
F! Y

1}L]'Ui.RN'1 0 396-SS
Department of Energy

Washington. DC 20545

Februarv 26. 1.9.8

tMr. Sharles E. ."!acE*onald, Chief
Tiransplor~t-Wiont Branch t
Division of Safequards and Transportation. I&ISS
U.S. hiiclear Pegulatory Conti ission
Washinaton, D.C. 20555

Dear ! r. 'MacDonald:

The Department of Energy (DOE) requests renewal of the 1NRC Certificate of
Compliance (CoC) Number 9152 having an expiration date of Mlarch 31, 191,3.
DOE programs have a continuing necd for the packaging. The operating
history and a brief status of the package are given below:

eI-

o Packaq1e leont.if icat ion 1tuhlher

o Mod1e1l NuIm1ber

o fIur;ter of Shipments in Last Five Years

o Operatinc Incidents

-- USA!9152/C( )

-- CriS I -IC I I

-- 23 Shipments

-- none

o Plainlenance of packaging has been carried out in accordance with
Section 8.2 of the SAP.P (ECG-TMl-..0O8)

There have been no chanries in the pacpaginc, design, hardware or contents
duriw% the current period of certification. The Safety Analysis Peport for
PaCkarjain (SAPP) (EGr-TV11-8003) for the CtNS 1-13C 11 has been consolidated
to include all amendmients riade to the SARP when previously held by Cher.m Nuclear
Systems, Inc. The CfJS-1-13 11 packaging was purchased by DOE in April 1932.

Shouild you require any further information on this package or enclosures,
please call 'inr (3'3-539-'), or E-ich Oppermian (353-3954) of rmy staff.

II
i..

G Eniclosures
* -.11 . a

Sincerelv,

Cliar cl J. Mauck
Chief of Packaginn Certification
Office of Security Evaluations
Defense Pronrams

*1 1
* I

I.

.5.

VI

68030300BI0022
PDR ADOCK 07109152
C PDR



-I.--

C

>;:: � (f-h..x,-,

'le N'l

I

,-�J,
. .



SAFETY ANALYSIS REPORT

FOR

MODEL 1-13C II PACKAGING

TO

10 CFR 71 TYPE "B" PACKAGING REQUIREMENTS

DECEMBER 1987

Submitted By:

EG&G IDAHO, INC.
1955 FREMONT AVE.

IDAHO FALLS, IDAHO 83415

8803030090 880226
PDR ADOCK 07109152
C PDR



i
I\ /"

-1I.

EGG-TMII-8008-le.,xtoU
%.:~f.

SAFETY AlALYSIS REPORT

FOR

MODEL 1-1 C II ?ACKAGIN1G

TO

10 CFR 71 TYPE "B" PACKAGING REQUIREMENTS

DEC'MBER 1987

Submitted By:

EG&G IDAHO, DIC.
1955 FREM1OIT AVE.

* IDAHO FALLS, IMDEO 8341'5

I~~~~~~~~~~~~I% : -



Revision 0

TABLE OF CONTENTS

Page

1. GENERAL INFORMATION . . . . . . . . . . . . . . . . . . . . . . 1-1

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 Package Description . . . . . . . . . . . . . . . . . . . 1-3

1.2.1 Packaging . . . . . . . . . . . . . . . . . . . . 1-3
1.2.2 Operational Features . . . . . . . . . . . . . . . 1-8
1.2.3 Contents of Packaging . . . . . . . . . . . . . . 1-8

1.3 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . 1-10

2. STRUCTURAL EVALUATION . . . . . . . . . . . . . . . . . . . . . 2-1

2.1 Structural Design . . ... . . . . . . . . . . . . . . . . 2-1

2.1.1 Discussion . . I I I I I I I I I I I I I I I I I . 2-1
2.1.2 Design Criteria . . . . . . . . . . . . . . . . . 2-4

2.2 Weights and Centers of Gravity . . . . . . . . . . . . . . 2-6
2.3 Mechanical Properties of Materials . . . . . . . . . . . . 2-7
2.4 General Standards for all Packages . . . . . . . . . . . . 2-11

2.4.1 Minimum Package Size . . . . . . . . . . . . . . . 2-11
2.4.2 Tamperproof Feature . . . . . ... . . . . . . . . 2-11
2.4.3 Positive Closure . . . . . . . . . . . . . . . . . 2-11
2.4.4 Chemical and Galvanic Reactions . . . . . . . . . 2-11

2.5 Lifting and Tiedown Standards for All Packages . . . . . . 2-11

2.5.1 Lifting Devices . . . . . . . . . . . . . . . . . 2-11
2.5.2 Tiedown Devices ................ . 2-51

2.6 Normal Conditions of Transport . . . . . . . . . . . . . . 2-66

2.6.1 Heat . . . . . . . . . . . . . . . . . . . . . . . 2-66
2.6.2 Cold . . . . . . . . . . . . . . . . . . . 2-77
2.6.3 Reduced External Pressure . . . . . . . . . . . . 2-79
2.6.4 Increased External Pressure . . . . . . . . . . . 2-79
2.6.5 Vibration ................... 2-81
2.6.6 Water Spray . . . . . . . . . . . . . . . . . . . 2-81
2.6.7 Free Drop . . . . . . . . . . . . . . . . . . . . 2-81
2.6.8 Corner Drop . . . . . . . . . . . . . . . . . . . 2-91
2.6.9 Compression . . . . . . . . . . . . . . . . . . . 2-91
2.6.10 Penetration . . . . . . . . . . . . . . . . . . . 2-91
2.6.11 Conclusions . . . . . . . . . . . . . . . . . . . 2-91



Revision 0

TABLE OF CO4TENTS (CONT'D)

2.7 Hypothetical Accident Conditions . . . . . . . . . . . . . 2-92

2.7.1 Free Drop . . . . . . . . . . . . . . . . . . . . 2-92
2.7.2 Puncture . . . . . . . . . . . . . . . . . . . . . 2-110
2.7.3 Thermal .2-112
2.7.4 Immersion - Fissile Material . . . . . . . . . . . 2-116
2.7.5 Immersion - All Packages . . . . . . . . . . . . . 2-116
2.7.6 Summary of Damage . . . . . . . . . . . . . . . . 2-116

2.8 Special Form . . . . . . . . . . . . . . . . . . . . . . . 2-117
2.9 Fuel Rods ..... . . . . . . . . . . . . . . . . . . . 2-117
2.10 Structural Evaluation Appendices . . . . . . . . . . . . . 2-117

2.10.1 Analytic Methods . . . . . . . . . . . . . . . . . 2-118
2.10.2 Finite Element Stress Summary . . . . . . . . . . 2-152
2.10.3 Lift Lug Analysis .2-154

2.11 Appendix - Engineering Drop Test for 1-13C II Shipping
Package ......................... . 2-169

2.11.1 Scope . .. . . . . . . . . . . . . . . . . . . . 2-169
2.11.2 References .. 2-169
2.11.3 Detailed Prodedure: Conduct of Drop Test . . . .2-171
2.11.4 Test Results/Data .. 2-189
2.11.5 Interpretation, Correlation, and Conclusions . . .2-204

2.12 Attlachment . . . . . . . . . . . . . . . . . . . . . . . . 2-213

3. THERMAL EIVALUATION . . . . . . . . . . . . . . . . . . . . . . . 3-1

3.1 Discussion . . . 3-1
3.2 Summary of Thermal Properties of Materials. 3-5
3.3 Technical Specifications of Components . . . . . . . . . . 3-8
3.4 Thermal Evaluation for Normal Conditions of Transport . . 3-8

3.4.1 Thermal Model . . . . . . . . . . . . . . . . . . 3-8
3.4.2 Maximum Temperatures . . . . . . . . . . . . . . . 3-20
3.4.3 Minimum Temperatures . . . . . . . . . . . . . . . 3-31
3.4.4 Maximum Internal Pressures . . . . . . . . . . . . 3-31
3.4.5 Maximum Thermal Stresses . . . . . . . . . . . . . 3-36
3.4.6 Evaluation of Package Performance for Normal

Conditions of Transport . . . . . . . . . . . . . 3-36

3.5 Hypothetkcal Accident Thermal Evaluation . . . . . . . . . 3-37

3.5.1 Thermal Model . . . . . . . . . . . . . . . . . 3-37
3.5.2 Package Conditions and Environment . . . . . . . . 3-37
3.5.3 Package Temperatures . . . . . . . . . . . . . . . 3-38
3.5.4 Maximum Internal Pressures . . . . . . . . . . . . 3-56
3.5.5 Maximum Thermal Stresses . . 3-56
3.5.6 Evaluation of Package Performance for

Hypothetical Accident Thermal Conditions . . . . . 3-66



Revision 0

TABLE OF CONTENTS (CONT'O1

3.6 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . 3-67

4. CONTAINMENT . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1

4.1 Containment Boundary . . . . . . . . . . . . . . . . . . . 4-1

4.1.1 Containment Vessel . . . . . . . . . . . . . . . . 4-1
4.1.2 Containment Penetration . . . . . . . . . . . . . 4-1
4.1.3 Welds and Seals . . . . . . . . . . . . . . . . . 4-2
4.1.4 Closure . . . . . . . . . . . . . . . . . . . . . 4-2

4.2 Requirements for Normal Conditions of Transport . . . . . 4-3

4.2.1 Containment of Radioactive Material . . . . . . . 4-3
4.2.2 Pressurization of Containment Vessel . . . . . . . 4-3
4.2.3 Containment Criterion . . . . . . . . . . . . ... 4-5

4.3 Containment Requirements for Hypothetical Accident
Conditions . . . . . . . . . . . . . . . . . . . . . . . . 4-S

4.3.1 Fission Gas Products . . . . . . . . . 4-5
4.3.2 Containment of Radioactive Material . . . . . . . 4-5
4.3.3 Containment Criterion . . . . . . . . . . . . . . 4-8

4.4 Appendix A - Normal and Accident Radioactive Material
Limits for the 1-13C 1I Cask . . . . . . . . . . . . . . . 4-15

4.5 Appendix B - Parker Stat-O-Seal Information . . . . . . . 4-30

5. SHIELDING EVALUATION . . . . . . . . . . . . . . . . . . . . . . 5-1

5.1 Discussion and Results . . . . . . . . . . . . . . . . . . 5-1
5.2 Source Specification . . . . . . . . . . . . . . . . . . . 5-1
5.3 Model Specification . . . . . . . . . . . . . . . . . . . 5-3

5.3.1 Damage Predictions - Corner . . . . . . . . . . . 5-3
5.3.2 Damage Prediction - Side . . . . . . . . . . . . . 5-8
5.3.3 Damage Prediction - Ends . . . . . . . . . . . . . 5-10

5.4 Shielding Evaluation . . . . . . . . . . . . . . . . . . . 5-13
5.5 References . . . . . . . . . . . . . . . . . . . . . . . . 5-18

6. CRITICALITY EVALUATION . . . . . . . . . . . . . . . . . . . . . 6-1

6.1 Discussion and Results . . . . . . . . . . . . . . . . . . 6-1
6.2 Package Fuel Loading . . . . . . . . . . . . . . . . . . . 6-1
6.3 Model Specification . . . . . . . . . . . . . . . . . . . 6-1
6.4 Criticality Calculation . . . . . . . . . . . . . . . . . 6-1
6.5 Critical Benchmark Experiments . . . . . . . . . . . . . . 6-2
6.6 Appendix - 6-6



Revision 0

TABLE OF CONTENTS (CONT'D)

7. OPERATING PROCEDURES . . . . . . . . . . . . ... . . . . . . . . 7-1

7.1 Procedures for Loading Package . . . . . . . . . . . . . . 7-1
7.2 Procedures for Unloading Package . . . . . . . . . . . . . 7-6
7.3 Preparation of Empty Package for Transport . . . . . . . . 7-6
7.4 Procedures for Shipment of Packages Which Generate

Combustible Gases . . . . . . . . . . . . . . . . . . . . 7-6

8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM . . . . . . . . . . . . 8-1

8.1 Acceptance Tests . . . . . . . . . . . . . . . . . . . . . 8-1

8.1.1 Visual Inspection . . . . . . . . . . . . . . . . 8-1
8.1.2 Structural and Pressure Tests . . . . . . . . . . 8-1
8.1.3 Leak Tests . . . . . . . . . . . . . . . . . . . . 8-1
8.1.4 Component Tests . . . . . . . . . . . . . . . . . 8-2
8.1.5 Tests for Shielding Integrity . . . . . . . . . . . 8-2
8.1.6 Thermal Acceptance Tests . . . . . . . . . . . . . 8-2

8.2 Maintenance Program . . . . . . . . . . . . . . . . . . . 8-2

8.2.1 Structural and Pressure Tests . . . . . . . . . . 8-2
8.2.2 Leak Tests . . . . . . . . . . . . . . . . . 8-2
8.2.3 Subsystem Maintenance. . . . . . 8-2
8.2.4 Valves and Gaskets on containment Vessel . . . . . 8-3
8.2.5 Shielding . . . . . . . . . . . . . . . . . . . . 8-3
8.2.6 Thermal . . . . . . . . . . 8-3
8.2.7 Appendix - Leak Test Procedures . . . . . . . . . 8-3

8.3 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . 8-4



Revision 0

1.0 GENERAL INFORMATION

1.1 Introduction

This Safety Analysis Report describes a reusable insulated and shock

absorbing shipping package designed to protect radioactive material from

both normal conditions of transport and hypothetical accident conditions.

The package is designated as the Model 1-13C II Package. It is intended to

deliver Fissile Class III material, irradiated reactor hardware, and other

solid materials including process solids, in excess of Type A quantities.

The package is an improved lineal descendant of the CNS 1-13C, Package

Identification Number USA/9081/B ( )F, and the General Electric Model 1600

Shipping Cask, Package Identification Number USA/9044/B ( )F.

The Improvements contained in the Model 10-3C II Package include the

following:

* A pair of circular shock or impact absorbing limiters, placed

peripherally around both top and bottom of the circular cask body.

They provide capability to protect the package from damage under

hypothetical accident conditions.

* A fire shield surrounding the cylindrical cask body. The fire shield

is designed to protect the package from damage during the hypothetical

fire events.

a Numerous improvements to closure and sealing details providing greater

containment Integrity and improved decontamination features.
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* Shipment of fissile material within the cask is accomplished through

the use of various container configurations. The fissile material is

radioactive fuel bearing debris samples with a maximum enrichment of

3% In U-235. Dependent upon the container utilized, size, geometry or

mass of the sample will be controlled to preclude criticality.

A. General Debris Container Configuration

Shipment of up to 15.4 kg UO2 (400 grams of U-235) can be placed In

closed debris containers with a defined geometry. The debris

containers are placed in DOT approved 2R containers. A shoring cage

within the cavity of the cask segregates each of the three 2R

containers and ensures a close fit within the cask cavity. The 2R

containers provide the supplementary containment of the debris

samples. The debris containers define the size and geometry

configuration of the debris within the cask cavity which, In turn,

limits the mass of fissile material.

1-2
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1.2 Package Description

1.2.1 Packaging

Cask and impact Limiters (See CONS Drawing 0o. E-l-436-1l)

The packaging system consists of a pair of circular impact limiters (or

overpacks) placed peripherally around each end of a cylindrical cask.

The cylindrical cask is 39.12 inches in diameter and 68.06 inches

high. The cylindrical cask body is comprised of a 1/2 inch stainless

steel shell, Type 304, overlaid with 1/4" stainless steel fire shield.

Between these two materials is a .065 (16 gauge) stainless steel wire

wrap, thus providing an air gap for additional thermal protection. The

inner cylindrical shell of the cask, or cavity, is fabricated of 1/2

inch stainless steel, Type 304. The annular space between these inner

and outer shells is filled with lead, having a thickness of

approximately 5 inches. The base of the cask consists of inner and

outer circular plates, fabricated of 1/2 inch stainless steel, Type

304, separated with a lead shield of approximately 6 inches thickness.

The cask lid is comprised of a conical sector attached top and bottom

to inner and outer circular flat plates. The conical segment of lid is

fitted within a step recess approximately 6 inches depth in the cask

body. Conical surfaces and inner surfaces of the lid are fabricated of

1/2 inch stainless steel, Type 304. The outer circular flat plate

segment of lid is fabricated from a 1 inch plate, machined to

approximately 0.8 inches thickness. A load bearing step of

approximately 0.2 inches thickness, surrounds the periphery of this

outer lid plate, reacting containment bolt preload forces and confining

the flat gasket. A solid silicone 0-ring exists near the edge of

bottom of the lid. The space between inner and outer flat lid plates

is filled with lead, having a thickness of approximately 5.78 inches.

The removable lifting lugs are attached to lifting pads integral with

the cylindrical cask body. Tiedown lugs are integral to the top energy

absorbing overpack assembly.

1-3
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Each limiter has an external shell, fabricated from ductile low carbon

steel, which allows It. to undergo large deformations without

f-acturlng. Each is secured to the cask body by six (6) one inch

ra h et binders, connecting top and bottcm overpacks. 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 16.5 lbs/ft3. The insulating

material is poured into the cavity between the two shells and allowed

to expand, comrpletey filling the void. It bonds to the shells,

creating a unitized construction of the packaging. Properties of these

materials are further described in Section 2..

* Containment Vessel

The containment boundary of the package is defined as the inner

stainless steel shell of the cask body together with closure

features comprised of: the lower surface of the cask lid, 12

equally spaced 1-1/4 inch closure bolts, a solid silicone flat

gasket, and a silicone 0-ring.

Refer to Section 4.0 for a complete description of the

containment boundary for the 1-13C II Package.

* Neutron Absorbers

There are no materials used as neutron absorbers or moderators

in the Model l-13C II Package.

* Package Height

Gross weight for the package is approximately 27,000 pounds.

This includes a payload weight of 3,000 pounds.

* Receptacles

There are no internal or external structures supporting or

protecting receptacles.

1-4
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I Crain/l'ent 0':rts

The cask is provided with two 1/2" O.D. lines. These are used

f'r the draining, venting and removal of entrapped liquids.

Refer to Section 4.1.2 for drain/vent system descriptions.

I Ttedowns

Tiedowns are a structural part of the package. From the General

Arrangement Drawings shown in Appendix 1.3, it can be seen that

four tiedown lugs are provided as an integral part of the top

energy absorbing overpack assembly. Refer to Section 2.5 for a

detailed analysis of their structural integrity.

* LiftinQ Devices

Lifting devices are a structural part of the package. From the

General Arrangement Drawing shown in Appendix 1.3, it can be

seen that two removable lifting lugs attached to the cylindrical

cask body are provided. A single lifting lug is also provided

for removal and handling of the lid. Refer to Section 2.5 for a

detailed analysis of their structural integrity.

e Pressure Relief System

The drain port is provided with a plug, permitting venting of

internal pressure within the containment cavity generated by

decay heat, prior to lid removal. The top vent port is provided

with the same plug for venting any pressure between the O-ring

and flat lid gasket prior to lid removal.

Refer to Section 4.1.2 for a description of this pressure relief

feature.

1-5
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* peat Dissiptaion

There are no special devices used for the transfer or
dissipation of heat. The package maximum design capacity is 800

watts. Refer to Section 3.0 for the thermal evaluation of the

1-i3C II Package.

* Coolants

There are no coolants involved.

* Protrusions

There are no outer or inner protrusions. Tiedown lugs are

removed prior to transport.

* Shielding

Cask walls provide a shield thickness of 5 inches lead and 1-1/4

inch steel. Cask ends provide a minimum of 6 inches lead and 1

inch steel.

The contents will be limited such that the shielding provided

will assure compliance with dose rate limits as specified in

lOCFR71.

m. Fissile Material Containers

1. General Debris Container

The general debris container configuration. as described in Part

A of Section 1.1 consists of a general debris container (loaded

with either a fuel pin sample cell or debris container) loaded

into a 2R container in a shoring cage. A shipping configuration

is shown in EG & G drawing TMI 1113 in Section 1.3.

The following is a description of these components.

1-6
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* sceneryl 0joris Cont3iner

This component is a handling insert which consists of a 300

series stainless steel vessel, with welded concentric shells and

encapsulated lead shielding. The external dimensions are

nominally 8.0 in diameter by 12.75 in height. The cavity size

;s 2.75 in diameter by 7.79 in height. The nominal cavity

volume is 2300-2600 cubic centimeters. The cask exterior walls

are smooth. A steel lid closes the upper portion of the

cavity. The lid is held in place by a jam-nut arrangement. A

1/4 in drain line located in the lower portion of the container

permits dewatering of the contents. A fine steel mesh screen

covers the drain tube orifice.

The container permits debris loading into either of two small

baskets; (1) The fuel pin sample cell, or (2) the debris basket

(see Drawing 2E-3200-1040 in' Section 1.3).

Eye bolts on the shielded container body are used for in-plant

handling and are removed prior to shipping. The lead shielding

in the container is solely required for in-plant handling, (it

is not required to augment the cask shielding).

* 2R Container

The 2R container meets the DOT requirements of 49CFR 178.34. It

is fabricated from steel pipe and has external dimensions of 10

3/4 .inches O.D by 14 1/4 Inches high. The bottom end is welded

to the container walls. The container cover is one inch thick

and is threaded to the container wall to provide closure. Per

DOT requirements, a non-hardening thread lubricant is used and

the lid closure is adequately torqued. The debris container is

placed within the 2R container or it may remain empty. Radial

movement of the debris container within the container is

accommodated by pine strip shoring (l"x2" x 10">.

1-7
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Cask Cavity Shoring Cage

The wooden (pine) shoring Is constructed in a cylindrical shape,

and includes inner and outer 2 x 1/8 in. thick rings of carbon

steel as strapping.

1.2.2 Operational Features

Refer to the General Arrangement Drawing of the packaging in Appendix 1.3.

There are no complex operational requirements associated with the Model

1-13C 1I package, and none have any transport significance.

1.2.3 Contents of Packaging

(1) Type and form of material

(1) Greater than Type A quantity of nonfissile rdiJoactive

material as solidified or dewatered process solids (resins)

within a sealed secondary container: or

(ii) Greater than Type A quantity of Irradiated solid reactor

components within a sealed secondary container.

(iii) Greater than Type A quantity of irradiated fuel debris

(dewatered) within secondary containers.

(2) Maximum quantity of material per package

For the contents described in (1)(i). (ii), and (iii):

Not to exceed a decay heat generation of 800 watts and 3,000 pounds

including weight of the contents and secondary container; and

For the contents described in (1)(i):

1-8
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Residual water in t:;e secondary container not to exceed the activity

stated in Table 4.3.2-1.

For the contents described in (1)(iii):

The maximum U-235 enrichment of the uranium oxide fuel material must

not exceed 3 weight %. The average burnup of the fuel material must

not exceed 3,165 MWD/MTU and must be cooled for a least six years.

* General Debris Container Configuration

FIssile contents not to exceed 15.4 kg UO2 (400 grams U-235

prior to irradiation).

1 -9
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1.3 APPENDIX

1.3.1 Drawings

1.3.1.1 CNS Drawing No. E-1436 - 111, Rev. D., OCNS

1-13C II Shipping Cask"

1.3.1.2 GPU Nuclear Drawing No. 2E-3200-1040, Rev. 0,

"General Debris Shielded Container - 1 Assy & Fuel

Pin Sample Shielded Container - 2 Assy"

1.3.2 Sketches

1 .3. 2.1 Model 1-13C II Package
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MiODEL 1-13C II ?ACKAGCE

INNER

O0r&9-- -
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- TIE
DOW/N

LCAD

1-11



. . I I

'! (A ' \,' "

h r r. .

R. ; ... ,.,,,,..-.;/

--... ._e * - 1N1, A ;)LIS _ - C-* * 1i S

It-, ~ !t Al

-.-

. ._ _ a- --- - ~ - j

.a .. - 1./

**. 4.. I

.,__
I

I, ., . -,.
I ; .,.

--C,...

I ...

I -_ I

I.. . .I

V

I . I I I

lwalcourt
New Stamp



. ~~_ _+..t._.l.___.__._ .___ _

... ,.....-

.. "%" e. ..

., .. , .%J

t*¶** t _E.i*-* r

" u *'

-. . _' ,

.d. .. *.

q*4 ***

W, . ¶,
4

#I

s .t I

.....

~. 1
I

_, I^ _- *

I J- II. . .I !
. ,£: . f

i ;. ..,

.. .. I J \, %I. W.

,,, ...t .,t

;

.- ....

.;
,r t1.t (L

W

.; ...
.......

.. ..

., -

... . .... ~ .. . .-.

. .

1,.

. \ ,. 4 '. .. ;.

% ... ... I

.,_.* 1 a. * *

I * *'6 ,'-'''\',',\

-- !-'. *- -- a9 X-- ., Vm

:_ 5t ''t '/I- -. 4 *-

m 4@-'-_ _ ^y Lv - '

.--- ,.-

~~~~~ F -. 24e ,.

J.~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~- ;../ - -- @ --= -- -

-.- ::- n;1 A.1r1 i'. J ..VV;

_ _ _ ;~~~~~~~~*-7---i....................j . _,>,t, .*

5ex&0O30090 - 01



-.. _ __1 - - -

* I-~

II

3/1 ~ ~ ~ . _ . .. . -.

rr C-t v*, . \0 r- - I
., ...

Snr. ,.tW

.4

!Jj t I IN

..... .. ..

I. _I ., 11

F

I;..." I *..;'.. , j S

ns -. _:-- I
*s --- -- * --- = * t < . | ** r P j~~~~~~~I -

e v " t Z ~ t $ i5 ' . -I ,s * ,,
-r w_ .1.;z

,_>.;_~~~~ ...,'__I\ .~.... ... I 8e

u-C-"- / I

! C . ,

r~~~~~ \s .../' j . _.* t S

* . -

I tr;

H. * I .

__._. _._.___.__ *1_____

~ -''~~'' ' ----- ~ - w t- __

I,

I

I

__

a .... .... .I

.. *~ AeA,,,

P I

lwalcourt
New Stamp



I2
:

i

,I.n -...

! - - I -; ...L:4. .. 1 .I--
......... .. _4:

,.: 'i-"1 : -

r- --I - , ,~~~~~~~~4.~~

-& 1,-i~~~r --- r-- -[..

., a* -. %

I

.$S.1 .K�
N

:1 \..:-)

FLY. **;.�.,.. C.

I'

.. , v~~~I..

.:-... ~~~ :"'' -..,

/A.1'5 , -,.

,,'1X~~~.44, 4,

.. ,iv.- #'* *-^N*Ir__....... .........../......

I

Il

,'1;
I s.

I I
( '. .I.

_*.4 .^.--
. . ..%4.-_ _-

I ;. - . -.. __
., , " ., 7. I a,..

- _ I. :

!_ :. ,. _ I .
f C I I . -,

I

I

,.4**.*�%

* I-.

* ..

-fl) 4 ;

- .fJ f4% - ** .-..

I?4.4. 4f. 4. _4_.. 4.., .

. ..... * . _ . ..

., _.4 _ -

8 ......... _, .....:.>I

,,44 4.4
4..

4..

I.-.

7 �. r

S44.�.��*�

.41.44-c - 4( a..

4. 4.. � 4. ..r sat..:.

* 9�� -

"' .

.4

D

'84) e at * C(.ilrd

t

I

"

K
I1.

';
I I _ .I I .., ..-

I. _. _ ,._

I . ?.Z' *��A B44RI.�*Y43.. 4.

4 . - I 4 * _________

-� . � - I

-. A=�4L..L1. I 4]
S I -F- Er

1 1 4
.. �.. 3. 4----

I

2F3o330090- OZ



I. I U Ii 5

.-l I ..,

l

l)

ILc

* 1i1:
* * ... ..*III.
* eli!.

* II

* I* I..1
I.'
ii

'I

II
II

Ij
1'

Ii

I-

3

*' ::f,:, t/

./ �0, 4,4-8 A.",Op I
-1 -. , ,4".,)

.1141,0111"Ar -I "t-WA,

9

lwalcourt
New Stamp



4 J A -1

I

If

I 1 -4.', . t-, 1'., N J

I -, �, ..
'S , k., I ..-,\ V , ,� '. .0'. I !" � I.i

I

. ..I
-, - ,.,/ 4:,, 1!;.,

I

- I ..t ..."
.. , , 4 ., , .'-s' .. "

v r-r, rlirr

F F'

, T

zi ;'.7 .... .

lit .9 ?-It NI

t i

-to
1111j:

I 4. lip pi. .11- V
"fo.f)

:v v-

-_VA

ro'.

G

r

0
z

__ j
0J
J

I a .

z
0 I-

-t- (_V
t) -4
,J J
0. (J

D >_ V
LI) 2
cl

F-
U) ,J
u tj�

�::r
z V)C %,�

a

fail

(AkLrAL OlFrIS- SHI-ILDED
co"LL114k.1 Alasy I

Ut tPJ
A

/"/:/ A
I I

S 11 . . I .- J 7 A . _.
. : - -I _ - ---

9 "R (0.3 o -3 o a 1�0 - C) �R -



| 7 Ib

X - I l--- r, �-, z: � . . I t
.,4, ~ .u .d. -

p. -,/ #0jv ,.. .

, 1,.. '

C;
,I IL__ *

. I ,
I,

I. .

~~~~~~~~~~~~~~~~~~i !

el W

; :
, ....

I :..~

'i...-.

b.

r" I
-l J I .Ir ". 'I

I
I. I..

.. ,, -. , I ' ,,,

... . !- '1 I., .I v

c

I:

I I.

I {
1�� ,� )'2 '.1

:.-.-

1 II �

"I
. 1-

I~I
| !1

i

,..I.
'.I

i '''\I
1A -X:

.i

A

-7--� - -.-" .. .--. --- T---- -- - -:: -= -.-

lwalcourt
New Stamp



.. ... _..- . ..- - ... * - - - -- - l t
-4.~~~~~~~~~~~~~~~~~~~~~~~~1

.' . f . k ;

. *- *- __ - _ _* *_ I

1..

I I

.4

I. IC
* I'

II
t fri C

.,. Ai
I At 01

'I I.*'. %I I;

I..,,.

'\ I
_-I_

-1 I- - .. * .4 ! ...

- -.. -.. . - - ~ .. 4,9 1

I

I

i .,,: I..
44 ! .f

;
... .1

,.. I !

iI.. I,_

w..I

/

. :.:;i

ill

4. [1 �. I� *1 I I
*1 I

ii.....

I *'jI

& f. I �

* - *.* -. I.. 4 . . - . *4. *..

(1')' .. 1/.! . . I

_- .4 .. _-

- . I .. .I

.1 I

_i

I

.4 *

.1.~ .4"...

I i .

I .

I j

1 . .

I!-

I ,

..

I '.I .,

4..

I.,,4. I
- - j*J4J
I'.'.1 � 1.

*��-1 *1.rc4..� .8..
4j� ***,.*

;~~~~ ,z II. i.' '
.. . L.--

, , I w

', .. , , . , * .- t ' :

: .. B ,;. Al ,.

. .

.. I.-e 1 : I

tI , ,. . _

I4 , - . w

,/ i
_i A 1 ._..

__J

, .,

C

(I

Ag . -

. .I . \

. I
I.

,,,, ..(J .. .,

; I." - 1 ' ' ' D"- . , fl4.. 4.. *- I, _- -. ...... t

! ei'_] ,,->;.', ,';--ff {)24;i\A t ;

, .,.tI A -P !-E -

, . ........ .-.-

,, * _ . J. e. I ~

flirt PIi SAWCL SMEIOfG7.~z. .t s ,.,,

( ~ ~ .ti,.... ;rP 
4

... ?4 CIAr_____ __
_ _~~~t t_ .8 __'I¶ '4L

_~~~~. __I *ZQQI__0

B

v .- ,V A

I - , -'--
.A ..~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~.~~~~~~~~~..... ..... - .. --

._ . . . _ .... _ _

ex 2ro30 3 00 90G- CJV '



--. -- - t - - - * *I I I - - -

If

t.

4
**�f4

:,*.

v5.
* *..I i�i z�::L.--- 1

*�j*,
ft ,.% �.

':

I
4 4 � -- - ,

.7.

4,- �4��1

* ,

- -� I

UkV .4 ..iI
-.

4 4 4,... 4. **...

* 'a:

I i

o-V

, -o.. 4,:

I

I.'.

_, v__

C}

.. -' .

.'"

I ',
V. .I1/ I

I4 I- . . - - . ._ /

.; . * -l'. 1 r ,4 ^ . '
, 4 - . \t d.Rt.t

.. . . .4 , It

*~ ~~ ~~~~~ * * {--. I -* .'* or

Jo c .1.. .. ,

: . '

.~~~~I '.l\ --

I . . -. ._ .

[F i VU-- - 1f
* . . - . 1 -

..

. ~ ~ ~ U

.~ ~ ~ ~~ .-

* . i **j .I�*.*

.4 I
I.

4.

.4 * .jJ *

I 44 �

�1
41.4.4...

I

- ..5.Aff ?.'r' [#i-!
A

_ _ _ . _ , . , . .. _ _ m ._ _ _ _ _ _ . _ _~~~~~~

- _ _ .. . A -- - -, . . I

lwalcourt
New Stamp



T,~~2-.-----
I! ,,

- .._. -.. _ . "I

.. ?I

N �
�. .1,

.�...I )...� '''i I

'a -.., - gasI. '4

f I
9... I

r.

.fl,,;. . . 4 ...

.......

..�. /

Sn-.---

I. I�i
a'

;i� i.�.Iii
- .111

-a

a.,

A ,,.I

II

*, I
! IU

I .,

�1 .

C

5.

I

I . !,

I

s

.,. s j' ' ' ' ff,;
II

. . .... ..

* -*#.IreJ

t

- I

:, -E.

,. . .,

., I

: I

. ... . a*

.".I'

f

'-~~~~~~~~~~~~ ..... *' - -

/ 1 !

" 4 . I

4 ...

:I ! ..

IS,..P ...I ?J . -. .

....

a~~~ , _': '

' ' 1 1
a. I_ -- -'; i;

r-I iS .l ,j

C'.,., I

I j .

--.-. -1''-:---:---1...

I,

rC

it . .

,:?' ..

J

* I.I

'.I
I I

1*A

,
.,, /.*..

~ - --- -I-NU I4A

7 W! f F.; VA17."* 7 , J I : " .uI't r. tT 7MF! r- A
,_, ;A. ,ra. .. c A'.. °

-.,: . 9,, " ;.1 '' - A.' ._ .. .

f~~~~~ , _ * I F v ;;. ' _ - O t ~ J C
In

* 'a ' ' ' ''3'' - - - -.- ..... _,__. ... _ ... _ __. ...-. _.,- . - , , i

5-



: a.a.. IL

.:t- ..l

iI
i
i

I I ts

�1� a l - l~~~~~~~~~~~~as I
I ,,,.,,-

II
I

i.
.E
I.
i

I

1ii,
I

F
I

* I ~~~~~~~~~~~~~~~~~~~~~~~~~I' ....I1----,-- r-. 11
!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 ;P I a Zoel',; /'|

; WI . - ¢* it*..........-;'J ....... ; v'- I

1 ~ ~ ~ ~~~~~r r, 111'S';, IrX".',./....... e

,- ft-' -'@1 [;,'!, , .... / § ._.-
' ' ! j ' * ' J '/ Av

i

II
II

j

i
I

i�I
I

I., k)

I
I I

I
I

_ * ~I t; i a - I

lwalcourt
New Stamp



* 3 f etL4' f

(Ate/f / J. t I

r If #4

I **-* 8*$- .- J
, ... ." *.fit;- sill

1i
,- J 8 Is t .q .I

., A * 4 &^

, N ..

- I-. }I
' , tJ . .g e.

(I| - -I low J
.1S~s -.Et8

* 6'*1..

*. ... .

~.AI4.'/

Ai.'%P i I :
:S l^" - 't ,, ...4,tt "

...0 r. t" I ,I._,. ,{d

-~~~~~~~._ 1, I ) -- -A -I11IA -. _t

I I - Z _

,V .J , - -, ...-.
I l ,, i,-I\\\t ' 1

.-.. I..1

I t I '

li. 4. t - . I, .
I. r

I . - * . . .
t , *.: *'i :

-., .- .. -- ,- I --- .-

s-J.n .t, f A*

I . -

,. I ,j
, * . . .

,. .. .

;; :.;

, . ,

,it i.'

.~~~~~~~.

t. .

..

,,,ff ,,4

r. I- Is to .0 v:4-.

e ,,_/ . s,,it4 a/- ..

I .

.''. .4 / 104

-. , , ,.. .I . .*r!,...l _ :- ,
. .cl, : _e,., .. I ., h

I, 2 * *. .. *4.6 - L *- "- W re t

a, I__

,-- .1..

-_, - - ..

-_ *~, - . -

-, - -; __
_ J I .

4 4 , 6 .. I -

r.--. _4 __ C.'A../ ,_ .

> ,A 1 .:, _ JAIJ-

- . _ __* t * o' rd' I ,- I ' j

A I I 2 I I .

< <; en Z7r1 9n - tl C



Revision 0

Th's Chaoter identifIes and descr res she principal structural engineerin g

2 esin Sf the packaging, components, and systems, important to sa fty and to

::mpi .I nc a vith performance requirements of 10 CFR 71.

2.1 j•trpcM1_9Qtsic

I _________n

The purpose of the l-13C II Package is to provide a safe means of transport

for radioactive materials in excess of Type A quantities. The package has

been designed to provide a shielded containment vessel that can withstand the

n1ormal Conaitions of Transpoi-t as wellas those associated with the

HYpothetical Accident Condition.

Principal structural elements of the system consist of:

A. Containment Vessel

B. Biological Shield

C. Fire Shield

D. impact Limiters

* cr.ents A-D design and function in meeting the requirements of 10 CF; 71

are d'.scussed below.

7he l-i;C Ir assembly is designed to protect the payload from normal transport

and hypothetical accident conditions. These include: transport environment,

L0 foct drop test, 40 inch puncture test, 14750F thermal exposure and

transfer or dissipation of any internally generated heat.

2-1
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:hese requie-ent3 are satisfied by a strdight-forjard and strong design of

the 1-13C II pnckage. 1he conservaative capabilities of this package design

have been conclusively demonstrated by two successive, or c.=ulative ful'

scale hypothetlcal accident drop tests, see Section 2.11. Zach of the four

structural elements are surnarized below.

2.:.1.i Cgntalnomnt llcsscl

The cask is comprised of inner and outer stainless steel shells Type 304,

one-half 'Inches in thickness, enveloping the lead biological shield. The

Inner shell serves as the package containment boundary. A removable tapered

lid is attached to the cask body with twelve (12) equally spaced 1-1/4 - 7 UTIC

bolts. All welds are subjected to non destructive examination.

The lid to cask body Interface employs a high temperature, solid silicone

O-ring and a flat, high temperature, silicone seal. The flat silicone seal Is

captured in a machined circumferential lid step. This step is designed to

preclude overcompression of the flat tasket and 0-ring materials under bolt

preloads and inpact forces. all transport environments as well as accident

conditions, i.e., 30 foot drop, 40 inch puncture teat requirements etc., are

met by the external shell vith impact limiters installed as discussed in

Section 2.1.1.4 below. All thermal loading and dissipation requirements are

met as discussed in Sections 2.1.1.3 and 2.1.1.4 below.

2.1.1.2 Biolog1cal Shield

The area between the two shells discussed in Section 2.1.1.1 Is filled with

lead. The lead fill Is subjected to Camma Scan Inspection to assure lead

integrity. The designed thickness assures that no biological hazard la

presented by the 1-13C II and all ahielding requirements of 10 CFR 71 are

met. Lead bonding Is not assumed to take place between the inner and outer

shells.

2-2
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7he ax-.='. ther=al loading of 800 watts is dissipated via condition through

the cask structure and normal convection to the atmosphere.

The fire shield consisting of .065 diameter stainless wire npiral wound on the

outside surface of the cask and covered *:th 1/4" stainless steel cladding

provides :hermal protection during the 14750 thermal exposure test. The

!=pact limiters provide thermal protectiom for the ends of the package.

During hypothetical fire accidents, seal temperature is maintained below

360 . and lead temperature is maintained below 509 F. These temperatures

are well below the design limit for the seal material and well below lead melt

temperature.

I.1.1. ' I= AsLimi-LmI er

'w-.

The Impact itmiters (overpacka) are designed to protect the package from

deformation during the 30 foot drop and provide thermal protection as

discussed In Section 2.1.1.3. Their construction consists of full welded

steel shells filled with foamed In place rigid structural polyurethane foam of

a 16.5 lb/ft3 density. The foam provides controlled deformation rates

during Impact. The foam degrades at 400 F and forms an air space within the

impact limiter shell which providea an effective thermal barrier during the

1475 F thermal exposure test.

2.1.1.5 5=wryfl

Detailed discussions of all components and material utilized In the CQS 1-13C

II Package including stress, thermal, and pressure calculations are contained

in the applicable sections of the SAR.

2-3
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7:-e i-l-C XI has teen desig-ned to be a simple strong package that will prov4Me

7.-.IJm fli.(!llty for multiple usage as well as minimi e potential exposure

:. cperating personnel. Its size and shielding capacity will allow a variety

*:f ex':t-ng ar.d future payloads to be safely transported. The containment

vessel is fjlly sealed and is fully isoljfed from the cask exterior by leac

Ar..i a heavy steel 4acket. Since the package ends represent the most crit.cal

:cr: an or the cask, they are further protected by impact limiters. Impact

ii-miters of this type have been successfully used on many Type "6" packages.

They not only reduce impact loads but also provide efficient ther.m:

insulation for the ends of the package.

The dcminant loads imposed upon any Type "Ba package are due to the

nypotnetical accident drop events. Successive full scale drop tests have

demonstrated the capabilities of the 1-13C II Package to survive these

dominant Icad without Incurring stresses or strains measurably in excess of

yield values.

'ihere appropriate, the evaluations of package structural integrity are based

*jpcn .:emcnstrated test results. Where not appropriate, analytic methods are

used :o augment test data. In all cases, the package has been designed to

provide well defined load paths which lend themselves to simple, highly

reliable structural analysis methods. Nlo new state-of-the-art approaches have

been used for energy absorption, thermal Insulation or analytic evaluation.

All analytic techniques used throughout the SAR are proven methods that have

been ised In p.st submittals. Details of these methods have been used In ̂ ast

sutmittals. Details of these methods appear In Section 2.10.

2-4
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KJulatory Culde 7.6 "Desln Criteria for the Structural Analyals of Sh!ppi..;

Cask Contalrn-ent Vessel3" was used in conjunction with Regulator- Gulde 7.a

"-oad Combinations for the Structural Analysis of Shipping Casks" to evaluate

the 1-13.C li Pnckage. M.terial properties used in the analysis can be found

on .able 2.3-1.

2.1.2.2.1 Conta!.ment Vessel

nhe containment vessel is interpreted to be the inside stainless steel shell

and Its closures. Reg'ulatorf Guide 7.6 was used for the evaluation of the

containment vessel for both the Normal Conditiona of Transport and the

Hypothetical Accident Conditions. Material properties used in the evaluation

correspond to the design stress values S. 5y & Su given in the ASME

Code, Section 'II. Class I, 1977 Edition as amended.

2.1.2.2.2 Cask ind OverDack

Structural evaluation of non-containment vessel items such as the external

skins, closures, overpacks, lifting and tiedovn fitting were evaluated against

yield and ultimate material properties as presented in the ASME Code, Section

III, Class I. For Normal Conditions of Transport, yield strength was used as

a m&ximum stress for the cask. The overpack la allowed to exceed yield stress

for nomal conditions; hence, ultimate evaluating Accident Conditions, ultimate

stress or ultimate strains were used as the acceptance criteria.

'.1.2.3 9ther *tructural Failure Modes

2-5
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The primary material used In the cask Is 304 stainless steel. This material

does not experlence a ductile to brittle transition in the temperature ranges

of Interest (down to -40OF); hence is safe from brittle fracture.

2.1.2.3.2 !LsPlna

Buckling per Regulatory Guide 7.6 is an unacceptable failure mode for the

containment vessel. The intent of this provision is to preclude large

deformations which would compromise the validity of linear analysis

assumptions and quasi-linear stress allowable as given in Paragraph C.6. of

RC Regulatory Guide 7.6.

Successive drop tests at the most critical orientations of the package failed

to induce any measurable distortion of the containment vessel, or exterior

shell. Under service conditions, interal preasures would induce membrane

blaxial tensile stress components in the containment vessel. These tensile

stresses would tend to reduce compressive stresses due to hypothetical

accident impact induced Internal forces. Thus, under theme conditions, the

package would be less susceptablc to buckling failures than under the

conditions tested. Since no incipient buckling vas experienced during the

test, it may be safely concluded that buckling is not a probable failure

mechanism for the 1-13C II Package. No further consideration of buckling is

therefore provided In this report.

2.2 Wefghtu and Center of Gravity

The center of gravity of the 1-13C II package is located at the geometric

center of gravity and Is shown In the sketch found ca Figure 2.5.2-1 on page

2-54.

2-6
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We! ht breakeon Is as follovs:

Cask Body 17,955

Lld 2,115

Top Overpack 1,550

Bottom Overpack 1,255

Overpack Binders 480

Contingency (2.8-) 645

het Package 24,000 lbs.

Payload 3.000

TOTAL GROSS PACKAGE WEI.TIT: 27,000 lbs.

2.3 Mechanical Proserties of Materials

The Model 1-13C II package is fabricated from stainless steel, low carbon

@ ( steel, anl structural foAm. Drawing E-I-436-111; Section 1.3, defines the

specific material used for each item of the package. Table 2.3.1 presents

material properties used through the analysis ani references the sources of

these data.

The energy absorbing overpack. are constructed of rigid polyurethane foam with

a density of 16.5 lb/ft 3, foamed in place, self-extinguishing. Figure 2.3-1

represents the stress-strain curve for the foam used for this package. The

curve provides both minimum and maximum compressive properties and was derived

from eight samples of varying density and grain direction. A 95% probability

factor was applied to the standard deviation to establish the spread shown.

CuSI Foam Specification No. 1-436-112 defines the detail foaming testing

procedure. It specifies that foam samples will be taken during the Actual

foaming process and tested to verify that they are within ± 10% of the mean

curie At 10%, 30% and 60% strains.

2-7



TABI.E r .3-1
Mechanical Properties of Materials

Grade CStienqth (ksiJ last ic Exp.alliOn
or Tempep^ture Yiel. Iltimnate AIIowa 1hIe(Snrs ModtI us Cut: icic ient.

Material Tyr-e F (1) (2) (3) 14) (5)

________________________ 
(x10 psl) (xlo-6 fi/in.

ASTH-A240 Plate 70 _ 28.) 9.11

(Shells) 304 100 30.0 75.0 20.0 - ).16

200 25.0 71.0 20.0 27.7 9.34

30n 22.5 66.0 20.0 27.1 9.47

400 20.7 64.4 10.7 26.6 92.5

50, n I __ _ _ _ _ I_ 2. 1 9 _n

ALSTM-A479 Bar. 70 28.3 9.11

Round (Bosses £ 304 100 30.0 75.0 20.0 - 9.21

Lid Lug) 200 25.0 71.0 20.0 27.7 9.50

300'- 22.5 66.0 20.0 27.1 9.73

400 20.7 64.4 18.7 26.6 9.96

ASTM-A514 Plate
(tiedown Frame) B 70 1o0 8 110 29.9 6.07

ASTM-AS16 Plate 70 27.9 6.07

(Overpack Inner 70 100 38.0 70.0 23.3 - 6.20

Shell) 200 34.6 70.0 23.1 27.7 6.67

300 33.7 70 0 22.5 27.4 7.10

400 32.6 70.0 21.7 27.0 7.54

II.

