)210.5
ox=¢[€, ], tabular definition of foam stress-strain properties
&, = foam strain at location 'x'
Referring to Figure 2.10.2.1-1, the strain at a point 'x' is found by:
g, =[6 —r,(1-cos0)]/[r,(cosB) —r,(cosy)]
Where:

@ =sin”' (x/r,)

y =sin™ (x/r,)
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T, = overpack radius

—r, = package radius

- ;Impact surface

=L\
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Figure 2.10.2.1-1 Side Impact Geometry (SYDROP)
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2.10.2.1.3 Corner Drop (CYDROP)

CYDRORP is similar to SYDROP, excepting that a two dimensional geometric integration is
required to assess the overpack crush force at each deformation. A sample problem input and output for
CYDROP may be found in Section 2.10.2.3.3.

CYDRORP treats the corner impact of a cylindrical package upon an unyielding surface. The
package itself consists of a cylindrical payload portion surrounded by a larger cylindrical column
composed of a crushable media. So long as the deformations of the crushable media are modest, the
problem may be approximately solved by assuming a uniform crush stress exists over the elliptical
surface of the crush plane (contact surface). CYDROP was developed specifically to address problems of
large deformations of this crushable media and to treat geometries where the cylindrical overpack
envelope possesses axisymmetric cylindrical voids (e.g., does not completely cover the cylindrical ends of
the payload package).

The large deformation behavior of the crushable media is accommodated by determining the
actual strain of the crushable media at a point. This strain is used to determine the corresponding stress
from an implicit tabular definition of media stress-strain characteristics. The total crush force is found by a
double integration over the contact area of the crush plane.

Strain energy absorbed by the crushable media is determined by integrating the crush force and
its associated deformation. The package is assumed to be at rest when the computed strain energy
value equals the applied drop energy.

The geometric calculations for the contact surface and the associated strains are carried out
using a moving (x, y, z) coordinate system in which the x-y plane corresponds to the crush plane, as
illustrated in Figure 2.10.2.1-2. The crush plane itself represents a segment of an ellipse. The contact
area is this ellipse segment, provided no cylindrical end void exists. When a cylindrical end void exists,
the contact area of the crush plane is reduced by the removal of a second elliptical region associated with
the projection of this void into the contact plane.

Calculation of strain is somewhat more complex. In principle, the distance from point (x, y) in the
crush plane to the payload is found and denoted, Z,,. Similarly, the distance to the undeformed external
overpack envelope is found and denoted, Z,y. The strain represents deformation divided by original
thickness, or:

&= Zbot/(Zbot +Zt0p)

At any point (x, y), the calculation of Z,,, may follow three branches, according to location. The
three possible branches relate to the payload surface intercepted. They are the circular bottom of the
payload, the cylindrical surface of the payload, and the unbacked regions, each of which are separately
addressed below:

The Circular Bottom of the Payload:

The bottom of the payload cylinder describes an ellipse in the crush plane. If point (x, y) is inside
this ellipse, the point is considered backed by the bottom of the payload. An exception to this general
statement is noted in the discussion of the unbacked region, below.

The Cylindrical Surface of the Payload:
The cylindrical surface of the payload describes a rectangular region tangent to the payload

bottom ellipse at its major axes. If point (x, y) is outside the bottom ellipse yet possesses an x-coordinate
less than the radius of the payload bottom, the point is considered backed by the payload cylinder.
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FIGURE 2.10.2.1-2 Corner Impact Geometry (CYDROP)
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Unbacked Regions:

Unbacked regions are of two forms — those associated with the cylindrical end void and those
near the external surface of the overpack. The unbacked region associated with the end void is a point in
the crush plane which lies within the ellipse defined by the void circle lying in the plane of the payload
bottom. The unbacked region associated with points near the overpack extremities is defined by those
points (x, y) where the x-coordinate exceeds the radius of the payload volume. By default, points which
are unbacked employ a nominal crash stress for force integration purposes. As an option, the unbacked
regions can be treated as having no energy absorbing capability.

The calculation of Zyy, the distance to the undeformed overpack envelope, may follow two
branches. These branches correspond to intercepts with either the cylindrical surface of the overpack or
the circular end of the overpack.

The analytics describing the geometry discussed above, consists of the sequential application of
a series of geometric transformations of surfaces described in the coordinates of the cylindrical package
(X, Y, Z) to the coordinates of the contact plane (x, y, z). The surfaces in package coordinates are:

Overpack Cylinder: X*+Y* =R’
Overpack Bottom Circle: X +¥?= Rc2
Z=-L)2
Payload Cylinder: X*+Y’=R’
Payload Bottom Circle: X +Y% = R;
Z=-1, / 2
Void Circle at Payload: X*+y?= R}
Z=~L,/2
Void Circle at Overpack Exterior: X*+Y*=R;
Z=-L )2

CYDROP also performs a sensitivity analysis to determine the amount of unbacked foam at each
incremental crush depth. Additionally, this calculation is carried over to the impact force and strain
energy. The code automatically prints a warning message if the foam strain exceeds 80% and the ratio of
foam strain energy to kinetic energy is less than one (SE/KE<1).

2.10.2.2 Oblique Impact Dynamic Analysis

Impacts at arbitrary orientation angles differ in two major respects from those that occur at angles
corresponding to stable or neutral equilibrium (end, side, and center of gravity over struck corner). In the
neutral and stable equilibrium conditions, the entire initial kinetic energy of drop is transformed into strain
energy associated with plastic deformation of the overpack. At arbitrary orientation angles, only a portion
of this kinetic energy is transformed into strain energy at the impacted end. The remainder of this kinetic
energy becomes rotational motion of the package. The solution approach must properly reflect the
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continually changing transformation of initial translational kinetic energy into rotational kinetic energy and
plastic deformation of the overpack energy absorber.

The second major difference between neutral equilibrium impacts and arbitrary angle impacts
relates to the rather different load-deflection behavior of the overpacks at low angle (<30° from horizontal)
orientations. Under neutral equilibrium conditions, a major portion of the crush footprint is backed by the
cylindrical body of the package, allowing strain hardening effects to stiffen the overpack load-deflection
relation. At low angle orientations (<30° from horizontal), much of the overpack crush footprint is
unbacked. Thus, the low angle load-deflection relations are initially quite soft, then abruptly harden as
portions of the crush footprint grow into backed regions. As these low angle orientations approach
horizontal attitudes, this terminal stiffening phenomena becomes more pronounced.

There are two potential solution paths to problems of this nature — a momentum formulation or a
direct solution of the equations of motion. The momentum approach provides an easy and simple means
to assess the transformation of translational initial velocities into rotary velocities, hence, total plastic
strain energy absorbed by the overpack energy absorber. Unfortunately, this momentum formulation does
not produce intermediate values of crush force and crush deformation needed to assess overpack
attachment forces, nor does it conveniently provide a means to incorporate the varying load-deflection
relationships of the overpack as a function of orientation angle. Thus, a direct solution of the equations of
motion was selected.

The three key problem variables, crush force, F, crush depth, 8, and orientation angle, 9, all vary
with time, t, for a given initial orientation angle, 6,. The crush force is assumed to act at the centroid of the

elliptical crash footprint. For the model illustrated in Figure 2.10.2.2-1, three independent second order
differential equations of motion can be formed:

M@*X/ot*)=F,
M@’Y/o*)=F, - Mg

1(86/3t*) = {[8(a—c)/c(sin@) + T, + L/2](sinO)}F, + {x —[5(a—c)/c(sinf) + T, + L[2](cosO)}F,

Where:
M = the package mass = pL
= the crush force
g = the gravitational constant = 386.4 in/sec®
I = the rotational mass moment of inertia (as input)
fo = the radius of the body
L = the length of the body
Tg = overpack bottom thickness
0 = the instantaneous orientation angle of the package with respect to the
horizon
p = the mass per unit length
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Figure 2.10.2.2-1 Oblique Impact Geometry
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*
I

distance to centroid of footprint
ac = geometric quantities defined in Figure 2.10.2.2-2

These differential equations are integrated subject to initial conditions, associated with the
moment of impact when time, t, equals zero, of:

X = 0
Y = 0
[ = &
axa = K/ A
a/a = /A
a = 90,/
Where:
o, = impact angle (varies with time, t)
A = 2gh)*s
h = drop height

Each of the above differential equations requires a continuously updated value of the force, F,
reflecting both crush depth and package orientation, or:

F=£(,.)

This continuously updated value of the force, F, is supplied to the integration process by means
of a two dimensional Lagrangian interpolation of crush depth, §,, and orientation angle, 6. The tabular
data used in this interpolation consist of a series of complete force-deflection relations for separate
orientation angles developed via the CYDROP computer program, described in Section 2.10.2.1.3. The
deflection, 8, is expressed in terms of problem variables as:

S, =L(sin@-sind,)/2+r,(cosf—cosb,)-Y

The foregoing analysis process for evaluating impacts at oblique orientations was consolidated in
a NuPac developed computer program, OBLIQUE. OBLIQUE integrates the equations of motion for each
value of orientation angle versus time, until maximum values are found for crush force, crush deformation,
shear, and body bending moment. At each incremental time step (incremental crush deformation),
overpack attachment moments are computed, scanned for maximum values and output. By sweeping
through a series of initial orientation angles, the maximum values of all internal loads are found. At each
specified initial orientation angle, a solution is realized when all internal forces, moments, and deflection
have reached a maximum value. Note that these internal forces, moments, and deflections do not

necessarily happen at the same instantaneous angle, 6.
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Figure 2.10.2.2-2 Elliptical Footprint Geometry
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2.10.2.2.1 Qverpack Force Analysis

This section treats both external and internal forces imposed upon the package. Key to the
treatment of external force application locations is an understanding of crush footprint geometry.

The crush footprint is a sector of the ellipse, as illustrated in Figure 2.10.2.2-2. The location of the
centroid, x, is calculated relative to the ellipse origin. The geometric properties of the elliptical crush
footprint are:
a=r/sinf

b=r

¢ =6/[(sinB)(cosb)]

The area, A, and the centroidal offset, ; of the crush footprint are derived as:

Whenc<a:
A=2 ]ydx
(a=c)

Where:

y=b(a’ —xz)o's/a

Then,

A=(2b/a) ](a2 ~x*)¥dx
Solving, o

A = (b/a){(#a’[2)~ (a - c)(2ac - ¢*)** —a’sin '[(a - c)/a]}

The center of pressure, ;, is:
Ax =(2b/a) ]x(az —x2)%dx
(a=¢)

Then,

x = {2b[(2ac — c¢*)"*1/3a}/ 4
Whena<c<2a:

A=mb- A

x=(4'x)/4
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Where A' and x ' are as defined for A and ;, except that ¢’ replaces c¢. The value of ¢'is:

c=2a-c

When a > 2a:
A=mb
x=0

2.10.2.2.2 Overpack Attachment Forces

For most orientations and crush depths, the overpact crush force is transmitted to the cask body
in direct compression, hence, the forces transmitted to the circumferential overpact attachments are near
zero. This is not true for near vertical and near horizontal orientations of the package, at very modest
crash deformations and crush forces. In these very limited situations, the center of pressure of the crash
force can lie beyond the outer extremities of the cask body and exert a resultant moment force upon the
overpack attachments. Significantly, these moments exist only for very modest crash deformations and
crash forces, regardless of orientation angle. This is because larger crash deformations move the center
of pressure toward the cask body. At maximum crash depth and maximum crash force, for all angles of
orientation, there are no overpack attachment moments because the overpack interface forces are all
direct compression. The near vertical and near horizontal orientations, where attachment moments exist,

are illustrated below:

NEAR HORIZONTAL

NEAR VERTICAIL

The overpack attachment moment is:
M =F(e,) or F(e,)
Where:
e; = moment arm about adjacent corner

€, = moment arm about opposite corner

The location of the crush force can be approximated as the centroid of the crush footprint area.
This approximation is consistently conservative. Specifically, for both near vertical and near horizontal
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orientations, foam strain-hardening effects tend to move the center of force from the geometric center of
the crush footprint toward the cask body. In both instances, this tendency reduces the actual moment arm
of the crush force to less than that predicted by the location of the crush footprint centroid. The moment
arm, as defined by crush footprint geometry, is derived below. The location of the center of pressure
relative to the opposite and adjacent corners of the cask body can be obtained from the geometry as
illustrated below:

Where:
19,9
/ ro r
o
e g
. T
g [ =)
]
a

th (¥l
]

Py

g =r,(sinf)

f = g(cos8)

g =T, +(a—c)cosh)
e=x—f

The location of the center of pressure, measured from a normal to the crush plane passed
through the intercept of package center line and body base plane (Point ¢), is:

e=x—[T, +(a—c)(cosd)](cosb)

The moment arms, e, and e, , representing the distance from the center of pressure to the
corners of the cask body, are thus given as:

e, = ——(; + g) =moment arm about opposite corner
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, = (e—¢g) =moment arm about adjacent corner

Sign convention for these arms is such that the moment, F(e,), produces a clockwise (separation)
moment about the opposite corner and moment, F(e,), produces a counter-clockwise (separation)
moment about the adjacent corner. In other words, a positive moment must be resisted by overpack
attachment bolts whereas a negative moment implies that the center of pressure is totally resisted by
compressive interface forces and there are no attachment bolt loads.

In summary, the forces between the overpack and body have been derived in terms of package
geometry and three problem variables: orientation angle, crush force, and crush deformation.

2.10.2.2.3 Internal Forces

The package is idealized as a beam impacting on the lower end. The equations of motion are
formed and used to define station-wise accelerations. These accelerations, in conjunction with the unit
mass of the package, form forces which vary along the length of the package. When integrated, these
forces provide a complete definition of internal thrusts, shears, and moments for the package as a
function of total impact force and orientation angle.

>
e

o

Fecosa

F and ; cited in second figure in Section 2.10.2.2.2
L = Package length without overpacks
a = Package orientation with respect to vertical

m

For a planar rigid body system, the behavior is totally defined by a solution of the three equations
of equilibrium written at the center of gravity of the rigid body. In the proceeding figure, local coordinates
are defined at the center of gravity, with axes parallel and normal to the beam. The end impact force is
resolved into components parallel to these local axes. Summation of forces at the center of gravity leads
to three rigid body equations of motion:
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Sum of Lateral Forces - M (%Y, / ot*) = F(sina)

Sum of Longitudinal Forces M(*X/6t*) = F(cosa)

Sum of Moments 1(2°6/0t*) = —FL(sina)/2 + Fe

Where:

M = pL, the mass of the body

I = pI? /12, the mass moment of inertia of the body
p = the mass per unit length of the body

a = the orientation angle with respect to vertical

Note that the mass moment of inertia term given above is valid only for infinitely slender beams of
mass. A more accurate mass moment approximation is provided by the equation:

I=pL3R* +I})/12
Where:
R = the radius of the cylindrical cast.

This increased mass moment of inertia demonstrably decreases the internal moment. Thus, all
moments calculated using the slender body approximation are conservative in proportion to the degree
with which the cask is not slender. A very squat cask would have an internal moment predicted by
OBLIQUE considerably higher than reality.

Substituting for the mass and inertia terms:
d%Y/at* = F(sina)/ pL
*X/ot* = F(cosa)/ pL
8*0/8t* =~ 6F (sina)/ pI* +12 Fe/ pL*
The lateral and longitudinal accelerations at a point 'r' are:
oS, ot =0%Y/ae® +{r—(L/2)1(8°0/a¢?)
=[F (sine)/ pL' L - 6r = (L/2)]} +[r ~(L/2)J12 Fe/ L)

=[2F (sina)/ pL* }(-3r + 2L) +[r — (L/2))(12F ¢/ pL*)
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0°s, Jor? =0’X/ot* = F(cosa)/ pL
The lateral inertial force acting on the body at the r*" location is:
oV, Jor = —p(8°S, [ot?)

The corresponding expression for shear is found by integrating this lateral force from the free end
to the r™ location, or:

V,  =[-2F(sina)/L?] ](—-3r +2L)dr - (1 2FE/L3)][r —(L/2))dr

r

=[-2F(sina)/L*1[-3(r* - [*)/2+ 2L(r - L)]- (6 Fe/ *)(r* - L¥)
Rearranging,

4 =[-2F(sina)/’W~3r?/2+31* 2+ 2Lr - 21*)~ (6Fe/ I*)(r* - L¥)
=[F(sina)/L*)(3r* —4Lr + I*)— (6Fe/*)(r* - L¢)
=(F/L*)[(3sina —6e/L)r* — (4Lsina — 6e)r +(L* siner)]
Similarly, the corresponding moment is found by integration of the shear expression:

oM, [or=V,
M, =[F(sina)/I? ]rj(3r2 —4Lr+ [*)dr —(6Fe/ I )rj(r2 ~Lr)

=[F(sina)/L*1[(r* = L)~ 2L(r* = [*) + I} (r — L)] - (6 Fe/ L*)[(r* - I*)/3 - L(r* - I2)/2]
Rearranging,

M,  =[F(sina)/ 10’ —~L —2LP +2L + Pr~L)—(6Fe/ C)([3- B[3- L [2+ £[2)
=[F(sina)/L*)(r* = 2Lr* + [*r) — (6F e/ [*)(r* /3 - Lr*[2+ [} [6)
= (F/I*)[(sina - 2¢/L)r* ~(2Lsina —3e)r* + (I* sina)r — (el?)]