3,

ASTH-A414 Sheet
(Overpack Ext.
Shell)

or
ASTM-A 285 Plate

C
70

100
200
300
400

30.0

(8)

55.0

(8 )

13.7
Immin)

29.9 6.07

C
t I

ASTM-A354 Bolts
IClosure Bolts)

[SXE J429]

l ID

[II]

70 125
(9)

150
(9)

29.9 6.07

-

_ & ____ I I _ _ _ _ _ _ __ _ _ _ _ _ _ I I _ _ _



rabI -1 (ContInued)
Hech,. .,I Properties of Haterials

-T

Grade
or
Type

Strength (ksi)
. . . . . . . , _ .Aern rature

P1
Yield
(1)

Ultimate
(2)Material

Allowable (Sm)
(3)

El as t IC:
(xOMo u I us

IxlO pi,31

Thermal~
Expana ion

Cuutf fietiL
(5)

JxIO-6 In/in.

ASTH-A449 lolts A L
(Rachet Binder B 70 92 120 29.3 6.07
Bolts) (8) (8)

[SA.E 3 42 9)1s

OQ-L-17le or A or 70 5.O 10.0 2.3 2.0 16.4
ASTH B-29-55 C Dynamic (yield) (500-212OY)
ILead Shielding) Chem- Compres-

ical slon Min

ASn4-A193 Bolts G r 70or 100 30 @ 100 75 0 100 28.3 e 70 6.07 e 7u~
CIA s lA,rra6 BSA 18) 18)

If1j

C) Referencet

(1) ASHE Code, Section III, Appendices, Table 1-2.1 for ferritic material; Table 1-2.2 for austentic
materials.

(2) ASHE Code, Section III, Appendices, Table 1-3.1 for ferritic material; Table 1-3.2 for austentic
materials.

(3) ASHE Code, Section III, Appendices, Table 1-1.1 for ferritic material; Table 1-1.2 for austentic
materials.

(4) ASHE Code, tection III, Appendices, Table 1-6.0, Page 69.
(5) ASHEM Code, Section III, Appendices, Table 1-5.0, Page 68, coefficient B.
(6) Cask Designers Guide, ORNL-NSIC-68.
(7) Sandia lab report No. SAND 77-1872 (NUtJEG/CR-0481)
(8) ASTH Axxx"Standard Specification for . . . ." Ixxx - Alloy designation). *-
(9) ASHE Code, Section III, Table I-1.3, Page 98. 0
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2.4 G.eneral SindaLr-j for A11 aPckrag.

i,.4.,1 Yi1n ' u go~95 4_~

.he cylindrical -ask Is 39.12 Inches in diameter and 58.06 Inches high.

2 .4.2 7r- - oro r f F re

.eal wires ire attached to the designated ratchet binder top and bottcm pins.

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

2.4.4 Chemiial and Galvanic :R Moions

The materials from which the packaging is fabricated (steel, lead, and

polyurethane foam) along with the contents of the package will not cause

significant chemical, galvanic, or other reaction in air, nitrogen, or water

atmospheres.

2.5 Lifting and Tiedown Standards for All Packages

2.5.1 Llftinn Oevices

The 1-13C 11 Cask is provided with two lifting lugs attached to the side of

the cask by which the cask and load can be lifted. The lid is provided with a

llting ring by which the lid may be removed from the cask. rleither the cask

lifting lug nor the lid lift ring will be used 'or tiedown and each will be

provided with a cap or locking device to prevent such use.

The load requirements for lifting devices are defined in 10 CFR 71, Subpart E,

Para 71.45 as being capable of supporting three times the weight without

generating stresses in excess of Its (the containers) yield strength.

2-11
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2.5.1.1 Lifting Lugs & Bolts

The load condition Imposed on the lift lugs 13 as follows:

The lugs can be used only with

1 iP overpacks removed. Therefore, the

total lifted weight Is:

W * 27000 - 3280 * 23720 lbs.

3 W

The lug load is:

P - (23720 lb)(3g)/2 lugs -

35,580 lb/lug

60C a. She.r in Bols1 - each lifting lug is attached to the container

with 4 1-8 UNIC-2A x 2-3/4, ASTM-A449 Hex Head cap screws.

For each bolt: Ten ile Stress Area * 0.606 in2

Nominal Shear Stress - . 14678 psi
4(0.606)in2

The mazlmum Shear Stress is found at the center of the bolt

cross section and Is 4/3 x the nominal stress.

Therefore

aS ' 4/3(14678)- 19570 psi.

The effects of this stress are evaluated when combined with the

Tensile Bolt Stress computed in the next section.

2-12
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P I n- n i n II n1 flhe- to n ndInc

P * 35,580 lbs.

M - (35,580)lbs (6.5)inch

M * 231270 in-lbs.

T.
8 %5 wi' w .

Consider the following load condition between the bolts and

plate. This loading will consist of tension in the lower bolts

and a "bearing pressure, betwec% the plate and the lifting ear.

(ar

L
I

(1) St-ation of Forces

1/2 qbl = F

. (2) Stmmation of Moments

M - F(L -1/3)

F

L - 5 Inch

b - 5.5 inch

A b 0.606 inbolt

Estainlesa steel - 28.3 x 106 psi

EBolt a 29.9 x 106 psi

2-13
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(3) Condition of Compatibillty - Deflection Analysis
c bolt

6 bolt 'E__bol;
6 plate a

LS..

6 bolt F bolt
6 plate 1.06O~

Also:

6 bolt L - t
6 plate t

FL - t ..

L 1.06 q

Ft - 2Aq(L-t)(1.06)
The above three equations contain three unJcaovns:

F, q, and 1. Substituting the appropriate values produces the

following set of equations.

By substituting equation (1) into equation (2), we obtain

M - qbl/2 (L-1/3)

or: q 2MbI( L-1/3) (4)

Similarly, substituting equation (1) In equation (3) gives:

t qbt 2 - 2A q(L-L)(1.06)

bL2 + 4.24AL - 4.24 AL * 0

L - - 4.24A + '/(4.24A)2 + (4)(b)(4.24AL)

2b

--2.A+ I [ 4.24A) 2 + (16.96ALb)J (5)

L - 1.39 inches

2-14
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low, using equlation (4), the contact pressure is found:

q s (2) (2312701 12012 lbs/in2

Using equation (1), the bolt load is found as:

r - 1/2 abl - (12012)(5.5)(1.39) - 45915 lbs

Bolt tensile stress If found as:

Cb * 45915 - 37884 psi
.2TF(.oO6)

Maximu:m Uormal Stress Theory vlll be used for evaluating the effects of

the combined stresses (Tension and Shear) on the bolts. From Mohr's

Circle the Maximu= Principle Tensile Stress is computed as:

a a t Ct 2 c .2

2~~~~~170
37884 _*(37984\4 + 197502

X 46178 -si

Therefore the factor of safety for the bolts Is

F.S. - - +1.99
46178

Bearing safety factor versus yield is found as:

F.S. a 30000 - +2.50

12012

2-15
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C. I. a Str-~sses

Figure 2.5.1-1 depicts the lug configuration. 'he outstanding

lug plate is attached to the flush plate with a vertical double

vee weld. Net section is equal to the 1" plate thickness of the

outstanding lug plate. Shear stress is:

N (1 (558 )

( 13) (1I)

- 2737 psi

Factor of Safety Is:

F..V - '°°°°/01-r- - +6.33

2737

Using a

the lug

conventional 400 tearout relation, the capability of

at yield stresses is estimated as:

PA - 2 FSy tEm - d12 cos-420) .127,689 lbs.

Where:

Fsy. 30000 - 17,320 psi; ASTM-A240, Type 304

t . 1"

Em . 4-1/2"

d - 2-1/8"

The factor of safety versus tearout is therefore:

F.S. - 127689 - +3.59

35580

2-16
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3ending stress in the lug is fcound from:

fb = Mc/I

M (?) 1

I bh3/12

.or the lug and weld:

b x 1 inch

h * 13 inches

1 5 5-1/2 inch

c h/2

fb ' PihL - (6 3 (15580) (5.5) 6948 psi

bh 3/12 bh2 (1) (13)

The associated factor of aafet7 Is:

F.S. * 30000 a +4.32

6948

2.5.1.2 Reinforced Lug Plate

The removable lug discussed in the foregoing section bolts to a flat

reinforced lug plate of 2 inch thickness. This lug plate is attached

to the cask outer shell and integral ring vith a 1" circumferential

bevel weld.

2-18
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,.o~~~~~P ~~IT 11

I've"~~~~~~~~~~

La st7

1. Shear Stress - fs P/A

A x (Perimeter) (Effective Weld ThictXiess)

07' -X ((2) (8) + 2(S.5))(1)

- 27 in2

f (- w58) lb: - 1318 pal

27 in2

Safety Factor a ^100 L -+13.1

1318

ii. Bending Stress - fb u Mc/I

M - (PLI)

2-19
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3\-

_ _ cute- r nner-

b _ 7.50 in. b - 5.50 in.

: .C n. h - 3.o In.

= . in.

3 ;.- .
' :/:2 (7.50)(10) - (5.5)(8) ) * 390 in

' (35580)lbs (7.00) in (5.00) in.
b

390 in.

- 3193 -Si

Safety Factor - 30000/3190 - 9.4

2.5.1.3 Outer Shell and Integral Ring

,he ;-13C 11 ca3k !3 desisned vith a relnforcing ring S Inches high, I

inch thick, located directly opposite the liting lugs on the inside

surface of the outer nhell.

P * Radial Force

ML Moment In Longitudual

Direction to Shell

MC M oment In Clrcumtferentlal

Direction to Shell

ML

I-2 0
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it will be recessary tc determine the stress ganerated In the sheil :ur

to the icading transmit:ed by the Ilfting lug. The presence of :hI

i nner rein Frc ng ri ng will e accounted for using STARDY.NE see

Secticn 2.10.2.5. finite element idealization of the shell and ring as

:,cwn in Figure 2.5.1-2. The ..model represents a single quadrant 'f the

cuter shell, ring and reinforcing plate, or pad. The contribut'cns zf

inner shell and lead shield are ccnservatively Ignored.

.-=etric tcundary cznditicns are imposed upon the planes of symmetry

which siice thrcugh the model at the center line of the lifting pad and

,0 away from this location.

Loads are introduced by a set of dcwnward load applied at the lcwer

edge cf the cuter shell. These loads are reacted by vertical

restraints at the center line of the lifting eye.

Figures 2.5.1-3, -4. -5, and -6 define the model geometry completely.

Fiqure 2.5.1-3 presents the developed surface of the cask outer shell

quadrant shown in Figure 2.5.1-2. Figure 2.4.3-4 presents a detail of

the reinforced -ad Installed in the cask outer shell. lodes 66-69

represent the points where the lift lug forces are transmitted to the

cuter shell-ring mode. Figure 2.5.1-5 presents the Idealized

(symmetric half) lift lug, with node 74 corresponding to the center of

the lug eye. Figure 2.5.1-6 presents the developed surface of the

rein-forcing ring. Figures 2.5.1-7, -a. -9. -10, -11, and -12 present

comcuter generated plots of the model visually verifying the example.

Figures 2.5.1-13, -14, -15, and -15 summarize states of stress of all

finite elements surrounding the reinforcing plate or pad. Computer

stress output for the entire model can be found in Section 2.10.4.

2-21
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.igures 2.5.1-13, -14, -15, and -16 illustrate a predicted state of

stress consistent with expected outer shell and ring behavior. The

offset lif: lug load induces torsion in the ring. This torsion causes

the top edge of the ring to deflect inward with a corresponding outward

deformation of the lower edge of the ring. These deformations induce a

concave deformation of shell elenents above the ring and A cLnVCX

deformation below the ring. As expected, the concave deformation

pattern induces compressive bending stresses on the shell outer surface

above the ring. Similarly, convex deformations induce tensile bending

stresses on the shell outer surface below the ring. The specific

states of stress in the shell elements immediately above and below the

lug pad are found from Figures 2.5.1-13 and -14 as follows:

GoC

M r Above(E1. 68) Below(El. 69)

Memb'rane (1)

S (Hoop) -2137 + 903

5: (Meridian) -2018 47103

Sxy + 536 -1313

Bendina (2)

Sx -8374 +5805

Sy -3970 -2040

SXY - 958 - 802

:;0Q: (1)

(2)

(3)

St (S .S )/2
N 0 1i

S - (S -S )/2

S z Outside Stress
0

S = Inside Stress

2-22
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FICURE 2.5.1-2

EII, S-.IFETER OUTER SIEtLL
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I 5-7 - 10 S -

~-VFT LUG
5 OL'T PA, I

f. I
I S.iI

p6) It

QUADRANT TO BE
ANAL YZED

X2
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FIGURE 21.5.1-3
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FIGURE ' .5.1-4
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7ICURE 2.5.1-5
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EICU'JRE 2.5.1-7
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FICUU. 2.5.1-8
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.ICJRE 2.5.1-9

a
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at.37

COMPUTER CENERATED MODEL PLOT
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FIGURE 2.5.A-10
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FtCURE '.5.4-11
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7.Gctr 2.5.A-i2
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The prediczed stresses all assume a ;ackage weigh: of 23,72C

lbs. This weight does not include 32E0 lbs. of ener-y absorbing

overpacks. The package is never lifted with overpacks

installed: this is geometrically imoossible. Thus, the -,ax..-a

package weight. when lifted, cannot exceed 23.720 lbs.

The maximum stress 1.1 the cask cuter shell in the regicn cf :he

reinfcrcing ring is:

fmax - 14,930 psi (Quad 15)

The maximum stress In the reinforcing ring is:

'max - 18,670 psi (Quad 63)

The maximum stress in the cask away from the reinforcing ring is:

fmax " 21,870 psi (Quad 43)

Ouadril.,teral element 43 is at the base of the model where point

loads representing the total cask weight is applied. The model

neglects cask endplate reinforcement existing at this location.

All stresses in this region of the model are considered to be

fictitious, although acceptable, and are not utilized in

subsequent margin of safety calculations.

Under normal conditions of transport, the maximum temperature of

the outer shell is 188.70F. Therefore, the interpolated yield

allowable in 304 available (ASTH A-240) is:

fallowable - 25,565 psi
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-he resultant _intinu factor of safety versus yield in the outer

shell and integral ring4 Is:

F.S. 5 25 5j 5 +1.37

13,670

f-O I
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FICURE 2.5.1-13
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F'LGU.;E 2.5.1-V4
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FICURE 2.5.1-15
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FIGURE 2.5.1-16
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Wec:tcn 2.5.1.: prov'ded a nominal evaluatIon of lug plate attachment weld

;tresses. 7he finite ele-ent analysis discussed in this section provides a

ias's for detaIl evaluation of ring attachment weld stresses. Referring to

.'_.c 2.5.1-6, a 1/2' vee-groove weld joins the rIng to shell along node

lines 76-a2 and 83-89. A 1- vee-groove weld attaching the ring to boss

extends frcm nodes 76 to 83. Corner forces applied to the ring at the node

po...ts by the welds are as follows:
Corner Force (Global Coord)

Joint. 9 FX1 FX2 FX3
Node (See Fic. 2.;.1-6) (Lbs) (Lbs) (Lbs)

76, 8.29280 -8075 -7437 -14449

83 8.29280 11033 -11516 - 9969

77 150 -3670 18618 - 5320

84 150 4277 -12832 - 1995

78 300 -8509 -17526 - 2602

85 300 6318 - 9818 1028
k

Running weld forces may be

values to local coordinate

Is as follows:

computed by transforming the

values using the polar angle

global coordinate

9. The transformation

I FL

cosE

-sine

0

sin e 0

cos9 0

0 1 I G

Shear and tension load per unit weld length are found by considering total

In-plane and out-of-plane forces:

Fs M- + F 2) /L , lbs/in.

FT " FL /I
1 2-40
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Where: . - effective weld length per node

as listed below.

Node L (in),

76/B3 4"+18.25 (15 0-.2928 0) ( W ) (½) 5.068

77/84 18.25 ( Tr ) (22.50-11.646O) 3.457

78-85 18.25 ( ri ) (15) 4.778
1M0

G\

The corresponding weld forces are found as:

WELD FORCES (lbs/in)
Joint Tension Shear E!Iective
(Node) C OT(FS) Shear (FV)

76 -1788. +3102 3228

83 1826 3230 3357

77 368 56R9 5692

84 234 3948 3950

78 292 4103 4106

85 118 2450 2451

F- [F. + (F7/2)2] ½

2-41
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.he =ost h'ghtly st:essed weld locaticn occurs at node 77, Jus: beyond

:he lug pad location. the weld consists of a 1/2" full penetration

vee-groove weld with a shear capacity of:

-A - 965 (1/2) - 73SO lbs/in

3

7he fac:or of salety !n the weld is:

F.S. - 7380 = + 1.30

5692

Computer generated corner forces and plate stresses is provided in

Section 2.10.3.

&C

2-42
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2.5.1.4 Lid Lifting Eye

The z=x'u= lifting load exerted on t.e lift--n eye of the c3sk

lid is based on:

L a 2115 lbs.

P 3 L L

P * (3) (2115) lbs.

X 6345 lbs.

1. Tension in the lifting eye.

P
t P

2
C (6345) 1lhs

2 (.785)ir..2

P/. 4 4040 psi

Safet7 Factor 50 - 8.66
4040

2. Welding Around Lifting Eye

Aeft ' 7Dt f -e 0) C()(- ) - 0.833 in

Cs 2 A 26.833) ' 3810 psi
ef'

Safety Factor * 20200 5 5.30

3810

2-50



Revision 0

:.5.2 Tle-Doun r-pvices

The tie-dovn system for transporting the package is designed to load

conditions defined In 10 CRF 71, Paragraph 71-45 (b)(l). This load condition

is defined as follows ". . . The system shall be capable of withstanding,

without generat'ng stress In any material of the package in excess of its

yield strength, a static force applied to the center of gravity of the package

having vertical component of two times the weight of the package and its

contents, a hori:cntal component along the direction in which the vehicle

travels of 10 times the weight of the package with Its contents and a

horizontal component in the transverse direction of 5 times the weight of the

package with its contents."

The 13C II Cask has been provided with a tie-dovw frame which is integral with

the top mounted overpack assembly. The overpacks surroumd the cask and are

attached together with six (6) 1" diameter ratchet binders. These ratchet

binders primarily carry inertial loads only since both end impact loads and

AMML tie-down loads are reacted by direct compression of the overpack and the

integral tie-down frame upon the cask body.

The tie-down frame is designed for the loading conditions previously

described. For purposes of this analysis, the package Is assumed to weigh

27,000 lbs. Since a minim. factor of safety of 1.16 is calculated, the

tie-dovn system is considered to satisfy the requirements of 10 CTR 71 for

package weights up to 31,300 lbs. The analysis in subdivided into individual

sections dealing with: loads, lug stresses, stresses included in the cask and

tie-down frame stresses.

2.5.2.1 Tie-Down Forces

Stress in the frame is determined for the forces transmitted by the

tiedovn cables, in resisting the "CG loading, to the frme. Since the

cask will be blocked at the base on the

2-51
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transporter to prevent sliding, the cable resisting forces vw"l be

those resisting tipping.

-he individual cable loads are determined frcm principals of static

equilibrium as outlined belov. The direction cosines for.the cables

are found as: (Refer to the Tie-Dovn Geometry FIgure 2.5.2-1 nn page

2-54 for notation.)

-x" a c sin c,

22
8y- [w ~ ccs

BZ n h/I

Where:

r d ~~~~~d 2 2.
£ - [(a - c sin a) 2 + ( c cos o) + hI

L Y- 2

@ ( oIN tan I(2a/w)

The lOg longitudinal load is resisted by two cables,

in tension. The indiwVidual cable force is obtained

by taking moments about point SO":

-lOWc + 2FCxh + FC2 d 1d ) d 0

But: F x F
cx C1

F 8 ZF

Thus, the cable force due to a 10 g longitudinal load is:

Fc - 10 Wc
1 -2 (do dc
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The Sg lateral load is resisted by two cables, in tension. The

individual cable force is found from the equillbriu= expression:

But:
-5 Wc + 2F yh + FC (do + dC)

Cy Y C2

CZ 5z . C2

Thus, the cable force due to a 5 8 lateral load is:

V

F 5Wc
C2 -2 8h + B (d +d)

Y Z 0 C

2-53
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FICUR.E 2.5.2-1

TIED01MT CE0,MTRY

Y

I~~~~~~~1~~

W=96
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The Z9 vertical load is resisted by all four cables, in tensicn.

individual cable force is fcund from the equillbrium expressicn:

'.,e

-Z~H+ 4F CZ O_ 'cz-0

But: F C 3z fCZ z c3

Thus, the cable force due 'o a 2 g vertical load is:

Fc3 - 2W/4Bz

Assuming the three loadings occur simultaneously, the most severely

loaded cable experiences a load of:

F .-

Fc w L 1 Oc

2 3X h+BZ(d0+d C)

+ Sc

2Byh+8Z(d0+d C) ] 4 48z

This expression is evaluation with the

and geometry:

-- 27000 lbs.

a - 76 inches

c - 68.75/2 + 15-7/8 - 50.25 in.

following 1-13C II properties

d - 40.00 inches

h - 99-5/8 - 15 - 84.625 in.

w - 96 inches

The direction cosines of the cable are:

-x a .53829

ex .'34004

ex - .77105

Cable length, I - 109.75 inches
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The cable loads are:

MappnIZ'ide (!bps)

10 t longitudinal

5 t lateral

2 g vertical

Combined

80650

50378

17509

148536

For stress evaluation of components, the corresponding load act based
upon simultaneous application of the 10, S, and 28 load cases to the
circular tie-down frame imposes consistent cable forces (out of the
plane of the sketch) as folloWs:

Av2t-- J01-

4W, a- 57.720
i

17509 (2 g
-~ ver:.) \

17509 lbs.

50378 (5 g lat.)
- 17509 (2 g vert.)

67887 lbs.

80650 (10 g long.)
17509 C 2 g verl.)
98-1-59 lbs.

80650 (10 g long.)
50378 ( 5 g lat.)

148536 lbs.
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These forces nay be resolved Into components parallel and perpendicular

to the plane of the frame with the following expressions:

Fp , (; 2 + A 2) ½
C

(Parallel)

F a A . Fn -- C ONOr-Mal)

4he results are:

AmkC
11149 lbs.

13500 lbs. I

52344 lbs.

43229 lbs.

Z "" 62506 lbs.

) 75685 lbs.

B 114529 lbs.

94585 lbs.
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2 . .2.2 Str-rsses sn Le-n L

The tie-dovn lug is oriented precisely in line vith the cable fo::e

vectors evaluated in the preceding section. As a consequence, the

tie-down lug experiences inplane loads onl7; no bending loads are

induced in this element.

A95%,
AEM IF- -

It
W %.

cos-i~e 59.c

(a) Tearout Stress

Using a conventional 400 tearout relation, the

capability of the lug at yield stresses is estimated &3:

P . 2 F t (E - d/2 cos 400) w 245060 lbs.
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:ihere:

FSy * t000 57735 psi: ASTH-AS14. Gr. 3

t . 7/8 in.

E . 3 in.
d . 1.5 In.

Thus, the factor of safety for lug tearout is

F.S. . 245060 . 1.65

148536

(b) Net Section Tension Stress

The net section tension yield load capacity Is:

PA . F tyA

- 0 00000) (4-1.5) (.875) - 218750 lbs.

Thus, the factor of safety for lug tension is:

F.S. - 2187-c , 1.47

148536

(c) Welds to FUM

The tensile capacity of weld (1) is:

PW. (100000) (4) (.875) - 350000 lbs.

The shear capacity of weld (2) is:

Pw2 . (100000) (C1 I 3W (.707) (.875) - 35,716 lbs.
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Collectively, the weld capacity of the lug attach.ent

is 385,722 lbs. Thus, the factor of safety is:

F.S. a 385.722 - 2.60

148,536

Therefore, should tie-down forces exceed the criteria

specified in 10 CFR 71, the lug will fail at 240,625

lbs. (ultimate) in the net tensile section. This

failure will not impair the ability of the cask or its

contents to meet other provisions of 10 CFR 71.

Tie-Down Frame Stresses2.5.2.3

The reaction forces between

forces of Section 2.5.2.1.

circular tie-down plate may

sets as shown below.

the frame and cask are found from the

The horizontal planar forces applied to the

be viewed as the superposition of two forceCdfla
she vectors external to the circles are applied by the tie-down cables;

whereas the vectors within the circles are applied by cask reactions.

W, / 62506 lbs. > 1149

**7 1 '

85
lbs.

43229 lbs.
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sa4W sThese planar horlzontal reaction forces are appl'ed to the cask as a

lateral bearing load. The corresponding force acts en the t'e-do-n

frame as a lateral load applied to the 12 inch long cask restraint

flanges located at each tie-down lug. Detail geometry and applied

loads are shown in Figure 2.5.2-2.

Bending stresses are induced in the cask restraint flange by this cask

to frame load. The moment area for this load Is conser:vatlvely

estimated assuming the center of pressure at mid depth of the cask body

top plate. The previous sketch indicates two critical sections where

flexural stresses will be checked.

AM
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FICRJE 2.5 .2-2

.IEDMWR LUG DETAILS

94585 lbs c

83436 lbs

el
6�
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SectT-. I

The section properties are:

4'

12"

(.875) (12)4(.875) (4) - 10.50 + 3.50 - 14.00 in. 2

x - (10.50) (.4375)4(3.50) (.875 .4375) - .65625 in.
14

.:c - 1.75 - .65625 - 1.09375 in.

I - (12) (.875) 34F4) (.875) 3+(3.50) (.65625-1.3125)2
1 2- 12

a2~~~~~~
+ (10.5) (.65625-.4375) - 2.9030 in.

The applied moment involves both the cask reaction force plus the cable

force. Moment arms are scaled from the preceding sketch.

M1 * (83436) (1.25)-(17509) (0.35) . 98167 in-lb.

fb M*cI - (98167) (1.09375) = 36986 p.a.i.

2.9030

Section 2

The moment at Section 2 involves the cask reaction force plus the cable

force. Applied moment Is:

M2 ' (83436) (1.688) - (17509) (0.52) = 131, 735 in-lb.
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The section is a single thickness of 7/85f plate with length b found as:

b

20"

X - s~~~[208 2 02
b -2 [2o.87_) - 20 J - 11.96"

Thus the bending stress:

M ( b2 - 6M/bt2 * 6(131735) 86319. psi

(11.96)(.875)2

The mininmum factor of safety in the tie-dovn frame is therefore:

F.S. u 100000 a 1.16

86319

2.5.2.4 Cask Tie-Down Stresses

she contact bearing stress due to lateral loads, calculated in

paragraph 2.5.2.3, Is:

fbr " 83436 - 2,781 psi
r

(12) (2.5)
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|iP -- The vertical forces exerted on the cask are def.ned at the end cf

Paragraph 2.5.2.1 as the su: of:

13500 lbs.

75685 lbs.

1'4529 lbs.

52344 lbs.

These loads exert a total dounward force on the cask external shell of

256,058 lbs.

The external shell is constructed of 1/2-' thick 304 stainless steel.

Resultant co-pressive stress is:

ft ' P/A * 256058 - 4347 psi

n (37.5)(.5)

Since the lead provides adequate restraint to the outer shell,

crippling need not be considered. The resultant cask factor of safety

F.S. 30000 * 6.90

4347
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2.5 Normal Ccnditlons of Transncr:

The Mcdel 1-l-C I' package has been designed and ccnstructed, and the contents

are so limited (as described in Section 1.2.3) that the performance

recuirements specified in 10 CFR 71 will be met when the package is subjected

to the normal conditions of transport specified in 10 CFR 71. The ability of

the Mcdel 1-13C II Package to satisfactorily withstand the normal conditions

of transpcr: has been assessed as described below:

.i1Heat

A detailed thermal analysis for normal conditions of transport can be found in

Section 3.4. Internal heat loads up to 800 watts were considered.

The maximum cavity temperature was found to be 214.40F. External package

temperature was less than 156.3 0F, assuming 1000F ambient air and full

solar insolation. These temperatures will have no detrimental effects on the

package.

2.6.6.1 Summary of Pressures and Temperatures

Frcm Sections 3.4.2 and 3.4.4, it was found that the maximum temperatures and

pressure are:

Pressure:

Pmax - 19 psig

Temperature:

Fire Shield 182.10F

Lift Lug 209.1 F

Outer Shell 212.60F

Outer Ends 214.30F

Containment Cavity 214.40F
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2 .6.1.2 If'erential Thermal Expansion

From the summary temperatures shovn In Section 2.6.1.1 and Section 3.1 it car.

be seen that the temperature variations betveen the external shell and the

'nner containment vessel are small, i.e., 212.6 0F vs. 214.4 F,

respectively.

Since the lead bonding is not present, fabrication stresses are minimized

because of the short term creep properties of lead. Therefore, a stress free

temperature of 700F vas assumed.

The analysis of package stresses due to differential thermal expansion has

been performed using a pair of axisymmetric finite element models, Figures

2.6.1-1 and 2.6.1-2, representing the cask and lid, respectively. These

models are used for cask body analytic stress predictions throughout Section

2.6 and 2.7 of this report. The E3SAP program, described in Appendix

2.10.2.4, vas used for all these analyses.
Aft C-
VW T

The referenced figures completed define model geometry. All material

properties of the model are taken directly from Table 2.3-1 for stainless

steel, Type 304, and lead. To represent the unbonded lead, the lead shear

modulus has been reduced by a factor 10. This assures that only secondary

shear forces are transmitted between steel shells and lead; yet permits proper

treatment of direct stresses induced in steel shells due to differential

thermal expansion effects.
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Czmprehensive stress s ra:1es for these two mcdels are przvided 'n A;pend'x

2. 0.3. -.hese su-:zaries directly provide membrane (center) and surface

stresses 'n te.-.s of stress :ntens't:es as set forth in NRC Regulatory Su'Je

7.6. For differential expansion loads, stress IntensIty results are reported

in Case s' (a Run 2, Case 1).

in the -'d body region of the cask, stresses are modest, wIth little var'ation

from inner to outer surfaces. Values at a typical sectIon through elements

z3/44, where inner shell stresses maxi=i:e, see Figure 2.6.1-1; are as follows:

9 -

STRESSES (psi)

Element Axial Hoop Radial

Location Number (C z) (ce) (a ) (S.I.)

.ner Shell. ' +11620 + 4406. -210 11830.

- I.D. +11890 + 4578 -294 12184.

- 0.D. +11350 + 4225 -121 11471.

Ouiter Shell 44 12270 .18380 -265 18645.

- I.D. 12160 18590 -508 19098.

- O.D. 12390 18170 - 16 18186.

*The seven reported cases were performed in two r-ins; Run 1 contains 4 cases;

Run 2 contains 3 cases. For clarity and brevity, they are identified and

discussed as 7 sequential cases in this report.
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The axial variation of te-peratjre !iduced stress Intensity s i':l:s:rated by

the following c;:parisons at tcp and bottom of cask.

S _SS l E Tr S TT (DsI)

LOCA7ICN ELEMENT CE;7ER SURFACE

.op - Inner Shell 30 13671 16342

- Outer Shell 46 19503 19737

Base - Inner Shell 15 8005 9366

- Outer Shell 31 18464 19942

Stresses elsewhere in

localized stresses at

The membrane stresses

the cask body are less than these values excepting for

the outer shell to base juncture, see elements 5 and 8.

here are:
.r'

M k

ELL~ZIT
(os!)E S I

5 (inner Shell)

8 (Outer Shell)

19565.

28261.

The stresses observed at elements 5 and 8 are highly localized; adjoining

element stresses show extremely rapid decay of the obvious classical damped

shell bending behavior. These high stresses, slightly In excess of yield,

pose no threat to cask safety or integrity since they are self limiting

secondary thermal stresses which disappear upon initial yielding of the outer

shell. The only consequence of these stresses will be a slight outward ripple

of cask outer surface subsequent to Initial loading.
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St:esses in the lId, Flgure 2.6.1-2, are approximately of the sa-e =agnitude

as In the cask body. he most highly stressed location occurs at element 8.

The state of stress of element 8 is as follows:

_ Stress (-,SI)

Intensity

Location Axial Hoop Radial (S .I .)

( CZ) ( Ce) ( Cr)

Center (Membrane) 10550 22450 +3174 19819

O.D. 32440 29580 6124 26331

I.D. -4735 18140 4735 23405

JIF,
ek As in the cask body, the dominant stress contributor is a bending stress

arising fro= the connection of the conical shell sector to the flat inner end

disk.

2. 6.1 .3 Stress Calculations

Combination of thermal stresses discussed in Section 2.6.1.2 with internal

pressure (19 psig) stresses slightly increases the total state of stress.

Stress intensities for pressure and temperature phenomena at those locations

discussed in Section 2.6.1.2 are obtained directly from case 7 of Appendix

2.10.2, as follows:

ANW& - -

IF
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E LE ~SNT STRESS i'JTEs::7-y
."0 C A TI0ON N 74B E P S.I. (psi)

CASX BODY

Inner Shell

Outer Shell

- Center

- I.D.

- O.D.

- Center

- ID.

- O.rD.

Top - Inner Shell,

AM M'-
Itw " - Outer Shell,

Base - Inner Shell,

- Outer Shell,

Center

Surface

Center

Surface

Center

Surface

Center

Surface

28

44

30

30

46

46

15

15

31

31

8

5

8

8

8

11864.

12224.

11510.

18788.

19252.

18326.

13696.

16331.

19645.

19871.

8255.

9592.

18480

19957

28265

19590

19664

26169

23809

Juncture, Outer Side

Outer BAse

LID

Center

O.D.

I.D.
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qW Max!m=m stress Intensities and factors of safety are as follovs:

1. Conta!=nent Vessel (.Mner Shell)

(2lRC Reg. Guide 7.6, Para. C.2)

a. Sm a 0 ksi e 214.4°F (Table 2.3-1)

A1ov~able Membrane Stress a S m 20 ksim
Allovable bending + membrane a 1.5 S - 30 ksl

b. Maximum Membrane Stress e El. 44

f 18.788 ksi

F.S. a 20/18.788 . +1.06

c. Maximum Membrane + Bending e El. 44

fb a 19.252 ksl

F.S. a 30/19.252 a &1.5*

2. Closure (tLdI. El. 8

a. Maximum Membrane Stress

f a 19.664 kal
m
F.S. . 20/19.664 w +102

b. Maximum Membrane + Bending

fb a 26.169 ksi

F.S. w 30/26.169 - +1,15
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3. .:er Sh eI 1

a. Allovable Stress:

Sy * 24.64 ksi e 214.4 0F (Table 2.3-1)

b. Max!=mv Stress at El. 31, exceptin& juncture:

fb * 19.957 ksi

F.S. - 24.64/19.957 * *1L23

c. Maximum Stress at Base Juncture, El. 8

f a 28.265 ksim
F.S. w 24.64/28.265 m Q,.J

The slight (13:) overstress at Element a 13 highly

factors of safety for adjoining elements.
AM% Afr_
MEN I

qW

localized as shown by the

f_ FS.Element

Rumber

7

a
9

Z Location

(inches)

1.75

5.00

7.38

7. 610

28.265

19 .843

3. 24

0.87

1.24

This highly locali::d self-limiting thermal stress

slightly outvard ripple on the exterior cask shell

above the base, well beyond the heat affected zone

yielding will produce a

approximately 5 inches

of shell to base plate weld.

This Initial yielding cannot lead to progressive collapse or shakedown rupture

of the shell since subsequent load and unload cycles will always induce

stresses within the elastic regime.
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7hi; fact is assured by the "9aushinger Effect"' so long as the total stress

r~an,1: las: than twica yield stress. The ASME Doller And P-os:ure Vqs:ois

'ode. Section III, explicitly recognizes this fact by the allowable factor of

i S, on :cmbined primary and secondary stresses (S,, - 1/3 Sy). In this

tnstance, the zero to peak stress range is -1.147 SY. Based on the

"9auschtnqor Etfoct" tha factor of .afety is recomputed as:

F.S. * 2 S Y1.147SY. *o1.74

This condition does not impair the effectiveness of the packaging to satisfy

the requirements for Normal Conditions of Transport as set forth in 10 CFR 71.

Part 71.71.

The pressure (19 psig) associated with normal transport produces insignificant

loads upcn the 12 1-1/4"-7 UNC closure bolts (ASTM SA 354, Gr. B). The loads

are assessed as follows:

F.8. *(rt/(4) (12)) (332) (!9) . 1354 lbs.

the effertive section area of the bolts Is 0.968 in', therefore, the stress

is:

*t - 1354/.968 . 1400 psi

The allowable tensile stress for the bolting material, Table 2.3-1, Is 125

ii. Therefore, the factor safety is:

F.S. m 125/1.4 m 89

Therefore, the Model 1-13C II packaging can safely satisfy the requirements of

thermal and pressure loading of the Normal Conditions of Transport.

Timoshenko, S. P., Strenath of Materials, Part II, "Advanced Theory and

Problems" Third Edition, D. Van Nostrand Company, Inc., 1956, pp. 413.
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7'.e materials of construction for the packag'ng, including the szainless

steel, carbon steel, overpack and the sea1s themselves are not slgnif!cantly

affected by an &ambient temperature of -40°0F. Brittle fracture has been

discussed in Section 2.1.2.3.1 and is not a physically plausabie mechanism fzr

the materials of construction.

.here are two cold conditions corresponding to the -40 F smbient air event -

minim=u decay heat and maxim=u decay heat and maximum decay heat. In the

first instance, the differential thermal expansion coefficients between steel

and lead cause the lead and steel to separate (gap) at temperatures below the

70 F stress-free temperature. Both lead and steel then experience an

unconstrained shrinkage; hence, approach a stress free condition.

In the second instance with maximum decay heat, the predicted temperatures as

sum-arized in Table 3.4.3-1 are as follows:

1 LQOCATIOQ FODE NiR =-.9-9A7URE ("El

Fire Shield 9 37.4

Lift Lug 2 74.8

Side Outer Shell 10 79.6

Top Outer Shell 3 J1.4

Cavity 22 81.5

Except for the fire shield, all temperatures are very slightly abcve the

70 0F stress-free temperatures; the maximum temperature differential above

this stress-free temperature reference occurs at the cavity and Is 11.5 0F.

The temperature gradient between the cavity and the exposed side outer shell

is:

i T uT - T 1l.9 0F22 10
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This is essentially identical to the .maximum gradient reror:ed c:r .hct"

czncitions In Table 3.4.2-1.

A conservative estimate of thermal expansion stresses in t1e steel sh.el

induced by *ifferential coefficients of thermal expansion between steel and

lead is:

f S EsAT T(Pb - 1 s)

- (Z8.3xlO6)(ll.5) (16.4-9.11)xlO-6 . 2373 psi

The stresses induced by the gradient through the wall can be approxlmated by
assuming a thick cylinder of steel. The stress Is given in Roark, 5th
Edition. Case 16, Section 15.6, as:

F ( r E/l:(l- )ln(c/b)) -O 2g2kc2-b)-ln c/b) - -393 psi

where: b . inner radius * 13.25 in.

c * outer radius * 19.25 In.
g - b, for outer.surface stress

- c, for Inner surface stress

Assuming these two stresses are additive, the factor of safety Is:

F.S. - 30.000/2373 + 393 - 10.8
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2.-.3 Reduced_ Exter.a' .- ressure

13 C.FR 71.71 (c) (3) requires that the package shcud be

able to withstand a reduced external pressure of 3.5 csia.

Conversely, the package should be able to withsta.d a

:.7 - 3.5 ' 11.2 psi internal pressure. Assume the inner

shall is supported by tha lead in resisting tha internal

pressure.

(1) End Plates - From Roark
2

- 3/32(D/t) P(3 + v) (Free Ends)

D - Mean Diameter - 27 in.

P - 11.2 psig

Stool : t - 0.5 in. v v - 0.3

Load : t - 5 in.: v - 0.45
2

Lead : - 3/32(27/5) (11.2)(3 + 0.45) -

: yield - 105.63 pal for lead

For the lead and steel shells in contact, the yield of the

stool plato will not ba oxceeded as nntire pressure can bo

takon by the lead without yield.

2.6.4 'ncreased External Pressure

The requirement for external pressure is that the cask must

be able to withstand an external pressure of 25 psig

without the loss of contents. Assume the outer shell is

supported by the lead in resisting the external pressure.
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(a) End Plates^

_°t 3/32 (D/t)2 P(3+v) (Free Ends)

D Mean Diameter - 37.5 in.

P . 25 psig . 0.50 in.

Steel: t . 0.50 in; v - 0.30

Lead: t - 5.75 in; v - 0.45

Lead: O, U 3/32 (37.5/5.75)2 (25) (3+.45) * 344 psi

a yield * 1130 psi for Lead

For the lead and steel shells in contact, the yield of the steel plate will

not bh exceeded to entire pressure can be taken by the lead without yield.

(b) Cylindrical Shell - Buckling*

P -2t

E - Modulus of Elasticity P 28 x 106 psi

oy Yield Strength - 30,000 psi

D - 37.5 in.

t - 0.50 in.

pC 2 J(5 0) / 3 0,0
c I.- ) IS + .3 000

114 psi

Safety Factor: SF - 114 - 4.6

"Roark, R. J., Formulas Tor Stress and Strain, ?ourth
Edition. McGraw-Hill Book Co., New York, 1965
Chapter 12, page 298, Case 1.
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Section 1.; cbserves that the Mcdel l-13C II is an improved lineal Cescenden:

of a proven package with well over ten years of cperational use in a transoor:

environment. This experience conclusively demonstrates that vibrations

norm.ally incident to transport will have no effect upon the 4cdel 1-; C II

:ackage.

Z2. 5 .. 6 X c

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

2.5.7 Free DroD

The package weight of 27000 pounds indicates that the Model 1-13C II package

must survive a two foot free fall without substantially reducing its

effectiveness in reacting subsequent accident conditions. The package has

been designed and successfully tested to withstand 30 foot drops, see Section

2.7.1 and 2.11. Energies generated during the 30 foot drop are 9.72x106

in-lbs. Energies associated with the two foot drop are:

KE - (27000 ibs) (24 in) - 648,000 In-lbs.

For impact energies of this magnitude, the computer generated data shown in

Section 2.7.1 and described in Appendix, Section 2.10.1.1 provides maximum

impact accelerations. These loads are summarized below:

Condition 2 Foot Drop (1es)

End 62.2 (EYDROP)

Corner 14.2 (CYDROP)

Side 28.3 (SYDROP)
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These energy balance !cad Dredicticns were verified by ,erfor.-nng zac-age

dynamic analyses for a full range of impact orientations frcm near ver:1cal :;

near horizcntal. as described in Appendix Sec:tcn 2.10.2.2. Loac results fr:m

the dynamic analyses com.,pare with the energy balance results, as follcws:

Energy Dynamic

Qrientaticn ealanc Analysis

nd 62.Zg 25.7g (22.5)

Corner (29.70 14.2g 14.2g

wrt. Vert.)

Side 28.3'g /IA

The corner orientation values agree precisely. For an end impact orientation.

the difference appears to exceed a factor of two. The plotted dynamic

response results, Figures 2.6.7-1 and 2.6.7-2, show why. As the orientation

angle approaches 0, the dynamic response force predictions increase very

steeply while the predicted deformation of the energy absorbing overpack

decreases very raoidly. For assessment of stresses, the most conservatIve of

the alternative load predictions are employed.

2.6.7.1 End Impact

End impacts produce the largest forces on the Model 1-13C II Package. At

other orientations, the forces rapidly decrease. The end impact acceleration

of 62.2g induces stresses in the cask and lid as reported in Case 3. Appendix

Section 2.10.3. Case 3 stresses are developed for 30 foot drop accident

conditions with an acceleration of l00.184g's. Case 3 stresses must therefore

be multiplied by the ratio of (62.2/100.184)-.6209 to correspond with the 2

f'ct drop provisions for normal conditions of transport. Maximum stresses are

as follows:
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FIGURE 2.6.7-1

I MPRCT FORCES (LBS) -2 FT DROP

I-InC. 1X580 cyr".7cx INITIALM. OCITY a -13It13

0
C0

C0 A OC JPCMIIZ 1 .3'
A ITWUST onI 1C'f1

-W
C
9_-*

AM (

VCD
-Jl

0

LoUo,

CD
Li-

0
0
0.

0

0~

0

01

R N TH wI I( EES )

2-83



Revits1n 0

FICURE 2.6.7-'
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_STRESS IT.'I tSITY (2310
LOCATIOtl El. Rr. SURFACE CENTER I

C-X Bodv

o Inner Shell 14 7150. 4326.

o Outer Shell* 8 12304. 9574.

Lid 16 18082 10365.

17 22493 4791.

Aft
WI U.

*Stresses at element 7 are neglected

support of the cask at the lover end

due to the unrealistic

of this element.

concentrated

For the containment elements of the package, the minimum factors of safety in

membrane and combined stress states of stress are:

o Membrane (Cask Element 14)

F.S. - 20 * +4.62

4.326

o Combined Membrane + Bending (Cask Element 14)

F.S. - 30 U .A.2-

7.150
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.or the outer shell and lid, the mini==u factor of safety Is at lid elezent :7:

F.S. - 24.64 * J1.10

22.493

(Sy * 24.64 ksi e 214.40F per Table 2.3-1)

Wvhen these =aximum stresses are combined vith normal temperature and pressure

stresses, Case 7, the minimum factors of safety become:

o Cask Element 14 - Membrane:

F. S. a 20

(4.326+6.095)

a 41.92

o Cask Element 14 - Combined:

AmqW i F. S. - 30

(7.150+6.507)

" 42.20

o Lid Element 17 (Top Surface'~

F.S. - 24.64
20.118

Is is concluded that the Model 1-13C II Package, incl ding overpack, safely

vithstand the end drop requirements for normal transport conditions.

Addab,
91FM

%V
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'2.6.7.2 S'd a 5 t

?redicted side impact acceleration under normal conditions 1s 28.3g s, per
Section 2.6.7. This lateral acceleration Induces bendin8 stresses In the
package as it lands upon the overpack protected ends. The magnitude of the
bending moment at mid length is:

M - Wi/B; W m (27000)(28.3) lbs.

1 u 68 inches

* 6.495 x 106 in-lb.

The mcment of inertia of the steel segments of the cask are:

I ' n/4 (R -R41) ' :/4 ((13.74 -13.25 )4(14.25 -18.75 )1

* 14,642 In4

The bending stresses in the outer shell and inner shell are:

f (6.A5XAO6 )(l9.) 8 8428 psi

14642

fbi u(6.4 95Z106)(t.S) 5 5988 psi

14642

These bending stresses must be added to the normal pressure stresses

st-arized in Case 7, Appendix Section 2.10.2. Elements 23 and 29 correspond

to the mid-length vhere the above bending Stresses are calculated.
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Stresses are sutarited as follows:

ST.ESSES (psi)

_ ~~~~a a

LOCATION r z rz S.I.

Ou-er SbeH (vfl Qo

- Bending 0 8428 0 0

- Case 7 (Pres&Ther) -285 13530 -11 19140 19425

- Combined - .21958 -11 19140 2'243

Inner Shell E1.23)

- Bending 0 * 5988 0 0 _

- Case 7 (PresLTher) 53 11300 -11 4,04 11247

- Combined 53 17288 -11 4704 17235

AM
VW

under aide impact and pressure andThe minimum factors of safety

conditions are:

temperature

o The Inner Shell (Containment Vessel):

F.S. - 'I w +1,16

17.235

o The Outer Shell:

F.S. * 2A.64 a

22.243

It il concluded that the Model 1-13C II Package, Including overpack, can

safely withstand the aide drop requirements for normal transport conditions.
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2.5.7.3 Corner !mcact

Corner imoact accelerations are a rather modest 14.2g's. As outlined On

Appendix 2.10.1.2, moments are introduced into the cask body by these oblique

impacts. Figure 2.6.7-3 depicts the moments produced in the cask body as a

function of orientation angle. The maximum moment is found as:

M - 2.1504 x 106 in-lb a 51.30 wrt horizontal

This is approximately a factor of three less than the moments examined for

side impact, Section 2.6.7.2, and consequently will result in stresses less

than those examined in that section.

It is concluded that the Model l-13C II Package, including overpack. safely

withstand the corner and oblique force drop requirements for normal transport

conditions.

2.6.7.4 Summary of Results

External Shell Containment Vessel

Factor Factcr
Drop Stress of Stress of

Orientation Safety Safety

End 20118 +1.22 10421 +1.92

Corner _ _ _ _

Side 22243 +1.11 17235 +1.16

1 _ _ _ _____ ____

From the above it can be concluded that the package experience no inelastic

deformation and all stresses are well below yield. Therefore, the Model l-13C

II Packaging can safely satisfy the loading due to the drop condition

associated with formal Conditions of Transport.
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FIGOJRE 2.6.7-3
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2 . 6 .S &ro-er Trop

This requirement is not applicable since the Model l-13C II Packaging is

fabricated of steel and weighs more than 1:0 lbs.

' 6.9 Conorpnsion

11ot applicable since package weighs more than 10,000 lba.

2.6.10 Fcnctration

Impact energies resulting fron a 13 pound rod dropping from a height of AC

Inches will have no significant effect on the exterior of the cask. The

overpack fully protects both ends of the package leaving only the central cask

body which is manufactured from 1/2 inch thick steel and backed with over 5

Inches of lead. No valves, valve covers or fragile protrusions exist.

.2.6.11 Conclulion:

As the result of the above assessment, it Is concluded that under normal

conditions of transport the package complies with criteria in 10 CFR 71, as

follows:

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 lases 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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2.7 iEvDothetical Accident Ccnd!!tins

The Mcdel 1-13C II package has been designed and its contents are so li=ited

that the performance requirements specified In 10 CFR will be met if the

package is subjected to the hypothetical accident conditions specified In

71.73 of 10 CFR 71.

To demonstrate the structural Integrity of the package and 'ts ability to

withstand accident conditions, a comprehensive full scale drop test program

has been conducted. These tests employed an existing 1-13C II package

modified to bring the asembly into conformance with the configuration

detailed in Section 1.3.1.1. Analytic predictions are used to augment test

data where topics have not been directly measured in tests.

2.7.1 Free Drop

Section 71.73 of 10 Cn! 71 requires that the package survive a 30 foot drop

MM% onto a flat essentially unyielding surface. The test and analysis methods

NW used to demonstrate this capability closely parellel the techniques used for

past Type B packages. Analytic techniques are completely described in

Appendix Section 2.10.1. Teat methods, plans, data, results, conclusions and

interpretations are consolidated in a special drop test Appendix, Section 2.11.

As described in Section 1.2, the Model 1-13C 11 package features circular

energy absorbing overpacks surrounding each end of the cask body. These

overpacks are designed to minimize damages to the cask body during 30 foot

drops at any orientation upon unyielding surfaces. Test results, described in

Section 2.11, demonstrate that thesw overpacks function as designed; the cask

body experience no damage and Incurs no measurable strains in excess of

yield. This behavior under tested 30 foot drop conditions assures the

complete effectiveness of the cask closure features essential for preservation

of package containment integrity.
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Overpacks loads and performance analyses preceded and followed the drop

tests. Analysis prior to test vere conducted to refine the geometry and

properties of the overpacks and to select the most critical drop orientations

for these tests. Analyses subsequent to test were conducted using actual

physical properties of the test articles. These post-test analyses were used

to derive essential parameters not directly measured by test. An important

result of these teats was the validation of analytic overpack performance

prediction methods described In Section 2.10.2.

Prior to conduct of the two drop tests described in Section 2.11, a full scale

engineering prototype drop test was conducted in July, 1980, using a simulated

cask and prototype overpack. This engineering development test, like the test

described In Section 2.11, was completely successful and the simulated cask

suffered no damage. Notably, the simulated cask was fabricated of materials

with significantly less robust structural properties than the actual 1-13C 2I

cask. This engineering development test resulted in slight modifications of

crushable foam properties and overpack shell thilcknesses to improve overpack

performance. This development test data also resulted In slight modifications

of predictive methods for oblique impacts, Section 2.10.2.2, to improve the

accuracy of pitching moment calculations. That Is, the location of the

effective impact force was changed to alloy variation AS A function of crushed

overpack footprint geometry.

Using the methods of Section 2.10.1.1, three drop conditions for the package

have been -7aluated, i.e., end, corner, and side. For each, relevant test

results *. : Iscussed. Analytic values are then correlated vith these data

and combined with appropriate analytic temperature and pressure data. These

combined results are then compared with applicable criteria to demonstrate

compliance of the Model 1-13C II package vith requirements for hypothetical

accident conditions.
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2 .7 .1.1 Fee Drop !-.n3ct. T.d Drop

The first of two drop tests, discussed in Section 2.11 was an end impact upon

the package base. Of all the potential orientation angles, end drop produces

one of the largest package deceleration forces.

These deceleration forces induce large edge bending forces on the edge

supported and sealed lid. est results indicated no degradation of

containment integrity, and no measurable change to the closure geometry.

These deceleration forces together with edge prying forces potentially induce

severe loadings in the closure bolts. Test results, including instrumented

bolt force measurements, indicate surprisingly modest forces in closure bolts;

at or below yield.

A. These deceleration forces Also provide large forces which could induce slump

of the unbonded lead shield. Ca=a scan test results indicated no lead slump;

in fact, there was no measurable change to the lead shield configuration of

any fashion.

For a thirty foot end impact drop, measured dynhmic deformation of the

overpack amounted to 4.46 inches. Post-test analytic predictions were

adjusted to agree precisely with thia value, as outlined in Section 2.11.5.2.

These analytic predictions employed the computer program EYDROP, described In

Section 2.10.1, and the energy absorbing foam properties of Figure 2.3-1.

EYDROP output results are shown in Table 2.7.1-1. Peak deceleration of 95.56g

was calculated. A slightly higher deceleration of 100.18g was forecast by the

oblique dynamic analyses. For conservatism, the hieher value has been used

for stress calculation purposes.
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Detailed cask stress calculations were conducted using the cask and lid f'.':e

element models discussed in Section 2.6.1, see F'gures 2.6.1-1 and 2.6.1-2.

The stresses associated vith an end Impact deteleration of 100.18z's aust be

combined vith ax!n== normal temperature and pressure stresses, as out!!ned 'n

:RC Regulatory Guide 7.8. Combined stresses for this set of conditions are

found in Case 6, Appendix Section 2.10.3.

Maximum stresses are summarized on the folloving page.

_
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Stress Intensity (psi)

Center

Location (Membrane) Surface

Cask Body (.!. ^.A.1-15

Base - Inner Shell 9534 (12) 14497 (1t)

- Outer Shell 27257 (5) 60493 (5)

Side - Lower Quarter

- Inner Shell 10935 (15) 13110 (14)

- Outer Shell 44009 (9) 65270 (7)

Side - Mid Heizht

- Inner Shell 10372 (25) 10478 (25)

- Outer Shell 18703 (40) 19197 (40)

Side - Top Quarter

- Inner Shell 13522 (30) 16223 (30)

- Outer Shell 18703 (41) 19197 (41)

Lid (Flit, 2.6.1-2)

- Base Plate 14181 (2) 27806 (4)

- Side Cone 21238 (9) 34815 (9)

- Top Plate 11472 (16) 38091 (16)

4r,

*( ) Denotes element number.

Factors of safety are calculated using allowable stresses at a temperature of

214.4 0 F, based on material properties from Table 2.3-1, as follows:
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o Cc-t~Lnn VessI1 (jnnt- ssnein

(:RC Reg. Guide 7.6)

Sn 20 ksi

Su a 70.28 ksi

- Membrane

2.4 S
m

0.7 S
u

* (2.4) (20) - 48 ksi

* (.7) (70.28) - 49.20 ksi

- Membrane

3.6 S
m
S
u

+ Bending

a (3.6) (20)

a 70.23 ksi

. 7Z ksi

o Outer Shell

Su a 70.28 ksi

For the containment vessel the minimum factors of safety are:Am
We

r-

o Membrane

F.S.

(Lid Cone):

- 4A

21.238

a +22.6

0 Membrane -. Bending (lid Cc

F.S. * 70.28

34.815

tecror shell, th: minimUMFor the ex

* +2 02

factor of safety (at lower cask

* +1.08

side, Element 7) Is:

F.S. - 70Q28

65.27
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2., ;.: F-ee Dty? Tpact. Corner Dr :

The second of the two drop tests, discussed in Section 2.11 was a corner drop,

lid end down, with package oriented at 400 with respect to a horizontal

plane. This orientation angle was chosen for two reasons:

o To minimize overpack clearance margins, see Figure 2.7 1-2.

O To maximize secondary "slap-down" loads on the lid closure and

thereby maximize closure bolt loads.

Of note, the earlier engineering development test conducted in July, 1980, was

conducted at an orientation angle of about 600 with respect to horizontal

plane. This corresponded to the traditional c.g. o-er struck corner

orientation.

The test results indicated no change to the cask and no measurable residual

strains Cxcepting for a single closure bolt that could have experienced a

strain of as much as 0.44X; about twice the value of yield strain. See

Section 2.11.5.1.3 for details on closure bolt experimental strains.

Analytic prediction., of package performance, used to determine cask loads,

employed two computer programs described in Appendix Section 2.10.1 - CYDROP

and OBLIQUE. CYDROP uses an energy balance technique to determine loads and

deformations of the overpack. Since CYDROP assumes all drop energy Is

absorbed in deformation of the overpack, It provides valid results at the c.g.

over struck corner orientation (no rotational motions). CYDROP output for

this orientation is provided in Table 2.7.1-2.
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A: other orienta:ion an;l'es, the force-deflection values generz:ed by CYoCP

are used In OBLIQUE, a dynamic analyses =odel that properly treats rottci-nal

=ot'in effects. Figures 2.7.1-1 to 1.7.1-3 sr-.marize predicted overpack

responses for all orientation angles from near vertical to near horIzontal.

'i&are 2.7.1-1 clearly shovs that near ver:'cal orfentatlon produce maximum

forces on the cask. Figure 2.7.1-2 shovs that the tested 400 or'entation

corresponds to mini.un clearance betveen the impact plane and cask "hard

points." Figure 2.7.1-3 maps bending moments induced in the cask body.

At the tested orientation, predicted dynamic overpack deformation amounts to

13.9 inches. Post-test measurements of the deformed overpack, Figure

2.11.4-6, shovs about 9.1 inches residual deformation folloving recovery. The

foam utilized in these overpacks recovers about 30% folloving removal of

load. This gives a test based dynamic deformation estimated at (9.2/.7-) 13.1

inches; about 6% lover than the analytic predictions.

For cask stress evaluation purpose, moment and thrust forces are a maximum at

53.750 vith respect to a horizontal plane. At this orientation, cask loads

are:

Moment * 12.634 x 106 in-lb.

Thrust a 1.399 x 106 lbs (51.8g)
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FIGURE 2.7.1-1
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FIGJRE 2.7.1-2
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TGURE 2.7.1-3
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The ncsent load produces a maxlxu= benditg stresses at the lover 1/3 point of

the cask heiiht (68/3 = 22.7"); corresponding to cask model elenents 19 and

35, see Figure 2.6.:-1. At this location, the bending stresses are:

f- Mc/I - 11,649 Dsi, inner shell

16,394 psi, outer shell

6
Where: M a 12.634 x 10 *in-lb.

c - 13.50 in.- inner shell

19.00 in.- outer shell

- 4 4 54 4

I- Y4 (;'-R) * 'Y4 [19.254-18.7 +13.75 _13.254]

14642 in.4

Stresses for thrust load effects are obtained by multiplying results

for Case 3, Section 2.10.3, by the factor 51.8/100.184 - .5170.

Stresses for maximiu normal pressure and temperature are obtained

from Case 7. Stress predictions are shown below.Ca~-
Stresses (psi)

Locations o a t
(Element Number) Load r z rz e S.I.

Inner Shell Bending - +11649 - - -

(19)
(Contain- Press s
ment) Temp (7) 47. 10550 -16 4566 10503

Thrust (3) 0 -405 18 627 1033
Combined +47. 21794 + 2 5193 21747.

-1504 6697

Outer Shell Bending - +16394 - - -

(35)
Press &
Temp (7) -289 13750 0 19180 19469

Thrust (3) 13 -6178 45 -719 6192
Combined -276 23966 45 18461 24242

-8822 27283
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The resultant factors of safety using allowables defined in Section 2.7.1.1

are:

o Containment: F.S. - 48

2 1. 747

= 422

O Outer Shell: F.S. =

27.283

, _2.58

2.7.1.3 Free Droo Tmract. Side DroD

Side drop Impacts were not tested in the drop test program; however, the

rather shallow angle oblique Impact (400) induced significant impact upon

the second overpack. This test approximately simulated a side drop event. As

noted previously, the cask experienced no damage In these tests.
Agdak
MUSM #V-

W t

The most critical phenomena investigated in a side drop evaluation are the

bending stresses Induced In the cask body by the impacts upon the end mounted

overpacks. Behavior of the overpacks has been evaluated using the program,

SYDROP, described in Section 2.10.1. Results are shown in Table 2.7.1-3.

Peak acceleration of 137.4 Z was calculated. This produces a midsection

bending moment of:

M w Wi/8 m (27000)(137.4g)(68)/8 a 31.5 x 106 In-lb.
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Using :he cask cross section properties gives bending stresses of:

Location

Inner Shell

Outer Shell

Bending Stress (psi)

± 29,075

' 40,918

These bending stresses must be superimposed upon the maximu= normal pressure

and t~eperature stresses found in Case 7, Section 2.10.2. For midsection

elements 23 a.f 39, the resultant stresses are:

(,
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Stresses (psi)

Locations 0 x I
(Element Nf=ber) Load r r: E .I.

Tnner Shell Bending - t29075 - _
(23)

(containment) Press &
Temp 68. 11240 -12 A4440 11172

Combined 68. 40315 -12 4440 40247
-17835 22275

Outer Shell Bending - ±40918 - - -
(35)

Press &
Temp 2.L -1' 1.QJ& 19293

Combined -283 54478 -12 19010 54761
-27358 46368

Am*
cm

7he resultant

are:

factors of safety, using allovables defined in Section 2.7.1.1

o Containment:

o Outer Shell:

F.S. 0 48

40.247

a +1L19

F. .S 70.2A

54.761
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2 * 7 . !2-*-n, :.. *.. .

A 40 inch dr~p onto a 6 Inch diameter pin can occur only on the cylIndrrcal

body or side vall between the cverpacks.

The Nelms puncture relation is given as:

t n (W/S) )

'Where: t a shell thickness * 1/2 (outer shell) and

1/4 (fireshleld)

v a cask weight - lbs.

S * ultimate tensile strength of outer shell

- 70,280 psi e 214.40F

,he package weight causing puncture is:

W * St 1.4

Upon impact, the fireshield is deformed and brought into direct contact with

the outer shell. At this point In the Impact scenario, the fireshleld is

effectively "backed" by the outer shell and lead. The package weight to cause

puncture of this 1/4" fireshield is:

1.4Uf a (70.280)(.25) ' 10,091 lbs.

The corresponding weight to cause puncture of the 1/2" outer shell is:

W - (70,280)(.5)1.4 26,631 lbs.

Shappert, L.B., "Cask Designers Guide", ORITL-NSIC-68, Page 18.
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1.hus, the total weight at vhich puncture of both fi:e shield and outer shell

occurs Is:

+ Uf 3 '6,722 lbs.

The actual package weight is 27,000 lbs; therefore, the factor of safety for

puncture resistance on an energy basis Is:

F.S. * 36.72Q 136

27,000

When the cask

estimated as:

impacts the puncture pin the force imposed upon the cask is

AKIN

FI u k 5 AI

k U Dynamic flow pressure of stainless a 45,000 psi *
a ~~ ~~~~~~22

AI - '/4 (R c) -47/4 (6.0) * 28.27 in2

FI a (45,000) (28,27)

w 1.272 x 106 lbs.

This force Induces

estimated as:

a moment at the midsection of the cask. The moment Is

M a El - (1.272x1D 6(68) = 10.8x10 in-lb.

a 8

*Shappert, L.B., "Cask Designers Guide:, ORINL-NSIC-68, Page 64.
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WV -
*sing the secticn Propert:es fro= Sectlon 2.7.1.' to calculate bending

stresses and the pressure and temperat-ure stresses reported glves stress

intensities and factors of safety of:

0 Z_
'.7.3 -hea3

2.7.3.1 Sur-:ar-v o! Pressures and Tem'eritures

The maximum temperatures and pressures resulting from the hypothetical

accident conditions presented in Section 3.5.3 and 3.5.4 are sum-ari:ed below:

Maxinum Containment Vessel Pressure * 184.4 psig Temperatures:

o Cavity (Inner Shell)

o Outer Shell Sides

o Outer Shell Ends

a 371.430F

- 434.560F

* 363.350F
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Differential thermal expansion betveen

shield produces significant stresses.

the finite eleent models discussed in

2.6.:-2.

ins10n

the tvo shells of the cask and the lead

Stresses have been assessed by use of

Section 2.6 1, see Flgure 2.6.1-1 and

-.7.3.3 Stress Calculations

Stress calculations for pressure and thermal loads vere performed using the

conditions summari:ed in Section 2.7.3.1, as Cases 2 and 1 of Appendix Section

2.10.3, respectively. These tvo cases are combined as Case A of the

referenced section.

O (

2-113



Revisicn 0

Maxlnu= Stresses are summarized as fillows:

crs :n-55'-tns!t:r is!) I

Location I Center Surface i
I I ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~I i

Cask S!H.4 (--21ru'26.

W(

o Lover Quarter

- Inner Shell

- Outer Shell

o Mid Height

- Inner Shell

- Outer Shell

o Top Quarter

- Inner Shell

- Outer Shell

L!d (Figure 2.6.1-2)

- Base Plate

- Side Cone

- Top Plate

27740

53380

32049

34901

36322

36860

(la)

(9)

(26)

(35)

(30)

(46)

29042

62305

33611

36641

44216

37917

(25)

(35)

(30)

(46)

( :3)

(9)

18760 (5)

37963 (8)

31120 (16)

33325 (5)

58210 (10)

53494 (14)

*( ) Denotes elenent number.
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2. 4 Ccmpar'son 1With Allowable St.esses

A1:. -le stresses based upon the temperatures of Sec:tcn 2.7.3.1 and .able

:.3-1 are as follovs:

o Contaltnent Vessel (Inner Shell) (T=3,1.43°F)

S = 19.07 ksi

S a 64.86 ksi
u

- Membrane:

2.4S a 45.77 ksi
m

.7S , 45.40 ksi
u

- Membrane + Bending

3.6S a 68.65 ksi

S a 64.86 ksi

o Outer Shell (T-434.56'F)

S u 64.09 ksi

For the containment vessel, the minimum factors of safety are:

o Membrane F.S. a 4S,40 * 1.20

37.963

o Membrane + Bending: F.S. = 64.86 x 1.11

58.21

For the outer shell, the minimum factor of safety is:

F.S. - 64.09

62.805

2-115



Revrsi:n 0

Therefore, it is safe to conclude that the con..ta!ment vessel can safely react

any anticipated load'ng cond't'cn without experiencing detrfmen:al stresses.

2.7.4 T.mersion-rlssIle Material

The requirement of 10 CFR 71.73 (c)(4) is not applicable, since no arrange.ent

of the TMI-2 core debris samples contained in the shielded debris canisters

can result in a critical configuration under any normal or accident conditions

with the total mass limited to 29kg by the volume restriction. The actual

mass of approximately 15 kg will provide a safety factor of five.

2.7.5 Immerslon - Al1 Packages

10 CFR 71.73 (c) (5) requires an immersion in water with a pressure of 21 psig

for eight hours. Review of the stresses in Section 2.6.4 for a 25 psig

pressure indicates the stresses are low, and this test will have no

significant effect on the package.

2.7.6 Su-mary o' Damage

The structural Integrity of the Model 1-13C II Package has been substantiated

for normal transport conditions as well as hypothetical accident conditions.

Damage to the Model 1-13C II Package that results from the hypothetIcal

accident condition is:

1. Impact limiters crush during the 30 foot drop condition

producing a maximum bolt load on the containment vessel. Bolt

stresses are maintained at or below yield. Vessel stresses are

less than those prescribed by NRC Regulatory Guide 7.6.
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2. Small local deformations to the external shell may result during

the 40 inch puncture condition. .here will be no loss of

shielding and the containment vessel will not be deforned.

3. Presence of the overpack and heat shield limit temperatures In

the containment vessel walls to less than 372 F, and internal

pressures to 185 psig. GCeometry and temperature integrity :

the seals is maintained.

2.8 5peclal Form

Vot applicable since no special form is claimed.

2.9 Fuel Rods

V4W C Not applicable since fuel rod cladding is not ,considered to provide

containment of radioactive material.

2.10 Structural Evaluation Appendices

This section contains three blocks of informational appendices supporting the

structural evaluations of the 1-13C II Cask presented in Sections 2.1 through

2.9.

o Section 2.10.1 - Summarizes the methodology of computer

programs utilized to demonstrate structural compliance of the

package with applicable provisions.

O Section 2.10.2 - Contains finite element stress summaries for

the cask under normal and accident conditions.

O Section 2.10.3 - contains finite element stress su:nmarles for

the cask lifting lug support ring.
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2.10.1 A. 1tic Methods

This sec:'on briefly documents the methodology emplcyed for computer programs

*-sed to demonstrate compliance of the package with applicable provisior.s of 10

CFR 71 under normal and accident conditions. The first three subsections deal

vith the calculation of external and internal forces imposed upon the package-,

:hen subjected to drop events. These three subsections describe tecnliques

and computer programs developed by Nuclear Packaging, Inc., of Tacoma,

Washington.

The fourth section describes the E3SAP finite element code employe' for

detailcd evaluation of package stresses under normal and accident conditions.

The E3SAP program was developed by Boeing Computer Seruices Company based upon

the well knovn SAP IV program developed by Dr. E. L. Wilson.

2.10.1.1 Overvaek 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 drop is assu3ed totally absorbed by plastic deformation of the

overpacks. At other orientations, where rotational effects are

important, the methods outlined in Section 2.10.1.2 are employed.

These three orientations where rotational (or pitch) motions play no

role In the evaluation of the impact event are:
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o --.d Drc on the circular end surface of the overpack.

O Side D.ore - on the cylindrical side surface of the overpacks.

O Corner Droo - 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:

E = W(h 46) Fx (1)
C

Where: W = Package weight

h - Drop height

6. Maxinu= overpack deformation

Fx U Force imposed upon target and package by the

,e~AM overpack at a deflection equal to x.

T;he left-hand term represents the potential energy of the drop. The right

hand term represents the strain energy of the deformed overpack.

Fach of these three orientations Is treated by an Individual computer program

reflecting the differing geometry characteristics of each event. All three

employ co=mon energy balance techniques to assess maximum overpack

deformations. All three employ a conmon description of the crushable energy

absorbing foam.

This foam typically exhibits a stress-strain plateau of nearly constant stress

up to a total strain of 40-60X. Above this strain value, pronounced strain

hardening effects commence reflecting the collaspe 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

90-95%.
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Theis discussion of these three computer programs proceeds fron the
gecmetricaliy simple (end drop) to the most complex (corner drop).

1. End Drop (EYDROP)

The force produced by the overpack is simply:

F = As (2)

I. X-

Where: A * flD2 , the end area of the package.

4

D * effective diameter of package

ae a i(e), the foam crush stress at a strain

of e (3)
Pte) m the tabular definition of foam stress

strain properties

e . XJXu

X * deformation

Xu e end thickness of overpack.

EYDROP performs the calculations outlined in Equations (1) to (3) for a
trial range of deformation values, 6. 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).
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2. Side D~ov M5?DR0P

SYDRO? 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.

For each trial deformation value, the force is found as:

F& 2L faxa x
F5 * L exdX

Where: L - effective length of overpack

xmax - IrZ - (ro - 6)2] 1/2 (5)

aex. i(ex). tabular definition of foam

stress-strain properties.

ex The foam strain at location x.

The strain at a point x is found by reference to Figure

2.10.2-1 as:

ex - Crush Depth . S - ro (1-cosa)

Orizinal Thick. ro cosE - ricosv

Where: e - siz-1 (x/ro)

v - sin-1 (x/ri)

3. Corner Dro2 (CQDROP)

CYDROP is like SYDROP excepting that a twO dimensional geometric

integration is required to assess the overpack crush force at each

deformation. A detailed explanation follows.
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FIGURE 2.10.1-1

(SYDROP)

r. O overpack Radius

age Radius

x

Impact Surface

6
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CiYRC? treats the corner impact of a cylindrical package upon an Unyield'ng

surface. The package itself consists of a cylindrical payload porticn

surrounded by a larger cylindrical voluie ccmposed 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

ellipitcal surface of the crush plane (contact surface). CYDROP vas developed

specifically to address problems of large deformations of this crushable media

and to treat geometries where the cylindrical overpack envelope possesses

axfsymmetric cylindrical voids (e.g. does not completely cover the cylindrical

ends of the payload package).

The largedeformation behavior of the crushable media Is accomodated by

determining the actual stain 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.

r~s 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

plans corresponds to the crush plane, see Figure 2.10.1-2. 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 vith the projection of this void into the

contact plane.
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Calculation of strain is somewhat more complex. In principal, the distance

from point (xy) in the crush lane to the payload is found and denoted,

Ztop. Sinmlarly the distance to the undeforaed external overpack enve:^pe

is found and denoted, Zbot The strain represents deformation div'ded by

original thickness, or:

zbot

Zbot + Ztop

At any point (x, y), the calculation of Ztop may follov three branches,

according to location. The three possible branches relate to the payload

surface intercepted. They are:

The Circular Bottom of the Payload

The bottom of the payload cylinder describes an ellipse in the crush plane.

If (xy) 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

(U...>s discussion of the "Unbacked Region," see below.

The Cvylndrical 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 (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.

Unbackd Rqegons

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

extrimities is defined by those points (x, y) where the x coordinate exceeds

the radius of the payload volume. Points which are "unbacked' employ a

nominal crush stress for force integration purposes.
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The calculacton of Zbot* 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, 2) to the

coordinates of the contact plane (x, y, z). The surfaces in package

corrdinates are:

Overpack Cylinder
2 2 2
X + y R

c

Overvack Bottom Circle
Z 2 2X +Y -R

c

z M - Ic/2

AmC
Pavload Cylinder

2 2 2X + Y - R
p

?5yload Bottom Circle
2 2 2X -Y 1 R

p

Z x --1/2

x2

z

-

at Paylond
2 2Y -Rl/

- - 1 /2

p

*Jold Circle at Overyack Exterior

x2 + y2 R2X + Y -

z a - 1c/2
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FIGUIRE 2.10.1-2
CORMtR CYLINDER AIMPAC-l CECr1rT:;Y

OVERPACK ENVELOPE

PAYLOA D

VDID ?

CRUSH DEPTHz
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2.20.1.2 Cblicue TI:nact OvneniAc -alvsis

Impact at arbitrary' orientation angles differ in two major respects frcm those

that occur at angles corresponding to stable or neutral equilibrium (end.

side, and c.g. over struck corner). In the neutral equilibrium conditions the

entire initial kinetic energy of drop is transformed into strain energy

associated with plastic deformation of the overpack. At arbitrary orientat'cn

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 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 (10-300 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 (10-300

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 footprints 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 produc2 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

model is illustrated on the following page.
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.he three key problem variables (-:ursh force, F, _-ush depth, ; and

orientation angle, 0) all vary wth time for a given orientation angle, 0O.

The crush force is asstmed to act at the centroid of th elliptical crush

footprint. For the model shovn in the sketch, three 'ndependent second order

differential equations of motion can be formed:

n * c tB + L/2 )sin FYx

[x - (si d -. (a-c) + tB + L/2) cosej FY

*here:M x the package mass a pl

F * the crush force

g a the gravitational constant, - 386.4 in/sec2

I * the rotational mass moment of inertia - (pl3/12)

R = the radius of the body

L = the length of the body

tB = overpack bottom thickness

0 = the instantaneous orientation angle of the package vith

respect to the horizon

p * the mass per unit length

a, c, tBo i are footprint geometry quantities defined In Section 2.10.2.3.

2-129



Revision 0

These differential equations are integrated subjected to initial conditions,

associated with the moment of impact, t 0 O. of:

X 0, Y- 0, 8 BO
01 O~~~

* impact angle, varies

h - drop height

Each of the above differentIal equations requires A continuously updated value

of force, F, reflecting both trush depth and package orientation, or:

F *, 1y( 8)

This continuously updated value of force, F, is supplied to the integration

process by means of a two dimensional Langrangian interpolation of crush

depth, y, and orientation angle, C. The tabular data used in this

Interpolation consists of * series of complete force-deflection relations for

separate orientation angles developed via the CYDROP (and SYDROP) computer

programs, described In Section 2.10.2.1. The deflection, 6y, is expressed
In terms of problem variables as:

a(Bin6-zin6O) + R (cosz - Cos) - Y
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.he foregoing analysis process for evaluating ilpacts at oblique or'enta:'ins
vas consolidated in a NuPac developed computer program, OBLIQUE. OBL'QUE
!rtegrates the equations of motion for each value of orientation angle versus
time until maximm= 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 =aximurm
ailues and output. By sveeping through a series of Initial orientation

angles, the maximum values of all internal loads are found.

2.10.1.3 Overyack Force Analyses

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 shown the next page. Ther C location of the centroid, x, is calculated relative to the ellipse origin.
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Area A

Ah 01---
%w - -

From the above sketch, the geometric properties of the elliptical crush

footprint are:

a . r/sin B

c . 6/(sin 0 cos 0)

The area, A, and the centroidal offset, x, of the crush footprint are derived

as:
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When c ' a:

A . 2,a

Ia-c)

yc~x : y - bj- 7a

A - 2 5j :'/ -x'e x

A - b La2[I (a-c) (2ac-c ) - a 2 s'n1 (a-c)

Ax . 2b , a
(a-c)

x j72 dx

2b 2e /2R -3&(2 ac-c2) /A

HEB r 'WTen a < c < 2a:

A irab-A

0 _0

- A xX C A

A and x are as defined for A and x, except that c replaces c.

c - 2a-c

When c > 2a:

A - i:ab

xU O
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verna~ci AtzachrTent Tcrres

For mos, orientations and crush depths, the overpack crush force is

transmitted to the cask body In direct compression; hence, the forces

transmitted to the circumferential overpack attachments are near. cro. This

is not true for near vertical and near horizontal orientations of the package,

at very modest crush deformations and crush forces. In these very limited

situations, the center of pressure of the crush force can lie beyond the outer

extremeties of the cask body and exert a resultant moment force upon the

overpack attachments. Significantly, these moments exist only for very modest

crush deformations and crush forces, regardless of orientation angle. .his is

because larger crush deformations move the center of pressure tovard the cask

body. At maximum crush depth and maximum crush force, for all angles of

orientation, there are Ug overpack attachment moments because the overpack

interface forces are all direct compression. The near vertical and near

horizontal orientations where attachment moments exist are sketched below:

A Q 0Z �'
W

CPUSI .

DEP~m Fj Near HorizontalNear Vertical
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Attachment Moment = .a F e or F.e
a 0

Where: ea Moment Arm about adjacent corner

e 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 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 found 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 of the sketch shown

on the following page.
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The lccation cf the center of pressure measured from a normal to the crush

plane passed through the intercept of package center line and tcdy baseplate

(point c) is:

e = x - [t (a-c)coS Et cCS 3

The moment arms, e0 and ea. representing the distance from the center of

pressure to the corners of the cask body, are thus given as:

eo - - (e+c) ; Moment Arm about opposite corner

ea - (e-q) ; Moment Arm about adjacent corner

Sign convention for these arms is such that the moment (F.eo) produces a

clockwise (separation) moment about the opposite corner and moment (F.ea)

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 tctally

resisted by compressive interface forces and there are no attachment bolt

loads.

In summary, the attachment moment interface 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.
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.he cask Is idealized as a bean imzpacting on the :over end. The equations of

motion are formed and used to define state-vise accelerations. These

accelerations, In conjunction with the unit mass of the package,*form fcr~es

*which vary along with the length of the package. '"'hen Integrated, these

forces provide a complete definition c' internal thrusts, shears and mcme.:s

for the package as a function of total impact force and orientation angle.

,he derivation is as follows:

U
r

/
0 0-�

n

x

4� / F
4 e /
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Fcr a planar rigid body system, the behavior 's totally defined by a solut.:n
of the three equations of equilibr!u= vritten at the c.g. if the rigid bcdy.
:n the above sketch, local coordinates are defined at the c.,. vith axes
parallel and normal to the beam. The end inpact force is resolved Into
components parallel to these local axes. Summation of forces at-the c.g.
:eads to three rigid body equations of motion:

Sum of Nor-al Forces - MY * F sin a,

Si.- of Longitudinal Forces - C F Co9 a,

Sum of Moments - Ie - -F112 sin

'nbcr c:a Ir

M a pl, the mass of the body

I * M1l2/12 - pl3/12; the mass moment of Inertia of

the body

p - the mass per unit length of the body

a = the vertical orientation angle

Substituting for the mass and inertia terms:

Y - F/pl sin a

X W F/pl cos a

2
6 * -6F/pl sin a
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The normal and !ongit-ud'nal acceleration at a point r are:

Sn Y +(r-;/2)

F sr n 5 t L- 6(r- /2)

2 L

, _ -2t), (varies with r)
- 2

S. X F L , (a constant)

The lateral inertial force acting on the body at the rth location is:

dV
a-F D. n

la 010-1.

The corresponding expression for shear is found by integrating this lateral

force from the free end to the rth location:

. x 2Fsint

V = FSinc
r t2

| (-3r-'2)dr - 2aFi-4 [-3(r2Z2)42U (r- ;i

3r2#3~2 -2; r-2t2

-( r 2-4_-r*2 2)
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Similarly, the corresponding mcment is found by integration of the shear

expression:

U z- -
I.

(3: 2 -4 r'. 2)dr

M F G :3_;3)-2i (r 2_ 2)+2 ( 2;)0

Fs in - L 3-3 2 2 2 3 .2 3
= .~-I - Z- 2 .r '2 I -L

z2 L-

Mr

sA(
In order to verify these expressions for shear and moment, they are evaluated

at the boundaries, r = 0, 1.

r a L:

V F sinea (32_r2 _4;r'; 2 )
r .2L

F sin 32_ 42* 2 0;
mS - (; *S ) -

2.
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= F sinI

-0:~I

=F sin 3
r L2

w F Si -;r

£2

M - F sin n

t - I - 0

J.2

(-.2 ) - F sin a;

[r 2 Zr 2,£ro w 0:

Matximum moment occurs ahen the shear term, Vr 'equals zero. For this to

occur

Alm ec:--
w -

2_ 23r -41r+1 - 0, and the location of the moment mini/max

is found as:

4C \1162 4(3) (.2) 4Z;2Z; £
W I 6 6 3

Substituting r - 1/3 into the moment expression:

H.r = 2 1r 21 jLr

F sin [3 2t3 3 I
' -a £2 7-_ +

- F-sin 1-6+9
27

-1 ' Fisina, at r - 1/3.M a X 27
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-le location of minimum shear can be found where the lateral fcrce ex;ressicn

equals zero:

dr
CAr

-2F sin -~ (-3r-2t)

L2

r . ;

The magnitude of axial forces can be found as a function of location as:

dT a _Sr(a constant)

T - -CS rf dr - -DSr r -£)

- F cosa (1-r/.)

For convenience, the package internal forces are summarized as:

These forces are graphically illustrated on the next page.
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Product Newsletter

E3 SAP MAINSTREAM:EKS

GENERAL INFORMATION

E'SAP (the Easy. Efficient. and Enhanced Struc-
tural Analysis Prograrm) was originally developed
as SAP IV at the University of California. E3SAP.
pronounced E-three-SAP. is the BCS version of
the pro ram incorporating extensive modirica.tons
and enhance.ments which provide

* Greater convenience

* Improved utility

* Lower cost solutions

ANALYSIS CAPABILITIES

rhC purpose of E3SAP iS to Perrn linear. Static.
and dynamic analysis orf ngineering structures
and piping systems E3SAP offers comprehensive
stru:tural capabilities while providing a problem
solmng method that is easy to learn and easy to
use. The analysis capabilities *nd assumptions
inherent in E3SA.P may be broadly categorized as.

* linear static nalysis

* Natural frequency xnd mode shape determina-
tion

* Response spectrum analysis for earthquake
shock studies

• Time history response to arbitrary force or
acceleration functions

• Solution approaches bised on proven state-of-
the-art finite element methods

• Orthotropic and temperature dependent material
properties for a number of situations

* Theoretical devations assumfiE linear and
reversible materials

.TYPICAL APPLICATIONS

E3SAP. one of the most widely appli.able struc-
lures programs available today. is used to evfluat:
a va.riety of structures. including

* Framed Structures

• Buildings

* Bridges

* Off-shore oil rigs

* Piping systems

* RailcMrs

' Trnnsmission towcrs

• Plate and Shell Structures

• Nuclear containment structures
* Pressure vessels

* Storage tanks

* Ships and baries

• Solid Bodies

Danms

C Tunnels

* Axisymmetric Structures

* Rotating machinery

* Pressure vessels

* Storage tanks

&* It: I .-
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BCS ENHANCEMENTS

'CS erhan.n:e..nts provide imporiant benefits.
Fo- Cxample:

* Greater Convenience

3 Problerns may be solved interactively for
quick real-tirne answers or in bitch for
minimum cost

* Simplified control card procedures are pro-
vided for both normal and restanr runs

* Concentrated loads may be specified in
arbitrary order

• Nodal data may be specified using the mesh
generation feature

* Comprehensive DebuF Aids

* Exhaustive error checking is performed to
lessen manual debuirn;

* Automatically generated model details are
"t12.ged" for easier identification

• Stiffness matnx printout is provided to
assist in dcbug;n;

• Auxiliarn elemen: chiracleristics (length.
area. volume. weight) are provided to aid in
interpretation and debugzing

U Improved Reliability

a Known SAP 1V errors have been removed

• Enhanced Output

* Output formats have been reorlanized for
clarity

• Simplified result file has been incorporated
for cue of post-processing

* Interactive and hardcopy plots of the model
and output results are available for checking
'nd interpretation. Users sre free to select
om a variety of devices, such as Tektronix

interactive zr-;hics termin3is and CaJC=...,
Ge:ber. or Com..pO plotters.

a Lower Cost and Grater Efficiency

• Autornatic banduidth resequer:n: fea~u:es
assure an efficient set of equattzns-solkcd at
a low cost

• Dunng execution. core memory is dyn.rm.
ically allocated to mtinimize use: cost and
simplify the job control statements

• Improved solution algorithms and rile man-
agement for lower run cost

FEATURES

Input/Output

E3SAP.data follows a fixed format and consists
of a description of the model. its properties. and
the loading conditions relative to the selected
analysis. Model geometry may be expressed in
either cariesian. cylindrical or spherical coordi-
nates. Input to E3SAP is generall) a deck of
punched cards or a disk file containing card images.
CMEDIT. the powerful editor offered on the inter-
active (KIT) system of EKS. provides the mcans
for conversationally creating and modifying data
files for use with E3SAP.

Output is tabulr, and the input data. as well
as the tsued' gtncrated and computed quantities.
ane listed. Results, such as displacemcnts. stress.
reaction. frequencies and mode shapes, and dy.
namic time histories ire conveniently displayed
for easy interpretation. The output may optionally
be scanned and spot-checked at a low speed
terminal prior to routing to an RJE terminal
or to the BCS Data Center for printing. Addi-
tonally gtnphic displays of displacements and
mode shapes are available if desired.

Multiple Job Procssing

Multiple jobs can be processed within a single
computer run by appropriate stacking of the
input data. This time saving feature is particularly
useful for the parame tric evaluation of a structure.
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Execution Options

'SA? may be ex::ut:in :crac:ively or in batch
.ode Interactive exec-:ion of E3SAP dirc:ts

solution results to thc user' output fil: in real-time.
Whcn time is not a factor. hok ever. economic3l
solutions may be azhieved by executing E3SAP
in the batch mode.

Inrut requirements for both modes are identical.
and only minor differences occur within the job
control statements As a result. users may alternate
between :he two modes with case

Extensive Element Library

E3SAP maintains a comprehensive. state-of-the-an
inventory of finite elements needed to perform.
most linear structural analysis. including.

* Three-dimensional truss

* Three-dimensional beam

* Two-dimensional membrane

tr To-dimensional axisl mmetnc solid

.hree-dimensional *olid

a Thin-plaic or thjn-shell

7 Trree-dimensional vanabke-number-of-nodes solid

* Boundary (or foundation) springs

* Thrmc-dimensional pile

* Threc-dimcnsionil pipe (tiantent and bend)

SPECIAL FEATURES

User-Defined Motion Features

E3SAP permits the linking of "savc" and "master-
degrccs of freedom. This allows the realistic and
Accurate trcetment of rigid body portions of a
structure such ais rid or very stiff beams. dia-
phragms, and stabs.

In addition. skewed boundary degrees of freedom
may easily be specified using the boundary spring

'es.

Diagnostic Aids

The E3SAP prog-rn may be run in 3 'a:i zhrck
mode In this mode. the corr te ta :n-'_:
stream is checked and error mcss4 :s 3re pr:nt:e
to indicate probable causes of 2n) Cc:::td e:rcrs

As an additional di3gnostic aid. E;SAP log'. ;mror-
tant solution job-step summar) inform3ation in the
user s EKS system da) 1.- A quick examination of
this dayfile via an interactrae terminal not only
indic3tes whether or not the run is successful.
but also what and where the probable cause of
the error might be

Comprehensivt Result File

Frequently, there is a need to perform pcs:-
processing analyses using E35AP output To
facilitate this need. E3SAP features an cas% to
read result rile containing complete gcometr)
information. as well as computed quantities such
as displacements. stresses. and mode shapes

PROGRAM CAPACITIES

Because its memory requirements are co)Mplersl
dynamic. there are no fixed capacity limits for
E3SAP. Utilizing thc maximum computer rapacity
of MAINSTREAM-EKS. static analysis problem'
As large as 6000 nodes with a virtually unlimited
number of elements or load cases c;n be solved
with E3SAP. For dynamic analyses. the maximum
problem size is governed by the product of the
Iota) number or nodes and the number of fre-
quencies.

MAINSTREAM-EKS OPERATING
ENVIRONMENT

E3 SAP and MAINSTREAM-EKS offer the flexi-
bility for selecting the operational mode which
best satisfies your solution needs. Both processing
modes. interactive and batch, offer specific bene-
fits. Interactive solutions provide real-time answets.
whereas batch solutions provide results at a mini-
mum of cost.
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PROGRAM SUPPORT

BCS provides in-d:pih teehni:,1 support for users
of E'SAP. This support is provided by personnel
with stru:turail engineen de--es %kho are f2miljr

with both the program code and Teal-lifc engi-
neering ;roblems.

DOCUM E NTATION

The following docurneniation is z'a:rle rcup.
your local BCS Representat:vr

E3 SAP Lser's .V.nu:J I

Conuct your BCS Representative for further
infc-nation regarding E3SAP.

0 4�_

&1JAvWS7hAEA IS A REGISIXIkE St"vCZUAR Of TIE 3Oli4r, rCO'W4111

C00#fliGol f 7#4C 90[140 COUPAN4Y I97S
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2. 10.1 . 5 CAS1X INTE;.~L
STFRESS ANALYSES (STARDY'.iE tri.

Product Newsletter

STARDYNE' MAINSTREAM-EKS

GENERAL INFORMATION
The STARDYN1E Analysis System consists of a
series of compatible programs for the static and
dynamic analysis of structures.

The static capability includes the computation of
structural deformations and member loads and
stresses caused by an arbitrary set or thermal,
nodal applied loads and prescribed displacements.

Using the direct integration or the normal mode
techniques, dynamic response analyses can be
performed for a wide range of loading conditions,
including transient, sieady-slatc harmonic, nrndom
and shock spectra Cxcitation types. Dynamic
-esponse results can be presented as structural

-formations (displacements, velocities or accelera-.
tions) and/or internal member loads and stresses.

To aid the user in the interpretation of results,
plots of stress contours, deformed and undeformed
model Scometry are available. Complete time
histories of stresses. internal member loads, dis-
placements, velocities and accelerations may also
be plotted.

Automated node and element generation capa-
bilities reduce the time and effort required for data
input.

ANALYSIS CAPABILITIES
The STARDYNE system provides the following
capabilities:

Static Anmlysis
The static analysis is based on the "Stiffness"
("Displacement") method and conforms to smalJ
Displacement theory.

Su6ructure Analysis
An unlimited number of substructures may be
individually modeled and subsequently tied to-
gether. Hence, there is no limit to the size of a
complete structure for static analysis.

Lift-off
The static response of structures containing lift-off
and bottom-out points, a1s well as lension only and
compression only members, may be solveJ in a
non-iterative exact solution, with the static analysis.

Extraction of Eigenvalun and Eigenvtctors for the
Structural System
Procedures include LANCZOS, Householdec-QR,
Inverse Iteration and H-QR Guyan.

Complete Seismic Analysis
Earthquake response may be analyzed as a transient
response in the time domain or as a random res-
ponse using Power Spectral Density inputs or
utilizing the shock response capability. Many
standard earthquakes are built into the program.