In order to verify these expressions for shear and moment, they are evaluated at the boundaries,
r=0andr=L:

At #=0:

V, =[F(sina)/I*)(3r> —4Lr + I*)— (6 Fe/)(r* — Lr)
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=[F(sine)/[*)(I*)-0 = F(sina)
M, =[F(sina)/L*1(r* - 2Lr* + I*r) (6 Fe/ )’ [3- Lr*[2+ [} [6) = —Fe

At r=L:

V, =[F(sine)/L*1(3r® —4Lr + I*)—(6Fe/*)(r* — Lr)
=[F(sine)/*1(3L* =412 + I*)~(6Fe/ *)(I> - I*) =0

M, =[F(sina)/L*)(r* —2Lr* + [*r) — (6 Fe/ P )(r*[3— Lr* 2+ I* /6)

=[F(sine)/L*(L* ~2L + *)—(6Fe/ YL [3- L' [2+ I} /6) =0

The maximum moment occurs where the shear, V,, equals zero. For this to occur, the following
equation must be solved:

(sin@)(3r* —4Lr + I*)—(6e/L)(** ~Lr) =0
(sin@)(3r® —4Lr+I*) = (6e/L)(r* — Lr)

Expanding and rearranging terms yields:
(3sina —6e/L)r? + (6e—4Lsina)r + > sing = 0
This expression can be solved for r by utilizing the binomial expansion:

r={(4Lsinc —6e) £[(6e - 4Lsina)* — 4(3sina — 6¢/L)(I? sina)]°*}/[2(3sinc — 6¢/L)]

Which reduces to:

r =[(4Lsin@ —6e) (6 —2Lsina)]/[2(3sina — 6¢/L)]

or:
r=L,(Lsina) / [3(sine —2e/L)]

The maximum moment is found at » = (Lsina) / [3(sina — ZE/L)]

Note, however, that the absolute value of this maximum moment may be less than the absolute
value of the moment at =0, which is:

M _ =-Fe

r=o

Therefore, maximum bending stresses may occur at either ¥=0 or = (Lsina)/ [3(sin— 22/ L)1
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The value of the maximum moment may be found by substituting
r =(Lsina)/[3(sina - 2¢/L)]
into the moment equation. The resulting expression is:

M, =(F[3L*){(L’sin® @)/[9(Lsina - 2¢)*]— (L' sin® @) (2Lsina —3e)/[3(Lsina — 2¢)?]
+(L*sin® @)/(Lsina —2¢) - 3el?}

The minimum shear occurs at the location, r, which satisfies the following equation:
ov, [or= [F(sina)/L2](6r—4L)—6(FE/L3)(2r—L) =0

or
(sin@)(3r —2L) = (3¢/L)(2r - L)
r =(2Lsina - 3e)/[3(sina —2¢/L)]

The magnitude of the axial (thrust) force can be found as a function of location as:

oT/or =—p(8°S, [6%)
T =—p(8°S, /azz)]dr =-p(8°S, [o*)r-L)

Then

T= F(cosa)[1-(r/L)]

Note that for the special case of ;= 0 or for a pinned-end structure, the above terms can be
simplified. The reduced terms are summarized below:

PARAMETER EQUATION MAXIMUM MINIMUM
Thrust F(cosa)[1-(r/L)] F(cosa) 0
(r=0) (r=1L)
Shear F(sina)[3r* —4Lr + [*]/ 2 F(sina) 0
(r=0) (r=L/3,L)
Moment  F(sing)[r® —2Lr? + [2]/[}  AFL(sina)/27 0
r =L/3) (r=0,L)
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These forces are graphically illustrated below:

b of

/

—FLsi
55 sinc

Shears, Thrusts and Moments calculated by current versions of OBLIQUE and presented in
Section 2.7.1.2 are based on an e value of zero.
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2.10.2.3 Sample Program Input and Output

This section contains sample input and output tables for the computer codes EYDROP,
SYDROP, CYDROP and OBLIQUE. As a descriptive illustration, assume a package with the geometry
described below in Figure 2.10.2.3-1.

A
f

60.0

< 40-0_—"* 10.0"‘—

%

X | _— OVERPACK
1| (1,000 1bs)

NN
N

~—~— PAYLOAD
(10,000 lbs)

24.0

NN
N

72

N

Figure 2.10.2.3-1 Sample Problem Package Geometry
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2.10.2.3.1 End Drop Sample Problem

Table 2.10.2.3-1 contains the data input to EYDROP for the above geometry.

PROGRAM EYDROF, VERSION 2, DATE 5/11/31
12345678901234567893123456789312345678331234567893123456789012345673901236567890
v v v

v
EYDROP (END DROPJ SAMPLE RUN,
120400, 64. 2

.2
17

LR T S R T T R S RS

O NINEON I LN AR D N L LN NS 1 44 3 €
Qrauotiauiciotroang

. s s

COOOOAOOOOOLODLAaH

-

0.00
663.00
1337.00
1345.00
1315.00
1347 .00
141l.00
1507 .00
1673.08
1901.00
2204.00
2623.06
3282 .00
4242.00

5949%.00

9853 .00
15322.00

20 PCF FOAM OVERPACKS
- 12. 30.

.2

Table 2.10.2.3-1 EYDROP Input Table

A summary of each card is as follows:

Card 1

Card 2

Card 3
Card 4

Card 5-N

Problem Title

Package weight, package diameter, overpack hole diameter, overpack
end thickness, drop height.

Starting crush depth iteration, ending iteration, increment.
Number of foam curve data points.

Foam strain, foam crush stress.
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All the required input parameters are straightforward. Table 2.10.2.3-2 contains the sample
problem output. Information from this table is essentially self-explanatory. A solution is determined when
the kinetic energy of the drop is equal to the strain energy (SE/KE = 1) from crushing the foam overpacks.

EYDROPCEND) EYDROP (END DROP) SAMPLE RUN, 20 PCF FOAM OVERPACKS
PACKAGE KWEIGHT 12000, (LEBS)

PACKAGE DIAHETER = 60.88 (IND
HOLE DIAMETER = 20.6806 (IN)
QVERPACK DEPTH = 12.00 CIND
DROP HEIGHT = 30.60 C(FT)
+++4+ IMPACT +4+++ +4+++4++ ENERGY ++++++
CRUSH
DEPTH STRAIN FORCE ACCEL. KINETIC STRAIN RATIO
CINS (L3S) {(G) CIN-LB) (IN~LB> (SE/KE)
.20 017 456640. %3.1 4322460, 45664, .011
.80 .033 1036303. 86.4 43248040. 195008. 045
.60 .050 167388367. 139.9 43272040, %66575. +103
T -1 067 2321214. 19%.4 4329600, 866533, ;200
l1.0¢ .03% 2902211, 241.9 433240490, 1383892S. .321
1.20 .100 33£0248. 280.0 43344040. 2015171. .465
l.46 .117 3474214, 289.5 4336300. 2698617. .622
1.60 133 346158S5. 2383.5 4339200, 3392197. 782
1.30 .1540 3380354. ~281.7 434164G0. 4076391. .939
2.400 167 3353421, 279.5 43440049, 4749769. 1.093
2.29 .183 3325136. 277.1 43464040. 5417629. 1.2466
2.40 200 3304955, - 275.4 434330G0. 6080643, 1.398
2.60 217 33138173, 276.5 4351200. 6762956 . 1.550
2.84 .233 3345913. 278.3% 435360¢. 7609365. 1.702

Table 2.10.2.3-2 EYDROP Output

In this case, a linear interpolation of the SE/KE ratio results in a crash depth of approximately
1.88 inches and an acceleration of almost 281 g's. Equations for EYDROP are discussed in Section
2.10.2.1.1.
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2.10.2.3.2 Side Drop Sample Problem

Table 2.10.2.3-3 contains the data input to SYDROP for the sample problem package geometry.

PROGRAM SYDROP, VERSION 3, DATE 1/28/85
12345678981234567898123456789012545678931234567898123456789312345678901234567890
v v
SYDROP (SIDE DROFP) SAMPLE RUN, 20 PCF FOAM OVERPACKS
12000. 48. 60, 4G, 36.

0.00 g6.00
0.05 668.09
0.10 1337.00
0.15 1345.00
0.20 1315.00
0.25 1347.00
0.30 1411.00
4.35 1507.00
0.40 1673.00
0.45 1901.00
0.5¢0 2204.00
0.55 2623.00
0.60 3288.00
0.65 4242.00
.70 5908.090
.75 9058.00
0.80 15322.00
1s¢ .25 6.0 .25

Table 2.10.2.3-3 SYDROP Input Table

A summary of each card is as follows:

Card 1 Problem Title

Card 2 Package weight, overpack length, package diameter, payload diameter,
drop height.

Card 3 Number of foam curve data points.

Card 4-N Foam strain, foam crush stress

Card N+ Number of integration points, starting crush depth iteration, ending

iteration, increment.

As with the end drop problem, all required input parameters are straightforward. The chosen
number of integration points (150) is based upon previous parametric study for the side drop geometry.
Increasing the number will alter the end results by only a fraction of one percent. As with EYDROP, a
solution is determined when the kinetic energy of the drop is equal to the strain energy from crushing the
foam overpacks. Table 2.10.2.3-4 contains the SYDROP output. Equations for SYDROP are discussed in
Section 2.10.2.1.2.
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2.10.2.3.3 Corner Drop Sample Problem

Table 2.10.2.3-5 contains the data input to CYDROP for the sample problem package geometry.

PROGRAM CYDROP, VERSION 3, DATE 2/07/84
12345678901234567893123456789012345678931234567898123456789312345678931234567890
CYDRgP (CORNER DROP) SAMPLE RUN. 20 PCF FOAM QVERPACKS

ga. 72 60 43. 440. 20. 24.
3a. 39.8
1100. 17
9.940 g.co

0.95 663.00
0.10 1337.00
.15 1345.00
0.2¢ 1315.00
8.25 1347.00

g.30 1411.00
g.35 1507.40
0.40 1673.00
6.45 19401.00
g.50 2204.0G0
8.55 2623.00
0.60 3288.00
0.65 4242.00
8.7¢8 5993.00
0.75 9053.00
0.80 15322.00
25 25.512 15.37 .512

Table 2.10.2.3-5 CYDROP Input Table

A summary of each card is as follows

Card 1 Problem Title

Card 2 Package weight, package length, package diameter, payload length,
payload diameter, overpack hole diameter, overpack length.

Card 3 Drop height, angle from vertical.

Card 4 Unbacked foam crush stress, number of foam curve data points.

Card 5-N Foam strain, foam crush stress.

Card N+1 Number of integration points along crush plane semi-minor ellipse axis,

number of integration points along crush plane semi-major ellipse axis,
starting crush depth iteration, ending iteration, increment.
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The angle from vertical to execute a center of gravity over struck corner impact is calculated as:
6 =tan™ (60.0/72.0) =39.8°

The unbacked foam crush stress is the foam compressive yield strength, about 1,100 psi for the
20 pcf foam. Program default for this entry is to assume the foam crush stress at 10% strain, a value
usually close to the plateau compressive strength.

Similar to SYDROP, the number of integration points chosen for CYDROP (25) have been
determined from a parametric evaluation. Additional points are unnecessarily time consuming and provide
very little change in the end resuilts.

Table 2.10.2.3-6 contains the CYDROP output for the sample problem. CYDROP also calculates
the percentage of foam in the crush area less than and greater than 80% foam strain in the backed and
unbacked regions. The foam data used in the drop analyses provide accurate empirical relationships to
80% strain. This calculation is carried into the force and strain energy results to provide the program user
with information on solution reliability.

Energy equilibrium for the sample problem may be linearly interpolated to a crush depth of about
10.6 inches and an acceleration of 106.5 g's. The distribution of strain energy ratios for this problem
indicate the foam stress data interpolated from the input file never exceeded 70% strain.

Linear interpolation of the sensitivity analysis shows approximately 24.5% of the total crush area
was unbacked. Additionally, further interpolation shows the unbacked foam accounted for about 17.5% of
the total force and 8.7% of the strain energy at SE/KE = 1. Equations for CYDROP are discussed in
Section 2.10.2.1.3.
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CYDRUP(CORNER)

NUCLEAR PACKAGING PROPRIETARY
CYOROP (CURHER DROP) SAMPLE RUM, 28 PCF FOAN OVERPACKS

FACXAGE NEIGHY s J2000, ({L33)

FACKAGE EXTERUAL LEIATH =
PACKAGE EXTERNAL DIAMETERs
PACKAGE EXTEMNAL HOLE BIae
PAYLOAD ENVELOPE LENGTH s
PAYLOAD EHVELOPE t!ﬂ(ﬂﬂ'
SVERPACK LENGTH

1.4 (1
8.0 (1)
A0 (1)
.0 {10
40,0 (10
AN (1

14.11.1¢ /U148 PAGE

IR0P HEIOHT 36,00 (FT)
ORIENTATION AMOLE * 39800 (DEGREES HAY TQ VERTICAL)

PLATERY CRUSK STRESS » 1180,08 (S}

(DEFAULT TAKEH AT 1§ PCT 3TRALHY

STRESS/STRAIN EVALUATED IN 1,2 CRUSH PLAUE ELLIFSE AT
HX = 28 POLHTS PANALLEL 1O SEMI-NIHOR ELLIPSE AXIS
KY = 25 POINTS PARALLEL TO SEMI-HAJOR ELLIPSE AXIS

EXPERTHENTAL STRAIN ¥S. STRESS VALUES

" STRALH
1 B
2 45
] 8
4 13
$ 28
] 28
1 3
i 35
1 1]
18 45
1l ]
12 55
13 1)
14 45
15 J4
16 1§
Y 4t

Table 2.10.2.3-6 CYDROP Output

STRESS
a9
463,96
1357.0¢
1343.00
1315.80
1347.04
1411.4¢
1367.44
1613.48
1981.40

9050, 4¢

1532.0
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CYDRGP(CORNER) KUCLEAR FACKAGING PROPRTIETARY 18.11.28 /AN PAGE b
CYOROP (CORMER TROPY SANPLE AU, 20 PCF FOAM GVERPACKS

4+ CRUSH PLANE +o ot THPAGT 44 e+ EHERGY 404 DISTRLIUTION OF STRAIN RAYIOZ BY
[ {331] . PERCENY QF CONTACTY AREA
BEPTH AREA voLune FORCE ACCEL, KINETIC STRALH RATIG LE. 78 O7.7¢ OT.40 GT.99 OT.95
(3] [$eir3) {IH3)y (1as) [{:}) CIN-LD) [$US8 3] (172 €3] LE.3¢ LE.90 LE.9%

31 1.6 1384, 4326144, 359. .008  1oo.00 $.04  6.40 0.00
1.82 26.4 47715, 29456, .aat 0s.08 .08 §.80
1.5¢ - §9.8 23334, 11488, 403 00.08 .80
2.85 4.9 S1131. 31263, .07 6e.08 1.60
2.5¢ 103.9 13287, §3846. 015 ¢a.08
3.af 135.4 119934, 17685, Q27 ce.00
J.58 169.4 1604952, 189462, 043 Qe.0¢
4,19 203%.7 204557, 82344, H65  Loe.e0
4.61 243.¢ 252288, 19547 . WA 6¢8.08
§5.12 285.1 384305, 42325, 124 9e.08
3.43 1241 361488, 12742, «142 ¢e.00
6.14 366.4 4222346, 13408, 208 20,48
&.46 449.% 494793, 1147146 261
.17 454.3 564473, 1618214, J22
1.6¢ 499.7 48628, 1729691, 392
L.1% 45,9 736216, 2084218, 72
. 92,5 826311, 2944217, JSél
4.22 640.2 7., 2933092, «$62
.23 £48.2 846738, 3433887, J78

10.2¢ 136.6 31144, 4488748, J602
10.78 783.3 22256 4649618, 1.048
11,26 134.2 483449, 3367844, 1.205
11.78 115.13 678477 . $177337. 1.343
12.2¢ 932.4 920373, 1438714, 1.593%
12.30 911.3 2264530, 4165437, 1.823%
15,31 1030.5 W24, 9413709, 2.405
15.82 1079.4 31853349, 904404, 2.431
14.36 1123.% 3762234, 12477821, 2.422
14.48 126.2 4496986, 14731897, J.218
15.3¢ 122¢.¢ t11S, 5548287, 4544320, 17311304, 3. 443
o CYDROPCCORIERY XUCLEAR PACKAGING FPREAPRIETARY 1¢,11.27 84702714 PAGE Y
CYDROF (CORNER DROF) SAMPLE AUM, It PCP FOAM QVERFPACKS
SEUSITIVITY ANALYSIS SF STRAIK ASSUNPYIONS
4444 CRUSH ARER 4ot +444  THPACT FORCE 444 4444 STRAIN ENERQY 4444
PCT DISTRIRUTION PCT BISTRIBUTION TaraL PCT QXISYRIRUTION STRALH TQ
CRUSH TOTAL . BACKED TOYAL BACKED STRAIN BACKED KINEYIC
113411 AREA U~ HAX STRAIM FORCE . UK~ MAX STRAIR  EHERGT  UN<  MAX STRAIN EHEAQY
BACKER LY BACKES LT @7 BACKED AT 7 LATIG
(8¢ 4 {1K2) {Ls) A8 {IN-133} il
.51 10, 1 1088 1688 1.2 395. ekl
1.82 27. 4 loa.e 60,8 0.9 2956, et
1.5¢ 49. ¢ 168,83 14,8 €.0 11635, 9.8 1
2.48 . Jé. 2 184.8 00,8  ¢.0 31248, &0 1 4.
2.5 108, t Jan.8 $100.8 8.9 €3666.. 0.8} [ B
. . 138, t1 g 1€0.8 8.3 117435, 8.8 1 <.
- 3.5 173, t 1408 1te.s 8.0 189442, 9.0 1 1.
4.1¢ 211, ¢ 1 0.4 1e0.8 &0 W24, 00 ] 4.
4,61 258, € 180.0 .4 1602 s JEEr. e 1 8.
5.1 292, 3 17 4 9.7 sa4 S42328. 4.8 1 [
5.43 - 338, 1.6 910 1.4 95,0 0.8 NnLeT, -4 ]
§.14 3zg. 1.5 8.3 1.3 1.5 01 913448, o4 .
6.64 £27. 2.9 91.1 o 37 N3 6Ly - 1147144, .4 8.
. 478, 5.5 14,3 . 3.3 938 0 1418236, 1.4 ..
1.68 sS4, 7.2 2.8 448425, 4.4 954 € 1. 2.2
.19 $13. 184 1%.¢ 736218, - 9.1 9¢,9 @ 4. 3.1
3.7¢ €26. 12.4 1.6 12 . 10.3 302 7. 4.2 .
.22 €19, 147 5.3 927187, 11.¢ &1 ¢ 3.3
$.73 733. 1%, 1.4 1648738, 4.6 8354 0 6.4
10.24 Ted. 2.7 97.3 11aLl64. 16.7 33.3 1.3
10.78 R44, 25,5 747 13222%¢. 17 2.2 o 9.1 - .
11.26 788, 30.§5 ¢€9.7 16483403, 20,2 %3 @ 18.4
- 1. 4. 32.2 €1.4 9.2 79.¢ ¢ 1.7
12.29 1619, 36.¢ 43.% 1.8 148 8 12.9
12.49 1024, 37,0 42.¢ 5.4 N2 13.3
15.3t1 1151, 38.4 4£4.1 §.1 71.6 14.3 :
15,82 1145, €2.8 55.2 7.3 €2.¢ ¢
16.3¢ 1237, 43.9 S1.8 1.9 3532 18.1 8.9
14.19 129, 4.1 O.§ 3.9 4.3 15.1 4.4
15.3 1383, a5, ¢ 4.3 5343237, 12.3 W3 W9 17311966, 143 497

Table 2.10.2-3-6 (Continued)
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2.10.2.3.4 Obligue Impact Sample Input

Table 2.10.2.3-7 contains the data input to OBLIQUE for the sample problem package geometry.
Equations for OBLIQUE are discussed in Section 2.10.2.2,

PROGRAM OBLIQUE VERSION 7, DATE 9/15/83 )
12345678931234567893123456789812345678931234567893123456789312345678901234567890
: v v
OBLIQUE SAMPLE RUN, 20 PCF FOAM OVERPACKS '
43 20 24.