Piping System Analysis
A curved pipe and a straight pipe are available as

finite elements and can be subjected to any of the
static or dynamic analyses. The stiffness matrix
can be formulated using the ASME flexibility
factors at the user's option. Piping elements may be
combined with any other elements in the STAR-
DYNE library.

Dynamic Response Analysis (DYNRE) Programs
Progrm modules for the various dynamic an2lyse;
include:

l CaOuia I

2-14 9



* 1 0- IV- -- - - I

DYNREI-Trinsient Response Analysis.-Modal
Method. Time Domain Solution
The stresses. intCrnal loads, and coordinate respon.

; are calculated for any time-dependent forces
.pplied to the structure. Base motion response
can be computed in either relative or absolute
coordinales. Sinusoidal forcing functions may be
automatically generated.

D)N'RE2-Ste.2dy Stme Harmonic Response
Analysis. Frequency Domain Solution
The coordinate displacement, velocity and 2cceler-

mtion and stress responses are computed for a steady
state sinusoidal forcing functions or sinusoidal base
motion. Point-to-point transfer functions are cal-
rulated for unit sinusoidal excitations.

DYN'RE3-Stjtionary Random Vibration AnAlysis
Calculates RIMS nodal responses, element forces.
stresses and Nodal Response Power Spectral
Density (PSD) due to a user supplied PSD input
forcing function.

_ DY'NRE4-Shock Arulysis
*sses. internal loads and coordinate responses

calculated for either user-supplied shock
spectra or standard crnthquake spectra internally
supplied by the program. The program will do an
absolute upper bound or a root sum square or let
the user select from a variety of other, modal
combination methods currently in use by the
engineering community.

DYNRES-Shock Spectra Calculation
Using a DYNRE acceleration time history or one
supplied by the user, the progrrm will calculate
shock spectra which can be used Ls input to
DYNRE4.

DYNRE6-Transient Response Analysis. Direct
Integration, Time Domain Solution
In addition to the linear elastic structural com-
ponents, the model may contain non-linear, one-
dinensional elements to simulate such phenomena
as gapping. bottoming out and soil.

TYPICAL APPLICATIONS

. Gearbox analysis and design
• Building frames subjected to scismic loads
• Industrial piping systems
* Nuclear prcssure vessels

* Solar collectors
* Offshore drilling platforms

* Electronic component housings
* Heavy equipment design and manufacture

FEATURES

Input Data Gcneration
Input data generation features are available for node
points and finite elements on curved or flat planes.

Graphic Output
Plots of the original model as well as the deformed
structural shape and snress contours are available
on many different plotting devices. Complete
time histories of stress, internal member loads,
displacements, velocities and accelerations may
also be plotted.

Load Cau Combinttion

A post processor for complex load case combin3-
tions provides srches output by load case or by
element and stresses for "worst direction" of
wind or wave loadings.

Extensive Finite Elernent Library
STARDYNE provides a comprehensive, slate-of-
the-ut inventory of finite elements needed to
perform most structural analyses including:

* Beam and Pipe elements with shear stiffness in
3-D space

* Two Triangular Plate Elements (thick plate and
thin plate)

Plate Bending
Sandwich (thick plate only)
In-plane (constant strain)
Sheir Only (thick plate only)

• Quadrilateral Plate Element (isopirametric in-
plane)

2 102M.1
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Infinitely Rigid M*rembe.s

ings. non-standard elements or substructures
by be entered in numerical form by direct

alherTtions to the stiffness matrix.

. Hexahedron (Brick) Solid Element (isoparame-
tric)

. Wedge Solid Element (isoparametric)

* Tetrahedron Solid Elem:-it (constant strain)

* Nonlinear Springs

Calculation of Hydrodynamic Forces
STARDYNE may be used to compute hydro-
dynamic forces on the tubular and circular beam
members contained in the submerged portion of
the model. The fluid forces can result from both
wave motion and a steady current. The wave
motion is defined by ^ Stoke's Sth order theory.

Nonlinear Foundation Analysis
The program may be used to determine loads and

* deformations in a linear elastic structure supported
,C;- a nonlinear foundation and subjected to a
r a static loading.

Expirsive Program Checks
Numerous error. consistency and validity checks
are performed throughout the program.

Automatic Bandwidth Reduction
Nodes are reordered internally so as to produce a
minimum bandwidth. This does not effect either
input or output of data and can produce a sub-
stntial savings in run time and cost.

Geometry Phase Checks
The user may complete an entire analysis in a single
run; however on larger problems. it is advisable to
terminate the run after the geometry phase in order
lo check the run time estimates and to inspect node
and element data. Additional validation performed
during this phase includes checks for problem size,
duplicate or badly shaptd elements and data
inconsistency.

PROBLEM SIZE
There is no practical limit to the number of ele-
ments which may be used in a single model or
substructure nor in the number of nodes used in
most dynamic analyses. Limitations on program
capacity are imposed only by availabler memory
storage.

MAINSTREAM-EKS OPERATING
ENVIRON MENT
STARDYNE on MAINSTREA.M-EKS offers the
flexibility for selecting the operational mode which
bests satisfies a user's solution needs. Both proces-
sing modes interactive and batch. offer specific
benefits. Intenctive solutions provide rea.1tine
answers, whereas batch solutions provide results at
a minimum of cost.

SUPPORT

User Documentation
Manual for the use
MAINSTREAM-EKS is:

of STARDYNE on

MANA'STREA,01 -EXS STARDYAN Uscr Inforio-
tion Manual 10'08-136

Contact your BCS local representative for this
document and for other information on
MAINSTREANI-EKS.

Technical Support
BCS provides in-depth technical support for users
of STARDYNE both at National Support Head-
quarters and in a large number of BCS sales offices
throughout the nation. The support staff consists
of engineers who have a thorough understanding
of STARDYNE 'and its application to a variety
of practical engineering problems. Staff members
can help you select an appropriate solution process
from several options and assist in debugging and in
the interpretation of results.

'*VRIObNTC Th. l30lng C-*rnV-y ¶330

to pvseoL"WY pr,,0- 0.'4oPE by 3vnvv" DeVo.pW&'--* C"&nnfoft.

.4!AM, 1S A RIGSIMPED 119MVgcKUAfK 0S THI 30O10N0 COMPANY
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Wlr 2.'0.2 Finite lement Stress-Str-nar

This section provides results of cask and lid stress snalyses using models

depicted In Figures 2.6.1-1 and -2. Results vere developed using the E3SAP

program described in Section 2.10.1.4. A common organization of. results Is

used for both cask and lid analyses. Esch analysis consists of tvo runs for a

total of seven loading cases. The two runs vere used to reflect both accident

and normal temperature distributions, respectively. The seven cases are

described as follows:

o Case 1 - Accident (Firel Thermal Stresses

Decay Heat a 800 watts

Stress-free temperature - 700F

Other controllin8 temperatures:

Component Temperature

______________ (Table 3.5.3-1)

Cavity 371.43°F

Outer Shell 343.56 F

Bottom Outer Shell 363.350 F

o Case 2 - Accident (Fire) Pressure Stres-s

Internal Presaure w 184.40 psi&

(Section 3.5.4)

o CAse 3 - Accident (30 foot drov) Impact Stresses

(Section 2.7.1)

n. * 2,7045 = 100.184ges

27,000
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o Case 4 - Accident (re) CobIned temperature 6

Pressure Stresses

Case I + Case 2

o Case 5 - Normal Thermal Stresses

Stress Free Temperature - 70°F

Decay Heat * 800 watts

Ambient Air Temperature = 1300F

Body Temperature m 214.4 F

(Table 3.4.2-1)

o Case 6 - Aecident (Imoect) CombIned Stresses

Body Temperature * 2140F

Internal Pressure- 19 psig

Axial Load - 100.184g

Case 6 = Case 5 + (19/184.4)- Case 2 + Case 3

o Case 7 - Normal Combined Temperatures and Pressures

Body Temperature = 214.4 0F

Internal Pressure - 19 psig
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2.10.2.1 Cask Stresseu

Cask stresses are provided in Microfiche form in Section 2.12. These dat3
include complete results of finite element stress analyses of cask and lid 'or
a3. cases described In Section 2.10.1. The inforration is contained on the
itcrofiche entitled "2.10.3 Finite Element Stress Analysis 1-13C II Cask, ar.d
on the Microfiche entitled "Appendix 2.10.4 Lift Lug Analysis, August 1981.

(ar
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30 BASE NODE LOAD
QUAD-rLATE CORNER FORCES FOR CASE

NODE FORCES
I

NNQUAD-FLATE HO
GLOBAL JIl 8

J2 *0
J23 Z
J4 1

ENQIUAD-PLATE HD
GLOBAL J1 I

J2 is
J3 3
J4 2

NNQUAD-PLATE HO
GLOBAL Jl Ie

J2 11
J3 4
J4* 3

XWuUAD-PLATE HO
GLOBAL J1 11

J12 1Z
J3 5
J4 4

NWQUAD-PLATE HO
GLOBAL Jl 12

.12 13
J3 6

INQUAD J4 5
"''ItQUAD-PLATE NO
4GLOBAL J1 13

Jz 14
J3 7
.14 &

NNQUAD-PLATE HO
GLOBAL J1 64

J2 11
J.3
Ji le

NUQUAD-PLATE HO
GLOBAL J1 16

JZ 17
J3 it
J.4

%VQUAD-PLATE MD
GLOBAL *I 17

_z 18
J3 11
J4 10

WEQUAD-PLATE 110
GLOBAL Jl 18

JZ it
J3 12
J4 11

_WqUAD-PLATE HO
GLOBAL J1 19

JZ 20
J3 13

FX1
I NE

.150443E#13

.419456E03

.269014E403

.238128E-08
2 Nx
.4 56252E423
.101720E404
.781094E#03
.220146E03
3 nu

-.57 959El@2
-. 624792E#1Z

.101532E*I3
-. 7810O4E* 3

4 mm
-.827742E#t2

.489886E403

.494421E*63
-.901532E#e3

5 WE
-. 321902E4 63
.662560E4 S
.1537613E93

-.49'.421E#13
& mm

-.59325SEI13
.683183E$03
.638382E462

-.153763E403
7 Dix

-.445869E(40
.42^0.3ZE#94
.135683E14
-.117895E*34

-. 34463SE#14
.223919(404
,163560E#46
-.428447E#13

-. 14138#E#4S
.11022tE46@
.872043E# 13

-.560444E433
le EN

-. 335624E4t3
.J71675E(43
.3907394E 3

-.726790E#05
11 W
.23205#E#13

-. 766720JZEt
.327i39E403

FXz

-.141513E404
.3144121E04
.143215(404

-.308117(404

-.778929E493
.2115tIEfO'
.102&&lE402

-.13495(5E4

.551513E4S3
-. 336476E#43
-. 21477IE 03
-.102661E102

.423813E1(3
-.654660E#03
.240743E00Z
.204771E03

.346851E#13
-.311780E#03
.790057E(12

-.260763EO0Z

.175543E1S3
-.965375(EO2
-. 282307E-08
-.790057E#EZ

.133826E(t5
-. 17822E#05
-.511521E404
.45148lEfli

6* 697941E404
-.416113E134
-. 273689(E#4
-.783895E#OZ

.1443?ZE#14
-.117323(E04
-.338160ES03

.4736i2E4 2

-. 133361E413
-. 302236EID3

. 181874E'I3

.250724E403

-. 314130E4§3
. 123674E453
.144.19OE413

FX3

.222162E(40

.752348(3
-.298197E404

150030E-@7

.*27237El33
-.180285E404
-. 436347Ef03
.2031 96E04

-.60141SE(42
-.521904E03
.14569sE403
.4 36347403

-.5691l7E#03
.331586E403
.383310E403

-. l45699E4e3

-.133345E4S3
.376144E#03
.140512E403
-.383310EID3

.18BSti4E#2

.121603E#03
-.325963E-08
-.148512E#o3

.241265E414
-.348434E#02
-.211225E#14
-. 455554E1 3

.162393(E04
-.401025EO14
-.713835E403

.310016E104

-. 115353E'41
-. s752?3E(*4

.112913E14

.2576830@4

-.7 7337E133
.428913(03
.38545BE613
-.330342EZ02

.975805(E02

.587456E(03
-.983377E(02

"xI

-.427402E't2
.675841E(42
.58!780E402

-.521726EZ02

.112274E(43
-. 9337L5E#02

.176078E-08
-. 19061[3E011

.980495E4§I
-. 174451E403

.168882E-08
-.276486(-08

-.105573E'03
-.287044E403
-.75670DE-OS
-.268479E-08

-. 21100eE13e
-.36475E0403
.18371BE-OB
.749i24E-08

-. 31tZ66E133
-. 371555EI03
.677232E-0O
.141426E-09

.464921E#U3
-.377636E403
.984254E(02

-. 103839E403

.567776E453
-.317790SE43

933765E(02
-.112Z74E#03

.53164BE'33
-. 312475E403

.174459(E03
-. 04s95E40l

.77861 E4SI
-.329A75(E3

.2870o4E493
105573E403

.742551E433

.19b716Ee03

.364750E403

nonrill 5

.653273E&02
-. s96151sE03
-. 278100E403
.261934E-09

-.271153EIe3
.225431Ei03

-. 232431E-oa
.460 18ZE4 l

-.127781E102
*227359E103
-.337604E-08

.4656SIE-0o

.8100888E(o

.220257(403

.298314E-08

.37980sE-0a

.874023r402

.15109bE403
-.851237E-09
-.z2160(-o8

.40978bE402

.489557EID2
-.541434E-11

.386t 8 E-09

-.22559SES40
Z1532I6E104

-.4775VE403
503794E#03

-.1225ssE404
912342E403

-.225431C03
.21os53Eo03

-. 612857E03
.4072!SEI03

-.227359E$03
127781EI02

-.597449E(43
.253122E#03

-.220257E03
-.810088E402

-. 315859E053
.8Z310s9E02

-.l51eG4Ef03

hx3

.19987AE104
-.166277EI04
-.200471E404

.274394E(04

.139334E404
-.3i6285(403
-. 302041EI03
.2Z1275E104

.801897E#12

.46554&EI13

.81964SE(D3

.3020414 03

-. 697301E 03
.834899E#03
.11806!E&04

-.91964aE403

-.103042E04
.102396EI4D
.126163E(04
.11806!E'04

-. 11394SE404
.11287CEDE'or
.178128E#04

-.126163(404

.29549OE404
* 592 '59E4 (03
-.114482C04
.183956E(04

.20047 7 04

.127Z25004
-. S96840E40I
.1 395A6E04

.121223E04

.115102EI04

.566417F403

.275780E'03

.963141E#03

.121067(00

.815138('0
-.334664E03

.486924E403

.102925E)04

.103189E$04

:-o

-o

,I"

r-

I-1



12
kwQO. IATE HO

GL021 l 23
L 21

J3 14
J4 13

kWQUAD-PLATE NO
GLOBAL Jl 23

J2 24
J3 17
Ji 16

UNQUAD-PLATE NO
GLOBAL Jl 24

JZ 25
J3 18
.3% 17

UNQUAD-PLATE NO
GLOBAL Jl 25

Jz 26
J3 19
.34 18

UWQUAD-PLATE HO
GLOBAL J.1 2

J2 27
J3 20
.3% 1I

W"QUAD-PLATE HO
GLOBAL J1 27

JZ 28
N) 3J3 21

.J% 21
t KWQUAD-PLATE HO
Q'GLOBAL Jl *1

Jz 30
.3 Z3
J. 65

WXQUAD-PLATE HO
GLOBAL J1 30

.Z 31
J3 24
J3 23

"NQUAD-PLATE NO
GLOBAL J1 31

32 3Z
J3 25
J4 24

W"QUAD-PLATE HO
GLOBAL Jl 32

_J2 33
.3 26
J4 25

X"QUAD-PLATE HO
GLOBAL Jl 33

32 3%
J3 27
J4 26

_ QUAD-PLATE HO
GLOBAL Jl 3%

.Z 35
J.3 25

-.5597ezE'gS
12 mu
.535112E413

-. 4%8736E003
.3489B6ElO3

-.1,* IE4I%

-. 255380E04
.519986E#4'

-. 650 948 E403
I5 NM

-.40461DE40e
-. 445361E%

.601565E 04

.248406E4 0
16 MM

-. 333555E414
-.682521:E'0
.4924OZE40k
.523675E#04
17 MM

-. 440Z7SE413
-.776E374E4

.204125E404
.616277E4
18 NW
* 3381Y97E3%
-.452%41E#4e
-. 170975E414
.48i3ZiE404

.896482E#13
-.1270t1E40
-.3092E36E4
.346679E404

.25 MW nt-. 12534RE402
-. 147%58E#2
-. 75703%Ee03
.22441 4 Ee4
21 Kw
-.179786E#e3
-. 118250E404

.323304Ee33

.103898E404
22 W
.250167E 43

-. 120298E(04
-. 952208E*13

.190422EM
23 %W
.9S8372E#t3

-. 157400E 'S
-.2974Z2E'0o
.356427IE 0
24 a
. 158023E$14

-.178420Ee40
-. 444759E404.

.1Z5136E'03

-. 23047BEID3
.540935E(02
.965375E402
.798%65E#02

.638152E#0%

.462336E404
-. Io6193E05
-. 35593E'03

.593172E&04
.5051t6E404

-. 679319E#04
-. 418959E404

.215257E415
.475855E#04

-. 091710E04
-. 461141E(40

.41837ZE453
.2922690004

-. 431335E43
-. 289974E404

-.391181_E03
.739910E403
.3832030E43

-.731932E403

-. 256518E 4
.468379E404
.800 37W 4

-. 101223E(05

. 13044lE#4

.260285E(43

.817695E#13
-. 44 143(E

.873403E413

.856413E#03
-.205s51E"43
-. 154387E#04

.199746E(43

.315274E$3

.957463E$53
-.155248EM0

-. 22263SE303
.276176EI03
.141861(E04

-.147216EI04

-.221165Eo13
.320680E!02
.72146E'00

. w
-. 55&6*, r

.18818;
.23013). .3

-. 1?If.03E003
-. 296715E(03

.718715EI14
-. 1102I4EIS5
-. 818503EU

.12018^5E05

.108522EIS5
-. 110309EI05
-.1 13183(05
.115470EI05

.116223E4t5
-. 174826E404
-.1081248E05

* 195082E0o%

.745677(|4%
-. 49S326E 04
-.73778SEO04
.682%33E004

.243882E#04
-. 271696E404
-.236883044%
.264696(00

.155099E13
-. 740.82E#04
-. 10120sE#24

.826177E#84

*513 303E4 03
-. 483444E#0o
-. 200937E'0%
.634241£40%

.27387SE404
-.70 3937E#3
-. 31856SE414

.115064(40%

.230824E41%

.116264E#03
-. 207641E#04
-. 348093E'03

.931695E4U3
-. 4751A6EO3
-.5169h7E903

.152461E$03

-. 41 S6SEI 03
-. 8646i6E03
.553237E403

211108E4§3

.488213E433

.107 741r83

.311855E(03
.311266E403

-. 716967E412
.697454(402
.833384E(02

-.108126E403

.468015E411

.129A02E 03

.137355E(O3

.759469EI91

.886462E(Z2

.143650E'03

.153251E'(03

.450215E402

* 977918(S402
.I 7ts
.1.' E*o03
.50936SE402

.105652E133

.122301E 03

.164734E433

.111071EI03

-. 194782E&03
.154278E433
-.466149Ee03
.399582E403

-. 149549E'3'
.147523E'03

-. 432473E03
.412785EI03

-. 322369E1e2
.155147E403

-. 139308E403
.987471E402

.948944E402

.2280024E03

.!10424E43

.308579Ee03

.255002E( 03

.31427JE403

.372961 (403

.52513JE403

.353437EID3
.348775E(03
.569777E(o3

-. 874023EI42

-. 642745E402
-.141843E40Z2
-.489557E102
-.409789(102

.17391E003
-. 168160E'03
-.2011,7E403

.261037E 03

-.610033(401
-. 16S161E 03
-. 179005L03
-. 989759EID1

-. 68 207E(02
-.110227El 0
-. 117599E003
-. 345462E402

-. 432996(002
-.564005fo02
-.720972E402
-. 2109A5E0Z

-.139093E#SZ
-. 161012E40Z
-.216877E402
-. 144911E402

.945059E403
-. 74850SEfO3
.226160E'04
-.193864E(04

.361403E403
-. 356151E(03
.104408EI04

-. 196550E003

.42041E(402
-. 2021911403

.181550E(O3
-.128690(E03

-. 72815DE402
-. 174952E403
-. 847314E,#02
-. 23678lEO03

-. 849145E(02
-. 130176E(03
-. 154ft85E03
-.217517C(03

-.391482:402
-.459164(102
-.750126(002

.6s9616Eo03

-.876623C002
.628321E'03
.103190(00%

-. 921394Eo03

-. 27711oE103
-. 6645911 03
.617325t 03
.106889E(04

-.405556Cro3
.730290E103
.649211(403

-.15M510403
-.24'.'052ED03

.*793 19 l 03

.42586AL403

-. 184271E'O3
-. 104837EO03
.735236(003
.108432E§03

-. 1302ZEo03
.242393E#02
.543841[.403

-. 24513ZE103

-.125357E$04
.53.3344U403

-.11630I1(00'
-.189256E'04

-. 1732A9E103
-.143686(404
-.127764EI04

-.319276E402
-. 360192(E03
-. 6859srES03
-.333IL75Eo03

.229166(403
-. 541041:E03
-.431165(C03
-.4421n88(03

.444289EI03
-. 68A77 9r.403
-. 203555EI03
-. il 8/O'f'03

.636416E403
-. 729555L(03

.356197LI00



I-

-J

J4 27
I' )-PlATE HO

GLL. JI 36
JZ 37
ii *1
J4 29.

XNQUAD-PLATE NO
GLOBAL JI 37

JZ 38
J3 31
is 30

ENQUAD-PLATE NO
GLOBAL JI 38

Jz 39
Ji 32
J4 31

N19UAD-PLATE HO
GLOBAL JI 39

J2 43
s 33

* ii . 32
UItUAD-PIAIE Nd

GLOBAL JI 40
J2 41
Js 34
is 33.

"YUAID-PLATE HO
GLOBAL Jl 41

J2 42
Ji 35
J4i 34

ANQUAD-PLATE HO
ZLoBAL JI 43

JZ 44
J3 37
is 31

XWOUAD-PLATE HO
GLOBAL JI 4i

JZ 45
JS 38
is 37

YwNUAD-PLATE HO
GLOBAL JI 45

Jz 41
J3 39
Ji 38

xtIUAD-PLATE HO
GLOBAL JI 41

_ 2% 47
J3 46
Ji 39

kxQUAD-PLATE HO
GLOBAL Ji 47

JZ 48
J3 41
is4 43

_ QUAD-PLATE HO
GLOBAL JI 48

J2 49
J3 42

.415156E#14
25 5'
.167835E#12

-.773977E&D2
.120517E4*3

-.519024MO 2
26 ON

-. 324 123E#3
-.977231E633
.915012E(4a
,386339E433
27 n

-.230014E#13
-.1Z7602E434

.766682E#03

.739350E403
28 MN
-.584138E412
-.715697E(43
.6039259E4 33
.16484SE493
29 No

-. 16199Y8412
-.144607E403
.611815E(43

-. 390208E413
30 Kv

-. 137525V133
.3148'92E'03
.650685E833

-.6 1805ZE4433
31 MN
* 84 1034(4 82

-.255527E433
.18771BE403

-. s16785E5(1
32 Nu
.105762E4§2

-. 755698E133
.445723E433
.254399E403
33 Nu

-. 322135E(42
-. 127834E4§4

.5440184133

.766521E933
* 34 NW
.127224E#12

-.10 9747E4 6
.294335E403
.790438E(43
35 UW
. 72 t92E402
-.547130Ee03
-.232513E402
.498362E403
36 mm
.791119E(4Z

-. 167923E(03
-.207573E403

-.535041E133

.*518 08E43
-.7143 3E403
-.1384324E04
.158057E(44

.218056E(I4

.11 39159 04
-.20357E4 04
-.128557E(43

125402E(4
.7626i4E 03
-.554s981E03
-.146168E404

.946114E433
-.288219(02
-. 116614E43
-.501178Et.03

.374712E(43
-. 261269E403
-.574142E#02
-.512t974EOZ

.131279(E#3
-.109615(E43
-.320680E#02

.24030fiEft

.113 20E414

.34Z99E0403
-.1429s8E404
.197916E(0Z

.114595E#04

.531968E$03
-.125362Ee04
-.42319BE803

.111531014

.104865E(43
-.580175E4 3
-.11399sE9(4

.735194E013

.817915E402

.112919E4 2
-.82908ZE403

.388976E003
-.229871E403

.197385EI03
-. 35719SE453

.1 9671E133
-.143890(E03
.1 0I615E403

.72; 4]3

-. 486 1-W00t
-. 308973(404

.418225 04

.177548Er04

-.431 957E43
-.546 541E04
-.788437E03
.668552E(04

.153134E(43
-.233360CE04
-'.20084bE04
.25841 0(04

.12 13 5E04
-. 549712E(03
-.11l7b15E04
.476540(403

.204144(433
-.537367E'03
.10211(E403
.23 1222E4 03

-. 720226E#43
-. 928188 (433

8*686414(03
.78376BE0.3

-.231592E(4 3

.. 163250E434
.*486780E404

-.564717Eo03
-.363923E#04

.4547037403

.374991E#4e

.312155E403
-.30M2s6E404
-. 750146E#03
.348105E(04

.559317E133
-. 17271Eo04
-.655024E433
.182340E404

-. s12350SE33
-.113746(E04
.260272E(03
.1000169E#4

-.135059E933
-. 109045E004
.128188(EI3

.624741E(3

-.895281VE2
.165501EI02
.627990E382
.146165(402

-.290923E433
.615925E(02

-.147523E(03
,149549(E43

-.262171EI03
.211104(093

-. 1551047(3
.322309(402

-.868615(432
.271i38(403

-.228002(403
-. 945944E402

.721197E#32

.256377E403
-.314273(403
-.205002E4 03

.253564E#63
-.345775E403
-.303437(403

-.916416E402
-.375743E402
..311793EM6
-.677591E432

-.294344E#03
.571236(462

-.615925(402
.295941(403

-.371951E433
.281434EOZ3

-.211104(03
.262171(403

-.231153EIo3
.4735074#33

-.279439ES03
.868665EID2

.87684BE412

.545507E403
-.286377E$03
-.721197E§00

.349628(4033
.497389(403

-. 253564E403

-.822525(E02

.514685E403

.?8S1 3EI(0
-.371654(403
-.259l964E%3

.702351E 03
-. 1486?7(E03

.356151CO03
-.361043E403

.34115BE403
-. 275116E403
.202191(403

-.420041(02

.1S6s55E402
-. 214420( 03
.174952E(O3
.72aSOE#0OZ

-.218730E#12
-.118621E'03
.13I176r003
.34s945E 02

-. 239206E 02
-.333824E$02
.459164E(4Z
.399S42EOZ

.J96087E(43

.255405(E03
-.303673E(O3
-.514685E033

.71@658E403
-.139156E403

145697E403
.72112E0403

.484736E403
-. 366772E403
.275116E(03
-.341668E403

.154350E40',
-.36 335E'03
.214420(403

-.666550E402

-.363232E402
-.225956(4 03
.11862IE403
.2983D0E402

-. 448445E(02
-.154825E402
.333824['02

-.25826BEI

-.z33648E(o%
.191563E004
.1438664E04
-.20 937 S4 L04

-.156994El04
.611255(E03
.2994910(03

-.102469(0'.

-. 517176E(03
-. 314494F03
-. 291281E(03
-. 942738EICZ

.103017E004
-.151603(03
.421506(403

.13249E(04
-.141311E(04
-.971273E(03
.778355[403

.141412E(04
-.154838'E04
-. 109773El04
.102364E(04

-.322706E404
.2603Z3E404
.22091?9E04

-. 264396(C04

-.26095 E'04
.12117 U`404
.836464(4 0
.2z5.05sf04

-.121884EC04
-.350416E(03
-.395214E(03
-.850543E403

:34118(E403
-.156034E(04
-.1232161' 0s
.393121E403

.155204E404
-.223285E04
-. 17.6%6Eo04
.1230J4(E04

.227843E404
-.252054E(04
-. 1 9419E§04

I.4

0



41
b"QUAD TE HO

GLOBAL 50
je 51
J3 44
Ji 43

%$QUAD-PLATE HO
GLOBAL Jl 51

JZ 52
J3 45
.34 44

UNQUAD-PLATE NO
GLOIAL Jl 52

J2 53
J3 46
J3 45

ONQUAD-PLATE HO
GLOBAL Jl 53

JZ 54
-J3 47
J4 46

XNQUAV-PLATE HO
GLOBAL Jl 54

J2 55
.33 48
J4 47

XXQUAD-PLATE HO
qLOBAL Jl 35

4.) 3J2 56
.J3* 49

X NWQUAD-PLATE HO
dLORAL Jl 57

.2 58

.33 51
J4 55

WWQUAD-PLATE HO
GLOBAL Jl 58

.2 59
J3 52
.3J 51

NQUlAD-LATtE HO
GLOBAL Jl 59

J3 53
.J4 52-

WIqUAD-PLATE NO
GLOBAL Jl to
_ J~~z 61

JJ 54
Ji 53

XUQUAD-PLATE HO
GLOBAL Jl 41

JZ 6z
J3 55
J4 54

WQUIAD-PLATE HO
GLOBAL J1 *Z

JZ 13
J3 56

305384E4IM

. 153931E#I2
eGI2795E431
*.22828E(42
.*&86034E4e2
38 UN
-.7689o2E412
-.391627E403
.335849E433
* 132968E403
39 UNi

.1102E2(402

. 903651E(03

.440567E(03

.452054E483
4 Ni
.335764E13t

-.13330ZE404
.172216(E#3
.825045E403
41 mg
.751564E433

-.138794E434
-.216854E403
.8532.3E403
42 wx
.105263EM4

-. 124410E004
-.502406E403
.61357ZE403
43 NA
* .13698E-ce

-. 19737BE403
.212771E(03

-. 153930E#tZ
44 mm
.197378E(43

-. 365600E403
.311030E413

-. 142898E803
45 Kg
.365630E413

-. 520682EA13
.855142E402
.695676(02
46 Wm
.520682EID3

-. 629403E(03
-. 373651E#13

.482373E133
47 xx
.629403E(43

-. 612134(E'3
-.892381I133
.955112E(03
48 M
.692134E433

-.7095s3(E43
-. 121024E(04

-.753153E452

-. 12838(E404
.94s51SE903

.171574E#43
-.409910E403
-. 110079sE44
-. 235043E 03

.123117(404

.578505E401
-.16078OE403
-. 546 17 J S003

.118554903

.125634E403
-.641126E 02
-. 6800764 03

.19443?E#93

.684503(01

.205071(903
-.406355E403

-.175081E491
-.562604(E42

.143890E#93
-. s58719102

.7 584E3433
-.687 30E403
-.142548E404

.1461E404

.187331E413
-._4164E(403
-. 104286(E#4
.997232E403

.641641E903
-.51128E(403
-.381959IE;J
.25 15 9O03

.31128PE43
-. 357 08 E43
.88 180;E.02

-.2423tE4e03

.3573801133
-.183517E*01
.234670(403

-.408253(403

.18351 7E 03

.861473E-08

.562604E(0O

.9*73Z1S21E V

.14554ED
-.Z36452E40
.113554(40
.231812E04

-.711154E403
-.293393(E04
.503323E433
.314 056 (404

-.111158(133
-.272216E04
.814674E(02
.28Z385(EIo

-. 211782Et13
-.22e074E414
.108347E433
.239418(404

-. 57473E#03
-.175462E404
.588255( 03
.174284(404

-.16458E404
-.141014E404
.109145E#94
.138427E(04

-. 148250(9 04
-.153922E(04
.146178E404
.155994C04

-. 142571E434
-.10414Ic 04

.141723E('4

.161269E(04

-.1361b6E404
-.164674E(04

129974E(04
.1707866E(04

-. 131826t$04
-. 160631E(04

12 9037404
.163420(E64

-. 135869E414
.155136E'04
.133320(E04
.1576M5E

.141364E(04

.148250E(04

.141014(404

-. 181699EO33

-. 132928E(43
-.865436E4#2
.375743E432
.911416(432

-. 409910(413
-. 49352SE402
-.577230E(02

.294364E#3

-. 469599E433
.238278E433

-. 281434E(43
.371951(403

-.221047rE03
.60859BE403

-. i73507(E#Q
.201153E(03

.232225EO33

.86368E403
-. 545507Ee03
-.876848E(02

.611601E$13

.88 9747 (03
-.497359E(03
-.340621E403

.152795E-3A

.865436E*02

.132928E(e3

-. 148430E-38
-.67520SE-06
.493529E432
.40991(Ee03

.25029SE-08
-.130385E-17
-. 238278E403

.46959$003

.809316E-08

.168467E-07
-. 608598E03
.221047E433

-. 222092E-17
-.483124E-38
-.863688E(03
-.232225E403

.167165E-18
.1 17325E-09
-.889747E403

.2372W6E102

.1319(TE404
.657364143

-. 28545E 03
-. 696087E403

.98961CE33

.1191A.E403

.139356E$03
-. 710658E(03

.611994EIR3
-. 310531rF03

.366772(E03
-. 484736E#03

.161615E403
-. 466S94E(O3

.363335E#03
-. 154350E403

-. 961S0lE8(02
-. 357751E(03

.225956E403

.363202E(4Z

-. 868908E432
-.117137E O3
.654825E(02
.448445(Et2

-. 42491AE-08
.942964E-08

-. 657364E403
-. 10096SE404

.813266E-08

.115251E-07
-. 1 114(E403
-. 989610oE03

-. 75670tE-09
137952E-07

.310531E403
-. 611994E#03

-. 897294E-08
-. 104774[-07

.466994(403
-. 169615E(03

.127693E-07

.844011E-09

.357751E403

.961908(E02

-. 226464E-09
.144382E-10
.117137E(03

.172465E(4

-.412533E(4b
.347116E(04
.210578r#04

-. 35765BE404

-. 347615E404
.180567(404
.145661E404

-. 289921(404

-. 181533E404
.241477L403
.30)684E(03

-. 14394BE404

.228532E403
-. 205954F4O4
-. 174433El04

.312919E(03

.204719(404
-. 324149E(04
-. 2633AIE404

.175313(404

.323405E404
-. 364079EI04
-. Z93127E404

.263823E404

-. 4478AE E04
.34341BE(04
.371552E404
.436296E(04

-.383418ED04
.21133E4§04
.198452E(04

-.371112E104

-.211334E#04
-.133158(003
-. 188119403
-. 197487C404

.133158E433
-.224477E104
-. 2176Z6E104

.201064(403

.224477E404
-. 370114E(04
-. 350533E$04
.2138&1E'04

.37114E(404
-. 42138.¶E#04
-.396621C'0i

._ ... .. .== Kr ... , w



55
NWQUAD TE HO

GLOBAL £6
Jz 66
J3 64
J4 15

**QUAD-PLATE NO
GLOBAL JI £1

J2 67
J3 St

OWQUAD-PLATE HO
GLOBAL JI 67

J2 65
.13 14
.14 £6

INQUAD~-PLATE NO
GLOBAL JI 65

.12 23

* .4 64
UWQUAD-PLATE HO

GLOBAL Jl 22
J2 65
.13 67
.14 69

XIOQUAD-PLA7E NO
ILOBAL .11 73

.12 71

.13 70
* J4 72

XiQUAD-PLATE HO
GLOBAL Jl 75

JZ 73
.13 72
.14 74

WOqUAD-PLATE HO
GLOBAL Jl 53

" . J.2 54i z 84

.13 77

.14 76
XNQUAD-PLATE HO

GLOBAL JZ 54
12 83
.13 78
.1% 77

WUQUAD-PLATE HO
GLOBAL Jl 55

J2 81
J.3 71
J% 78

KXQUAD-PLAYE HO
GLOBAL Jl LS

J2 5S
.13 53
J4 71

NQUAD-PLATE HO
GLOBAL J 857

J12 58

.13 '81

.1227IIE4I4
49 VW
-.12578tE'45
-.766416E403
* 128053E4#5
S539153EID3

.155215E053

.6 24054E04

.582444E4 04
-.151054E(05
51 V
.14Z?14E#05
. s0056]E$04
.182811E#04

-. z12186E04
SZ wit
.572870E403

-. 143386E404
.348639E404

-. 262541Ee04

-. 717577E403
-. 64502eE404
-.568263E434
* 108504E05
54 ON
.412525E04

-.437620E404
* 306 384 E 4
-.28128sE(04

55 MN
.4£5661E-08

-. 304971EI05
.304 971E05

-.521541E-17
£2 MM
.110331E415

-. Zz1753E4'4
.52592DE404

-. o0742E'#04
63 NO
.124147E(45

-.520055Es84
.163415E404

-.592912E(4
6 4
.1 15SIEIOS

-.1689374E04
.315124E(03

-.101443E405
*5 WK
.72510IE40i
.197183E'04
.311127E404

-. 123341Eo05
£6 UN
.26815BE434
.40168SEMe
.840334E004

-.239777E4o3

.2904830(4

.3151207404
-.8 127S92E4S
* 127265(404

-. 426568E14
.439259E(04
.6520014E04

-. 66E673E4e

-. 110271E(45
.535937E(04
. 128275(04
.438575E#e4

.2276E1434

.284168(04
-.124264E(45
.72477).E404

-. 8J7437E 4
.187141E(0'
.510535E(3

-. 623537E#04

.571176&E(4

.72932§E433
-.149572(E45
* 41£08(E04

3.
U.
U.
U.

-. 15157E435
.444357E#04
. 135095(405

-.7437374EI4

-.172755EIe5
-. 15449IE403
.123215E405
.510827(404

-.166441E'S4
-.388548E404
.53456E404
.52i332E(e0

-.235972E(44
-.538795e04

.337704E(04

.437062E414

.7357o0E'43
-.4e4294E404
-. 341177E(01

.141&OCEO

.1012963E

.81433£ o04
-. 817717E04
-. 178844E403

-.351073EI14
-.54215sEVt%

.602341E(04

.2909164Ef0

-.692281(32
-.28897VEO0

.7981 035F.04
-. 502202E404

.856438E#4
-. 105214(E05
-.528694E404
.102440E405

-. 748497E414
-.624027(43

'7873E#Qi

.1 0463E(45
-.295544E#04
-. 914477Etl4
.205315[404

-.12572SE-'7
-.115143E#15
-.597574E(04
.171700E435

-. 999 180E#4 3
. 134782E$05
.1 09339(405

-. 144432EI05

-.1547314E03
.154619E#05
.162657E#15

-.162545E405

-.144342EI15
. 137390E4 05
.1435917(05

-.13644S(E15

-.174652Ee04
.131920E#05
.130144E(45

-.104599(405

-.597655E(44
.6307 59E44
.6209345E04

-. t6l314Et3

.248057EI13

.166767E 03

.4392662E12
-.3567JBEo03

-.5 91050e03
-.384805E03
-. 235624(453
-.27523?E(33

-. 335843Ef3
.91266AE403

-. 11158sJE(4
.339343(404

-.Ze872?E#33
.200915E4 32

-.2149&65t(2
-.109309(43

-. 144366E033
-.53%082E(03

.101845E(40

.101778E(43

-.2e0092E#e2
.419766E#02
.267857EID2

-.561381E#02

3.

3.

-.169927(034
.236695E403

-.159268E(43
-. 861571E403

-. 51896(E413
.511480E033
.671 09E433

-. 874060E#03

.133202E(43

.92878$E(03
* 107 SfiE' 04
.5772119E02

.803563E#33

.101037E#04
* 1s190BEIC
.3865859E(3

.555 8E1r3
9?1272E$03
.140679(E04

.968905(082

-.12MA09t25
-.672390(E04
-.930607(03
.4 9884 1(403

.12'997E'05

.534992Ef00

.511284(404

.597244(404

.282277Eo04
-. 34 33E404

937849(E04
-.S19022E04

131265E434
-.974773Er02
.1 zs294E 03
.532757E(03

.621115EI03

.794928E(04
-. 139405EI05
-.15643SE(05

.43418 (E 03
-.910855E403
-. 551226EI03

121815(004

3.
3.
e.
3.

.820362E(43
_ 114837E 04
.772714E403
.4177643E04

.125288E#04
-.123i42E404
-.162016E#04
.2110174 04

-.173593E403
-.121042E(04
-.139344E(44
-.778300E402

-. 614478Ee03
-.775670E*03
-.935433Eo03
-.265947E03

-.352346E(03
-.40562AE103
-.5A2112EI03

*351277EM4

.131499E405

.59315A0104
-.100407E'03
* 138 34 3L#05

-.751159E404
-.I31 16E( 04
-.5z1214Eco0
.l49548(405

.470674El03
-.55517YE404
-.189647E§05

.189967E005

-.7654 70(403
-. s52WeE03

.145 3z2EO 0
.13271E04

-.121146E(05
.5iA&31(404
.101934E(04
-.151222EI05

-.341720E404
-.150157E404
-.2114ZE1o0
.153332E404

p .
J.
0.

-.432781E404
-. 460s6NE404
.136844E#04
.111169E405

-.22739]E#04
-.552254EI04
.526450( 04
.902093E(40

-.6943873E13
-.326760E(00
.614620E 04
.555599E04

-. 130375E#04

.667307(004

.37012BE404

-. 155SS6EE04
-.7A37621'03
.615412(004

chi

_.3

0

I.1

1P3

n
0

0.

:u

.1

0

:'



as
VI@UAD-IL^TE HO

GLOBAL JI 88
J2 ;?
Ji 82
Jq ai

UNQUAD-PLATE NO
GLOBAL JI 15

Jz 64
J3 90
J4 8

ANQUAD-PLATE NO
GLOBAL JI 2S

J2 91
J3 65
J4 22

-. 151D1BEIIS
57 VW
-.132043E454
.37Y465E404
-.133479E#05
-.15222E#05
58 MM

-.539953E403
.525487EI03
.164908E#03

-. 150443E43
6
.591024EI02

-.16047 E403
-. 1700lE 03
.717577 E03

.331565E04

.627872E#03

.146406E*04
-. 437297E#O3

. 127348E'04

.562827E401
-.636731E'04
-.176S26E#04
.250880E06A

.183214E454
-. 323505EI02
.111233E404

-.5712IEM0

-. 654038E0.

-. 20487E#14
.231372EI04
.2138&?E§04

-. 22541AE104

.175844E$03

.259271[04
-.541128EI03
-.222962EM0'

-. 177548EI04
-. 798228E'04

.22)280EID4

.748VYtE404

.411487E4S3

.866824E413
* Y3071 3E403
.133154E104
.88492ZE403

.361634E462

.154744E402
-. 18155EI12
.41350EIl01

-.1872t4E432
-.75395]E(60
-. 375423[D02

.i5026 9E OZ

-.165887E#13

-.11411(E#43
-. 122531E4#0
-. 175361E403
-. 116503*E03

-.4 YSB4IE*03
-. 213455E403

.259542.(03
-.653273E0oz

.251199E903
.103313 U03
.5178&OE*03
-.621105EO03

.10236LE404

-. 1135&7E'04
.274971E*03
.450470E(04

-. 16476E404

.133386E#04
-. 180046E003
-. 155081ri04

.147240CE04

-. 153975E404
.107067E§04
.3534351'03

-.124416Ea04

I
03%
03



30 t NODE LOAD
Q U A D R I
ELEMENT
FORCES

L A T E R A S T k
EElEIENT
S1RESSES

X2. 2

U/ / ,0
S.-----. ---- X

XZ. 2

., ____

/QUAD I 4

. / / I
-,____, ---- XI

X2. 3

/QUAD *

.1 31
. II3

---- %l

X2. . 4

> .,t 4/

12 .-----. ---- XI

FX
Fr
FXY
mX
MY

lX
FY

MX
MY
tiXY

FX
tY
FXY
MX
MY
'iXY

tx
FY
FXY
MX
MY
MXy

FX
FY
tXY
MX
MY
fiXY

2

2

5.624E I Z
-8.057E102
-3.8251E:o 2
-5.5711EoZ

2.324E'oo
-1.022E402

2

2.688E#32
3.217 E i2

-2. ?7Ee02
-2.781E402
-5.480E1o:
-I .771E U2

-1.229E#12
I. 173E 052

-i .111E401
5.952E#l3
2.727E411

-1.941E:42

-1.521E#02
4.7911E01
9.3451:E
2.3091E42
4.9891E#01

-1 .463E0oZ

-1.146E:02
-4.895EXC1
6.754E#01
2. 42E I 02
*.282Ef01

-8.333E401

-1.946E401
-2.833E'0l
1.590(01
3.144E§12
*.9461*01

-2.662E101

#ZFACE SX =
SY -
SXY=

-ZFACE SX =
SY =
sxY=

#ZFACE SX =
SY =
SXY=

-ZFACE SX =
sY =
5XY=

4ZFACE SX =
SY =
SXY=

-ZFACE SX =
SY =
SXY

*ZFACE SX -
SY =
SXY=

-ZFACE SX =
SY =
SXY=:

4ZFACE SX -
SY =
SXY=

-ZFACE SX =
SY =
SXY=

#ZFACE SX =
SY:
SxY=

-ZFACE Sx =
SY =
SXY=

-I .225EfI4
-1.556E D3
-3. 218a: 0 3

I .450a404
-1 .6I7oE03

1.688E403

; s E s AID FORCES FOR OUTPUT VECTOR
PRINCIPAL sTREsSES

MAX MIN MAX Sh1EAR

#ZFACE -6.615E02 -1.3144E04 6.239E#03
Vii 1.28ZE104

-ZFACE 1.467E#04 -1.421403 8.256E103
VI 1.567L'04

1

ANGLE

74. 474

5.SD01

-6.136E:0 3
5.119E 1 2

-4.835E.03
7.211E I03
7.749E#02
3.&65E403

1.171Eo0 3
8.891E'a2
-4.176L903
-1. 662'03
-4.197E:0Z
4.573E303

5.237E133
I .2 31EI03

-3. 32300 53
-5.845 E 3
I1.I0IEo03
3.697E403

6.832E1:3
I .41 0E403

-1.86 5E 53
-7.291E103
-1.606:E 33
2.135E#03

7.350E:I53
1.10E 403

-6.070(402
-7.744403

1.72 4E 03
6.7061E02

4ZFACE 3.356103 -8.680E(43
VII

-ZFACE 8.870E103 -8.839E#02
VI

5.868E#03
I.051E:04

4.877E453
1.3i3E403

4.771El'53
8.32E.8 3

4.615E403
8.0601103

-62.253

24.355

-A4.1554ZFACE 5.801E#03 -3.742EV3
Vt

-ZFACE 3.374E4§3 -5.56E'S3
YV1

*ZFACE 7.129E403 -5.193E:02
VY

-ZFACE 9.192E40Z -7.8661:33
Vn

3.86417433
7.447E'03

4.393EID3
8.364E'03

-29.659

61. 341

2

4ZFACE 7 412E 03 b.30AEOCZ
VI

X2. 6

: /UAD

/ 14

7

FX
FY
FXY
MX
MY
HXY

-ZFACE -8.931E02

*ZFACE 7.413E:03

-ZFACE -1.650E(43

-8.103E033
vn

.547"EI3
Vt

-7.817E#03
VY

.3 .291:E 3
7.033(E03

3.555E403
7.596El 03

2.t33E:43
6.774E(03

3.184E03
7.137(E!03

-S. I71

83. 720

-17 .261

XZ.~ ~~~~~~~~~ Is
I13.…__. ---- %l

X2. 93

/QUAD / 9.
. / 7/
.- / 1-

64.…__. ----X1

FX :
FY
FXY :
MX -
MY -
MXY =

FX :
FY -
FXY :
MX :

-2.44 E'03
-1.155E:03
-2.907E$02
-3.494E102
-1.833EZ02
-I 079Ef02

-1.327E1433
4.8111:E92

-& .175 E1 02
-1.397E 102

4ZFACE SX =
sY =
S XY=

-ZFACE SX =
SY =
SXY-

-1 .327EI14
-4.789E403
-3.150E103

3.506E#03
I J.63E 02
2.028AEo03

4ZFACE -3.747E#13

-ZFACE 4.463E'03

-I .43 1EI
Vn

-7.984E(O2
Vn

5. 281E03
1.285E104

2.626E805
4.905E(03

-71 .690

2 5. 2 72

X2.