. . lag. 2.
31.056 12574. 336.4
.2 12. .25 10. To.
5. 10. 20.° 3a. 40. 50.
60. 70. 3a. 35.
~527 .45 35. 5. -5. 0. 3.

Table 2.10.2.3-7 OBLIQUE I[nput Table

A summary of each card. is as follows:
Card 1 Problem title

Card 2 Payload length, payload radius, overpack length, overpack side
thickness, overpack end thickness.

Card 3 Package mass, radial mass moment of inertia about the center of gravity,
gravitational acceleration.

Card 4 Starting deflection, ending deflection, deflection increment, number of
angles, print control.

Card 5-N Angles (6 per card, 24 maximum)

Card N+1 Package free-fall velocity, output starting angle, output ending angle,
angle increment, friction coefficient, estimated deflection, package
translational velocity, package rotational velocity.

The package mass, assuming a gravitation acceleration of 386.4 in/sec?, is:
m =12,000/386.4 = 31.0561b —sec’/in

The radial mass moment of inertia of the system is calculated, knowing the payload and overpack
weights, using composite sections:
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~¢ 30.0—
20 .0—>4

N
\
D
@\

e

S
N
N
N

For the Payload:
2 2
I, =m(R*>+L'[3)[4
Where:
m =10,000/386.4 = 25.881b—sec?/in

R =40.0/2=20.0in

L =48.0in
Then,
I,  =25.88[(20.0)" +(48.0)*/3]/4

=7,5571b — in — sec?
For the overpacks:

1, = m[R® + (I [3))/4=m,[R} + (L} [3)]/4 = 2m, [R? + (L3 /3)1/4 — 2m,d? — 2m, [R? + (12 [3)}/4 - 2m,d?
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Where:
m =maR’L
m =W, [(386.4),

Wop  =1,000bs

V,  =x{(30.0)2 —(20.0)*]24.0+ z[(20.0)* — (10.0)2]12.0 = 49,009ir°

m  =1000/[(386.4)49,009] = 5.28(10)" /b —sec?/in’
R =30.0in

L =72.0in

m =[5.28(10)* 17(30.0)*(72.0) = 10.75b —sec® /in
m;  =maR’L,

R, =30.0in

L;  =24.0in

m;  =[5.28(10)"17(30.0)*(24.0) = 3.583/b —sec’[in
my;  =mRL,

R,  =20.0in

L,  =12.0in

m;  =[5.28(10)"17(20.0)*(12.0) = 0.79621b—sec?/in
ms  =mR2L,

R;  =10.0in

Ly  =12.0in

my  =[5.28(10)"]7(10.0)*(12.0) = 0.1991/b —sec?/in
d,  =18.0in

d;  =30.0in
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Then,

1,, =10.75[(30.0)* + (72.0)* /3]/4—3.583[(30.0)* + (24.0)? /3]/4 - 2(0.7962)[(20.0) + (12.0)* /3]/4
-2(0.7962)(18.0)* —2(0.1991)[(10.0)* + (12.0)* /3]/4 — 2(0.1991)(30.0)? = 5,0171b — in — sec?

Finally,
I=7,557+5,017 =12,574lb — in —sec?

The starting deflection, ending deflection, and deflection increment are values set to build a
uniform force/deflection table for use by OBLIQUE. Prior to use of OBLIQUE, a tape holding
force/deflection data (Table 2.10.2.3-8) over the range of angles from 5° to 85° is created by CYDROP.
OBLIQUE, in turn, reads the tape and converts the force/deflection data to a uniform table for each
specified angle. Note that the angles specified in OBLIQUE are with respect to horizontal whereas
CYDROP references vertical. The magnitude of the ending deflection must be chosen such that it is
greater than the maximum deflection expected in OBLIQUE, yet need not exceed the maximum possible
deflection in the corner drop evaluation.

The print control determines whether the output will be a tabular summary or a time history table.

Package free-fall velocity is based on the drop height. From the equations of motion:
V==2 gh)o.s
Where:
g = 386.4in/sec’
h =30/t =360in

Then,
V= —[2(386.4)(360)]0'S =-527.45 in/sec

The output starting angle, ending angle, and angle increment specify the OBLIQUE analysis
package angles of impact with respect to the horizon. The sample problem specified solutions at angles
of 5° to 85° in 56° increments. The friction coefficient is usually set to zero. Package translational and
rotational velocities are parameters specified to study the effects of secondary impacts.

The sample problem output for OBLIQUE is found in Table 2.10.2.3-9. For each specified angle
of impact the magnitude of FMAX determined as the maximum value of the vector summation of the
thrust and shear forces at some instantaneous package angle during the analysis. Note that the
maximum value of the package internal forces, moments, and deflections do not necessarily happen at
the same instantaneous angle. When all parameters have achieved a maximum value, the problem
terminates for that specified angle of impact. OBLIQUE continues the analysis at each angle of impact.

Additionally, OBLIQUE utilizes the methods delineated in Section 2.10.2.2.2 to determine the
maximum overpack separation moments about the opposite and adjacent corners in the overpack. As
before, a solution occurs when the maximum value is found for each moment at some instantaneous
angle, not necessarily the same instantaneous angle for each moment. A negative moment denotes
overpack compression and a positive moment overpack separation.
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123456?8931234567893123456789312345678931234567893123456739312345678931234567893

.55 11.01 35
32367. 128991. 205207. 334008. 477903. 583552. 6774492.  758737.
845422. 934341. 1033385. 1135477. 1268206, 1S515395. 1751333. 2111304.
2821622, 352}?9%3 54372326 8027229.
lg2440. 6§7473. 121760. 173398. 258462. 368714. 504353. 634713,
763655, 342066. 941411, 1049548.  1178914. 1320453. 1509736. 1859217.
2337319. 3044436. 464269526, 6258679, .
.67 13.49 &7
12193, 56671. 91499. 113057. 156188. - 229526. 313617. 404033.
501563. 609987. 733768. 830232. 1023319. 1173033. 1357047. 1535754.
1992534, 2555789. 3396821, 4655222,
<73 14.65 .73 :
50238, 21986. 51213. 100132. 163505. 232741. .304621. 331703.
465956. 560855. 663431. 792142. 9376442, 1114234. 1326595. 1593302,
1971609, 2595205, 3524784. 4638334,
17 15.39 37 '
3109. 20093. 5703%9. 108321. 168429. 234305. 311057.  394634.
4363876. 592357. 705257. 841422. 999463. 1197391. 16441110. 1764085.
2268183. 2989067. 46003061. 5295208,
.78 15.43 - .18 )
4255. 263384, 63340.  123526. 137139. 259087. 340108. 4340864.
5643328. 647914. 304180. 958330. 1156760. 1371183. 1650632. 2040733, -
262101gi 3413833, 447866;5 5315325. : . .

4057.  26494.  76869. 148989, 234326. 330652. 436820. 555823.
637002. 828086. 979995. 1150114. 1341620. 1566648. 1844710, 2230725.
2842792. 3730696, 4961650. 6537525,
.73 14.69 .73
18772,  63814. 132583. 236890. 366604. 500476. 6£40691. 801924.
979105. 1151239. 1316710. 16487169. 1694789. 1946953. 2263342. 2722947.
3482689. 64608111, 6214733. 3361342,
.63 13,55 .63
52820. 216306, 345960. 547724, -819178. 1693308, 1315683. 1515427.
1750771. 1988978. 2293295. 2677752. 3097958. 3572765. 64040177. 4728336.
6012544, 3077597, 10828178, 14261926
132903. 463917. - 329010. 1274790. 1673088.. 2085488. 2617955. 3024971.
3080822. 3176792. 3326G68. 3552364. 3876190. 4362971. 35134758. 6525535.
9073079. 12696963. 17334716. 228064149, :

o
[~]

Table 2.10.2.3-8 CYDROP Force/Deflection Data
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NUPAC OBLIQUE ANALYSIS-OBLIQUE SAMPLE RUN, 20 PCF FOAM OVERPACKS

PACKAGE GEOMETRY~
LENGTH s 48.10¢0
RADIUS z 20.000
QVERPACK LENGTH - z 26.000
QVERPACX SIDE THICXNESS - = 10.000
QVERPACK BOTTOM THICKNESS = 12.000
PACKAGE MASS PROPERTIES-
MASS - s 31.056
MASS MOMENT OF INERTIA = 12574.000
GRAVITATIONAL CONSTANT = J336.400
SOLUTION CHARACTERISTICS- '
» IHPACT VELOCITY (YDOT) = ~527.450
(xpeT) = 0.00¢
(THETADOT)= 0.400
FRICTION COEFFICIENT z 0.000
ESTIMATED CRUSH DEPTH = - 3.900
THETAQ FHAX SHEAR THRUST HOMENT DEFLECTION . CLEARANCE
$5.0000 1730212, 114405, 1727493, 813544, 3,30 9.23
80.9000 1330952. 187346 1319243, 1335795, §.81 8.36
75.0000 1240256, 266731, 1213409. 1397113, 6.56 1.23
70.9000 1181825, 352957, 1130530 2509913. 1.43 6.95
65,0000 1164252, 447385, 1078325, 3134961, . 6.20
£0.0000 1240948, 592231, 1091295. 6211462, 9.62 5.70
55.0000 1281335, 136041, 1049450, 5234069. 10.29 5.21
50.0000 1270208, 345096, 48282, 6009573, 10.57 J3.04
45,0000 1120439, 879539, . 139040, 6254501, 10.55 4.91
40.0000 1454731, 354219, 622354. 6074872. 10.24 4.90
35.0000 940457 . 311764, 482942, 5772543, 9.73 $.96
39.000¢ 347925, 146511, Jr2050. 5450742, 9.06 5.08
25.0001 795586, 145525, 288112, 5301518, 3.26 5.26
20.0000 123357, 693598, 209434, 4332252, 1.3 5.62
15,4000 641400, 628728, 136961. 4471379, 5.92 6.19
10.400¢ 310749, 305405, 149791, 5127323, 5.8 5.47
5.000¢ 579215, 577514, 44411. 4106735. 3.28 1.62

Table 2.10.2.3-9 OBLIQUE Output
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2.10.2.4 NuPac Computer Code Quality Assurance

NuPac computer analysis programs are maintained in accordance with a formal quality
assurance program approved by the Nuclear Regulatory Commission under certificate number 0192 that
complies with ANSI N45.2. These provisions are applied to both NuPac authored software and vendor
supplied software. Vendors of computer services, such as Boeing Computer Services, have
demonstrated that their quality standards are in accordance with the provisions of ANSI N45.2.
Documentation of such compliance is maintained in NuPac Quality Assurance files.

The requirements of ANSI N45.2 are interpreted to impose the following stipulations upon
computing software:

ANSI N45.2
Section Requirement

43 The supplier shall require the identification and performance of verification/qualification
evaluations which demonstrate that computer codes are capable of producing
information of sufficient accuracy to satisfy design requirements. :
All calculations and computer input data shall receive documented, independent, in-
house verification.

7.0 The supplier shall establish responsibilities and procedures relating to computer code

configuration identification and configuration control.
NOTE: Configuration identification is the establishment and use of a unique identifier for
a code version. Configuration control includes the documentation and preservation of a
code version to assure its retrievability and includes similar preservation of input for
computer runs to assure that output results can subsequently be reconstructed.
A valid computer solution requires that each of the following tests be satisfied:
o Does the analytic method accurately represent the modeled physical processes?

o Does the computer code fully and accurately implement the analytic method?

o Does the input problem data accurately reflect the physical properties of the situation
being analyzed?

o Can the resultant output data be uniquely identified as resulting from a particular input
data set?

NuPac procedures assure that each of the above questions is answered in an affirmative fashion.
These procedures include the following configuration control elements.

1. Each safety analysis report or design analysis summary provides a complete description of
appropriate analysis methods implemented in NuPac developed software.

2. Version identification for each run of the computer code is maintained by the automatic
appearance of current code revisions numbers and dates in both output headers and day file
listings.

3. All superseded versions of codes are maintained on file.

4. All input data are automatically echoed on output for verification and checking purposes.
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5. Al output data, including plots, are labeled with a machine generated name, time and date
corresponding to the run which generated the reported engineering results.

Verification of methodology and code accuracy involves one or more of the following steps:

1.

End-to-end experiments:

These experiments simultaneously test the accuracy of both methodology and
code implementation of methodology. For example, a full scale series of 30' drop
tests conducted in September 1980 on the Chem-Nuclear Systems, Inc. CNSI-13C
(1) package demonstrated that the overall predictive error of NuPac impact dynamics
software is about 6%. (Reference page 2-91, Section 2.7.1.2 of CNSI-13C (Il)
S.AR)

Comparison with Alternative Methods:

The method of comparison varies with the particular technology involved. Two
examples are described below.

a. Impact Analyses:

Alternative energy balance and momentum methods are used to
checkpoint time history impact dynamics solutions. These end-to-end checks
have been performed at three orientations where the dynamic equations of
motion become simplified: end, side and center of gravity over struck corner.
At other orientations, the impact dynamic solution method has been verified
by momentum techniques combined with idealized perfectly plastic energy
absorber assumptions.

b. Thermal Analyses:

Steady state solutions are checked by independent iteration methods
and a careful check of model heat flow balances (equilibrium). Transient
analyses are independently checked by Schmidt plot graphical analysis
methods.

3. Hand Checks of Code:

Hand checks have been performed to assure that:

s Equilibrium is always satisfied. Both thermal and all impact solutions have
been so tested.

e Force or heat transfer between points, or nodes, obey the assumptions of the
analysis model.

¢ Analytic geometry calculations obey the model assumptions. These features
have been checked by both descriptive geometry constructions and
mathematical checks of the algorithms.

¢ Interpolations of non-linear tabular data are correctly performed.

+ Numerical integrations are properly performed.
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APPENDIX 2.10.3

Primary Lid Closure Bolt Evaluation For 30 Foot Oblique Drops
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2.10.3 Primary Lid Closure Bolt Evaluation For 30 Foot Obligue Drops

In the following evaluation, all references to bolts are equally applicable to studs.

2.10.3.1 Stress Evaluation

From the OBLIQUE drop program, ‘g’ loads for all possible oblique cask orientations are
available. These g loads are used as follows to determine stresses in the primary lid bolts.

6 = Cask orientation wrt horizontal
w = Total package weight (with payload)
= 68,100Ibs
Wp = Payload Weight
= 10,000Ibs
W, = Lid Weight
= 7.200lbs
g = 'q’ load on package
Frax = impact force (from OBLIQUE) = Wg
b = Boit circle diameter
= 71.25in
d = Lid diameter
= 76.0in
F;nqx'

T =Thrust load on lid = (W, + W, )(g)sind =17,200g sin

V = Shear load on lid = (W, )(g)cos@ =7,200g cos&

Bolt stress is determined as follows using T and V.
t = shear stress in bolt = V/INA
where N = total number of bolts = 16
A = minimum tensile area of bolt = 1.404 in?

(Note: tolerance stackup is such that if the lid slips relative to the cask body, the lid will
bear against the cask before it will directly load a bolt in shear.)

o = tensile stress in the bolt. This stress is conservatively determined assuming no support of the lid from
the overpack. It is further assumed that the lid pivots about the impacted edge resulting in the
maximum bolt tensile stress on the opposite side of the lid as shown below.
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- 4
3
¥ T
- ‘ (=1 o,
A1~ |
max '
. 42 + s/2 k d/z

ld ¢'13_c

With a 16 bolt configuration, taking moments about point 'A’,
8
T(d[2) = Bol(@]2+ 52+ 23 [(d]2) + (/9058 / l@/2)+@/2}+[@/2)-@/2)] @2+ @)

where 8, =22.5(i 1)
Thus, P, =.084125T

Given an orientation angle, 6, and the corresponding 'g’ load, T and Py, are directly obtained
from the preceding equations and bolt tensile stress becomes:

o =P, [A tensile stress in bolt

© and o are therefore readily determined for all drop orientations.

For comparison with the acceptance criteria, the above determined tensile stress, o, must be
increased by the stress due to internal pressure, op.

op =(p)(4s)/(N)(A)=1.758psi
where p = internal pressure = 11.2psi (Section 2.6.3)

As = area within the seal over which pressure acts
= (7:/4)(67)2 =3526in>
N = number of bolts = 16

A = minimum tensile area of bolt = 1.404in’
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Note: if the resultant tensile stress, o + o, is less than the prestress in the bolt, prestress is used

for the bolt tensile stress. Otherwise, prestress is not specifically addressed. Prestress for the
primary lid bolts is 9,259 psi per Table 2.7.1.3-3.

2.10.3.2 Acceptance Criteria

Using the previously obtained stresses in the bolts, the interaction check specified in paragraph

F-1335.3 of Appendix F of the ASME Boiler and Pressure Vessel Code is utilized to determine
acceptance. The equation to be satisfied is as follows:

(/Fp) +(f,/F,)* <1
where f; = computed tensile stress, psi

= greater of o'+ 0, and 9,259 psi prestress

f» = computed shear stress, psi
=7

Fy, = allowable tensile stress, psi
= lesser of 0.7S, and S,
=0.7(145,000)=101,500 psi

F. = allowable shear stress, psi
= lesser of 0.42S, and 0.6S,
= 0.42(145,000) = 60,900 psi

Table 2.10.3-1 presents a tabular summary of the preceding equations for all accident oblique

drop orientations of the 10-142 package. Worst case package 'g’ loads and orientation angles are taken
from Tables 2.7.1.2-1 and 2.7.1.2-3 of Section 2.7.1.2.
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Orientation Haximunm ¢ ctg ft=<:+cxP fv =1 Interact%on Check ,
vrt horizontal ‘g’ load  (psi) (psi) or 9,259  (psi) (ftlFtb) HE JFy)
(degrees) (Fmaxll) o (psi)

85 76.1 78130 79888 79888 2126 .621

80 58.3 591M 60929 60929 3245 363

15 53.4 53158 54916 54916 4430 298

10 52,6 50940 52698 52698 5766 279

65 53.9 50344 52102 52102 1301 278

60 56.2 50160 51918 51918 9006 284
55 58.4 49302 51060 51060 10736 284

50 51.1 45553 47311 47311 11887 255
45 54,0 39352 41110 41110 12238 204

40 49.0 32460 34218 34218 12031 153

35 44.0 26009 271617 271167 11552 JA11

30 40.0‘ 20612 22370 22370 11103 082

25 37.2. 16202 17960 17960 10806 063

20 35.8 12619 14371 14377 10782 051

15 37.4 9976 11734 11734 11579 050

10 38.3. 6854 8612 9259 12089 048

5 42.4 3808 5566 9259 13538 .058

These loads come from Table 2.7.1.2-3. All others are from Table 2.7.1.2-1

Table 2.10.3-1 Primary Closure Bolt Stress Summary for Accident Condition Oblique Drops
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3.0 THERMAL EVALUATION

The following thermal evaluation of the package demonstrates its ability to meet the normal
transport and hypothetical accident conditions.

3.1 Summary of Pressures and Temperatures

Under steady state conditions, assuming a 24 hour day at maximum solar heat load, the
maximum package temperature was found to be 168°F for the Albi-Clad model in a 130°F ambient
temperature. The cask was reanalyzed with a thermal shield and the latest conditions required by 10 CFR
71. The maximum temperature under this analysis was 207°F with sun and 118.5°F without solar loads.

When subjected to the hypothetical accident conditions, lead temperatures remained well below
the critical melting point. The primary and secondary seal temperature rose to 243°F and 458°F
respectively. These are well below the 500°F allowable operating temperature for the silicone rubber
seals. It has been shown that internal pressures are easily reacted by the containment vessel.
Temperatures predicted for the thermal shield-equipped package were lower than those noted above for
the Albi-Clad design. From the above, it can be safely concluded that thermal conditions will have little
effect on the containment vessel integrity.

As described below these results are based on a model that represents a cask with 101 inch
diameter impact limiters that extend 14 inches beyond the ends of the cask body. This is a conservative
model of the actual cask that has 112 inch diameter impact limiters which extend 23 inches beyond the
ends of the cask body. The better insulating capacity of the larger impact limiters will tend to reduce the
effect of the sun under the steady state normal conditions and the fire during the transient accident event.
The actual larger impact limiters will also reduce the effect of the damaged impact limiter analysis shown
at the end of Section 3.3.

3.2 Thermal Analysis Model

This analysis treats both normal transport and hypothetical accident conditions. Specifically,
conditions evaluated include:

Normal Transport
Exposed — Maximum Solar Fiux
100°F Ambient Air (Design Criteria)
130°F Ambient Air

Hypothetical Accident Condition
Fire exposure
30 Minute Fire at 1475°F
Surface Emissivity = 0.8
Initial Conditions — 130°F Ambient Air
Cooling — Radiation Free Convection - 70°F Ambient Air

Briefly, the model consists of 68 node lumped parameter idealization. A single node was used to
represent the source. For conservatism, the 10-142 shield has been assumed empty; that is, the fraction
of heat absorbed by the payload during the hypothetical fire exposure has been neglected. Figure 3.1-1
defines the model and graphically shows the placement of nodes. A detailed explanation is provided in
the body of the analysis.

The overpack and cask outer shell is linked to the external environment (ambient air or fire
source) by a pair of resistors, one represents radiation effects and one represents convection effects
(free). During the 30 minute fire, the convection resistor is switched off. Solar flux is applied by a direct
heat input to the outer shell.
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Heat transfer through the foam insulation is represented by conduction resistors. To account for
the possibility of foam char, the resistors are defined versus temperature such that the foam is replaced
by an equivalent air gap at 400°F. Gases generated from decomposition of the foam (temperature 600° F)
are vented through four (two in each overpack) 1-1/2 inch diameter holes in the external skin. These
vents are closed with a standard ABS plastic pipe plug that melts well before off gassing starts.

The cylindrical steel outer shell of the shield is thermally protected from fire by a 3/16 inch
nominal thickness of Albi-Clad 89 intumescent paint which exhibits a 4.1 expansion upon exposure to fire
(at 300° F). A comprehensive discussion of the experimental demonstration of this coating's thermal
performance is summarized in Union Carbide Report No. K-1661, 'Fissile Material Container and
Packaging Development and Testing Program,’ April 1, 1966. The experimental thermal response of the
container discussed in this reference compares closely with that predicted by the 10-142 shield thermal
analysis.

Solution of the transient (fire) case is achieved by a conventional thermal analyzer program,
THAN, based on the well known Lockheed Thermal Analyzer.

As an option, the 10-142 may be equipped with a 10 gauge stainless steel thermal shield in place
of the Albi-clad 89 intumescent paint. Because the shield is installed slightly away from the surface of the
biological shield, heat from the hypothetical fire event must employ the relatively inefficient heat transfer
modes of radiation and air conduction to reach the biological shield. This produced similar insulating
effects as the Albi-Clad coating.

The cask equipped with the thermal shield has been analyzed using the same thermal model as
the Albi-Clad design except for those features specifically modeling the coating's response to the fire
event. The August 1983 revision of 10 CFR 71 was used to determine the loads to be applied to the cask
equipped with a thermal shield. These loads are given below:

Normal Transport
400 watts internal deca¥ heat
2950 Btu/12 hour day/ft® on upper horizontal flat surfaces
100°F ambient air temperature

Hypothetical Accident Condition
400 watts internal decay heat
No solar loads
100°F initial ambient air temperature
30 minute fire at 1475°F
100°F ambient air temperature after fire
Convection effective before, during, and after fire
Surface emissivity is 0.8

The analysis for a cask with the thermal shield is presented below, after the analysis for a cask
protected with Albi-Clad.
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Figure 3.1-1 Model 10-142 Shield Thermal Analysis Model
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Thermal - External Heat Transfer

External heat transfer between flash and the prescribed external environment involved both
radiant and convective modes. The external environmental node and flash external nodes are illustrated
in the sketch below.

Q : ' R, - R; ~ Comvection
gz 8;5‘[.5 R¢ — Ry¢ ~ Radiation
cvet—al — v, -
z‘ [} : .. . ‘l 1 8 -' ol
O] TR .
o ' .
2z . -
=W I | {
& o 57 Midplane
] .
""Va' “‘A y A B /
ZET B
Related Nodal Areas
Node Area Calculation (in?) Node Area
NR. (th)
2 7(50.5% —27.5% +50.5% - 38%) + 27(50.5)(36) + 27(27.5)(14) = 159.398
8 7(10%) = 2182
11 (197 -10) = 5694
14 7(27.52-19%) = 8623
41 27(38)(8) = 13.265
51 27(38)(8) = 13.265
61 27 (38)(4) = 6.632

Convective Heat Transfer

The basic convective mechanism is:

q=hnA(-T); = nodal subscript
= film coefficient for the i node
= area of i" node

= temperature of | node

&H}F b

The ‘THAN' thermal analyzer code only allows specification of a single film coefficient, Z As a
consequence, nodal equivalent areas will be derived as follows:
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A4 =hA, / h ; A";= equivalent area for the i" node
McAdams recommends the following film coefficient expressions:
[L =length in feet]
h =0.29(AT/ L)% ; vertical cylinders
=0.27(AT/ L)% ; horizontal plates — heated plate facing up
= 0.12(AT/ L)% ; horizontal plates — heated plate facing down

= C(AT/LY* ; general
For Node 2; .
Location Area L C  ACHu12y™
(FB) (in)
LWR Surface 24.135 (50.5-38.0) 0.12 2.867
7 (50.52 -38%)/144
Exterior Vert. Surface 79.325 36 0.29 17.479
2z (50.5)(36)/ 144
Top ”(50.52 _27‘52)/144 39.139 (60.5-27.5) 0.27 8.981
interior Vert. Surface 16.799 14 0.29 4.687
27 (27.5)(14) / 144
D159 .398 Y. 34.015

=Y AC(LN12)4 [T 4, =0.213397

For Nodes 8, 11, 14:
Fyrns = 4Gy (L 12) 74 [ 4, = (0.27)(27.5/12) 7 = 0.219445

For Nodes 41, 51, 61:
By sier = Con( Loy /1 2)‘% = (0.29)(40/12)‘% =0.214624

Mean Film Coefficient and Nodal Effective Areas

Node

NR. (i) A,.y h‘." A,.hi A,.

2 159.398 0.213397 34.015 158.900
8 2.182 0.219445 0.479 2.238
11 5.694 0.219445 1.250 5.838
14 8.623 0.219445 1.892 8.838
48 13.265 0.214624 2.847 13.300
58 13.265 0.214624 2.847 13.300
68 6.632 0.214624 1.423 6.647

Z 209.060 1.516 44753
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h= 4h /4, =0.214066

Radiation Heat Transfer

For external radiation, the applicable expression is:

K; =o0dig;0 =0.1714x107;£ = 0.8
K, /4, = 05, =1371x10”

Resist. Nodes A Kj
NR. i (x10)

8 1 2 1590.398 218.600
9 1 8 2.182 2.992
10 1 11 5.694 7.808
11 1 14 8.623 11.820
12 1 48 13.265 18.190
13 1 58 13.265 18.190
14 1 68 6.632 9.094

Sidewall Conductive Coating (Albi-Clad 89)

Resistors 104, 105, 106 represent an Albi-Clad coating of 3/16-inch thickness which expands at a
temperature of 300°F to 4 times the pre-fire thickness. This intumescent material exhibits thermal

conductivity of:

Before fire exposure: K = 2.90 Btu ~ in/hr — fi* —°F
After fire exposure: K =0.57 Btu — in/ hr — fi’ —°F

The conductive resistor is thus:

R, = (t/K)(1/ 4,);t/K = (3/16)/(2.9) = 6.46552 x 1072 (T(300°F)

_ BB _; 31570(r = 3000F)

0.57
Resist. NR.  Nodes (T<300°F) (T=300°F) Area
x10° x10°
104 48-41 4.874 99.19 13.265
105 58-51 4874 99.19 13.265
106 68-61 9.749 198.40 6.632
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Cylindrical Corner Protecting Foam ‘Donuts’

20t 2/FrS ﬂdd»f Carb. Steel Prods.
rosiee | 4 K =25Btu—in/hr — fi* —=°F
[ énds s L‘-—5—‘}f C, =0.125 Bru/lb
)
$ o[ p = 48716/ f*
N ooy T
%q P
n ﬂt— ] Lid. | ? Foam Products
=Q\ ) K =02Btu—infhr — fi* —°F
# D I P 1 C, =0.3Btu/lb
1 - 1 y 4
& Cre tthhec. _ 3
ottty LB | p =200 7
(’v%l‘ﬂ9l M 50. ‘;u l
- 1
Analytic Model
.,-uJe‘C.. } ,
N . )
B Each resistor represents a two inch slab of foam
%-.( as measured from the outer diameter and top
z/?ﬂ surfaces of the ‘donut,’ excepting the last (inner-
05 2 most), "ZRzo, R21, Ra,.
z8
<
[ ] 2/9 '
Z
’ fﬂo
N7 Ced)
Lg,’_'. 2
i 22 f & 1/44:_)
24

Corner Protector Nodal Capacitances

Node 2 - Steel Shell

V = 27[(27.5) + (2)(50.5)](0.36) + (0.1345) {z(50.5% — 27.52) + z(50.5% — 38?)
+27{(50.5)(36) + (27.5)(14)]} = 3377.87in?

C, = C,pV = (0.125)(487)(3377.87)/(1728) =119.00 Btu/°F
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V = (z/1728){[(50.5— a)* = 27.52)(d — b)

+[(50.5-a)* — (50.5-¢)?](36 - d)}

Nodes 3,4, 5,6, 7, ~ Foam
— co.5" 275
A = ;
7 / C; = CppV; =(0.3)(20)V; = 6V,
/S AL
Qd
I §
i\’
N
_{_ N
Node a b c d C;
NR. (in) (in) (n) (in) (BtuPF)
3 0 0 3 3 164.54
4 3 3 5 5 95.62
5 5 5 7 7 84.08
6 7 7 9 9 74.85
7 9 9 12.5 14 119.46
¥=539.45

Corner Protector Resistances

Resistors Rqs to Ry represent a series heat path through the external 10 inches of foam
protector. Resistors Ry, to Ry, represent parallel heat paths between the metallic shipping flask walls and
this 10 inch point (node 7) within the foam protector. Taken collectively, resistors Ry to Ry, are in series

with resistors Rys5 to

R1g.

(225" (225"
4 s %
/X |
\ 2 1N
tn ‘-"-\
Ac_g
N
Y N

The calculation scheme follows
capacitance.

R, =1/ll/R, +1/R,,]

R, =In(r, /r,)/27kL

that used for

= In[(50.5 — @)/(50.5 — ¢)]/27(0.2/12)[(36 — d)/12]

=144/272(0.2) - In[(50.5 — a)/(50.5 — )}/ (36 — d)

R, =t/kA = (d -b)/[(0.27)/144][(50.5—¢)* —27.5"]

=144/7(0.2)-(d - b)/[(50.5—¢)* —27.5%]

Rev. 1, 5/2002
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_ Resistor R, R» R3 R4 Resistance Value
o a b c d (10°F-hr/Btu)
15 0 0 2 2 92.38
16 2 2 4 4 103.10
17 4 4 6 6 115.90
18 6 6 8 8 131.50
19 8 8 10 10 160.70
*112.(20,21,22) 10 10 125 14 265.70

*lIX=Parallel Sum ~See following for apportionment

Apportionment of Resistances Rog — Rzs

The parallel sum of these resistances is:
R) ||=265.7x107 °F — hr/Btu
Assuming an area based apportionment rule (contact area with flask):

Rparr / Ryorar = (U Apgar )/ 1/ Aroras ) thereforeR, = R, 'AT/ 4,

Resist. Area Calculation Ap R; Nodes
NR.(i) (in%) (x10%)
20 7(382-27.5")+2z(38)3) = 287691 6847 717
L 21 27(38)(9.5) = 226823 8684 7-21
- 22 27(38)(9.5) = 226823 8684  7-31
Ar = 741337

Check: R || Y. =1/[(1/Ry) + (I/R;,) +(/R,,)] = 265.7x 107

Foam Char Effects

Foam is assumed to char at 400°F and is replaced by an air gap. Define:

‘RF = LRygp / Reoam = (kFOAM = 0-2/ 12)/ kAJR

-Temperature- Kar Rr
°F °R This temperature variance is assumed for foam resistors Ris
70 530 1.0000 to Rog.

401 860 0.0212 0.7862
600 1060 0.0250  0.6667
800 1260 0.0286  0.5828
1000 1460 0.0319  0.5225
1500 1960 0.0400  0.4167
2000 2460 0.0471 0.3539
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Cylindrical Wall Thermal Model

| T | s Carb. Steel (p. 166 Shappert)
_— 3 K =25Btu—in/hr - fi* —°F
/8 { — //2¢ _:1_%5“ C, =0.125Btu/lb
. I,% p =4871b] f7*
l 8 Lead
A 1 Solid Liquid
T T4 K = 18.6 9.3
o Cp = 0.0325 0.038
AT LeAb p = 687 657
g enase _ H,p=10.55Btu/lb
Lo N /2" Tramsition T —62]°F
Analytic Model
(LID)18 ‘533
Rag
A Reg 3% Ry 23 Res 24 Rgg 25 Rog 26 R\ 7
fRo  fRe  fRs Ry {Re (R0 {Rw
431 Rog 432 Ry 433 Res 434 Reo 435 Roq 436_ Ry 437
{Ra 4Rss 4Rao 4Res 4Rs7 Rt 4Res
a1 R0 442 Reo 443 Ras 444 Rop 445 Ros 146 Ryg 447
j’R42 {Rae {Reo {Rse  {Res 4{Rez 4Res
481 Rp 452 Re 453 Rsg 454 Ry 488 Rog 456 Ry 457
qRas {Rer 1Rt jRes  {Rso {Ras {Re7
461 Ry {63 Rey 463 Rey 464 Roy 465 Roy 466 Ry 467

Ry, =In(r, /r,)/27kL = In(37/33.5)/[22(25)(1/12)] = 7.591x107

Rev. 1, §/2002
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Cylindrical Wall Resistors

Vertical (Longitidinal) Resistors:

R, = ,,»/104,7

Longitudinal (Radial) Resistors:

R, =In(r,/r)/27kL;
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Radii (in) Area t Ry
Material NR. <, 3 (in?) (in®) (10~ op-Er/Btu)
' (1) Solid Liquid
Steel 40,41 38.000 37.500 118.60 . 9.5  38.45
Steel 42,43 38.000 37.500 118.60 8.0 32.38
Steel 44,45 37.500 37.000 117.00 9.5 39.97
Steel 46,47 37.500 37.000 117.00 8.0 32,81
Lead 48,49 37.000 36.125 201.00 9.5 30.49 60.98
Lead 50,51 37.000 36.125 201.00 8.0 25.68 51.35
Lead 52,53 36.125 35.250 196.20 9.5 31.24 62.48
Lead 54,55 36.125 35.250 196.20 3.0 26.31 52.61
Lead 56,57 35,250 34.375 191.40 9.5 32.02 64.05
Lead 58,59 35.250 34.375 191.40 8.0 26.97 53.93
Lead 60,61 34,375 33,500 186.60 9.5 32.85 65.70
Lead 62,63 34.375 33.500 186.60 2.0 27.66 55.32
Steel 64,65 33.500 33.000 104.50 9.5 43.65

Steel 66,67 33.500 33.000 104.50 8.0 36.76

Vertical Resistors
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Radii (in) ’ Ri
Material NR. r, r; L(in) (10“ OP-Hr/Btu)
(1) Solid Liquid

Steel 68,69 38.000 37.000 . 9.5 214.5

Steel 4 70,7;' 38.000 37.000 8.0 254.7

Steel 72 38.000 37.000 4,0 509.3

Steel 73,74 33.500 33.000 9.5 120.9

Steel 75,76 33.500 33.000 -8.0 143.6

Steel 717 33.500 33.000 4.0 287.2

Lead 78,79 37.000 . 36.125 9.5 258.7 517.4
Lead 80,81 37.000 36.125 8.0 307.2 614.4
Lead 82 37.000 36.125 4.0 614 .4 1229.0
Lead 83,84 36,125 35.250 9.5 265.0 530.0
Lead 85,86 36.125 35.250 8.0 314.7 629.4
Lead 87 36.125 35.250 4.0 629.4 1259.0
Lead 88,89 35,250 34.375 9.5 271.7 543 .4
Lead 90,91 35.250 34.375 8.0 322.6 645.2
Lead 97 '~ 35,250 34.375 4.0 645.2 1290.0
Lead 93,94 . 34.375 33.500 9.5 278.7 557 .4
Lead 95,96 34.375 33.500 8.0 330.9 661.9
Lead 97 34.375 33.500 4.0 661.9 1324.0