/QUAD / 1i
/ 8/

4ZFACE SX = -5.437E403
SY = 2.170E401
SXY- -5.480E103

-ZFACE SX = 1.299(E03

4ZFACE 3.i23E:43 -8.808EI03
VM

6.115:40 3
1.0 93 EI0

-58.175



1Ž�.

IL.--
17 nY U -3.1lEu1V

---- Xl MXY -1.761EID2
5Y : 1. I03
SXY: 3.Lo ,

-ZFACE 4.626E413 -1.424(E03
Vti

3.425( eM
5.171.L03

47 .

X2. 13

X'2. 11

: QUAD / 12
* / 1/1

Is t.- ---. XI

Xz. 12

,- /QUAD / 13

.1 / 21
1t.--- . Xl

XZ. 13

/QUAD I 14

'~ ., / 1Z
Z's8 ------. ---- XIov~~~~x

'.Xz. 1i

/QUAD 17
. 1 141
.1 / 24

23.--- . - XI

X2. 17

/QUAD / 18
.1 / 15/
.1 / 25

24 .- - ---- X

X2. 1l

I* DI19

.1 / 26
23.---- - --- XI

X2. 19

/QUAD / 21

. / 17/

.1 / 27

26. ---- … - XI

Xz. 21

rx
FY
FXY
mx
MY
Mxr

FX
FY
FXY
MX
MY
HXY

FX
FY
FXY
tix
MY
MXY

FX
tY
FXY
MX
MY
fXYi

pX
FY
FXY
nIx
MY
MXY

FX
FY
FXY
MX
MY
Mxy

FX
FY
FXY
nix
nY
MXY

FX
FY
FXY
mX
HY
MXY

FX

3

I

*

-3.135(32
7.47ZE402

-8.1544E01
t .49?t os

-1.e2IE(e0
-2. I01E; 32

-1 .11E(42
7.065E401
1.368E402
9.656E4OI

-7.131E#13
-1.670E402

4ZACE SX '
SY 2
SXY=

-ZFACE SX =
SY :
SXY-

4ZFACE SX -
SY =
SXY:

-zFACE Sx -
SY -
SXY:

4ZFACE SX :
SY:
SXYr

-Z)ACE SX =
SY:
SXY-

-2.675EI12
I .2 7t' E03
4.I65 E03

-1.875(E02
I.71 1I03
4.63BE403

2.17BE'13
-2.19f5E401
-3.794E403
-2.557E(03
3.124E#02
4.ZIE403

3.515E 83
-2. 45OE 02
-2.4025Ee3
-3.619(E03
-3. 374(E02
2.657E403

*ZFACE 5.529E403 -4.519EI03
Vii

-ZFACE 5.172E403 -4.461E(03
Vi

IZFACE 4.762t#03 -2.913(E43
Vti

-ZFACE 3.33SE403 -5.531E103
Vri

4ZFACE 4.685EM5 -1.415E343
vn

-ZFACE 1.168E#53 -5.31OEfC0
VY

5.C?(403
8.7 71 1 c *e 3

4.831E0 3
8.375E103

3.938(403
6.896E403

4 .458E403
'.803EO03

3. 555E(453
5.530E#03

3.1310E33
5. 7&E#03

-4* .423

53.110

-37.238

54.386

2

I
-Z.604E4ol
-1 .381E'0Z
6.314EIII
1.486E402
I .311E900

-1.354EO32
6 e .763

1

2.058(401
-8.434E401
1.419E(e
1.745E(02
8.863E400

-3.564E(01

-5.190E412
7.729Et#2

-2.401(E93
-5. 244 E# 3

-1.357E(OZ

-2.916E#02
.611E01

-Z .800E403
-1.48tE401
1.733E'00

-1.249E432

3.1544E02
-1.762E(02
-2.572E403
I. 78E I1I

-4.322E400
-1.033E(42

4ZFACE 5X 2
SY =
SXY:

-ZFACE SX =
Sy =
SXY=

*ZFACE SX :
Sy %
SXY:

-ZF1CE SX =
5Y =
SXY=

4ZFACE 5X =
sY =
SXY:

-ZFACE sx =
SY =
SXY=

4ZFACE SX :
sY =
SXY=

-ZFACE Sx =
SY =
SXY=

4.228(453
4.403E(40
-8.2694E02
-4.146E 03
-3. 814E02
8.536E(02

-2 .8a 7E4N3
1 .401(E03

-9.15Eo40S
-3. 75E 02
1.6901 03

-1.545E(03

-9.386E(4Z
1.338(402

-5.597( 03
-2.271E 02
5.56l2(01

-2.602E(e3

1.150(403
-4 .562E(IZ
-7.623E403
2.111E 02

-2.487EC z
-2.664E403

2.61 9E403
-2.453(402
-5 . 23 1 Ei 3
5.007EI02

-2.010(EO2
-1.709E403

3.493E303

#ZFACE 4.356E(13 -1.135E402
vn

2.250E433
4.443E403

2 .07 903
4.254E(03

-ZFACE -1.843E#82 -4.343(E03
vni

-10 .783

77.427

-52.416

-61. 708

'ZFACE 7.592E413 -9.085E(43
vn

-ZFACE 2.515E#03 -1.204E#93
vni

*ZFACE 8.211EIS3 -9.16(E03
vn

5.34E(403
1.446404

.857E(03
3.287(E03

5 . 14EI03
1.49E(404

2.656E(40
4.315E(03

7.10(E433
1.327(104

2.974(r03
4 .631E#03

-46 .785

z

a

-ZFACE 2.51(E433 -Z.695E#03
vn

4ZFACE 7.757E403 -7.363(EO3

-ZFACE 2.655E#63 -2.693(403
vni

-46.531
,v
n

:1I.-
0

0
-42.178

-42.534

= 7.a00(E42
= -1.116E'02
5 -1.7895E(3
= 4.414E(01
= -9.231E-01
= -4.721E401

= 1.131E'O3

#ZFACE SX =
sY =
SXYZ

-ZFACE SX =

SXY=

*ZFACE SX =

*ZFACE 6.611E43 -4.237E(O3
vn

-ZFACE 2.719E403 -l.J71(E3
VY

5.424(803
1.469EI05

1 .141403
3.365E603

-37.344
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1i/
/ 28

-. -----XI

I

Li

X2. 63

23

.1 / jU
VI ------- ---- X I

X2. 23

, QUAD / 24
* / 20/
.J / 31

3 ------.- ---- Xl

XZ. 24

/QUAD / 25
. / 21/
*1 / 32

31. ---. -- XI

XZ. 25

* QUAD /* 26
.t 22/
.1 .,/ 33

32. ----. --- XI

X~. :t

: /9UID / 27
*./ 23/
./ / 34

33.------ --- XI

Xz. 27

QUAD / 2Z
.1 t 24/
.1 / 35

34. ----- l

X2. 29

XQUAD /*
./ 25f

*1 / 37
36. _____ --- Xl

X2. 31

A /QUAD - 31
. / 212t
*1 / 38

FXY
'Ix
Hr
MxY

rX
rY
FXY
lx
HY
MXY

FX
FY
Fxy
MX
MY
MXY

FX
FY
FXY
MX
HYMY

FX
FY
FXY
MX
MY
MXx

FX
FY
FXY
mx
MY
MXY

a

2

U

a

5.1cEavl

4.764(403
-Z.^ASE#II

IZ. 4435(EI 31
1.5323E 3
3.26 IE*03

-9.67SE'&2
1 .46AE6OZ

-2.904E(II
-8.611(601

4.483E#02
8.732E602

-7 .966E00z
3.360E*ol

-4 .153(600
-1.468(402

I .I4E602
-4.1 2E112
-4.471E#02
-3.851ES0l
-2.7 07e1
-1.756(902

2.912E62
-4.888E432
-2.253E402
-4.368E(01
i.221E'1o

-1.609E4DZ

sr :
SXY:

-ZFACE SX
SY
SXY:

*ZFACE 5X
SY =
SXY-

-ZFACE SX -
SY -
SXY:

s~r4ZFACE 5X =
SY =
SXY=

-ZFACE SX
SY
SXY=

4ZFACE SX -
SY :
SXY'

-ZFACE SX =
SY =

SY =
SXY-

-ZFACE SX =
5Y =
SXY=

*ZFACE SX 2
SY =
SXY=

-ZFACE SX =
SY =
SXY=

*ZFACE SX =
sY =
SXY=

-ZFACE SX =
SY =

4ZFACE SX =
SY -
SY=

-ZFACE SX =
SY =
SXY:

*ZFACE SX =
SY =
SXY:

-ZFACE SX =
SY =

2.26
- 1.85 ']

-2.1 7b_. .9
-.841E602

6.572EC3
5.826E03

-4.53YE(02
7.220aE63
I. 3 1(E 02

1 .955(a63
1.635E#3

-5.396E603
1 .864E 02Z
1.85BE403
l.S50E#O3

-6.926E4 2
-1.47CE453
-5.109s03
I .170E0 3

-1.708(E02
3.321E 03

-4.659E402
-6.845Eo02
-4.311E'03
I .3 1E 03
I1.271E 03
3.41(E603

-1.51eEIe2
8.450E402
-2.895E603
2.381EOM

.-1.139E6
2.439E(03

-3.570EI01
1.838E(0

-1.022(533
2.922E403

-8.S92E'02
1.784E(t2

I .346(E4a
7. 42 3E( i

-4.139SE02
-1.133E404
5.468E02
4.986E402

4ZFACE 4.333E03

4ZFACE

-ZFACE

6.74IE403 -3.451E603
vn

3.143(603 -1.019E903
Vii

*zrACE 4.843(E03 -6.20&E#03
vn

-ZFACE 3.8E8EM6 -2.88BEI03
vn

4ZFACE 3.738E(03 -4.A88(E03
VH

-ZFACE 3.886E003 -3.526E603
Vri

-6.1 43E I02
VI

-ZFACE 1.391(E03 -4.310E'02
VY

4ZFACE 1.122EIS4 2.180DE03
vn

-ZFACE 7.222E(03 -4.551Eo02
vY

2. 474E4I
4.671I0E I

7.61OE432
1.359(603

4.01 103E6
9.321(E03

3.83 ?El 03
7.460E103

5.396(4613
J S79(603

2.121E$03
3. 14E I 03

5 124E603
B.941El03

3.388(603
5.89DEI03

4 .313E603
7.492(E03

3 .706 E3
6.421E'03

2. 136E'0
* 2 . 1 E I o 3

-5.100E403

3.308(663
5.246E103

1.386C433
2.564El03

2.362E413
3.724EID3

I .517E4 33
9. 36 0E 03

I . I I 0 E( 3
1 . I 8IE4

-44.2Z74

33.478

-2'

-32.059

-42.337

89. 016

-44.943

56.603

-42.824

FX
FY
FXr

MY
MXY

FX
Fr
FXY
nx
MY
fixY

2
U

2

5.575E(42
-7.34 9(E43
-1 .140E~c2
-5.275Etl
4.1 33E l 1

-1.IIIIE02

7.215E432
2.571E02

-3.579E4(1
-6. 16 1E 3I1
5.514E(0l

-3.95BE401

-2.18IE(42
2.067E403
1.173E(00
4.540E402
1. 370EIZ 2

-2.068601

-9.230E(63
1.189E403

-7 I88E' 32
2.18aI32
A .94E601

-ZFACE 3.629E603 -2.387E403
vni

4ZFACE 2.287E(13 -4.850E402

-ZFACE 3.1180E03 -1.306E903
VY

4ZFACE 1.154(04 7.344E403
vn

27.092

*ZFACE 3.2M5E443 -2.591E413
vni

-ZFACE 8.672E'02 -1.1355E04
vn

12.6 07

-,. 06

8 7.660

-40.787

79.213

rx
FY
FXY
HX
MY

5.364E(63
3.841E403 6ZFACE

-4.130E#01.
-5.433E4 03
1.153(002 -ZFACE

8.628r4o3 2.769E(02 4.1760.3
VMi 8.493E603

1.154E633 -5.673E(03 3.413E603



31.--- M---Xl HXY -l.122EID2 sxy. 1.25ssE^ sH 9.329E#03

X2 .

*/%_...1 / 32
. / 27/

/ 39
38. ----. ---- XI

XZ. 32

/QUAD / t33
*1 / 28/

/ 43
39 ----- ----XI

X2. 33

/QUAD / 34
B- / 29/
./ / 41

4 .--- - XI

X2. 34

/QUAD 3 z
*1 30/

.1 / 42
41.--- . XI

' X2. 34

D /QUAD /* 37
. / 31/

/ 44
43 .----. ---- XI

rX
FY
FXY
mX
MY

FX
FY
FXY
MX
MY
MXY

FX
FY
FXY
Mx
MY
'XY

FX
FY
FxY
tIX
MY
MxY

FX
FY
FXY
nx
MY
MIXy

FX

FXY
MX
MY
xY

FX
FY
FXY
'ix
MY
'IXY

FX
FY
FXY
nx
MY
MXY

3.45BEII1
1.11 9E I32

-5. 074E 02
3.262E-31

-1 .1S90E II
-1.597EIO2

-4.704E-01
-1.433E402
-1 .996EO02
-1 .454E40Z
-6.550E401
-1 .561E'@2

-6.3L3E#bl
I .720E'31

-6 . 7 2 E ' I I-5.30 3E#01
-2.411E'0Z
-9.578E401
-1.3 9OE4O02

-8.823E31l
3.323E02

-7.304Ee00
-2. 93EI02
-1.106E02
-3.8 72E40

-2.266E't2
1-.311E4#Z

-2. 930E' 02

3.9 1IE402
I . 2 4 oE #02

1..S30E402
-5.733EOI

-6.251E431
5.476E# 02
-3.661E402

-1.532E#023 .9 7 1(E40I2

5.363(431
5.5t6E#02

- . 360E2a2
7.90EICl
2.345(E01

-1 .53?E*OZ

7.975E e 1
2. 356E 02

-2.739(802
-2. 07E' 02
-5.908(8 a
-1 .587E'OZ

4ZFACE SX =

SXY:
-ZFACE SX -

SY :
SXY:

4ZFACE SX =

SXY=
-ZFACE SX 5

SY =
SXY=

4ZFACE SX =
SY =
SXY5

-ZFACE SX =
SY =
SXY=

4ZFACE SX =
SY T
SXY=

-ZFACE SX =

SXY=

4ZFACE SX =
SY T
SXY=

-ZFACE SX 5
SY =
SXY:

4ZFACE 5X =
SY T
SXY=

-ZFACE SY =
SY =
SXY:

4ZFACE SX 2
SY =
SXY=

-ZFACE SX =
SY =
SXY:

4ZFACE 5X 5
SY =
SXY:

-ZFACE SX =
SY :
SXY:'

1. liar
3.8351.
-4 .848E1,,j
1. I13F1 02
.s 94ct02

2.818AE03

3.490E'13
-1.858E003
-4.145C403

3. 489L O03
1.285E 03
3.346L 03

-5.914E403
-2.164(03
2.71&F 03
5.5 9 E 03
2.433(E03
2.516E'03

-7.190E453
-1 .98SE 03
-. 440E02
6.83YE103
3. 31aE( 03
9.148E402

2.44E4e04
7. 013E 03

-1.482E(03
-1 .499sE04
-1.771Eo03
3.103E402

9 .405EI3
4.692403
3.307EI03

-9.957E4O3
-I. SOlE 0 3
1 .A43E' 03

1. 933E133
1 .6A4E'S3
4.54A8EO3
I .719E 03
5.385E402
2.80EI 0 3

-4.706(E403
-9.467EZ02
-4.356E 03
5.I25CI03
I.A89(403
3.260E103

#ZFACE 4.925(403 -4.770E103
Vtl

-ZFACE 3.185833 -2.474(E03
VI

4ZFACE 1.55CE103 -6.899E#03
vn

-ZFACE 5.910(E03 -1.136EVO3
vn

4.a48a ' 03
r . 397EI03

2.A29I0 3
4. 914 EIO]

4.225E063
7. 7 9IE'I 0

6.523E103
6.552E*05

-44.

47 .576

-50.56a

IzrACE -7.335E'02

-ZFACE 7.035E403

*ZFACE -1.523E(O3

-7.331Ee03
vti

1.e57E(01
vn

-7.356E803
vI

3 .3a DE I 03
6. 999(I03

2.981(903
6.510E'03

2.766E 03
6 .635E03

-62.307

-ZFACE 7.060E103 3.095E(03 1.983ES03
Vn 6.130E03

4ZFACE 1.477E(04 6.73CE403 4.91aEfil
VM 1.2?0ES04T

I

13.737

-10.823

88. 5-ZFACE -1.764EI03 -1.50CE341
V11

1.616EI3
1.420E404

XZ. 37

./QUAD Z38
./ S2/

/ 45
44.-- -- - --- XI

K
4ZFACE 1.111E404 2. 98EMO3

vii

4.0361E(0
9 . 9 58 c 03

4.5 6EI03
S. 621RE 03

-27.262

78.I99-ZFACE -9.132E$02 -1.005(EI4
Vii

XZ. 38

. QUAD / 39'
. / 33/

/ 46
45.--- . XI

X2. 39

/QUAD / 41
. / 3V/
.1 / 47

4 .--- --. --- XI

X2. 46

*ZFACE 4.34BE403 -Z.751E'33
vii

-ZFACE 2.432E$U3 -3.613E035
vni

4ZFACE 1.91SE403 -7.570E403
Vti

-ZFACE 7.175E003 -1.61DEIOZ
Vm

4.50 I a3
8 . 0 8 3 E 0 3 5

3 .323(41 035.268(003

4 .744EI'3
8. & 900 E03

7.618 N403
7. 157(403

-4 4.1 5Z

55.962

-56.670

32.15 9

FX - 5.911E011
FY = 2.542E102

*ZFACE SX - -1.241EID3
SY = -2.088('03 4ZFACE -9.937E402 -1.034EI 4 4.675E#03 -69.S91
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.1 / 48
47 _____, ---- Xi

XZ. 41

* /QUAD / 42
./ 36/
.1 / 41

48 .------ ---- XI

I-
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X2. 43

IQUAD / 44
. / 37/

/ 51
5 m .------ . -- XI

X2. 44

AUAD 43

/QUAD 46S

. / 38/

.1 / 52
531. ---- . - Xi

X2. 43

/QUAD 1 S6

. / :39/

.1 / 53
52.- . -Xl

X2. 46

* / 4 6/
/ 54

53.- ---. ----Xi

XZ. 47

:U~ / 48
. / 41/
.1 / 55

54.-----. ----Xl

X2. 48

/QUAD 49^
. / 42/
./ / 56

5 .-- . --- Xi

X2. 51

/QUAD 51
.1 / 43/

/ 58
57.- . -Xl

FXY

MY
MXY

FX
FY
FXY
'lx

MxY
MX

FX
tY
FXY

MXY
MY

FX
FY
FXY
iX
MY

FX
FY
FXY
fiX
MY

FX
FY
FXY
'lx

tixyTX

FX(
FY
FXY
nlx
MY2
nr

r
s
2

2

-1.18AtO2
-3.103E02

-1. 8 E
-1.169(402

4.228E' 0
3.882E402

-I .865E 01
-4.838(E02
-1.295E402
-4.257E401

-2.94IE402
7.91?E(0Z

-8.724E401
8. 12E4 I2
2.L93E(02
-3.664011

-1.580E402
7.347E(02

-2.794Ea02
5.533El02
1 .833E4 02

-1.042E#12

-2.733(E4O
5.87iE#02

-3. 026E4 02
1.557E402
5.32?E#0i

-1.492E(02

l.102,E.2
5.045E402
-2.505E42z
-2.498E#12
-8.385(401
-1 .559E 32

1.797E402
4.710E402
-1 .341E#02
-5.561E4 Z
-1.87E(4"2
-1.177E4I2

5XY:
-ZFACE SX =

SY:
SXY-

*ZFACE SX =
SY =
SXY=

-ZFACE SX =
SY=
SXY:

4ZFACE SX =
SY -
SXY=

-ZFACE SX :

sXYr

*ZFACE

-ZFACE

3X =
SY=
5XY=
SX =
SY =
SXY:

-1 .153E(43
-2. 331I 0 3
-1.05?E(03

.1 YI0 F 04
3.884(403
9.84SE4 02

I .883(404
8.046r4O3

-1 . *S4 5 OI
-2.00(Ee04
-4 .AAIE'03
7. 054E02

I .29&E#04
5.86 E(03

-3.360E403
-1.360E'04
-2.930(0 3
1.142E403

3.183E033
2.454E(03
-4.186EID3
-3.792E403
-1. I0 AJE4 62

2.915E#03

-5.774E(03
-1 .003(E03
-4.243E#03

6 .215E403
3. 021E' 03
3.240E(03

-1 .299EI94
-3.588E403
-3. I9 3E03
1.3714e34
5. 46A8 E 03
2.556E403

4ZFACE -2.211EI13 -1.1653(04
vn

-ZFACE 1.1824004 3.761E403
vn

- 3 . I0 4,)
I . 481
3 .1 05. .i

2 . i0 3 (40

*ZFACE 1.893E#14

-ZFACE -4.848E403

4ZFACE 1.410E414

-ZFACE -2.588E103

'ZFACE 7.299E403

-ZFACE 1.552(003

'ZFACE 1.479E(03

-ZFACE 8.23SE413

#ZFACE SiX

SxY=
-ZFACE SX =

SY =
SXY=

4ZFACE SX 2
sY =
SXY-

-ZFACE SX =
5Y =
SXY=

*ZFACE 5X :
sY =
SXY:

-ZFACE SX =
SY =
SXY=

7.943E403

-2.004E404
VII

4.732E(03
vn

-I 3 94 E4 3 4

-1.162E 33

-5.441EID3
vn

-8.257E(03
vn

1.036E403
vni

5.495EI03
1.647(E04

7 .597E4 D 3
1.811(E04

4.684(433N
1.243E'04

5.675E(03
1.284E#04

4.231E433

1.500E403
6.36BE403

4.868(4 03

3.612E 03
7.776E 03

4.718E(03

4.28AEI 03
I .046c(04

-83.514

7.073

-5.531

87.336

-20.38?

79.995

VH 1.885(4o0

-ZFACE 1.I41EI04 2.178033 4.11XE403
vnI 9.5134E03

60 .894

-57.670

31 .88i

2
4ZFACE -2.662(EI3 -1.3914E04

vn
5.t25E403
1.279EO40

I .2J4Eo0

-73.325

1 5. * I 4-z2ACE 1.443E434 4.739E#03
V"

FXY
FXY

MY
Yxy

2
2.313E412
4.181E(02

-3.675(4ol
-7.152E(02
-2.428E(@2
-4.368ES01

*ZFACE SX s
SY =
SXY=

-ZFACE SX =
SY =
SXY=

4ZFACE SX =
SY -
SXY:

-ZFACE SX =
SY =
SXY=

-I 676EI04
-4.8294E0S
-1.122E403
1.757E(04
6.825403
1.748(402

2.213E'14
5.286(433

-9.94E1(02
-2. 30E( I04
-2.850E403

9.570EI0Z

'ZFACE -i.7Z4( e3 -t.687E#04 6.172E433
VY 1.507E(04

-ZFACE 1.765E(04 6.737E403 5.45BE103
Vni 1.543E#04

-84.677

5.144

-3.368

87 .294

TX

FY
FXY
nx
MY
nxY

-2.413E( 32
4.372(1 02
6 . * * 2 E I ° 2

1 .695E I02
-4.07CE401

4ZFACE 2.211E(e4 5.22BE433
VYi

I. 479E4 03
2.009AE04

2.187(404
-ZFACE -2.BbAE413 -2.314E(04

vri
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/QUAD I 51
. 1 48/
./ / '3

*2.-. -- X1

X2. 15
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tx

ry
lXy

MXy

2

FX :
FY :
FXY :
HX :
MYT
MXY

FX :
FY :
FXY :
M :
MY :
iXYI

-1.715(432
& . I 1 E I 0 2

-2.14840 1
1.191(402
1.21E 02Z

-1.137E402

-5.IoOEMO
1.014E002
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"Nadv 2.11 A°°VENDS

N::GINEERINIG DROP TEST FOR l-12C Ii

SHIPPING PACKAGE

2.12.1 SCOPE

This appendix su-arlzes the plans for, conduct of, and results from the

engineering drop test for the 1-13C II shipping package.

2.11.2 REFERENCES

Prior to performing the drop test, numerous planning documents vere generated

detailing data collection procedures and acceptance criteria. These reference

documents are included in microfiche form in Section 2.11 on the microfiche

entitled "2.11 Appendix: Drop Test Report Reference Documents 1-13C II

Shipping Package." The documents Include:

C r 2.11.'.1 CNSI Procedure NE-TI-001, Rev. -, Drop Test Procedure for

CNS-1600 Shipping Package 1-13C II: This document summarizes

the planned sequence of events for the package drop test.

2.11.2.2 NuPac Procedure DT-01, Rev. 2. Drop Test Requirements

Hypothetical Accident Conditions (Type "B") for the 1-13C Model

1600 Package: This document au-marizes the drop test

objectives, general strategy, and performance criteria.

Included in this document are detailed procedures for obtaining

bolt force measurements and dimensional survey data.

2.11.2.3 CNSI Procedure, 5-QP-004, Rev. -, "Liquid Penetrant Inspection

Procedure: This inspection procedure, in conjunction with the

Industrial NDT procedure QCP-401 reporting format, was used to

perform dye penetrant pre- and post-tests.
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2.11.2.4 :uPac Dccunent CL-01, Rev. 0, Ga.n-.a Scan of C;ISI Mcde' 1600
Cask: This document, In conjunction v'th references 2.11.2.6
and 2.'1.2.7, vas used to perform the post-test Zarma scan of
the 1-13C II cask body.

2.11.2.5 X-Ray, Inc. Procedure No. VT-001 Visual Inspection of Weld.ments
and Adjacent Materials.

2.11.2.6 NuPac Document GS-002, Rev. 0, General Procedure for Ga=ma Scan
of Shielded Containers - Field Calibration Method.

2.11.2.7 Industrial N1lT Procedure 601, Ultrasonic Testing for Metal
Thickn3ess and Soundness.
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2.11.3 DTAILED PRCEDURE: CONDUCT OF DRO? -. ST

2.l1.3. OverrvIe and S=.-rarY

Tshe 1-13C II drop test was conducted in September, 1980, at the Chem-Bluclear

site in Barnwell, South Carolina. Humerous pre-tests were performed to

establish shielding integrity, and package dimensions of a 1-13C II cask. in

the actual drop sequence, the cask was loaded with a dummy payload, sealed,

and fitted in Its transport overpack. The package was then lifted to a height

of 30 feet and dropped vertically onto a concrete pad. After this bottom end

flat drop, a new overpack pair was installed and the package was again dropped

from a height of 30 feet, this time with the top (lid) end down and a package

centerline orientation of approximately 400 with respect to horizontal.

Following this top end oblique drop, post-test inspections were accomplished

to document package changes and to verify post-drop shielding integrity. The

package survived both drops, meeting all post-test shielding accpetance

criteria. The overpacks, although deformed, did not fail. The cask itself -

was intact except for one cracked lid bolt boss which occurred because of

interference between bolt force measurements transducers and the overpack

tiedown plate. This interference allowed the overpack to load lid bolt heads

in bending introducing a severe and unrealistic moment into the bolt boss.

Furthermore, a dimensional review showed that if the maximum bolt head

diameter (i.e., width across corners) vas used, the edge of the 3 inch

clearance hole in the overpack would contact the bolt head before the internal

side wall of the overpack would contact the side of the cask. Modifications

liave since been made to the overpack to enlarge this 3 inch clearance hole to

3.548 inches. This dimensional change allows for sufficient clearance to

eliminate interference between overpack tiedown plate and lid bolts. This

modification is expected to have no effect on the energy absorbing

capabilities of the overpacks. Also, a 1/8 inch thickness of neoprene has

been added, as an option, to the inner vertical walls of both the upper and

lover overpacks. This neoprene was added exclusively to minimize any chafing

between the overpacks and cask,
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and is not required to el'mlnate any previous tolerance problem in the area of

the cask lid bolts. In addition, flat washers of 2 1/2 Inches out3ide

diameter have been added under each of the twelve lid bolts to eliminate any

potential of galling between the bolt heads and the contact surface of the lid.

.he remainder of this section provides a sumnary narrative of test procedures,

*w!th an e=;hasis on those areas which deviate from the planning documents

(references 2.11.2.1 through 2.11.2.8).

2.11.3.2 Fre-test Liould Penetrant Tnsvection

On September 23, 1980, a certified inspector from Industrial iDT Company,

Inc., performed a liquid penetrant inspection of all package weldment3. The

liquid penetrant Inspection van observed by a CNSI Quality Assurance

Representativc to verify the Integrity of the data and adherence to the

written inspection procedures.

2.11.3.3 Pre-test Gamma Sean

A pre-test gamma scan was performed on the 1-13C II cask on September 26,

1980, with the intention of comparing the results with post-drop data to

determine shielding integrity. A Cobalt-60 (9 curies) source certified by

Pittsburgh Testing Laboratory was used In the test. Unfortunately, following

the conclusion of testing, the gamma scan technician discovered that the

acintillator being used had a cracked crystal, thus invalidating all of the

pre-test gamma *can data. The original strategy was therefore revised so that

post-drop gammsa scan data were compared vith a calibration curve equal to

nominal cask lead thicknesses. Acceptance criteria were also revised so that

any obtained readings exceeding nominal lead thickniess minus lOZ were

designated failure.
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2.-1.3.4 ?3ckaJe Presarit1on

.ollowing dimensional measurements of the package, the package vas loaded and

scaled. A 3,000 pound dum-=y payload of sand and lead shot was loaded into the

cask. The lid gasket and lid were then put on the cask and the lid bolts

torqued to 330 ft.-lbs. (lubricated). After installing bolt force measurement

instru=entation, the cask was Inserted in its upper and lower overpacks.

Ratchet binders connecting the overpacks were torqued to 70 ft.-lbs. and the

entire package weighed. Final package weight, verified by CSI Quality

Assurance representatives, was 26,500 pounds. Photo F1 shows the package

being put into the lifting sllng just prior to the flat end vertical drop.

2.11.3.5 Photograohic Docunentatlon

(9

The drop test was documented in great detail photographically. Actual drop

sequence (bottom end vertical and top end oblique) were recorded using a high

speed 16=m movie camera shooting 500 frames per second on negative color

film. The camera was placed so that it would record the package falling in

front of a plywood backdrop with a 6 inch grid pattern. Drop sequences were

also recorded at normal speed (24 frames per second) on 16=m negative color

film. In addition to the movies, still pictures were taken of the drop

sequences (35mm, ten frames per second). Finally, nueroua 35=m color stills

were obtained before and after each drop to provide detailed documentation of

pre- and post-drop package condition.

2.11.3.7 Bolt Force Measurement

Prior to installing the upper overpack, the instrumentation to measure bolt

tension was implemented. Bolt tension was monitored by custom fabricated load

cells. The cells were designed to fit under bolt heads as washers. They were

compressed between the bolt head and lid top surface when the bolts were

torqued down. Strain gage
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circuits inside the cells generated electrical signals proportional to the
force between bolt head and container lid, thereby allowing bolt tension
deternlnation. In the original plan (see reference 2.11.2.2, Section 3.0),
f'ur force load cells were to be installed beneath the lid bolts, equally
spaced at 900. However, the General Electric technician conducting the bolt
tension measurement alerted Chen-Nuclear personnel to the possibility of force
*washers being da-maged during the first drop. Since only four of the custom
force washers were available for the entire test, it was decided to install
two of them during the first drop. All four could then be used for the second
drop if no damage occurred during the first drop. Accordingly, force washers
01 and #2 were installed under two lid closure bolts 900 apart and
electrIcally connected to a Vishay P-350A strain indicator. In Photo Fl,
cables conecting the force washers to the instrumentation are visible.

Calibration resistors, supplied by the washer manufacturer, were shunted
across each washer's bridge circuit, and the indication per simulated force
level was noted. The sealing bolts were torqued to 200 ft.-lbs. and the force
washer output levels recorded. While the cask was being prepared for the
first drop and raisad to the 30 foot drop height, the force washers were
connected to the Accudata Signal Conditioners, sioich were in turn, tied into
the instrumentation system. Immediately prior to the 10 second countdown, a
calibration was recorded on the tape recorder and oscillograph. Pre-test
force washer readings with 200 ft.-lbs. of torque on the bolts were 15,700
pounds on #l, and 9,600 pounds on 12.

2.11.3.8 First Droop Vertical Botton End

The cask and overpacks were put in a lifting sling which was attached to a
quick release hook on the crane (see photo F2). The entire package was then
raised to a height of 30 feet above the concrete dop pad as shown In photo
F3. Also shown are the instrumentation cables and tag lines Photos F4 to F7
depict the package during the actual drop: the cask impacted on the target,
rebounded to height of about 8 inches, then impacted again at a slightly

oblique angle and came to rest.
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Photos FS to F49 illustrate in greater detail package behavior during the

first drop. Under secondary impact, the package rotated slightly and Impacted

en the corner between quadrants I and IV, causing slight mushrooming confined

to the lover five inches of the lover overpack (see photo F16). No general

crush of the lover overpack vas evident at this tine. The upper. surface of

the lover overpack demonstrated ballooning due to the compressive forces of

the foam (see photos F14 and F1S). The impact in quadrants I and IV caused

the ratchet binders on that side to deform and to buckle (see photo F17). On

the opposite side (quadrants II and III), the ratchet binders were loaded with

tensile forces, but there was little evidence of distress except in the

attached clevis bolts, as seen in photo FI8. The upper overpack showed

corresponding compression and tensile loading, although there was no distress

to ratchet binder lugs or to the overpack shell itself.

Although not evident in these photos, force washer 12 had Its lead lines

severed 80 milliseconds after impact and experienced undetermined internal

damage. Bolt force measurement data shoved that the pre-test load (15,700

pounds on force washer #1 and 9,600 pounds on 12, with 200 ft.-lbs. of torque

on the bolts) were not permanently reduced by the impact of the drop. In

fact, they were slightly increased. Temporary reduction of the initial

clamping force by approximately 20% was seen for less than 4 milliseconds at

impact. Otherwise, the clamping force was increased slightly and remained so

after impact perturbations had ceased.

In summary, visual examination of the package indicated absolutely no damage

to the 1-13C 1I cask body or lid. The overpacks and ratchet binders did not

fail, although the lower overpack sustained moderate damage.

2.11.3.9 Droo II: Top End Oblioue Drop

In preparation for this drop, the overpacks used In previous tests were

removed and new ones installed. During this process, force
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*jashers 03 and :4 were installed at 90° angle frcm force *ashers 41 and 42.

Al:hough the :12 force washer had been da-aged during the first drop, as

at:etpt was =ade to use it as well as force washer al. -he specia&1y =ade t.p

'.pact lift fix:ture, orienting the package of 40°, was installed and the

force washer instrumentation cables were secured so that they sould not be

damaged or loosened during the cask drop. The package was lifted to a he ght

of 30 feet and oriented at approximately 400 with respect to hori:on.

?hctos *1 and T4 depict preparation for the oblique drop.

*hen the package was dropped, initial impact was on the Quadrant IV corner of

the upper (lid end) overpack as shown in photo 75. It then rebounded, and the

lover overpack experienced initial slapdown impact (see photo T6). The upper

overpack impacted a second time while the lower overpack vas still in rebound

(photo T7).

The lower overpack experienced second and third alapdovn impacts, and the

package came to rest (see photo T8). At initial impact, all four force

washers were destroyed and no significant data was transmitted. Visual

inspection of the package (discussed at length in the next section) after the

oblique drop revealed some crushing in both the top and bottom overpacks, but

no bottom-out. Bottom-out was defined as a deformation of the overpacks

exceeding 95 of the overpack foam thickness measured perpendicular to the

crush plane. Had this occurred, a third (bottom end oblique) drop would have

been necessary. The conditional third drop was waived and post-test

inspectIons cocnenced.
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2.11.2.10 ?ost-test V!su3' Tnsvectlcn

?hotos T9 and T20 illustrate post-test visual examination findings. i: should

be noted that the drop orientation was selected to maximize potential damage

to the cask lid and to the upper overpack shell. In spite of this "wors:

case" strategy, the upper overpack shell evidenced only moderate compression

(photo ,9). Furthermore, although the tiedown lugs deformed to conform to the

overpack shell shape, there was only moderate distress in the vicinity of the

tiedown lugs and to rupturing or tearing (photo T10).

The interior upper overpack shell likewise suffered little damage, although it

caused problems with the force washer instrumentation. Photo T16 shows that

bolt relief holes fashioned to accomodate the force washer instrumentation

cables which had to be routed through the upper overpack. Unfortunately,

inadequate clearances in the relief holes caused the vertical inner walls of

the overpack to impact on the sides of the force washers. This lateral impact

greatly increased the loads applied to the cask closure bolts. In the most

al textreme case, this resulted in a crack around 3/4 of the circumference of a

lid bolt boss (photo T17). The boss Vas also raised 1/8 inch above the cask

top surface. It should be noted that in service, no such loads would be

used. In addition, the clearance holes in the overpack which receive the lid

bolts have been enlarged from 3 inches to 3.548 inches, and a 1/8 inch

thickness of neoprene has been added, as an option, to the inner vertical

walls of both the upper and lower overpacks. Hence, the failure can be

considered the result of an unrealistic over-test. The lateral impact also

destroyre the force washers (see photo T18).

Visual inspection of the lower overpack, which experienced three slapdown

impacts, showed only minor damage. In photo 114, the cask registry can be

seen running along the circumference of the inside lower plate. There was no

rupturing or tearing of the interior shell, however. Also shown is slight

paint distress indicating some yielding along the vertical weld attaching

ratchet binders in

2-184



CVERALL PACUSAE C"9DITICM A Tr? P EN4D C3L!CUE .C

-T 9 C LE FT7)
I.'IiTpi I~PACT ?6S I~ CFU-. '
OVERPACK AS E'/IDEXLED BY P4IVIT
cN DROP PRD.

T10 CRIGMT-
.MDERATE CORNER AND SIDE
CcIRESSICN4 CF UPPER CYPPACK
SHIELL: ONLY *¶INOR DE?-O%'.ATICNI
CF CUTER, CYLIIZRICAL. VAL .4 UI

c VICINITY C;F TIE-DC'il1 LUGS.

- TiI CLEFT)
EFFECTS OF SLAPPD9q'l IPPICTS
C.1 LOVE3 0. `EAC-K SHELL:
SCALLOPED CEFOR~ATICN4 CAUSED
!Y RETEXTICvM CAAI?1S.

112 (RICM)T -
EFFECTI OF L7dtI -"'t'1PACK SL±'PZ'~l
FVPACT; FLArTE.I~'111 IS LESS N-AN
2. 5 13FE S.

2-18 5



IoOP EB DZA:.E: RU.-.Ar LLE

RE'.VIAL CF JUND 'AGE) CASK LO4R-'
C1'ERPAL4 .FBR CL:UE J .C JFE
CVe'UPACK USED IN4 SECC.ND MOP IS
SHCN4 N AC.4'

1 (RIVGW -
LCWER OVERPACK. MWICH EXPEPIENCED
-Jin SLAFDO-'4 I.PACTS, SHOIPS SO
-':RING OR DISIF.ESS: CASK llil?(T

RUNS ALONG CIRCU~TE REICE OF LOWER
V~EP.PACK PLATE.

- :15 rLFe
ELI CU:T P] I '' I !. ES$ S T LCr%-t CIVE~.
-.TCurrT F!";DO LM z CrE4'Vil IN'DICATES

.30EST 5* '!MlFCE~.A~A ELAMTC
LI'1T!; % :.T'C C-%E F Ct~ER VF-'C%
!U~joci:rt

2-18 6



7evis'cn 0

::? E'i: :z.L:'%E. :::? :A'^'5E ::.TAILS
(C:lTl.%iUED-)

I Ti 15 C.t
:IE10 F UPPER O;VE-'P!CX. U41CH4

EE;IEMCE) NTITA1 ITACT; B'.01 ";,?XS
'PE FRC?l. TORCHING OF C.S LID B.OLT !,EUlEF
".CLES TO ACCD.*7':ATE FCRCE WASHER
MiR~L~nTATION C~-LES.

T117 (B'E)-
C:PC'yUE'EhNT:,L C!-ACK C?( CASK t,:D
BOLT SCSS C.-USED BY ~TRLi'.PC7
OF OVE:PACK LID BOLT RUEFL ~iOL
C.( FORCE VASHER.

Amnh� lp,

qp

* -C T::3
Fc'Xf. dA5SVE. i3, :EST;V0E BY LATEPA~
IIF!C: CF M.-7ACK B-OLT :rEL:EF- 61CLES;
;4*c:AC:;:7 CUPEAZACES 1IN BOLT :EL;E
'MUS :.ESL- :4 7.`ERIESTs OF
CAISK CLOSV'E SCLTS.

!SEB N
CA'S< LE.- '.?ECK irFEq 0BLZUE DROP;
'ESPITE TOG 1 FOPCE v.SvE!.S As:D
CA-S( LID 3CLs SOSS. LECAK -.A-7S 1DI
.4:T ExCrED ACCEPTANCE W.ITS.

1'

-~ T71 (LEFT)
CASK LID AN) Br-CY FOLLCUI9G SECOND
DROP; CASK (2[.AI'S '0(444JED EICEPT
FrD. C~A'..CT) MI 371U PC'S AID -'42*
PlAcV PAINT -,Msiry A"'rs.

2-1 87



Revision 0

Quadrants II and III to the overpack inner shell. Photo T15 shows additicna;

airnt distress on the upper surface of the lower overpack at the ratchet

binder lug attachment. Although this indicates modest strains above ma:er al

elastic limits, there were no ruptures or tears of the cuter overpack shell.

2.11.3.11 Post-test Dimensional Checks and 2olt Retorquino Values

The cask lid bolts were retorqued to their original values of 330 ft.-lbs. anc

the number of degrees required to obtain this value was documented. Not

surprisingly, the two bolts requiring the most retorquing to obtain original

values were those closest to the impact plane after the second drop. Lid

bolts #5 and #9 required 250 and 150 respectively to obtain 330 ft.-lbs.;

both were adjacent to the torn boss insert under Force Washer #2.

Post-drop cask diametrical measurements were also obtained. These

measurements were identical to tee pre-drop measurements within error

tolerance (1/8 inch).

2.11.3.12 Ove Penptrant Post-test

On October 2. 19EO, the post-test liquid penetrant inspection was performed by

Industrial NDT Company, Inc. Results were identical to pre-test findings with

the exception of the cracked bolt hole boss discussed earlier.

2.11.3.1 Post-test Gamma Scan

Due to equipment difficulties noted earlier, the post-test gamma scan was not

concluded until February, 1981. The test was performed by the Quality

Assurance Manager of nuclear Packaging, Inc., of Tacoma, Hashington. The

following preliminary inspectior were performed and verified:

A. Exterior surface wipe test.

S. Weld integrity of external heat shield welds.

C. Cask dimensions
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-he cask surface Was gridded In four inch squares, and the probe and source

vere calibrated in accordance with Cana Scan Procedure No. CS-002, Rev. 0.

The cask was first scanned without the 9 curie Cobalt 60 source, and all

readings were recorded on a grid map corrsponding to the cask surface. The

source vas then inserted into the cask, calibration rechecked, and a nor.al

ga-ma scan completed. The "background readings (no source in cask) for each

g:id were subtracted from readings obtained with the source in the cask.

Obtain differences were the actual za-ma readings in millirems per hour for

each grid. Cask lead integrity was shown to be fully acceptable with no

detectable lead settlement.

GCa=a scan of the cask lid was not practical, so it vas subjected to

ultrasonic soundness inspection, performed by a certified Industrial NDT

technician. No relevant indications vere detected.

2.11.4 TEST EE5UtLS/DATA

2.11.4.1 SU= Cr

Inspections and tests of the 1-13C II cask provided dramatic confirmation that

the package Is structurally adequate to aurvive accidential drops from 30

feet, in any orientation. The overpacks, although deformed, did not fail.

The lid was not deformed. The cask itself was not deformed except In areas

deformed by testing instrumentation. Post-drop package shielding

capabilities, as measured by gzamm scan data, were clearly acceptable. The

damage which was sustained by the lid bolt boss noted previously is not

expected to occur if the cask is subjected to hypothetical accident conditions

in the future.

A potential Interference problem existed between the bolt head (i.e., width

across corners) and the edge of the 3 Inch clearance hole In the overpack.

The overpacks have since been modified to enlarge the lid bolt clearance holes

from 3 Inches to 3.548 Inches. This eliminates any possibility of the

overpack contacting the lid bolts when the package is subjected to

hypothetical accident conditions.
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Because of th's design modification no damage Is expected if the cask 1s again

subjected to the hypothetical accident conditions. Therefore, the

pre-ac:ident cask condition is actually representative of the post-accIdent

cask condition. Moreover, the pre-accident cask condition may be tested to

demonstrate compliance with the post drop-test contaInment requirements of

:NUREC. 7.4 and ANSI N 14.5. This also affords the flexIbility of making

package design improvements without requiring additional testing. Additional

package design improvements are noted as follows: An 0-ring has been added to

the lid to facilitate leak testing in accordance with NUREC. 7.4 and A11S N

14.5 for assembly verification. There was no consideration given to this

0-ring to enhance the sealing capabilities of the package. However, the

addition of this 0-ring does augment the existing sealing competence. The 3/8

inch thick silicone gasket has been reduced to a thickness of 1/4 inch to

ensure metal to metal contact between the lid and the cask. This will result

in more repeatable results when performing future leai tests.

2.11.4.2 2ye Pentrant Inspections

Figures 2.11.4-1 and 2.11.4-2 show the pre-drop and post-drop dye penetrant

Inspections of the 1-13C II cask.