Note: For lead, R, /Riso, =2

Cylindrical Radial Resistors
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Node Material  Area  Thick. C; (Btu/"F) Total heat at
(in) “{in) Solid Liquid Phase Change

(Btu)

21,31 Steel 118.6 9.5 39,69

41,51 Steel 118.6 8.0 33.42

61 Steel 118.6 4.0 16.71

22,32 Steel 117.0 9.5 39.16

42,52 Steel 117.0 8.0 32.97

62 Steel 117.0 4.0 16.49

23,33 Lead 201.0 9.5  24.67 27.59 8009.1

43,53 Lead 201.0 8.0 29.78 23.23 6744.5

63 Lead 201.0 4.0 10.39 11,62 3372.3

24,34 Lead 196.2 9.5 24.08 26,93 7817.9

44,54 Lead 196.2 8.0 20,28 22.68 6583.5

64 Lead 196.2 4.0 10.14 11.34 3291.7

25,35 Lead 191 .4 9.5 23.49 26.27 7626.6

45,55 Lead 191.4 8.0 19.78 22.12 6422.4

65 Lead 191.4 4.0 9,89 11.06 3211.2

26,36 Lead 186.6 9.5 22.91 25.61 7435.3

46,56 Lead 186.6 8.0 19.29 21.57 6261.3

66 Lead 186.6 4.0 9.64 10.78 3130.7

27,37 Steel 104.5 9.5 34.97

47,57 Steel 104.5 8.0 v29.45

67 Steel 104.5 4.0 14.73

Note: For leoad, ciLIQ = {(657)(0.038) =~ 1.,1182
CisoL (687)(0.0325)
Cylindrical Wall ~ Nodal Capacitance and Phase Change
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Lid Thermal Model

Material: Carb. Steel K = 25 Btu—in/hr
C, =0.125 BtufIb

p =4871b/ fi*

—ﬁ2—°F

cal Top and Bottom

55” —

L "

.
. e
- Y
[ PR
: X A

Typi
.f‘/
Fodsf — X
/‘i'." Rl
7/
V74 z
Sutees ~

é&”

7

Analytic Equivalent

Note: Symmetry is assumed about mid-plane

Nodal Capacitances:

. Thus, only the top half of container is analyzed.

ede el T S A (a/a(D - D) = (R -R)
(in ) {ft ) (Btu/ F.
8,9,10 314.2 0.36 22.13
11,12,13  820.0  0.95 51,77 V' =4Q)/1728
14,15.16 1241.7 1.44 87 .49
17 2160.6 2.50 152.23  C, = pVC,
i8 * 3,07 186,60

* Node 18 Special Geometry: ¥ = z{(33% —27.5*)(3) +(38° - 27.52)(1)]/1 728 =3.07 f°

27
l

h 4
& ‘

27 T 27 6
1 % I |
/

E

| 257|275
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Conductive Resistors

Two analytic expressions are pertinent:

¢ For Vertical resistors: R,.j =1 /kAy, t=Ft, A=Ft

*  For Horizontal Resistors: R; = In(r; /r;) / 27kL ; = outer radius, r; = inner radius

Vertical Resistors:

NR. A t R,
(1) (in”) (in) (10~' °F-hr/Btu)
23,24 314.2 3 4.583
25,26 820.0 3 1.756
27,28 1241.7 3 1.160
29 2160.6 3 0.667

Horizontal Resistors:

NR. rj(in) r;(in) L R;
outer inner {in) (10~" °F-hr/Btu)
- 30,31,32 14.50 ~ 0.50 2 128.60
33,34,35 23.25 14.50 - 2. 18.04
36,37 32.75  23.25 2 13.09

Resistor 38 couples the lid node 18 to external cylinder shell node 21

R, =t/KA;t = (19/4)/12;A = (7[/4)(762 —742)/144
= (19/4)- (1/12)/((25) - (=/4)(76* ~74%) - (1/144)] = (19)(12)/[(4)(25) - (/4)(767 ~74*)]
=9.677x107°

Changes to Thermal Model to Account for Presence of Thermal Shield

For this analysis, resistors 104, 105 and 106 are changed to model air conduction and resistors
107, 108 and 109 are added to model in the effects of radiant heat transfer. Nodes 48, 58 and 68 are
changed to model the capacitance of the 10 gauge Stainless Steel Thermal Shield.

A payload internal decay heat of 400 watts was assumed to be everily distributed on the inside
surface of the cask.

The thermal conductivity, k, of air varies with temperature as shown in the table below:
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Temperature k
(°F) (Btu/hr ft °F)
0 0.0133
32 0.0140
100 0.0154
200 0.0174
300 0.0193
400 0.0212
500 0.0231
600 0.0250
700 0.0268
800 0.0286
1500 0.0400
2500 0.0471

For resistors 104-106, the conduction resistance afforded by the air in the air gap between the
shield and the cask wall may be calculated as below:

R = L/kA where L = Length in the direction of heat flow
A = Cross sectional area of flow path

Resistor L A L/12A=kR Nodes
(in) (££%) (££77)
(p.1-113)
104 0.25 13,265 0,0016 48—41'
105 0.25 13.265 0.0016 58-51
106 0.25 6.632 0.0031 68-61

THAN internally multiples the L/A value with the appropriate value for k.

Radiation heat transfer is given by the following formula:
q=kT; -T")

where k = 4,0 /{[(1/&,) =11+ (/F) +(4,/4)[(/&,) - 1]}

For simplicity, for this analysis the radiant areas A; and A; are taken as equal, and the form or
shape factor, F, is assumed to equal unity. Under these assumptions, 'k' may be rewritten as:

k=cdf[(l/&)+1/£,)~1]

where A = Represented Area
o = Stefan-Boltzman Constant, 0.1714 x 10
€1 = Emissivity of Surface 1
€2 = Emissivity of Surface 2
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The outer surface of the carbon steel outer shell of the 10-142 can be conservatively taken to
exhibit an emissivity of 0.9, while the inner surface of the thermal shield, being stainless steel, can be
taken as 0.5.

Therefore, the following values of ‘k’ may be calculated:

_Resistor A k Node s
107 13,265 1,077 = 10" 48-41
108 13.265 1.077 x 10~° 58-51
109 6.632 5.385 x 10~' 68-61

The specific heat (Cp) of stainless steel is 0.11 Btu/hr-Ib-°F. Thus the heat capacity of nodes 48,
58 and 68 may be calculated (density of stainless is taken as 488 Ib/ft’), C = pVCp:

Node Area Thickness C
(Ft) (in) (Btu/°F)
48 13.265 0.135 . 8,01
58 13,265 0.135 8.01
63 6.632 - 0,135 4.00

3.3 Determination of Steady State Temperatures

Steady state temperature estimates are used as the initial value (t=0) for the hypothetical fire
accident. For this steady state system, heat is input to the flask by solar illumination; heat is removed by a
combination of radiation and convection heat transfer modes. Solar illumination data is taken from
Schappert's Cask Designers Guide, ORNL-NSIC-68, February 1970.

Two comparative approaches are used to calculate applicable incident solar illumination:

» Peak Effective lllumination: Actual solar constant vs time (angle) is assumed to act on the
exposed cross section of the flask - assumed as a cylinder,

¢ Mean lllumination: The 24 hour solar constant (10,600 Btu/ftz-day) is used and assumed to act
upon the maximum x-section of the flask.

The total heat imposed upon the system is:

0 = A;q,a; As = cross section exposed to sun

Qs = solar constant (Btu/hr-ft%)
oc = 0.8, absorptivity of surface

The heat imposed on a unit area is:
q = Q/ 4, = (4] A;)qs0x; Ar = total surface area.

The total (half) area of the flask surface is 180.042 ft® (see ‘Ext. Heat Transfer')

The maximum cross section of the flask is:
Vertical: (1/ 144)[(38)(2)(20) + (50.5)(2)(2D) + (2)(50.5 - 27.5)(14)] = 29.76 ft2
Horizontal: (1/144)[(50.5)> z] = 55.64 ft*

Rev. 1, 5/2002 3-18 |



ATG Safety Analysis Report for the 10-142 Cask SAR-10-142 |

Peak lllumination Approach [Ref. Fig. 5.3 (Latitude 42°N), Shappert]

& For a right circular cylinder:
A, = mr? cos@+2risin@
. r Q= Ayq;x
# ! 0=0/4; = (4y [ 4r) 450

£ where: r =38/12, ft

‘ I=(112-28)/12, fi

a=0.38

Ay =2m% +2ml = 202.28 ¢

The objective is to determine a maximum value for the unit solar flux, q:

0 g q
90 0 0.00

84 100 18.74

78 150 29.61

72 180 36.95

66 210 4428

60 225 48.18

54 238 51.19

48 250 5342

42 260 54.58

36 270 5504 —>gq,,. =55.1Btu/fi* —hr

30 275 53.78 (total surface area)

Mean lllumination Approach

The 24 hour solar constant = 10,600 Btu/ft*-day

g, = (10,600/24)(0.35) = 154.58 Btu/ fi* — hr

g = (4; [ 4,)q e = (55.64/180.42)(154.58)(0.8) = 38.1 Btu/ fi* — hr

Steady State Temperature (Unit Area)

Let: f(I5)=q, —q,,;find Ts such that f(Ts) ~ 0
fT)=q—k(Ty -T2)~h(Ts -T.)

F(T) =1=(k/q)Ty ~T2)~(hfq)Ts —T,) = [1+ K/ QT + (BT, 1- (k/ T - (B g)T
Rs R6 R7
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Where: T, = Sink Temp (°R) = 100 #7130 F
k =1371x10°

h =0.213979
g =55.1/38.1

Flask Steady State Temperatures  Sink Temperatures
T, =100°F T, =130°F
(559.69°R) (589.69°R)

Mean q = 38.1(Btufft-hr) 130.3°F 156.9°F
Peak q = 551 142.7°F 168.0°F

The cask equipped with the thermal shield was analyzed per the latest revision of 10 CFR 71
using the same thermal model used in the transient analysis, except that solar loads are included. The
solar loads for normal conditions to be applied to the top surface of the package are given in 10 CFR 71
to be

800 gcal [cm’ /12 hour day = 2950 Btu/ ft* /12 hour day = 2950/12 = 245.8 Bru/hr/ ft*

It is assumed that the package achieves a steady state condition with the sun perpetually directly
overhead. Note that the loads applied in this analysis are considerably higher (by a factor of 4.5) than
those used in the previous analysis, and internal decay heat is included as well. Offsetting this extreme
increase of severity is the required ambient temperature which in the previous analysis was taken as
130°F. 10 CFR 71 now requires the analysis to assume the ambient temperature is 100°F.

Loads to be imposed on the model can be calculated by muitiplying the unit solar load by the
horizontal area represented by each node on the upper surface. Since only one half of the cask is
modeled for this analysis, the effect of applying the solar loads this way is equivalent to applying the solar
loads on both the upper and lower surfaces:

Node Horizontal Total Load
" Area (Ft’) - (Btu/Hr)
39.14 1 9620.6
2.18 536.3
11 . 5.69 1400.0
14 8.62 2119.5

The temperatures predicted by THAN for the loads and assumptions described above are
presented in Table 3.3-1 below.

Rev. 1, 5/2002 3-20 |



ATG Safety Analysis Report for the 10-142 Cask SAR-10-142 |
CLASS 2 - TEMPERATURE, T
ID DEGREES F 1D DEGREES F 1D DEGREES F ID DEGREES F
b 100.0000000 2 138.0797792 3 143.4375047 4 149.4169536
5 156 .1387589 6 163.7653111 7 172.5053979 3 207.4315289
9 207.2402001 10 207.1371163 11 203.5959923 12 203.3610179
13 203.3030395 14 201.1097916 15 200.9985060 16 201.2856437
17 195.0757626 18 194.7904999 21 186.0593635 22 185.8991322
23 185.7520368 24 185.6452419 25 135.578612¢ 26 185.55264231
27 185.5587027 31 130.6898468 32 180.694357¢ 33 180.7030639
34 180.7165642 35 180.7352055 36 120.7592597 37 180.7717985
41 1764.87420855 42 174.9974212 43 175.1269865 44 175.2360235
45 175.3250771 46 175.3943962 47 175.4153549 &3 127.1937599
51 172.1150413 82 172.2354112 53 172.3638355 54 172.4733716
55 172.5635675 56 172.6339521 57 172.6551258 53 126.2172005
61 171.1362800 62 171.2630901 63 171.3978613 64 171.5122474-
65 171.6059353 64 171.6785459 67 171.70801316 43 127 .5764558
Table 3.3-1 Normal Conditions Steady-State Temperatures

A second steady-state analysis was performed on the model assuming no solar loads. This
analysis predicts the initial temperatures used for the hypothetical accident thermal event as well as
determining compliance with the package surface temperature limits for exclusive use shipments. The
results of this analysis appear below as Table 3.3-2.

CLASS 2 — TEMPERATURE, T

ID DEGREES F ID DEGREES F Ip DEGREES F ID DEGREES F

1 100.0000000 2 160.1174523 3 101.9975198 4 104.0957550

5 106.4544383 6 109.1307053 7 112,1976698 8 113.8490677

9 116.0090599 1o 114.1313048 11 114 ,3842611 12 115.0542304
13 115.1815199 14 115.4727671 15 115.6393114 16 115.7593587
17 116.5504741 13 116 .5885467 21 113.1334486 22 113.1674498
23 118.2017727 24 113.2347263 25 118.2664599° 26 113.2970529
27 113.3095157 31 113.4393320 32 118.4450705 33 118.4554336
34 118.4709254 35 113.4913723 36 118.5166975 37 1183.5294716
41 113.0835766 42 118.1133275 43 11%.1480549 44 113.1823612
‘45 118.2164454 46 118.2504553 47 113.2643430 43 106.8862372
51 117.9275708 52 117.9574810 53 117.9927127 54 118.0276849
55 113.0624063 56 118.0968875 57 118.1113707 53 106.3289172
&1 117.8600704 &2 117.8917507 63 117.9287377 64 117 .9650597
65 113.0007572 &4 113.0353669 67 113.0504672 113 107 .2718275

Table 3.3-2 Normal Conditions No Sun - Steady State

A transient analysis using initial temperatures from Table 3.3-2 was performed corresponding to
the hypothetical fire event required by 10 CFR 71. Tables 3.3-3 through 3.3-6 give the temperature
distributions for various times during the transient. Notably, the temperatures predicted by this analysis
are lower than those predicted by the analysis used for the Albi-Clad package, in spite of the 400 watt
internal decay heat load included in the thermal shield analysis and omitted from the analysis of the Albi-
Clad package.

Figures 3.3-1 and 3.3-2 present plots of nodal temperature vs. time for the same points plotted
previously for the Albi-Clad design. Clearly, the thermal shield provides very good protection for the cask
during the fire event.
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CLASS 2 - TEMPERATURE, T

CLASS Z - TEMPERATURE, T

Id

DEGREES F

1475.00040000
. 106.46864870
419.6289911

- 351.0761989

155.4470111
121.4932535
120.2919253
'124.5796979
157 .6094855
147 .7356599
163.4849911
153.4938432
167 .1648366
156 .0871313

DEGREES F
100.0000000

" 106.5118266

433.3303822
397.7814010
165.3696607
123.5141707
122.6561812
126.8826973
156.3373215
151-.8721964
163.7702777
159.3112339
167.1531708
162.2679553

1D

DEGREES F

1469 .8569093
109.0921319
355.5894239

495.7614102-

150.4889195
121.2293532
126.4831113
126.5481198
154.5963602
146 .5094496
160.4618608
152.1782718
163.3012714
156.66433621

DEGREES F

628.9221698
109.0863157
405.6021659
409.1186443
161.6723573
123.1436614
126.7131636
126 .8756525
155.23082099
151.2104747
162.6798732
158.5901174
165.9613313
161.4829366

ID

3

7
11
15
21
25
32
36
43
47
53
57
63
€7

DEGREES F

195.2162325
111.3676345
541.2297371
377.6666432]1
122.2957738
121.0385524
126.5033144
124.4926816
151.7706373
1646.2142304
157.6479446
151.3439856
160.67238389
154.2738604

Table 3.3-3 Fire Transient 0.5 hours

DEGREES F

203.7875205
111.4402663
461.1553878
3834.3926328
126.6073643
122.8713224
126.7495626
126.8358728
153.9364846
151.0607145
161.4642393844
158.6106367
166.5739847
161.2534696

Table 3.3-4 Fire Transient 0.6 hours

DEGREES F

106 .26483564
547 .2553743
%164.2553088
327.0726306
121.8378473
120.9159541
124.5718970
126.4632045
149.4878931

16447.0851526

155.3212223

1447 .0306850

158.0992650

1443.7261758

DEGREES F

107.1957467
470.45821384
429 .6526282
365.4050629
123.9911193
122.6929852
126 .8455301
126 .830852646
152.7981319
527 .9228097
168.2771333
528.1091269
163.3225306
523.2832920
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" CLASS 2 - TEMPERATURE, T
ID DEGREES F ID DEGREES F 1D DEGREES F ID DEGREES F
1 100.0000000 p4 321.2572101 3 206.6097900 4 109.14644
5 106 .5900840 6 109.0732133 7 111.6272482 8 429.2446333
9 431.2025983 10 429.7059325 11 412.8140747 - 12 4164.9580031
13 414.1002150 14 356.8142018 15 362.4635903 16 371.4261166
17 130.2577503 13 177.9691577 21 130.01764147 22 129.1960783
23 128.5380216 24 128.0190669 25 127.6336209 26 127.3787105
27 127.3259181 31 130.3062998 32 130.8498053 33 130.9560335
34 131.01382186 35. 131.06431263 36 131.0353860 37 131.01964196
41 153.4859279 42 153.2213266 43 152.9036070 44 152.6474986
45 152.46186418 46 152.35649419 47 152.3461046 68 241.86462462
51 162.5744486 52 162.3319584 53 162.0453524 54 161.30516438
55 161.6236231 56 161.5107512 57 161.4960148 58 242.9682178
61 165.68176476 62 165,.643064233 63 165.1325251 64 164.83820665
65 164.6916075 66 164.5722813 &7 164.5558156 68 239.6476013
Table 3.3-5 Fire Transient 0.8 hours
CLASS 2 - TEMPERATURE, T
1D DEGREES F 1D DEGREES F 1 DEGREES F ID DEGREES F
1 100.0000000 2 103.1542295 3 153.5424807 4 135.2740667
5 116.6372012 6 113.5271166 7 123.7740815 g 236.0594669
9 238.0283778 10 239.0603285 11  221.0593006 12 222.7679622
13 223.6364513¢ 14 217.1523338 15 218.2506233 16 220.0530252
17 213.3195498 13 212.7073391 21 190.5664977 22 19Q.1605707
23 189.7329637 24 1839.4281%24 25 139.3058140 26 139.20638217
27 189.2050538 31 177.96495934¢ 32 177.9798638 33 178.0026504
34 178.0236041 35 .178.0445948 36 173.0669296 37 178.0772637
41 167.4302377 42 167.5473153 43 167.6794454 44 167.78381326
45 167.8738046 46 167 .9365975 47 167.9534369 48 126.3482333
51 162.12363217 S2 162.2975526 53 162.4259723 5S4 162.532727S
55 162.6172983 56 162.6791357 57 162.6954271 58 122.4666109
&1 160.3793327 62 160.4941007 63 160.6267543 64 160.7366234
65 160.8233046 66 160.8363276 67 160.9027308 63

Table 3.3-6 Fire Transient 7.3 hours

123.2867579
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HYPOTHETICAL FIRE ACCIDENT
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HYPOTHETTICRL FIRE ACCIDENT

NUPAC |{-142 BULK RESIN CRSK--STRINLESS THERMAL SHIELD--400 HARTTS

140.00

[svnjvanzasLe oescrirrion

HAXIRUN

HININUN

0 |ANBIENT
O |OUTSINE OVERPRCK
A [SECONOARY SERL

147H
1463
438.34

1og
1og
115.054

120.00

10%!
100.00
—0

8

8

80.00

60.00 .