2.11.4.3 D!menslonal Checks

FIgure 2.11.4-3 shows the pre- and post-test cask diametrical measurements.

Pre-test figures are in the upper level and post-test measurements in the

lover level. It vas determined from a post-test dimensional survey completed

at Barnwell, South Carolina, by CNSI Quality Assurance personnel that all

pertinent areas of the cask lid which might have been affected by the drop

test remained within fabrication tolerances.

Figure 2.11.4-4 is a sketch depicting the lower overpack after the bottom end

vertical drop. Deformation of the upper overpack after top end oblique drop

is shown in Figure 2.11.4-5.
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2.1'.4.4 Ga-a Scan Data

Figure 2.11.4-6 shows the calibration curve obtained prior to gca.a scan of

the 1-13C I! cask. Also calculated In this figure are the gamna scan

acceptance criteria derived by subtracting 10% from cask nominal-lead

thickness (which was 5.00 inches except at the lifting ear support bond and in

the tapered lid insertion area) and correlating these figures with calibration

readings obtained with lead plates of the same thickness. The reader will

note that the acceptance thresholds were 49.5 =R./hr. at lifting ear support

band and 26.0 MR. for the rest of the cask. The 49.5 mR/hr. figure was

projected, since no calibration lead plate with 3.82 inches thickness was

available.

Figure 2.11.4-7 (3 pages) shown the post-test ga-a scan with the 9 curie

Cobalt 60 source inside the cask. No reading at lifting ear support band

exceeds the maximum allowable limit of 49.5 mR./hr. No reading for the rest

of the cask body exceeds the maximum allowable limit of 26.0 except in row

14. These higher readings are due to the taper present in the top area for

insertion of the mating taper of the lid. At this taper, the cross section

lead thickness is only about 50% of that in the main cask body.

2.11.4.5 Bolt Force Measurement Data And Bolt Retorguirn. Data

Figure 2.11.4-8 shows a top down view of the cask lid bolts and force

washers. Included in this sketch is the number of degrees to achieve original

lid bolt torque values (330 ft.-lb.) after the two drops.

Bolt force time history for the first drop impact can be seen in Figure

2.11.4-9 (two pages).
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FIGUkE 2.11.4-4
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'IRE :2.11.4-6 CALIBRATION CURVE, 1-13 C II CASK "A SCAN AT BARNWUELL, 2/26/81
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.!CJRE 2.11.4-7

GAn.A SCA:N READI:;N Ill XR OF 1-13C II CASK WI7.! 9 C'JR'ZS

COBALT 60 SOURCE
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FIGURE 2.11.4-7

GA'-AA SCAN READINGS IN MR OF 1-13C II CASK WITH 9 CURIES

COBALT 60 SOURCE (Ccnt'nued)
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17.C 16.0 15.0 5.0 2.4. 14.013.4.0 1.4. 15.0 15.0 50.016.0 126.0 17.0 19.0

L7 . 15 TI1 3 . 4 .0 ,U I L 135 C 2 l7.0 19.0

17. 16.0 15.0 P .0 lL.C '24.01 34.012.4.C 13-.OIL0 lt.0 15.0 16.0 7.0 18.

15. A 15.0115.0114.01 13. 12.01 22.Q 12 10-0 CIT . -6._ _ _ _ _ _ _ _ - - - -2 . - . 0o2 1a
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2
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FIGURE 2.11.4-7

GJA`VA SCAN READINGCS 1:1 r'R OF 1-13C AII CASJK WI-. 9 CUIJRES

COBALT 60 SOURCE (cont~nued)

CAIK f3c'-rrOM

pAL4
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TIGCJE 2.11.4-8

LID BOLT STATUS FOLLOWINlC

OBLIQUE IMPACT

Degress indicate turn required to restore bolt preload torque.
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F:CURE 2.11.4-9
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.FIGURE 2.11.4-9 (cont!nued)
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This section briefly stuiarizes significant comments and conclusions. Where

appropriate, correlations and meaningful Interpretations are provided.

2.11.5.1 Cask Behavior

,he drop tests conclusively demonstrated the capability of the 1-13C II cssk

to survive the 30 foot drop provisions of the hypothetical accident segments

of CFR 71. Successful survival of tvo sequential 30 foot drops demonstrates

the high degree of conservatism embodied in the 1-13C II design. Shield

integrity vas directly demonstrated by appropriate performance tests.

Structural integrity was similarly demonstrated by the unchanged condition of

the cask following these two drop., with the exception as previously noted.

2.11.5.1.1 Shield IntetrItv

The post test g--a scan described In Section 2.11.4.4 demonstrates that

the lead shield suffered no damage or change during tvo successive drop

tests. There Was no detectable lead settlement. All provisions of 10 CFR

71 relative to survival of shielding under hypothetical accident

conditions are fully satisfied.

2.11.5.1.2 Weld TntearItY

Pre- and post-test dye penetration examinations fully demonstrated

sufficient weld Integrity to satisfy hypothetical accident conditions as

defined in 10 CFR 71. However, there was one cracked lid bolt boss which

occurred because of Interference between bolt force measurement

transducers and the overpack tiedown plate. Under normal shipping

conditions, this interference situation would not prevail since force

washers would not be present. Moreover, the diaomter of the clearance

area of the overpack has been increased from 3 Inches to 3.548 Inches.
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..1 1.5.!.3 Stvicnarzl-:.er

Dinensional surveys before and after drop test show no change 'n cask

geom.et-y, *ee Paragraph 2.11.4.3 Dia.etrical measurements were taken at two

outside locations (top and bottom) and three inside locations within the cask

cavity or containment vessel (top, middle and bottom). None of these pre- and

post-test measurements differed by more than the 1/8" measurement accuracy.

"ata fits, based on the very conservative assumption that any measurement

differences were true physical changes, show that maximum possible strain

cannot exceed:

Bending .23% Level 'A', Figure 2.11.4-4

Membrane .;9%

This is well below the 40% ultimate strain of the stainless steel cask

materials, Lnd well below the perzissable strains set for cask requalIfication

following the test, see Paragraph 6.0 of reference 2.11.2.2. Thus, the cask

meets the strain level requirements for return to ser-tice.

Closure bolt strains urder two successive 30' drops were conservatively

determined using a "turn of the bolt" method with "turn" values extracted from

Figure 2.11.4-8, Maximu= probable closure bolt strains are as follows:

Bolt 14r. T8 rn Strain
(Fi4g. 2.11.4-9) C ) C')

5 25 .. 44

10.7,11,6 10° .1B

~50 . 0 9

Stzain, C - L/il ; 1." - 7ULC x 2

- (0) 1; L 2.25 (1"+1d)
3 T * 57
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With one exception, bolt :15, all closure bolts experienced strains

less than the definition of engineering yield, 0.2X offset. The

:ax!mn= possible strain In bolt U5 is just slightly more than this value.

These predictions are very conservative since a maJor fraction of the retorque

applied is probably related to the instantaneous release of friction forces

upon Impact.

Additional very useful data regarding closure bolt performance can be

extracted from the epnd drop bolt force transducer 01 output, Figure 2.11.4-9.

Essentially no hi. frequency response components may be observed. Additional

frequency decomposition analyses of transducer data confirm this conclusion.

Thus, for the l-13C II package, bolt dynamic response effects due to vave

propagation effects in the cask body, may be safely ignored. The primary

reason for the absence of elastic body dynamic responses vithin the cask may

be attributed to the decoupling of excitation and response afforded by the

energy absorbing overpacks.
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2.1'.5.2 0vervack 3Bhav!o

Where not directly measured or assessed by test, structural Integrity ce the

package is demonstrated using stress values based upon analytic predict'ons ot

overpack performance. This section presents a comparison of test and analysis

demonstrating a high degree of agreement.

The end drop test provides an ideal vehicle to compare the prediction accuracJ

of overpack analyses since the geometry details are minimized as are

complications arising from rotational motions during impact. Figure

2.11.5.2-1 represents a pair of high speed motion picture photos at the

instant of initial impact and at mazxi== overpack deformation. Total test

deformation, as measured from these photos Is 4.46 inches. Corresponding

analytic predictions, assuming a 50% effectiveness for unbacked foam, amounted

to 5.5 inches. These values differ by approximately 23%.

Careful examination of data and comparison with probable causes leads to the

conclusion that these modest differences relate to "effectivess" assumptions

for unbacked foam regions, i.e., that portion of the impact cross section that

Is not backed by the cask body. This unbacked "over-hang" clearly is capable

of resisting loads up to some value where the foam fails in ahear.

Examinations of the post-test results for the impacted overpack show a shear

failure of the foam along the bond surface of the inner overpack shell. This

Is matched by tensile ruptures of the overpack shell as shown in photos F14

and F15, Section 2.11.3. Thus, the unbacked foam generates a significant

portion of the total impact force.
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T3 assess this effectiveness of unbacked reg8ons, a series of e;:d drcp

analysis (EYD70?), see Sect'on 2.10.2.1, vere performed on varying effect've

azpact areas. Results are as follcws:

Di, a.-e t e r
- (in.)

40.

42.5

45.

4 7. 5

50.

52. 5

55.

57.5

60.

57. 36"

Ax e a

(in )

1257

1419

15 90

1772

1963

2165

2376

2597

2827

2584

Deflection
(in)

7.96

7.29

6.68

6.13

5.63

5.19

4.79

4.44

4.13

4.46 (See next sheet)

2~~~~1he total end area of the overpack is 2584 in2 (60- O.D.). The end area

backed by the cask body is 1257 in2 (40ot O.D.). Thus, the unbacked area of

partial effectiveness is:

2827 - 1257 - 1570 In 2
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1-13C II OV'ERPACX END DROP ANALYSIS 16.5 PCF FOAM

IErD OINIIf I)

PACNAGE VEIGHr
FACKAGE DIAMTE
OVERPACK DEPItH
DOk? KEiSHI

*#+0 INACT 4t**

a

U

a

U

22000. (LIS)
57.3& (N1)
15.0 lIE)
30.10 (I I

#++#4o ExEIGi #+#+#*

CkUSH
DEPTH
( Ix)

STRAIX FOkCE
ILIS)

ACCEL. lIxETIC SMkAIN
lI) llX-LI) ll9-LIl

A I IQ

MSIKCE)

.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00

6 .00

7.00
7.50
1 .00
8.50
9.00
9 .50

10.00
10.5 0
11.00

1 3 . 0 0
i13.5 0
1 2.00
12.50
13.00
13].50
14.00

.033

.01)

.100

.133

.117

.200

.233

.26)

.300

.333

.3&7
.400
. 3 3
.433

.46)

.500

.S33

.567

. 00

.63J

.700

.733

.674

.100

.nJ3

.14

I . 00

1317561.
2215901.
245489?.
2511271.
25086:4.

25001 ?0.
2533041.
2514093.
26A4437.
22s7751.
289411 4.
3037)45.
3232988.
3483521.
3299298.
4171975.

4513|11.5 3 090 33.
A62528aI7 .
7545552.
1147052.

I 1510380.

19)723M.
27145)31.
37727)60.
5105A57 .
A613451 .
III1302A.

48.9
I4.7
90.9
93.0
*92.1
91.9
92.4
93.1
95.7
98.7
102.5
107.2
112.5
119.7
129.2
140.7
I54.5
122.3
19 .7
231.6
227.5
338.1
426.3
555.1
730.5

1005.4
1397.3
1M1I.0
2442.9
3 110.5

9)33500.
1747000.
900osoo.
9774000.
9797500.
9901000.
991 4500.
982e000.
941500.
9855000.
9is8500.

9892000.
19I5500.
9909000.
9922500.
t9?3000.
9949500.
99AI000.
II71500.
7990000.

10003500.
10017000.
10030500.
10044000.
10057500.
100) 1 000.
1 0064500.
I 00 0 00 .

321312.
1210236.
24 15409.
3656151.
491124.
6159260.
7404499.
8127 99.
t 420C5.

11254230.
121123 14.
1 4027213.
Is'.150106.
120)8489.
1875ud17.
20580573.
22573116.
2427892?.
27219227.
30159902.
3366Y507.
377U2658.
42947011.
49571S46.
31249455.
£996113.
861 8238.
108381322.

.034

.126

.247

.3) 4

.502

.a28

. s1 42

1.142
1.270
1.420
1.567
1.224

.1.191
2.071
2.26f
2.417
2.233
3.019
3 .hI6
3.772
4.28 2
4.91S
5.792
1.947
0.541

10.733
13.621
17.329

I101115so 00.
1 0 125000. Qs

1094.
d479.
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:est deforma:tcn are =atched with an effective end area of 2-8' in (57.26"

O.D.). The effective area of the ur.backed region is thus calculated as:

2584 - 1257 w 1327 in-

The effect'veness ratio for this unbacked region is:

-ffe .. -.e =12.22
= 84.5%

1570

An alternate approach is the assessment of unbacked foam effectiveness would

assume that full section effective up to the point where shear failures of the

foam no longer permits additional load transfer. For the 1-13C II cask

overpack, the shear plane shown in Photos F14 and F15 is idealized as follows:

40A-
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Allowable shear stresses for 16.5 lb/ft3 Loa., as provided by surpliers, are

estimated as:

. - 13.27; - 440 psi

Frax * (440) (25) (t) (40) - 1.383xlO lbs.

The area of unbacked impact cross section is

Au - (602-402) - 1570 in2

Maximum crush stress in unbacked regions is:

o - 'max - 1.383x106 - 8B0 psi

3u 1570

The stress In backed regions at a deflection of 4.46 inches is found as

approximately 1000 psi. Thus, the effectiveness of unbacked foam is estimated

as:

=8° 88-
1000

The lesser of these tvo unbacked foam effectiveness values has been employed

for all side, end and oblique orientation cask load analyses used in this

report. This adjustment corrects the analytic "over prediction" of overpack

deformations observed In test measurement.
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2.12 M:ACFPS.E'

INFORMATION IN MICROFICIE FORK1

2.10.3 Finite Element Stress Analysts

(1-13C II Cask)

2.11 Appendix: Drop Test Report Reference Documents

(1-13C II)

Appendix 2.10.4 Lift Lug Analysis - August 1981.
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3.0 TFE;YAL E'ALUAT!CN

This chapter "dentifies and describes the principal thermal engineering design

aspects of the 1-13C II package important to safety and to ccmpiarance with the

;erfcrm.,ance requirements of 10 CFR 71.

3.1 Discussion

The CNS l-1 C II package is designed with a totally passive thermal system.

The principal physical characteristics of this thermal system consist of an

external thermal fire shield surrounding a cylindrical stainless steel shell.

The 1/2 inch cylindrical stainless steel shell surrounds a lead shield of

approximately 5 inch thickness. The inner surface of the package consist of

an 26-1/2 inch diameter stainless steel shell. The cylindrical pac,.kage ends

are similarly constructed of stainless steel and lead materials. These ends

are enclosed in, and surrounded by, cylindrical foam impact absorbers (also

called overpacks) that effectively serve as adiabatic boundaries for these end

surfaces. The above ccmpcnents-are identified on the drawings as noted in

Appendis 2.10.1

The principal operating features of the 1-13C II package thermal system are as

follows:

1. Nlormal Transport Ccnditions

a. The decay heat of the payload is transferred to the inner surface of

the package by radial radial heat transfer means.

b. This decay heat is transferred to the exterior of the cylindrical

stainless steel shell by radial conductive heat transfer through the

lead shield.

c. Next, this decay heat is transferred to the exterior fire shield by

radiant heat transfer.
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d. The fire shield dissipated this decay heat to the ambient

environment by ccmbined radiation and ccnvecticn heat transfer.

e. ssentially no heat is disspated through package ends. The foam

impact energy absorbers, enclosing these package ends, enforce

abiabatic boundary conditions on all end surfaces.

2. rv-othe:i'ai Thermal Accident

a. The heat of a hypothetical fire is imposed upon the exterior fire

shield by radiant heat transfer means, as prescribed in 10 CFR 71.

b. This fire heat is transferred to the stainless steel cylindrical

shell by radiant heat transfer.

c. Conductive heat transfer conveys this heat to the lead shield.

d. Both the lead shielding material and the steel end assemblies store

heat during the period of the fire.

e. Subsequent to the fire, the stored fire heat is dissipatd to the

ambient environment a. described, above, for normal transport

conditions.

f. During fire exposure portions of the foam end impact absorbers char

but retain a cellular structure to trap a dead air void of

equivalent dimensions.

The import maximum temperatures of the l-13C II package for both normal

transport and hypothetical thermal accident conditions are summarized below.
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'wait O ;tor 3l ~vr30 :Tor=31 sn0o: Cr di!=3ns

Cask ?cdv F!re Sh!

1000F Ambient Air* 190.6 F 156.3 F

.20F Ambient Air* 214.40r 182.;

-40 F Ambient Ai:/ 81.5° 37.3 F

o 1.vZothetical Fire Acc~dent

Node Te-peratzre

Fire Shield 9 1174.00F

Lift Lug 2 508.70F

Side Outer Shell 10 434.5 F

Top Outer Shell 3 363.40F

0@ x ~~~~~Bottoc Outer Shell 16 365.1 r

Case Cavity 22 371.40 F

*Includes heatins due to solar insolation.

uWith maximum decay heat load 800 watts.

The important conclusions derived from the above results include:

The lead shield does not melt under hypothetical thermal accident

conditions (maximu= lead temperature z 508.7 F at lift lug; melt

6210F).
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7he cz:monents of the closure systems (bolts, seals) at both ends are

exosed to tenperatures not in excess of 363.40?. Silicon seals retai-

exei>.ent sealing properties up to A00 F.. The max!=um predicted

tenperature of the pressuri:ed containment cavity is 371.4 0. This

tenperature Is used to derive maximum containment vessel pressurt

magnitudes.

The package has been evaluated for payload decay heats ranging up to 800

vatts. Maximum temperatures reported above correspond to the 800 w.att case.

Specific steady state (at l00 F ambient air) and hypothetical accident

transient analyses have been performed for decay heat values of: 1'0, 200.

300, 400, 500, 600, 700, and 800 vatts.

.1

I0 Z.

*Shappert, L.B., Cask Designers Guide, Oak Rigde National Laboratory,

OR2L-NSIC-68, 1968, Table 2.3, Page 32.
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3.2 St,-.a-r of he"s31 ?-cre7-ies of .a:-er:s!s

.4e:a!:' thernal aater:al properties used for analyses *ere taken d1rec:l!

from Shappert, "Cask Des'^ner's Guide -.A Gu'de for the Design, Fabricaticr.

and Operation of Shipping Casks for Nuclear Applications", ORUL-IISIC-68, page

;66. These Properties are as follows:

Stainless Solid

Symbol Steel Lead

Thermal Conductivity k l;. 18.6

(Btu/hr-ft - F

Specific Beat Capacity Cp .125 .0325

Density (lb/ft3) p 485 687

Surface emissivltles and absorptivities, used in radiant heat transfer

calculations, vere taken from a variety of sources, as later defined. The

specific analysis assumptions are tabulated belov:

o Source Model and Fire Shield Fxter2or

Properties for the external surface of the cask and the source are

taken directly from requirements defined in 10 CFB 71 such that the

heat input to the package IJ not less than that which would result

from exposure of the vhole package to a radiation environment of

1,475 F for 30 minutes vith an emissivity coefficient of 0.9

assuming the surfaces of the package have an absorption coefficien:

of 0.8. Thus, the exterior surface of the package fire shield is

assumed to possess an emissivity and absorptivity of 0.8. The

* emissive power of the hypothetical accident source is assumed

equivalent to a grey body with enissivity of 0.9 at a temperature of

14750 F. This is equivalent to a black body source vith a

temperature of 1424.710 F as shovn in the following calculations:
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V T
0o ' 00(=)

T (.9) (1475+459.69)4 14 - 459.69

T - 1424.71°F
0

o F !re Shield !nterlor and Cask Exterlor

Both bodies are 304 stainless steel and possess emissivity

properties varying vith temperature. An empirical equation of the

for=:

c - A + BTc
r

(B

was fitted to available

coefficients of:

data from three sources. This fit found

A x .430

B P 3.1359xlO 5

C a 1.2850

3-6
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Numer~cal evaluation at

the an~alyses:

variing temperatures gives values used !n

Em i SS 1v itf C

50

200

400

600

800

1000

1200

1300

1400

1475

.4 3

.46

.50

.54

.60

.65

.71

.74

.78

.80

The data sources used for this empirical fit were as follows:

10-

(9111 (1) Kreith, Frank, Radiation Reat Transfer.

International Textbook Co.,

Type 301

Type 316

1962,

0 1

Table 2-5.

C

96 .44

638

1213

1710

98

665

1193

1575

.50

.86

.90

.49

.52

.61

.89

3-7
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(2) Holman, J.?., Hest Tranyfer. McGrav-Hill

Book Company, 1963, Table A-10.

Or
c

.54

.63

Type 301 450

1725

(3) Baumeister, Theodore, Mark's Standard Handbook for Mechanlca!

Engineers. McGraw-Hill Book Co. Eighth Edition, 1978, Table 2,

Page 4-73.

°E c

Type 304 428 .62

986 .73

VI

3.3 TechnIcal Specificatlons of Comp'onents

NIot Applicable.

3.a Thermal Evaluation for Normal Conditions of Transport

The thermal evaluation of the 1-13C II package to the Normal Conditions of

Transport, defined in 10 CTR 71, has been performed by analytic means. Elght

alternate payload decay heat configurations have been considered, as described

in Section 3.1.

3.4.1 Thermal Model

A common thermal analysis model was used for both steady state evaluation of

the normal conditions of transport and transient evaluation of the

3-8
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TAIv '.hypothet:cal thermal accident. h..e co-mcn ther=al model consists of a '2 node

luWped para-eter axisymetric idealization. Heat transfer is represented ty

'8 resistor elements of both linear (conduc:ion) and non-linear (radiation and

:-nvect:on) form. Figure 3.4.1-1 depicts this ther-al idealizatlcn.

The general characteristics of this model may be st=marized as:

o The model consists of three zones - tvo end zones and one =id-body

zone.

o Each zone is comprised of 5 lead shield nodes and two stainless

steel nodes representing inner and outer shells. Within a zone

these nodes are connected by 6 conduction resistors (R7 to R24).

O Coupling between each zone is achieved by a total of tvelve

conduction resistors (25 to R36)

o The outer shell is enclosed by a fire ahield comprised of a 1/4"

stainless steel plate offset from the cask outer shell by a 16 gauge

(.065") vire spacer at 6" centers. This fire shield is thermally

linked to the cask outer shell by a radiation resistor (R6).

O The fire shield is penetrated by a pair of lug pads attaching to the

lifting ring integrally on the cask outer shell. Conductive

resistors coupling this lug pad to the fir- shield (R.,), outer

shell (R5), and lead (R37) are provided.

3-9
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SU~to The ambient external envirorment 's represented by a single ncde

held at constant temperature, or at programmed temperatures versus

tine for the hypothet'cal thermal accident. Every external node zf

the 1-,3C II package is linked to this external environment ncde by

a pair of resistors - one for radiation, one for free convection

(R1 to R4). During the hypothetical thermal accident, the

convect'o3 resistors are "svitched off".

O Solutions are achieved by using a conventional thermal analyzer

program, THAN, based on the vell-known Lockheed Thermal Analyzer.

The separate steady-state conditions were evaluated: eight to establish

initial conditions for the hypothetical thermal acident analyses per KRC

Regulatory Guide 7.8, paragraph C.1.a (all run at an ambient environmental

temperature of 1000F): one at the "hot" conditions specified by 10 CFR 71

(1300?) for formal Transport and one at the "cold" conditions (-40 F)

specified for Nornal Transport.

r T 'he derivation of model properties follows:

3-11



I cA* c:7A:z:a a .0: -n orn

C,, a-

-.r

G .;.

NODE .AE?.IAL VOLU - ( n)C
(i)

2 Steel (5.5) (8, (2) (2) - 176 In3 6.17
2 33 r(3/4) (19.25) - 873.1 Irs 30.63

9 2- (19.565) (1/4) (68.63)-2109.2 in3 74.00

10 2- (1/2) (19) (68.6) - 4094.8 in 3 143.66

16 r(1/2) (19.25)2 582.1 in 3 20.42

22 2- (1/2) (13.25) 2 + 2- (55) (13.5) (½) 10i.19

4 Solid V - rR t; t - 5.75/5 6(3.1 8.82
Lead5 R: 13.75 + t(j-1) 802.1 10.36

6 j - i-3 920.7 12.03

7 1068.8 13.81

8 1216.5 15.72

11 .1. - 2 - R) 2 5103.5 6'.94

12 Z. 55 + 2(j-l)t 5653.3 73.05

13 t 5" /5 6228.2 8 0.47

14 R- 13.75 + (j-l)t 6828.3 88.23

15 j - i-10 7453.4 96.31

17 Vj - R 2 t; t - 6/5 712.75 9.21

18 Rj 2 13.75 + t (j-1) 842.6 10.89

19 j - i-16 983.3 12.70

20 1134.8 14.66

21 1297.2 16.76

3-12



2.- -T:: L:tC- .! .'=r S : ?s ( R- - ?.12 a:-d R2 9 - -'4

-cp*- Thr.:^^:ch th'e h hi..ess
3/4" Stli P

R7 j 17.92

R8 17.0 a
4 4 5 16.25

R9

r rb ~~6 1;.42^~ ~~~~~~~~~~~ 31 S. 4se
Rio 1 4.5 8

n ^ 7 13.75

RU1 B 1/2" Stl.

R 12

Rij ti)j/yKAi

A ( In2 )

II04 . 4 7

1008.85

916.49 A

829.5 8
747.00.

667.83

593.96

r

LI.

2

t-5.75/6 :,ea~
1 2

x :2 -l

F b -L i . 6

(B"
0

Ai
R E S :5.3 | NODE in

3, 16 1104.47

,, 19

4, 17 1008,85

8, 20

5 18 916.49

9, 21

6, 19 829. 58

10,22

7, 20 747.

11, 23

8, 21 667.83

12, 24

22 593.96

*AsstLe Bottom Identical

L EA D S E'EL 7,C7A..-

585. 13-6

642.25-6

708.20-6

784.33-6

874.00-6

98C. 03-6

740.79-6

912.34-6

I .32-3-3
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' . mcz:E PRER-: S - s:¢ cz::zcz::.:: ?(R237D' -_2-F: 8'

Side - Th-r-och :he -hickness -

Rij - ln (r,/:; )

214 15

R3 Ri4

o o r t en r4 C
o 0 *- (N f Ar I

r I I .n u
- -_ _ - _ _ _

*: N a' _ _ C

%0 %C M v Ltn M U1

_9'

oz..
RA D. 1- S F :;G . H LEAD S7 .EE-L T7 A ,

RES570R NODE (ln.) (in.) P'SISTORS RESISTORS ?'-SIS.ORS

10 19.00 67.38

13 76.809-6 67.814-6 144.62-6

I1 18.08 65.32

14 82.487-6

12 17.17 63.25

15 90.882-6

13 16.25 61.19

16 99.474-6

14 15.33 59.13

17 108. 16-6

15 14.42 57.06

18 120.82-6 116.93-6 23,.75-6

22 13.50 55.00
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; COIL?_:N.G CON: CT:O4 R.Es5:sTORS - -5?^-

vf9 A-

I
h

X= 11 Steel

18.6 Lead

La:eral ?.esistors
R = t + 1_ (:c -r^ Sr )

. z-~~~~~~~~~~~~,, .:JI'M 2 ' ..t
4

~. -69 ; - 4
1 6;

5 =h

' - .75 for R25, 26

1.15 for others

r

OAS 2

NODrS RAkDIUS HALF H-.
RE 5 ! SS OR r h DATERIALRESISTOR

25, 26 3 10 19.00 33.69 Steel 574.71Jx19 3

27. 2a 4 11 18.08 32.66 Lead 283.97x! O-

29, 30 5 12 17.17 31.63 283.03-3

31, 32 6 13 16.25 30.60 282.32-3

33, 34 7 14 15.33 29.57 281.82-3

35. 36 8 1s 14.42 28.53 281.45-3
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S. EX7ERNAL ISDIA7T0Ol '0 SIDES

Mii =CA7Z;

The exposed gross

A4 = 2 R9

A4 - (2 )(19.565)

The exposed %rea

A2 -

144

(gR ard R4)

c = .11,4xl0-a

- w .8 (10 CFR 71)

area of the shield is:

R - 19.565 in.

1 - 68.63 -2(10) = 48.63 in.

(48.63)(144) - 41.515 ft.2

of the pad is:

- 0.611 Ft.2

lo;-_-

G�
The net area of the fire shield is:

A4 t ' 41.515 - 0.611 a 40.904 in. 2

"he external radiation coefficients are:

. (.1714xlO 8)(.8)(41.515-.611) u56.088xlO 9

K2 ' (.1714x10-a)(.8)(.611) * 837.80x10-12

3-16



5 . F.1 -:.-C U I LD-: .O C U 7E R S:._::. =--;: .: A^': ( ? 6 i

X.i= CA I

I I ji (A 1)

.-Nc~e .3J
.i CNode 9

Ai - 2, (19.315) (68.663)/144 = 57.418 't.

A- = 2C(19.565)(68.63)/144 = 58.5E ft. 2

C. = 52 C. .71 (interpolated frcr Secti^n 3.2)

Therefore: Kij - 42.334 x 10 9

C Z::T:T'cON ?. S: S S.S (R I and R3)

.he fil- ocefficien.t h, depends upon (G: Pr.)

Assu-e 7 - 1300 c

0 avg=1'.
> w 170°F

is C.

G - (: )(7W - T -) L

- (1.305)(40) ( ) 6x 10 - 9.7649 x10

Pr - .72, see Xreith Princinals of Hea: Transfer,
3rd EdI:ton

(GrPr)- 7 x 109

7herefore; the flow turbulent and we may use XcAda~rs

recor..nendations:
1/3

Vert Cyl: h - .19LT (sides)

The effective convection areas are: Node Area (ft2

0 ,
2 U. 611

40.9049



a . Cx:Arv-'.s3:~ ?~ FOR~ '!-E LG A

RS - Link to Cater Shel1 t - I ) ( 2) D 1"

9. 7 O,"

Lug Pad

/ ' A g ~~ d * (8. ) (5. ' )

d x 7.485

1 1

- lnl(9.708/7.485)- 45.151 x 10 3
(2-) (11) (1/12)

2 ~ ~ ~ ~ ~ 5R - intro/ri)

R38 - (1/4" Fire Shield) - 22. 576 x 10-

R37 - Link to Lead

R . t,
KA

t - (1/12) (19.00-1808-. 5)- .035

1X 1 8.6

A - .611

R37 - .035
(16.6) (.611)

- 3.0797 x 10 3
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9. scCz' iv:'>.A':z:; LOAZc {':-e s 2 a.--. 9'

Per NFC Rec-uatory Guide 7.3, Table 41, the solar insola:izn

lcad applied to vertical curved surfaces is 14,5 Btu2ft

per 12 hour period.

-he projected gross exposed area of the ther-.al shie!4 is:

9gross - (68.63-20)(2)(19.565)/144

1 13.215 ft.2

The projected area of the lug pad is:

A2 ' .61J/2 - 0.306 ft.2

The net projected area of the fire shield is:

A9 13.215 - .306 - 12.910 ft. 2

The solar loads are:

q2 ' (.306)(1475/12)/3.41 - 11.01 watts

q9 - (12.910)(1475/12)/3.41 - 465.20 watts

3-19
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3.4.2 %4axInum T:enprat-4res

r.axiu= steady state temperatures, under normal condltions of transport,

for selected locations in the package are shovn in Table 3.4.2-1.

Essentially all locations vithin the package, excepting the fire shield,

exhibit near constant tenperatures, for a given condition. It can also

be observed that the predicted temperatures are a nearly linear function

of applied decay heat. Detailed analysis results are found in .ables

3.4.2-2 to 3.4.2-10.

(
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'ABLE 3.4.2-1: Selected Maximnon Teinperatures f 0rnnal Conditions of Transport, 1-13 C 11

AMB I ENT _ _AXIHIJH TEMPHATIRES (0 F)
DECAY AIg TEKP. FIRE I.IMIT SIDE TOP DETA Il.

CASE HEAT I F.) S111ELD LU OUTER SIIELL OUTER !11E1.I. CAVITY TAIIIt
I (WATTS) INODE 1) (NODE 9) (NoDE 2) (NODE 10) (NODE 3) (NJODE 22) I

1 150 100 131.20 137.26 138.00 138.33 138.35 3.4.2-2

2 200 133.28 141.24 142.23 142.67 142.70 -3

3 300 137.35 149.03 150.49 151.16 151.20 -4

4 400 141.32 156.60 158.53 159.42 159.47 -5

5 500 145.17 163.96 166.35 167.46 167.51 -6

6 600 148.96 171.16 173.98 175.32 175.39 -7

7 700 152.66 178.16 181.42 182.97 183.06 -II

8 800 100 156.27 185.00 188.67 190.45 190.' 5 -9

9 800 130 182.09 209.11 212.55 214.34 214.43 -In

gtj

*Includes Solar Insolation per HRC Regulatory Guide 7.8.



TABLE 3.4.2-2 : 1-13 C 11 NORMAL TRANSPORT TEMPERATURES

150 WATT DECAY IlEAT, 100 0 F AMBIENT AIR

STEADY STATE PROBLEM

TOTAL NUMBER OF NEWTON ITERATIONS -

NUMBER OF TEMPERATURE DEPENDENT INTERPOLATIONS X

NO. OF NEWTON ITERATIONS FOR FINAL UPDATE =

CLASS 2 - TEMPERATURE, T

8

4

1
i
i

Lij

ID

I
S
9
1 3
1?7
21

Ot5PEES F

100.0JiciouO
3 d. 3J 7.Am b

1 3 1.- La t o 3
I1 3 I * . 1 e ' 0

1)34.)35j007
1I d . It. ,." : 4

ID I u !G R -:Eij F

t llts33171297
10 13t.#J03-,310
I1 ) . i )%

I 0

3
7

I I

OEGRIIU F

3t'* 3357349

l 3d. 0"1024'$

I13a.339)Z747

I0

4,

12
Ib

DEGRLES F

1 36. 335007
Ii34 J4525c9

1 193.)15 30j7a.
1 3 .is ,l bqz'



TABLE 3.4.2-3 : 1-13 C 11 NORMAL TRANSPORT ...0'ERATURES

200 WATT DECAY IIEAT, 100 OF MBIIE1T AIR

STEADY STATE PROBLEM

Total NIumber of Newton Iterations -

Number of Temperature Dependent Interpolations =

No. of Newton Iterations for Final Update =

CLASS 2 - Temperature, T

4

4

1

ID 3 ; &, Fti

LI

hI tr . F IUD OGIt , F lo DcG2EbL j

13

13
17

I 00 . con ooc
I .2 .. '% l I It. j

I *> . ] ; o.

I ', I ,* ..;j I. C,

z

I (
I %
I'-

1161.1)?TZI7I '.2. > Iu?2 17
-I XZ .I P 441t

I . ;. * r2 I I / .cI'?.%%171e I

7
1 1I ;
I i
I j

1'Z. b?39J20Z
14.2.b(bzL 3,27
l4Z. Lb21]Z6I'? ?'tOQ 32b
I 4?. 53 7 ce '1I
1 4. 6 . t 7_ 7, 7

4,

I I
lb

Z G

14Z. 674449 4
142.uL6t1tL9
I 6 2. J 3'dbt I b
I '2. 5i 7 3 Z2 i
I&Z.5b It.?



TABLE 3.4.2-4 : 1-13 ClI NORMAL THAIISPORT .. 4PERATURES

301) WATT DECAY 11EAT. 1() nF AMBIENT AIR

STEADY STATE PROBLEM

TOTAL N1lMBER or NEWTON ITERATIONS =

NUMBER OF TEMPERATURE DEPENDENT INTERPOLATIONS =

NO. OF NEWTON ITERATIONS FOR FINAL UPDATE =

4

4

1

CLASS 2 - TEMPERATURE, T
ID DE';rE~. F

1 1310.00Ccoo
5 l')1.tLtv:,?Z3

I i ?. 'l I 11',
13 1J1.7D41k94

iI1.1j .J0
it I)~t/11

to) DFG~czj F

2 L4-)f I3LO I kg
b 15 1.1 7J1 *t

1i l1531b6kZ20)

10

3
7

I .,
111 ,

OEGRLLS F

151. 1l53?10
150. 573JF 31
150. yiB 8979
151.1701 .6o

Ito 0D:G~ti F

12 150.b574-416
lb6 151.It30C35



TABLE 3.4.2-5 : 1-13 C II HOMIAL TRANSPORT 1l....ERATUIIES

400 WAlT DECAY HEAT, 100 OF AMBIENT AIR

STEADY STATE PROBLEM

TOTAL NUMBER OF NEWTON ITERATIONS =

NIUMBER OF TEMPERATURE DEPEDI)ENT INTERPOLATIOHS =

NO. OF NEWTON ITERATIONS FOR FINAL UPDATE =

CLASS 2 - TEMPERATURE. T

4

4

Li

1U,

in

1
1 7

I 3.) I 3 JO*)t)0
1 5.) J)t 22

I', I 1 is ', I.) ltb
1') 4.7 7ZtO0
I) 0 , . ; ) fol 1t 7Z

I0

10
1 4
I a

OtGREE5 F

156. b )009b 3
I1: 9. C. ) J2 18

l * : . 5SlI 1 tj 3 U

151.; 'SK5'b22

I D

3
7

1 1
I 5
I Q

DEGREES F

159.4'02341
1 5,#. i 36f6b6
l7U. 6343tfb

1 5Q. I429b2 Xe

10 DiGft[S F

12
1 6
lb

IS9. 4227HO0
15. 44Sf,252
1 58 . 7'.to l6 2
15) .i Z31.1
1 51 . 4 3, 's ,2



TAL 3.4.2-6: 1-13 C 11 NORMAL TRANSPORT TEMPLUATUR.

500 WATT DECAY IEATE, lon F AMBIENT AIR

STEADY STATE PROBLEM

TOTAL NUMUER OF NEWTON ITERATIONS =

NtlMUER OF TEMPERATURE DEPENDENT INTERPOLATIONS =

NO. OF NEWTON ITERATIONS rOR FINAL UPDATE =

CLASS 2 - TEMPERATURE, T

5

3

.

n
I 3

Li~ ~ ~ ~ l

I', ~ ~ ~ 'Oi ~~~~~~101

?I

I V) .OLZJ%:JO

I J.i *. I -7 1e au

I SIS . I 0,.1 I 1 4 1;

l *: t. Iol-71

10 JuGc' v I OcLG.lEES C-

1*)
I ,
I '

153. -aJju%3

1 h -), I % , -.

i

It

I15
I #I,

16 . 455-) I,
I h i . I 7?)h /it)

I h-. 4 7 )tJOL ,?
I s I . I 1 5 t :'f,
I 6 1. '. 6 7 I,

I *JEGPEtS F

lb lbf.45e11
I b I h 7 . 4 7 5- 4 If 0



MBE 3.4.2-7 1-13 C 11 NORMAL TRNrSPORT TEMPE ES

600 WAIT DECAY HEAT, 1on0 r AMBIENT AIR

SHEADY STATE PROBLEM

IOTAL NUMBER OF NEWTON 1TERATIO0NS -

NUMBER OF TEMPERATURE DEPENDENT INTERPOLATIONS =

NO. OF NEWTON ITERATIONS FOR FINAL UPDATE =

4

2

1

CLASS 2 - TEMPERATURE, I

,

1
5
q
1 3
1 7
2 1

In)

7 * . I O % II I

176.,i.t g 0(015

1 7 1.' 1. c, Lc I j

7

1 0
I 4
I i

171 *1I5h.0l5,

I *? 1?' III 'f!

I 7'K1~lt',0L

in' OEGd(EES r

I?1 5. 3; 1 2 1

I s t7M .QC12470

In OLGUEFS F

17 l5.3j9vj3)9
8 I5 .35 1,tbq I

I BI?4-3IC57t))$.

I2 0 I



tBLE 3.4.2-0: 1-13 Cl I NORMAL TRANSPORT TEMPER#. .ES

700 WATT DECAY HEAT, 100 OF AMBIENT AIR

STEADY STATE PROBLEM

TOTAL NUMBER OF NEWTON ITERATIONS

NUMBER OF TEMPERATURE DEPENDENT INTERPOLATIONS

NO. OF NEWTON ITERATIONS FOR FINAL UPDATE

CLASS 2 - TEMPERATURE, T

6

3

Li)

I
S1

a
I1?
1 7
'1I

1C .C oonrl oo

157065A1 1?6

l ! 773 % &~c .

in nfnatc;, x

7?
lI I .'I p~ 3 2

I a I'?. 'I 4'73

ili .C' 2C? 1

I n

3
1

1 1

1 5

DEGar-s F

IRZ. -737545

II ' . 46077 I 7
14-? .9r')5 T8'

I Z

1 6

flEGQEES 9

1'I Z.Q7735'.6
183.011O362P~
Pt I *7 )42072

14 ?.o?17A5Q
Ili 3. 0 J.?' ')4L h



TABIL.E 3.4.2-9: 1-13CII NORMAL T1 .'ORT TEMPERATURES

1300 WATT [ECAY IILAT. 100 OF AMIBIENlT Alil

SIEADY STATE PllOIILEH

l(OTA. lMINIER F NIEWUT(II ITEIIATOlS =

IIUMBER OF TEMPERATURE DEPEND)ENT I1lTERPOLATIO1S =

U0. OF NEWTOI( ITERATIOUS FOR FIlIAL IIPDAIE =

CLASS 2 - TEMPERATUREJT

U

4

1

L.i

o0

ID0 o)1rs-t. F

I qn . I.jJ-0C3
5 l ),1). .4 wea71
t 16 J. ' sl CU

l 3 l'' l,)IItP44 3
l 7 14'8 *% 51 1 1lXU
7 I I -3f .iC3r; I.7

I (

to

I U

I .
?

)9 SR:_; F

L15i *1'L 2 Y~11

I tm ,*. t 6 b jq j j'p

I -4 ) I - 3 3 7b

1 -, C . 5 '- S t 7 1)

ID 0Žc Pit j F

3
7

1 .

1 s

0 0. '03OULI
190.4r5lJ)e91
|th3u * I37%I

tu9. 4rir~t .t2
;10. t1 2 122

1D DcGQ-:ES F

4 170.4t71140
1/O. .50htr74

12 1O. I04I674
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TABLE 3.4.al-1( : 1-13 ClH 0IIIIiA THAINIO IRI IHPEHRAIIIIl.S

100 WATT IfIlCAY liIAT, 130 "I AMBI1IEUI AlR

STEADY 5TATF "posriF

TnTIL HUIPIEP rF NEvToH ITERATIONS -
NU"TF* c' TEIPFRA7UPE DELP4ENT INTERPOLATIONS -
*;0, OF NrWT0N ITFPATIONS FOR F14AL UPDA1E a

CLASS 2 - TE"PEPATIJQE# *

a

I

w -tD `EGVEFS F

1 130.'0000000
5 214.350733?
q I182.*0!Q7!35

13 213.?1u¶757
17 214.34'1'n3
21 714.391c'13t

ID DESPEES F to OEGREFS F 10 ŽCEGRtES F

2
6

10
1 4
2q
2 z

?C3.1OqO l36
t14636C2914
?12.s577e53
21'. 064664
,14.2507337
214.*4349C39

3
7

11
15
19

214. 3410132
214.3?3q968
712.7t95123
213. 797C11a
214.3~0M91

a'

12
16

214 .351503
214.3q19336
? 12.9931026
214.3410132
214.3739Qb6
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.:.3 -'-.'~.W- u ew ra tres

...e ntr1bu tanperatures of the 1-13C II package approach -40 F s!.n:e

severil of the pla.n.ed payloads posssess very low decay heats. The

sta'nless steel and lead materials of construction for the packaging art

not significantly affected by an ambient temperature of -400 F. For

:..igher decay heats, these =inimu temperatures do not exceed 82 F.

.ate 3.4.3-1 s--ar':es predicted temperatures for an 300 wat: decay

heat payload.

3.:'..% Maz!x' !nternal ?ressures

Internal pressure in the cask activity Is calculated assuming:

o The cask is loaded at a temperature of 700F and is unpressurized.

O A small but sufficient quantity of free vater is always present.

This conservatively permits pressure calculations to be based on

tabulated thermodyrnamic properties of saturated water and steam.
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o -he cask cavity serves as the pressure boundary of the system;

conservatively no prtssure retention capability Is assumed for the

payload ccntalner (llner, drum, etc.)

Pressure calculaticns are based upon the appropriate partial pressures of

air and water. At the time of loading, the total pressure Is the sum of

part:al pressures for air and vater and is equal to atmospheric pressure:

F PAF +? (1)

'Where: *F ' .otal Pressure

PAF ' Partial pressure of air, at temperature, F

P w Partial pressure of water, at temperature, F
WF

The partial pressure of air, at t!me of loading, is found as:

?AF 'F PVF (2)

Once steady state equilibrium temperatures are established, the total and

gauge pressures In the package are found as:

x AX + (3)

C .T - T FC'.)GX GX ~ F )

'Where: x * the steady state equilibrium temperature

of the coolest portion of cask cavity; i.e.,

the condensation surface.

Gx Gauge pressure of cask at temperature, x
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'' h~-e ;a:t'al ;ressure of a!r at temperature, x, is calculated ass

adlabat'; cznstant volune relat'ons:

- constant

?AX a PAF * ( 6 x

(C60 + F) (5)

The partial pressures of water, P8 A and PAXP are taken directly from

the thermodynamic properties of saturated water and steam. The tabulated

values developed by Joseph H. Keenan and Frederick G. Keyes,

Ther-nodynamic Properties of Steam", John Wiley & Sons, 1936, are

reproduced belowr:

T *wt ? ,bT~~~~w~~~. Lb ~ ~ ~ L

n7 * c.A$ _, 33
u V10 17 all

n C I III

t~~~~~~~' Ke 113 1 1
" e ,.: * l~~~~~~~~~~Is 77

84 0 3)32 sas So 32

184 134 24 _ t3.tLo: I I) 04
5 llC M. ?jI

a * ~~~~~~~~~~~332 _?7

254 0 0~41Z ___ __ L

a_~~~~~~~~~~& WIt ?* U

120 1 1'7733 _4 so

U, 3s 65.. 435 * O I

ns ,1 1z :.a71,"

"4 4§ :CI b4 s~~s 4

1.84 033 331 3

A.84 7 4 I
31" L£ '2 44
104 17 IIo j, I

I L1 044 I2
300 14 0 I7 0 ",0 13

2604)s 1) i a

$7. L3.544 L24
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Subs tiution of ecuatecns (3), (5) and (2) into ezuat1:n (:) Z±ves a

final expression for gauge pressures, CX, in the package:

C a(T.. - ?..)(46D.±-ZA *d& P.. -

(460 +4 F)

(6)

For this evaluatIon the follovine. values are constant:

F . 70 F, temperature at fill

. F 0.3631 psi, partial pressure of vater at loading
WF

temperature

F . I4-7 psi., at atmospheric p:essure

normal transport pressure results are 3um"arized for the 1-13C II

package, as follovs:

P."

CaseIDeta-r eat ^;- Te? Solar Cavity inte:nalCase Decav Het A1 . ep
-. Heat Air.Temp. Insol. T ? Pressure

No. (Watts) (0F) Present C F) (psic)

1 150 100 Yes 138.35 4.27

2 200 142.70 4.72

3 300 151.20 5.68

4 400 159.47 6.75

5 500 167.51 7.96

6 600 175.39 9.30

7 700 V 183.06 10.77

a 800 i00 190.55 12.36

9 B00 130 Yes 214.43 19.00

10 800 -40 No 81.47 0.4B
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- 2~~~'A.5 a.x!-.wn ~h -a Stresses

.3ble 3.A.2-1 demonstrates that the cask body possesses less than a :-:o

degree gradient through the wal'a, under a maxlm3m decay beat payload c-

aoo watts; thus, stresses due to differential radial thermal expansions

are negligible. Comprehensive evaluation of pressure and axial

differential ther-al expansions are completely evaluatd in Section 2.6.'

utilizing two axlsyrmetric finite element models for the cask body and

lid. All stresses are found to be well within established l'-its for the

materials of constrJc:ion.

3.4.6 Eva'jlt'on of ?3ckaxe Performance for Nor-mal Condlttons of

The thermal behavior of the 1-13C II package is completely consistent

with the allowables for all materials of construction. In particular,

the a&ximi= predicted temperature of the payload cavity, 214.43 0 F is

well below the established service limit of 400°F for silicon seals.

Key fIndings used elsewhere In this report for detail stress analyses are

s--marized in Table 3.4.2-1.
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2 3.5 ::othet:cal Zher-Al Accident Evalwt~cn

.he therma! evaluation of the 1-13C Ii package for the hypothet!ca:

therma! accident defined In 10 C.R 71, has been performed anaiytically

using essentially the same model as described in Section 3.4 for nor;maa

transport conditions. Th-e eight payload decay heats, discussed in

Section 3.4.2, have been thoroughly evaluated versus the requiremer.-s -of

'0 C.R 71.

3.5.1 Thermal Model

The common thermal 3ode', described in Sect:on 3.4.1, has been used for

the transient analyses associated with the Hypothetical Thermal Accident.

Sal"ent dIfferences are as follows:

The ambient environment, node 1, is described by a tabular definltion of

temperature versus time. Up to a time of 0.5 hours this environment is

1475 F. Subsequent to this time, the ambIent environment drops to

Initial conditions correspond to the eight decay heats examined in

Section 3.4.2 and defined in Table 3.4.2-1.

The external convection heat transfer modes became effective only at the

termination of the 0.5 hour accident event. Three hours folloving the

ter-mination of the thermal accident, artificial cooling is Introduced by

Increasing the free convection film coeffIcient by one hundred fold.

3.5.2 ?eckage Co.dItlons and Envirorment

Free drop and puncture test damage do not measurably alter the thermal

behavior of the l-13C II package. Specifically, free drop damage only

affects the geometry of the overpack. This fact has been demonstrated

conclusively by test, see Section 2.11. Since the net affect of the



Revisicn 0

overpack is to enforce near adiabatic thermal boundary cond'tions on t:he

package ends, any change to the thermal characteristics of the overpack

!s of modest second order proportions. S!^mlarly, since puncture

deformations l=posed upon the thermal shield can, at worst, change Its

ther=al behavior less than one-half percent, the resultant char~ges -ay be

dismissed as trivial.

3.5.3 ?ickape Temverst ires

Par:!cularly important component temperatures are s = ari:ed in Section

3.1. :able 3.5.3-1 su-mari:es extreme temperatures encountered for a:;

decay heats examined. Figures 3.5.3-1 to -16 plot the temperature versus

time response of key locations In the pickage.



1...c 3.5.3-1 Selected Haximfl m emuemipertitures ftur

Htypothetical Accident Cmnditions, 1-13 C 11

, , 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Case
I

Decay
Heat

(14atts)

Fire
Shiel(
(Node 9)

M.AXT.111!1 FIRE THi'MEIIATURWS 1 F)
Ti. L. .'.iJe To

I.ua 0z1 t ter shell 1 Out er
(Pcxle 2) (otic I n) Nflod

p.)
She 1
e 1)

* * -L I

le

1

2

3

4

5

6

7

R

Iso

200

3no

400

500

600

700

800

1170

1170

1171

1171

1172

1173

1173

1174

463.60

467.37

474.73

481.89

488.85

495.65

502.27

50R.73

184.23

388.44

396.66

404.64

412.40

41 9. 9 9

427.37

434.5f6

313.48

317.63

32S.76

333.66

341.35

348.88

356.20

363.35

CaviLy
(Nole 22)

320.42

324.67

332.98

341. 06

348.93

356. 62

164.11

171.43

Trans i tin t
I t ~I1 I I n
F ievire ?

i -

3.5.1-1 to -2

-1 to -4

-5 to -6

-7 to -8

-9 to -10

-11 to -12

-1) I)o -14

-_.i to -16

I ___________ ~____________
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.-!CURE 3.5.3-2
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FIGUR~E 3.5.3-3
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TICUR-7 3.5.3-5
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* CZRrZ 3.5.3-6
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* .CURE 3.5.3-7
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FIGU~RE 3.5.2-a

H{YPOTHE::CAL FIRE ACCIZ)E:rL

S :-: , - p C,,'E R o , e. !;,4 E 4: q7. I C C:C. r- -F A !R : A ,,
C
C

C

A * ED'! ml 3 .*.C29- . 1 :

LL2

1±2

jv-G

U-i
0L

C
To

C
C

Th. Go .60 1.20
TIME (HOURS)

2 -CC

3-47



Aevision 0

FIGURE 3.5.3-9

HWOTI: TCAL IRE AcC::E17r

NSI- I 3 Z.1h/ C lS/RIP:;C K. ~R 'INS! E NT. I CC DLE G- F A 5 C 0 .'Tc
C
0

a S'1JR,.[ S INA I . ,: I
0 IL!r' .V, 48 seI CI
A FIRESMlL: uI"!J I
- SItCE OUIER S01ECL~ .1i ,.j Mii4s'I
x JCASA CAW:T 349.92z1 !1.ze!

C
C

C
Nli.

N

LL-

f

-C?
=0.
LiJ -v
I,-

C
O

0.
Nl

a, CCO I .00 4 .00 5 .-G

3-48



Revision 0

T:CURrE 3.5.3-10

HYPOTHETICAL FIRE ACCIZE:,-

CZ

9
.

. - .

C 'Cp CUTER S1iL~L 3 -S . i E.JI
C) WI~ 1.JCr It !.Bt !! 3.1L
A S'.CE CU!ER 3?mCLL 4 2. IC 'I (E !EEa1'
* CAS CPAYI'T SZ6

LLU
LU1

Agnp6l ill

mm

lw �-

LUi

0::

0~

NI.

C
C

0 .00 .A0 .6e ! .20
TItME (HOURS)

I .60

3-49



RtvIs!on 0

IrY071iETICAL F:R- ACCIDENT

CNS I-13-C W/ OVERPACK~. TR;'4S!E!NT. ICC OEGG-F AIR. acc C ,2

-I

I

1TMIYA IARaLE DE CRI I''I Cw M iI rud -1 4 !rjr

0 L If LUC 4 I 'g.: !21.l6
A rIRZE 5'IELL 1 1

SI~C OUTER SpiELL 39C. 9 CI 9
XCA111 ClVITT

Aft op-

%V k

LU

M

¢-

I-

0
c

0.
c\i

M
0

3-50



Reisiston 0

FIORE 3.5.3-12
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c.GURE 3.5.3-12
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FICUIRE 3.5.3-15