TEMPERRTURE (DEGREE-F)
40.00

20.00

T
§.00

4.00 ‘
TIME (HOURS)

Figure 3.3-2

4
8.00

Rev. 1, 5/2002

3-25 |



ATG Safety Analysis Report for the 10-142 Cask SAR-10-142 |

A transient analysis, similar to the above treatment, was performed using an initial pre-fire
temperature of 168°F for all cask locations. This temperature corresponds to the steady state solar flux
peak condition with a 130°F sink. Tables 3.3-7 through 3.3-9 give the temperature distributions for various
times during the transient. Figure 3.3-3 presents the plots of temperature vs. time for various cask

locations.

TRANSIERT PROBLEM

TIMNE = .0 sse.
FINIMUR RC PRODPUST = .0 SECy ~wwm= FOR NODE O
I0  DEGRESS F ™™ nEgvEss B ID  DEGREES F I0  OEGREES ¢
1 1475.,0000000 2 158.0000000 3  168.0000000 & 168.0060c00
5  168.0000000 5  169.0000000 7  1568,0000000 8 168,00¢0000
9 12B.0000000 19  152.0000000 11  146£.00600300 12 168400C0000
13 164,0000000 14  18£,0000000 15  158.0000000 16 16840004000
17 1&8, 0000000 19 148.0000000 21 1568.0080000 22 168.C000001
23 163.0000009 24 162.0000000 25  16£.0000000 26 1660000000
27 162.0000000 31 153,8000600 32 168, GA00000 23 148,0000000
34 158.0000000 3%  158,0000000 36  168.0000000 37  148,0000000
41 188.0000000 42 153,0000000 &3  16£.0000000 && 168,0000000
45  1£6.0000000 4~  152,0000000 47  16£.0000000 48 168,0000000
b l&d . 000a000 &2 1458 .0090060 93 16E.68Q0CGC0 S4 158,0000000
55  16£.0000000 54  148,0000000 57  16£.0000000 58 168,000000¢C
&1 1683.0000003 62  153.0060060 63 168,0000000 &6 168.0000000
&9 16€.0000000 . 153,0000000 67 1568.60C0QGQ 68 168.0000000
TRANSIENT PROBLEM
TINE »  5.0000000%-0135¢,
RININUM PC POODUCT = 1,4140304E=)3SEC, m=m—= FOR MODE 66
ID  DEEREZC € 1" QRRAFIS F I0  DEGREES f IC  OEGREZS F
1 1475.0000000 2 L1E70.9640978 3 25645509572 & 170.040072¢
5 1&62.0315046% 4 152.0023097 7 1884164495813 8 568,03&64753
9 445,8780200 10 170.40%3670 11 56243161792 12 4454,0652542
13 385.2934321 14 519,4732961 15 405.6554436 16 362,5755747
17  202,6544061 1« 199,4220316 21 176,347765 22 17641126728
23 175.9501251 26 175.8015987 25  175.6557193 26 175.5197%6¢
27 175.4502295 21 199.9077475 32  200.0239563 33 200.323463¢
34 20044537965 35 290.4437511 3§ 20043137509 37  200.212354:
41 30049040140 &2 295,7816648 €3 292,5750631 44 28€.193773t
45 28644420423 &6 294,0353724 &7 284.5802578 48 1437.945335C
31 307.686R¢32 2 10%5.2045903 53  302,8226291 54  300.83070%
55  299.25686296 54  298,1130277 57  297.8555833 S8  1452,700%80f
61  309.00TET00 67  30€,6025079 63 30443367823 64  302,449824:
65  300.S5851tL 66  279,A720690 &7  299.5929301 68  1452.7104&3¢

Table 3.3-7 Fire Transient Initial and 0.5 hours
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In order to evaluate the effect of the reduced insulation associated with a damaged or post-
dropped overpack, the following analysis is presented.

An example of the effect a damaged overpack would have on the thermal performance, a typical
corner drop damage was evaluated. Under corner impacts, an estimation of the maximum damage
sustained is a deformation of 20.5 in. corresponding to a crush volume of 22,684 in. for a 101 in. diameter
impact limiter that extends 18 inches beyond the cask.

Original Foam

1. Resistance
R, =859.28
2. Volume
V, = (m/H[(101% —55%)(18) + (101*> - 76.25%)(22)] = 177249in’

Damaged Foam Volume

V, =177249 —22684 = 154565in’

Scale Resistance Change

RD/RO = (tD/K"I)/(tD/KA)

Vy=tpAit, =V, /4

Thus:
Ry /Ry = (V| KA (Vo [KA®) =V, PV,
The damaged foam resistance is:
R, =R, -(V,/V,) =(859.28x107)(154565/177249) = 749.31x10™*

This is equivalent to:

T, | i | Tar/Tax/Ta R, =1/[(/R,)+ (/R )]
L~y

Where Ra = an additional parallel resistance corresponding to the damage caused by the 30 ft. drop.

R, =R,R,[(R, — R,) = (749.31)(859.28) x 10 /(859.28 — 749.31) = 5.8549

The heat that flows across this damage resistor at t = 30 minutes is:

Rev. 1, 5/2002 3-30 |



ATG Safety Analysis Report for the 10-142 Cask SAR-10-142 |

Gr2s = (T, = T, )[R, = (1470.1-175.8)/5.8549 = 221.1 Btu/hr

In 30 minutes, the total heat flow is conservatively estimated at:
Q,.,, =110.5Btu
Assuming all this heat goes into the lids:
Cup = .C,,i =818 =841Btu/°F
The change in lid temperature is thus:
AT, =110.5/841=0.13°F
Thus, the predicted percent increase in seal temperature (Node 24) is:

%AT,, =(0.13/175.8)x100 = 0.074%

Therefore, it can be concluded that the loss of insulation associated with damaged overpack will
have no significant effect on seal or package temperature. The actual larger impact limiters than what is
evaluated above would provide a smaller temperature change due to the larger remaining foam volume.

3.4 Water Immersion

Not applicable.

3.5 Summary of Damage

As a result of the above assessment, it is concluded that should the Model 10-142 package be
subjected to the hypothetical fire accident conditions, no radioactive material would be released from the
package.
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4.0 Containment

This chapter identifies the package containment for the normal conditions of transport and the
hypothetical accident conditions.

4.1 Containment Boundary

4.1.1 Containment Vessel

The containment vessel claimed for the Model 10-142 package is the shielded transportation
cask as described in Section 1.2 and the general arrangement drawing in Appendix 2.10.1.

The 10-142 may be used to carry a liner with a capacity of approximately 120 cubic feet of ion
exchange resin. During transport, the liner will contain a maximum of 120 cubic feet of resin originating
from the purification system. The size of the resin beads ranges from 0.4 - 0.6 mm in diameter. Type 'B’
casks are designed to provide containment of the radioactive material for normal and transportation
accident conditions. The design of the 10-142 did not take credit for the liner inside the cask. Thus, there
is no containment credit for the liner.

The liner's structural integrity is such that most likely it would retain its contents in case of the
hypothetical accident condition. The SAR considers only the cask as containment, which is a
conservative position.

It has been demonstrated by calculations that the sealing arrangement is unaffected by accident
conditions. For this reason, it is impossible that ion exchange resin, because of the size of the beads,
could escape.

Based on analysis of resin samples, it is assumed that the following maximum activities could be
present inside the 10-142:

Radionuclide Activity (Curies)
Arsenic-76 15
Barium-140 30
Cobalt-60 300
Cobalt-58 30
Chromium-51 30
Copper-64 600
Cesium-134 and 137 3000
Iron-59 30
lodine-131 1500
lodine (not 131) 1650
Manganese-54 30
Manganese-56 180
Niobium-95 75
Sodium-24 15
Strontium-89 450
Strontium- 90 15
Xenon 1200
Zinc-65 15
Zirconium-95 75

Thus, gaseous radioactivity could be present in the package and is considered to be the critical item in
containment calculations.
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4.1.1.1 Permissible Leak Rate

Gaseous activity can arise from decay products of radionuclides carried in the ion exchange
columns. The only radionuclide that decays to a gaseous radioactive material in the ion exchange resin is
iodine which decays to the noble gas xenon. The iodine itself will be in the ionic form, therefore fixed on
the ion exchange resin.

There are several isotopes of iodine. However, the only isotopes of relevance to this evaluation
are I-131 and 1-133. The other isotopes are either in very small quantities compared to [-131 and 1-133 or
they decay to products that are either stable or would not be in the vapor phase.

From the list of radionuclides shown it can be seen that the maximum anticipated 1-131 content
will be 1500 Ci. It was conservatively assumed that all other iodine is [-133. For the calculations, it is
assumed that when the liner is shipped the above maximum will be jointly present. There would be no
xenon present initially as a result of the dedeuteration process. The maximum possible xenon activities
have been calculated using the following assumptions:

a) All gaseous fission products originally present in the spent IX resin are renioved during the
dedeuteration process which takes place on site prior to shipment.

b) Only the formation of xenon, from the decay of radioactive iodine, was considered.

c) Only two isotopes, viz I-131 and 1-133, were felt to be of significance in this study. The others
were ignored either because they decay to stable isotopes of xenon (eg., 1-130, 1-132 and i-134)
or are expected to be present in negligible amounts (eg., 1-135).

d) The xenon isotopes considered were Xe-131", Xe-133" and Xe-133.

e) The processes of build-up and decay of each of these isotopes is such that their concentration in
the resin reaches a maximum value several days after dedeuteration. As is shown below,
Xe-131" achieves its maximum value after 13,98 days, Xe-133™ after 1.96 days and Xe-133 after
2.72 days. Although physically impossible, the maximum value of each isotope was assumed to
exist concurrently in the resin and this was used in the safety assessment of the overpack. '

The maximum activities are calculated to be:

2.7 Ci of Xe-131(m) after 13.98 days
48.3 Ci of Xe-133(m) after 1.96 days
177.0 Ci of Xe-133 after 2.72 days

The A, value, when considering several radionuclides, must reflect the mixture. The following
equation is used to determine an A; value taking into account Xe-131 (m), Xe-133 and Xe-133 (m).

Y Ci
2.(Cif 4,0)

A, (mixture) =

Where:

Ci = activity of each radionuclide
(Ci/A,i) = activity of each radionuclide divided by its A, value

The maximum activities calculated above for the radionuclides of concern are:
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2.7 Ci of Xe-131(m)
48.3 Ci of Xe-133(m)
177.0 Ci of Xe-133

The individual A, values are 100 Ci for Xe-131 (m) and 1000 Ci for Xe-133. The A, value for Xe-
133 (m) is based on a comparison with Xe-133. The effective gamma energy for Xe-133 is 0.0296 MeV.

Thus, A; for the mixture is:

2.7+483+177

A, = =904Ci
(2.7/100) + (48.3/1000) + (177/1000)

The permissible leak rate can be determined from ANSI-N14.5 ‘Leakage Tests on Packages for
Shipment of Radioactive Materials.'

a) For normal condition of transport:

R, = 4,x2.78x10™"
R, =904%2.78x107"
R, =2.51x107" Ci/sec

The free volume within the cask cavity is:

V, =142

V. =120/ (Resin Volume)

V,, =33% of resin volume is void
= (0.33)(120) = 40 f¢*

v,

Free

=V, =V +V,
=62ft'orl.75m’

The specific activity of the medium is:

Cy(Xe—131m) = 2.7Ci/1.75m* =1.54Ci/m’

Cy(Xe—133m) = 48.3Ci/1.75m* = 27.60Ci/m’

Cy(Xe—133) =177.0Ci/1.75m> =101.14Ci/m*
TOTAL Cy = 130.28Ci/m’

Therefore, the permissible leak rate for normal transport conditions is:

Ly =Ry /CN
=2.51x107 Ci/sec/130.28Ci/m’
=1.92x107 cm® [sec
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Rounding yields:
L, =2x107 cm® [sec
and the associated test sensitivity requirement is:
s = L/2 =107 cm® [sec (Normal)
b) For accident conditions:

R, = A,x1.65x107 sec
R, =904x1.65x107 sec
R, =1.47x107° Cifsec

Therefore, the permissible leak rate is:

L, =1.49x107 Ci/sec/130.28 Ci/m’
L, =1.14x10" m*/sec
L, =1.14x1072 cm’ [sec

Rounding yields:

L, =1x107cm’ [sec

and the associated test sensitivity requirement is:
S = L2 =5x107 cm?® [sec (Accident)

4.1.1.2. Carbon Dioxide Leak Testing

The 10-142 Cask has been designed to permit a leak test at any time necessary for the safe
transport of radioactive material. As shown by the above analysis, the normal transport condition
permissible leak rate and associated test sensitivity are the limiting criteria. A carbon dioxide (CO,) and
air mixture is the tracer fluid that is used to leak test the cask and seal integrity. The leak testing
requirements are specified in Section 8.2.5. The CO, minimum usable level (sensitivity) for the leak
detector used in the this procedure is 3.00 x 10 cm¥/sec. The acceptance criterion is no leak in excess of
7 x 10™ cm®sec. The procedure for the leak test is given in Appendix 8.4.2.

Carbon dioxide gas is injected into the cask until an internal pressure of 7 psig is achieved.
Considering the internal gas to be ideal, its behavior may be defined by Boyle’s Law. This law states that
the volume and pressure of an ideal gas vary inversely when the temperature is held constant. Stating

Boyle's Law in equation form:
BV, =BV,
where, F| =internal pressure

P, =final pressure
¥V, =initial volume
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V, =final volume

Thus, the ratio of the final volume of air to the initial volume of air in the cask is

Vz /V] = Pl /Pz
where, P, =14.7 psia
= 1.0 atm
P, =147+70
=21.7 psia
=1.48 atm
Therefore,

v, [V, =14.7/21.7
=0.677
- 67.7%

Neglecting the small percentage of carbon dioxide in air (0.03%), the composition of the internal
gas mixture is considered to be 67.7% air and 32.3% carbon dioxide.

From ANSI N14.5-1977 (AMERICAN NATIONAL STANDARD FOR LEAKAGE TESTS ON
PACKAGES FOR SHIPMENT OF RADIOACTIVE MATERIALS; American National Standards Institute,

Inc.), the correlation between a measured leakage rate and an equivalent leakage rate for gases at
different conditions is given as:

L, =(L)n P! =P}, [(n )P} ~P}),

where, L =

Ly = measured leakage rate of gas y

equivalent leakage rate of gas x

= normal transport permissible leak rate
= 1.92x107 cm® [sec
n = fluid viscosity

P, = fluid upstream pressure, atm, abs

P, = fluid downstream pressure, atm, abs

Considering the difference in viscosity between the internal gas mixture and air to be negligible
L, =(1.92x107)(1.4767 —1.000%)/(1.000% —0.000%) = 2.26 x 10~ atm — cm® [sec
Since the internal gas mixture is 32.3% carbon dioxide, the maximum permissible leakage rate for
the tracer fluid (CQ,) is

L, =(2.26x107°)(0.323)

=7.30x10™ atm — cm’ [sec

which is greater than the 7x10™ cm®/sec test acceptance criterion.
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Per ANSI N14.5-1977, the sensitivity of the leakage test shall be considered adequate when it is
equal to or less than one-half of the maximum permissible leakage rate for the tracer fluid. Thus:

S</2)(L;)
<(1/2)(7.30x107*)

<3.65x107" atm — cm® [sec

which is greater than the 3.00x10™ cm®sec minimum usable leve! (sensitivity) for the leak detector with
carbon dioxide in the tracer fluid.

As shown above, the leak test acceptance criterion and sensitivity criterion are below the
corresponding ANSI N14.5-1977 calculated values. Therefore, the leakage test is considered adequate.

4.1.2 Containment Penetration

There are no penetrations into the containment vessel.

4.1.3 Seals and Welds

Solid silicone seals are placed between the secondary lid to primary lid and primary lid to body
interfaces. Additionally, a neoprene dust seal is also installed on the secondary lid. These seals are
described in Section 1.2.1.3 above. To ensure proper sealing of these seals, torque values of 300 + 25
and 200 * 10 ft-lbs are specified respectively for the primary and secondary bolts or nut onto stud
configuration. The resultant seal preloads are sufficient to provide positive sealing of the cask cavity, as
demonstrated by the following analyses.

The primary seal is a 1/2-in. thick x 1.25 in. wide, 40 duro hardness solid silicone gasket. In order
for the primary lid to make metal-to-metal contact with the cask body, the gasket must be compressed to
the 3/8-in. standoff height, or 26% compression (i.e., 0.125/0.50). Using the procedures given by the
Handbook of Molded and Extruded Rubber, 3rd Edition (The Goodyear Tire and Rubber Co.), the
required compressive force can be determined. For the given geometry, this seal has a compression
shape factor of 1.25 (i.e., [one load area)/ftotal free area] or in our case, the width divided by twice the
thickness). For the specified parameters, the required compressive stress to obtain the 25% compression
is 325 psi (Fig. 5-11, pg 74 of the referenced Goodyear report), which results in a total required
compressive force, F,eq of:

Freq = (Compressive Stress)(Load Area)=87,4251bs
where: Compressive Stress=325 psi
Load Area =m(71.25-(1.50 +1.25))(1.25) = 269in*

This force results in a required bolt or nut on stud load, Py, of:

Pyt =(F,,)/(No.of bolts)
= (87,425)/16 = 5,4641bs

The equivalent bolt (note: all references to bolts herein are equally applicable for nut on stud
configuration) torque to develop this force is:
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Required Torque = 0.2(F,,, )(d)/12
= 0.2(5,464)(1.5)/12 =137 fi — Ibs

where: d = Nominal bolt diameter, in.

An alternate method (Handbook of Molded and Extruded Rubber, 3rd Edition, pg 58 and 82) for

determining the required preload to compress the gasket 25% is to calculate the gasket spring rate. By
knowing this rate and the required deflection (0.125-in), the total gasket load can be determined. For this
gasket, the linear spring rate, K_ is calculated per the following:

K, =(Ec) (A)/h

where: E¢ = Compression Modulus = 1750 psi at 25% compression
A =load area = 269 in’
h = seal height = 0.50

Substitution of these values into the above expression yields a linear spring rate of:
K, =941,5001b/in
The resultant seal force and required bolt load is then:

F, =0.125K, =117,6881bs

P, =(117,688)/16 = 73561bs
The equivalent bolt or nut torque to develop this force is:
Required Torque =0.2(7356)(1.50)/12 =184 fi —Ibs

Since the specified torque of 300 + 25 ft-lbs exceeds all of these required torque values, the
primary lid will make metal-to-metal contact with the non- sealing surface of the cask body.

The secondary lid seal configuration consists of a 1/4-in thick x 1.0 in. wide, 40 duro hardness
solid silicone gasket, with a compression shape factor of 2.0. A 1/8-in metal standoff limits the degree of
compression to a maximum of 50%. For the specified torque of 200 + 10 ft-Ibs, the resultant deformation
can be determined using the linear spring rate method.

Applied Compressive Force =127(r)/(0.2d)

where: T = Applied bolt or nut torque, ft-lbs
n = No. of bolts or studs and nuts =16 (29-in lid);8(16-in lid)
d = Nominal bolt or stud diameter, in.
= 1.25 in.(29-in 1lid);0.875 in(16-in lid)
The applied compressive force for the 29-in and 16-in diameter lids are 153,600 lbs and 109,714
Ibs respectively. For these applied loads, the gaskets will be compressed approximately 30-35% (0.075-
0.0875 in.). The exact degree of compression is obtained by interpolation between these two values.

The linear spring rate and resultant compressive seal force for 30% compression are:
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Ki = 1.687x10° Ib/in(29—in)
= 9.788x10° Ib/in (16 — in)

where: Ec = 4331psi at 30% compression
A = 97.4in*(29 — in);56.5in* (16 — in)
h =0.25in
Freg=0.075K,

= 126,5521b5(29-in)
= 73,410/bs(16-in)

For 35% compression, Ec is 5775 psi which yields the corresponding numbers:

K; = 2.25x10°1b/in(29 - in)
= 1.31x10° Ib/in(16  in)

Freq= 0.0875K,
= 196,870/b5(29 — in)
= 114,2000bs(16 — in)

Based on this analysis and interpolation, the secondary seal will be compressed approximately
32% (0.080 in.) for the 29-in lid and 34.5% (0.086 in.) for the 16-in lid.

All welded joints are arc welded with full NDT inspection per note 7 of Drawing X-103-110-SNP |
and thus assuring full containment of the cask cavity.

4.1.4 Closure

The closure devices for the primary lid consist of sixteen (16) 1-1/2 - 6 UNC bolts or studs and
nuts as described in Section 1.2. Closure for the secondary lid is accomplished with either 16, 1-1/4- 7
UNC bolts or studs and nuts (29 inch lid option) or 8, 7/8- 9 UNC bolts or studs and nuts (16 inch lid
option).
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4.2 Requirements for Normal Conditions of Transport

The following is an assessment of the package containment under normal conditions of transport
as a result of the analysis performed in Chapters 2.0 and 3.0 above. In summary, the containment vessel
was not affected by these tests. (Refer to Section 2.6 above) .

4.2.1 Containment of Radioactive Material

There was no release of radioactive material from the containment vessel.

4.2.2 Pressurization of Containment Vessel

Normal conditions of transport will have no affect on pressurizing the containment vessel.

4.2.3 Coolant Contamination

This section is not applicable since there are no coolants involved.
424 Coolant Loss

Not applicable.
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4.3 Containment Requirements for the Hypothetical Accident Conditions

The following is an assessment of the packaging containment under the hypothetical accident
conditions as a result of the analysis performed in Chapters 2.0 and 3.0 above. In summary, the
containment vessel was not affected by these tests. (Refer to Section 2.7) .

4.3.1 Fission Gas Products

Not applicable since there are no fissionable materials involved.

43.2 Release of Contents

The analysis performed in Chapters 2.0 and 3.0 above show that there is no release of
radioactive material under the hypothetical accident conditions.
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5.0 Shielding Evaluation

5.1 Introduction

The Model 10-142 packaging consists of a lead and steel containment vessel which provides the
necessary shielding for the various radioactive materials to be shipped within the package. (Refer to
Section 1.2.3 for packaging contents). Tests and analysis performed under Chapters 2.0 and 3.0 above
have demonstrated the ability of the containment vessel to maintain its shielding integrity under normal
conditions of transport and hypothetical accident conditions. Prior to each shipment, radiation readings
will be taken at the package surface and 2 meters from the package surface based on individual loadings
to assure compliance with applicable regulations.

The 10-142 is intended for use with payloads of up to 400 watts (1365 Btu/hr) of internal decay
heat. There are many forms of typical 400-watt payloads which will result in dose readings well below 200
mr/hr at the surface and 10 mr/hr at two meters from the cask surface. An example of such a payload is
given below, and a simple point-kernal analysis is given to predict exterior dose rates.

5.2 Example Payload

Assume a payload of 400 watts of Cesium-137 concentrated at a point at the center of a concrete
shell 6 inches thick at the center of the 10-142. The 0.662 MeV Gamma rays emitted from this source
would travel through 6 inches of concrete, 0.5 inches of steel, 3.5 inches of lead, and 1.00 inches of stee!
to get to the cask surface.

it is generally accepted that 207 curies of Cesium-137 is equivalent to | watt of internal decay
heat. Therefore, 400 watts of Cs-137 is equivalent to:

(400watts)(207 curies/watt) = 82,800curies

The number of 0.662 MeV Gamma rays emitted by this source can be found from the definition of
acurie (3.7 x 10" disintegration/second) and the fact that Cs-137 generates such a gamma ray in 85% of
its disintegrations:

(82,800curies)(3.7x 10" disint,/sec/Ci)(0.85 gamma/disint.) = 2.604 x 10"* gamma [sec

From Blizard, Reactor Handbook, Volume lil, Part B Second Edition, the photon (gamma) flux
through a multi-layered shield is:

$4 = SB(exp(-X m))/ 4R
where @, = Photon Flux at point in question
§ = Photon Generation Rate
B = Dose Build-up Factor
#t = Number of mean free paths through material of mass

attenuation coefficient u and thickness t
R = Distance from source to point in question

The dose buildup factor, B, may be expressed in the Taylor form:

B = Ae®IH 4+ (1- A)e-ﬂ(Zm)
where 4, a, [ = Experimentally derived factors dependent on material and photon energy.
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Reactor Shielding for Nuclear Engineers, by N. M. Schaeffer, states that the outer most shield
material greater than two mean free paths thick should be used for determining the coefficients 4, « and

B

For a 0.662 MeV photon through concrete, steel and lead, the following table applies (from
Blizard):

Shield Material pem™) A o B

Concrete 0.18060 11.598  0.10202 0.01305
Iron 0.57343 9.452 0.09252 0.01851
Lead 1.16068 1.970 0.03620 0.24635

From this information, the following table may be built:

Layer Material Thickness (infcm) 1

1 Concrete 6.000/15.24 2.75
2 Steel 0.500/1.27 0.73
3 Lead 3.500/8.89 10.32
4 Steel 1.000/2.54 1.46
hX 11.125/27.94 15.26

From the table above, it can be seen that the outer most shield material greater than two mean
free paths thickness is the lead.

Therefore B may be determined as below:
B = 1.97Oe(0.03620)(15.26) + (1 _1'970)6(—0.24635)(15.26) — 3.400

Then, the total flux at the surface of the outer shield is:

R =38.0(2.54) = 96.52cm
de =[(2.604x10')(3.400)e™°*1/[47(96.84)*] = 14900 photons [cm® —sec

The flux at 2 meters (200 cm) from the surface is:
b5, =[(2.604x10")(3.400)e "% 1/[47(96.52)*] = 1890 photons [cm® —sec

These photon fluxes may be converted to an equivalent radiation dose using a conversion factor,
found in A Handbook of Radiation Shielding Data, ANS/SD- 76/14, J.C. Courtney, Editor. For a photon at
0.662 MeV, the conversion is 1.460 x 10~ mrem/hr per photon/sec-cm?

DOSE = (17838)(1.46x107*) = 26.0 mrem/ hr at the surface

DOSE = (1890)(1.46x107*) = 2.8 mrem/hr at 2 meters from the surface
Dose margins of safety for this particular payload geometry are as below:

At the surface: M .S.=(200/26.0)—1=+6.69
At2meters: M.S.=(10/2.8)-1=+2.57
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5.3 Discussion

The example payload geometry gives large positive margins of safety on shielding, demonstrating
that internal heat loads of 400 watts or more may occur without violating cask external dose rate
requirements. This particular geometry was chosen because of the relatively simple calculations required
to analyze it. It is both conservative and unrealistic. Many very realistic geometries may occur which
involve 400 watts of internal decay heat, but produce external dose rates well below regulatory
requirements.
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6.0 CRITICALITY EVALUATION

Not applicable for the Model 10-142 packaging
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7.0 OPERATING PROCEDURES

General

This section describes the general procedures to be used for loading and unloading the ATG 10-
142 shipping package. All standard radiological precautions should be taken. Measures for protection
against radiation shall be taken in accordance with 10 CFR 20. Prior to opening, inspections and surveys
should be performed. Any damage or abnormalities must be noted and corrected as necessary. Prior to
opening the package any dirt, snow etc. should be removed from the opening to minimize the amount of
material that possibly could become contaminated.

7.1 Procedures for Loading the Package

The following procedures assume that the cask is in the loading area assembled in its over-the-
road configuration. It is assumed that all inspections, surveys and cleanings if necessary have been done
within the limitation of 10 CFR 20.

The cask may or may not be on the vehicle used to transport the cask over public roads.
7.1.1

Remove the impact limiter from the cask by removing the covers on the impact limiter lifting lugs,
remove the ball lock pins fastening the impact limiter to the cask, and lift the impact limiter off the cask.

712

After surveying the cask as required, loosen and remove the sixteen (16) 1-1/2 - 6 UNC bolts or
nuts off of the studs holding the primary lid on. Remove the secondary lid bolts or nuts off of the studs
and uncover the secondary lid lift lug, if the secondary lid is to be removed.

7.1.3

Remove the appropriate lid. Place the lid on a clean surface taking care not to damage the
sealing surfaces of the lid.

714

Inspect all parts for damage or wear corrosion which could affect the use of the package. Clean,
repair or replace parts as necessary. The internal cavity of the cask should be treated as potentially
contaminated until proven otherwise.

715

Place the appropriate contents in the cask, verifying before loading that the contents meet the
Certificate of Compliance content requirements.

7.1.6

If the contents are loaded through the secondary opening into a liner, verify that the liner is sealed
properly before closing the cask.

717

Insure that the contents are properly shored.
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7.1.8

Before closing the cask inspect all sealing surfaces for damage, dirt, etc. that may prevent the
cask from sealing. A covering of high quality vacuum grease may be applied to gaskets and sealing
surfaces.
7.19

Place the lid on the cask and tighten the bolts or nuts onto the studs. The primary lid bolts or nuts
on the studs shall be torqued to 300 + 25 ft-lbs and the secondary lid boits or nuts on the studs shall be
torqued to 200 + 10 ft-Ibs.

For contents that meet the definition of low specific activity material or surface contaminated
object in 10 CFR 71.4, and also meet the exemption standard for low specific activity material and surface
contaminated objects in 10 CFR 71.10(b)(2), the pre-shipment leak test is not required.

If the shipment is not classified as Low Specific Activity material, and is shipped on an exclusive
use vehicle, an assembly verification leak test per section 8.3 shall be performed.

7.1.10

After all lids are properly installed and tested, place the top impact limiter on the cask and attach
with the eight ball lock pins.

7.1.11

Replace covers on the lifting devices on both the secondary lid and the impact limiters to prevent
their use during shipment.

7.1.12

Survey the loaded cask to assure compliance with 10 CFR 71.47. Inspect for surface
contamination per the requirements of 10 CFR 71.87 (i).

7.1.13

Inspect the package for labeling required to meet all applicable regulations.
7.1.14

Install approved tamper-indicating seals.
7.1.15

Secure package to the transport vehicle using the appropriate tie-down devices, if it is not already
done. If the cask had been previously secured to the vehicle, re-check all tie-down devices for proper
security.
7.1.16

The following checks shall be performed prior to shipment:

7.1.16.1 Exterior nameplates, stencils, placards and other required identification are in place and
legible.
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7.1.16.2 Ball lock pins, bolts and gaskets are in place and in good operating condition and free of
defects.

7.1.16.3 All required documentation is completed and retained/displayed as specified by the
regulatory authority and the user.
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7.2 Procedures for Unloading the Package

7.2.1
The requirements of 10 CFR 20, Subparts C, D, F, G and H shali be followed.
722

Move the unopened package to the appropriate unloading area. Insure the cask is level prior to
removing the impact limiter and lids.

7.2.3

Perform an external inspection of the unopened package. Report any significant or potentially
significant observations to the cask owner.

724

Remove the tamper-indicating seals. If previously broken, report to shipper.
725

Perform steps 7.1.1 through 7.1.4 in Section 7.1 above for removing the impact limiter and lid.
7.26

Remove the contents of the cask, taking care not to spread any contamination to the exterior of
the cask.

727

After unloading the cask, the interior and exterior shall be visually inspected to assure that it has
not been significantly damaged i.e., no cracks, punctures, holes or broken welds.

Rev. 1 5/2002 7-4 |



ATG Safety Analysis Report for the 10-142 Shipping Cask SAR-10-142

8 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Tests

The Model 10-142 packaging shall be inspected and released for use by responsible operation
personnel prior to loading. The following items will be included in such inspection:

8.1.1

After fabrication, the 10-142 package shall be subjected to the leak test as described below in
Section 8.1.3 and 8.2.5.

8.1.2

All configuration checks described in section 7.1.16 and those necessary to ensure conformance
with Drawing X-103-110-SNP shall be performed.

8.1.3

The cask shall be pressure tested to 1.5 times the normal operating pressure of the cask. This
may be taken conservatively as the pressure given for the Hypothetical Accident Condition in Section
2.7.3. In that section, the pressure is given as 11.59 psig, so this test shall be carried out at 17.4 psig.

8.14

The integrity of the shield shall be demonstrated by means of a gamma scan performed on the
lead-filled cylinder during the fabrication process. See Appendix 8.4.1 for a description of this procedure.

8.2 Maintenance Program

A good sound industrial maintenance program should be followed to assure the integrity of the
Model 10-142 packaging. Components such as gaskets, lock pins, nuts, studs and bolts shall be
inspected prior to each shipment and repaired or replaced as necessary. A leak test will be performed
when seals are replaced or when damaged seals are suspected. The test will be performed in
accordance with Section 8.2.5 below.

(o]

2

IN)

As a minimum, sealing gaskets and o-rings shall be replaced with new gaskets and o-rings
meeting the description in the drawings shown in Section 2.10.1 Appendix every twelve (12) months. The
seals must be replaced sooner if inspection shows any defects that would impact seal integrity.

8.2.3
Threaded fasteners should work freely. Clean and lubricate as required and replace if necessary.

824

Any damaged or lost fasteners will be replaced with the grade and strength fastener as shown on
the drawings in Section 2.10.1 Appendix.
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8.2.5

Before first use, prior to each shipment (except as specified in Section 7.1.9), and whenever the |
gaskets are replaced, the leak test described below shall be conducted. Regardless of condition, all
gaskets shall be replaced every twelve (12) months.

o0
N
o
—

The package should be leak tested, based on ANSI| N14.5-1977, utilizing a carbon dioxide (CO,)
detector type test similar to the one presented in Appendix 8.4.2. The CO, gas shall be introduced to the
fully assembled package through appropriate fittings in the drain port area or test port.

8.2.52

The leak test shall be performed at the Primary and Secondary lid seals and at all ports as
appropriate for the particutar 10-142 cask configuration. The required elements of this leak test are as
follows: ‘

1. A CO; gas leak detector capable of detecting a leak rate in accordance with item 5 below shall be |
used. Its calibration, adjustment and use shall be in accordance with the detector manufacturer's
requirements.

2. Carbon dioxide shall be used as the pressurizing gas. |

3. The package shall be assembled for the test in accordance with Section 7.0. The cask shall be
pressurized through the drain or vent port, as applicable.

4. The CO, pressurization of the cask shall be 7 psig.

5. The sensitivity of the test shall be 3x10™ cc/sec. The acceptance criterion shall be no leak in
excess of 7x10™ cc/sec.

6. Each seal area shall be tested.

7. If acceptance criterion is not met, a retest shall be conducted following a procedural sequence l
similar to the one presented in Appendix 8.4.2.

8.3 Assembly Verification Leak Test

Prior to each shipment of Type B quantities material which are not classified as Low Specific
Activity, a CO, leak test shall be performed as delineated in Section 8.2.5. |
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8.4 Appendix

8.4.1 Discussion of Gamma Scan Procedure

Lead shielding integrity shall be confirmed via gamma scanning. There are two gamma scan
techniques which may be utilized. The main difference is in the method utilized to determine acceptance
criteria.

Both Gamma Scan Techniques are exactly the same in all other respects and are conducted as
follows:

An Eberline E120 probe or equivalent is used to scan the outer surface of the cask while an
Iridium 192 or Cobalt 60 source of sufficient strength is present in the center of the cask. The source is
first placed on the bottom of the cask while the surface is scanned around its circumference parallel to the
source. The source is then moved up a predetermined distance and the circumference scanned again.
This sequence is repeated until the entire cask surface is scanned.

For these tests, the cask surface is gridded (in this case the grid consists of 4 inch squares) and a
chart is made to reflect the gridded cask surface. Readings are taken from each grid square by scanning
every point in the grid and recording the maximum reading in the corresponding grid on the chart. This
data then serves as the raw gamma scan results. All readings are in milliroentgens (Mr).

The readings are evaluated by comparing them to predetermined Mr values for nominal, or as
designed, lead thickness and nominal -10% lead thickness.