HtYP0THIE'lcAL FTRI? ACCIDE:T1-

CN5 1- WC~/ OVERPACK. TR.;N!c4T. ICO DEG-F AR!. ECC

- ~~~~~~~~~~~Y VRAL EC5!P'IC41 M;I!rurt !W r

-* SIDEC UTE' PIELL 434.SE6j 1!O.E.CC
X CqSK CR~~~~~~~~~~~~~t'T 1.1~~~~~~~- ¶t 29J .9-ed

x

Aft
%v (

LU

(L 0

= O.
LUJ l'

0
0

0.i

0
0D

T I ME
.00
OURS )

A .00 5 .00

3-54



Revisicr. 0

TIGURE 3.5.3-16
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3.5.4 Mxa~rn, Tn.te=mal Pressures

7he max!==: internal pressures under hypothetical accident condi:ions are

found using the methodology and assunptions discussed in Section 3.4.4.

Accident pressure results are suwmarized for the l-13C II package as

follows:

Decay Cavity internal

Case Heat Temp. Pressure

Number (Watts) (0F) (psig)

1

2

3

4

5

6

8

150

200

300

400

500

600

700

800

320.42

324.67

332.98

341.06

348.93

556.62

364.11

371.43

96.64

102.45

114.27

126.75

140.04

154.21

168.99

184.37

Aft C_
V

%F It

3.5.5 Maximu= Thermal Stre3ses

Comprehensive evaluation of pressure and axial differential thermal

expansions are completely evaluated in Section 2.7.3 utilizing two

axisymmetric finite element models for the cask body and lid. All

stresses are found to be well vithin established limits for the materials

of construction.

To illustrate the relatively low magnitude of resultant stresses, a

simple ANSYS axisymmetric finite element solution was performed for the

eight decay heats of the payload. A quasi-plane-strain solution was

employed maintaining a common axial deformation. By -quasi", we mean
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3Pcial distortion of the body was allowed but the "plane-sec:icn remained

plane" ass mpticn *:as invoked at ever! cut. T.4he analysis conservatively

:'til':es maxc'-.: pressures as derived in Section 3.5.4 and =acim'.

ther-al gradients (about i'2-114°) as shown in Tigures 3.5.3-1 to -16,

although these do not occur at the same point in time. The model used

was as follows:

1 1 Z t - LL5 1

'I~~~~~~~~~~~'

II '*2. Q 121i 1i ()b

fB12 1 14 15 14, Ii za

L *cLUrnEs~I~~~~~k-~UTE R StL (rKLLS5.kL

(-TA.ILrX5 ST LL)

Notes: -Nodes 1-8 and 11-18 are coupled in the vertical direction

-Node I is supported vertically

-Therfore, vertical displacement of nodes 1-8 is always zero,

and verticle displacements of nodes 11-18 are Always equal to

each

other.

Tables 3.5.3-1 to -8 present stress results for the eight decay heat

cases. ilote that the highest stress anyvhere, 14,756 psi tension, occurs

in the inner shell in the axial direction for the 800 watt load case.
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3oth values are well below accepted allawables for the sta'nress steel

'rner and cuter shells.

3.5.6 Ivaluation of ?3Cak3e ?erformance for Hvvothet!cl Acc'dor.:

Thermal Conditions

.he thermal behavior of the 1-13C II package is completely consistent

with the allowables for all materials of construction. In particular,

the maximum predicted temperature of the payload cavity, 363.40 F. s

well below the established service limit of 4000F for silicon seals.

Key findings used elsewhere in this report for detailed stress analysis

are summarized in Tables 3.5.3-1 and in Section 3.5.4.
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-he z.ormal analysis presen:ed in Sec:icn 3.0 s6-cws :ne a-ecuacy o.
t:e cask to meet a heat lcad of ECO W. This ill nct be exceedec ty

us'rg t.he ,eneral debris containers cr the shielced debris

:or.-taners. Since the shielded debris containers can contaln a

Jreater zuan:ity of fissile material than the general deoris
c:n:ltinert, tne shielded debris containers will be used in :he

calculaticn of an average heat load. The follcwing calculation sn.cw

that expected heat loads are far less than this value.

O Total TMI - II core

decay heat load < 15,000 W

o Total fuel loading

177 assembly x 463 Kc . 81.951 KgU
assembly

VW . 0c Maximum container fuel content 6CK;U

Average heat load r 15.000 W x 50_YU K 10.98 W << BOO
81.95;
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_ 4.0 CO7ATIT7,

This chapter delineates the containment configuration of the l-12C :1 ;ackage

'or no.-_al transport and hypothetical accident conditions.

4.1 C01TAT?.'ErT BOUDAPY

4.1.1 Contair-ent Velssc

The package containment vessel is defIned as the inner shell of the

shielded transport cask, together with the associated lid seals and lid

closure bolts. The inner shell of the cask, or containment vessel,

consists of a right circular cylinder of 26-1/2 Inches inner diameter and

54 inches inside height. The shell is fabricated of 1/2 inch thick

stainless steel plate, Type 304 (ASTM A-240). At the base, the

cylindrical shell is attached to a circular end plate with full

penetration welds. At the top, similar construction techniques are used

for the removable lid. The lid is attached to the cask body with twelve

equally spaced 1-1/4 inch bolts in a 35.38 Inches dIameter bolt circle.

See Section 4.1.4 for closure details.

4.1.2 Contatnment Penetration

There are two penetrations of the containment vessel, a drain line and a

vent line. At the base, the drain line consists of a 1/2 inch O.D. by

0.065 Inch wall stainless steel tube gravity line from the center of

cavity bottom to the side of the outer shell near the cask bottom. At the

top, a comparable vent/test lIne exists to the base of the recessed lid

step. Both penetrations are sealed with silicone, one piece molded in

place seals with the rubber sealing element mechanically locked to a

stainless steel retainer. Both seals are protected from fire exposure by

the "adiabatic" end overpacks. The fasteners installed in both lines are

provided with pressure relief features.

4-1



Revision 0

4. 1.3 V'4els and Sea's

The con:ai'-.en: vessel I's fabricated using ful: penetration zroove ve -.

Ai' veld configuratlons are designed and fabricated to the intent co

Section III of the ASvE Boiler and Pressure Vessel Code. Seals are

described in Sections 4.1.2 and 4.1.4.

4.;.4 C;osvre

The top closure consists of a shielded lid, with tapered sidewalls to

assist In positioning and seallng. The lid is supported on the outermost

top circular plate by a circumferential step. This step confines a flat

solid high temperature silicone seal. A solid silicone O-ring also exists

near the edge of the bottom of the lid. The step prevents overcompression

of the flat gasket and O-ring by the closure bolt preload forces and

hypothetical accident impact forces. The lid is attached to the cask body

by twelve (12) equally spaced 1-1/4 inch - 7 UNC x 2-1/4 inch long bolts.

These bolts are fabricated of ASTIM A-354, Grade 3D material. These bolts

are torqued to 270 ft-lbs. ± 10% (lubricated) or 360 ft-lbs. * 10- (d-y).

The lid bolt torque calculations are found in Appendix 4.4.3, p. 4-25.

The vent and drain penetrations are sealed vith Parker Stat-O-Seals

(applicable catalogue excerpts may be found in Appendix 4.4.4, p. 4-30)

which are used beneath the heads of th S.S. 3/8 - 16 UNC Hex H.D. cap

screws at both locations. Overcompression of the silicone is prevented

because the silicone rubber sealing element Is molded and mechanically

locked into a stainless steel retainer. The vent and drain screws are

torqued to 12 ft-lbs. lubricated (i.e. 144 in.-lbs.) which is well above

the 80 in-lbs. minimum torque requirements for sealing and well below the

220 in-lbs. maximum torque for crushing the retainer.

4-2
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W ~t .i2 ?eiirp-imnts for 'or-a! C3-dI:':.o of or:

4.'.' Cn:a'--ent of Rsd!oact!-ie Ma:er3!3

The l-1_C !I cask Is designed to assure no release of radioactive material

in excess of limits prescribed in N.R.C. Regulatory Guide 7.4, "Leakage

Tests on Packages for the Shipment of Radioactive Materials", under normal

conditions of t:ar.sport.

The l-l'C II package is designed to accommodate a variety of payloads wl:h

differing contents possessing a range of normal condition temperatures and

pressures, each associated vith a differing decay heat value.

Figure 4.2.1-1 defines limitations on dissolved or suspended radioactive

materials in residual fluids which may be present in the package

containment cavity for devatered resins. These limitations are defined as

a function of payload decay heat. Appendix 4.5 surnarizes the derivation

and application of this limit relation for normal conditions. Provided

1% tthese limits are not exceeded, compliance of the 1-13C II package with the

requirements of N.2.C. Regulatory Cuide 7.4 Is assured. In accordance

with the Regulatory Position, Paragraph C of this guide, compliance of the

l-13C II package with the requirements of Section 71.51 of 10 CFR 71, for

"no loss or dispersal of radioactive contents, as demonstrated to a

sensitivity of 10 6A2 per hour", Paragraph 71.51 (a)(l), is

demonstrated.

4.2.2 Pressurlrat¶on of Containment 'YJssel

Section 3.4.4 summarizes normal condition temperatures and pressures

within the containment vessel. The predicted pressure values

conservatively assume a sufficient quantity of free water is present; thus

all pressure predictions are based upon the properties of saturated water

and steam. These conservative predictions of pressure and associated

temperatures are used to evaluate integrity of the 1-13C II package. Nlone

of these conditions reduce the effectiveness of the package containment.

4-3
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.'.3 C C-ne3rre-- 'rl.-r'cn

The contalrent criteria of section 4.2.1 are sat'sfied through the use c.

leak test procedures for fabrication verification, per:odic, innual and

zeal replacenent fcr l-1lC 'I Transport Cask. Procedures nrt based on

ANSi .114.5-1977, Anerican National Standard for leak tests en packages for

sh!m-.ent of radioactive _aterials.

4.3 CBETUA!-EN:T RE!UT 'rrS rQR TI! H-?OT1iETICAL ACCIDE-rr CX't;T-D!0'1S

7he following is an assessment of the packaging containment under hypothetical

accident conditions as a result of the analyses performed in Chapters 2.0 and

3.0 abcve. In summary, the containment vessel was not affected by these tests

(refer to Section 2.7).

4.3.1 F'sslon Gas Products

AGi& - here are no fission gas products present. Any fission products contained

in the flsslle debris has previously been released.

4.3.2 aqntalnment of Radioactive Mater'alo

The 1-13C II cask is designed to assure no release of radioactive material

in excess of limits prescribed In H.R.C. Regulator/ Guide 7.4, "Leakage

Tests on Packages for Shipment of Radioactive Materials", under

hypothetical accident conditions.

The 1-13C II package Is designed to accommodate a variety of payloads with

differing contents possessing a range of accident condition temperatures

and pressures, each associated with a differing decay heat value.

4-5
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YFl.ure 4.3.2-1 defines 1'mitations on suspended radloact've =ater:als in

residual stean which may be present in the package contalinent civi:7.

Theoc li3Itations are defined as a function of payload decay heat.

A;pendi:c 4.5 summari:es the derivation and appllcatlon of this !l=it

relation for accident conditions. Provided these limits are not exceeded,

compliance of the 1-13C II package vith the requirements of N.R.C.

Regulatorl Guide 7.4 is assured. In accordance vith the Regulatory

Posltion, Paragraph C of this guide, compliance of the l-1C II package

*dih the requirements of Section 71.51 (a)(2) of 10 CFR 71, for no release

of radioactive material from the contaInment vessel exceeding specified

lImits is demonstrated.

4-6
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4.3.2 Co.a!~z~en Cer'.t'n

A design ver:ficat'on leak test was performed 3ccording to Section 7.4.1

:No leakage was detected at a temperature of 59°F and cask charge

pressure of 12.0 psig, using a leak detector calibrated for detecting

leaks In excesa of 0.21 o:/yr of dichlorodlflouromethane (Freon-12) at

5 C and 1 ATM pressure.

The result of the design verification leak test serves two purposes;

(1) it provides a means to determine permissible activity concentrations

of the leakable medias for normal and accident conditions of

transport.

(i.e., CN and CA; Re: Section 4.4)

A2 A2

(2) it established acceptance criteria for verifying leaktightness upon

fabrIcation of nev packages, ifter the third use of the package,

annually thereafter, and any time that the flat gasket 0-ring or

seals nay need to be replaced.

4.3.3.1 Probltm Descr'Dtfon

Typically halogen detectors are designed to identify the presence of leaks-

in excess of some threshold value. These thresholds are generally

calibrated for detecting leakage of dichlorodiflouromethane (Freon-12) gas

in terms of oz/yr.

For the 1-13C II cask, permissible leak rate limits are specified for

normal and accident conditions in atm-cm 3/sec, standard conditions per

ANSI 14.5. These conditions Imply the presence of a 1 atmosphere pressure

differential at a temperature of 25 0C.

To test the adequacy of containment, the threshold values of the sensor

must be equated to the prescribed leak rate limits for normal and accident

conditions. This may be achieved by proper selection of the Freon (R-12)

charge pressure applied to the cask cavity.
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Scluticn Methcd

The threshold sensitivity of the sensor is given in (cz/yr). a weight p-r
unit tim, e. Th'. must be ccnver-ed to a volumetric flcw (equivalen: to "ha

sensor threshoio) becomes a variable expressed in terms of both pressure

and temperature.

The prescribed leakage limits for the cask are stated in terms of standard

ccnditions. This, in effect, defines the permissible size of the leak

orifice. If pressure and temperature vary, during test, from standard

conditions, the acceptable test leak limit differs from the standard

condition value. Thus the permissible leak rate is also a variable of

both test pressure and temperature.

If sensor threshold, expressed in volumetric terms, is equated to test

leak rate limits, an equation is formed in terms of pressure and

temperature. For each value of temperature, a charge pressure value can

be found that sets 'his detector threshold at the prescribed leakage

imit s .

Detector Threshold

In fps units, the detector threshold may be expressed as:

I- COiH

Where: I - detector threshold in lbs/sec

1 -detector threshold In oz/year

C1 - 1LL. I vear - - 1.9819 x 10 9 lb-yr/sec-oz

16 oz. (3600)(24)(365)sec
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The volunetrIc equivalent of this threshold is:

LX * 1.

Where: L a detector threshold in ft3/sec

(MR/V) - specific concentration of R-12 per unit cavity

volune in lbs/ft3

The specific concentration of trace gas, (X.R/V) Is obtained by use of

the perfect gas law considering the partial pressures of trace gas and air

within the cask cavity. The total pressure in the cask cavity is:

P T PR + P1 (lbs/ft2)

Where: P_ - total pressure, lbs/ft (absolute)

P2 partial pressure of R-12

PA* partial pressure of air

* (14.7) (144) - 2116.8 lb/ft2

From the perfect gas law

P R RR TR

V~

Where: T temperature, °R

RR - gas constant a 1545.32(1) - 12.78

MR a lb molecular vt. of R-12 * 120.93(2)

Thus: PT (_ + 2

and, the specific concentration of trace gas Is found an:

N - P (p. - 1)R A A
V RR TR

Where: pT * PT the total pressure expressed in atm.

PA
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NWt :,'ov, In fps units the volu=etric equivalent of detector sensit4rlty Is:

Lv a I S CIH R T ft3/Dec

(^MR/7) P A(P--1)

This can be expressed in S. I. units as:

LH = C, . LV c3n/sec

Where: C, a (1723 in 3 /ft) (2.54 cm/in)3w28316.35 cs3/ft3

Finally, the detector sensitivity may be expressed as:

La ' C3 . liTK cm3/sec Sq. (A)

Where: C3 - C1 . C2 . RR (9/5)

@ f * ~~~~~~~~~~~~PA
-9

- (1.9819x10 ) (28316.85) (12.78) (9/5)

2116.8

= 6.0988 x 10 7

T - temperature, 0K

(T 2 - 9/5 . TK)

As a check, standard conditionu are Inserted:

(p1 -1) = 1 atm

T - 25 0C + 273 - 298°KK

Then, LH (6.0988xl0 )(298) x I w 1.8 x 10 1 cM3/sec
_______ _ H H

1
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Ehiz compares prectsely v!th the value shovn on page 40 of the G.-. Leak

Detector a.anual, ID-4853

__________________ ---------- _____________ ----------------------------- ______

references:

(1) C.L. Brovn, "Basic Thermodynamics", McGrav Hill, 1951, p. 80

(2) ASHRAE Handbook of Fundamentals, Table 2, Chapter ;', 1967

?ermissible Leak R3tes at Test Pressures

Equation B5 of AISI 14.5 provides a means to translate test conditions to

Standard conditions:

L L n (p2_p2)t
t= a : u d 2

n.(P~ -? )S

Where: subscripts s and t refer to "standard" and "test",

respectively.

subscripts u and d refer to "upstream" and "downstream"

respectively.

n * viscosity of gas at temperature, in centipolses

P * pressure in atmospheres

Lt a leak rates in cm 3/sec. e test conditions
(Ls) standard permissible leak rate

For standard conditions:

na .0185 cP (air at 250C)

P - 1 atm
us 2
Pda 1 x 10 AtM

For test conditions:

nt u .0126 cP(3) (R-12 at 800F)

PUt - I Atm.

Pdt - 1, atm
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Substituting, the pe:-.issible leak rate at test cond't'ons 's f:und as:

L. a C4L (p2) Eq. (3)

nnere: C4 .0135 1.4634
0.0126 (l-lxlO-4

Reference:

(3) ASHRAE Handbook of Fundamentals, Table 4, Chapter 15, 1967.

Equations (A) and (B) represent the detector threshold flov rate and

permissible cask test leak rate, respectively. Equating these two gives:

LHa LT

C31alTK

C iT(?_-1) C 2-1)

The expression for charge pressure is found as:

P3 _ p2_ p_ + 1 * )H I - 0 Eq. (C)

A leak test was performed for design leaktightness verification. No

leakage was detected at a temperature of 59 0F (2880 K) and a charge

pressure of 12 psig (1.816 atm) using a leak detector calibrated for

detecting leaks in excess of 0.21 oz/yr. Solving equation (c) for the

equivalent leak rate of air at Standard conditions:

LS I) H T
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Where:

- ' 4.1534 x 107
C4

iH - 0.21 oz/yr

TK - 2880K

PT - (I + 12/14.7) - 1.816 ATM

L (4.1534 x 10 7) (0.21) (2881

s (1.8163 - 1.8162 - 1.816 + 1)

Ls 1.34 x 10-5 ATM - cc/sec. (Standard conditions, air at
250C and 1 ATM pressure).
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A??E:.J:' A - :;RY-;L AND ;C_::':;: RAAC-::.: ; -'---'**

'7' ~:_:- !-13C "I CASK

r gjres 4.2.1-1 and 4.3.2-1 define limits for activity of the zedi= V:h!n

the corta!-ert vessel as defined in Paragraph 5.3.1 of ANSI Standard

N14.S-1977. For the 1-13C II package, the medium is assumed to be a small

quantity of residual water or ste=n, as appropriate.

Paragraph 4.4.1 outlines the method employed to establish these activIty li -:

relatlons. Parag:aph 4.4.2 outlines an example application of the method to a

particular payload.

4.4.1 Derivation of '!nlt Relations

A leak test for design leaktightness verificatIon (Re: P. 4-13)

demonstrated that a new 1-13C II package did not leak at a rate of:

L * 1.34 x 10 5 at=-cm3/sec
5

This rate is at Standard Conditions per Paragraph 3.3 of AnsI NS14 S.

dry air at 25 C for a pressure differential at 1 atm. against a vacuum

of 10-2 atm. or less.)

Because of the procedure sensitivity requirements of ANSI N14.5. the cask

may only be considered not to leak at a rate of two times the demonstrated

leaktightness value or:

L - 2L 2(1.34 s 10 5) atm-cm 3sec

(Standard Conditions)
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..'^''i:.-i Otestng, --or infcr-at:o.n cnly, shcwed chat the pack-,ce ., .ct

leak at a rate considerably less than 1.34 x i0S .m-Im/s2c. FCr

discussiOn purpcses and because of the procedure sensitivity requir-..ents

c.;tlSi :l1l.5 it will be ccnservatively assumed that the leak rate a-'er

norm.al and accident ccnditicns was: (See Discussion, Sect cn 2.1i.

Paragraph 2.11.4.1, P. 2-233 showing that the pre-accident cask ccnditicn

is actually representative of the post-accident cask ccnditicn).

L - ^.53 x 10-5 atm-cn3/sec (Standard Ccnd,..cns)

respectively. These rates are at standard ccnditicns per Paragraph 3.3 of

AtiSI Standard ,N14.5 (. . . dry air at 250C for a pressure differential

at 1 atm against a vacuum of 102 atm or less.)

For normal condit'ons, the permissible leak rate is given as:

Ll . R- cm3/sec

Where: R., - 2.73 x 10l0 A./sec (Table 1. ANSI N14.S)
il --

C% - Permissible activity of medium, Ci/cm 3
A-
2 Maximum Activity for Type A Mixtures

a jC1

Cid/A2
A2 - Maximum Activity for Type A (para. 3.2. ANSI N14.5)

L., . 2.78 x 10-10 l2or:

C 2.78 x 10-10

A2 LN
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:he quanrti:y, L:,, :epresents the per=isstble leak rate of the :ed!i

(vater) at :tmperatr:res and pressures associated with norma' transport

c.di:to-ns. Correlation of this q~uantity with the demonstrated leak rare

at standard conditions, L1, is achieved via use of Equation (3.9) of

ATSI N14.5:

Where:

F

F

P

2H Zn "n(Pu -Pd)N2n N(nfPU - Pd ) N

Ln * 2.5&Ex0- at-m-cm3/sec

- .0185cP. air viscosity

un * 2

dn * 1xlO am.
rW water Viscosity. cP

UN vessel pressure, At.L
1+ (psig/14.7)

',,*1 at .

{ *Standard

Conditicr.s",

AN@SI N14.5

fat 'normal'

temperature

and pressure

conditions.P
UP

e-e"..
The calculations for normal conditions are found in the table below:

Case
RC.

Decay Heat
(watts )

Ca vi ty
Temp.

( 0 rI

Internal WaIer
Pressure Viscosity
(;si1) (c?)

(CH/r2)3
(C .

-r~~~~~~~~ .~ I _

1 150 138.35 4.27 .4759 4.592xlO-4

2 200 142.70 4.72 .4Ase8 4.oozXO-4

3 300 151.20 5.68 .4290 3.112x1O-4

4 400 159.47 6.75 .401.0 2.448x10-4

5 500 167.51 7.96 .3790 1.962xO-4

6 600 175.39 9.30 .3590 l.591x10-4

7 700 183.06 10.77 .3395 1.299x1O-4

8 800 190.55 12.36 .3239 1.080x10-4

__-- I I .

NOTE:

(1) Handbook of

Page 2181:

Chemistry A Physics,

Viscosity & Fluidity

Chemical Rubber Company, New York

of Water, 0°-1000C.
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Fcr accice-t ccnt: -s. th.e permissive leek ra e Is ,iveen BS:

LA * - c -/sec

CA

Where: R, a l.6:x1O 9 A 2 sec (Tante 1, Alh'
N14.5)

CA Permissible Activity of Mecium, Ci/cm.

A2 * Maximum Activify for Type A Mixtures

a r Ci
fltT/1 A2 )

A.2 x Maximum Activity for Type A

(Para. 3.2, AhSI N14.5)

Or:
A2

LA a 1.65xlO-9
CA

CA

A2

1.6Sx10 , l/cm3

LA

I
The quantity, LAl represents the permissible leak rate of the

mncium (steam) at temperatures and pressures associated wit.

accident conditions. Correlation of this quantity with the

demonstrated leak rates at standard conditions, La is achieved

via use of Equation (B.5) of ANSI N14.5:

LA La na u d

'4A('u 2Pd2)a

Where: La a 2.68xlO 5atrn-cm3/sec

na r .0185 cP, air viscosity (Standard

Pua 1 atr. Conditions,

Pda ' 1X10l 2atm ANSI N14.5

nA R steam Yiscosity, cP at 'accident'

* 1 * (psig/14.7) and pressure

PdA - I atm k conditions.

4-18
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The cal cla:ticns for ac:-ient ccnditions are fcvre in the tatle te:w:

I
C se

M' - te
He aeC.' t

Cavi :y
7e.-; .
('F)

Internal
Prcssure

( C Si C

Stear.( 1 )
Y I:^:. /

(CP )

Ie 0 aI7

IL.^/

(�slc)r - - . (cP) (1/c-
3 I

1 1-C *20.42 96.b; .0145 8.5a.7

2 2vO 324.67 102.45 .01:63 7.7Ei15 7

3 3C0 322.98 114.2, .014E3 6.496_xl13'

4 .iC3 ;:l.t6 125.75 .01'C1, 5. '454O
5 500 34a.93 140.04 .01519 4.60Gx10-7
6 600 356.62 154.21 .01537 3.904xC-7

7 7C0 364.11 168.99 .01554 3.2333x10-'

8 800 371.42 184.37 .01'71 2.BEEA0 7

. _ __ .

J&�_
W

0 k

(1) Doolittle, Jess-b S., ":hernodyr.anmcs Par Engineers', I.ternatlonal

Textbook Co-pany, 1964, Figure A-1: Viscosity of Cases, pp. 632.

At the temperatures a.d pressures associated vith accident conditions

for different payload decay heats the actual activity concentrations

of the vapor inside the cask vwil vary. In order to determine the

act'vity concentration of the vapor concentration (=l va:er/cm3

vapor) =ust first be dete:=ined as related to payload decay heats.
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Y.-;cr Con:ent:r~tion a I
bpeC111c ici.

x ( De -I s ., 1. y Va '. ! r )
i

S 1

f6 2.832 x lo4=1
i 7ZEi n.; f t.;_

- i n3-

The results of the calcula:icns are given in the fzllowing table ar.-

depicted gra;hically on Fig. 4.4.1-1.

CAY ITY
TEY?.P.

° F

PARTIAL
YAPOR

PR.S. osia*

SPEC. YOL.
OF VAPOR'
Ft /lbm

YAP. CONC.
ml YA7ER/
c~n YA,,np. 1j3 S

-

150 320.42 90.25 4.886 3.280 x 1o-3

200 324.67 95.92 4.614 3.473 x 1C-

300 332.98 107.52 4.146 3.865 x 10'3

400 341.06 119.77 3.737 4.266 x 10 3

500 348.93 132.85 3.390 4.727 x 10-3

60C 256.92 147.37 '.0;0 5.220 2 10-3

700 364.11 161.40 2.814 5.695 x 10 3

8Cd 371.43 176.57 2.582 6.207 x 103

AM (

* Interpolated from The Saturated Steam: Temperature Table;

*Fundamentals of Classical Thermodynamics, 2nd Edition; Yan Wylen and

Sonntag, 1973.
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-._. I xample Jse of Ac:'rt:v L!-!:s

7he ac:tvity lm=!3 derived in Section 4.4.1 are strictly applicable on:l

to those paylcads possessing scme potentially leakable portion, such as

resIdual *ater existing in dewatered resIns. Clearly, solid-mater'als,

such as neutron activated reactor components, possess no leakablc

fraction. As a result. these solid materials comply ith contairent

requirements so lcng as there is "no ejecticn of contents."

.o assess the containment requirements for materials such as devatered

resins, the specific act'vities of isotopes vithin the leakable fraction

results from residual fluid present in dewatered resins.

As an example, consider a vessel containing approximately 8 cu. ft. of lon

exchange resins where the only leakable portion of this payload is a small

quantity of residual process fluid. There are no gaseous radioactive

decay products present.

Examole? Normal Conditions

Assume the radionuclide distribution and ax'=um concentration for the

residual water in the resin are as given in Table 4.4.2-1.

14 _2
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.A31.- &. |. _ . __1

Cslum 134

Cesium 137

Strontium 90

'p.

r i t i

Niobium 9S

Zirconium 95

r.uthenium 106

Antimcny 125

:odine 129

Tellurium 125X.

Tellurium 127Fi

Tellurium 129u

Cobalt 60

manganese 54

Cerium 1;:

Uranium 234

Uranium 235

Uranium 236

Uranium 238

Pluocniu.; 239

Plutonium 240

2. 7 7E-00S

1.720E-00C4

1.9COE-005

1.OCOE-006

1.OOCE-COS

1 .lOOE-009

7.3 0CE-008

1.50''E-008

5.700E-012

1.2COE-009

2 .2G0E-008

4.40CE-Oll

1 .4CE-009

1.20GE-009

1.G'GE-007

1 '60E-012

1.67GE-010

4.62tE-012

6. 90E-009

1.290E-011

1.O'OE-012

1.540E-013

8.110E-014

10.00

20.00

0.40

1000.00

20.00

20.00

7.00

30.00

2.00

100.00

40.00

30.00

7.00

20.00

7.00

0.10

0.20

0.20

unlimited

0.0C2

0.002

0.10

0.01

2.7,7OE-006

8.660E-0C6

4.750E-OCS

1.OCQE-009

5.00E-Cl 1

5.500E-01

1.043E-008

5.OCCE-010

2.850E-01 2

1.200E-01l

5.500E-010

1 .467E-012

2.000E-010

6.00GE-011

1.429E-CCE

1 .563E-0l1

8.35CE-010

2.31OE-0l1

6.4C5E-OC9

5.25GE-010

1.540E-012

1 .014E-011

Plutonium

Ar/ericIum

241

241

' Cl/ml * 2.199E-004 i (Cl/ml VA2 a 5.890E-005

Composite A2 a -(Ci/ml) . 2.199E-004 - 3.733 C1
Z (Ci/m l)/A2 5.8iE-005

Cn a Cl/ml - 2.199E-004
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From riNure 4.2.1-1 tr.e permissible activity of the water fcr A _-

s att !yI-a d Ie ry heat is found to be:

7 3.7"- Ci as ce:er.ir.ed previously

Therefore the per. ssible activity of the water is:

CN - (2.92x10 ) x 3.733 * 1.09 x 10- 3Ci/c.3

the Con ainment Factor of Safety is:

F.S. - O i.09xlO /2.199xlO-4 number larger than 1.3

If the factor of safety had been less than 1.0 the wattage was too( t high. A lower value uould then need to be assured and the

calcula:icn. revised until a positive F.S. is obtained.

Exar.ole: kccident Conditions

To determ.ine the container.ent safety factor for accident

conditions the vapor concentration Is determined from Figure

4.4.1-1 given an actual payload decay heat. The actual activity

concentration of the vapor (Ca) is then determined knowing the

radionuclide distribution and residual fluid activity

concentrations. The actual activity concentrations of the vapcr

are then compared to the permissible vapor activity (C.) four.d

from Figure 4.3.2-1 for the given payload decay heat and the

cormposite A2 value determined previously.
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Using the sane rad'onucl'de d's:r'but'on and residual f'uid acti:vi:

concent:3t'ons as the ex&=ple for nornal conditions ar.d an actaL

payload decay heat for accident condItIons of 320 watt3, the 'Apor

3
..ncen:ration is fot.nd to be 0.00392 ni/cm , fro- Figure 4.=.l-2.

-'-ecv apor activity is therefcre determined from Xnoving the residual

fluid activity (determined in the example for normal conditions) and

the vapor concentration.

Ca * Ya--r Activity a 2.199 x 10-4 Cl/ml x 0.0C3P2 ml/cm3

* 8.62 x 10-7 CW/c-3

Frc.. Fi ;re 4.3.2-; the per .issi.ble activity of the va;cr is

cr.-;uted for a 320 watt payload decay heat as follcws:

6.2Sx10-7 1/cn3

2

a* 2.72 Ci as ce:er..ined previcusly.

Therefore the permissible vap:r activity CA Is f c ud to be:

CA * (6.27slG ) x 3.733 - 2.32331x ci/c-3

The ccttainrwent factor of safety Is:

CA 2.33zxlO-6r.s. U - * __________ _ * 2.71
Ca 8.62xl0-7

If the fac tr of safety had been less than 1.0 the assumed ma xtimu

wattage was too high. A lower value would then need to be assuned

and the calculations revised until a positive F.S. Is obtained.

For radionuclides and actual residual fluid activity concentrations

different from those assumed In this example the package operator

may demonstrate ccripliance to the containrent requir-ments by

a;;ropriate modifications of the rethods outlined herein.
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.._.; Gaske S':e at.d 30o: 7~'je Gai a !cns:

'ete.-rn.ation of Requi:ed Casket thic:c.ess and Bolting .crque fcr the

.;-1C II Cask.

Casket: Duro 50

.:14" x '3,32.90" I.D.

Maximum internal pressure - 184 psi

Using the ASXZ Code & Section VIlI, Division 1, Appendix 2, Part A-Flanges

with ring type gaskets.

.vo design conditions must be considered.

1) Operation conditions determine bolt load resulting from the

hydrostatic end force and the clamping force necessary to

maintain a seal.

2) An initial seating load must be applied to the joint to assure a

!r >complete seating of the gasket.

1) From Paragraph 2-5(c) the operating bolt load is determined from:

' H + Hp - 0.785 G2p + (2b x 3.14 GmP)
ml

* Wthere

H is the load due to hydrostatic pressure and Hp is the reaction

of the compressive load on the gasket required to maintain a

tight Joint.

Hp must be provided by the torquing of the bolts. From Formula (l)

of the above paragraph:

Where

b a gasket seating vidth determined from Table 2-5.2

b - 5F /2, bo - R/2
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'WAWV Fcr the 1-1'C 11, X -m.3"

b * Ii 3712 2 * .403"

G a gasket 0D - 2b - 35.5 -2(0.403) 34.694

r. - .5 for gasket wlth <75A ShDre DwJroreter

P * Internal pressure.

Hp * 2(.4Z3) 3.14 (34.6 ;.)(.5) 18. * 8:7 lb.

2) Check also ninimnm initial seating load which Is determined using

For-mla (2) of Paragraph 2-5(c)(2).

Wr2 - 3.14bGy (2)

Where

y * minim.z-. design seating strtss * 0

Table 2-5(1)

Also frorm For-mila (1) of the previous page:

H * D.7M53 2P * 0.785 (34.694)2(184) * 17-859 lbs.

Total initial bolt loud rpquired:

*1 -iH + Hp * 173859 4 8141 a 182,000 lbs.

Load per bolt Fb - 182,000/12 - 15167 lbs.

Finally, the rminirm. bolt load for fully seating the lid standoff against

the top of the cask body will be determined by following the method of

Harris & Crede on page 35-15 of *Shock & Vibration Kandbooko. Eqn. 35.8 is:

Eu j hi
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E - elastic compression -rodulus

(use 375 psi for Duro &3 rvbber)

Gesket area S ' " (35*52 - 32.92) * 13;.7 in2

F * ccr-pre:sive force in lbs.

h ur.strained gasket thickness

h1- standoff he'ght (i.e. gasket thickness when fully co-;resse~)

For a 1/4' gasket of Duro 50 material

E * 375 psi

hi- .216

h * .250

F .E~h - hi) S

* 375 (.250 - .216) 1 9 8246 lbs.
7 ~~~~ ~~~~.216826l .

The mrinit.' luad per bolt required to fully co-.;ress the gasket initially

is therefore:

Fb* - E246/12 * 687 lbs/bolt

The bolt lcad required for riht1aining the gasket sealing capabilities at

the rex1rum. expected pressures for accident conditions was shown to be:

Fb a 15167 lbs.

Since Fb > Fb' the lid will be fully seated against the cask body when

torqued initially.

Torque required:

T * kFbd

WVere

k * .20 (dry)

f .15 (lubricated)
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d norinal diameter of bolt = 1.25"

4rJI = °.0 (:5167) (1.25) 3792 in-lbs.

-ubr X .!5 (15167) ('.25) = 2344 in-lbs.
-lubr. ~ ~ ~ a n t-ls

For a 10% tolerance in a torque wrench the lid bolt torque requ'renents

for the 1/4 gasket are as follows:

Lubricated: TL * 237 = 263 ft-lbs.

0.9

Dry: TD - 3'6 - 351

0.9

Use: 270 ft-lbs 10% lubricated

360 f t-lbs. ± 10% dry.

V
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rnol0 3ir-p!a:e sels wkh trhe rub-
bet staling lermn: nme:hanizally
bcktc to the merti rtJimer. STA7-.
SrALS yet oesij-te' to sea! ber.z!i
Vt hLJ: U& Ihe fasl- cit as 5ho-n tv
tcln INTERNAff and DTERNAkL prts-

st 1ze.in r-e stas.csUM. M4
rve _. etr is t'gieltne. te rvUxr

seu: is ompfrmm::. for:ing tw sealt
Ing surfa~ei st:urtly around the
tsitener Lhvik-but wi oun s4Leu*
In.g :r>. rubter beyond it s ,ic limit.
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StaO-Seals art "llable for Immv-
dixte rOivery In standard sizm tov
boltz and scrvwes. from the number 6

iLt thr, one Inch. and will seal al,-
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n..._ ivifo'rtern!a;n an the follow.
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h pressure consider2tions
-.cr senes 600 Siai-O-Seals'

DES;-'% JoA [ZICRAL "ESS.)PE AP-LLAs%-,

muiUum LkrE OPEPRATIN4C PRES-
SURE$ Irv opi-a.;g. prcss.;re of a

Stj- nca ms: be ke:t VTlI beI'..7
Vic p'eis..e at :t* he rttainc,
"'.3'wjf rj,-wrt. Th~e following U.
bk &;vts the mnatimumn re-_ommnen4-

S1,31*0.Scall Os determine! from
Ljme hoop stress C..alculations. A
Ljle:y fa~of 3 was a-:141e to Me

AMrtk..7l DUIM'" romITChJ PW1SUllt' AP"61rA?10ft

7
rTAND.&ko O.LARLC
HOLE

g?"ASID* CML~A&..zt
NOLL

'.0

AdA I W U W ArE 0P'Lh1 W.G ?3.OJU V A.L.

L IF (DJ4MO a t O nw W J i iPtI C D I Wr T AL iN fa 3 W .C a v O T I

-6 .0 10.100 11.1CC 18.600

-8 7.100 DC)0 3.900 .- ,

.10 1.00O 6.5007.500 1 2.600,r

-IC Cs A=. A .5.kx 5.300 8.8C1
-.2 4.9c% 5.6 %0 1,100 1 0.20

ALi C S A.CCC 4.50% A.V00 A2300
.4~~~~. ~3.500r 4.=) A. AX0 7.300

-~~ 3.30~~3.3.3304,1 C C 6.9 x
% ~~~~3.600 * .1CC 0. 7. 5500

_44 A~~~.400 5.0co 6.500 .0

4'

.1

6.430

6. WX

1.100

7 .000

7.20
a.=0

C.700

7.ooo

3.000

7Zo

1113K0

23.33

2 2.B30
2A 406

- .

.

BOLlT TORQUE Hit'h peessurt fluids
aizinf under the hese of a boln tend
to siretih ft. [Mting the boll, head Mt

Ipmed under the boft htad can per.
lit the SuitO'-Saif eflastorrner to elf.

tiudt and fail. ft it. therefore, impor.
tan? In hith pressure appflicitioni to
tfov~t the boft well at assembl.y, pro-
,viding en-ough p'e~stre.1. in the banl

to preyent stnetchirls.
CLEARANCE rOR EXTRA RUBBER
Most Stl.-Seals hae tonm "xcts=s
rubber, and, xs nolted on page 5.
clearance must be peoroideAd to rt.
ceiYe ft. In Io'e pressure applcalitonr.
this clearance rnay be either In the
mounting surface or In a washer be-
twten the boft bud and the S tIO-
S-al. In high pressure applications,

however, tse normal ckarance must
be on the hrh pressure side ol Me
Stat-O-Sul, with little or no Clear-
aroe On the low pressure slde. Other.
Wise, tt fluid pressure will Wr-cde
too much rubbr Into Itr Cle-arance
pp. rnulting Ina kak.
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c. 3;-O-Se-I 600 series

S

,-. rA.C...LA *

4D .1110"
0*1-

.6

-a
.10

.10 O.S.

_u~ 0.S.

-4'.

4')

4'i

.1

Tie L.A C
hId do ,

0' A W r'T CP
IAU .8

.2 3L

.250

.250-

.312

-375

-525

.750

A175

I 0
3I JIG

.1 2Z

.156

.1 K3

.186

.2A.0

.245

A27

AU4

K
Di. A W i r
M..AJ IMWUM

.22';

.2.KS

.317

.3 65

.U11 I

i8,A

2.10D5

2.23.4

.... _ ...

* 0 Gtr a I o WLV 9 DO& MrERAL
Alei~~i T"IhLL1 r4I CLAJ4 C" LLA SA .CL

.-U! Z.0 =0 .D- .015: =.03 Y. V La.

A3 .05.0 = MS .72 = S L 1AL.x

A468 I rOs

.331 X TO )i

.803

£66

.760

1.193 .050= OOS D072±.C*35

.32.2 DSA r MS3 .096 z.C0S

2.51D .DU MS0 .D96 z 005

1.760 DU .4.C35, .0,96 =5 L O$

16 Stmm t i~tII Jits ieri art amrealtd to hIlK 1urd.
17 A slgit~ Pa"I~n1 Iner Projection, sirnaid lo that lowjd o

0-Ririgs. wil 0rIfr bet ots'rvAW1 a rovmc d Iinsuct ef thie
it, J~n flirmlnt.

IBJ ,C~:rnariL1: Yiston-dulPot. Fkocstl-M~nr"SW Mining
Pi This~ milefeat tomn11ijtion Ii not gRuuIaSDI in sizes ". &

-8. let 830 Setrtse Lr'ck.0.S.eLsu.
t101 OPMN? mutural combinatdonta syilible an apiCaRl erdt7.

-

-

-

-

-

-

-

Wrrmt*.
II W et vroo;de ovly w. 4 tn ipcx-'fie. by cuvlomet.

2~ I1 waIhe? may tbe fcovirt-C wjrecer thet boll m*ai todirb,
to'Oa.* VCS1UFC (I," page A).
I&Sttnt W*e east) runr.Ier to co-np~tt tv~ Call-oul.

.jmpiae. 6C0-003Ph.
j.41 for vie& not littel: hieg, set Parkee 3tal cauh.0.-Seaa

151 Chro"- MoA j-tirnj reainert are twug treated to 12S.-
03 ps minnimumn ltnilet ttrvrngn.
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6:7c -; o: S~te. Cj--:u- P;Sle Nl:'el 'Bn-l" ln:.,s!', to -ts:'Ne' 3-: eze-
(P.: St:'l.~,,-3 CIN: Sx:dIl=.lx1o~ Or: 5:fa's2 lj:$-Wr~* ic -,'1

Waiten' mantrj~ olhe* tlj'1wilt
wilts ;o-etl nualmuln fernoe*):..*t

boX_.-cc I c::nI:3: £.e r1:t- W **IlI (EJ-%a N) Air. Del E-uMon. Cljt C. 6e.
(Cz. 3-6 S .( ic D-l1 (W 5 U C;Sst I tdl.:'- lja'.14.8" 2aO C.-ei'e zalt

C; 2 1r' I1.2 Gra:e Cu'.z1-5I-2L

6t0COI5 707 3.'6 Ali-lsnu- Ar~oot
(OCl.A.25:Z;12) (W ,- Ip II)

0'-t I rDC AJ7AL Z ANO&30 P &V1" I I kgZ trO O A CA. CI

4 A3Z C.-o~rrot &Aw, CA- Plate Dye: Hat~ale IBJFsI.N) Air pe ~teJ-1 ftl.S. Ch600O'1 W zIS eilC
St (, 51 21'i-k C00 P-U6 CA. jVl:..P62!5 Cliii I 1IoJ ':c-ia: Zo'eve, wi
(LIL~.S. 1872q1 2. Type 11) 'm2. Grs C3 &u'li-.6 Io -r221,I
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4. (C~~~~~ t.-69!. (0: P-4 16 CI. 2 (No Soe'rticatior) -61 to -7,
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(L.. S.: 6,7. C.. 2 Typt II)

steel W(b : -7-P 35 Ws; L 'lA R.L2 4 . flu",7 *cti and D'0zJ' Well
(W.~~~~. S.5.C51 ~~~~~Type I CIaL" 1) _2.'~ to -4-A.IV

&r 3 14A2 A 3: Cirtcome Moly C.8 -%,u- Put, D'yd VI I$4-75 (-29 to +r.'t- C).
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(01-A.M'.I 12i CMI..A4LS 'Ty-De 11) (MIL.R.2SB.8 *stiti -61' to 4 131:F
Trype1 DC.LI (-5-* to +177'C)WrX-63o 34213:,4 Sta-rleu PstievireGP6

SI "' 16' (~ 35

&Or, 6CA 2 A)30 Cpi'rorM Mo1 C~a: Plitt Drt I
Steetl B5 fiak (0-P-41 6

(AAIL.S-19729) CI.? 2Type 1I)
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S', C (C :,-A 3 t3 (AMVS 33041-& to -ttst30r
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40042 4 42Al30Chrotn, Moil C-admiumi Pule D'"-t
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rprormmended torque

RECOMMAENDED BOLT TORO'JE VALUES FOR STAT.OSEALS-POUND INCHES

_u,_.i _ _ _ _~ b_* C^__ _X64IOI 4:% IA:
60x: I X>:} Wt&I0 26

IJZZ U... baa. W0-. ar. S . me .-

6 5 33 5 2.5 - - 5 5
3 10 60 10 SO - - 10 75

10 23 60 13 70 13 60 13 90
200S. 13 60 13 3. . 13 60 13 95

A AO ICIO AO 120 40 203 AO 145
U C5S. .L 1I o. A 120 AO 100 75 24A
C 16 I B.0 70 a 5 _I 75 2S |

IA 22^ 8 1O6 IS 230

X . 21 0 2 110 263 110 303 213 40IID
1' 133 5-40 133 360 13; 42 133 6boo
X A ;10 ex A3O 0co 253 1000 AX3 I DOC
% 660 2100 6£60 104 350 1103 65D3 1700

V)X

()r*I

1

603 2?03 , 550 1550 500 29900
£60 30 ; 650 1903 570 35900
720 5 503 I .D 28.4 700 5903

6 56 3 8 0 3
653 5-'X
70:0 3,D

The nives in fliI U~te ezcw- pemiL~iblt torv"u~ toe nmwly bo1t rnster"~.
Da:s is for lint thread. Iutfcszte-. SA'C Gtpjt.B Boni.
Uaow-t waivwt ma 1 bet incrijs-~ 2% of INc buJig su'lace under the hcad of' tn boll coinpIetcly cvm-ti hew Sla.OSea.

fastening torques Whenever fastening torqies art dis-
Cussed by engineers. there Is aJI JS%
controversy. There are many varl.
abiles such as wrenching methods
and thred friction Influenced by lu-
brication. plating, surface finishes,
lenrh of grip, clss of thrad. etc.
Otetn torque wrenches are not even
used. Machines do a fairly cocuistent
Job, but If the stating surfact k rot
fat., usint pure torque values can
COLI4 difhicuzry.

Parker STAT-0-SEALS provide a cet.
tin smount of at>tudt In =orue re-
qu;rtrnents. Actually. STAT.OSEALS
art ohfencpableotsealingwtsemonly
"finger tight" so that extra high
fastening torques rmay not be rnects
ury. If extra firm stating is rriuireC.
STAT.O.SEALS should be toroued
within the limits shown to avoid
crushing the mrtat rtt.iner itself.
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;UGOESTE; IA.XIMUW TCROUE VALUES FOR FASTENERS OF D!FTEREhj MA.ERIALS

| ? " - as DII" n. 2nK.L1 "It u >4 L Iin. n5.

. _ _ _7--V r CPL

632

*'2
3-36

C- 2:
IG 32

Wm.20U'-23

K'-11
Kv.24

A ^ .1 3
V-20

h 1-20

VC-12

% -lz

J 7
10.9

17.8
19 a

28a
29 7

is5.0
90.0

129
13;

2:2
2.3?

336
361

AL S
.87

El 3
668

lCOO
1140

9.6
12.1

1 5 8
2Z.0

22 8
32.7

75.2
94.0

132
IA2

236
259

376
AWx

517
543

6W2
712

1110
12A4

__

7.9
9.°

16.2
1 0

I £ 6
25 9

61.5
77.0

107

192
212

317
I 327

472
A43

W58
£15

V07
1016

8.9
11.2

184

2.4.

21.2
2,9.3

37.0

123
131

219
21A3

3.49
371

A43
5.02

632
6S7

1 0L30
115.4

5.3
6.6

10.3
12.0

138
1 9 '1

45 6
57.0

3
M

143
157

228
24A

313
32a

413
A56

715
798

'IC I
12.7

2.7
23.0

23 e
33.1

78 B
PS D

138
)47

C't3
2;:P

393
418

542
565

713
787

1160
13D1

9 5
'2.3

24

2';A
2! 9
3.599

I! 3
1 06 0

1J;
16;

2V.

427
451

£13

7.74

£!5

133^
I162

C_~

4 -10 1259 1530 1249 1416 98I0 158 1832

vA-16 1230 1490 1220 1382 5.8 1558 1790

.9 1919 2328 1905 21LAO 495 2430 7775
W.A4 1911 2313 I895 2130 1490 2420 2755

14 2.32 34.4 2115 3185 2205 * 3595 4,30
21*I 25C.2 3110 2545 2U5 1295 3250 3730

HOTE; Tak k Initede: at a j';dt. cb;rC Ir MachirWe Dcigf i Reftrvnc* IUUt aandng f Jolinng - J 15.1967
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3or _. .:-bus: 1l (AS GC-.-s:3;n 53 f! Z ASSuJr3.-Ce

Assurance of safe shi;ment of vessels which =ay generate combustible &3s

's based on neetirng the following criteria over the shipment period.

(i) The quantity of hydrogen generated must be limited to a molar

quantity that would be no more than 5_ by volume at S.? (or

equivalent l'mits for other infla:mable gases) of the secondary

container gas void ('.e., no more than 0.063 g-moles/t 3); or

(i1) The secondary container and the cask cavity (if required) must be

inerted with a diluent to assure the orygen, including that

radiolyticaly generated, shall be limited to 5% by volume In those

portions of the package which could have hydrogen greater than 5%.

The following discussion establishes the safety assurance of the above

criteria and describes how vessels will be prepared such that the above

criteria will be met while the vessels are in shipment.

Criterion (I) essentially stipulates that the quantity of hydrogen shall

be limited to 5% of the secondary container gas void at STP. This 5%

hydrogen gas volume at standard conditions is equivalent to ahydrogen

partial pressure of 0.735 psi or 0.063 gram moles/cubic foot. By actual

experiment", the ignition of a 5% (H2) gas volume has been demonstrated

to produce an approximate 2.3 psi incremental pressure increase above an

Initial pressure of approximately atmospheric. The reason this is so Is

that the 0.063 gram moles of hydrogen per cubic foot provides sUch a small

source that the peak pressure rise resulting from ignition of this source

is slight. It is felt that 1-13C II Is able to sustain an Incremental 3

psi internal pressure rise from atmospheric pressure without failure.

This pressure Increase Is not considered In Section 2.6 and Chapter 3 and

4 calculations as it Is considered to be insignificant.
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VWit Cr iter'a ( "I' 's invoked to ensure that vhen a secondar-y czn:taner's

hydrogen concentration potentially exceeds 5% vol'ze, release of :hat

hydrogen to the then ex'sting total volume (secondary contaIner vcd p:_s

cask void) vill not result in a total mixture of greater than 5% vo l.e

hydrogen in a greater than 5% oxygen atmosphere. Maintaining the oxygen

lover than fIve (5) volume % assures a non-fla-nable mixture.-

* Carlson, L.W., et al., "Flame and Detonation InitIation area Propagation

In Various Hydrogen - Air Mixtures With and Without Water Spray", Atomic

International Division of Rockvell International, Canoga Park, Callfornta,

May 11, 1973. (The incre-ental pressure rise is basically independent of

the total volume under test--i.e.,--that the 0.063 jram moles per cubic

foot relationship to 2.3 per rise is valid for one or many cubic foot cf

specimen volume.)

** Levis, B. and von Elbe, C., "Combustion, Flames and Explosions of Cases',

Academic Press, Nev York, 1961, Second Edition, Appendix B.
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; .d
..

5.1 hiiscusion and Resut:s

This cask will be operated such that the radioactive inventory within the

cask will not result in dose rates exceeding 200 mRem/hr on the cask

surface, or 10 ,..2em/hr at six feet from the surface of the cask.

the package shielding must be sufficient to satisfy the conditions on 10

CRF 71, Paragraph 71.7' for the hypothetical accident conditions. T' is

shown that shielding loss resulting from either the 30-foot drop or the

fire transient will not increase the external radiation dose rate to icre

than 1.000 mRems/hr at 3 feet from the external surface of the cask.

The fissile material to be loaded into the debris containers has

experienced small burnup levels of only 3165 MWD/HMTU. This results in a

very small neutron dose rate relative to the fuel gamma levels. Hence,

the effect on shielding is insignificant.

5.2 SouLrce Specification

The equivalent point source, assuming Co6O energy, is determined fcir the

normal geometry. This equivalent source is then used to evaluate the

effects of the hypothetical accidents.

S-boy - BS :e 1()

¢ - Photon Flux, Y
Y ~~~~~2_

cm -S

S O - Ecuivalent Source 5y

bl Eu t. for shielding
3. ii
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B = B_ - : !-= .7a- t:_ r

_r D-s:tance 'rc.- sc-rce to dose _cn-.:

D y

X 2.2x10-6 R/hr 6 (2)

`hrouch the side of the cask, the followin. va'ues are

used: (3)

Lead: t w 5" - 12.7 cm, v/D - .0600 cm2

Steel: t - IY- 3.175 cm, v - .0515 cm2

For these values:

b 10.0

B 4.0 (4)

For the two dose conditions:

D - 10 mRem/hr. r a 6.31 t 36 - 42.31 inch1

D2 2 00 mRem/hr. r - 6.31 inches - Distance
to surface of cavity.

S 4r trD

Bre 1D

Substituting into the above expression:

(1) D m 10 rnRem/hr e 3 feet

S. 0 W 3.475 x 1012 y/s

AM (2) D - 200 mRem/hr on Surface

to ' SK -1.546 x 10 1 2 YVS
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The doserate on the surface governs and will be used in the accident

analysis.

5.3 Model Specification

Hypothetical accident drop tests described in Section 2.11 demonstrate

conclusively that the cask and its shield are not altered in any fashion by

the hypothetical accident conditions. Nonetheless, shielding analyses for

accident conditions, are carried out assuming a damaged geometry presuming

no overpack exists. These very conservative analyses are taken directly

from the Safety Analysis Report supporting the 1-13C 1I Packaging,

USA/9081/B( ). In all instances, both impact and thermal damage assumptions

due to hypothetical accident events are more severe than found by test, for

drop events, (see Section 2.11) and analyses, for thermal events (see

Section 3.0). -

Shield displacements are assumed to result from either the 30 ft drop or

from the lead melt in the fire transient. The maximum displacement for the

drop will occur using the minimum dynamic flow pressure for lead given.

This value is:

k - 5000 psi

The shielding deformation resulting from the 30 ft drop will be developed

for each impact mode using this value.

The lead volume displacement for the fire transient is assumed as:

VF - 1705 in3

5.3.1 Damage Predictions - Corner

The shielding displacement for the 30 ft corner drop will be determined for

the combined displacement of the lead shield and the steel shell and fire

shield.
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A.Te volu..e the Wr.^zula of a c11I.der is:

';= ^.t- =_

- S Lead Displacement:

Total DIsplacerent::

VT 3

0~~~~~~~~

The steel displaced

volt-¶e is:

@ , Vss Vo-Vt - (R ~~~~~V V )V-VT-VwR.3-;tL3)

tana (f (e)

Tbe total displaced volume fro= kinetic energy considerations is:

V_ - hW Where: k i3 the effective dynamic flov stress of the

combined lead and steel.
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A sse: X = k V k V
s s

Then: e ,_ - hW (V + V ')'
XssS kLY kV___"X k v kv-kV

s s L L sL

hW =k V + kL'.v,

3 3 3
- k5 ( 3 3) tan {('(-) kLRL :a f (-) -

{)k R3 + R , (k.-k ))tana {(f{e)iso0 L Ls

f 13) - hW

(k 5 R3 _ RL3 (k5-kL )tana

Let: RL - Lead Outer Radius - 1S.75 incch

R - Cask Outer Radius - 19.50 inch (with
0,- °sfire shield)

k k Steel Dyna&nic Flcw Stress 45.000 Psi

kL = Lead Dynamic Flow Stress - 5,000 psi

a - 23.30

h - 360 inch

W 25,950 lbs.

F(e) ( (360) in (25950) lbs-in2

(.533) ((45000) (19.50) 2 (40000) (1875) 3 lbs-in3

- 1.73x107

(3. 337-2. 637) 108

- .248

From Figure 5.3.1-1: 8 - 1.225 Radians

- 70.20
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The s~i~iggecmetry fc:, lea- a.~ac~n

the ::r-.er f-: the t*., cases is ass:.:

C. 1 r

(~a) ::zact ~.-70. 2 0 (.- 4= .: eB

a m 28. 3

R - 1 9 . 0 "

ts Z

(1-Ccs )IR - 12. 5 in.

s tan 3 - 6.94 in.

1.0-.50 - 1.57 in.
ccsz

a-
! 3/4"

I
R - 1E.75"

! = 3.45 in.

6 \

-3/4 "

C.A~r 2 C(a) Tr ipl

I -mg- S -*-I

6' '

6. 75 I

-Ti- i I 1 1, Z -

act Ar ^ (6. 75) tan: - 3.63"

T " 13.75+at 17.38"

*L Adlb - 19. 50-r - 2.19"

> 6- S-^ . 10.77"

4 ~~~~~6 6 6(S (6. 94] (10. 77)
E- Y 2. 8-5

6 S 5.O in.

XI - 6.75 - 6 . (6.75) -5.o
cosa .880

- 1.87 in.

5-7

. I

I



-

-- D- a d

I.7
.. A a

I-'

5 .$~: I

I1

1 i

7 _ I
/I It

e'

I

t 5 .75 - 5 .00 = . 5 :...

XT = si;- *: -

-r~- (5.00) - 3.45-. 7 2

- 4.15 i.n.

5.3.2 "'a-.ace Predirtion - Side

The lead displacement for the geome:ries alcn= the si-e

of *he cask are shownn below. The dis Aace..en: fOr :he

fire analysis assxuies all the lead melt opposite the

reinforciog ring.

(a) Impact

t

e - 59.90 (Figure 5.3.1-1I

R l i8.75,

6 (1-cos 2) IR

6 - 2.50 inch

t - 5.00 inch

XI - t - 6 - 2.50 inch
I 6

5-8



) . I-ie

I , ,, ,. -4 - . 0 -d - ,

e. 301,

-- I!

Y,
I

9 1-:1

---.- m 1*'"

V, = 2 ! H

H. w B. 00 i._ch

Ro - 17. 75" - '

62

.r

- 17.756 + 2- H * 0

= 1.61 inch

m 4.00 - 1.61

- 2.39 inch
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_3 .3 ~>a m e Or e d i cz r. - En--..zs

C.ns -er the a-cnr: o 'ea-' dcs, arerent .'-: the

,0 foc: free crz= c.. to:: he tot and the 'c::-r.

of the cask. The displace.ent will be deternied

as follows.

' =

Where:

2= ?.'~s u
-iR'-r )( SC: c 2

R - Outer Radius of Lead - 18.75 .

r - Inner radius of lead - 13.75 in.

W - Cask Weight - 25,950 lbs..

H - Drop Height - 360 in.

- Steel Dvnaunic Flow Stress 45,000 psi

:?- Lead Dyna.n.c Flow Stress - .000 psi

:,- Steel Shell 7hi-kness- 0.52 in.
WI

C

5

The thickness of the steel shell has been taken

as the thickness of the cask outer shell. The

displacement of the 0.25 inch thick fire shield

has been neglected for conservatism..
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(a ctc- :'=acmn

l

I

I J,

I-

I I

-a*- ts

- - I

I(a ZI-

(I al8.75)In. (25950) lbs. (260)in-in2

s{(18.75)= - (13.75)2 (.5) (405000)(18.75) (5000;

in 2-ls- in

(1.75x50 8) in.

-(162.5) (1.16x10 I

- 2.96 in.

XIB - tp? b

- 3.04 inch

(b) Top Displace.-ent r - 13.75 in.

R - 18.75 in.

I-
5-3/4." Assume only the lid

does not deform an.d

all deformation

occurs in the cask

body.
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(l3., In (^'5C,) O ls (o) i.- I

- *2. ,',- (I.7 2 5u O (5 G )-(i.o 5 s-in

(1.75 x 1Ein
- (162. 5) (7. Ox.'

4.9 in.

- -.2S inch

The deformation stops short of the casr. caVit!

lid for this case. if the lid also deforms, the

defo nmation model will be the sane as for the bot:tc

end drop.

Q A ^H - 2. 96 in.

X - t?5b -

2.79 in c.h

5-12



Ra 5.: 4 s.n eaI E: aI _ at ' -_

Tc de:er-...ne the lead dlsplace ..ent '.a: n- :the Srea:es:

ef'ect on dose rate, czmpare the attenua:.-n. for eah-.

case as fol7lows:

A Be -i Where: b:

4 ~

r- Distance from inside surface of cask cat-:,,

to a dose point 3 feet from the outside surface

of the cask.

A summary of the pertinent data is presented in the

following table.

5-13



-
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YF

*tse Bu. i uv for L~ead , Figure 5. 4-1

*-.se Bui2.'-I-p for Iron, F.igure 5.4-2
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^.ev 5 iscn O:

.he case of 30 f'ot :.-.act on the corner v .! be :n':tng;:

D = KA.5

i= 2.3 x :0 6 L.hr

5 = 1.546 x iO- (/S
0

D 0.520 R/hr ' 1.0 R/hr

Therefore, the dose rate following hypothetlcal accident events, assring

very conservative danage estimates, is less than the =aximum permnsslble

rates defined in 10 CFR 71. The Model 1-13C II package full'y cs.nplies

-vith all shielding requirements of 10 CFR 71.
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5 . 5 f t .Z

-. ?e.ct~Sh:l~-.Z D.!s~g iMua 7headore Rockwell IT:, D. ~
:;:otrand C.:., inc., ?.-I..cet:-n, N1. J. 1956- page 247

Z. :2D,~ pa ge .9

3. 131ID, page 4s7

.4. 1BID, page 430

S. :B3:D, page .422
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6.0 CRITICALITY EVALUATIOtN

6.1 Discussion and Results

The general debris container configuration can be shown to be safe since the

maximum quantity of material shipped is significantly less than the critical

mass limited to (15.4 kg - U02/400 gm &-235).

6.2 Package Fuel Loading

Fissile material is shipped in the general debris containers waith a limit of

400 grams as U-235 in a solid form. the shipment meets the requirements of

10 CFT 71.22.

6.3 Model Specification

Not applicable

6.4 Criticality Calculation

I A criticality evaluation on a shipment with the general debris

containers considers the effect of the shipment of 400 grams of U-235

with the fuel debris. It is conservatively assumed that the maximum

fuel enrichment in the T14i-2 core (prior to burnup) of 3,% comprises the

sample. The configuration is shwon to be safe since the maximum

GUantity of material shinned is significantly less than the critical

mass.

The original TMI-2 U02 fuel pellets has a maximum of 3% U-235

(uranium dioxide with the uranium content enriched to 3% U-235 by

weight). It is impossible to achieve a critical configurationof pure

U02 enriched to 3% with a mass of less than 75 kg assuming optimal

moderation and full neutron reflection. Hence no arrangement of the

TMI-2 core debris samples contained inthe shielded debris canisters can

result in a critical configuration under any normal or accident
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conditions with the total mass limited by 29 kg by the volume

restriction. The actual mass of approximately 15 kg will provide a

safety factor of five.

Isotopes of plutonium generated by neutron activiation can be ignored

in the critically evaluation since the calculated total core inventory

of 161 kg of Pu isotopes in the total core mass of approximately

125,000 kg represents a negligible percent compared to the U-235

content.

6.5 Critical Benchmark Experiments

Nlot applicable.
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7, .3 C?- --.A TN I ' : :.CC RE ':-

a -.a:tr --s:rites the :eneral -rccedures f!:r lcaain- and ur.cadinc -n-

7.1 P c edu r s frr Loadina Pa c.:ace

. i.l Loosen and release ratchet binders securina uoper overpack to

lwaer over-acK.

7.1.2 Remove uzper overpack by attaching suitable hocks to lifting

lugs. Care should be taken during this operation so that the

overpack is not damaged while setting it down.

7.1.3 Determine 1if cask must be removed from lower overpack in order

to load. If so. attach two lifting ears to cask walls and

torque lifting ear bolts to 200 ft.-lbs. (± 107. lubricated or

dry). Cask mav then be lifted vertically from lower overpack

and carefully placed in position for loading.

7.1.4 Using proper radiological precauticns, loosen vent plugs to

relieve potential internal cask pressure prior to loosening and

removal of the 12 bolts which secure the cask lid to the cask

body.

7.1.5 Remove the lid by attaching a suitable hook to the lid lifting

lug. Care should be taken during this operation so that the lid

gasket and 0-ring are not damaged.

7.1.6 Inspect the cask interior to ensure that there are no loose

articles.

7.1.7 Inspect and clean lid gasket, 0-ring, drain seal, and vent seal

and oasketed surfaces. Replace any gasket if it shows sign of

wear or deterioration.
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,.1 .3.1 a'-load weigh- shall no. exceea .00C 0 cuncs. :iIh n

oaded in a submerged fashion. both vent. and Grain

p;ucs s.cuid be removed. Plugs should be reinstalled

after cask cavitv is drained. 'then positioning the

lid onto the cask while loading in a submersed

fashion, the lid shall be shimmied cpen to allow

venting and drainage from the area between the O-ring

and flat lid gasket.

7.1.3.2 Special COtions for Loading Fi sile I aterial

For guidelines formulated for the detailed procedure

for collecting nuclear core assembly debris from the

reactor vessel in the shielded container of 2R Vessel

see section 7.1.8.2.1. For guidelines formulated for

a detailed procedure of collecting fissile material or

surface contaminated material from the reactor vessel

by special buckets see section 7.1.8.2.2.

7.1.8.2.1 Shielded Container with ?R Vessel Oltion

7.1.8.2.1.1 Samrol Collection

a. Weigh the debris shielded container

with debris bucket or fuel pin sample

cell prior to loading with core

assembly debris. (See Section 1.3.1.2).

b. Place an open debris shielded container

on a platform with either the debris

bucket or the fuel pin sample cell in

the bottom of the debris shielded

container. Lower the container into

the reactor vessel.
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a. SamplIa.s A, be
reactor vessel.

c~i Iec:ec 17 -z-m
-Z
� I .

b. Samples will be individual chunks of

deDris and/cr small gravel/Nones whose

volume will not exceed the volume of

the cavity of the debris bucket in the

debris shielded ccatainer. (See

S--c:on 1.3.1.2)

c. Other samples will be short sections of

fuel rod pins whose volume will not

exceed the volume of the fuel pin

sample cells. (See Section 1.3.1.2.)

i

I
i
i

7.1.8.2.1.3 Plarompnt nf Samnlas in Opbris ehiolrlpli

Container

Place the sample in the appropriate

debris bucket or fuel pin sample cell

within the shielded container.

7.1.8.2.1.4 Closure of Containpr

Close the lid on the debris shielded

container.

7.1.8.2.1.5 Drainer Container-3rd Sample

a. Raise the platform with the debris

shielded container(s) above the surface

of the water.
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tc croin a2 :r. ry uw a.o war ( i
:ischar:ed f rcm :Ie conta i.n^.rf.

c. iTh ten the lid locking bolt and Jam

nut on the container(s).

7.1.3.2.1.5 NaCement of Loaded' l2ebris Shielded

Containers in 2? Vessels

a. Heigh the loaded shielded debris

container~s) after draining.

b. After a debris shielded container is

thoroughly drained and weighed,

transfer the container to a 2R vessel.

Shore up the debris container in the 2R

vessel as shown. (See Section 1.3.1.3.) |

7.1.3.2.1.7 Close 2R vessel per prescribed

procedures

Loading Cask with 2R Vessels

Verify that the total net weight of the

samples to be placed in the shipping

cask is less than 15.4 kg.

a. Place shoring for the first 2R

vessel in the 1-13C II cask. (See

Section 1.3.1.3.)

b. Transfer the first 2R vessel to the

l-13C II cask, being sure that

vessel is aligned per shoring

drawing.
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c. Place additional shoring over the first

vessel and repeat the transfer and

shoring procedure for the second and

third vessels.

7.1.9 Remove the lid shims and secure the lid to the cask body by

torquing the 12 lid bolts to 270 ft-lbs ± 10% lubricated (360

ft-lbs ± 10% dry).

7.1.10 Verify the leaktightness of the assembled package prior to each

shipment according to Section 8.1.3.

7.1.11 If cask has been removed from lower overpack for loading, use

lifting ears to place it back in lower overpack on transport

vehicle. Remove lifting ears.

NOTE: UPPER OVERPACK WILL NOT FIT ON CASK TOP AND RATCHET

BINDERS CANNOT BE TIGHTENED IF LIFTING EARS ARE LEFT ON CASK.

7.1.12 Verify that package is oriented on transport vehicle per

Figure 7.1.1-1. Verify that distance from cask centerline to

transport vehicle tiedown lug is 76 inches.

7.1.13 Install the overpack, verifying that tiedown lugs are oriented to

trailer tiedown assemblies and that ratchet binder lugs are

aligned vertically.

7.1.14 Attach and tighten ratchet binders attaching upper overpack to

lower overpack.

7.1.15 Inspect the package for proper labeling required to meet

applicable regulations.
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7.1.16 Secure package to transport vehicle using appropriate tiedowns.

7.2 Procedures for Unloading the Package

7.2.1 Move transport vehicle to unloading site.

7.2.2 Perform a visual inspection of unopened package exterior. Record

any significant observations.

7.2.3 Repeat steps 7.1.1 to 7.1.3 above.

7.2.4 Loosen drain and vent plugs six (6) turns to vent pressure

generated by decay heat.

7.2.5 Repeat steps 7.1.4 to 7.1.5.

7.2.6 Unload ca,:.

7.3 Preparation of Empty Packages for Transport

The 1-13C II shipping package requires no special transport preparation

when empty. Standard loading and unloading procedures outlined above shall

be followed.

7.4. Procedures for Shipment of Packages Which

Generate Combustible Gases

Procedures for preparing packages for shipment which radiolytically

generate combustible gases are outlined below. These procedures are

divided Into two categories:

a. Combustible gas control by inerting, and

b. Combustible gas suppression.
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7.4.1 Combustible gas control by Inerting

a. Dewater the secondary container. The bulk of the free water is

removed from the secondary container by displacing the water with

nitrogen gas.

b. Inert the secondary container (and, if necessary, the cask). The

inerting operation is done at the dewatering station just before the

cask i loaded. Inerting is performed if the hydrogen generated will

be greater than 5% in any portion of the package. Inerting Is

intended to limit the oxygen that is radiolytically generated. If a

leak path can develop between the secondary container and the cask,

the cask will also be inerted. (The inerting of the cask shall be

performed according to a special procedure.)

c. Sample the gas in the package (and cask, if inerted).

d. Load the secondary container.

7.4.2 Combustible gas suppression

a. Dewater the secondary container.

b. Install the combustible gas suppression system (e.g.. a vapor pressure

catalytic recombIner).

c. Sample the gas in the secondary container and measure static

pressure. This will assure that the combustible gas control method is

working properly.

d. Load the secondary container.
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3. ACC~Xr;'A:CZ 7S-S A;D wtlr C-l NACZ ERCCU-11,

3.1 Accevt nce Tests

Th.e follo-:4ng disc-ission includes details of those tests which must be

per.o r-ed on the i-13C 'I package.

3.1.1 Visual inspectic4n

The entire package, both 'ns'de and out, shall be visually inspected prior

to loading, noting any significant damage (cracks, punctures, broken

welds, etc.). exterior stencils and nameplates must be in place and

legible. Seals and bolts must be in place and in good condition.

8.1.2 Structurel and PZessure Tests

No structural or pressure testing is required.

8.1.3 Leak Tests

The package shall be leak tested before first use in accordance with the

requirements of ANSI N: 14.5, Paragraph 6.3.1 for Containment System

Fabrication VerificatIon. The package will be leak tested every twelve

months thereafter in accordance with the requirements of AflSI 14.5,

Paragraph 6.3.1 for periodic testing. After the third use of the package

and whenever any gasket or seal is replaced, it will again be tested to

the same levels as the fabrication verification test. All the above tests

will be per the leak test procedure of Appendlx 8.3.

The flat lid seal will be leak tested after each loading with radioactive

material prior to shipment in accordance with the assembly verification

test procedure (Appendix 8.3).

8-1



Revision 0

3.1.4 Cm-c..e-. jeszs

.here ar- no valves or other penetra:i'ns into :he _^n: a .ent bo ..daY,

e=cepting the vent/test ports noted 'n Sec:'cn 3.1.2, and, therefore, no

addi:'onal component testing vill be per-or-ed. The var'ous foam

properties of the impact limiters will be checked and veri:.ed d r'g.g

fabrication.

8.1.5 Test for ShAe'd Integ:.ttv

A gammna scan or equivalent test shall be performed on the l-12C II package

prior to init'al use to detect any shielding deficiencies from lead voids

equal to or greater than 10' of shielding thickness.

8.1.6 Ther-al Acceptance Testa

No thermal acceptance test will be pe-for-ed on the 1-13C II package.

Please refer to Section 3.0 for thermal evaluation.

8.2 Maintenance Program

The ouner (US DOE) is committed to an ongoing preventative maintenance program

for all shipping packages. The 1-13C II package will be subjected to routine

and periodic inspections and tests as outlined in this section and DOE

approved procedures.

3.2.1 St-jctural and Pressure Tests

Routine visual examinations will be performed to detect damage or defects

significant to package condition. Exterior stencils, nameplates, seals

and bolts will be verified in place.

8.2.2 Leak Test

Leak test procedures are discussed in Appendix 8.3.

8.2.3 Subsvstem Maintenance

The cask does not have any-subsystems.
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.2 .4 Vaivt an -2ke0~s or, Contairmtnt ~se

Annual :±piacement -w.:L be made of all seals and gaskets.

3 .2 .3 5_ _ _

No test13 are required for shielding performan~ce other than nor-a-l

transportation com.pliance surveys.I

3.2.6 1ea

Nlo therm~al tests are required.
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APPE:i;X EA

1.:. _ _Pose

This procedure lill be used in perforzance of Halogen Gas Leak

Testing of the 1-1iC II Tzansport Cask.

'.2 A20l!c3b1itrv

This prccedu:e establishes the method for fabrication

verification, third use, annual and/or seal replacement leak

testing.

riiT: ¶,S PROCDUPE IS VOT TO BE USED ZOR ASSEMBL?

VrRF1jCATlQ? OF A LOADED CAS$K.

2.0 REERENlCES

2.1 AN1SI N14.5 - 1977, Anerican National Standard for leak test on

packages fcr shipment of radloactivec materIals.

2.2 General Electric Operating Instructions "The Ferret Leak

Detector" Type H-25, No. 198-4540K15-OOlF, Dated 1/81.

2.3 CNSI Drawing 1-436-111, Rev. D, sheets 1 and 2.

2.4 1-13C II Cask Handling Procedure, TR-OP-026.
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3.0 R is i o !LTh::ZS

3.1 Test Tec'-;'a.ans - ?erfo:rs leak tes:..g in ac:ordance -:!:ih this

procedur!.

4.0 DESCR!?T1O0l

Leak testing i, perforned to verify the integr:ty and proper sealing of

the cask. A R-12 Freon source is connected to the cask drain ;art, the

cask is pressurized and after 10 minutes the potential areas of leakage

are checked. If leakage in excess of the specified acceptance cr ter'a

is detected, the cask must be disassembled to repair the leaks.

5.0 ?,EQMF.E=71S

5.1 Prerequisites

5.1.1 Thterior and exterior cask surfaces shall be clean and

free of contaminants which could affect leak test

sensitivity.

5.2 Equipment

5.2.1 Leak Detector - General Electric Type H-25 "The Ferret

Leak Detector" or equivalent equipment.

5.2.2 Pressure Gauge - A gauge capable of indicating required

pressure with a calibrated accuracy of ± .250 of

gauge reading.

5.2.3 Temperature recording equipment capable of reading

within ± 2 0F.
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5.'.A :'a:^en Gas Sou:re (dIethorod'''ucrcet'ha..e, .:es.

R-12) shall be the halogen gas.

5.2.5 .est Rig Adaptor
I
i

iI0

5.0 _.r!R0ThobEfrr.TA CO:;DI7:0ONS

Azibienz cond':'ons

7.0 SPEC'AL PRECAUTI¢;S

Proper radiological precautions should be used to prevent the spread of

contamination which may be present.

3.0 PROCEDU?.E

8.1 Leak Detector Preparation

(1) Leak detector is to be calibrated and operated in

accordance with Reference 2.2.

(2) Temperature measuring equipment shall be attached to

cask with the temperature reading recorded.

(3) Calibration of the leak detector shall be established

at .21 ounces/year for Freon R-12. (3.86 x 10 ATM

- cc/sec)

a.2 Discussion of allowable leak rates derived from containment

Section 4.0 of 1-13C II Safety Analysis Report.

8-6



Rev's'cn 0

T.he fol'ov n; cc t::: :-.ns are shc.-n _. rhe de:er i nact ^: - : o

c ask charga z ressre based c-. the ambJe.-. :e.p era.;.re at t .-e cf

:est.

-- ,.:- 5GR..', %. :, :T?:C T -. ? t-J r CF HESE

CALC'dLATICNS AND ':_:LL __ US.D F?. ALL NC.-'.L C2;'IT.:c!S AT T.:,

OF T- LAX TEST.

!D-~~ '- * ' I-S

P3.; 2-P -; _ :I.X:37

W'h ere:

T, = Cask Temperature, OK

?t = Required Charge ?ressure, A-:I

Ls = ?ermissable Standard Leak Rate (Dry air at 250 C and

AT:m)

1.34 x 10 AT:M - cc/sec

I. - Detector Sensitivity = 0.21 oz/yr (3.36 x lO Atm _

cc/sec)

3.3 Leak Testing

(l) Check all surfaces *ith detector to determine cask is

free of residual halides which could affect test.

(2) Clean any surfaces found to have halide levels above

backgrcund indications.

(3) Examine flat gasket and 0-ring for damage or

deterioration and replace as applicable.

(4) Install lid in cask in accordance with Reference 2.4.
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Reccrd te=;eratu:e measurement of cask.

(5) Co. .ect R-12 Fr eon scurce to the cask drain port using

test ri; adaptor

(7) ?:essurf:e cask to the proper level as deterw.ned by

value from Figure 1 and record pressure

(3) Allow 10 minutes dvell time after pressuritation of

cask.

(9) Using leak detector check area around vent and test rig

adaptor assembly for halides and record results.

(10) Remove vent seal plug and check orifice for halides and

record results.

(11) if results of leak checks are acceptable, proceed to

next step.

If leakage in excess of acceptance level is detected,

disassemble cask and Inspect for damage to the seals,

cask, and test rig.

Return to 8.3 (_) and repeat test and record results.

(12) Close off pressure line to cask drain port leaving cask

pressurized and remove Freon R-12 source.
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'07Z: ?.-- E OFc ?. S--iSURZ? D ?.-12 ;.1 s-- .O.:

A:MCSP?. 'E WILL C=A.'MI:NA' TES. AT.TA.

( i3) Reccr.-nec: Freon R-11 scurce at vent port.

(lA) Pressurize (area between gasket and O-ring) to the

established pressure from Figure 1. Record pressure.

('5) Allow :.0 minutes dwell time after pressurization of

cask.

(16) Using leak detector check area around contact surface

between lid and cask, bolt connection areas, vent port

and test rig adaptor assembly. Record Results

(17) If results of leak check are acceptable, proceed to

next step. If leakage rate in excess of acceptance

criteria is detected, disassemble cask and inspect for

damage to seals and casks surfaces. Repeat test as

required. Record Results

(18) Record Temperature

(19) Verify the following leak checks have been completed:

(a) Vent and drain ports

(b) O-ring seal

(c) Flat gasket seal.

8-9
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(20) burn off and remove leak test!-.g equipment fr-:n test

area. (R>elease of R-12 direc !; :o test equipment n.ay

cause da.-age.)

(2:) Remove Freon R-.2 source and open vent and drain ports

to release pressure.

(2') Remove lid and clean cask as necessary to remove

residual halcgen.

(23) Reassemble and prepare cask for shipment in accordance

with Reference 2.4.

5.0 RECORDS. REPORTS AWTD NOTIFICATIOTS

5.1 Reports

Each leak test performed shall be documented by a report which

shall include as a minimum:

(a) Type of test - annual, gasket replacement,

(b) Equipment and calibration data,

(c) Temperature of cask surface prior to and after test

(d) Charge pressure of Freon R-12,

(e) Results of all leak checks performed, and

(f) Date and signature of test operator.

5.2 Notifications

Any problems encountered during testing which will adversely

affect test results shall be forwarded to US DOE representative

for resolution immediately.

8-10
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5.3 Records
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Revisi.:. o

..r :;;:. 3
A-A;: 7ES-. ?-.5CZ:;U

* r_

:his procedure _';1.1 be .used to perforn Haalogen Gas LeaV. Test-ng

co :;e :-12C . 3r.~sport cask.

This procedure establishes :.le m.ethod for asscsmb1y ver' f"caticn,

leak testing prior to each shipment of a loaded '-13C II

:ransport cask.

VOTE : -11YM 2F.O.CEDUR: IS ,fOT TO ," USUD -FOR .A3RICAT1O-I

VERF!CATION T HIP.D USE. AM-MAL AIM SEAL REPLAC¶E.T

L-,, E K11c S.

2.0 PE ____.IczS

2.1 ANSI :11a.5 - 1977, American National Standard for leak test on

packages for shipment of radioactivec zater'als.

2.2 General Elec:r'c Operating Instructlons "The Ferret Leak

Detector" Type H-25, ' c. 198-454C15-0O01F, Dated 1/81.

2.2 CCNSI Drawing 1-436-111, Rev. D, sheets 1 and 2.

2.4 1-13C II Cask Handling Procedure, .R-OP-026.
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3.0 ____________es

_.:.: Proper .adloog'cal pecza-:icns shou'd be used durlng

all phases of ;hia lea;: test.

3 .i .2 he cask bzaal be examined visually for *weld 'ntegri:;

and ccndi:'or. of gasket and Leak surfaces.

3.i.3 Cask surfaces shall be clean and free of contazlnants

which could affect leak test sensitivity.

3.2 Tools, ,Materials and Equipment

The folloving equipment Is required for Halogen Gas Leak Testing:

(1) Leak Detector - General Electric Type H-25 "The Ferret

Leak Detector" or equivalent equipment.

(2) Pressure Gauge - A gauge capable of Indicating required

pressure vith a calibrated accuracy of _i. .25% of gauge

reading.

(3) Temperature recording equIpment capable of reading

w thin ± 2°F.

(s) IHalogen Gas Source (dichlorodifluoromethane Freon 2-12)

shall be the halogen gas.

(S5) Test Rig Adapter
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4.0 ?________

.4.! '-,!icj Detector ?repars:t-n

-) Le3k detect.: is to be c3:i'rated and operated '

accordance w.ith Reference 2.2.

(2) Temperature measuring equipment shall be attached to

cask *jith the temperature reading recirded.

(3) Calibration of the leak detector shall be established

at .50 oz/yr for Freon R-12.

4.2 Discussion of allovable leak rates derived from containment

Sect'on 4.0 of 1-13C II Safety Analysis Report.

IThe follov'ng calculations are sho.'n for the determination of

cask charge pressure based on the ambient temperature at time of

test.

NOTE: THE GRAPH, FIGURE II, DEPICTS THE RESULTS OF THESE

CALCULATIONS AItDWILL BE USED FOR ALL ZIOPIAL COUDITIONS

AT THE TIKE OF LEAY TEST.

p,3.p 2 7 ____ ___

p -pt (4.1534 x 10 )
t ~~~~~~~~Ls

Wherc:

T CLsk Temperature, "K
k

Pt = Required Charge Pressure, Atm

L = Permissable Standard Leak Rate

5.0 x 10 Atm - cc/sec

8a-15
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= Derec:or Sensi:i:"ty = 0.50 oz/yr

.13 Leak Testing

!) Veri jf cas, :-as been prepared ln aczordance iv:h

Reference 2. and is ready for shipment.

(2) Check all surfaces with detector to deter..ne cask Is

free cf resid-al h.al!des which could affect test.

(3) Clean any surfaces found to have halide levels above

background indications.

(4) Record temperature measurement of cask.

(5) Remove vent plug and connect R-12 Freon source to the

cask vent port.

(6) Pressurize cask to the proper level as determined by

value from Figure II. Record Pressure

(7) Allow 10 minutes dwell time after pressurization of

cask;

(8) Using leak detector, check area around contact surface

between lid and cask, bolt connection areas and test

rig adapter assembly. Record Results

8-16
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(9) if results of leak check are acceptable, prcceed to

.e:s: step. :f leakage rate in excess of acceptance

c::te:ra 's detecteu, disassemble cask and 'Inspect fcr

damage to seals and cask surfaces. Record Resul:s

(10) Record temperature

(,;) .urn off and remove leak testing equipment from test

area. (Release of R-12 directly to test equipment may

cause damage.)

(12) Remove Freon R-12 source, release pressure, and

('3) Use appropriate means to purge Freon gas from cask.

(14) Complete cask assembly and prepare for shipment in

accordance vith Reference 2.4.

5.0 RECORDS, REPORTS AND rNOTIFTCATIOTIS

5.1 Reports

Each leak test performed shall be documented by a

report which shall include as a minimum:

(a) Type of test - assembly verification

(b) Equipment and calibration data,

(c) Temperature of cask surface prior to and

after test,

(d) Charge pressure of Freon R-12.

(e) Results of all leak check performed, and

(f) Date and signature of test operator.

8-17
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,,2 :ct' f:cat'ons

orwy probiems encountered during testing which will adversely

affect test results shall be forwarded to DOE representative for

resolution immediately.

5.3 Records

A leak check data sheet shall be forwarded to Quality Assurance

department.
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