The two different methods utilized to determine acceptance criteria are discussed below.

The Laboratory Calibration Method (NuPac Procedure GS-001) utilizes test blocks of the cask
wall made up of lead and steel sheets. The test blocks simulate nominal or as designed and -10% lead
thicknesses. The source is placed behind the test block at a distance equal to the inside radius of the
cask. The probe is then placed on the outside of the test block and readings are taken. This sequence is
repeated on the nominal and -10% test blocks and the data is recorded.

The resultant values are then averaged. A ratio of the values is also developed. Then the average
value is multiplied by the ratio. The value so derived is the maximum acceptable value for the shielding to
be inspected.

An optional Laboratory Calibration Method can be utilized in lieu of the lead/steel calibration
mockup method. In that case, calculations are run to establish acceptance criteria.

To do this, compiled source power data and attenuation characteristics data for steel, lead and
distance through air are utilized to calculate the expected readings at the cask surface. The calculations
allow for different source powers and are corrected for nominal and -10% shielding configurations.

The following excerpt from NuPac Gamma Scan Procedure No. GS-001 is provided to illustrate
the calculation Method of Laboratory Calibration.

1.1 The nominal and -10% shielding calibration Mr readings may be obtained via calculation as an
option. These calculations shall be performed as follows:

1.1.1 Data and transmission charts found in the Tech/Ops Gamma Radiography Radiation
Handbook shall be utilized. Copies of the handbook can be obtained from Tech/Ops, Inc. Radiation
Products Division 40 North Avenue Burlington, Massachusetts 01803

1.2.2 Attachment A, Table 2, 'Selected Radioisotope Data’ from the handbook shall be utilized
to obtain source power data. (Copy of Table 2 included as Attachment A).
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1.2.3 Attachment B figures of the handbook shall be utilized to determine the attenuation of

Gamma Rays in the shielding materials utilized in the cask to be inspected. (Copy of typical figures
included as Attachment B).

124

1.2.5

The following is an example of the calculated calibration method using Cobalit 60.
EXAMPLE

Cask O.D. 48 in. Cask I.D. 36 in. 1.D. Wall 0.50 in. O.D. Wall 0.50 in. FE

Lead Shielding = 5.0 in. Less 10% lead shielding = 4.5 in.

Total FE shielding = 1.0 in.
Source Cobalt 60 strength 15 curies x 14.0 =210 R/hr at 12 in. (using Attachment A).

210 R/hrat 12 in. = 52.5 R/hr at 24 in. This would be the outer surface of the cask

52.5 R/hr at 24 in. x reduction factor for 1.0 in. FE 0.58 = 30.45 R/hr.
30.45 R/hr at 24 in. x reduction factor for 5.0 in. Pb 0.0009 = 27.4 Mr/hr.

30.45 R/hr at 24 in. x reduction factor for 4.5 in. Pb 0.000185 = 56.3 Mr/hr (using
Attachment B).

Design thickness reading at cask surface = 27.4 Mr/hr.

Design thickness reading less 10% Pb = 56.3 Mr/hr.

The following is an example of the calculated calibration method using Iridium 192.
EXAMPLE

Cask O.D. 48 in. |.D. Wall 0.25 in. Fe O.D. Wall 0.25 in. FE

Lead shielding = 1.5 in less 10% lead = 1.35 in.

Total FE Shielding 0.50 in.

Source Iridium 192 50 curies x 5.9 = 295 R/hr at 12 in. (using Attachment A).

295 R/hrat 12 in. = 73.75 R/hr at 24 in. This would be the outer surface of the cask.

73.75 R/hr at 24 in. x Reduction Factor for 0.50 in. FE 0.55 = 40.5625 R/hr.

40.5625 R/hr. x Reduction Factor for 1.50 in. Pb 0.0024 = 0.09735 R/hr.

40.5625 R/hr. x Reduction Factor for 1.35 in. Pb 0.004 = 0.16225 R/hr. (using Attachment
B).

Design thickness reading at cask surface = 97.35 Mr/hr.
Design thickness reading less 10% of Pb = 162.2 Mr/hr.
The calculation values and methods are based on data developed during approximately

300 actual calibrations utilizing the lead sheet/steel plate sandwich technique described
in Rev. 4 of the referenced procedure.
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Additional correlation has been provided by the use of established attenuation values obtained
from the various figures found in the Tech/Ops Radiation Safety Handbook. This reference source is a
recognized standard document utilized throughout the NDE industry. This information, together with
NuPac's extensive laboratory data enabled NuPac to develop the current optional calculation method of
laboratory calibration for gamma scan.

The calculation method provides a greater degree of accuracy and correlation to the actual
gamma scan conditions present in a typical cask than the lead and steel plate setup used in the past. It
also reduces operator exposure during the calibration phase. The resultant calibration values for
acceptance of the lead shield are, in fact, slightly more conservative and therefore assure a greater
margin of safety for the shield.

The resuitant improvement in the calibration of gamma scan acceptance criteria provides greatly
improved accuracy and repeatability.

To illustrate this accuracy, correlation and conservativeness, the calibration data for a typical OH-
142 gamma scan (Certificate of Compliance 9032) was rerun using the calculation method of Laboratory
Calibration. The original calibration technique for this cask had been the lead and steel setup method.

The correlation between the two Laboratory Calibration methods is essentially identical. The
variance in the acceptance criteria between the two methods is from 0.3 Mr in the nominal to 0.1 Mr in the
-10% values. This equals no more than 2% variance between the Pb/FE and calculation methods of
Laboratory Calibration. The difference in percentage (DIFF, %) between the nominal and -10% values for
the two calibrations is also very close with the Pb/FE at 64% and the Calc at 63%. The calibration results
follow:

SUMMARY OF GAMMA SCAN ACCEPTANCE VALUES - OH-142

Source Source Calib. Nominal -10% Diff*
Type Strength Type' Value? Value®

Co 60 11 curies Pb/FE - 215 Mr 33.5 Mr 64%
Co 60 11 curies Calc 21.2 Mr 33.4 Mr 63%

'Pb/IFE = Laboratory Calibration using lead and steel sheets to simulate the cask wall. Calc = Laboratory
calibration using the calculation method.

Nominal Values is the calibrated acceptance value expected if the lead and steel thickness meet the
design requirements.

*The -10% value is the calibrated gamma reading expected if the lead thickness is 10% less than that
required by the design. The steel thickness is assumed to be at the nominal. This reading will be larger
than the nominal reading. No reading above this value during actual gamma scan inspection is
acceptable.

“DIFF (%) refers to the percentage of difference between the Nominal and - 10% values. A variance of
approximately 5 to 6% between the nominal and -10% values of separate calibrations is normal. This is
attributable to differences in lead density {cast vs. rolled sheet), accuracy of meters and related
equipment, as rolled steel thickness variables, etc.

The Field Calibration Method (NuPac Procedure GS-002) utilizes a specially fabricated test lid
which incorporates a holder for various lead and steel sheet thicknesses. This fixture is installed onto the
cask to be scanned. The test lid is then set up to simulate the nominal lead thickness, the source is
placed below the test lid in the cask at a distance equal to the inside radius of the cask. Readings are
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then taken. The test lid is then set up to recreate the -10% lead thickness configuration, and readings are
again taken.

Other readings are then taken in 1/8-inch lead thickness increments between and beyond the two
base readings until four to eight readings are obtained. The data is then plotted on a chart of readings
versus lead thickness. The value for nominal lead -10% is then utilized as the maximum acceptable
reading during the actual gamma scan.
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GS - 001 - Attachment A

Radioisotope Haiflife Principal Phaton Sgecific Gamma Ray Constant

Energies (keV) RAhr per curie
at 1 foor at 1 meter
Casium'¥™ 30y 662 3.4 - Q32
Cobait*? 5.3y 1173.1332 140 130

fridium'™ 311, 488 €0 @ “Q 055"
0.0

Thulium'™ ﬁ:ﬁ NMYS
S SO [P

15 0.0014

Yitelg=s'o 63.110, 131 0.125
Lo 177,198,308
. Tmx-r2ys

*American National Standards Institute Standard NAR2has cropased avalue of
0.43R-mi/Mme-Ci for the specific gamma @y constant for idium 192

Table 2 Selected Radioisotope Data
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GS - 001' - ATTACHMENT B
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8.4.2 Carbon Dioxide Leak Test Procedure

This appendix presents the carbon dioxide seal integrity leak test: LT-006-WS (5 pages).
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1.0

2.0

3.0

4.0

5.0

November 23, 1992

PURPOSE AND SCOPE

1.1

This procedure provides methods and requirements for the verification of seal integrity on
the 10-142 Type B Shipping Container. This procedure supersedes Pacific Nuclear
Procedure LT-29-NS, Rev. 6.

1.2 The tests in this procedure are to be performed prior to first use as part of the cask
acceptance inspection with the test described in Reference 2.8. Thereafter, a seal
integrity test shall be performed as part of in-service and/or annual maintenance testing,
and prior to shipment of Type B quantities of materials which are not classified as Low
Specific Activity (LSA). A complete cask seal integrity test is only required during the
annual gasket replacement maintenance program and when assembly verification is
required for shipment of greater than LSA quantities of materials. Interim individual
gasket replacement (i.e., non-annual gasket replacement) only requires that the replaced
gasket sealing interface be leak tested.

1.3 The tests shall be performed as required by 10 CFR 71.87 (c) and the specxf c sections of
USNRC Certificate of Compliance No. for this cask.

1.4 Leak detector testing shall be performed in accordance with Section 6.0.

REFERENCES

2.1 ANSI N14.5, Leakage Tests on Packages for Shipment of Radioactive Materials.

22 RDT Standard, F5-1T, Cleaning and Cleanliness Requirements for Nuclear Components.

2.3 Code of Federal Regulations No. 10, Part 71.

2.4 QPNS-10-1, "QA Inspection Planning”.

2.5 QPNS-10-2, "Inspection and Verification".

26 QPNS-15-1, "Nonconformance Reporting"”.

2.7 10-142 Operation and Maintenance Manual, OM-101-NS.

2.8 Procedure LT-28, 10-142 Structural Pressure Test.

29 EPD-B4/EPD-B4IS Multi Purpose Gas Leak Detector Instruction Manual.

210  QPNS-17-1, "Quality Records".

DEFINITIONS

"Not Applicable"

RESPONSIBILITIES

"Not Applicable"

PRECAUTIONS/PREREQUISITES

5.1

The cask assembly shall have been inspected and tested in accordance with Reference
2.8, pressure test procedure and written inspection instructions prepared and completed
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6.0

5.2

5.3

5.4

5.5

in accordance with References 2.4 and 2.5. These acceptance activities shall have been
performed prior to first use.

Prior to each seal integrity test, the cleanliness of the internal and external surfaces shall
be in accordance with Reference 2.2 sections as directed by Quality planning per
Reference 2.4.

The seal integrity test described in this procedure shall be performed prior to first use. it
shall then be performed after each seal replacement, during the annual maintenance
activity, or when greater than Type A quantities of materials not classified as LSA are
shipped. '

The following test equipment shall be required for the seal integrity test. Equipment for
leak detector testing is specified in Section 6.0.

541 LEAK DETECTOR: EPD Technology Corporation Multi Purpose Leak Detector
Model EPD-B4 or equivalent.

542 TRACER GAS SOURCE: Carbon Dioxide shall be utilized to provide the tracer
gas and pressurization for the seal integrity test.

The Carbon Dioxide container shall be pressurized with appropriate shut off
valves and fittings to interface with the cask vent or drain port.

5.4.3 GAUGE: A gauge capable of indicating pressure up to 15 psig to a minimum
accuracy of +/- 2.0% of the full scale shall be utilized.

Cask seal integrity shall be tested with the cask fully assembled in the shipping
configuration without the upper and/or lower overpack as applicable. The primary and
secondary lids shall be installed per the applicable requirements of Reference 2.7.

PROCEDURE

6.1

6.2

6.3

6.4

Verify that all cask configuration, cleanliness and test equipment requirements of this
procedure have been met.

The Pacific Nuclear NDT Level IlII/QA Manager or designee shall insure sensitivity of the
leak tester to detect a leak rate of 3.0 X 10™ cc/sec of Carbon Dioxide.

6.2.1 The leak detector shall be calibrated at 1 year intervals to insure no damage to
the equipment has occurred, and that probe tips and batteries are in good
working condition. The appearance of the battery symbol on the LCD indicates
low battery power.

NOTE: In no case shall batteries be used for more that 6 months. Replacement
shall be annotated on the tool usage log.

Install the appropriate fittings and gauge on the cask vent or drain port for injecting the
Carbon Dioxide into the cask containment cavity.

NOTE: Assure that the gauge is placed to indicate containment cavity pressure.

Pressurize the cask containment cavity with Carbon Dioxide through the provided
pressurization port to 7 psig.
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7.0

8.0

6.5 After the Carbon Dioxide has been injected per Step 6.4, close off the injection valve so
that the gas cannot escape from the cask containment cavity.

6.6 Hold the probe of the leak detector with the nozzle removed 1/16 to 1/8 inches from the
applicable interface areas of the primary lid to cask body, primary lid to secondary lid, the
seal welded drain plug (if so equipped), or the non-welded drain plug (if not used in the
test).

NOTE: When shipping Type B quantities of material which are not classified as low
specific activity, the applicable interface areas which need to be checked are the
primary lid to cask body, primary lid to secondary lid, and the non-welded drain
plug (if not used in test and if so equipped).

6.7 Move the probe along the area being inspected at a rate not exceeding 2 1/2 feet/minute
(1/2 inch/second). Probe all areas described in Step 6.6.

6.8 If the probe passes over a leak, there will be an audible signal from the detector.

ACCEPTANCE CRITERIA

7.1 Any detectable leak greater than or equal to 7 X 10 cc/sec is unacceptable. The
detector will emit a rhythmic audible signal. Any detectable leakage will cause an
increase in the frequency of these signals. Increase in these signals is an indication of a
leak. However, the leak rate must be verified to determine if a detectable leak is
rejectable.

7.2 If a rejectable leak is observed, seal condition, fastener torque, and seal interfaces shall
be checked and the test rerun.

7.3 If the test is failed three (3) consecutive times, a Nonconformance Report (NCR) shall be
prepared and dispositioned in accordance with Reference 2.6 before proceeding further.

RECORDS

Records generated by this procedure shall become Quality records, and shall be maintained in
accordance with Reference 2.10.
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9.0 QUALITY ASSURANCE

ATG's quality assurance program used for the design, fabrication, assembly, testing, use and
maintenance of the 10-142 cask is designed and administered to meet the applicable criteria of 10 CFR
71, Subpart H. A description of the program has been submitted to the NRC by ATG and has received
Quality Assurance Approval number 0870.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

February 26, 2002

Mr. Scott Poole

Manager, Quality Assurance/Document Control
ATG Nuclear Services

1550 Bear Creek Road

Kingston, TN 37763

SUBJECT:  QUALITY ASSURANCE PROGRAM APPROVAL FOR RADIOACTIVE
MATERIAL PACKAGES NO. 0870, REVISION NO. 3

Dear Mr. Poole:

Enclosed is the Quality Assurance (QA) Program Approval for Radioactive Material Packages
No. 0870, Revision No. 3. This revision is issued to correct the latest QA Program Application
Date in Block No. § from February 15, 2002, to January 15, 2002. This Approval satisfies the
requirements of 10 CFR 71.12(b) and 71.101(c) for a QA Program approved by the Nuclear
Regulatory Commission {NRC).

This Approval will remain in effect until the expiration date, indicated in Block No. 3.
Termination of your materials license does not cause this Approval to be automatically
terminated. If you wish to renew, amend, or terminate this Approval, please request it in writing.

Please note that any substantive changes to the identity of ATG Nuclear Services (ATG), and
any changes to the organization and activities described in the ATG QA Program must be
reported to the NRC in the form of a request for an amendment to the ATG QA Program.

This letter also serves as a reminder that if you are using or planning to use an NRC-approved
packaging, you must be registered for use of that packaging with NRC. Registration for use of
NRC-approved packagings should be made pursuant to 10 CFR 71.12(c)(3).

Sincerely,

el ol TEFFS
Michael Tokar, Chief
Transportation and Storage Safety
and Inspection Section
Spent Fuel Project Office
Office of Nuclear Material Safety
and Safeguards

Docket No.: 71-0870

Enclosure: QA Program Approval No. 0870, Revision No. 3
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NRC FORM 311

QUALITY ASSURANCE PROGRAM APPROVAL
FOR RADIOACTIVE MATERIAL PACKAGES a

U.S. NUCLEAR REGULATORY COMMISSION | 1. APPROVAL NUMBER

0870
REVISION NUMBER

AT 4r AT

Pursuant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974, as amended, and Title 10, Code of
Federal Regulations, Chapter 1, Part 71, and in reliance on statements and representations heretofore made in item 5 by the organization
named in tem 2, the Quality Assurance Program identified in ltem 5 is hereby approved. This approval is issued to satisfy the
requirements of Section 71.101 of 10 CFR Part 71. This approval is subject to all applicable rules, regulations, and orders of the Nuclear
Regulatory Commission now or hereafter in effect and to any conditions specified below.

2. NAME

ATG Nuclear Services

3. EXPIRATION DATE

STREET ADORESS

February 28, 2007

4. DOCKET NUMBER

1550 Bear Creek Boad
Ty
Kingston

STATE

N

2P CODE

5. QUALITY ASSURANCE PROGRAM APPUCATION DATE(S)

February 4, 1999, and January 15, 2002

€. CONDITIONS

of 10 CFR Part 71, Subpart H. Authonzegge
assembly, testing, modmcatton ma e@g

a. Records of each shtpr?i‘ébmof licensed ma
shipment {10 CFR 7«1”‘91(a)] i‘

b. Records provudmg’evndence o f
the packaging {1 OxGFR 71 91

¢. Records descrlb(
Quality Assurancé

3. Planned and periodic audlts of a!f"gé écts;
accordance with written ‘ﬁ?ocedu?es
direct responsibility in the a(eas bemg au

1. Activities conducted regarding transportation packagings are to be executed under applicable criteria

2, Records shall be maintained4 gccordance with the prov1s:o‘<g .10 CFR Part 71. Specifically:
N

nt~

include: design, procurement, fabrication,
p§ @u e of transportation packagings.

terial shall be malnt%Tan for 3 years after that

% 'fogram shall be conducted in
aggi)nately‘tramed personnel not having
ance with«10 CFR 71.137.

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

P Aee l e

MICHAEL TOKAR, CHIEF

SPENT FUEL PROJECT OFFICE
OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS

TRANSPORTATION AND STORAGE SAFETY AND INSPECTION SECTION
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